
  
    
      [image: Your Upper Body, Your Yoga. Bernie Clark]
    

  

  PRAISE FOR Your Upper Body, Your Yoga


The concepts Bernie presents will someday be standard in yoga teaching programs: tension, compression, skeletal variation, passive and active ranges of motion, asymmetry and proportion. Bernie’s magnum opus clearly illustrates the practical impact of these ideas for all yoga teachers and students. 

— Paul Grilley, author of Yin Yoga: Outline of a Quiet Practice


Having been a tremendous fan of Bernie Clark’s two previous books (Your Body, Your Yoga and Your Spine, Your Yoga), I was ready to dive into this third book. I could not put it down. The unifying theme across these works is that each person is an individual. Posture and movement technique migrates stress from one body part or tissue to the next. Stress is essential to stimulate optimal health, but it must be in the right amount. Too little allows a weak system, but too much stress creates cumulative micro-damage and, eventually, pain and injury. The key to health is to manage this tipping point. Bernie shows the differences in people, and how to modify each exercise for each area of the body to stimulate robustness rather than pain. His guidance on self-assessment allows the reader to converge on what is best for them. After all, yoga is not a competition but was intended to provide a path to optimal health. Your Upper Body, Your Yoga completes the trilogy guiding the yoga practitioner to resilience with wisdom.

— Stuart McGill, PhD, Professor Emeritus and author of Back Mechanic


Another great book from Bernie Clark, full of detail and insight not found in other yoga books. The perfect completion to an outstanding trilogy.

— Stu Girling, author of Illustrated Yoga Anatomy


Bernie Clark has done it again! Like its predecessors (Your Body, Your Yoga and Your Spine, Your Yoga) Your Upper Body, Your Yoga is an invaluable resource for yoga teachers of all styles, and an empowering reference for practitioners who are interested in learning more about their bodies and how to make yoga work for them. It’s chock-full of anatomical insights and well rooted in evidence-based research but written in Clark’s usual affable tone. It’s not at all overly academic, and the user-friendly way it’s organized makes it far from overwhelming. As a long-time yoga practitioner who is not a “natural backbender,” who has often recoiled from upper body-focused yoga classes, and who struggles with arm-binding postures, reading this ignited a fresh interest in exploring poses that I’d previously neglected in fresh ways that honor my unique anatomy. If your practice or teaching is feeling frustrating or stale, this (and Clark’s other books) might be just what you need to get excited about yoga again. I know I’m inspired!

— Kat (Heagberg) Rebar, author of Yoga Where You Are and editor of Yoga International


Be warned: If you learned dogmatic rules of “universal alignment” in a training or class, you will soon encounter the evidence and logic for why those axiomatic “rules” just aren’t so. But fear not, Bernie communicates the Gospel of Human Variation with the patience, intelligence and clarity of your favorite professor. Read and integrate everything this man has written. Your body and your students’ bodies will thank you.

— Josh Summers, co-author of The Power of Mindfulness and host of the podcast Everyday Sublime


Reading Bernie’s books, and in this instance, the third instalment of his magnificent Your Body, Your Yoga trilogy, is an exercise in vigorous head nodding. By this I mean, I find myself in such excited agreement and approval that my head is constantly bobbing up and down as I read! I have become a bobble-head for Bernie.

This attention to one’s own individuality, and the call for teachers to attend to the individuals before them, is the crux of the message, explored with expansive detail and practically applied to yoga practice. And although this is explicitly a book for yogis, its contents cover a great scope of information that is universally applicable to the general use and functioning of the human form, useful to anyone who cares to understand and enhance their movement. Congratulations again, Bernie, on another compendium of shared information and applied wisdom. We are truly in your debt for providing us with this deep resource.

— Gil Hedley, PhD, Director Integral Anatomy Productions, LLC


Bernie has a nimble way of clarifying the functional anatomy of the upper body in a way that reads like a novel. I was fascinated and inspired with the useful tools and was reminded why we continue to work and learn from the body. The inclusive and clear illustrations are enormously helpful to new and seasoned students alike. I often felt compelled to move and test-pilot the clever tests and movement suggestions and could see students enjoying themselves in learning to practice safely and become more aware and adaptable teachers.

— Beth Spindler, C-IAYT, E-RYT 500, yoga therapist, teacher, writer and author of Yoga Therapy for Fear


Bernie Clark is an anatomy medicine man expertly weaving together the often undervalued links between bones, muscles, fascia, neurodynamics and meridians into a compassionate look at how each person’s alignment must be made personal when practicing postures. No yoga or functional anatomy library should be without Your Upper Body, Your Yoga. It is another essential text for yoga teachers and practitioners of any and all influences.

— Sarah Powers, author of Insight Yoga and Lit from Within


This book is a must-read for any kinaesthetic professional! Bernie has managed to streamline a very complex subject to one that is accessible to anyone, regardless of their knowledge of anatomy. Your Upper Body, Your Yoga is supported by an incredible amount of research and showcases a treasure trove of scientific and statistical data in a way that is easy to understand and digest. This book is a true gift to millions of yoga and movement practitioners seeking to study human anatomy and variations.

— Jo Phee, Senior Yoga Teacher Trainer


Bernie Clark’s Your Upper Body, Your Yoga completes an epic masterpiece in the world of yogasana and places him among the modern “greats” of this ancient practice. Clark upended my understanding of yoga when I came across his first volume about five years ago. He showed me that many of the cues that I and others parroted from generations of teachers before us were unnecessary, simply wrong or downright dangerous! He has been a major inspiration in my teaching and helped prompt my own humbler work on a related subject.

— Rob Walker, Director of the Alberta Yoga College, and author of The New Yoga: From Cult and Dogma to Science and Sanity
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To my family, friends and teachers.
For what is life without the support of loved ones? 
Even those who are no longer with us still inspire and move us through their presence in our memories. Even when our memories of them fail, their influence shaped us into who we are. 
We are but the continuation of all who have touched us.
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Medical disclaimer

The contents of this book are intended for general information only and not as specific medical advice. Please check with your health-care provider before following any suggestions found herein. The guidance given in this book is not meant to replace medical advice and should be used only as a supplement if you are under the care of a health-care professional. When you are not sure of any aspect of the practice, or feel unwell, seek medical advice. 




  Gratitude


  Paul Grilley’s DVD Anatomy for Yoga was released in late 2003. I remember Shakti Mhi, the owner of the Prana Yoga and Zen Centre, where I was teaching, telling all the teachers that we had to watch it. It was groundbreaking—a pivotal shift in the paradigm of teaching yoga. Within a year, I had met Paul and Suzee Grilley, thanks to first meeting Sarah Powers and resolving to study with both her and Paul. In 2009, Paul and I discussed a collaborative writing project centering around a book documenting human variations and their importance for both yoga students and their teachers. While Paul thought the idea had merit, he already had many plans in place to explain human variations within a paradigm of 14 archetypal yoga postures. His preferred vehicles for these explorations were videos, owing to how well that format could show variations between students. The idea of a book faded away, but the thought still remained buried in my unconscious mind.


  During the years 2010 to 2013, I brought two other books into being: The Complete Guide to Yin Yoga, which was an updated and shorter version of the 2007 YinSights, and From the Gita to the Grail (since renamed Shiva Dancing at King Arthur’s Court), a look into the psychological aspects of yoga and meditation throughout the ages. With the completion of these projects, the old idea of writing a detailed investigation of human variation and its importance for yoga practice resurfaced.


  In September of 2013, another opportunity arose to study with Paul and Suzee: a 15-day retreat held at the Land of Medicine Buddha, in California. This was the chance to map out a new project, one that would ultimately take eight years and a thousand pages. Had I known then what I was undertaking, I probably would not have started this journey, but with the encouragement of Paul, Suzee and Sarah, along with all the participants at the retreat, I took the first steps towards what would become the Your Body, Your Yoga trilogy. The students at the retreat graciously allowed me to document their variations, sometimes via photographs and at other times through descriptions of their own experiences. My thanks go to all who attended and helped me get started: Anna Aalten, Leslie Anthony, Jen Ball, Helga Baumgartner, Amanda Dawn Blackley, Muriel Burellier, Laura Burke, Stephanie Calhoun, Rich Clarke, Perry Cohen, Devi Daly, Cynthia Davis, Leigh Drake, Emilie Fabre, Amos Feakes, Julian Hall, Danielle Hoogenboom, Douglas Johnson, Tina Lanzoni, Maheshwara (Manfred) Lehner, Dace Osleja, Sebastian Pucelle, Barbara Samorajczyk, Karin Michelle Sang, Debby Sereda, Johanna Sundqvist, Donna Wiggins and Karma Wilner.


  Eight years is a long time to devote to one project, but now that it is done, I am happy that I took the time to do this. One of the best ways to learn something is to try to teach it. One of the best ways to study a topic is to try to write about it. I have learned a lot over the years, more than can be put down on paper. I have also learned that there is still so much more to learn about the human form and the practice of yoga. It is truly a journey without end.


  Inspiration and encouragement over the years was vital for staying the course. My thanks go to all those who gave me feedback and willed me onward, such as Joe Barnet, Diana Batts, Norman Blair, Dan Clements, Nathalie Keiller, Jo Phee, Katrina Sovio and Josh Summers, to name just a few. Technical guidance and new knowledge are also essential when attempting to describe such a vast field as anatomy, with its continual advancements. My thanks go to all those who kept me informed and challenged me to learn more and look deeper, such as Gil Hedley, Leslie Kaminoff, Timothy McCall, Stuart McGill and Robert Schleip.


  Writing and self-publishing a book is never easy, and this trilogy was far from simple. My thanks go to the team who supported me over the years: Tania Cheffins, Jessica Clark-Bojin, Alex Hennig, Morgan Jeske, Jules Mitchell, Dania Sheldon, Katrina Sovio (again!) and Pilar Wyman.


  Finally, I would like to express my gratitude to the readers of the early books of the trilogy for your support, encouragement and feedback, and to all the students who sat through my presentations of the ideas found in the trilogy. It was an honor to be able to share these concepts with you and watch you experiment with the ideas in the laboratory of your own bodies. It was priceless to see the expressions on the faces of all the students who awoke to the realization that the struggles they have experienced with various postures were not their fault. To all of you who accompanied me and encouraged me on this journey, I offer my deepest gratitude. Thank you.


  How to read this book


  You are holding in your hands the final book of the Your Body, Your Yoga trilogy, which contains Volumes 4 and 5. Volume 1, What Stops Me? Sources of Tension and Compression, and Volume 2, The Lower Body, are found in the first book. The second book contains the third volume, Your Spine, Your Yoga. This book includes Volume 4, The Upper Body, and Volume 5, Asymmetries and Proportions. The overall format of each book is broadly similar, but there are a few differences between them.


  In Volume 4, I am continuing the approach of separating the body into discrete segments. This is purely for pedagogical purposes (which is a fancy way of saying it makes it easy to teach), but of course, our bodies are not made of LEGO blocks that simply snap together. The body is a continuous whole, and any reductionist view of it will naturally miss the big picture. We must keep that in mind whenever we are investigating one part of the body in isolation from the rest. A living body is far more than the sum of its parts, more than simply a collection of levers, struts, ropes and cables. And we are far from fully understanding it. A biomechanical view of the human form is useful and even fascinating at times, but it is certainly not the whole story or the last word. As you read the contents of this series, please keep in mind that the biomechanical information offered will, I hope, help you understand your own body better, but there are many gaps in our knowledge. Fortunately, as time passes, we continue to learn.


  With this understanding, it is still useful to look at discrete segments of our upper body. The most complicated area is the shoulder. Indeed, so complicated is this region that it is referred to as the shoulder complex. This includes the glenohumeral joint, often referred to as the shoulder joint, as well as the joining of the scapula to the clavicle, the clavicle to the ribcage, and the scapula to the thorax. From the shoulder complex, the investigation moves outward, through the upper and lower arm to the wrist and hand.


  For each segment or complex, we investigate the form of the segment, including its architecture, bones, joint capsules, ligaments, fascia and muscles. Also presented are the ranges of variations in the tissues comprising the joints, as well as some of the most important or interesting variations. Many yoga students, however, may choose to skip the form section and move straight to the second section, where we look at the function of the segment and the implications of this functionality for our yoga practice. This second part of each volume examines the sources of tension and compression that can limit movement, and how human variations can affect what movements are possible and what individuals’ ultimate ranges of motion may be.


  Volume 5 is quite different from the previous volumes, as it discusses variations in asymmetry and proportions. The left side of your body is not a mirror image of your right side, and we all have varying degrees of asymmetry that can affect our yoga practice. Similarly, the proportions of our upper body to lower body and the torso to the limbs are quite variable and unique. We investigate how these variations may affect our asanas or sports, or even daily living.


  Many readers of this book will not have read the previous volumes, and it is not necessary to have done so. For those who have not, a summary of its key concepts is presented before we delve into the upper body segments. I highly recommend that the reader spend some time becoming familiar with the concepts in this synopsis, as they will be referred to often. Following the summary, an overview of the upper body is presented, which includes summaries of the fascia, nerves and movements of the upper body. Having this overview up front saves us from having to repeat the common elements in each chapter.


  Sidebars and appendices. Throughout Your Upper Body, Your Yoga, several topics are separated into sidebars. For the student who loves lots of details, sidebars called “It’s Complicated” dive into more depth on selected topics. Most students can safely skip any of these sidebars. For yoga teachers, there are sidebars titled “Note to Teachers,” which may also prove useful for students who are often their own teacher and practice alone. And for all readers, there are sidebars called “It’s Important,” which underscore and clarify key points and observations.


  An apology to the purists


  One of the overarching intentions of this book is to help educate yoga students and teachers on the reality of human variation and its impact on range of motion. There is no attempt to offer any original research or to address an academic audience. Where practical, citations for studies, claims and statistics are provided in the endnotes. In the process of illustrating complex topics, some liberties have been taken with strict academic diligence. Except where specifically noted, the most extreme examples of human variations are rarely cited; rather, we look at the range of variations most likely to show up in 95% of the students attending a yoga class. Where simplicity has been chosen over thoroughness, it has not been at the expense of accuracy or truthfulness.


  Preface


  The Your Body, Your Yoga trilogy raises the question: “What stops me?” This is a key question to ask whenever an obstacle arises that prevents us from achieving our intention. In our yoga practice, the question pertains to how we can achieve our intention to optimize health, and this implies a functional approach to yoga. Each yoga pose has a reason for being done—an intention. The alternative is an aesthetic approach, which focuses on how students look in their postures. An aesthetic approach may be appropriate for some students, those looking for elegance and beauty in other activities in their lives, such as dancing or gymnastics, but for most students, an aesthetic approach is not functional and will not lead to regaining or maintaining health.


  If your intention in doing yoga is to exercise or to stress a particular area of your body, heart or mind, and you are not perceiving such stress, ask, “What stops me?” To answer that, we must learn how to pay attention; thus, we combine attention with intention. One of the great gifts of yoga is the ability to attend—to notice what is happening, right now, right here, in your body, in your heart and in your mind. By paying attention and comparing what is arising with what you intend to arise, you can make a skillful, conscious choice to either accept what is or change it, based on whether or not what is arising is helping you achieve your intention.


  Often, yoga asana practice is taught with an emphasis on how a posture should look: generalized alignment cues are offered with the goal of having everyone look the same way in the postures. Feet and fingers, hands and hips, limbs and torso are moved and tucked, prodded and pulled to achieve a specific shape sought by the teacher. Some teachers who have more experience and knowledge may offer alternatives and modifications for students who have trouble achieving the aesthetic look of the pose, but many teachers persist in trying to make the student fit the pose, rather than fitting the pose to the student. By adopting the functional approach to your yoga practice, beginning with clearly knowing what your intentions are for each posture and for the whole practice, you will be able to map out a more certain path toward optimized wholeness and health.


  With intention clear and attention developed, we return to the “What stops me?” question. Answers can fall into several categories, as the resistance to progress may be psychological, emotional, spiritual or purely physical. This trilogy takes us through the last realm. We look for the answers to our question in the physical tissues of the body, but we do so with the clear understanding that this is only one part of the whole experience of yoga and only one possible area where resistance may arise. Nonetheless, the physical is worth understanding clearly.


  Our body has ultimate physical restrictions; everyone has limits beyond which they cannot go. You cannot kiss your own elbow. I don’t know why you would want to, as there is no known health benefit for being able to do so and no known spiritual growth if you could. But you can’t do it. Why? Because your body’s shape prevents that movement. Our shape dictates what we can and cannot do physically. There is nothing surprising about this. However, while we can easily acknowledge that shape constrains us, we often forget that my shape is different than yours, and yours is different than your teacher’s. You are unique.


  This is the second key teaching of the series: you are unlike anybody else in this world. What your body—and in this book, specifically your upper body—can do is also unique. Some of the things you can do are similar to what others can do, but you can’t do every posture in yoga. No one can. There may be many postures that are easy for you, some that are more challenging and some that are frankly dangerous to even attempt. By paying attention and understanding what sensations are arising in your body, you can channel your effort and practice toward achieving your intention.


  We can summarize all of this succinctly:


  Have an intention. Pay attention. 


  Understand that you are unique. 


  Answer “What stops me?” 


  Based on the answer, take the skillful path to achieving your intention. It is your body; it deserves your yoga.


  Bernie Clark


  Vancouver


  September 2021


  Foreword


  Within these pages you’ll discover an adventurous journey through the upper body, encompassing the full spectrum of anatomy essentials. You’ll find enormous detail, intuitive organization, key facts, significant discussions, and small doses of perfectly placed humor and wit. While most textbooks don’t read easily from cover to cover, this one is a unique exception.


  Teaching anatomy to yoga teachers is a complicated endeavor. Unlike anatomy students at university, where the process is mostly memorization, yoga teachers like context and purpose. College students study anatomy as a requisite for greater, more encompassing fields of study. Yoga teachers tend to only be exposed to short bursts of anatomy lessons and are often left wondering why it’s relevant and how it applies. Bernie Clark elevates the importance of anatomy and entices his readers to care.


  Your Upper Body, Your Yoga (YUBYY) uniquely teaches anatomy through the lens of yoga. This creates an opportunity for the reader to engage in the lessons in an interesting and useful way, opening the doors for curiosity and questions within a familiar framework. Resources that, conversely, teach yoga through the lens of anatomy tend to be more effective for those who already have a strong anatomy education from a previous career or course of study. Bernie’s approach makes no assumptions and encourages teachers with any background to appreciate just one more piece of anatomy knowledge.


  In my years of teaching biomechanics to yoga teachers, I have seen and read a lot of anatomy books. In most, you’ll find that common terms are defined one way, while biomechanists often define them differently. YUBYY is a resource that gently toes the line between these two fields of study, minimizing confusion for readers who are exposed to contradictory messages. It is well balanced and packed with solid information about what we know, what we don’t know, and which debates actually matter. YUBYY pulls from both disciplines as needed to guide yoga teachers to normalize human variation and avoid universal rules, while offering practical tips for teaching multiple students with differing anatomical presentations.


  Special recognition goes to Bernie for emphasizing and respecting biological complexity. He cautiously explores emerging perspectives within the biotensegrity model. He shares non-catastrophizing views around the poses and how we teach them. He thoroughly explains range of motion and its limitations without romanticizing its importance. He is impeccably detailed at every level yet manages to successfully avoid detail overload. Lastly, readers of YUBYY will sense Bernie’s patient and supportive character, which nurtures the experience of learning this rich and difficult subject.


  Jules Mitchell MS, LMT, RYT


  Yoga Educator


  Research & Adjunct Faculty at Arizona State University


  Author of Yoga Biomechanics: Stretching Redefined


  www.JulesMitchell.com
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  Summary of key concepts


  
    Volumes 1, 2 and 3 of the Your Body, Your Yoga series introduced several key ideas that helped shape a functional approach to a personalized yoga practice. These concepts are repeated briefly here so that this volume can flow without having to backtrack and cover ideas already discussed.

  


  You are unique! (And no one is average.)


  Meet Norma, an average American girl. In fact, Norma is the average American girl. Norma is normal in nine important and measurable ways, which is why she was given her name. The statue of Norma shown in figure 4.01 was created in the 1940s: notice how comfortably she stands in Mountain Pose (Tadasana) and her calm demeanor, as if to foretell yoga would one day become a natural path for the average woman. She is the embodiment of grace, power, beauty and presence. And ... she is not real.


  
    [image: Figure 3.1] 

    FIGURE 4.01 Norma—the average American woman.1

  


  Norma was sculpted in 1942 by Abram Belskie to meet specifications set by his friend and collaborator Dr. Robert L. Dickinson, an obstetrician, educator, artist and researcher who gathered data on 15,000 American women to arrive at the specifications for the average American woman.2 This average is somewhat suspect in that the data included only white women from the narrow band of 18 to 20 years of age, but still, there are lots of white American women in that age range. So—how many look like Norma?


  None! Not one. Nada. Zilch.


  The statue of ideal Norma, with her 33¼-inch bust, 29-inch waist and 39-inch hips, was on display at the Cleveland Health Museum, along with her brother, Normman, who was sculpted to fit the average white American 20-year-old male. In 1945, the Cleveland Plain Dealer newspaper, with help from the museum and other local health and medical organizations, ran a contest to find out who in Cleveland exactly matched Norma’s measurements. The winner and runners-up were to receive war bonds and war stamps. The paper finally had to report that no one matched Norma’s “mathematical average.”3 Expecting that it would be easy to find women close enough to Norma in nine specific measurements, the judges were surprised to find that out of 3,864 contestants, fewer than 40 women were close to the average in five categories, and no one was average in all nine.4 No one is average! (Finally, the judges fudged the results and selected one woman deemed close enough to whom they could award the first prize.)


  There are two ways to react to what Norma and Normman revealed: blame individuals for not living up to the normal ideal, or scale the ideal to individual realities. If we compare individuals—whether school children, parents, teachers, citizens or yoga students—to several norms, we will find the individuals are always lacking. However, if we focus on understanding each person in their individual nature and uniqueness, we can more accurately understand their limitations and opportunities. The sidebar “It’s Important: The flaw of averages” shows that the US air force chose the latter reaction: they realized that the failure of pilots to fit the norm was not a failing on the part of the pilots but a flaw in the designers’ logic. By not blaming pilots, the air force was able to develop easily customizable cockpits that each pilot could adjust to suit his own uniqueness. Unlike the US air force, however, doctors, scientists, high school teachers and civic leaders decried the state of modern women when it turned out none were like Norma. They saw it as a sign of moral laxness: American women were unhealthy and out of shape.5 These leaders of society chose to blame the person rather than the false ideal of a perfect norm.


  You are unique. This should not be newsworthy, but it is. The question is: What are you going to do with this realization? Your uniqueness means there are some things in the wide vocabulary of yoga postures that you will not now or ever be able to do. You can choose, as a yoga student, one of two reactions: blame yourself or find another way to achieve the intention of the posture. As a yoga teacher, you have the same options: Do you blame the student for not following your directions, or do you modify your directions to fit her uniqueness?


  Not everyone can do every pose in yoga, and each pose will be difficult or impossible for some students. This is not a problem to be solved! It is a reality to be recognized. If we consider the intention behind yoga postures, we can work with individual students to find another way to achieve the intention that works for that student.


  
    

    It’s Important: The flaw of averages


    The United States air force had a pressing problem: How could they squeeze better performance from their pilots?6 Over the first few decades of aircraft production in the 1900s, the US air force tried to make the cockpit a more efficient and effective compartment within which their pilots could fly with maximum attention and performance. It wasn’t working; pilots continually crashed their planes and blamed the aircraft, while the aircraft designers blamed the pilots. The problem continued until, in the 1950s, the air force commissioned a study to determine the perfect size and shape of a cockpit that would allow all pilots to fly comfortably. They measured 4,063 pilots using 140 specific attributes, arriving at the specifications of the perfectly average airman, for whom they developed a perfectly average cockpit. Unfortunately, this average cockpit did not solve the problem, because as the US air force was to discover, there is no such thing as an average pilot.


    The measurement of human bodies is called anthropometry, from the ancient Greek words anthropos (“human”) and meter (“measure”). One person given the anthropometric task of measuring pilots was a young researcher named Gilbert Daniels, who decided to ask a radical question: “How many pilots fit the average?” He decided to concentrate on only the 10 most important parameters of size and shape, allowing a generous range of 30%, which meant that although the average pilot’s height was 5’9”, if the pilot was between 5’7” and 5’11”, he was considered average. To everyone’s surprise except his, the answer to the question of how many pilots are average was “none”! Even more puzzling, when Daniels limited his evaluation to just three categories instead of 10, only 3.5% of pilots were in the average ranges: 96.5% of pilots were still not average.


    Daniels’ findings were confounding, as pilots had been selected because they seemed average and thus would easily fit in the cockpits. Other researchers expected a large number of pilots to be in the average range, but Daniels’ study showed not a single pilot was. The cockpits designed to fit an average pilot turned out to fit no pilot at all, and it was no wonder that pilot errors were so high, given the contortions the pilots had to perform under stress, very quickly, and while sitting in a cockpit uniquely unsuited to their bodies. Daniels summarized his findings as follows: “It is virtually impossible to find an average airman not because of any unique traits in this group but because of the great variability of bodily dimensions which is characteristic of all men.”7


    To their credit, the US air force did not dismiss Daniels’ evidence and instead pressured the aircraft manufacturers to solve the problem through design changes. At first, the manufacturers were reluctant to absorb such a large expense, but they eventually came up with a very simple and effective solution: adjustable seats and controls. We have inherited these simple enhancements in our cars: adjustable seats and adjustable steering wheels. The cockpit of the modern car is easily tailored to the uniqueness of the driver because the other way around does not work.


    Relating this experience to the yoga world, the challenge facing teachers is how to tailor their yoga classes to accommodate the wide range of bodies facing them. Do not expect all students to be able to fit your standard alignment cues; rather, adjust your alignment cues to fit the unique individual standing in front of you!

  


  
    
    It’s Complicated: Statistics


    The flaw of averages arises because of the belief that the average person is a normal person. This may be understandable if we were all being evaluated in only one category—say, height or weight. But once two or more uncorrelated criteria are used to evaluate people, the idea that there is an average that most people meet falls apart. If no single person fits the average mold, how can anyone be considered normal?


    Several terms will be used repeatedly in this book. “Range” usually refers to the total variation arising in a studied population, or what 100% of people have been known to do. Range can be cited as the lowest and highest values or as a single number representing the difference between the highest and lowest number. “Median” is often confused with average, but they are not the same thing. Median is the value in relation to which half of the population is above and the other half is below. “Average,” also called “mean,” is the total of all measurement values, divided by the number of measurements taken. Sometimes, a median value is the average value, but not always. For example: if we have a group of 3 people aged 9, 10 and 11, the average age is (9+10+11)/3 = 10 years old. The median is also 10. However, if we add to the group a fourth person who is 100 years old, the average age now is (9+10+11+100)/4 = 32.5 years. But the median is only 10.5 (halfway between the two middle values). When a group has a normal distribution, the median is the average. But at other times, it is quite different.


    The term “normal” has a very specific definition in statistics. It refers to anyone (or anything) falling within a range of values defined by two standard deviations (denoted by the Greek letter sigma, or σ), as shown in figure 4.02. This is a very arbitrary definition. Scientists could have chosen to say, “Normal is anyone within three standard deviations” or even just one, but they chose two. This means that about 95% of the population will be found within the range of 2σ if the graph has a normal distribution, and only when we are evaluating one variable. By the time we look at four uncorrelated variables, instead of 95% of people being normal less than 2% of the population will fit the norm.8 When we look at nine or more variables, no one fits the norm.
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    FIGURE 4.02 A normal curve (often called a bell curve) graphically depicts a normal distribution; people within 2σ (two standard deviations) are considered “normal.”

 

    People fall within a range; they do not fit an average. Throughout this book, we will often cite ranges for how far people can move. We will generally stick to the 2σ norm, which means about 95% of people will fall into this range. But this means about 5%, or one person out of 20, will be outside this range. These are the people scientists call “abnormal.” This is not meant in a derogatory or judgmental way but simply to indicate that these people have a range of motion that is quite different than most people’s. It is not bad to be outside the norm, to be abnormal. “Differences are not deficits!”9 One person out of 20 is not a rarity! It is very likely that in a yoga class of 20 people or more, at least one person will be trying to move as requested but unable to do so. It works in the other direction as well: there may be an abnormal person who has a far greater range of motion than a normal person, and that is okay too.

  


  Functional yoga


  Rather than maximizing performance and flexibility, why not optimize health and mobility?


  There are two main reasons to do a yoga practice: to become healthier or to master postures. If your goal is the former, you will be more successful if you adopt a functional approach to your practice, which means focusing on the intention of the postures rather than their appearance. If your intention is to look good—perhaps you are a dancer or a gymnast, and looking good is essential to your profession—an aesthetic intention may be appropriate. However, if your intention is to regain or maintain optimal health, then adopt a functional approach by following three keys for your yoga practice:


  
    	Know the targeted area you are trying to affect.



    	Notice what you are experiencing in the targeted area while you are in the posture.



    	If you are not feeling a stress in the targeted area, change what you are doing and find a position that creates the intended sensations.


  


  Often in a yoga class, a focus on the posture creeps into the teacher’s cues. This is understandable because the postures are the tools we use, but the intention behind any posture should be to generate an effect in the body, not simply to perform the posture or look good doing so. This is the main difference between a functional approach to yoga and an aesthetic approach. When a teacher, or the student herself, starts to judge the pose by what it looks like rather than what it feels like, then the intention of optimizing health is lost. How you look in a pose is irrelevant; what is important are the sensations you are creating through the posture.


  We don’t use the body to get into a pose—we use the pose to get into the body.10 


  Realizing this simple fact can free us from dogma and images of perfection, allowing us to deal with the body we have. We can focus on what we are really trying to accomplish in our yoga practice. Not everyone can do every pose, and that’s fine. Focusing on a functional approach to your yoga practice will ensure you are achieving your desired benefits without being concerned about how you appear.


  One intention of our physical practice is to deliberately create stress in our tissues. Fortunately, if one pose doesn’t generate the stress you desire, there are other poses you can try. Moving away from an aesthetically pleasing alignment is allowed! Feel free to wiggle. Move around to see whether some slight or dramatic adjustment creates the sensations you are after. Remember, it doesn’t matter what you look like—as long as you’re experiencing no pain, who cares what you look like? Another way of saying this is:


  If you’re feeling it, you’re doing it!


  By adopting a functional approach to your yoga practice, you are much more likely to achieve your intention of optimizing health while minimizing the risk of injuries. The functional approach to yoga also leads directly to another realization: your body needs your yoga. A focus on aesthetics has led the yoga world into a focus on alignment cues instead of functional cues. Since every body is different, how can one set of aesthetic cues work for every body? Unfortunately, it can’t.


  Once we know our intention and we practice with attention, we can start to observe where our edges are and to know when it is appropriate to go further and when it is wiser to stop or back off. The wisdom to know what to do can be developed through asking yourself, “What is stopping me?” Answering that question helps you make the wise choice.


  The “What stops me?” spectrum


  There is no single answer to the “What stops me?” question; rather, there is a spectrum of possible answers. The breadth of this spectrum is illustrated in figure 4.03. In general, we can say that the answer will be related to either tension or compression. These are very different categories that in turn contain a variety of flavors. It has commonly been the belief in yoga practice that what stops us from going deeper into a posture is our muscles being short or tight. This may be true, and for a lot of different reasons, but tight muscles are only one of many possible reasons limiting our mobility. Focusing just on the muscles may cause a student to miss the real opportunity for growth; even more unfortunately, a muscle-only viewpoint may cause the student to push too hard and create an injury, because the limitations had nothing to do with her muscles.



[image: fig_3.04]
  FIGURE 4.03 The “What stops me?” spectrum.



  Physically, we reach our edge when one of two things occurs: we reach either the limit of how far our tissues (not just our muscles) can stretch, or a place where our body is hitting itself. We use the term tension for the first case; tension arises when the body’s tissues can elongate no further. This tension can be found in our fascia, muscles, tendons, ligaments or joint capsules. The amount of water we retain in our extracellular spaces can affect the level of tension in our tissues, or the cause of this tension may be structural and physical, but it also may be more mysterious; our nervous system can create tension in our tissues, as can our immune system and endocrine system. Tension is not always due to physical constraints but can be psychological as well as biological.


  The second reason we may be unable to progress further is compression. This occurs when one part of the body comes into contact with another part and further movement in that direction is not possible. There are several kinds and causes of compression. The first we will call soft compression—this occurs when flesh comes into contact with flesh. The second kind we call medium—it arises when our bones compress our flesh. The third kind we call hard—it is the unyielding compression of bone hitting bone.


  The stress of tension and compression can be arranged in a spectrum that starts with the weakest form of tensile resistance to movement and moves all the way to the finality of bone-on-bone compression. This is called the What stops me? spectrum, shown in figure 4.03. We can view our yoga practice as moving us from the far left of the WSM? spectrum to the far right, at which point no further movement is possible. For many people, however, the progress is not so linear. Our biography, made up of our life history of injuries, disease, diet, exercise, sports, work and so on, dictates how fast we move along this spectrum, but our biology, made up of our genetic predisposition, anatomical variations and physiological states, may reorder the major stopping points.


  Unlike tensions, the points of restriction caused by compression will not change with further practice. When compression arises, you will have reached a fundamental limit to your range of motion—for that posture in that direction. Generally (and there are always rare exceptions), after you have stretched out your tissues as much as you can, you will reach a place of compression that cannot be passed; you will have reached the end of your progress for that posture. Trying to go further may be dangerous, and students who attempt to push through compression often incur injuries.


  Alignment is personal, not universal


  There are no universal alignment cues—that is, there are no alignment cues that work for every body. This is not to imply that there are no principles of alignment. However, due to the reality of human variation and your particular anatomical uniqueness, the alignment that works well for someone else may not suit you at all. There are individual principles of alignment. Our challenge in yoga is to find the alignment that works best for us: this is functional alignment.


  Alignment is important! Functional alignment reduces stress in the joints and protects them from dynamically moving into hypermobility, where injury may occur. Functional alignment may build architectural stability, minimizing muscular effort and allowing a student to safely linger in a posture. It would be very nice if every posture had alignment cues that worked for every body, and it would be very nice if one medicine would cure every body of cancer. But the reality of human variation teaches us that life is not so ideal. We are all different, and what works for one person is not guaranteed to work for another. The key question to ask yourself is, “What are the alignment cues that work for me?”


  Antifragility and the Goldilocks Philosophy


  We can do too much of anything. Too much stress can lead to tissue degeneration. But we can do not enough of anything as well: too little stress leads to atrophy, a wasting away. In life, and in our yoga practice, we need to find the Goldilocks position: not too much and not too little. This is shown graphically in figure 4.04. Along the horizontal axis, we have the amount of stress being applied to tissues, and along the vertical axis, we see the tissues’ level of health.
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  FIGURE 4.04 Stress versus health. To optimize health, we need an appropriate amount of stress—neither too much nor too little. This is the Goldilocks Philosophy.




  If we apply too little stress to our tissues, they atrophy, become fragile and easily fail us. All living things require some stress to be healthy! If we apply too much stress, however, tissues degenerate. I call this the Goldilocks Philosophy. Some people do need to go to the far right on this curve, because their sport or occupation requires the maximum performance that their body can give; dancers, gymnasts, athletes and martial artists, for example, all have to maximize performance. But this comes at a cost: the focus on maximum performance can reduce overall health.


  While too much stress is definitely unhealthy, some stress is essential. Many effects from stress help our tissues become strong and healthy—from the release of anti-inflammatory cytokines to the reduction of matrix-degrading enzymes. We need to stress our tissues, and that includes our joints! If we refrain from stress, we risk creating fragility in the body.


  There are many respects in which human beings can be said to be antifragile. Antifragile refers to a condition whereby an entity gains from randomness, stress and disorder.11 We can use the example of our bones. Compared to a beam of wood, which breaks down over time (the wood is fragile), our bones get stronger with repeated stress. Bones are antifragile: up to a point, they gain strength with increasing stress. Something fragile suffers from chaos and change. Machines, such as computers or cars, are fragile—they wear out over time and with accumulated stresses. On the other hand, living organisms, within certain limits, get stronger with stress.


  You are not a machine; stress (up to a point) makes you stronger, not weaker. You are antifragile. As stress increases, to a limit indicated by point B in figure 4.05, you continue to gain health. If you go past the limit, you become fragile and lose health. However, staying at point A, where there is no stress, will not lead to a gain in health. Staying at point A may be comfortable, but it is not healthy. Comfort is the opposite of stress. Modern living tends to seek stress-free conditions, where we are comfortable, but this comes at a terrible cost: fragility.12 Said another way, comfort is fragilizing!
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  FIGURE 4.05 Antifragility. An antifragile object benefits from stress, up to a certain point. As stress increases, so does the health and strength of an antifragile object. However, once a certain level of stress has been exceeded, i.e., past point B, the object is no longer antifragile and will suffer under greater stress. The object becomes fragile.




  It may seem quite counterintuitive to suggest that someone who is injured should deliberately stress the injured area. The seemingly obvious course of action is to rest it, leave the injured area alone and take all stress off the damaged or weakened tissue. While this is comfortable, we pay a price for that comfort: the tissues that are being protected atrophy and become even more unhealthy. We need some stress, but in the presence of injury, the margin between too much stress and not enough stress is very narrow; great care is needed when dealing with injured tissues to ensure we don’t go too far, but we still need to subject the tissue to some stress. The Goldilocks Philosophy applies here. Yes, it is possible to go too far and damage a joint, but this does not mean that the other extreme is healthier. To never stress a joint is to invite atrophy, pathology and fragility. We have to find the middle path of not too much and not too little. A popular saying summarizes the reality of antifragility: “Use it or lose it!”


  Stability


  We will see the terms “stable,” “stability” and “stabilize” often—but what do they refer to? Although there are several ways to understand stability, I will use this definition: stable means steady, firm, enduring and resistant to sudden change, but functionally able to adjust to movement. When a joint is stable, it is supported, steady and can resist changes arising from a reasonable amount of force, but it can accommodate excessive forces through dynamic neurological and muscular coordination. When a joint experiences compression, the bones act as if they are bonded together: the joint itself stiffens. Muscles stabilize a joint through co-contraction. Usually, these muscles are activated prior to a stress being applied to the joint: the body anticipates the stress and stabilizes the joint early. (This is distinct from the “prime mover” role of the muscles, in which they act to move the bones or articulate the joint.)13


  It is important to realize that stability is never static! We seek dynamic stability because we are constantly moving; even when we appear to be standing still, we move, we adjust our posture. Dynamic stability requires neurological control to continually make adjustments due to muscular tensions, connective tissue tensions, gravity and movement. Thus, stability must always be addressed in a functional, dynamic way, not as a simple, static equilibrium.


  Stress, stretch, flexibility, mobility and hypermobility


  The terms stress, stretch, flexibility, mobility and hypermobility are not synonymous. Often, yoga teachers will use the term “stretch” in a number of conflicting and inappropriate ways, which confuses students. In many yoga postures, we are not trying to stretch anything—we are trying to stress certain tissues. Stress is the force we apply to our tissues,14 and stretch is the resulting elongation, if any. Lots of tissues can stretch: our muscles, tendons, fascia, ligaments and joint capsules can all elongate—some only a little, others a lot. For many yoga students, though, the intention is not to stretch but to strengthen; they need more stability in their joints, not less. To build this stability, they still need to stress the tissues, but not necessarily to the point of stretching. Thus, it may be more appropriate for yoga teachers to adopt the verb “stress” when they habitually use the term “stretch.”


  Stretching is also not the same as mobilizing. When we mobilize our joints, we make them move. Stretching a muscle doesn’t necessarily mobilize a joint; many static stretches don’t result in movement around a joint. We can define mobility as the ability to move fluidly and with ease and coordination. Coordination implies that there is a neurological component to mobility. The strategy we adopt to mobilize the body can also be termed “technique.” Safe, efficient techniques maximize mobility while minimizing harm.
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 FIGURE 4.06 (a) The anatomical position, with the three planes of the body; (b) directions.



  Close to the idea of mobility is flexibility, but these two concepts are not quite the same. Flexibility can be defined as “the pain-free range of motion of a joint or a series of joints.”15 It’s how much we can move, whereas mobility is how well we can move.


  If we go too far, we can become hypermobile. Hypermobility can be considered flexibility beyond a normal range of motion (i.e., most people cannot do it), or it can be considered movement beyond a stable configuration of the joints, often due to genetic factors more than to overtraining. There are three general causes of hypermobility:


  
    	A connective tissue condition, disorder or disease (for example, Ehlers-Danlos disease)



    	An injury (for example, someone rolls their ankle and strains the ligaments)



    	The shape of the bones (for example, someone has a very deep olecranon fossa and can extend their arms past 180° at the elbow)


  



  People who are hypermobile due to a condition, disease or injury have to take care when exercising to ensure they don’t move their joints past their healthy limits. With a lack of restraint, this can easily happen. However, people who have larger ranges of motion due to the unique shapes of their bones still have healthy joints with natural limitations from bone-on-bone contact and soft-tissue restrictions. For these people, moving to their normal end ranges of motion is healthy and should be encouraged. To discourage such full movements invites atrophy and fragility.


  The question becomes, “What is the intention of this person’s yoga?” They are already hypermobile, so do they really need more mobility? Probably not. In most cases, they need to continue to develop stability, but it does not have to come with a reduced range of motion. Many hypermobile people can keep what they have—no need to go for more—and build strength in the joints, whereas other hypermobile people would be well advised to reduce their range of motion. It depends upon the individual, not the diagnosis.


  

    Stress: the force applied to tissues


    Stretch: the elongation of tissues under stress (also termed strain)


    Flexibility: the range of motion of a joint


    Mobility: the ease with which a joint can move through its range of motion


    Hypermobility: flexibility beyond the norm


    Dangerous hypermobility: flexibility beyond where the joint’s tissues can provide stability

  


  Planes of the body


  In Your Body, Your Yoga, the planes of the body and the movements that can occur within these planes are described in detail, but a brief review of the three normal planes of the body is valuable.16 In figure 4.06a, we see a person depicted in three-dimensional space. She is standing in the anatomical position, a term used by anatomists to depict a standard, reference posture. In the anatomical position, the body is erect and facing forward with the arms at the side and the palms turned forward so the thumbs are pointing outward. It looks a bit like Mountain Pose (Tadasana) but with the palms facing forward and the feet slightly turned out.


  



  Anatomists have found it useful to describe the body in three planes, but they confusingly use several different names for the planes. We will use the simple terms frontal plane, side plane and horizontal plane. The side plane is technically called the sagittal plane because it follows a line on the cranium called the sagittal suture, which goes from about the middle of the skull to the back of the skull. The frontal plane is technically called the coronal plane because of a line that goes from one side of the skull to the other, called the coronal suture. The horizontal plane is also called the transverse plane, but sometimes it is called the axial or transaxial plane. It is not related to any lines in the skull. In short:


  
    	The frontal plane separates front and back.



    	The side plane separates left and right.



    	The horizontal plane separates top and bottom.


  


  While the three orthogonal axes described are relevant to the upper body, there is one more plane that we will reference: the scapular plane. The scapulae (shoulder blades) do not lie perfectly within any of the three planes described above; they are slightly tilted forward in the side plane, slightly rotated upward in the frontal plane, and considerably rotated in the horizontal plane. Indeed, a scapula is so much out of line with the three main axes that a separate plane is needed to fully describe the movement of the arm relative to the scapula. People vary considerably, but an average scapula is angled forward 30–40° with respect to the frontal plane.17 This is shown in figure 4.07. Later in the book, movements relative to the scapular plane will be described in the section on the shoulder complex.
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  Figure 4.07 The scapular plane is aligned 30–40° to the frontal plane when viewed from above.



  A great number of the strange terms in anatomy have arisen because there are so many directions for movement within the body’s three main planes. Sometimes, we use different terms, depending upon what part of the body we are focusing on. As shown in figure 4.06b, the direction towards the head is called superior, while towards the feet is called inferior; inferior here does not mean lesser or unimportant, only that it is below. Towards the front of the body is called anterior, and towards the back of the body is called posterior. Towards the middle of the body is called medial, while towards the side of the body is called lateral.


  You may also come across terms that are used in more localized areas, such as distal (meaning away from the body’s core or trunk) and proximal (meaning closer to the body’s core or trunk). The most common directional terms we will come across in our yoga practice are flexion and extension, abduction and adduction, and internal and external rotation. These terms will be defined more specifically in the context of the upper body when we look at particular areas.


  Intentions


  You are unique. No one else in this whole world has your unique biology or biography. Given this, why suppose that your yoga practice should be, or even could be, the same as anyone else’s? How far apart should your hands be in a Down Dog (Adhomukhasvanasana) pose? Where should the hands be pointing? Should you avoid hyperextension of the elbows and hyperflexion at the shoulders? I don’t know—it depends! It depends upon your uniqueness as well as your intention in doing the pose. It may be quite easy for you to have your hands shoulder width apart with the fingers pointing straight ahead, but it may actually be better for you to have the hands slightly wider and turned outward. It is challenging to know when a particular movement is safe or wise: the answer is found through knowledge and experience. The intention of the Your Body, Your Yoga trilogy is to provide you with the former so you can safely gain the latter.
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    Figure 4.08 Where should your hands be in Down Dog (Adhomukhasvanasana)?

  


  The first book of this series, which presented Volumes 1 and 2, describes how your uniqueness, combined with the answer to “What stops me?”, determines how well you will be able to do certain postures, which postures you may never be able to do, and how to recognize when you have reached a natural limit for your physical practice. Volume 1 discusses the physiology of our tissues and how tension can arise in a variety of areas. Volume 2 focuses on the lower body, from our hips to our toes, and describes where bony compressions can arise. Volume 3 continues the investigation, focusing on the axial body. It looks at the core muscles, bones, joints, fascia and other connective tissues running from the sacrum to the skull. Volume 4 looks at the upper body. The upper body is comprised of three key segments, and the investigation will follow this order:


  
    	The shoulder complex



    	The elbow and forearm



    	The wrist and hand


  


  The intention of this investigation is to help you understand how your upper body works, what it can do, what it may do, and what it may never be able to do, at least not safely. Is bringing your head to the floor in Down Dog (shoulder hyperflexion) a good idea for the shoulders? For your shoulders? Maybe, but maybe not. Knowing how our joints move and the biomechanical limits to movements may help you avoid injury or help you recover from current problems.


  Volume 5 will look at the reality of asymmetries in every body and the way our proportions vary from individual to individual. Your unique proportions and asymmetries will also play a big role in determining your ultimate range of motion, and how various postures will look and feel in your body.


  When I refer to your body, I don’t mean this in a generic way; my intention is to help you understand your specific, actual body—the one you have right now as you read this. Your body is different in so many ways from an average person’s body, and probably quite different from the body of a flexible yoga teacher who can easily perform all sorts of wonderful contortions. Your biology (dictated in part by your genes and the environment you grew up in) and your biography (a summation of all the things you have done and been exposed to in your life) make you uniquely you, and your body is equally one of a kind. The intention of this book is to help you understand the biomechanical principles that govern movement, the anatomical limitations to those movements, and how these principles are manifest in your body. Knowing your body better allows you to discover and determine the yoga that works best for you.
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  The lower body is the primary source of propulsion, the axial body (our center or core) helps to transmit forces from the lower body to the upper body and vice versa, while the upper body has evolved to facilitate the manipulation of objects. The upper body has also developed the ability to throw projectiles with speed, force and accuracy. In many ways, the human upper body allows our species to manipulate and use tools very uniquely and efficiently. The arms and hands can be brought into the visual field, so precise movements, grasping and manipulation are more important than strength. Indeed, compared to chimpanzees, human muscles are quite weak18 and unsuitable for living in the trees, but they are more than adequate for running, throwing and using tools.


  The shoulder is the most mobile joint in the body, and although it is not as strong or stable as a hip joint, it can provide enough stability to both carry significant loads and serve as a base that allows the hands to act as if they were mobile sensory organs.19 The sensitivity of the hands is remarkable. Even with eyes closed, we can identify objects simply by how they feel, as long as we are permitted to move these objects around. To fully use our hands as sensory organs, we need to be able to move them freely through space, just as we are able to move our eyes thanks to the mobility of our neck. Thus, the upper body, comprising the shoulders, arms and hands, serves two functions: mobilization under load and fine positional discrimination.


  In the practice of yoga asana, we do not require precise positioning of the fingers and hands, and we do not use the upper body to manipulate objects, but we do need a large range of motion from the arms and shoulders, and we do require the upper body to bear considerable weight. At times, in postures like Handstand (Adhomukhavrksasana), the shoulders and arms bear the full weight of the body, while at other times, in postures like Down Dog (Adhomukhasvanasana) or Plank, partial but still considerable body weight is supported. In some postures, although no weight is applied to the arms other than their own mass, they are moved through large ranges of motions. Cow Face (Gomukhasana) is one good example, as shown in figure 4.101. However, some natural movements of the upper body are missing in standard yoga classes: we do not hang or swing from our hands, nor do we do much pulling inward. Extension of the arms is far more prevalent than flexion.
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  Figure 4.101 Cow Face pose (Gomukhasana) requires considerable flexion, adduction and external rotation of the top arm at the shoulder, and extension, adduction and internal rotation of the bottom arm.
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  A general principle established in the earlier books of this series holds for the upper body too: when supporting large loads, bring a joint as close to a neutrally aligned position as possible and stiffen the surrounding muscles; when large ranges of motion are desired, take the load off the joint and relax the muscles. Unfortunately, knowing where the neutral alignment is for the shoulders and arms is not obvious or intuitive. It depends upon the nature of the movement and load being applied and the anatomy of the individual. Standardized alignment cues offered in numerous yoga classes and teacher training programs do not work for many bodies. It is important to understand the range of variations in the upper body that can arise in any group of yoga students and be able to offer alternative alignment cues that will work for each body.


  
    

    It’s Important: What do we mean by “neutral”?


    The term “neutral” is used a lot in biomechanics, and most people have an intuitive sense of its meaning, but it is worth attempting to pin it down. Neutral can refer to a joint having its bones in an optimal position for movement, or under the least amount of stress when no movement is occurring. In this sense, the concept is closely related to stability. Neutral can also indicate that a joint is in a position halfway between its extremes: not too flexed or too extended, not too externally or internally rotated, but in the middle of the range of possibilities. It is in this latter sense that I will most often use the term.

  


  CHAPTER 1: 
Overview of the upper body


  The upper body consists of the appendicular skeleton—the scapulae, clavicles, arms and hands—along with its muscles, fascia, nerves and blood system. Again, the structure of our body enables our hands to be in the visual field, allowing us to manipulate objects precisely, carry loads and throw with power and accuracy.


  For learning purposes, we can divide the upper body into three articulating regions. While this reduction aids understanding, it should not be considered reality. (Breaking a complex system into pieces helps us understand the parts, but the whole is more than the sum of these parts.) The three regions are:


  
    	The shoulder complex



    	The elbow and forearm



    	The wrist and hand


  


 

  Like the pelvis, the shoulder complex consists of several joinings: the primary joint of the arm to the scapula (the glenohumeral joint, which is also called the shoulder joint); the scapula to the clavicle (the acromioclavicular joint, also called the AC joint); the clavicle to the breastbone (the sternoclavicular joint or SC joint), which is part of the ribcage; and finally, a virtual joint formed by the scapula floating over the upper back ribs, known as the scapulothoracic joint.20 Some researchers have identified even more joinings,21 but for our purposes, these four will suffice. They provide a large range of weight-bearing movement for the hands and arms. Indeed, the glenohumeral is the most mobile joint in our body.


  The elbow has a basic hinge joint function, allowing flexion and extension between the humerus and both the ulna (called the humeroulnar joint) and the radius (called the humeroradial joint). These movements allow for variations in the distance between the hand and the face, useful for feeding ourselves but also for reaching and throwing. We utilize extension and flexion of the elbow whenever we lower from Plank to the floor and rise up again. The elbow also provides for a rolling movement of the radius over the ulna, called pronation (turning the palm down) and supination (turning the palm up). (Supination comes from the Latin “supinare,” which means to lie on the back, and pronation comes from the Latin “pronatus,” which means bent forward.) Sometimes the term pronosupination is used to describe the combination of both movements. Yoga postures often require a full pronation of the hand whenever the hands are rooting into the floor, such as in Wheel Pose (Urdhvadhanurasana), Handstand (Adhomukhavrksasana) and Down Dog (Adhomukhasvanasana), or supination when the hands have to face upwards or backwards to grab a foot or shin, such as in some variations of King Dancer (Natarajasana) or Pigeon Pose (Kapotasana).


  The wrist consists of eight carpal bones (analogous to the seven tarsal bones of the foot and ankle), which provide both space and mobility between the forearm and the hand. While there are many small joints in between the carpals, there are two major joints: the radiocarpal joint, between the distal (far) end of the radius and the first four carpals; and the midcarpal joint, between two rows of four carpal bones. These two main joints allow the wrist to glide from side to side as well as flex and extend. In our yoga postures involving the hands, the wrist is often extended (also called dorsiflexion), such as anytime we have our palms on the floor, but more rarely, it can also be flexed (also called palmar flexion), such as when we step on the hands in Padahastasana. Additionally, the wrist allows us to move the hand from side to side, which is called ulnar deviation (or adduction) and radial deviation (abduction). These movements are generally frowned upon in most yoga classes because they take the hands away from an aesthetically neutral alignment, but as we shall see, there may be times when these movements are appropriate.


  Our sense of touch and our ability to touch are expressed most dramatically in the most distal region of our upper body: the hands and fingers. From forming precise mudras, to sensing energy and supporting the body in arm balances, the hands serve many crucial roles in our yoga practice. This is the most complicated region of the upper body, with each side containing 29 muscles, 19 bones (the metacarpals and the phalanges), and many small joints, allowing a myriad of movements. The hands are mirrors of the mind and can communicate volumes without any words being spoken.


  Bones of the upper body


  There are 32 bones found on each side of the upper body. An overview is provided in figure 4.102; while this illustration shows an average presentation of the bones, human variation means that your bones may not be exactly like these. Ultimately, how far you can move is dictated by the size, shape and orientation of the bones. These variations will be examined in detail as we discuss the individual upper body segments.


  Muscles of the upper body


  It is relatively simple to count up the bones of the upper body, but the muscles require more discrimination. Some muscles have parts that act as antagonists to other parts of the same muscle. For example, the upper trapezius can upwardly rotate the scapula, while the lower trapezius can pull the scapula downward. The deltoid has posterior, medial and anterior fibers, which have very different actions, depending upon where the arm is. And yet, we call all the fibers of the deltoid one muscle. With the caveat that there are other ways to name the muscles, we conventionally identify 19 muscles that move the scapula and/or the arm, eight main muscles that articulate the elbow, 15 that articulate the wrist and 19 that move the hand and fingers. Most of these are shown in figures 4.103 to 4.106, and they are described in detail in the appropriate chapters.
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 Figure 4.102 The upper appendicular body consists of the shoulder complex (scapulae and clavicles), arms (humerus, ulna and radius) and hands (including the carpal bones, i.e., the wrists).
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  Figure 4.103 Posterior muscles of the upper body.
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  Figure 4.104 Anterior muscles of the upper body.
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  Figure 4.105 Muscles and tendons of the forearm.
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  Figure 4.106 Muscles and tendons of the hand.
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    It’s Important: Stability and the close-packed position of the joints


    Close-packing of a joint is where the greatest stability occurs with the least amount of muscular effort or energy expenditure. Often, close-packing arises due to the shape of the bones forming the joint, but in the upper body, the methods for achieving the close-packed position vary from relying on bones to interlock (for example, in the elbow) to using muscles to hold the joint surfaces together (for example, at the glenohumeral joint). The downside to full close-packed stability is a lack of mobility, but at times when the joints are under large stresses (load), it is a good idea to sacrifice mobility for stability and to seek the close-packed position.


    For the wrists, the greatest stability arises when the carpal bones are locked together in a fully dorsiflexed position (extension). The elbow has three joints, so the description is a bit more complicated. The humeroulnar joint is close-packed when the elbow is fully extended and the proximal ulna compresses into the distal humerus. However, the humeroradial joint is close-packed when the elbow is flexed about 90° with 5° of supination. The joint between the ulna and radius is close-packed when the elbow is fully pronated or fully supinated.22


    In the glenohumeral joint, due to the curved nature of both the glenoid fossa and the head of the humerus, there is no single position that can lock the bones together. Instead, close-packing arises through contraction of the rotator cuff muscles and the spiral orientation of the capsular fibers. This means that maintaining close-packed stability is energetically costly for the glenohumeral joint. With rotator cuff engagement, the most energy-efficient close-packed position for the glenohumeral joint is at 90° of abduction and full external rotation of the arm. Here, there is a maximum amount of contact between the surfaces of the two bones, but they do not “lock” as happens in other joints. The scapulothoracic joint has no bone-to-bone connection, so close-packing here is entirely due to muscular stabilization. It is the least stable joint in the body.23


    Mobility and the open-packed position of the joints


    The open-packed position of a joint (also called the loose-packed position or resting position) is where the joint is most mobile and has least stability. For most joints, this occurs anytime the joint is not in the close-packed position, but in general, the least amount of congruency between the joint’s bony surfaces occurs near the midpoint of its range of motion.24 As long as the joint is not experiencing significant stress, this is the place the joint can be moved most easily. This ease of motion is due in part to the minimal amount of surface contact between the bones and the minimal fascial constrictions. The joint capsules and ligaments are lax. In our yoga practice, we can work to mobilize the joints most fully when they are in the open-packed position.


    For the average glenohumeral joint, the maximal open-packed position occurs when the arm is halfway abducted (~50°) in the scapular plane and with a bit of external rotation. As always, this is just one average. Plus, the humerus is in fact loosely packed throughout most of its movements due to the low level of contact between the humerus and glenoid,25 so there is minimal stress in the glenohumeral joint across a range of positions, varying between 30° and 60° of abduction.26 The elbow’s humeroulnar joint is open-packed with 70° of flexion and 10° of supination, while the humeroradial joint is open-packed at full elbow extension and full supination. The radioulnar joint is open-packed when the elbow is flexed 70° and supinated 35°. The wrist is open-packed when in a neutral position between flexion and extension.

  

  While it is possible to define separate muscles, it is not possible to isolate a single muscle for either activation or relaxation. The body coordinates all the muscles through engrams, which are neuromotor events in the central nervous system. They act like pre-programmed movement patterns coordinating many muscles. The simple act of raising your arm is far from simple when we look at the intricate coordination that occurs: the humerus moving in the shoulder socket abducts and externally rotates; the rotator cuff muscles engage to keep the humerus tightly connected to the glenoid fossa; the scapula rotates upward, slides forward and tilts backward; the elbow joint extends; and the wrist supinates. All these movements require the muscles to work as a team, with some activating early and others becoming more involved later. Weakness in one muscle may be compensated for by others, but if coordination or timing is off or becomes inefficient, then pathology, pain and loss of function can arise. To correct inefficient timing, training in proper movement technique is necessary. How we move is important.


  

  Fascia of the upper body


  Fascia is a three-dimensional body stocking or web that invests, surrounds and supports all the other tissues of the body. It can take on many different names—it is ligaments, tendons, joint capsules, periosteum, aponeurosis and plain old fascia—but all are considered fascia today. One view of our fascia likens it to an insect’s exoskeleton. In many ways, it is, except for us, it is not as stiff as an exoskeleton. Indeed, its properties change depending upon where it is and its function at that location. Our muscles are enveloped in fascia, which becomes part of the muscle. So too, our joint capsules, ligaments and tendons are expansions and continuations of fascia. Fascia can present in layers, such as the superficial fascia layer found just beneath the skin, containing globules of fat, water-filled vacuoles (like bubble wrap), nerves, blood vessels and both stiff and stretchy fibers. Beneath the superficial fascia, and connected to it, is the relatively thin deep fascia layer, which flows over and around muscles, bones and organs. In some places, the deep fascia can split into separate layers, which envelope the muscles or muscle groups before coming together again. To reveal the deeper tissues or organs, fascia is often cut, removed or carved into a variety of forms, strips, bands or sheets that do not actually exist in a living body. While these constructs can be helpful in understanding the nature of the body, it is a pedagogy—a teaching tool, not reality. The reality is that fascia is continuous: sometimes thicker, sometime thinner, but always connecting the whole body and its parts.


  Everywhere we look in the body, we are integrated—a whole body—but for teaching purposes, we find it useful to represent the body as if it were composed of separable layers. Please keep this in mind when we explore the fascia of the upper body. While we will name certain ligaments, joint capsules and fascial expansions, these are not separate strips that exist independent of the bones they connect to; they arise from the bones and are continuous with them. Ligaments are continuous with the fascia surrounding them, which are in turn continuous with the muscles they envelop and invest. The names of the fascia change as we look around the body, but it is all one fascia. For example, the fascia covering the upper arms is given the name “brachial fascia,” but it is continuous with the deltoid fascia and the pectoral fascia, which are continuous with the thoracolumbar fascia of the torso. When it covers the forearm, the name changes to “antebrachial fascia.” When it thickens around the elbow or wrist, it is called a “retinaculum.” But regardless of where we look, it is all part of one three-dimensional body stocking of fascia. For this reason, while we will look at the upper body in regions, which makes sense because each region has unique bone, ligament, tendon and muscle structures, we will not investigate the superficial fascia separately by region. It is too interconnected and continuous to take that approach. Instead, there is a brief summary of the deep fascia of the upper body in the sidebar “It’s Complicated: Deep fascia of the upper body” and in the appendix “Myofascial meridians of the upper body.”


  Our understanding of what fascia is and does continues to evolve. Here is one short summary description:


  
    Fascia is a collection of stiff and elastic fibers and water-filled vacuoles, which form a three-dimensional body stocking that invests and supports all other tissues.

  


  For day-to-day purposes, this definition suffices, but for clinical purposes, it is incomplete. Seeking a full definition, a committee founded to develop a consensus view, sculpted from the opinions of many fascial experts and researchers, offered this:


  
    The fascial system consists of the three-dimensional continuum of soft, collagen containing, loose and dense fibrous connective tissues that permeate the body. It incorporates elements such as adipose tissue, adventitia and neurovascular sheaths, aponeuroses, deep and superficial fasciae, epineurium, joint capsules, ligaments, membranes, meninges, myofascial expansions, periosteum, retinacula, septa, tendons, visceral fasciae, and all the intramuscular and intermuscular connective tissues including endo-/peri-/epimysium. The fascial system interpenetrates and surrounds all organs, muscles, bones and nerve fibers, endowing the body with a functional structure, and providing an environment that enables all body systems to operate in an integrated manner.27

  


  Despite the detail presented in this consensus view, it is still not ascribed to by all. Opinions continue to differ. Clinical anatomist John Sharkey of the University of Dundee, Scotland, believes that bones should also be described as fascia.28 The importance of fascia in bodywork and yoga practice can be clearly seen in his statement: “My dissections and the research of colleagues … has changed our understanding of fascia and its role in pain, motion, emotion and movement. Up until recent times fascia was not included in the overall focus or equation of many therapists or surgeons yet fascia has the unique potential to provide new territory for providing anatomical based solutions to unanswered chronic pain conditions.… The myofascial (endo, peri and epimysium) and osseofascial continuum provides a body-wide network that translates mechanical forces in to physiology, metabolism and ease of movement.”29



Table 4.100 What fascia is.

[image: ]




Table 4.101 What fascia does.
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  A summary of how fascia takes on many different appearances and roles was provided by Carla Stecco at the 6th International Fascia Congress in 2018. Her view is presented in tables 4.100 and 4.101.


  A year after the 2018 congress, the Fascia Nomenclature Committee released its view that fascia should be thought of as consisting in two parts: a fascia from a histological point of view, and a fascial system.30 In this model, a fascial system is a subset of the term connective tissues and is defined as follows:


  
    The fascial system consists of the three-dimensional continuum of soft, collagen containing, loose and dense fibrous connective tissues that permeate the body. It incorporates elements such as adipose tissue, adventitiae and neurovascular sheaths, aponeuroses, deep and superficial fasciae, epineurium, joint capsules, ligaments, membranes, meninges, myofascial expansions, periostea, retinacula, septa, tendons, visceral fasciae, and all the intramuscular and intermuscular connective tissues including endomysium/perimysium/epimysium. The fascial system surrounds, interweaves between, and interpenetrates all organs, muscles, bones, and nerve fibers, endowing the body with a functional structure, and providing an environment that enables all body systems to operate in an integrated manner.

  


  As subset of the fascial system, we have individual fascia (also called proper fascia), defined as follows:


  
    A fascia is a sheath, a sheet, or any other dissectible aggregations of connective tissue that forms beneath the skin to attach, enclose, and separate muscles and other internal organs.

  


  When we are discussing histological or topological features at a microscopic scale, we are looking at “a fascia.” However, when we are looking at macroscopic properties such as force transmission, wound healing, fibrosis, and nerve functions, we are dealing with “the fascial system.” This is certainly not the end of the discussion, and future definitions and iterations are sure to arise. For a look of the nature and extent of the upper body’s deep fascia, see the sidebar “It’s Complicated: Deep fascia of the upper body.”


  Nerves within the fascia and ligaments


  Winding their way through the fascial layers are nerves and blood vessels, such as the brachial plexus (shown later in figures 4.120 and 4.122). It is a distinct bundle of nerves and vessels passing through the shoulder, but there are also smaller tributaries that terminate locally. As shown in tables 4.100 and 4.101, fascia can be rich with nerve endings. Some of these are pain receptors (called nociceptors), which let us know when something is wrong, but many of the nerve endings are mechanoreceptors (such as Ruffini and Puccini corpuscles), which provide information on the state of our tissues and how much stress they are under, as well as proprioceptive information.31 Proprioception is a body’s ability to sense where it is in space, the orientation of one area relative to other parts of the body, and how the parts are moving. But it is not just the nerves in our connective tissues that provide this function: many muscles act proprioceptively. There are far more nerve endings in our fascia than within our muscles; our fascia and ligaments sense the world within and are an important player in the functioning of our immune and nervous systems.32 Recent investigations have also discovered that fascia has receptors for hormones and for cannabinoids.33 Our fibroblasts can respond to the presence of sex hormones, such as relaxin and estrogen, which may explain why women seem to suffer fascial pain more than men.


  Retinacula


  Fascia can also form regions called retinacula (singular retinaculum). Various retinacula are found throughout body, generally where some reinforcement or localized stiffness is required. It used to be thought that this was their function, but researchers in the 1980s determined that retinacula are quite thin, very flexible and provide only a modest amount of stiffness for a joint. Their main role is not as pulleys for redirecting forces, but as proprioceptive sensors letting the body know the level of stress within the tissues.34 Retinacula have the highest number of nerve endings of any fascia and are dense with free nerve endings and corpuscles (Golgi, Ruffini and Pacinian).35 According to this new view, our tendons and ligaments provide the mechanical stability a joint needs, not the retinacula,36 which instead can sense bone movement and muscular contractions.


  There are retinaculum surrounding the fingers, connecting the skin of the palm to the deep fascia, and of course, the more well-known flexor retinaculum in the front of the wrists. Retinacula do not exist as separate bands of fascia but rather are localized thickenings of deep fascia and are found around all the joints of our limbs.37 In the wrist, they form three multilayers of densely packed collagen fiber bundles: the outermost layer consists of loose connective tissue; the middle and thickest layer contains collagen fibers, fibroblasts and some elastin; and the innermost, gliding layer has hyaluronic acid-producing cells, providing the lubrication needed for easy movement. Unfortunately, if this inner layer experiences too much compression against the underlying tendons, it can become fibrocartilaginous, reducing movement.38 The wrist retinacula are described in more detail in chapter 4 on the wrist and hand.


  Myofascial meridians


  About 30% of what we consider a muscle consists of fascia, in the form of coverings called the epimysium, which surrounds the entire muscle, the perimysium, which encloses a bundle of muscle fibers, and the endomysium, which surrounds single fibers. For this reason, muscle tissue can be more properly referred to as myofascia.


  We can trace specific lines of stress that are continuous from the upper body through the axial body to the lower body. Thomas Myers calls these “meridians” and describes 12 in his book Anatomy Trains.39 In this context, Myers is not using the term “meridian” in the same way that Traditional Chinese Medicine uses the word (see below). His term refers strictly to physical, fascial connections rather than energetic conduits. Of the 12 Thomas Myers meridians, four run through the arms: the deep front arm line; the superficial front arm line; the deep back arm line; and the superficial back arm line. Five other lines also can affect movement at the shoulder: the lateral line, the spiral line and the three functional lines. (The myofascial meridians are described in more detail in the appendix “Myofascial meridians of the upper body.”) Anatomy Trains describes how poor posture and pathological movement patterns can create unhelpful myofascial constrictions that affect normal movement. By following this model, we can understand how constrictions in one area of the body can cause restrictions to movement around a distant joint.


  Adhesions within the myofascia


  Understanding that fascia provides a sliding surface between muscles helps us realize how tension can arise in our tissues. This tension is one answer to the question “What stops me?” For a muscle to contract or stretch, it has to be free to change its shape without interference or resistance from neighboring tissues. Fascia is moist and slippery, which enables muscle groups to slide over each other. However, if the fascia has sustained damage and scar tissue has built up between the otherwise sliding surfaces of the muscles, these adhesions can retard or even stop the muscles from moving.


  Restrictions to movement due to adhesions will be felt as tension in the area of the adhesion, but they may also be felt as tension far away from that site! This may seem counterintuitive, but a simple example will explain why this occurs. Put on a shirt that has sleeves, and raise your right arm high in the air. Notice how far you can raise the arm and how easily it moves. Now, with your left hand, grasp the bottom right corner of your shirt, by your right hip, pull it down as much as you can, then try to lift your right arm. Notice that the range of motion is restricted and it is not as easy to move. Do you feel a restriction on the top of the right shoulder? You are pulling on the shirt down by the hip, so why would you feel tension in the shoulder? Since the shirt’s fabric is not stretchy, the attempt to lengthen the fabric when we lift the arm creates a stress that restricts the movement. Like our shirt, our body stocking of fascia can become chronically shortened, stuck or adhered in one area, but the effects of that stuckness may manifest in another area. You have felt similar constraints to movement when you donned tight blue jeans recently out of the dryer and then tried to touch your toes: you can’t move very far because your body is encased in a tight sheath of material. If you feel tension reducing your range of movement, it may not be because of tight, short muscles but rather due to fascia that has become shortened or stuck together.


  Traditional Chinese Medicine meridians may also run through fascia


  Traditional Chinese Medicine (TCM) has the concept of energy, called chi (or qi), flowing through channel networks known as “meridians” (jing luo), which run along the surface of the body as well as deep within it.40 Western researchers have noted that the network of meridians and acupuncture points aligns very closely with fascial interfaces between the bones, nerves and blood vessels and between muscles.41 In the TCM meridian paradigm, 12 meridians run through the upper and lower body: six through the legs and six through the arms. The corresponding organs of the upper body lines are the heart, small intestines, lungs, and large intestines as well as two organs not recognized in Western medicine, the pericardium and triple burner (also called the triple heater or, in Chinese, the san jiao).


  Figures 4.107(a) and (b) show where these lines run, according to TCM, while (c) shows two specific acupuncture points and four other meridian lines superimposed upon a cross-section of the upper arm. Notice how the points are located in the superficial fascia, or at places where the fascial boundaries of the muscles meet or dive deeper into the body. This drawing is based upon a study led by Helene Langevin, which found that over 80% of acupuncture points and over 50% of the meridian lines intersect fascial planes between muscles, far more than would be expected to arise from random chance.42
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  Figure 4.107 Traditional Chinese Medicine acupuncture meridians and their relation to upper arm fascial boundaries.43 Both (a) and (b) show the routing of the anterior and posterior acupuncture meridians. In (c), notice how the acupuncture points either go through thick superficial fascia or are located close to septa that dive deeper into the arm. (Letters with numbers indicate acupuncture points; letters without numbers indicate passages of meridian lines. L = lung; LI = large intestine; SJ = san jiao; SI = small intestine; H = heart; P = pericardium.)



  When an acupuncture needle is inserted into a point, the therapist twists the needle back and forth until a feeling of grabbing occurs. Acupuncturists call this “de qi” or “obtaining chi.” When this occurs, the client will notice an achy sensation and the therapist will feel the needle sticking. Langevin showed that the grabbing is caused by collagen fibers in the fascia adhering to the needle. If the insertion point is an area of deeper connective tissue, there is a greater likelihood of the needle being grabbed by the superficial or deep fascial fibers.44 The needle is not inserted into muscles, so these gripping sensations are not coming from muscular contractions. While needles inserted into any superficial fascia will experience this grabbing phenomenon, it is enhanced in regions where the fascia is deeper.


  The locations of the TCM acupuncture points are determined through observations of physical landmarks on the body as well as palpation by the therapist. Langevin’s findings indicate that these empirically determined locations where the “de qi” is most pronounced are equivalent to locations of deeper or thicker fascia.


  The interfaces between fascial septa and muscle boundaries are continuous and follow the shape of the bones, nerves and blood vessels as well as the muscles, which are in turn continuous with other fascial boundaries in other regions of the body. Thus, it is possible to map out lines of continuity through the hands, forearms and upper arms through the shoulder and into the chest (see figure 4.108). It is possible that physical, biochemical or electrical signals created by the twisting of the needles are transmitted throughout the fascial matrix of the body, resulting in integrated functions.


  
    It’s Complicated: Deep fascia of the upper body


    Each of the muscles of the upper body is permeated by fascia (called the endomysium and perimysium), which, in turn, is continuous with fascia enveloping that muscle (called the epimysium), and this is continuous with the fascia of other muscles, tendons, ligaments, joint capsules and even the periosteum of the bones. This arrangement has several advantages, including the spreading out of the attachment sites for the muscles (called an aponeurosis), allowing them to influence motion and stability across a broad area. For example, the fascia enveloping the scapular muscles (supraspinatus, infraspinatus and subscapularis) becomes thicker towards the medial edge of the scapula, thereby providing a broader attachment area for the muscles than if they connected only to the bony surface of the scapula.


    The layers of deep fascia


    A clearer picture of the fascial planes can be created if we envision layers of deep fascia into which particular muscles develop. In this way, the muscles are like sausages linked together in a continuous plastic wrapper. For example, an outermost layer of the deep fascia surrounds the pectoralis major, where it is called the pectoral fascia. A deeper layer is called the clavipectoral fascia.45 This division of the deep fascia into two main lamina (layers) and two main regions is shown in table 4.102.



    Table 4.102 The musculofascial layers of the shoulder complex.46
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    The deep fascia have various appearances: some are epimysial, which are the outermost coverings of the individual muscles, and some are aponeuroses, which are spread out expansions of fascia. The fascia around the deltoids, pectoralis major, trapezius and latissimus dorsi are examples of epimysial fascia. However, all the fascia surrounding the supraspinatus, infraspinatus and arms are aponeuroses. As noted in table 4.102, there is a deep and a superficial plane of deep fascia. The superficial layer covers the more superficial muscles, such as the pectoralis major, trapezius and latissimus dorsi. The deep layer covers the deeper muscles, such as the pectoralis minor, rhomboids and serratus anterior. The muscles of the superficial layer have aponeurotic expansions into the brachial fascia of the arm, which create and transmit tension into the arm muscles. Specifically, the latissimus dorsi can tension the triceps brachii and the posterior brachial fascia; the deltoids can tension the lateral portion of the brachial fascia; the clavicular portion of the pectoralis fascia can tension the anterior brachial fascia; the costal portion of the pectoralis fascia is continuous with the axillary fascia (the armpit), which is continuous with and can tension the medial region of the brachial fascia.47


    Deltoid fascia


    Over the shoulder lies the fascia of the deltoid, which is thicker anteriorly and posteriorly than superiorly. However, this thickness is quite variable between individuals, regardless of the size of the underlying muscles. Curiously, 15% of the fibers are elastic and form an irregular mesh. Anteriorly, it blends into/becomes the pectoral fascia. Posteriorly, it is continuous with the fascia of the infraspinatus and the latissimus dorsi. Superiorly, it blends into the lateral periosteum of the clavicle, the acromion and the crest of the scapular spine as well as with the upper medial border of the scapula. Inferiorly, it is continuous with the deep brachial fascia.


    Upper chest and armpit fascia


    Lying over the pectoral muscle is a thin layer of fascia attached superiorly/laterally to the deltoid fascia. Superiorly, the pectoral fascia becomes the periosteum of the clavicle, but it is also continuous with the sternoclavicular joint capsule. Medially, it runs to the sternum, and inferiorly, it is continuous with the fascia of the rectus sheath, covering the abdominal muscles. Laterally, this fascia thickens and becomes the floor of the armpit (axilla), where it changes name to the axillary fascia. Sometimes, it is called the suspensory ligament of the axilla. The fascia here is strong and has a quadrilateral shape. It does not end there, though. It continues to envelope the lateral margin of the latissimus dorsi, and from there it splits into a deep layer and a superficial layer, which envelop the latissimus dorsi and flow to the thoracic and lumbar spine.48


    The fascia of the upper chest is quite distinct in function from that of the legs. As reported by Antonio Stecco,


    
      the pectoralis fascia acts as an additional insertion for the pectoralis major muscle. Different portions of the pectoralis major muscle are activated according to the glenohumeral joint movements and, consequently, selective portions of the pectoral fascia are stretched, activating specific patterns of proprioceptors. So, the pectoralis muscle has to be considered together with its fascia, and so as a myofascial unit, acting as an integrated control motor system.49

    


    Moving superiorly, the deep pectoral fascia changes its name to the clavipectoral fascia. This is a continuation of the fascial surroundings of the subscapular bursae, and laterally it is continuous with the coracoacromial ligament and the coracoid. It surrounds the coracoid, the coracobrachialis, the short head of the biceps brachii, and the pectoralis minor. It extends medially to envelope the subclavius before attaching to the anterior and posterior clavicle. Sometimes, a thickening of the band running between the coracoid process and the first rib occurs, which becomes called the costocoracoid ligament.50


    Scapular fascia


    Surrounding the entire scapula is a continuous spread of fascia which takes on different names depending upon which muscle is closest. On the front (anterior) side of the scapula is the subscapular fascia. Here, the fascia is aponeurotic and quite thin, and it lines the entire circumference of the subscapular fossa. The subscapular fascia is critical for the proper functioning of the scapulothoracic joint, as it is the interface between the front of the scapula (consisting of the subscapularis) and the back of the serratus anterior. These surfaces need to glide smoothly for the scapulothoracic joint to work well. The subscapularis muscle is partially attached to the subscapular fascia at the medial border of the scapula, which extends the muscle’s attachment site. It is also blended here with the rhomboid fascia. Laterally, the subscapular fascia blends with the deep layer of the subscapular bursa, and from there it joins the glenohumeral joint capsule. Inferiorly, the subscapular fascia becomes the fascia enveloping the teres minor on the back (posterior) side of the scapula.


    Enveloping the infraspinatus and teres minor muscles is the dense, fibrous, aponeurotic infraspinous fascia, which is attached to the margins of the infraspinatus fossa laterally and inferiorly, and loosely to the spine of the scapula. Superiorly and laterally, this fascia is continuous with the supraspinatus fascia; thus, one compartment of fascia surrounds the infraspinatus and supraspinatus muscles. This cover of fascia is also continuous with the posterior border of the deltoid fascia.51 Between this fascial layer and the more superficial fascia of the deltoid, latissimus dorsi and trapezius are loose connective tissues that allow for easy, gliding movements of the superficial muscle layer over the deeper muscles.


    The supraspinous fascia is strong and fibrous. In the neck, it is continuous with the fascia of the levator scapulae. Anteriorly, it becomes the clavipectoral fascia. Medially, it becomes the rhomboid fascia. Inferiorly, it becomes adhered to the spine of the scapula and blends into the infraspinous fascia.
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    Figure 4.108 Cross-section of the shoulder and arm, showing fascial compartments and boundaries. Red and blue circles are arteries and veins; yellow circles are nerves.



    Brachial fascia


    In the upper arm, the deep fascia is aponeurotic, creating a strong covering all around the muscles. In many ways, it is like a long, white evening glove tensioned at the top by the myofascial insertions of the shoulder complex. However, the glove is free to slide over the muscles beneath. In places where tension is constantly high, the fascia becomes thicker. It is thinner over the anterior muscles and thicker over the posterior muscles. Generally, the deep fascia of the arm is easily separated from the underlying epimysium of the muscles, except near the elbow, where it may join the epicondyles of the humerus bone. Similar to the way fascia forms compartments in the leg, there are two septa (the medial and the lateral) in the upper arm that run into the humerus, forming an anterior and posterior compartment for the upper arm muscles (see figure 4.109). The biceps brachii and brachialis are found in the anterior compartment; the triceps brachii are found in the posterior compartment. The lateral septum is continuous with the fascia of the lateral part of the deltoid superiorly, and with the supracondylar ridge of the lateral epicondyle of the humerus inferiorly.


    Several muscles use the lateral septa as an attachment extension: the lateral head of the triceps, the brachialis, the brachioradialis and the extensor carpi radialis longus. The medial intermuscular septum is continuous with the fascia of the teres major, and the aponeurosis of the coracobrachialis runs down the medial side of the humerus to the supracondylar ridge of the medial epicondyle. The medial head of the triceps joins the medial intermuscular septum posteriorly, and the brachialis joins it anteriorly. While the brachial fascia adheres to the epicondyles of the humerus and the olecranon of the ulna, it does continue into the lower arm as the antebrachial fascia.
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    Figure 4.109 Fascial septa, muscular compartments, nerves and major blood vessels of the upper left arm. Red and blue circles are arteries and veins; yellow circles are nerves.





[image: Figure_4.103]

    Figure 4.110 Fascial septa form muscular compartments in the middle of the left forearm. Red and blue circles are arteries and veins; yellow circles are nerves.




    Antebrachial fascia


    The fascia covering the forearm is relatively thick, multidirectional and formed of many fibrous bundles. It overlays and surrounds the flexor and extensor muscles like a large hand muff, with dividing septa between the muscle groups. Figure 4.110 illustrates how the muscles are contained within their own fascial compartment. The septa divide the forearm into anterior, lateral and posterior compartments. Within the anterior and posterior compartments, other septa divide the muscles into superficial and deep layers.52



    The antebrachial fascia is continuous with the brachial fascia and adheres to the olecranon proximally as well as the epicondyles of the humerus and the dorsal edge of the ulna. Its strength is increased by fibers from the biceps on the anterior side and from the triceps on the posterior side. It is generally thicker on the posterior side than the anterior side, and thicker more distally than proximally.


    Near the elbow, in the proximal forearm, several muscles have fibers that attach to the deep antebrachial fascia, but as the muscles extend distally towards the hand, the antebrachial fascia is distinctly separate from them. The antebrachial fascia firmly adheres to the distal radial and ulnar styloids and becomes thicker, forming two retinacula: the flexor retinacula and the extensor retinacula. These keep the tendons of the muscles that move the fingers (the digital tendons) well positioned so they can efficiently move the digits. As shown in figure 4.110, throughout the fascia are passageways (apertures) for nerves and blood vessels. Distally, the antebrachial fascia becomes the fascia of the hands and wrists.


    Compartment syndrome


    The fascia of the forearm does not stretch very much and consequently can become inflamed. If fluid accumulates within the compartments formed by the fascia, there is no way to relieve the pressure. The swelling may be caused by trauma, blood loss and bruising, or even burns. If the pressure grows too high (beyond 35 mm Hg), the condition becomes known as compartment syndrome. The tissues inside the compartment can no longer receive blood flow (a condition called ischemia), causing tissue death (necrosis). This damage can be irreversible. Muscle fibers are lost or shrink and become contracted, or they are replaced by fibrotic tissues, which are inelastic. (This condition is known as Volkmann’s ischemic contracture.)


    The symptoms of compartment syndrome are pain (especially when the area is stretched), muscle weakness, sensations of tingling, burning, itching or numbness (called paresthesia), and hypersensitivity (hyperesthesia). Anywhere that fascia completely bounds and surrounds tissue can suffer compartment syndrome, but it most often occurs in the anterior forearm, the intrinsic muscles of the hand, and the lower leg. The only therapy for compartment syndrome is surgical intervention: a scalpel is used to cut through the skin, superficial fascia and deep fascia along the length of the compartment to relieve the internal pressure.


    Fascia of the wrist and hand


    Just as the architecture of the wrist and hand is very complicated, with dozens of muscles, tendons, ligaments and joint capsules, the distribution and layering of fascia here is also very complex.53 There is no boundary between the antebrachial fascia and the deep fascia of the wrist and hand; it is, again, a continuum. For convenience, we can consider the hand’s fascia as having two sides: the dorsal (back) and the palmar (front or palm). The palmar fascial complex (so named because it is very complex) has five components:


    
      	The palmar aponeurosis: a fan-like spreading out of fascia into a deep and a superficial layer



      	The deep palmar fascia



      	The adductor fascia



      	The fascia of the thenar and hypothenar eminences (the bases of the thumb and little finger)



      	The septa that connect all of the above


    


    Many of the intrinsic muscles have insertions into the aponeuroses or fascial expansions of the hand. For example, the adductor pollicis muscle, which adducts the thumb, has a delicate fascial covering connecting three metacarpal bones and the first dorsal interosseous muscle. The deep palmar fascia becomes thinner towards the wrist, forming ligaments that merge into the joint capsules surrounding the carpal joints. The thenar and hypothenar fascia are epimysial in nature, which means they adhere tightly to the underlying muscles, but their fibers also merge into the flexor retinaculum proximally. Their fascia is also continuous with the dorsal fascia on the back of the hand.


    The deep dorsal fascia also has two distinct layers: a superficial lamina and a deep lamina. The superficial lamina covers the tendons of the extensors and is continuous with the extensor retinaculum. Distally, it becomes the dorsal fascia of the fingers. The deep lamina lies on top of the interossei muscles and is continuous with the periosteum of the metacarpal bones. Between the superficial and deep lamina is loose connective tissue, which facilitates gliding and sliding of the tendons.


    According to Carla Stecco, within the fingers, there is no superficial fascia! This is rather unique but serves a function. The skin adheres to the deep fascia, which prevents the skin from moving when the hand flexes. The skin on the back of your hand or on your forearm can be easily moved due to the underlying superficial fascia to which it is connected. It is really the superficial fascia that is gliding over the deep fascia. This doesn’t happen in the palmar side of the fingers. However, the skin is able to fold in the creases of the finger joints. The deep fascia of the fingers is reinforced by small retinacula around each joint. In effect, a complicated web of fascia envelops the digits, forming a fibrous skeleton to assist the hand’s mechanical function.54

  


  Nerves and neurodynamics


  The nerves innervating the arm form the brachial plexus, which emerges from the spine, from the 5th cervical vertebra down to the first thoracic vertebra (see figure 4.120). The interlaced network allows the nerves to be more mobile when tension is placed upon them; each nerve can slide and glide independent of the others, and the whole fabric of the plexus absorbs some of the stress. The routing of the brachial plexus is through the thoracic outlet, a three-dimensional opening bounded medially by the side of the neck, specifically the scalene muscles, posteriorly by the trapezius and scapula, anteriorly by the clavicle and first rib and laterally by the axilla (armpit). Variations in this plexus may make some people more susceptible to nerve impingement than others. A condition called thoracic outlet syndrome can cause pain in the hands, arms and neck, and even headaches as well as muscle weakness. (A closer look at thoracic outlet syndrome can be found in the section on shoulder pain and pathology on page 127.) Pain arising in the hand may also be due to stresses on nerves closer to the wrist. This is sometimes due to carpal tunnel syndrome, which is examined in chapter 4 on the wrist (see page 252).
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  FIGURE 4.120 The brachial plexus is a bundle of nerves innervating the arm and shoulder.


  Alila Medical Media/Shutterstock.com



  Elasticity of nerves


  Nerves are elastic, but once the limits of a nerve’s elasticity are exceeded, it does not return to its normal length—it remains stretched and damaged. How much elasticity a nerve has depends upon where and how big it is. For example, the ulnar and radial nerves in the arms are twice the thickness of the popliteal nerves in the leg, but all of these nerves can experience 6–20% elongation and still return to their normal, unstressed lengths.55 The range of human variability is quite large, so your nerves may be on the more elastic side of the spectrum or the less. Most nerves rupture completely between 26% and 32% elongation.56


  Fortunately, the body has four mechanisms to protect nerves from being overstretched:


  
    	The individual nerve fibers have some slack inside the perineurial tube (a tube of fascia surrounding the nerve).



    	The nerves are routed to the inside of a joint.



    	The perineurium is extensible.



    	The nerve itself has some ability to stretch.


  


  The slack of each fiber allows the perineurial tube to be elongated without stretching the fibers inside. Inside the perineurium, the nerve fibers don’t follow a straight line but instead meander like a river. This curving allows the fibers to straighten when the tube is elongated, rather than being stretched. When the nerve is compressed, the fibers fold up like an accordion.


  The routing of nerves, with two key exceptions, runs along the inside of a flexing joint. For example, when you flex your knee, the nerves fold because they run through the back of the knee (the flexion direction). If the nerves ran overtop of the knee, flexion would stretch the nerve. (The two exceptions to this wise routing strategy are the sciatic nerve, which runs along the outside of the hip flexion direction—through the buttocks—and the ulnar nerve, which runs along the outside of the elbow joint and thus is exposed to being banged, creating that electrical-zinger feeling called “hitting your funny bone.”)


  Unfortunately, not all nerves are in pristine shape, nor do everybody’s nerves have the same levels of elasticity. Scar tissue or adhesions, age, trauma and genetics can alter the stiffness/elasticity of the nerves. These conditions can also prevent a nerve from sliding and gliding within its surrounding tissues.


  Neurodynamics: Nerves can and should slide and glide


  The fact that our nerves glide or slide within the surrounding tissues makes a lot of sense. We move the body all the time. Elite athletes, gymnasts and even everyday yogis are constantly moving through large ranges of motion without damaging their nerves. If the nerves couldn’t move, they would be subject to constant stretching. In 1995, Michael Shacklock coined the term neurodynamics to explain the mechanical properties of nerves.57 He proposed that the body creates uneven, mechanical stresses upon nerves that interfere with their free movement in the surrounding tissues. These impediments can arise because the nerves are running through stiff muscles, contracted fascia or scar tissue; or the nerves may already be stretched, pinched or adhering to surrounding tissues. To a significant degree, nerves can tolerate elongation and even compression or pinching, but if the nerves are inhibited from freely gliding and sliding, the resulting stress can exceed their tolerance; too much tensile stretching or compressions may reduce blood flow to the nerve, interfering with nerve function and causing damage and pain.58


  Several mobilization techniques have been developed to help improve nerves’ ability to glide. The biological effects of nerve sliding are not fully understood, but a growing body of clinicians have been reporting on the benefit of this form of therapy. One possible explanation is that mobilizing inhibited nerves improves the nourishment of the neurons. When the container through which the nerve fiber runs is constricted, nutrients do not reach it as easily. Mobilizing the nerve may improve blood flow to and from the neurons, and it may help to disperse any inflammation.59 There is also speculation that nerves have an ability, through chemical or enzymatic means, to dissolve impinging tissues, although exactly how this could occur has not yet been worked out.60


  The main idea behind neuromobilization is to move the nerve by tugging at it from alternating ends. We can add “nerve flossing” to our yoga practice to maintain the mobility of the nerves that innervate the arms and hands, perhaps to help with persistent carpal tunnel pain or thoracic outlet syndrome. As shown in figure 4.121, the procedure for upper body nerve flossing releases one end of the nerve tract while tugging at the other end. In (a), the head and neck laterally flex away (to the left) from the raised right arm and hand, which in turn are flexed toward the head. In (b), we see the positions reversed, with the neck and head laterally flexed toward the raised hand, while the elbow, wrists and fingers are extended away from the head. This flow should be repeated slowly (five-second cycles) up to 10 times for each side. It is possible, as shown in (c), to floss both sides at the same time! This can be done while sitting or standing.



[image: Figure_4.103]
  FIGURE 4.121 Flossing the nerves from the neck to the fingers: (a) lateral flexion of the head and neck away from the top arm, while drawing the fingers and hands toward the shoulder (red lines), causes the arm nerves (blue lines) to be tugged toward the mid body; (b) lateral flexion of the head and neck toward the top arm while the arm, hand and fingers extend away from the head will cause the nerves to be pulled toward the fingers; (c) it is possible to do both sides at the same time. Hand, arm and head movements are indicated by the red arrows, nerve gliding by the blue arrows. Experiment slowly and check in with how you are feeling over the next day. As an added variation, try turning your head and drawing the chin down to the shoulder as you turn the head from side to side.



  Parsimony and nerves


  Parsimony can be defined as frugality or stinginess. It has also been cast into a law, known as Occam’s Razor, which states, “plurality should not be posited without necessity.”61 In other words, whenever possible, go with the simplest explanation. The body is parsimonious as well, seeking the simplest way to achieve any given goal. This applies to how we use our muscles to articulate a limb and move the body. To reduce unneeded energy expenditure, the body uses the fewest muscles or muscle fibers necessary to move or control a joint. An example is extension of the elbow. Two muscles can do this—the triceps brachii, with its three heads, or the much smaller anconeus. Engaging the larger triceps requires much more work and energy, so when the elbow is extended, the smaller anconeus and then the medial head of the triceps are engaged first. Only if a load on the arm is so great that the body has to use more effort will the larger muscles of the triceps be engaged. If this were the other way around—if the body first recruited the long head of the triceps to stabilize the elbow—then other muscles would also have to be engaged to reduce the extension effect of the long head of the triceps at the shoulders. Instead, the body chooses the simpler, more parsimonious approach, using smaller, one-joint muscles before involving larger, polyarticular muscles and their antagonists.


  Blood vessels of the upper body


  Running close to the brachial plexus and the major nerves in the arms are the major arteries and veins of the arm. While some movements in yoga can compress the brachial nerves, creating pain in the hands or arms, blockages of blood flow are also possible. This can result in a “pins and needles” feeling in the hands or arms when the flow of blood resumes. These sensations are distinct from the more electrical or tingling feelings arising from nerve compression.


  The subclavian artery is shown in figure 4.122. It runs between the anterior and medial scalene muscles, under the clavicle but over the first rib. After passing the first rib, it is renamed the axillary artery.62 This becomes the brachial artery after passing the posterior portion of the armpit (the posterior axillary fold formed by the latissimus dorsi and teres major muscles). In turn, the brachial artery divides into the radial and ulnar arteries just past (distal to) the elbow. From there, the arteries form webs of interconnections (called anastomoses) that flow through the wrist and hands.63
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  FIGURE 4.122 The arteries that supply blood to the arms and hands are extensions of the subclavian arteries. (Drawing courtesy of OpenStax.64)



  Movements of the upper body


  The shoulder is the most mobile joint in our body, but it is not a simple one. We can move the arm at the shoulder socket (the humerus at the glenoid fossa); we can move the whole shoulder complex, consisting of the scapula and the clavicle; and of course, we can move the elbows, wrists, hands and fingers. While details of shoulder, arm, forearm, wrist and hand movements will be explored in detail in the sections on each body part, an early overview is useful to set the stage for later discussions.
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Figure 4.123 Movement of the arm: (a) flexion, (b) extension, (c) abduction and adduction, (d) external and internal rotation, (e) horizontal adduction, (f) horizontal abduction, (g) circumduction.



  Movements of the arm


  The arm can move in several directions, as shown in figure 4.123: (a) flexion—movement forward and up; (b) extension—movement down or backward; (c) abduction—moving away from the side body; adduction—moving towards the side body; (d) external rotation—rolling the crease of the elbow outward; internal rotation—rolling the crease of the elbow inward; (e) horizontal adduction to the front (anteriorly); (f) horizontal abduction to the back (posteriorly); and (g) circumduction—combining movements to circle the arm. Internal rotation is also called medial rotation; the hand moves inward across the body. External rotation is also called lateral rotation; the hand moves outward away from the body.


  

  Notice the distinction between vertical abduction/adduction and horizontal abduction/adduction. For vertical abduction, the arm begins at the side of the body and is lifted up to the side. However, for horizontal adduction and abduction, the arm begins raised 90° so that it is held horizontally and out to the side of the body. From there, the arm can move forwards or backwards. Horizontal adduction brings the arm anteriorly to the front of the body. Horizontal abduction brings the arm posteriorly to the back of the body.65 (In some cases, anterior horizontal adduction is referred to as horizontal flexion; horizontal abduction is called horizontal extension.)66


  While the directions of movement are normally defined in the cardinal planes of the body—frontal, side and horizontal (coronal, sagittal and transverse)—the scapula is oriented in a plane unique to itself. As was shown in figure 4.07, it is angled forward by 30–40° to the frontal plane when viewed from above. For this reason, some researchers prefer to measure the elevation of the arm with respect to the scapular plane rather than in the side plane (flexion) or frontal plane (abduction). Thus, movement of the arm is sometimes measured in the scapular plane and simply called elevation rather than flexion or abduction. Since the early 1990s, many therapists have adopted the term scaption to describe movement of the arm in the scapular plane. Throughout this book, you will find the term elevation used to generically describe lifting of the arm, regardless of which plane the arm follows, flexion used to describe lifting of the arm in the side plane, abduction to describe lifting of the arm in the frontal plane, and scaption used to describe lifting of the arm in the scapular plane.


  Movements of the shoulder complex


  While the movements of the arm can be isolated to the arm only, the scapula and clavicles normally will also move when the arm moves. The shoulder complex’s movements mirror the eight movements of the scapula, as shown in figure 4.124: (a) elevation—raising the scapula; (b) depression—lowering the scapula; (c) adduction—drawing the scapula toward the spine; (d) abduction—moving the scapula away from the spine; (e) downward rotation—lowering the glenoid fossa while raising the inferior angle of the scapula; (f) upward rotation—raising the glenoid fossa while lowering the superior angle; (g) posterior tilt—moving the top of the scapula backwards; and (h) anterior tilt—moving the top of the scapula forward. There are different names that are often used for several of these moments. For example, adduction is often called retraction, and abduction is often called protraction.


  

  These eight movements are of the whole shoulder complex, but there are other movements within the shoulder complex—for instance, at the joint between the clavicle and sternum. These movements require a more in-depth investigation, which will be done in chapter 2 on the shoulder complex.
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Figure 4.124 Movement of the shoulder complex: (a) elevation, (b) depression, (c) adduction, (d) abduction, (e) downward rotation, (f) upward rotation, (g) posterior tilt, (h) anterior tilt.



  
    It’s Complicated: Scapular movements are complex!


    Sometimes, scapular adduction is called scapular external rotation and scapular abduction is called scapular internal rotation due to movements happening at the acromioclavicular joint. This designation is a bit more anatomically exact because movement of the scapula away from or towards the spine is actually a rotation around a vertical axis at the acromioclavicular joint. In this framework, the movements of elevation and upward rotation are considered to be medial rotation of the scapula around a front-to-back (anterior posterior) horizontal axis perpendicular to the scapula plane, while depression and downward rotation are considered lateral rotation. Finally, in this view, tilting of the scapula occurs around an axis running along the spine of the scapula in the frontal plane. Using this formalism, all the movements of the scapula are the results of rotations around three axes.67 These intricacies and a few others will be explored in more detail in chapter 2 on the shoulder complex.

  


  Movements at the elbow


  At the elbow, four separable movements are available, as shown in figure 4.125: (a) flexion—moving the hand towards the shoulder; (b) extension—moving the hand away from the shoulder; (c) supination—opening the palms upward; and (d) pronation—rolling the palm down. Supination and pronation can be confusing. When we want to place the palms on the floor—for example, in Down Dog (Adhomukhasvanasana) or Plank poses—we pronate. If we stand in Mountain Pose (Tadasana) with palms facing forward, or when we reach the arm up and try to grab a foot behind us as we do in King Dancer (Natarajasana), we supinate. Sometimes we do both but with different arms: the top arm in Cow Face (Gomukhasana) is supinating while the bottom arm is pronating. A little mnemonic trick is to think of the character Oliver in Charles Dickens’ novel Oliver Twist. When he wanted more supper, he held his hands open and said, “Please, sir, I want some more.” Supination is for supper. However, if you want to be a pro basketball player, you have to pronate to dribble the ball. Pronate to be a pro.68
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  Figure 4.125 Movement at the elbow: (a) we allow the elbow to flex as we lower down in plank and (b) extend the elbow as we straighten the arms and rise again; (c) palm up is supination; (d) palm down is pronation.




  Movements of the wrist


  The wrist also has four movements, as shown in figure 4.126: (a) ulnar deviation or adduction—sliding the little finger to the arm; (b) radial deviation or abduction—sliding the thumb towards the forearm; (c) extension—moving the back of the hand towards the forearm, also called dorsiflexion; and (d) flexion—bringing the palm towards the forearm, also called palmar flexion.
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  Figure 4.126 Movement of the wrist.
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  Figure 4.127 Movement of the hand and fingers: flexion and extension, abduction and adduction are the main movements, but individual fingers and the thumb can move independently of the palm and of each other, creating many complex combinations.



  Movements of the hand and fingers


  Finally, as shown in figure 4.127, the hand and fingers can flex—moving the fingers towards the palm, such as when we make a fist; extend—moving the fingers away from the palm, such as when we straighten the fingers; abduct—moving the fingers apart; and adduct—moving the fingers together. The movement of the thumb is similar but doesn’t quite fit these descriptions. The thumb as well as all the ranges of the upper body motions and their variability will be investigated in the respective chapters.



  Overview summary


  Our upper body includes the shoulder complexes, arms, wrists, hands and fingers. This whole appendicular structure floats over the upper torso, with the only bony connection occurring between the clavicles and the sternum. However, despite the lack of bony connections, there is considerable integration of the upper body with the axial body through fascial and muscular connections. Due to the lack of rigid contact between the shoulders and the ribs and spine, the upper body possesses large ranges of motion. Unlike four-legged animals, who use the front limbs to support the upper body’s weight, human upper bodies do not have to bear large stresses and are free to move. Humans have a unique ability to hold and manipulate objects and bring them easily into their field of vision. Quadrupeds must move their heads to look at their forelimbs, but we humans can bring our hands to our heads. Additionally, the greater range of motion in the shoulder and arms allows humans the ability to throw with considerable force and accuracy. No quadruped and few primates can do this.


  The large ranges of motion for our arms and shoulders are due to the complicated structure of the shoulder complex. It consists of four joints: the commonly referred to shoulder joint of the humerus and scapula, which is technically called the glenohumeral joint; the joining of the scapula to the clavicle, which is called the acromioclavicular joint; the joining of the clavicle to the sternum, which is called the sternoclavicular joint; and finally, the interface between the underside of the scapula and the upper back/posterior ribcage, which is called the scapulothoracic joint. These four joints share a coordinated rhythm of movement, and rarely does motion happen at one joint in isolation.


  At the elbow, four movement can occur: flexion and extension, as well as rotations that cause pronation and supination. The wrists allow gliding motions of radial and ulnar deviation (abduction and adduction) as well as flexion and extension. The hands are great at grasping (flexion) and opening (extension), but each digit can move independently in four directions: abduction, adduction, flexion and extension. The only movements our fingers cannot do is rotation. Our fingers also possess an exquisite sense of touch, allowing us to identify objects and shapes without using our eyes.


  In our yoga practice, we may use the upper body to support weight, like a quadruped (think of Plank Pose [Chaturanga] and Down Dog [Adhomukhasvanasana]), but we also move through large ranges of motion (think of Cow Face Pose [Gomukhasana] or binding the arms in seated twists like Bharadvajasana and Marichyasana). It is best not to mix up these two abilities. When bearing large loads, the joints should be stiffened and remain close to their neutral alignments, with the humerus snug in the glenoid; when moving through great ranges of motion, loads should be reduced.


  Unfortunately, physical yoga practice does not utilize the full abilities and ranges of motion of the upper body. Unlike in many sports or occupations, most yoga classes include very little work with the arms overhead. We do not emulate painting a ceiling; we do not keep the arms overhead for long in yoga postures. Inversions like Handstand (Adhomukhavrksasana) or Down Dog (Adhomukhasvanasana) do not have the arms overhead but rather underneath, which is a good way to create a load on the upper body while the shoulders are fully flexed, but they are not quite the same as holding our arms up high. With the exception of aerial yoga and some studios with ropes, we never get to hang or swing from our arms during yoga classes, even though these are wholesome and natural activities for primates. Nor do we get to flex the arms very much in yoga. Think of rowers strongly pulling the oars inward; we rarely do this in yoga. To my knowledge, throwing has never been a part of any yoga practice in the West. A complete physical practice should find ways to challenge the upper body in all its natural movement patterns. While there are a few ways to do some of these in a yoga classroom, to fully work the upper body requires getting off the mat.


  CHAPTER 2:
 The shoulder complex
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  Figure 4.130 The key points of interest in the shoulder complex are the bones, muscles and fascia.


  BigBlueStudio/Shutterstock.com



  The upper body allows a great range of motion with precision while also providing strength and stability, although not as much as the lower body. The precision comes mostly from the hands, but the range of motion begins in the shoulder complex. It is often referred to as the pectoral girdle, but this term usually refers only to the bones. The shoulder’s ability to move so dynamically is due to many interrelating factors: the coordination of the muscles attaching to the scapula, arm, spine and ribcage; the fascial connections between the muscles, ligaments, joint capsules and axial body; and, of course, the bones (see figure 4.130).


  One of the premises of a functional approach to yoga is to know the targeted area that you are trying to stress. While it is possible to target the shoulder complex, isolating the stress to only one area within the complex is impossible. No joint in the body functions totally in isolation from the rest of the body: mechanical loads and stresses diffuse through a continuous matrix of fascia, muscles, ligaments and bones. Although it may be useful from an educational standpoint to consider the shoulder complex as isolated parts, doing so can blind us to a bigger picture, one of dynamic interrelationships. The body consists of integrated, interdependent, dynamic biological structures, not isolated joints. Stresses from the axial body spread to and through the shoulder complex to the arms and hands. The individual joints are not isolated from the head, neck, spine and ribs, so it is valuable to consider the individual joints as part of a broader functional area called the shoulder complex. Fortunately, we do not need to isolate stress to one muscle or joint. Mobilization and strengthening of the whole complex will bring benefits to individual areas.


  The shoulder complex allows the arm to move in six primary directions: forward (flexion) and backward (extension), side to side (abduction and adduction) as well as in rotation (external and internal). However, the arm does not move in isolation from the scapula and clavicle. They too have large ranges of motion, including elevation, depression, rotation (upwards and downwards), retraction and protraction. Movements occur at the joints connecting the clavicle to the sternum (sternoclavicular joint), the acromion to the clavicle (acromioclavicular joint), the scapula to the humerus (glenohumeral joints) and between the scapula and the back of the ribcage (scapulothoracic joint).


  Improper coordination between movements at all these joints or weaknesses in certain muscles can cause pain and dysfunction of the shoulder. This is termed dyskinesia. The physical practice of yoga provides an opportunity to correct improper movement patterns, increase restricted ranges of motion and strengthen the muscles and restraining tissues, but the recommended practices must be tailored to the unique requirements of each student. As we have emphasized in this book so far, no single recipe will suffice for every student, and understanding the variations between human ranges in the shoulder complex is important to allow students and teachers to modify and adapt standard yoga postures to their own uniqueness.


  This chapter will investigate the form and function of the shoulder complex. Form consists of the tissues and their structure, architecture and variations. Function includes: the ability to articulate the joints as well as mobilize the whole shoulder complex; the ranges of motions; and the variations that can arise.


  Form


  The shoulder complex is complicated! It is many joints working in precise coordination. And the whole complex floats on top of the upper ribcage, held in place by one bony connection, many muscles and multiple fascial layers. Designed for large ranges of motion, it can also tolerate significant stresses as long as the parts are all working together properly.


  Landmarks of the shoulder complex


  Several of the key landmarks of the shoulder complex, as shown in figure 4.131, can be palpated, and it is instructive to feel these to give you an overview of your unique shape. Reaching over one shoulder, first find the obvious ridge on your upper back that extends from the middle, close to your vertebrae, to the lateral edge of your shoulder. This is the spine of the scapula (see figure 4.131b). Above it, you can feel the supraspinatus muscle in a shallow depression called the supraspinatus fossa. Below the scapular spine, you may feel the infraspinatus muscle.


  As you walk your fingers towards the outer (lateral) edge of the scapular spine, you will feel the shelf of the acromion process. Notice how it turns rather sharply towards the front. That point where it changes direction is called the acromial angle. At the front edge of the acromion, you may feel a little rise: you are now coming onto the lateral end of the clavicle. Not everyone has a distinct rise between the acromion and the clavicle, though. You may feel a flat continuation of the clavicle as you trace it all the way to the sternum. Notice whether your clavicle is straight or quite S-shaped. If you return again to the lateral edge of the acromion and go down your arm a little way, you will notice a bit of a soft gap, and then you may feel the hardness of the head of the humerus.
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  Figure 4.131 Landmarks of the shoulder complex: (a) anterior view; (b) posterior view.

  

  In a different direction, try reaching under one armpit to the scapula, close to the mid back. Now you can feel the medial border of the scapula. Follow that down and you will come to the inferior angle. As you come up the lateral border, you may notice a lot of muscular padding over that edge of the scapula, probably the infraspinatus and teres minor muscles. You will eventually reach the back portion of the armpit, formed by the latissimus dorsi and teres major. It is interesting to return to the medial border and inferior angle of the scapula and feel how they move as you move your arm in various directions. It can also be instructive to stand sideways in front of a mirror and watch how these landmarks move as you move your arm and shoulder.


  The architecture of the shoulder complex


  The shoulder complex is bilaterally symmetric, which simply means we have two—one on each side of the body. But they are unconnected to each other, unlike the pelvis, which joins both hips together. Each shoulder complex consists of three separate bones: the clavicle, the scapula and the humerus. They form the four main joints of the shoulder complex, as shown in figure 4.132: the glenohumeral joint, the acromioclavicular joint, the sternoclavicular joint and a virtual joint called the scapulothoracic joint.
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  Figure 4.132 Anterior view of the left shoulder complex, showing four joints.
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  The humerus is a long, slightly twisted bone with two ends. The proximal (upper) end of the humerus is part of the shoulder complex, while the distal (lower) end is part of the elbow joint. (The distal humerus, not shown in figure 4.132, will be examined later; in this chapter, only the proximal end will be reviewed.) The humerus joins the scapula at the glenohumeral joint. The scapula is a flat, triangular bone that glides overtop the upper ribcage. It “floats” between layers of muscles in front and behind, as well as on top and below. The space between the scapula and the ribs is called the scapulothoracic joint. The scapula’s motions are restricted by the posterior ribcage, the clavicle’s range of motion, and the muscles and fascia that hold the scapula in place. The scapula connects to the clavicle at the acromioclavicular joint. The clavicle is a medium length, slightly S-shaped, slender bone that connects the shoulder complex to the sternum at the sternoclavicular joint. This is the only bony connection between the upper body and the axial body. However, many of the stresses between the upper and axial bone are distributed through the softer tissues of the muscles and fascia. (It would be incorrect to think that the sternoclavicular joint is the only connection between the upper body and the axial body. It is the only bony connection.) The joints between the three bones of the shoulder complex have varying degrees of mobility, with the glenohumeral joint having the largest range of motion of any joint in the body.


  The position of the shoulder complex


  The scapula floats over the upper back’s ribs, but its exact position is variable because it moves as the arm moves. Generally, as shown in figure 4.132, the scapula covers ribs 2 to 7 and is to the lateral side of the back. This is for an average person; some people have a smaller scapula, and some people have a much larger scapula that covers more of the upper back. The medial border is almost parallel to the spine, which means that each scapula is parallel to the other. (Chimpanzees and other brachiating primates have their scapulae aligned obliquely.)


  The glenoid fossa faces laterally to the side and slightly forward. When viewed in the horizontal (transverse) plane, as shown in figure 4.133, the scapula is offset by an angle of about 30–40° to the frontal plane (angle A). This offset creates a separate plane of interest called the scapular plane. The orientation of the clavicle is about 20° (angle B) behind the frontal plane, and the head of the humerus is retroverted backwards by about 30° (angle C). All of these positions leave an angle of about 45° between the acromion and the clavicle (angle D) at the acromioclavicular joint.
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  Figure 4.133 Superior view of the shoulder complex, showing the scapular plane, orientation of the clavicle and retroversion of the humerus. (A) is the angle of the scapula to the frontal plane; (B) is the angle of the clavicle to the frontal plane; (C) is the retroversion angle of the humerus; (D) is the angle of the clavicle to the scapula.
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Figure 4.134 When viewed from the front or back, the scapula looks triangular, as shown in (a) and (b), but it is also flat and thin when viewed from the side (c).69 A superior view is shown in (d).



  Bones and cartilage


  The shoulder complex includes four major bones and the entire upper ribcage, as shown in figure 4.132. Inside the bony joints, cartilage covers the ends of the articulating bones. The drawing shown in figure 4.132 and in most anatomy books gives the impression that everyone’s bones have these shapes, but human variation is quite significant. Use these images as rough templates, but expect that your particular version of these bones is probably quite different.


  The scapula


 

  The scapula (from the Latin for “shoulder blade”) is a triangular, flat, thin bone, as shown in figure 4.134.70 There are several key landmarks, but the ones that most affect range of motion are the acromion process, the coracoid process and the glenoid fossa. Acromion comes from the Greek akros, which means highest. The hook-like or finger-shaped coracoid process (coracoid is from the Greek and means “shaped like a crow’s beak”) projects anteriorly (forward) and curves laterally (to the side). At the shoulder, the coracoid process is located inferior to (below) the lateral end of the clavicle. It is anchored to the clavicle by a strong ligament and serves as the attachment site for one chest muscle, the pectoralis minor, and two arm muscles, the short head of the biceps brachii and the coracobrachialis. For some people, the coracoid process may affect certain ranges of motions, especially adduction with the arms in front (like trying to hug yourself or doing Eagle Arms (Garudasana)).


  

  On the back side of the scapula is its spine, a long and prominent ridge that runs across its upper portion. Growing laterally out of the scapular spine is a flattened and expanded region: this is the acromion process. The acromion forms the bony tip of the superior shoulder region and articulates with the lateral end of the clavicle, forming the acromioclavicular joint. When viewed from above (see figure 4.134d), the clavicle, acromion, and spine of the scapula form a horseshoe-shaped bony outline that provides attachment for the deltoid and trapezius muscles.


  Ligaments between the acromion and coracoid processes form a shelf above the humerus (the coracoacromial arch). The shape and size of the arch and acromion and their height above the humerus has an effect on the range of motion available at the glenohumeral joint. Too little space here can lead to painful and restricting impingement between the top of the humerus and the underside of the coracoacromial arch when the arm is elevated.


  Just as there are three sides of a triangle, there are three margins or borders of the scapula: the superior border (at the top), the medial border (close to the spine) and the lateral border (close to the armpit). The medial border has attachment sites for the levator scapulae, rhomboid minor and rhomboid major. The lateral border is an attachment site for the teres major. Before becoming the coracoid process, the superior border dips into a notch, called the suprascapular notch. Not everyone has one of these, and in some people, the notch is not very pronounced, but for many, the dip is quite impressive. (The size or presence of the notch does not appear to affect shoulder mobility or strength.71)


  The corners of the scapula have specific names: the top corner, above where the scapular spine meets the medial border, is the superior angle; the lowest corner, where the medial border meets the lateral border, is the inferior angle; and the corner where the lateral border broadens out into a shallow socket is the glenoid fossa. The inferior angle is the lowest portion of the scapula and is particularly important because it serves as the attachment point for several powerful muscles involved in shoulder and upper limb movements, such as the latissimus dorsi, which passes over the lower scapula on its way from the lower back and pelvic area to the upper arm. The shallow glenoid fossa articulates with the humerus to form the glenohumeral joint. The glenoid fossa is curved and covers about one-third of the head of the humerus. (In this way, the head of the humerus sits in the glenoid fossa like a golf ball resting on a golf tee.72) A rim of cartilage, called the glenoid labrum, encircles the glenoid fossa, making it effectively deeper, providing more stability for the humerus. The small bony bumps located immediately above and below the glenoid fossa are the supraglenoid tubercle and the infraglenoid tubercle, respectively. These are attachment sites for muscles of the arm.


  The scapula has three broad but shallow fossae. Two are found on the posterior side, above and below the scapular spine, and the third is on the front (anterior) side. On the posterior scapula, above its spine, is the narrow supraspinous fossa, which houses the supraspinatus muscle, and inferior to the spine is the broad infraspinous fossa, which houses the infraspinatus muscle. The anterior fossa of the scapula houses the broad subscapularis muscle. All of these muscles cross the shoulder joint and help to move or stabilize the arm.


  Variations of the scapula


  No one possesses a scapula that looks exactly like the one shown in figure 4.134. There are many ways your scapula may vary from the average depicted in anatomy books. Figure 4.135 shows two actual scapulae as viewed from the back. Figure 4.136 shows the same two from a front view. Figure 4.137 shows three scapulae from a lateral perspective. (All photos are courtesy of Paul Grilley.73) Can you see the differences in the spines, acromion processes, coracoid processes and glenoid fossae?


    It’s Important


    Some definitions: A process is the term used to describe a bony prominence or projection. A fossa is from the Latin for a pit and is used to describe a bony depression, elongated basin or cave. These two terms will arise quite frequently in our exploration of the bony anatomy of the upper body, so you might as well get comfortable with them now!
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  Figure 4.135 Two scapulae from different people, posterior view. Notice the differences in the angle of the scapular spines, the sizes of the acromion processes and the orientation of the glenoid fossae.74
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  Figure 4.136 Two scapulae from different people, anterior view. Notice the differences in the size, the orientation of the coracoid processes and how far the acromion process extends over the glenoid fossae.75
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  Figure 4.137 Three independent scapulae viewed from the side (lateral view). Note the differences in the size, shape and orientations of the acromion processes. Also, the left and middle glenoid fossae are pear-shaped, while the one on the right has the shape of an inverted comma. The right scapula also has a large, curved acromion process that projects over the glenoid fossa. The middle coracoid process is higher than the others, but the one on the right projects the furthest forward.76



  While there are many differences between these scapulae, the key differences that will affect range of motion are the size, shape and orientation of the acromion processes, glenoid fossae and coracoid processes. Many researchers believe the shape or orientation of the glenoid fossa or acromion process can lead to shoulder pathologies such as impingement syndromes or rotator cuff injuries,77 but others feel this is too simplistic.78 Several factors contribute to shoulder problems: how we activate the muscles (technique), fatigue, movement of the scapula, posture, as well as the unique shapes of the various bony processes. Bony differences between scapulae may not be the sole cause of pathology in the shoulder. However, these differences will definitely affect the range of motion there. Due to these differences, your yoga practice may be quite different from someone else’s.


  Human scapula anatomy compared with other animals’


  Humans are evolutionarily quite distinct from other apes and animals, and one of these distinctions is found in the location and shape of the scapula. Quadrupeds’ scapulae are located on the lateral side of their ribcage (see figure 4.138), with the glenoid fossae pointing downward, allowing the front leg bones to align directly under the scapula. This makes a lot of sense if you walk on all fours: having the scapula located right above a front leg improves locomotion efficiency. However, primates who get around by swinging through trees, a process known as brachiation, have their scapulae on their upper back and the glenoid fossae oriented more cranially, which means more towards the head. This allows the scapula to be in line with the humerus when the arm is fully overhead, without requiring too much scapular rotation. Humans, however, are not quadrupeds, nor do we brachiate. Our scapulae do not have to bear a lot of weight or stay overhead for long periods of time. We use our upper body to bring our hands easily into view and to carry and throw things. To allow for this, our scapulae are located on our upper backs, like those of brachiating primates, but like quadrupeds, our glenoid fossae face more laterally than cranially.
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  Figure 4.138 (a) The scapulae on quadrupeds (like a horse) are on the lateral side of the ribcage, and the glenoid fossae face downward. (b) The scapulae on brachiating (swinging) primates are on the posterior ribcage, and the glenoid fossae point upward.



  Notice in figure 4.139 the differences between the scapulae of (a) an orangutan, (b) a gorilla, (c) a chimpanzee, (d) a human and (e) a horse. Note the angles of the scapular spines and acromion processes and the orientations of the glenoid fossae. Human scapulae have a more horizontal spine and an almost vertical glenoid fossa. In contrast, the scapula of a chimpanzee is more ovular, with the spine running almost vertically so that its glenoid fossa is more horizontal, facing up. This means that a chimp does not have to rotate its scapula to grab a branch overhead, whereas a human definitely has to upwardly rotate the scapula to swing from a tree.
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  Figure 4.139 Scapula of (a) an orangutan, (b) a gorilla, (c) a chimpanzee, (d) a human and (e) a horse. Notice the angles of the scapular spines and acromion processes and the orientation of the glenoid fossae.79



  The supraspinous fossa above the scapular spine is shallower in humans than in brachiating primates; we have to use our deltoid muscles to raise our arms overhead, more than our supraspinatus muscle, which is the main one used by tree-dwelling primates.80 Due to our smaller and weaker supraspinatus, humans find it very tiring to keep our arms overhead for any length of time (just ask someone painting their ceiling). Chimpanzees do not have this problem. However, notice how large the infraspinous fossa is for humans. This provides more space for the rotator cuff muscles, which help us stabilize the shoulder joint when it is under load or when we elevate the arm.81


  Due to the shallowness and smallness of the glenoid fossa, there is not a lot of contact between the human humerus and the glenoid, even at maximum congruency, which happens at about 90° of abduction or elevation. The rotator cuff muscles help to keep the humerus tight against the glenoid, and for that, we do need rather sizeable infraspinatus and teres muscles. Humans require dynamic control of the humerus against the glenoid fossa rather than the static structural alignment found in other animals.


  Variations in the glenoid fossae


  Look again at the photos of the two human scapulae shown in figures 4.135 and 4.136 and compare them to the drawing in figure 4.134. Notice how the reality does not match the artist’s depiction of an average human scapula. The one on the right in figure 4.135 looks more like the drawing in figure 4.134, but the scapula on the left in figure 4.135 looks quite different. The orientation of the glenoid fossa varies considerably in humans, from a –7° downward inclination to a 16° upward inclination.82 About one-third of people have glenoid fossae facing slightly downward, while the other two-thirds have fossae facing laterally or slightly upward.83 The average is about 4.2° of upward inclination.84 People who have an upward-facing angle may find it easier to raise their arms overhead than people who have a downward angle, but even that we cannot say for certain because other factors are at play as well, like the size and shape of the acromion process. (For more on other characteristics of the scapula and the range of human variations, see the sidebar “It’s Complicated: Other variations of the scapula.”)


  Variations in the acromion process


  In figures 4.135 and 4.136, each acromion process looks distinctly different. Notice the sizes and shapes as well as the orientations. The acromion process is the continuation of the scapular spine, and as shown in the left scapula in figure 4.135, the angle of the acromion to horizontal is almost 40°. Compare it to the right scapula in figure 4.135, which at 20° is more horizontal. This variation in the angle of the acromion process can limit flexion of the arm. Once the humerus rises high enough for the shaft to hit the acromion, as shown in figures 4.140 and 4.141, any further elevation in that direction must come from movement of the scapula. In figure 4.140, the red arrows show the points of compression of the humeral shaft against the anterior edge of the acromion process, which limit flexion. In figure 4.141, the red arrows show the points of compression of the humeral shaft against the lateral edge of the acromion process, which limit abduction.
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  Figure 4.140 The size, shape and orientation of the acromion process can limit flexion. The red arrows show the points of compression of the humeral shaft against the anterior acromial edge of two different scapulae. The student on the left has a shorter acromion process, which is angled upward compared to the student on the right. The former can flex her arm much higher before reaching compression.



  When viewed from the side, as shown in figure 4.137, variations in the front-to-back width (anterior to posterior) of the acromion become obvious, as do variations in its shape. As mentioned, one of the limitations to the range of motion of flexion occurs when the arm hits the front of the acromion process, as shown in figure 4.140. When that happens, any additional flexion must come from movement of the scapula or of the whole upper back. The acromion process on the far right in figure 4.137 is the widest and allows the least range of motion in flexion. A few studies have shown that this large lateral width of the acromion is one of the key factors associated with rotator cuff tears.85 From a yoga perspective, students with narrower acromia will have greater ranges of flexion motion. However, there is a reason for having large, broad acromion processes. They are attachment sites for the large deltoid muscle that lifts the arm. The bigger this area of bone, the larger the muscle that can attach and thus the more load the shoulder can handle.


  The person with the left scapula in figure 4.135 has more range of abduction possible than the person with the scapula on the right. That is, assuming everything else is equal, which is rarely the case (there are differences in the humerus, the clavicle, the shape and sizes of the muscles, etc.). The scapula on the right in figure 4.135 has a much longer acromion process, which restricts the arm’s abduction range of elevation compared to the acromion on the left. This is shown in figure 4.141.
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  Figure 4.141 The size, shape and orientation of the acromion process can limit abduction. The red arrows show the points of compression of the humeral shaft against the anterior/lateral acromial edge of two different scapulae.




  

  Variations in the coracoid process


  In figure 4.136, notice the differences in the shape and orientation of the coracoid processes. The coracoid on the left is straight and points slightly upward, while the coracoid on the right is bent and points slightly downward. The top of the left coracoid is above the glenoid fossa, while the right coracoid is slightly below the top of the glenoid. The distance between the left coracoid and the top of the humerus is much less than in the right example. Impingement is more likely to arise when the coracoid process is lower. Indeed, one study found that people suffering rotator cuff problems had 33% less distance (7.9 mm) between their coracoid process and the humerus than an asymptomatic control group (who had 11.7 mm).86


    It’s Important 


    There is a trade-off between mobility and stability/strength. A smaller acromion yields more impingement-free range of motion, while a larger acromion gives a broader base for muscle attachment, thus larger muscles.

  

  How far forward the coracoid process juts can affect the range of motion of the arm in horizontal adduction. Notice in figure 4.137 how far the coracoid process on the far right projects in front of the glenoid fossa compared to the other two. Bringing the arms together, as we do in hugging ourselves or in Eagle Arms (Garudasana), can be limited by the upper arms impinging against the coracoid process. For some people, the only way they can wrap their arms around themselves is by lowering the arms under the coracoid processes. (You can test this for yourself: try wrapping your arms around yourself with both arms slightly above horizontal, and again with the arms slightly below horizontal. You will probably find the second attempt is easier and that, during the first attempt, there arose a feeling of pinching in the front of the shoulder where the arm is contacting the upper chest. That was probably due to your arm impinging upon your coracoid process. By lowering your arms, you went under the coracoid process.)
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  Figure 4.142 The coracoacromial arch can affect range of motion and be a site of impingement.

 

  Other variations


  Not shown so far are the ligaments than span the acromion to the coracoid process. Together these create the coracoacromial arch, as shown in figure 4.142. The space under the arch and above the head of the humerus is called the subacromial space. The size and shape of the acromion and coracoid process and the relative angle between them can reduce or increase this space, which can also affect range of motion.87 There are two criteria to notice:


  
    	The angle of the arch from the back edge of the acromion to its anterior edge, then down to the anterior edge of the coracoid. The lower the angle, the tighter the fit between the arch and the humerus.



    	The absolute distance between the arch and the humerus. If the space is too small or restricted, impingement can arise: the humerus may pinch the tissues between it and the coracoacromial arch. If this happens too frequently, inflammation may arise, along with rotator cuff pathologies.


  


  
  A more complete description of the shape of the acromion process and coracoid process is given in the sidebar “It’s Complicated: Other variations of the scapula,” but for now, it is important to know that some acromia have a distinct hook shape at the end, as shown in figure 4.145. This hook reduces the subacromial space and is associated with a higher incidence of rotator cuff problems and reduced ranges of motion.


  
    It’s Complicated: Other variations of the scapula


    The shape of our bones is highly variable, but not all variations have an effect on our health or mobility. Some variations are suspected to cause pathologies, but only for some people. The scapula’s main morphological variations that affect range of motion are the orientation of the glenoid fossa and the size and shape of the acromion process and coracoid process. However, there are many variations beyond these.


    Other variations of the glenoid fossa


    In figure 4.137, notice the shape of the glenoid. In general, glenoid fossae will come in one of the three shapes: ovular, pear-shaped or inverted comma. The first two glenoid fossae in figure 4.137 present the pear shape, while the far-right glenoid has an inverted comma shape. The comma is created by the presence of a little notch on the front rim of the glenoid. Studies vary, but one study found that 51% of people have an oval glenoid fossa, 31% have a pear shape and 18% have an inverted comma shape.88 However, another study found that pear-shaped glenoid fossae are more common, at 44%, oval were next, at 34%, and again the least amount of people had the inverted comma shape, at 22%.89 The reason this shape may be important is the correlation noticed between it and impingement between the humerus and acromion. A correlation has also been noticed between the glenoid fossa shape and rotator cuff pathologies, but not everyone agrees this is a problem.90 For glenoid fossae that have a pronounced notch, which creates the inverted comma shape, the glenoid labrum may not be attached to the glenoid fossa at that point, which could be a factor in anterior dislocations of the shoulder joint.91


    Versions of the glenoid fossa


    Figure 4.143 shows the glenoid fossa in the transverse (horizontal) plane as seen from above. Notice the variations in the three examples. In the middle scapula (b), the glenoid fossa is facing directly towards the head of the humerus in the scapular plane. However in (a), the fossa is retroverted and facing slightly backwards, while in (c), it is anteverted and facing slightly forward. Some researchers feel that a retroverted glenoid can lead to mechanical instabilities in the shoulder and wearing away of the posterior border of the fossa. One small study of 20 individuals found a range of version from –12° (retroversion) to 5° (anteversion); however, larger variations have been reported.92 The average person in this study had a slight retroversion, around –3°. Some studies have not found any gender differences,93 but other studies have found that men do have significantly more retroversion than women.94 Some ethnicities also have greater retroversion than others.95


    The retroverted fossa places the humerus slightly behind a neutral position, so someone with a retroverted fossa is in slight external rotation and will have a greater range of external rotation of the shoulder than normal, assuming everything else is the same. However, they may find their range of internal rotation reduced. Conversely, someone with an anteverted glenoid may have increased internal rotation but reduced external rotation. Glenoid retroversion of –15° or more can lead to decreased contact area between the humerus and the scapula but increased contact pressure, which may result in wear at the joint and loosening of the surrounding fascia.96 Instability in these cases may have to be rectified with surgical correction.97
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    Figure 4.143 The glenoid fossa version can be retroverted, neutral or anteverted. The green line shows the scapular body line. The red line shows the orientation of the glenoid fossa. (Superior view of left scapulae.)

  

    Inclination of the glenoid fossa


    There are also differences in the glenoid fossae inclinations, or how vertical they are, as shown in figure 4.144. Notice that a line from the lowest to highest point of the glenoid fossa points backwards in (a), straight up in (b) and forward in (c). Inclination can vary from 16° upward (a) to 7° downward (c). The average is 4.2° upward. We could suspect that the amount of inclination would affect the range of motion in flexion at the shoulder, with the person in (a) having more range than the person in (c). However, it is not clear that the inclination of the glenoid affects range of motion or the incidence of pathology. I have not come across any studies that examined these variations. I can speculate, though, that a more upward orientation (a) would allow for more range of arm elevation and less need to move the scapula, but the key factors are the orientation and size of the acromion, not the vertical angle of the glenoid. It is possible that the degree of contact between the head of the humerus and the glenoid fossa is different, depending upon the vertical orientation of the glenoid, which could affect wear and tear of the bones or cartilage. We just do not know at this point.
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    Figure 4.144 The inclination (vertical orientation) of the glenoid fossa can be upward, neutral or downward.

   

    Shape of the acromion process


    The length and width of the acromion process are not the only variations that occur. The acromion can also vary in shape and surface characteristics. As shown in figure 4.145, some acromion processes are flat, some are curved and some have a pronounced hook or beak at the end. These variations are mostly due to genetic predisposition, but the variation from flat to curved can happen as we age.98 (The hook may be an osteophyte or bone spur that develops over time.) Differences have been noted between ethnic backgrounds.99 As viewed from above, the acromion processes can also be shaped like a square, a cobra hood or somewhere in between. The distance from the acromion to the top of the humerus is also variable, as is the distance between the anterior edge of the acromion and the coracoid process. Finally, the inferior surface of the acromion process, which forms the roof of the coracoacromial arch, can be rough or smooth, the latter being the most common presentation.
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    Figure 4.145 Variations in the shape of the acromion process.100 Top row is a front (anterior) view; bottom row is a top (superior) view.



    The shape of the acromion has been implicated in the rate of impingement syndromes and mechanical problems at the shoulder.101 Acromion processes that have a curved shape are more likely to create rotator cuff compression than flat acromion processes. This is worse in acromia that are hooked, as the distance between the tip of the acromion and the glenoid fossa (and thus the top of the humerus) is even less in these cases.


    The frequencies of the above variations are summarized in tables 4.103, 4.104 and 4.105. The data for these tables come from a study of 160 scapula from cadavers of unknown age and gender but of Egyptian background.102 Other studies have found different occurrence frequencies for the noted variations. The point of the tables is not to determine the “correct” average but rather to show how variable these parameters are. The shape of your scapula is likely to be quite different from the averages shown here, and that is quite normal.



    Table 4.103 Variations in key parameters of the acromion.
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Table 4.104 Variations in key parameters of the acromion and coracoid processes.
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Table 4.105 Ranges of miscellaneous glenoid parameters.103
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Table 4.106 Variations in the shape of the glenoid fossa. Parameter Rate of occurrence Oval shape 51% Pear shape 31% Inverted comma shape 18% 
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    Variations in coracoid process shape and size


    The size of the coracoid changes significantly with age and by gender, as shown in table 4.107. From mostly being a flat outcropping of bone, it takes on a more hooked appearance. It also tends to grow wider and longer. This means that the amount of space between the head of the humerus and the coracoid process, known as the subcoracoid space (SCS), diminishes with time. A smaller space can lead to entrapment of the subscapularis tendon and bursa between the head of the humerus and the coracoid process during internal rotation of the arm with forward flexion. This is more likely to occur over time as the space decreases. Subcoracoid impingement is theorized to be a leading cause of anterior shoulder pain, which can be referred to (felt in) the upper arm and forearm. While these changes occur in both genders, they are more pronounced in women. Since internal rotation of the arm further reduces the space between the coracoid process and the head of the humerus, it is no wonder that we prefer to externally rotate the arm when elevating it.




    Table 4.107 Variations in the shape and size of the coracoid process. Hooked means the coracoid process had a pronounced hook shape. Lengths and widths are in mm. SCS refers to the subcoracoid space.104 
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  The clavicle


  The clavicle (from the Latin for “little key”) is a strut of bone that connects the scapula to the ribcage, or more specifically, the acromion process to the sternum. It is the only horizontal bone in our body. It can help transmit forces from the arms to the axial body and vice versa. The clavicle keeps the scapula above and away from the trunk. It also provides a bony, protective shelf above underlying blood vessels and nerves (within the cervicoaxillary canal105). While all primates have clavicles, it is rare in most mammals.106 The clavicle allows a wide range of arm movements outside of the simple back and forth (extension and flexion) front leg motions common in quadrupeds. In other words, a horse cannot abduct its front legs as far as you can abduct your arms thanks to our clavicles!
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  Figure 4.146 In the superior (a) and inferior (b) views, the clavicle is a long, S-shaped bone. In the frontal view (c), the clavicle has a slight inferior curve.



  The clavicle is crank-shaped when viewed from above or below, as in figure 4.146. It has a double curve, like an extended letter S. The medial end has an interior curve; the latter end has an external curve. This is important for elevating the arm. The greater the internal curve, the more pronounced the “crank effect” may be when the pectoralis major muscle acts on the clavicle, which in turn pulls the glenoid fossa upward. Viewed in the frontal plane, human clavicles have a slight inferior curve, which helps to keep the scapula more posteriorly positioned and the shoulder complex relatively low on the thorax compared to primates that swing through the trees.107


  At the acromial end, the clavicle flattens, widens and nestles against the medial side of the acromion process. The articulating end, covered in hyaline cartilage, has a flattened and smooth articulating surface called the acromial facet. The joining of the acromion and clavicle is called the acromioclavicular joint. On the underside (inferior) of the clavicle near the acromion is a small ridge called the conoid tubercle.


  At its medial end, the clavicle thickens, becomes triangular and abruptly ends. This rounded, smooth end, called the sternal facet, is also covered with hyaline cartilage and articulates with the top, lateral edge of the sternum. The joint is called the sternoclavicular joint. There is a small interarticular disc of varying size and shape between the clavicle and sternum. The sternal ends of the clavicles form the jugular notch. The sternoclavicular joint is the only bony connection between the upper body and the axial body. Slightly lateral and posterior to the sternal facet is a raised area called the costal tuberosity, which is an attachment site for the costoclavicular ligament. Near the costal tuberosity, the underside of the clavicle rests on top of the first rib.


  The clavicle is the most commonly fractured bone in the body. When someone breaks their fall by extending an arm, the weakest bony area breaks, and that is located in the middle of the clavicle between its two curves. The sternoclavicular joint is quite strong and is rarely dislocated. Usually, a broken clavicle will cause the arm, shoulder and lateral clavicle to drop downwards due to their own weight. However, the tension in the muscles connected to the shoulder and lateral clavicle will pull the shoulder and clavicle forward, inward (medially) and under the medial portion so that the broken pieces of the clavicle overlap. This is unfortunate because a healthy clavicle protects the blood vessels and nerves underneath from harm.108 A broken clavicle can end up damaging these nerves and blood vessels.


  Variations of the clavicle


  The clavicle varies more than any other long bone in our body. Figure 4.147 shows six right clavicles, while figure 4.148 shows two. The differences are quite obvious. Adult clavicles vary in length (from 121 to 183 mm)109 and well as in how much curvature is present. Women tend to have shorter, straighter and less curved clavicles than men.110 The surfaces of men’s clavicles tend to be rougher as well, allowing more surface area for muscles to attach. The clavicle continues to develop into our 20s, becoming longer and more curved with more stress, which may explain some of the gender differences, assuming males are doing more weight-bearing work than women as they mature. The clavicles stop growing longer by the age of 23 in both sexes.111 Clavicles are not bilaterally symmetric, with the right clavicle usually being shorter than the left.112 However, the right clavicle tends to be heavier than the left.113 Clavicles can also vary considerably by occupation, with manual workers having clavicles that are much thicker and more curved than average.114 Manual workers also tend to have acromial ends that are broader, flatter and more curved than nonphysical workers.
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  Figure 4.147 Six right clavicles, superior view.115 The lateral ends at the top of the photo articulate with the acromion; the medial ends at the bottom articulate with the sternum.
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  Figure 4.148 Two right clavicles, medial view, showing differences in torsion (or twist).116



  Variations in the length of the clavicle relative to the area of the ribcage can affect the positioning of the scapula on the thorax. This is referred to as the claviculocostal ratio. A low ratio suggests a relatively short clavicle but may also be a function of a larger ribcage. In either case, a low claviculocostal ratio will tend to pull the scapula more laterally and anteriorly on the thorax, causing the glenoid fossa to face more anteriorly.117 This can result in a “rounded shoulders” appearance in some people.


  Clavicular shortening can also happen as a result of an injury. A broken clavicle may become shorter after surgical repair, and this shortening can affect the resting position of the scapula, which in turn may reduce the power of muscles that connect to the arms, such as the pectoralis major and minor. Shortening of the clavicle by 3.6 cm has been reported to cause 20° more protraction (abduction), 12° more upward rotation and 7° more anterior tilting of the resting scapula relative to the thorax. This can lead to a noticeable winging of the scapula off the upper back. It will also cause the resting clavicle to be more protracted and anteriorly rotated.118
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  Figure 4.149 Orientations of the clavicle are variable: in (a), the clavicles are horizontal; in (b), they run obliquely upward. Horizontal clavicles may be due to the shape of the ribcage or to weakness in the muscles that elevate the scapula.

 

  The horizontal orientation of the clavicle is also quite variable. Notice the clavicles in figure 4.149: those in (a) are quite horizontal; those in (b) are distinctly oblique. The norm is for the lateral end (at the acromion) of the clavicle to be 2 cm higher than the medial end (at the sternum), but this depends upon the person and their position.119 (The weight of the arms usually draws the clavicles down when one is standing, but when lying down, the clavicles can be about 1 cm higher.) While the norm may have the lateral ends of the clavicles slightly higher than the medial end, as shown in figure 4.149b, many people do not fit the norm. (It is interesting to look at yourself in a mirror and notice the angles of your clavicles. Are they level, oblique, or different on each side?) If the clavicle is horizontal due to muscle weakness in the upper trapezius or levator scapulae, there is a risk that the clavicle may compress the subclavian arteries and brachial plexus, causing pain and tingling along the arm.


  On the other hand, an elevated lateral end of the clavicle may elevate and anteriorly tilt the scapula as well, creating a hunched-shoulder appearance. This diagonal clavicle may be due to a more conically shaped upper ribcage instead of a normal barrel shape,120 or it could be caused by a greater back to front obliquity of the upper ribs (which means the posterior ends of the ribs are higher than the anterior ends). Whether this orientation of the clavicle can impede movement of the shoulder complex is unclear, but someone with an anteriorly tilted scapula is more likely to suffer impingement in the subacromial space than a more posteriorly tilted one.121


  In rare cases, a person is born without a clavicle. These individuals are sometimes able to bring their shoulders forward until they touch in front of their body! The downside to this large range of motion is a reduction in the strength of the shoulder flexors, abductors and adductors.122


  The sternum and upper ribcage


  The clavicle anchors the shoulder complex to the ribs via the sternum (from the Greek sternon, meaning “breast bone”). The sternum is an elongated structure that anchors the front of the ribcage and is usually made up of three bones, shaped like a clip-on tie (see figure 4.150). These are the body, manubrium (Latin for “handle”) and xiphoid process (Greek for “shaped like a sword”). They are connected by cartilage up to early adulthood but eventually fuse into one solid bone in most people. The manubrium is the wider, superior portion of the sternum and is around the level of the third and fourth vertebrae. The top of the manubrium has a shallow, U-shaped border called the jugular notch. This can be easily palpated at the anterior base of the neck, between the ends of the two clavicles. The clavicular notch is the shallow depression located on either side of the upper margins of the manubrium. This is the site of the sternoclavicular joint, between the sternum and clavicle.
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  Figure 4.150 The sternum: (a) anterior view and (b) side view. (Drawing courtesy of OpenStax.123)




  While not a classical joint in terms of the meeting of two or more bones, the scapulothoracic joint is a virtual joining of the shoulder complex and the ribcage along the upper back (see figure 4.151). The morphology (shape and size) of the ribcage plays an important role in the available range of motion of the shoulder complex.
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  FIGURE 4.151 The upper ribcage is dome-shaped, with the clavicle sitting above the first rib and the scapula floating over the back side of the second to seventh ribs: (a) frontal view of the ribcage, including the shoulder complex; and (b) a posterior view. Notice how the scapula “floats” above the posterior ribs: there is no bony connection. Notice also in (b) how the thoracic spine (the area with ribs attached) naturally bends forward, which is known as kyphosis.



  Kjpargeter/Shutterstock.com




  In quadrupeds, like horses, the ribcage is deeper than it is wide and the scapula lies along the lateral side of the ribs. In primates, however, the ribcage is flattened—wider than it is deep.124 Humans, as shown in figure 4.152, have extreme versions of this primate design, which allows for our scapulae to be on our back rather than to our sides, as in quadrupeds.
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  FIGURE 4.152 The human ribcage is wider in the side-to-side direction than it is deep from front to back.




  Variations


  In its neutral orientation on an average upper back, the scapula is tilted forward about 5°.125 However, that is only an average and depends upon an average amount of thoracic kyphosis, which is the forward curvature of the thoracic spine (see figure 4.151b). People have varying amounts of thoracic kyphosis, between 11° and 54°, with one study finding the average to be about 33°.126 The peak (apex) of the thoracic curve generally occurs around the seventh or eighth thoracic vertebrae (T7 or T8), which are at the bottom of the scapula. With greater than average kyphosis, there is an increase in the tension of the shoulder muscles, specifically the pectoralis minor and major as well as the subclavius. This can cause the shoulders to be excessively internally rotated.127 The rotator cuff muscles may also be in an elongated position and thus weakened.


  Greater kyphosis will also affect the position of the scapula, including its tilt, and thus the arm’s range of motion.128 One of the causes of restriction to arm flexion is the humerus hitting the front of the acromion process. If the scapula is tilted forward, this contact will occur sooner, resulting in less arm flexion range of motion. Thus, if the thoracic kyphosis is higher than average, the amount of arm flexion available will be reduced. A person with less kyphosis will generally have greater range of motion. Similarly, people with less ability to extend (backbend) the thoracic spine will also exhibit a reduced range of motion for arm elevation.129


  The upper arm


  The humerus (Latin for “shoulder”) is the largest and longest bone in the upper body and connects with the scapula at the glenoid fossa, forming the glenohumeral joint. The shape and size of the proximal humerus has important consequences for our range of motion. The top of the humerus is called the head (see figure 4.153). It is almost a complete half sphere in shape, covering about 160°,130 although some anatomists view it as more of an ellipsoid.131 The convexity of the head closely matches the concavity of the glenoid fossa, although the humeral head has a slightly smaller radius of curvature.132 The humeral head is larger than the glenoid fossa, with three to four times the surface area. It is lined with articulating cartilage, which helps to smooth the interface with the glenoid. The cartilage is slightly thicker in the middle of the head and thinner towards the edges.133
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  Figure 4.153 A right proximal humerus with landmarks and muscle attachment sites.




  Where the spherical portion of the humerus ends is called the anatomical neck. This is where the glenohumeral joint capsule merges with the humerus. Just beneath the anatomical neck are two important bumps: the greater tubercle (sometimes called the greater tuberosity) on the lateral side and the lesser tubercle (also called the lesser tuberosity) towards the anterior side. These can be palpated with a little effort. Find the lateral end of the acromion process and move down the arm about an inch. There may be a little dip between the acromion and the bump of the greater tubercle. Try feeling beneath the large fibers of the deltoid muscles. Notice what happens as you externally rotate the arm while feeling the bump. You may notice the greater tubercle moves backwards, and you will now feel the groove between the two tubercles. Keep externally rotating, and you may feel the smaller bump of the lesser tubercle.


  The lesser tubercle is the attachment site of the subscapularis muscle, while the greater tubercle has an upper, middle and lower facet, which serve as the attachment sites for supraspinatus, infraspinatus and teres minor muscles, respectively. Flowing downward toward the elbow from each tubercle are sharp crests of bone, which are attachment sites for the pectoralis major (on the greater tubercle crest) and the teres major (on the lesser tubercle crest). The channel in between the two crests is called the bicipital groove (also sometimes called the intertubercular groove), in which lies the tendon of the long head of the biceps brachii. On the floor of the groove, underneath the tendon, is the attachment site of the latissimus dorsi. Further down (distal) and more laterally on the shaft is a raised ridge called the deltoid tuberosity, which is the attachment site for the deltoid muscle.


  Where the bulging part of the head of the humerus becomes the more tubular shaft of the humerus is the surgical neck. This is a relatively weak part of the arm and the place where most arm fractures occur. On the posterior, upper humerus, running between the attachment sites of the lateral and medial heads of the triceps brachii, is the radial groove. This forms a protective channel for the radial nerve. While the upper shaft of the humerus is almost cylindrical, the mid-shaft becomes distinctly triangular.
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  Figure 4.154 Ranges of angles of the proximal humerus: (a) the humeral neck-shaft angle; (b) the humeral retroversion angle.




  When viewed in the frontal plane, the head of the humerus is angled upward by about 135° on average. This is termed the humeral neck-shaft angle. Looking down, in the transverse plane, the head of the humerus is also rotated relative to the lower humerus. This is called humeral retroversion. The average head of the humerus faces inward (medially) and backward (posteriorly) by about 30° to the horizontal plane of the elbow as seen from above (see figure 4.154). This retroversion allows the humerus to be aligned with the glenoid fossa in the plane of the scapula, which is angled about 30° ahead of the frontal plane of the body, as was shown in figure 4.133. Thus, the neutral humerus matches the alignment of the scapula in its neutral, resting position. While humeral retroversion is common in primates, it is not found in quadrupeds. Our humeral retroversion is related to our ability to externally rotate the arm at the shoulder, which is key to our ability to throw objects.


  Variations of the proximal humerus


  People have many variations in the proximal humerus, from the absolute size of the humeral head and its shape, which varies from spherical to elliptical, to the sizes of the greater and lesser tubercles and their orientations, to the amount of humeral retroversion and the neck-shaft angle. (For other variations of the proximal humerus, see “It’s Complicated: Parameters of the humeral head.”) Any of these variations can potentially affect the range of motion of the humerus at the glenohumeral joint and the strength of the muscles acting between the arm and the scapula.


  Humeral retroversion


  Humeral retroversion can dictate how much external and internal rotation of the arm will occur at the shoulder.134 Higher retroversion, as shown in the humerus on the right in figure 4.155, allows for more external rotation but reduced internal rotation. Lower retroversion, as shown in the humerus on the left in figure 4.155, allows for more internal rotation but reduced external rotation.135 A humerus with higher retroversion may also have the cubital fossa (also called the “crease of the elbow” or the “eye of the elbow”) face more outward (laterally), while a humerus with less retroversion may have it face more inward (medially).
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  Figure 4.155 (a) Humeral retroversion in two right humeri.136 A person with the humerus on the right has far more retroversion than a person with the humerus on the left, which means they have much greater external rotation available. However, a person with the humerus on the left probably has much more internal rotation available. (b,i) Both students are standing with their arms in neutral at the shoulders. The student on the right with a humerus like on the right in (a) has high humeral retroversion, and the eyes of his elbows face laterally. (b,ii) Notice what happens when he flexes the elbow. His hands are pointing outward. The student on the left, with low humeral retroversion, has the eyes of his elbows looking medially—when he flexes his elbows, the hands point inward.




  When we were babies, the amount of humeral retroversion we had was quite high, around 65°, then that slowly decreased to an average of 30° by the time we were in our late teens and early twenties. However, these amounts are averages. The ranges of humeral retroversion vary considerably, from 74° to –8° (a negative value means the head of the humerus is anteverted, or facing forward).137 While there are differences in the amounts of retroversion between ethnic groups, the variation within each group is far greater than the average differences between groups. Thus, it is meaningless to discuss differences in the average amounts of retroversion found in ethnic groups. Between genders, the differences are more significant. On average, men have more rotation than women by about 7°.138


  How much and how rapidly the reduction in retroversion occurs with age is affected by how much mechanical stress is experienced during adolescence. For example, young, active baseball pitchers reduce the normal de-rotation rate that occurs during aging and end up with much more retroversion than average adults. Indeed, a pitcher’s dominant arm can have a humeral retroversion of 10–15° more than their non-dominant arm.139 A baseball pitcher’s throwing arm has a much greater range of external rotation than the average person’s.


  Curiously, the actual amount of humeral retroversion is unrelated to the amount of glenoid fossa retroversion. In people who place a lot of load on the glenohumeral joint as they grow up, the humeral head tends to remain retroverted in order to maintain the range of external rotation, but the glenoid fossa becomes retroverted to prevent anterior shoulder dislocation. However, the exact amount each bone changes seems unrelated to the other’s.140


  Humeral neck-shaft angle


  The humeral neck-shaft angle can affect range of motion for abduction, adduction and elevation. While the average neck-shaft angle is usually cited as 135°, human variation is quite considerable here, within a range from 115° to 155°.141 (Curiously, this is very close to the average and range of the neck-shaft angle found in the femur at the hip socket: 134° with a range from 110° to 150°.)142 Neck-shaft angles greater than 135° are sometimes called valgus; angles lower than 135° are sometimes called varus.143


  When the arm is slightly abducted, people with higher neck-shaft angles have more range of motion for both external and internal rotation than people with lower neck-shaft angles.144 Studies of people who have had shoulder replacement surgeries show that shoulders with lower neck-shaft angles have greater range of motion for extension, adduction and external rotation but lose range of motion for abduction compared to larger neck-shaft angles.145


  The size of the head of the humerus and its relationship to the lateral edge of the acromion process will affect the pulling power of the deltoid and supraspinatus muscles. (This is the distance between lines 3 and 4 in figure 4.157.) The shorter this distance (perhaps due to a wider acromion), the greater the leverage of the muscles, but less range of motion is available in abduction due to earlier contact of the humerus with the lateral edge of the acromion.


  
    It’s Complicated: Parameters of the humeral head


    No two bones are exactly alike, but quite often, the differences between one person’s humerus and another’s are quite stark. Many parameters can be investigated, as shown in figures 4.156 and 4.157 and summarized in table 4.108. Each parameter can have an effect on the tightness of the ligaments and soft tissues surrounding the joint, the range of movement for the humerus at the glenoid fossa, and the strength of the shoulder muscles, whose power depends upon their moment arms, which is the distance from the muscle to the center of rotation. (Moment arm is a mechanical term describing a muscle’s leverage around a joint. The larger the moment arm, the more torque the muscle can apply to the bone rotating around the center of a joint. Muscles with large moment arms tend to be the prime movers, while muscles with small moment arms tend to act as stabilizers of the joint.)
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    Figure 4.156 A lateral/superior view of two right humeral heads.146 Notice the differences in the size and orientation of the greater and lesser tubercles. The humerus on the left has a wider arc from the beginning to the end of the two tubercles than the one on the right; thus, the humerus on the left will have less range for internal and external rotation.

 


    The key parameter shown in figure 4.156 is the angle formed from the outer edges of the greater and lesser tubercles to the point at the center of the humeral head. This angle can affect the amount of rotation that can occur before the tubercles impinge on the edges of the glenoid fossa. The larger the angle, the earlier the tubercles will impinge against the edge of the glenoid lip and, thus, less internal and external rotation are available.
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    Figure 4.157 Other key parameters of the glenohumeral joint.147




    Other key humeral head parameters are shown in figure 4.157. They are:


    
      	The distance between the lateral edge of the glenoid cavity and the lateral edge of the coracoid process, which is the distance between lines 1 and 2.



      	The lateral glenohumeral offset, which is the distance between lines 1 and 3.



      	The lateral humeral offset, which is the distance between lines 2 and 3.



      	The distance between the lateral edge of the acromion process and the lateral edge of the greater tubercle, which is the distance between lines 3 and 4.



      	The humeral head diameter, which is the length from point A to B along line 5.



      	The clearance of the inferior surface of the acromion process over the superior edge of the humeral head, which is the distance between lines 8 and 6.



      	The height between the superior edge of the greater tubercle and the superior edge of the humeral head, which is the distance between lines 7 and 8.



      	The humeral neck-shaft angle, shown as Ө.



      	The radius of curvature of the humeral head, which is the distance from point C to the humeral surface.


    


    All these parameters can be significant. For example, variations in the amount of lateral humeral offset, from the lateral edge of the humerus to the lateral edge of the coracoid process, shown by the distance between lines 2 and 3 in figure 4.157, can affect the strength and direction of force generated by the deltoid and supraspinatus muscles. This distance can also affect the amount of tension in the soft tissue, which affects shoulder stability.148 The space between the superior margin of the humeral head and the inferior margin of the acromion process (between lines 8 and 6) will dictate how much room for abduction is available. Too little space here can lead to impingement problems when the arm is elevated.




    Table 4.108 A selection of humeral head parameters.149
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  Joints and ligaments


  As mentioned above, the shoulder complex consists of three synovial joints and one virtual joint. The glenohumeral, acromioclavicular and sternoclavicular joints each have a joint capsule with synovial fluid lubricating the movement inside the capsule. The scapulothoracic joint is a virtual joint with no capsule or ligaments; it is more of an interface between the scapula and the upper back.


  The glenohumeral joint, often called the shoulder joint, is the joining of the head of the humerus and the glenoid fossa at the lateral, superior corner of the scapula. It is here that the arm moves with respect to the scapula. However, the arm’s total movement with respect to the whole body is a combination of movement at the glenohumeral joint and movement of the whole shoulder complex. Although described as a ball-and-socket joint, like the hip joint, the glenoid fossa is small and shallow and provides a very small surface area to support the larger head of the humerus. The glenoid surface covers only about one-third of the surface of the humeral head. (Thus the earlier analogy of a golf ball sitting on a tee.150) The surface area of the glenoid is increased by the existence of a small lip of fibrocartilage called the glenoid labrum, making it about 50% deeper and thus creating more contact between the humeral head and the scapula. This creates more stability for the humerus.151
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  Figure 4.158 The glenohumeral joint is a ball-and-socket joint with a loose joint capsule, supported by ligaments and the rotator cuff muscles. (Drawing is courtesy of OpenStax.152)




  The glenohumeral joint


  The paucity of bony contact between the scapula and humerus allows for a very large range of motion, much more than is found in the hip socket. The constraints on the shoulder’s range of movement come from a loose joint capsule, several ligaments, and the rotator cuff muscles and their tendons; the latter merge with and thicken the joint capsule.


  The joint capsule and ligaments work passively to constrain movement (they are called passive stabilizers), while the rotator cuff muscles work actively (they are called dynamic stabilizers) to keep the head of the humerus in contact with the glenoid. Some laxity is normal in this joint, but too much is not good and can lead to shoulder instability.


  Joint capsule


  The head of the humerus and the surface of the glenoid fossa are lined with smooth, slippery, articular cartilage (see figure 4.158). A fibrous glenohumeral joint capsule forms a sleeve covering the glenoid and humerus, isolating the cavity of the glenoid fossa from the surrounding tissues. Lining the inside of the capsule is a synovial membrane through which the intracapsular portion of the tendon of the biceps brachii’s long head runs. The tendon is actually inside the joint capsule, but it runs through a tube that keeps it separate from the humerus and glenoid.


  The joint capsule attaches on the lateral side of the humerus to the anatomical neck, just past the ball of the head of the humerus. Its medial attachment is to the glenoid fossa and the rim of the glenoid labrum. The superior portion of the capsule is tight when the arm is resting at the side of the body. The anterior portion of the joint capsule is reinforced by the Z-shaped glenohumeral ligaments. Below (inferior) to the glenoid, the joint capsule is usually very lax, until the arm is raised quite high. When the arm is relaxed at the side, the inferior ligaments form a loose pocket called the axillary pouch. This is the least-supported area of the joint capsule. Most dislocations of the shoulder are in the inferior or anterior directions.


  The joint capsule is very thin and has a very loose fit, which allows for a lot of movement. The rotator cuff muscles reinforce the anterior, posterior and superior joint capsule and, when the arm is elevated above 90°, the inferior capsule.153 Indeed, without the support of the rotator cuff muscles and the ligaments around the joint, the joint capsule itself would inadequately support the joint.154 With age, the strength of the joint capsule weakens.155


  Capsular ligaments


  While the joint capsule is quite thin, it is reinforced by capsular ligaments (see figure 4.159). Their fibers can arise from the joint capsule and attach to the humerus. Under tension through either elongation or twisting, they stiffen, providing passive support to the joint and limiting the extremes of rotation and translation movements. (Translation means non-rotational movement.) There is a negative pressure within the joint, which helps with stabilizing it and maintaining a slight vacuum effect. (Interestingly, when the arm is abducted about 30°, the pressure inside the capsule is at its lowest, which means the suction effect is at its highest.)156
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  Figure 4.159 Anterior view of the glenohumeral ligaments.




  The superior glenohumeral ligament runs between the anatomic neck of the humerus, above the lesser tubercle and the top of the glenoid fossa, near the supraglenoid tubercle. It is slightly taut when the arm is relaxed beside the body and becomes fully taut when the arm externally rotates and when the head of the humerus descends or moves forward (called inferior or anterior translation). However, once the arm is abducted beyond 40° or so, this ligament becomes lax.157


  The middle glenohumeral ligament runs between the anterior anatomical neck of the humerus and the anterior glenoid fossa, just below the superior glenohumeral ligament. The glenoid attachment is quite wide, blending with the anterior joint capsule and the subscapularis tendon. It provides some stability to the shoulder during most movements but is very good at restraining movements when the arm is abducted 45–90°. It is especially good at restraining external rotation and anterior translation of the humerus.158


  The inferior glenohumeral ligament runs from an area near the lesser tubercle of the humerus to the anterior/inferior rim of the glenoid labrum. At the humerus, the inferior glenohumeral ligament forms a broad sheet covering the anterior/inferior to posterior/inferior margins of the anatomic neck. Included in the middle of the inferior glenohumeral ligament is a hammock-shaped axillary pouch. The axillary pouch is taut with 90° of abduction combined with forward, backward or downward translations of the humerus. The pouch acts like a sling, supporting the head of the humerus against downward pressure. The anterior portion of the inferior glenohumeral ligament is taut with 90° of abduction and full external rotation or anterior translation. The posterior portion of the inferior glenohumeral ligament is taut with 90° of abduction and full internal rotation. The anterior portion of this ligament is the thickest and strongest part of the joint capsule and provides the most important resistance to forward movement of the humeral head when the arm is abducted or in a neutral position. When the arm is abducted and completely externally rotated, as happens when we are cocked and ready to throw a ball, there is a great deal of stress to the anterior portion of the inferior glenohumeral ligament. If this area is torn or weak, persistent anterior dislocations of the humeral head can occur.159


  The coracoacromial ligament attaches between the anterior edge of the acromion and the lateral edge of the coracoid. This ligament forms the roof or arch of the glenohumeral joint. The space between the ligament and the head of the humerus is generally about 1 cm when the arm is hanging passively at the side, but there is a lot of variability in this amount. One of the main functions of the coracoacromial arch is to restrain superior movement of the humeral head, especially if there is damage to the rotator cuff.160


  The final ligament directly supporting the joint capsule is the coracohumeral ligament, which runs from the lateral border of the coracoid process to the anterior side of the greater tubercle of the humerus and covers the glenohumeral ligaments. It blends into the superior joint capsule as well as the supraspinatus tendon. As a roof over the humerus, it limits upwards and inferior translations of the humerus. Thus, this ligament helps to support the weight of the resting arm. It also becomes taut during external rotation of the humerus. The anterior portion limits arm extension, while the posterior portion limits flexion.


  The transverse humeral ligament spans the short distance between the greater tubercle and the lesser tubercle. It runs over the top of the tendon sheath (called the intertubercle synovial sheath) through which the tendon of the long head of the biceps brachii runs, helping keep it in its groove.


  Bursae


  The tendons of the rotator muscles could potentially rub against the scapula as they pass through the glenohumeral joint. A bursa is a slippery, thin bag filled with fluid that lubricates the tissues that surround it while also cushioning them. (For more information on bursae and articular discs, see the sidebar “It’s Complicated: Bursae and articular discs.”) Underneath the acromion, as shown in figure 4.160, is a large bursa, the biggest in the body, according to some anatomists. It is called the subacromial bursa. Other anatomists feel this is actually two bursae, the subdeltoid bursa and the subacromial bursa, that just happen to join together. Whether one or two, it is situated on the underside of the acromion and the deltoid, but above the tendon of the supraspinatus muscle. The subacromial bursa helps the greater tubercle of the humerus to easily glide underneath the acromion process.161
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  Figure 4.160 The bursae of the shoulder complex: (a) frontal view of the bursae of the glenohumeral joint; (b) superior view of the bursae of the scapulothoracic joint.




  The subscapular bursa is located in a pouch or recess beneath the tendon of the subscapularis muscle. It is attached to the scapular neck and connects to the adjacent joint capsule. The top of this bursa is linked to the coracoid process via a ligament. The subcoracoid bursa is weakly connected to the coracoid process. Superior to this bursa are the coracoid process and the combined tendons of the coracobrachialis and the short head of the biceps brachii. Inferior to this bursa is the tendon of the subscapularis. Its role is to reduce friction between these tendons when the humerus moves. In about 28% of people, subscapular and subcoracoid bursae are merged into one wide bursa. Whether two bursae or one, they serve to reduce and manage any friction that may arise from the rubbing of fibers against the scapular neck, coracoid process and head of the humerus.162


  
    It’s Complicated: Bursae and articular discs


    A few synovial joints of the body have a fibrocartilage structure located between the articulating bones.163 This is called an articular disc, which is generally small and oval, or a meniscus, which is larger and C-shaped. These structures can serve several functions, depending on the specific joint. In some places, an articular disc may act to strongly unite the bones of the joint to each other. Examples of this include the articular discs found at the acromioclavicular joint or at the sternoclavicular joint (see figure 4.161). At other synovial joints, the disc can provide shock absorption and cushioning between the bones, which is the function of the meniscus within the knee joint. Finally, an articular disc can serve to smooth the movements between the articulating bones, as seen at the temporomandibular joint in the jaw. Some synovial joints also have a fatty layer, which serves as a cushion between the bones.


    Additional structures located outside of a synovial joint serve to prevent friction between the bones of the joint and the overlying muscle, tendons or skin. A bursa is a thin connective tissue sac filled with lubricating liquid. They are located in regions where skin, ligaments, muscles or muscle tendons can rub against each other, usually near a body joint (see figure 4.160.) Bursae reduce friction by separating the adjacent structures, preventing them from rubbing directly against each other.


    Bursae are classified by their location. A subcutaneous bursa is located between the skin and an underlying bone. It allows skin to move smoothly over the bone. An example is the olecranon bursa at the tip of the elbow. A submuscular bursa is found between a muscle and an underlying bone or between adjacent muscles. It prevents rubbing of the muscle during movements. A large submuscular bursa, the trochanteric bursa, is found at the lateral hip, between the greater trochanter of the femur and the overlying gluteus maximus muscle. A subtendinous bursa is found between a tendon and a bone. An example is the subacromial bursa, which protects the tendon of the shoulder muscle as it passes under the acromion of the scapula. When a bursa becomes inflamed, the condition is called bursitis. It is usually caused by repetitive stress or motion and can become more common with aging.

  


  The acromioclavicular joint


  The acromioclavicular joint transmits forces from the upper limb to the clavicle.164 The ligaments around this joint are relatively weak. A hard fall onto the elbow or outstretched hand can stretch or tear the acromioclavicular ligaments, resulting in a moderate injury to the joint. However, the primary support for the acromioclavicular joint comes from a very strong ligament called the coracoclavicular ligament, which is often shown as two separate bands: the trapezoid ligament and the conoid ligament (see figure 4.159). These connective tissue bands anchor the coracoid process to the inferior surface of the lateral end of the clavicle and thus provide important indirect support for the acromioclavicular joint. In effect, the scapulae and whole upper body are suspended from the clavicles, and the coracoclavicular ligaments are very important in creating stability here. Following a strong blow to the lateral shoulder, such as when an ice hockey player is driven into the side boards of the ice rink, a complete separation of the acromioclavicular joint can result. In this case, the acromion is thrust under the acromial end of the clavicle, resulting in ruptures of both the acromioclavicular and coracoclavicular ligaments. The scapula then separates from the clavicle, with the weight of the upper limb pulling the shoulder downward. This dislocation injury of the acromioclavicular joint is known as a “shoulder separation” and can occur in contact sports such as football, rugby or martial arts.


  There is a joint capsule surrounding the acromioclavicular joint. In most people, between the medial and slightly superior facet on the acromion and the lateral facet of the clavicle is an articular disc that helps the two facets fit together and glide along each other.165 The joint capsule is reinforced by the disc, along with the coracoclavicular and acromioclavicular ligaments and the attachments of the deltoid and trapezius muscles. The capsule and reinforcing ligaments help to stabilize the joint, preventing the clavicle from riding up and over the acromion. They also help to prevent the scapula from separating from the clavicle. Specifically, the trapezoid and conoid ligament prevent the clavicle from moving upward, away from the scapula, and prevent the scapula from moving downward, away from the clavicle. They also restrict relative anterior or posterior scapular movements at the joint.
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  Figure 4.161 The sternoclavicular joint is the joining of the clavicle to the sternum or breastbone. This is the only bony connection between the upper body and the axial body.




  The sternoclavicular joint


  The medial end of the clavicle is firmly affixed to the lateral, superior corner of the sternum and the first rib (see figure 4.161). Between the sternum and the clavicle is an articulating disc, but it is not fully formed in up to 50% of the population.166 The disc helps the saddle-shaped ends of the clavicle and sternum to fit together. Notice how the clavicle is above the first rib. The lower portion of the medial clavicle has a costal facet for articulating with the first rib. As a saddle joint, the sternoclavicular joint allows for a wide range of movement, but this makes the joint inherently unstable. However, because this joint is the only bony connection between the upper body and the axial body, it is strongly stabilized by capsular and ligamentous structures. The joint capsule is thickest in the posterior and superior regions and thinnest anteriorly.167 Four key ligaments contribute to this stability:168


  
    	Anterior sternoclavicular ligament—located in front of the clavicle, joining the clavicle to the sternum. It prevents too much posterior movement of the clavicle. It merges with or becomes the anterior joint capsule.



    	Posterior sternoclavicular ligament—located behind the clavicle, joining the clavicle to the sternum. It prevents too much anterior movement of the clavicle.169 It merges into the posterior joint capsule.



    	Interclavicular ligament—located above the clavicle, joining the two clavicles on either side of the body. It runs over the top of the sternum and prevents too much downward, upward or lateral movement of the clavicle.170



    	Costoclavicular ligament (also called the rhomboid ligament)—located below the clavicle, joining the clavicle to the first rib. It prevents too much upward and lateral movement of the clavicle, as well as excessive posterior and anterior clavicular movements.171


  


  Assisting in stabilizing the joint are several muscles:172 the sternocleidomastoid (anterior), sternothyroid and sternohyoid (posterior), and subclavius (inferior). The strength of these ligaments and activation of the muscles make the sternoclavicular joint extremely strong, so excessive force rarely results in dislocation and is more likely to result in a broken clavicle, usually about two-thirds of the way out towards the acromion.


  The scapulothoracic joint


  As mentioned earlier, the scapulothoracic joint is a virtual joint, not a bone-to-bone connection. Thus, there is no joint capsule or ligament around the joint. Instead, there is a curved, virtual space between the underside (anterior) of the subscapularis muscle and the posterior surface of the serratus anterior muscle. Between these two surfaces is the supraserratus bursa and loose connective tissue, which facilitate gliding between the layers. The scapula moves around the side and back of the ribcage thanks to the gliding of the subscapularis over the serratus anterior.


  Muscles of the shoulder complex


  There are two main functional groups of muscles working with and within the shoulder complex: (1) the muscles working locally at the shoulder (glenohumeral joint) to move the arm relative to the scapula and (2) those that work globally, affecting the whole shoulder complex relative to the body. These muscles are listed in tables 4.109 and 4.110 and shown in figures 4.162, 4.163 and 4.164. While we can describe these groups of muscles as functionally different, they do not work in isolation. Movement of the arm involves movement of the shoulder complex and vice versa. Examining muscles from a functional perspective does not mean that these muscles are activated independently. Again, the body moves as a coordinated system: while one muscle may act to mobilize a limb, other muscles are engaged to stabilize the body. Everything is interdependent and interconnected.
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  Figure 4.162 The superficial muscles of the shoulder complex.
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  Table 4.109 Shoulder joint muscles.173
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  Muscles working locally at the shoulder (glenohumeral) joint


  The muscles affecting the shoulder (glenohumeral) joint serve both to stabilize the humerus against the glenoid fossa and to mobilize the arm.


  The rotator cuff muscles


  Often, the term “rotator cuff” is taken to mean only the tendons of the muscles, which connect to or become the glenohumeral joint capsule. However, the teres minor, most of the subscapularis and parts of the infraspinatus don’t actually have tendons. They merge directly with the joint capsule.174 Due to this, the term “rotator cuff” includes the muscles and tendinous insertions into the joint capsule. Additionally, while there are only four traditionally defined rotator cuff muscles, the teres major acts to reinforce the joint by serving as a foundation for whenever the arm is elevated above 90°. For this reason, it is appropriate to include it as a rotator cuff muscle.175
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  Figure 4.163 Four of the five rotator cuff muscles.
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  The four traditionally cited rotator cuff muscles are the infraspinatus, supraspinatus, subscapularis and teres minor. The first four rotator cuff muscles are shown in figure 4.163 and the teres major in figure 4.164, and all are listed in table 4.109. They run from the scapula to the head of the humerus. Their primary role is to provide dynamic joint stability. The glenohumeral ligaments on their own are rather lax, which allows for the large range of motion at the shoulder joint, but as a consequence there is little inherent stability unless the rotator cuff muscles are simultaneously engaged during movement.


  In addition to their primary role of stabilizing the joint, the rotator cuff muscles can also create or assist in movement of the arm relative to the scapula. Which movement occurs depends upon the insertion site of the tendon to the joint capsule. Specifically,


  
    	the supraspinatus tendon merges with the superior greater tubercle and thus can assist the deltoid with abduction of the arm;



    	the infraspinatus and teres minor tendons merge with the superior and posterior joint capsule and thus can assist with external rotation; and



    	the subscapularis tendon merges with the anterior joint capsule near the lesser tubercle and thus can assist with internal rotation.


  


  The infraspinatus, subscapularis and teres minor can also pull the humerus downward, resisting upward translation of the humeral head in the glenoid fossa. The long head of the biceps brachii also can help with this function. Together they balance the upward pull exerted by the deltoid muscle. When the arm is abducted, passive resistance to the movement (tension) can also arise in the latissimus dorsi and teres major. The combination of active and passive resistance to the humeral head being pulled upward prevents the head of the humerus from impacting against the acromial arch, thus allowing for greater elevation and abduction range of motion. The supraspinatus can exert an upward pull on the humerus, resisting depression of the humeral head. Each of the rotator cuff muscles are active during arm movements to compress the humeral head against the glenoid, stabilizing the joint while it is under load. Due to their common innervation patterns, these muscles usually work in pairs: the subscapularis and teres major engage together and so too the supraspinatus and infraspinatus.176


  Mobilizers of the arm


  The description of the movements of abduction and flexion of the arm at the shoulder are often combined, mechanically speaking, into simply elevation. There are two main muscles that contribute to this movement: the supraspinatus and the deltoid. The deltoid has a broad coverage over the top of the shoulder, which give the shoulders a rounded look. The fibers are often separated into three groups: anterior, middle and posterior fibers, which attach to the clavicle, acromion and spine of the scapula, respectively. When the arm is already abducted by 60°, all three groups can help raise the arm a bit higher, but when the arm is down at the side of the body, only the middle group can abduct the arm; however, it is usually the supraspinatus that initiates elevation.177
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  Figure 4.164 The muscles that move the arm relative to the shoulder. (Drawing is courtesy of OpenStax.178)




  Recall that a moment arm affects a muscle’s leverage around a joint. The larger the moment arm, the more torque the muscle can apply to the bone. For abduction in the scapular plane, the anterior deltoid, middle deltoid, supraspinatus, subscapularis, infraspinatus and teres minor have the largest moment arms.


  The supraspinatus has its greatest effect in the early stages of abduction, when the deltoid is less effective, but the middle deltoid increases its moment arm as abduction increases. Only during the later stages of abduction does the posterior deltoid assist with further abduction. While supraspinatus activation decreases with increased abduction, subscapularis activation increases with abduction, effectively taking over some of the role of the supraspinatus.179 While the supraspinatus initiates arm elevation, the infraspinatus, teres minor and subscapularis also contribute to elevation as much as the supraspinatus, and this becomes an important factor for people suffering rotator cuff or impingement problems. If a supraspinatus injury makes it difficult or painful to raise the arm, with training and reeducation the infraspinatus, teres minor and subscapularis can take over the role of the supraspinatus.180 (How to retrain these muscles is described in the section on shoulder pain and pathologies.)


  The pectoralis major is an extensive, flat muscle running along the sternum and costal cartilage (lower fibers), to the medial half of clavicle (upper fibers), reaching out to the upper humerus and attaching to the crest of the greater tubercle (see figure 4.165). It forms the front part of the axilla (armpit). There is a distinct twist to the fibers as they come to the arm, when the arm is hanging neutral at the side, but this twist disappears when the arm is elevated. If the arm is elevated, then the lower fibers, running from the sternum/ribcage to the arm, help to lower (extend) the arm. If the arm is stabilized so it cannot move, then the pectoralis major helps to move the clavicle and thus the scapula.


  
    [image: ]
  

  Figure 4.165 The pectoralis major.




  The pectoralis major, latissimus dorsi and teres major have the largest humeral head depressor moment arms.181 Adducting and extending the arm (bringing it down and behind the body) is done by several muscles: the latissimus dorsi, the long head of the triceps brachii, the teres major and, when the arm is below 60° of abduction, the posterior fibers of the deltoid. Some arm extension assistance may be provided by the infraspinatus and teres minor, but the greatest leverage for adduction and extension comes from the latissimus dorsi, the teres major and the pectoralis major.182 We can pull downwards and inwards with greater strength than we can push up or out.183 We carry out these pulling in/down movements during activities like rowing, swimming or climbing a rope. Unfortunately, for a variety of reasons, these are not motions found very often in yoga classes. We rarely draw our arms down or inward against resistance in yoga asana practice.


  The rotator cuff muscles, as discussed, stabilize the humerus against the glenoid during arm movements and, as their name implies, rotate the arm. But they are not the only muscles that can rotate the arm. Along with the subscapularis, the teres major, anterior fibers of the deltoid, latissimus dorsi and pectoralis major can also internally rotate the arm. When the arm is already slightly elevated, the subscapularis has the greatest power to internally rotate the arm, while the deltoid is the least involved.184 As just noted, the latissimus, pectoralis major and teres major are also strong extensors of the arm, so arm extension is often accompanied by internal rotation. Likewise, internal rotation can assist with extension.


  The infraspinatus and teres minor, along with the posterior fibers of the deltoid, externally rotate the arm. Notice that unlike some internal rotators, all the external rotators connect the scapula to the humerus. No external rotating muscles act between the arm and the torso.


  
    IT’S IMPORTANT: Our internal rotator muscles are much stronger than our external rotator muscles.


    The total size of the internally rotating muscles of the arm is much larger than those that externally rotate the arm.185 We naturally internally rotate the arm more powerfully than we externally rotate it. This is apparent in athletes that throw. Throwing requires a large amount of internal rotation torque, while external rotation is required only to “cock” the arm in preparation for the throw. The cocking action dynamically stretches the elastic muscles and fascia of the internally rotating arm, like stretching a spring. Due to the relative weakness of the arm’s external rotators, it is important to stabilize the scapula against the core of the body when externally rotating the arm against resistance or when these muscles are used to slow down the internal rotators, such as after a strong throw.

  


  Muscles working globally over the whole shoulder complex


  The seven key muscles that connect the scapula and clavicle to the spine, ribs or cranium186 are summarized in table 4.110 and shown in figure 4.166. The optimal functioning of the shoulder requires that the muscle group in the shoulder complex and the muscle group that moves the arm work together in a coordinated fashion.


  Table 4.110 Shoulder complex muscles joining scapula and clavicle to axial body.187
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  Figure 4.166 The muscles that move the shoulder complex relative to the axial body: (a) anterior view; (b) posterior view. (Drawing is courtesy of OpenStax.188)




  The shoulder complex muscles can both stabilize and mobilize the scapula. When the axial body is stable, these muscles can move the scapula in several directions: elevation, depression, retraction (also called adduction), protraction (also called abduction), upward rotation (where the inferior angle moves laterally and up), downward rotation (where the inferior angle moves medially and down), as well as anterior and posterior tilting. Anatomists use many other characterizations to describe these motions, but these terms will suffice.


  The elevators of the scapula and clavicle are the upper trapezius and levator scapulae and, to a small degree, the rhomboids. These muscles work against the constant pull of gravity drawing the shoulders downward. If they are not strong enough to counteract gravity, perhaps through injury or disease, the shoulders may become chronically depressed, protracted and downwardly rotated. When this happens, the shoulders take on an extremely rounded, forward-hunching look. This can cause a number of pathologies, ranging from compression of the brachial plexus and subclavian arteries to dysfunctional arm movements.189


  The main depressors of the scapula and clavicle are the lower trapezius and pectoralis minor. The subclavius makes a minor contribution but is more important in stabilizing the clavicle at the sternoclavicular joint. The latissimus dorsi also weakly contribute to scapular depression by pulling the arm downward. If the shoulder complex is stabilized, these muscles will act to pull the torso up—for example, in the Ashtanga “jump through” vinyasa movement, where the torso is kept raised while the hands push down into the floor, allowing the legs to flow through the arms into a sitting position (see figure 4.167). This is similar to simply lifting your torso up by pressing your arms down onto the arms of a chair or a kitchen countertop.
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  Figure 4.167 Jumping through from Down Dog (Adhomukhasvanasana) to sitting requires stabilization of the shoulder complex and activation of the lower trapezius and pectoralis minor and, to a lesser degree, the latissimus dorsi. This will pull the core upwards toward the shoulders, lifting the torso while rooting the arms down into the floor or blocks.
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  Scapular movements


  Protraction (abduction) of the scapula is primarily done by the serratus anterior. This action is employed when we push with our arms, especially in latter phases of push-ups and bench presses or when we reach forward. The “push-up plus” action (described in the section on the shoulder complex in yoga postures) is an effective way to strengthen the serratus anterior, as it is the primary muscle working at that point. The pectoralis minor may also contribute to this protraction, but its leverage is so small that it appears to only be useful in limiting the opposite movement, which is scapular retraction (adduction). The serratus anterior attaches to the medial, anterior border of the scapula and to the ribs. As the scapula moves, it glides over the top of the posterior and lateral ribcage.


  Retraction (adduction) is primarily done by the middle and lower trapezius and rhomboids, with the middle trapezius being the most effective. Retraction helps to stabilize the scapula against the spine of the torso when we are doing pulling movements, such as rowing or climbing. Again, unfortunately, these are not movements often done in yoga classes. Normally, the rhomboids act to both elevate and retract the scapula; however, the pull of the lower trapezius acts to depress and retract, which cancels out the upward pull of the rhomboids, as long as both muscles are working in coordination. If the rhomboids or trapezius are weakened, the serratus anterior will tend to pull the scapula into a chronic protraction.


  The upward rotators of the scapula are the serratus anterior and the upper and lower trapezius, although the lower trapezius seems to be effective only once the scapula has already begun to rotate.190 The upper trapezius pulls against the lateral clavicle, while the lower trapezius pulls against the scapular spine: together they “spin” the scapula further into upward rotation. The lower fibers of the serratus anterior also pull the inferior angle laterally, helping to rotate the scapula upward.


  Downward rotation of the scapula can be caused by gravity or the latissimus dorsi lowering the arm, or by the rhomboids pulling the medial edge of the scapula upward. This can also be assisted by the pectoralis minor and levator scapulae. When a raised arm is lowered by gravity back to a neutral position beside the torso, the scapula passively rotates downward. In this case, the upward rotators are activated eccentrically to control the arm’s rate of descent.191 When the arm is almost down, the levator scapulae, and perhaps the lower trapezius, can help to complete the downward rotation of the scapula.


  Anterior tilting of the scapula is created by the coracobrachialis and pectoralis minor. Posterior tilting occurs when the scapula is upwardly rotated by the upper and lower trapezius and serratus anterior.


  Muscles of the armpit (axilla)


  Between the arm and the torso is a pyramid-shaped region called the axilla, or as it is more commonly known, the armpit. (Axilla is the Latin for armpit, from “ala,” meaning wing.) Through the axilla run the brachial plexus and the main arteries and veins of the arm. The lateral side of the pyramid is formed by the biceps brachii and coracobrachialis, the posterior portion by the subscapularis, teres major and latissimus dorsi. The anterior side is formed by the pectoralis major and the medial side by the ribcage and serratus anterior. Thus, if you reach toward your armpit with the opposite hand and grab the front covering of it, you are holding the pectoralis major. If you grab the back part, you are probably holding the latissimus dorsi and maybe some of the teres major.


  
    It’s Complicated: Variations in the muscles of the shoulder complex


    Human variation is pervasive and often goes unrecognized. You may have many unique variations from the norm and not be aware them. These variations can be trivial or significant. They may affect your range of motion, strength and reflexes or may be totally benign. It is important for health-care professionals and yoga teachers to be aware that variations exist, so they do not jump to the conclusion that a patient or student is not cooperating when the patient or student cannot perform some action or can do something that seems unusual. It may just be the way they are. Standard biomechanical models of the shoulder have been developed that assume certain muscles and muscle groups cause or restrict certain movements, but these models do not apply to every body and may not apply to your body.


    It is not unusual for an entire muscle to be missing or only be present on one side. (I had one student who did not have a pectoralis major!) It is not unusual for multiple “slips” of muscles to connect the muscle to other bones, muscles, tendons or fascial expansions. It is not unusual for there to be variations in where the muscles attach. Below are just some variations that have been noticed in the muscles of the shoulder complex, and chances are very high that you or someone you know has at least one of these variations.192


    Pectoralis major: Variations in the pectoralis muscles are more frequent than in any other skeletal muscles. There is a wide range of descriptions for these variations, leading to much confusion in the medical community. Variations can range from the pectoralis major being absent altogether (one in 10,000 people) to partial deficits and differences in attachment locations. Curiously, these variations rarely result in any functional deficits. Sometimes when the pectoralis major is absent, so is the serratus anterior.


    Pectoralis minor: There are cases where the pectoralis minor runs from the third to fifth ribs and joins with the humeral tuberosities, clavicle, shoulder joint capsule or tendon of the supraspinatus instead of the coracoid process. These varying insertions are often thought to be clinically insignificant, but there are cases where unexplained pain, snapping sounds or clicking sensations have been traced to these variations.


    Miscellaneous pectoral muscles: Some people possess a pectoralis minimus, which runs from the first and second ribs to the coracoid process. Other unique but rare muscles have been noted, such as the sternalis (in 8.6% of women and 7.5% of men) and the pectoralis quartus (with a 3–16% frequency). The sternalis generally runs from the clavicle or upper sternum to the lower ribs’ costal margins but there is a lot of variability here. The pectoralis quartus runs from the rectus sheath to the axilla and lateral edge of the pectoralis major. Again, these differences do not seem to have any functional impact, but they can impact surgical interventions if a surgeon is not aware of their presence.


    Trapezius: Complete or partial absence or absence on only one side has been observed. Variations in the upper attachment sites can be as high as C2 or as low as T3. At the lower end, the bottom attachment can be anywhere from T8 to L2, but most commonly it is at T10 (22%), T11 (37%) or T12 (30%). Asymmetry of the upper attachment has been observed in 20–25% of the population. Additionally, there are many supernumerary (meaning more than the normal number) clavicle muscles running alongside the trapezius.


    Latissimus dorsi: Spinal attachments may go as high as T5, but sometimes the highest attachment is only at the lumbar vertebrae. The costal attachment may be as high as the eighth rib or as low as the 12th. There may be only a rudimentary connection to the pelvis. At the upper end, the insertion may be on the long head of the triceps brachii instead of at the lesser tubercle. Occasionally, the entire muscle may be missing on one or both sides.


    Levator scapulae: The lower attachment can be at C2 (3.3%), C3 (26.6%), C4 (66.6%) or C5 (3.3%).


    Rhomboids major and minor: These do not have a great number of variations, but when differences do arise, they generally are related to the spinal attachment sites. The upper spinal attachments can vary from C4 to C6 and the lower spinal attachments from T3 to T6. On the scapula, the attachments can vary from connecting to the whole medial border to being joined at a small, localized region at the root of the scapular spine. In some cases, the upper band is missing entirely.


    Serratus anterior: Complete absence of this muscle has been reported. Infrequently, the upper portion joins with the levator scapulae. At the costal margin, the lowest rib connection can vary: rib 6 (0.1%); 7 (3.6%); 8 (41.8%); 9 (40.6%); 10 (12.5%); 11 (1.3%); or 12 (0.1%). Slips of muscle may arise from the serratus anterior and join the pectoralis minor.


    Biceps brachii: “Bi” means two, and usually there are two heads to the biceps, but not always. Sometimes, there are three, four or even five separate heads. These can attach to the humerus, the pectoralis major tendon or the glenoid joint capsule. Reports on the frequency of supernumerary heads are highly variable: one study found a third head in 14–26% of subjects, a fourth head in 1–4% and a fifth head much more rarely. The attachment sites of normal, two-headed biceps brachii can also vary. The long head is sometimes absent.


    Triceps brachii: There is often a fascial connection between the tendon of the latissimus dorsi and the long head of the triceps brachii. Fibers from the long head may reach the glenoid joint capsule and the lateral border of the scapula. There have been reports of a fourth head as well, which may arise from a splitting of the long head. In one case, a fourth head was doubled and connected to the coracoid process.


    Coracobrachialis: Distally (near the elbow), this muscle can be connected to the brachialis muscle, while proximally (near the shoulder) it can sometimes be connected to the surgical neck of the humerus or the glenoid joint capsule. In some cases, it is missing altogether.


    Deltoid: All regions of the deltoid have variations. Sometimes, the fibers of the deltoid connecting to the clavicle fuse with the fibers of the pectoralis major. Deltoid fibers may fuse with the trapezius, latissimus dorsi, teres minor or infraspinatus. There have been cases where the deltoid is continuous with the biceps brachii, creating one long ribbon of muscle from the forearm to the acromion. Rarely, the deltoid may be missing entirely.


    Supraspinatus: Variations here are very rare. Occasionally, the tendon of the pectoralis minor may pass over the coracoid process and blend in with the supraspinatus.


    Subscapularis: This muscle has the largest number of variations reported of all the rotator muscles, with 5% of people having two subscapularis muscles. Slips from and to the subscapularis are quite common. One is called the subscapularis-teres-latissimus muscle and is found in almost 4% of people. While normally the subscapularis connects to the lesser tubercle of the humerus, making it an internal rotator, there are cases where it connects to the short head of the biceps, the long head of the triceps brachii, the bicipital groove, or the greater tubercle. Indeed, one study found that only 20% of people have a subscapularis tendon that actually inserts onto the lesser tubercle.


    Infraspinatus: This may have fibers blending into the teres minor, thus forming a single muscle. In rare cases, people may not have an infraspinatus muscle.


    Teres minor: Few variants have been noticed, but in rare cases, this muscle can be missing.


    Teres major: Occasionally, the teres major is fused to the latissimus dorsi at the inferior angle of the scapula or at their terminus on the humerus.

  


  A biotensegrity view of the shoulder complex


  The biomechanical model that we have been using to describe our body’s structure, the relationships of its parts and the way it moves is based on a view composed of beams, levers and fulcrums, tension-generating tissues such as muscles, and restraining tissues such as bone, cartilage, ligaments and joint capsules. This model serves us well most of the time, but there are times when it fails to explain or predict certain observations. Part of the reason is the fact that our body is not composed of discrete parts. To quote the anatomist Jaap van der Wal, “Connection, context, architecture is the item. But then you come to problems as an anatomist who learned (and teaches) that muscles and ligaments and bones are discrete elements. They are not.”193 A discrete, disconnected view of parts does not fully describe the reality.


  When we look at the shoulder biomechanically, several concerns arise with the lever and fulcrum model. The biggest mysteries surround the connection of the humerus to the scapula and the scapula to the axial body. Stephen Levin, the “father of biotensegrity,” pointed out that there are no direct compression structures between the scapula and the axial body. A traditional strut and lever model does not fully work.194 Even if the scapula could transfer stress to the axial body via the ribs or the sternoclavicular joint, the stresses would be too much for that small joint or the ribs to tolerate.


  Ideally, in a compressive load-bearing joint the forces should be arranged at right angles to the surfaces of the bones. However, in the glenohumeral joint the humerus is rarely compressed directly into the glenoid fossa. Usually the joint is loosely packed with a lot of play between the surfaces.195 To illustrate Levin’s concern: the only time the humerus can transfer force directly into the scapula is when the arm is abducted 90°. At all other times, the forces would be working to cause the humerus to slide along the glenoid fossa, not into it. Traditionally, the rotator cuff muscles are invoked to resolve this dilemma, binding the arm tightly into the shoulder socket. However, their force is not always applied in the direction of the forces upon the arms. They can squeeze the head of the humerus into the glenoid fossa, but they cannot bear large forces in all directions. This problem is unresolved in the traditional biomechanical view.


  In Levin’s view, the shoulder and arm are best understood with a biotensegrity model.196 He suggests viewing the scapula as a large sesamoid bone197 floating in a sea of fascia and muscle, which provide the necessary tension to support the shoulder in all its varied movements and stresses. He uses the analogy of a wire bicycle wheel with its individual spokes under tension. The shoulder “floats” within the tension network of muscles and fascia of the shoulder complex just as the hub of a wire wheel floats in the tension network of the spokes. This model does not require levers and beams.198
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  Figure 4.168 (a) The hub of a wire wheel is suspended via tensioned spokes from the rim, which distribute the stress from the center outward or from the ground inward. (b) In the same way, tensegrity balances stresses throughout an expanded octahedron, as shown by the center of Ezekiel’s Wheel.199 (© 2006 by Tom Flemons.)


  Jiripravda/Shutterstock.com




  Figure 4.168a illustrates the tensional and compressional network of a bicycle wheel. In a wire wheel, all the forces are distributed throughout the network. Each spoke is pre-tensed and always contributing support. A compression load may be applied to the bottom of the rim, but the force is taken by the entire rim, spokes and hub. Notice the triangles formed by the rim and the spokes and by the hub and the spokes. These triangles are the heart of the tensegrity network, as shown by the construct in figure 4.168b. Triangles avoid bending moments, allowing all loads to be directly supported. The loads are distributed omnidirectionally, which is what occurs in our bodies. Whatever your orientation to gravity, your shoulders will work well.


  As mentioned, in Levin’s model, the scapula functions like the hub of a wire wheel (see figure 4.169). For the shoulder, the “spokes of the wheel” are the muscles attaching all around the scapula and the sea of fascia, which also connects to it. This view avoids the challenge of explaining how forces can only arrive on the scapula via bony compression beams (the humerus or the clavicle). The fascia and muscles are constantly under tension, which allows the scapula to act as the hub and as a stable base for the arm. The “rim of the wheel,” in this case, is made up of the vertebrae and the ribcage, which are connected to the scapula via the “spokes” of muscle and fascia. Thus, the scapula is not attached to the axis solely through the small, bony sternoclavicular joint, but rather through the broad expanse of connection to the spine via the rhomboid, trapezius, levator scapulae and latissimus dorsi, and to the ribs via the pectoralis minor and major, subclavius and serratus anterior. In a tensegrity model, a bone-to-bone connection is not required. The biotensegrity model is a low-energy, omnidirectional system that allows global movement while ensuring stability.


  While the biotensegrity model is a compelling view of how forces are transmitted and stability maintained, it is not without its challenges too. The noted surgeon Jean-Claude Guimberteau, who uses endoscopy to study living fascia, noted that biotensegrity alone cannot explain the mobility of our fascia, the way pressure is constantly changing within a constant volume (which he calls a microvacuole) or the way water is distributed.200 While Stephen Levin noted that bones do not actually touch each other in a joint201 but rather float within a sea of softer tissues, anatomists such as Thomas Myers have failed to find a biotensegrity structure in the arrangement of the soft tissues around the joints.202 In Myers’ words, “the idea of an utter and strict tensegrity is hard to assert.”203 If biotensegrity does apply macroscopically within the body, how it does so is complicated and far from being fully understood. Myers notes that while we cannot say the body is a pure tensegrity, there is no doubt it is a tension-dependent structure, but one that has elements of both biotensegrity and compression-based models.204


  Until anatomists have investigated exactly how a biotensegrity model governs movement of the shoulder complex and arms, we will be left to use the more traditional levers, beams and fulcrum approach—but with one eye open to the possibility of new models.
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  Figure 4.169 The scapula acts like the hub of a wire wheel, with the muscles and fascia surrounding it acting like the spokes of the wheel. The red arrows are the tension forces acting through the muscles.




  Function: Application in yoga postures


  The shoulder complex permits large ranges of motion for the arms and hands, allowing us to lift, throw and bring objects close to the face. Due to this great mobility, some stability is sacrificed: the shoulder is not nearly as stable as the pelvis. Four joints contribute to this mobility: the scapulothoracic joint, the glenohumeral joint, the acromioclavicular joint and the sternoclavicular joint. In answering the “What stops me?” question, we will look at the sources of tension and compression in each joint, when they arise, and how they may change due to natural variations in human anatomy. This approach investigates each joint separately. The shoulder complex as a whole is also important, so a global view will be taken too. Of interest is the combination and coordination of movements across the four joints and how this coordination can dictate which movements in yoga asana make sense and which ones may not.


  Movements within the shoulder complex


  The shoulder complex has four joints that can move independently of each other, although normally the movements are coordinated. To understand how the whole shoulder complex can move, and its limitations, it is useful to first understand the individual joint movements. While we will look at each joint separately, please keep in mind that this reductionist approach is just for convenience. The body is not made up of separate parts, and all parts move in coordination with each other.


  The humerus moves when the scapula moves, and moving the arm often moves the scapula. Before we can understand the arm’s movements, we must first understand how the scapula moves. However, before we can understand how the scapula moves relative to the rest of the body, we need to understand how the clavicle moves at the sternoclavicular (SC) joint and then how the scapula moves relative to the clavicle at the acromioclavicular joint.


  The amounts cited in these sections indicate typical or average ranges of movement at each joint and in each direction. They are highly variable and depend upon the person being investigated and the study being cited. Take all the amounts with many grains of salt. The importance of the numbers is mainly to indicate the possible ranges of values, not absolute measurements. The fact that you most likely will be different from these measurements is not an indication of pathology but rather an indication of normal human variation.


  Movement at the sternoclavicular joint


  The medial end of the clavicle joins the sternum at the SC joint. The ends of both bones are saddle-shaped, which allows for a lot of freedom of motion. Indeed, the clavicle can move in six directions: up and down, back and forth, as well as forward and backward rotation (see figure 4.170). The back-and-forth movements are called retraction and protraction and involve rotation around a vertical axis at the SC joint. The up-and-down movements are called elevation and depression and involve rotation around a horizontal axis running from front to back (anterior to posterior). Since the axes for these four movements run through the SC joint, the medial end of the clavicle does not move (much),205 while the lateral end arcs as it moves around the center point of the SC joint. The twisting movements of the clavicle at the SC joint are called posterior and anterior rotation and involve rotation around a horizontal axis running from side to side (medial to lateral). Remember, the scapula is attached to the clavicle, so these clavicular movements cause scapular movements (although exactly how much movement also depends upon movements at the acromioclavicular joint).206
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  Figure 4.170 The clavicle can move in six ways at the sternoclavicular joint: (a) posterior and anterior rotation; (b) elevation and depression; (c) retraction and protraction.




  Elevation and depression occur roughly in the frontal plane of the body and thus are mostly vertical movements. Elevation occurs anytime you shrug your shoulders up; depression occurs whenever you press your scapula down. The average person can elevate the end of the clavicle to about 35–45°, but some people can elevate up to 60°! Depression is more limited due to contact with the first rib, which is located right beneath the clavicle. Maximum depression is usually limited to about 5–10°.207 In distance, the lateral end of the clavicle can elevate up to 10 cm and depress about 3 cm.208 In healthy subjects, clavicle elevation is minimal during arm raising (in the order of 10° or so), but in patients with shoulder pain, there tends to be more clavicular elevation.209


  Retraction and protraction occur roughly in the horizontal plane. Protraction occurs when you reach forward; retraction occurs when you bring your arms behind your back. Retraction also occurs when we elevate the arm. The maximum amount of movement for either retraction or protraction varies considerably; the maximum can be between 15° and 45°.210


  Rotation occurs at the SC joint when the medial end of the clavicle spins within the joint. Posterior rotation is defined as occurring when a spot on the superior surface of the clavicle rotates backward. (It is sometimes called backward rotation.) This occurs when you raise your arms overhead. When you return your arms back to your side, that spot will anteriorly rotate to its starting position. (This is sometimes called forward rotation.) From the neutral starting position of arms at the sides, it is possible for most people to posteriorly rotate the clavicle 20–35°.


  Interestingly, there are no muscles crossing the SC joint that could cause rotation here: this movement comes from motion of the scapula, which causes the clavicle to rotate.211 Posterior rotation of the clavicle is caused by upward rotation of the scapula—for example, by the pull of the serratus anterior. When the scapula rotates upward, the coracoclavicular ligament becomes taut. Since this ligament joins the clavicle on the underside of the bone (at the conoid tubercle), as it becomes taut, it pulls the underside of the clavicle forward, causing posterior clavicular rotation.212 While caused by the scapula, posterior rotation of the clavicle can also cause the scapula to posteriorly tilt and elevate; anterior rotation of the clavicle can cause anterior tilt of the scapula and depression. But how much the scapula elevates with posterior rotation of the clavicle may depend upon the shape of the clavicle: the straighter it is, the less elevation will occur with clavicular posterior rotation. If the clavicle has a more pronounced S curve, it will elevate the scapula more during posterior rotation.213


  When we stand in Mountain Pose (Tadasana) with arms at the sides, the clavicle is not in line with the three main planes of the body. For most people, it is slightly elevated above the transverse (horizontal) plane, retracted from the coronal (frontal) plane, and neutrally rotated in the sagittal (side) plane. From there, when the arm is elevated, movement of the clavicle occurs in all three directions, as summarized in table 4.111. This table shows the average amount of clavicular movement occurring when we raise an arm to about 120°. There are three possible ways to elevate the arm: flexion, bringing the arm up straight in front of the body in the sagittal (side) plane; scaption, elevation in the scapular plane; and abduction in the coronal (frontal) plane.214



  Table 4.111 Peak position of the clavicle from a neutral posture during arm elevation up to 120°.215
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  We cannot consider these amounts “normal,” due to the small number of people studied for these results, but we can use the values to understand what can happen at the SC joint when we raise our arms: the clavicle elevates a little bit, retracts and posteriorly rotates. The posterior rotation of the clavicle is an important contributor to full shoulder movement due to its involvement in scapular upward rotation and posterior tilting.216


  Sources of tension and compression in clavicular movement at the sternoclavicular joint


  Tension is the resistance of tissues to stresses that would elongate them. Compression occurs when two parts of the body come into contact and oppose further movements. At the SC joint, tension is the primary restraint for most movements, but compression can also arise.


  Elevation at the SC joint is limited by tension in the costoclavicular ligament (see figure 4.161) and by the anterior deltoid, subclavius and pectoralis major muscles. Depression is checked by the interclavicular ligament, the superior joint capsule, the upper trapezius and the sternocleidomastoid. Retraction will be restricted due to tension arising in the anterior joint capsule, the anterior sternoclavicular ligament and the costoclavicular ligament, as well as from the subclavius and the pectoralis major. Protraction will create tension in the posterior joint capsule, the posterior sternoclavicular ligament, the posterior portion of the interclavicular ligament, and the costoclavicular ligament. It may also be resisted by the upper trapezius and the subclavius. Posterior and anterior rotations are limited by tension in the costoclavicular ligament.


  Compression can arise when the inferior side of the clavicle impinges upon the superior side of the first rib. The ribs have an obliquity, which means they angle downward from the vertebrae, forward to the sternum. (An average obliquity of 46° is common for the first rib,217 but the angle can vary between 15° and 84°!218) Due to the ribs’ obliquity, compression between the clavicle and rib may redirect the clavicle’s movement rather than stop it. Thus, when the clavicle is being retracted, it elevates as it slides up the slope of the rib; likewise, when the clavicle depresses, it moves forward (protracts) as it slides down the rib.219


  Figure 4.149 showed that the orientation of the clavicle can vary from horizontal to angled upward. The effect of clavicle alignment on range of motion does not appear to have been studied, so I can only speculate that a horizontally aligned clavicle will not have to slide upward with retraction as much as a sharply angled clavicle will. A clavicle that is sharply angled upward is more likely to be restricted in retraction and will have to combine elevation movements when it does retract. This may limit how much scapular retraction is available. Also, the maximum elevation of a sharply angled clavicle may be restricted due to the pre-existing angle of its sternal head, which could affect how much scapular elevation and arm elevation are available.


  Movement at the acromioclavicular joint


  If the clavicle was hard-wired to the scapula, then any movement of the scapula would be exactly duplicated by the clavicle and vice versa. But rather than being fused, these two bones come together at the acromioclavicular (AC) joint, with the lateral end of the clavicle articulating with the medial edge of the acromion of the scapula. This allows each bone to move somewhat independently, even though their movements are still highly correlated.


  The facets of both bones are relatively flat, which accommodates the sliding or gliding that occurs at this joint. (Some people do have slightly curved facets.) Whereas the clavicle has a lot of freedom of movement at the SC joint, at the AC joint, the allowable movements are more subtle but important. The AC joint allows the scapula to fine-tune its movements at the scapulothoracic joint, which in turn influences the position of the glenohumeral joint. Without movement at the AC joint, the scapula would be forced to follow the exact movement of the clavicle, but since the AC joint allows independent movement of the scapula, the scapula can stay close to the contours of the ribcage while it moves.


  As shown in figure 4.171, six movements of the scapula are possible with respect to the clavicle: external and internal rotation, downward and upward rotation, and anterior and posterior tilting. External and internal rotations are movements in the horizontal (transverse) plane around a vertical axis through the AC joint. During internal rotation, the scapula moves away from the clavicle, widening the angle at the AC joint. External rotation moves the scapula closer to the clavicle, closing the angle at the AC joint. Internal rotation can result in protraction of the scapula relative to the thorax and for some people can cause a notable “winging” of the scapula. This occurs when the medial border of the scapula comes away from the thorax.



[image: ]
  Figure 4.171 Internal and external rotation of the scapula occurs around a vertical axis (the blue dot) through the AC joint. Internal rotation increases the angle, moving the scapula away from the clavicle. External rotation decreases the angle, moving the scapula closer to the clavicle. Upward and downward rotation occurs around an anterior to posterior axis through the AC joint. Tilting occurs around a medial to lateral horizontal axis through the glenoid fossa. When the top of the scapula nods forward, it is called anterior tilting, and when it nods backwards, it is called posterior tilting.




  The scapula can also rotate in the frontal (coronal) plane around a horizontal axis running anterior to posterior through the AC joint. When the inferior angle of the scapula moves laterally and superiorly, this is called upward rotation. It is very similar to the same movement (and name) at the scapulothoracic joint, but there, it is also sometimes called lateral rotation. Upward rotation naturally occurs when we elevate the arm. When the inferior angle of the scapula moves medially and inferiorly, this is called downward rotation. It also is very similar to the same movement (and name) at the scapulothoracic joint, but there, it is also sometimes called medial rotation.


  Along a horizontal axis running medially to laterally through the center of the glenoid fossa, the scapula can tilt in the side (sagittal) plane. When the top of the scapula nods forward, this is called anterior tilt. When the top nods backward, it is a posterior tilt. Of interest when scapular tilting occurs is the change in orientation of the glenoid fossa: the top of the glenoid moves forward during anterior tilting and backward during posterior tilting. When the scapula tilts, the glenoid tilts, which means the head of the humerus has to accommodate this movement in order to stay centered and congruent with the glenoid fossa.


  When we initially begin to elevate the arm, there is some slight internal rotation of the scapula at the AC joint, but as we approach the end range of elevation, the scapula externally rotates. Throughout arm elevation, the scapula upwardly rotates as well as posteriorly tilts at the AC joint. These movements reverse as the arm is lowered. (While these are the generally expected movements, there is a great deal of variability between individuals’ movement patterns and ranges of motion.220) External rotation and posterior tilting of the scapula at the AC joint during full arm elevation are caused by coordinated action of the serratus anterior pulling the scapula forward while the lower trapezius pulls the top of the scapula downward.221


  The ranges of movement at the AC joint are highly variable and difficult to measure. When we stand with arms relaxed at our sides, the scapula is angled with respect to the clavicle, as shown in the first column in table 4.112. In this “neutral” position relative to the clavicle, the scapula is internally rotated by 60°,222 upwardly rotated 2.5° and anteriorly tilted 8.4°.223




  Table 4.112 Peak position of the scapula with respect to the clavicle at the acromioclavicular joint from a neutral posture during arm elevation up to 120°.224
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  To determine the amount of movement that has occurred, we need to subtract the final position from the starting position. Thus, if we choose to look purely at flexion of the arm, we find that 8.5° of internal rotation, 12.9° of upward rotation and 24.6° of posterior tilting occur. This is in addition to the movement occurring at the SC joint and together these determine what is happening at the scapulothoracic joint. Again, though, approach all these figures with some caution: they are averages from a small sample of people and only for arm elevation up to 120°. Other studies have found greater variations. For example, one study found that the scapula relative to the clavicle could internally rotate as much as 50°, upwardly rotate 30°, and posteriorly tilt 30°.225 What we can generalize is that when you lift your arms, your scapula moves relative to the clavicle in internal rotation,226 upward rotation and posterior rotation. Exactly how much is subject to your unique anatomy.


  Sources of tension and compression in scapular movement at the acromioclavicular joint


  Tension in the joint capsule and ligaments around the AC joint is the limiter of movement at this joint. Other than compression of the clavicle laterally into the acromion, compression does not arise as a restriction to movement. The joint capsule and the acromioclavicular ligament (see figure 4.159) prevent the clavicle from sliding over the acromion, or the acromion from sliding under the clavicle. The coracoclavicular ligament (made up of the trapezoid and conoid ligaments) prevents the clavicle from moving up and away from the scapula and prevents the scapula from moving down and away from the clavicle. These two ligaments also prevent too much internal and external rotation of the scapula relative to the clavicle at the AC joint.


  Movements at the scapulothoracic joint


  Recall that the scapulothoracic joint is a virtual one: there are no bones touching here. Rather, the anterior surface of the subscapularis glides over the muscles atop the posterior and lateral upper ribs. Eight scapular movements are available (see figure 4.172):


  
    	Protraction (also called abduction) occurs when the scapulae move away from the spine (and each other) and slide laterally and anteriorly around the side of the ribcage. This occurs in all pushing or punching motions of the arms, such as rising from the floor to plank during a push-up. It also occurs during postures where we wrap the arms around each other, such as in Eagle Pose (Garudasana).



    	Retraction (also call adduction) occurs when the scapulae move toward the spine (and each other) and slide posteriorly and medially around the ribcage. This occurs when we draw our hands together behind our back, a movement often called Yoga Mudra. This also happens when we lower down to the floor from Plank Pose and during postures such as Shoulder Stand (Salambasarvangasana) or Plough (Halasana), where we support the torso with our arms and hands.



    	Elevation occurs when the scapula slides superiorly, moving upward. This motion is almost always accompanied by some degree of upward rotation, but it can be done without the rotation. This happens automatically when we elevate the arm, so it occurs in Down Dog (Adhomukhasvanasana) and Handstand (Adhomukhavrksasana). The fact that we can elevate the scapula without upward rotation occurring is not necessarily a good idea. (See the section on scapulohumeral rhythm.)



    	Depression occurs when the scapulae slide inferiorly, moving downward. This motion is almost always accompanied by some degree of downward rotation, but it can be done without the rotation. This happens automatically when we adduct or lower our raised arms, as happens in Sun Salutations when we fold forward and lower our arms, or when we lift the body up while our hands are pushing down into the floor, such as in Scales Pose (Tolasana or Utpluthih).



    	Upward rotation (also called lateral rotation) occurs when the inferior angles of the scapulae move laterally and superiorly. This is often combined with some degree of elevation of the scapulae and perhaps some posterior tilting. It occurs automatically once the arm is elevated by 30° or more.



    	Downward rotation (also called medial rotation) occurs when the inferior angles of the scapulae move medially and inferiorly. This is often combined with some degree of depression of the scapulae and perhaps some anterior tilting. It occurs automatically when an elevated arm is lowered.



    	Anterior tilting (also called forward tilting) can occur when the top of the scapulae tilts anteriorly in the sagittal (side) plane. It is often accompanied by some elevation of the scapulae. It can be visualized as the scapulae sliding upward over the rounded ribcage, which causes the superior edge of the scapulae to move anteriorly as well as superiorly. Bringing our arms behind us often causes the scapulae to tilt forward, so postures like Shoulder Stand (Salambasarvangasana) or Plough (Halasana), where we support the torso with our arms and hands, will generally cause the scapulae to anteriorly tilt.



    	Posterior tilting (also called backward tilting) can occur when the top of the scapula tilts posteriorly in the sagittal (side) plane. It is often accompanied by some depression of the scapula. It can be visualized as the scapula sliding downward over the rounded ribcage, which causes the superior edge of the scapula to move posteriorly as well as inferiorly. In some cases, the superior edge may try to pull away from the thorax; it will be restrained by the surrounding fascia and muscles, but mostly by the clavicle compressing into the top of the ribcage or the neck. Posterior tilting happens when the arm is elevated, so postures like Down Dog (Adhomukhasvanasana) and Handstand (Adhomukhavrksasana) will result in posteriorly tilted scapulae.
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  Figure 4.172 The eight movements available to the scapula relative to the thorax: (a) protraction (abduction); (b) retraction (adduction); (c) elevation and upward (lateral) rotation; (d) depression and downward (medial) rotation; (e) anterior tilt and posterior tilt.

  



  Between the scapula and the ribs are layers of muscles that glide over several layers of lubricated fascia. (If you feel grinding or hear noises coming from the scapula during movement, this is likely a sign that some irregularity in the fascia is creating abnormal contact between the sliding surfaces.) The wide range and variety of movements of the scapula over the upper back is due to the range of movements of the AC and SC joints. The large degree of freedom to move the arm is due mainly to the wide range of movements available to the scapula.


  When one stands in Mountain Pose (Tadasana), the scapulae are not completely vertical. They may be anteriorly tilted by 10° with respect to vertical in the sagittal (side) plane, upwardly rotated 5–10° in the coronal (frontal) plane and angled about 30° forward in the transverse (horizontal) plane.227 (This is the angle of the scapular plane to the frontal [coronal] plane.) These figures are averages and vary considerably, depending upon the person and the study.


  Elevation and depression at the scapulothoracic joint


  As the scapula moves upward, the clavicle must elevate at the SC joint. If the clavicle elevates, so too must the scapula. If there is no additional movement of the scapula at the AC joint, then the scapula will also appear to upwardly rotate while it elevates, as shown in figure 4.173. If upward rotation is not desired, then the scapula will have to downward rotate at the AC joint while it is elevating. The reverse happens in depression of the scapula: the scapula will naturally seem to downwardly rotate as well.
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  Figure 4.173 Scapular elevation (posterior view) at the scapulothoracic joint is a combination of elevation of the clavicle at the sternoclavicular joint and downward rotation of the scapula at the acromioclavicular joint.228




  The muscles that connect to the superior edges of the scapula and clavicle can contribute to elevation of the scapula and the clavicle. These are the levator scapulae and upper trapezius. Elevation can be assisted, to a lesser degree, by the rhomboids major and minor, the scalenes and the sternocleidomastoid. The muscles that can depress the scapula and the clavicle are the lower trapezius, the pectoralis minor and, to a lesser degree and more indirectly, the latissimus dorsi and subclavius.


  Weakness or pathology in the elevating muscles can cause the scapula to be constantly depressed, downwardly rotated and protracted due to the constant force of gravity. This posture can result in a chronically depressed clavicle (one running horizontally or lower), which can compress the subclavian arteries and brachial plexus. The arm may also subluxate (come away) from the glenohumeral joint socket. Less extreme, constantly depressed scapula may create a “rounded shoulders” appearance (figure 4.174), which can also have detrimental consequences for the SC and AC joints. When these cases arise, a therapist will first try to determine the underlying cause of the problem posture, then prescribe strengthening or stretching exercises, combined with better movement techniques.229
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  Figure 4.174 Classic rounded shoulder posture.




  Of course, if the scapula is rising or depressing, so too is the arm, because it is attached to the scapula. Something cool happens when the arm is prevented from depressing: if the arm can’t go down, then the body has to go up! The same muscles that depress the scapula are activated to lift the torso when we have the hands on the floor and raise the pelvis up. These actions are common in yoga movements such as the Ashtanga “jump through,” Scales Pose (Tolasana or Utpluthih), as was shown in figure 4.167, or if you simply push your hands down while holding onto the arms of a chair and lift your torso.


  Protraction and retraction at the scapulothoracic joint


  Protraction (also called abduction), which is the separating of the scapulae or their movement away from the vertebral spine, includes movements at the AC and SC joints (see figure 4.175). When the scapula slides forward around the side of the ribs, the lateral end of the clavicle has to move forward, which creates protraction at the SC joint. However, the scapula may either internally rotate slightly230 or externally rotate231 at the AC joint in order to keep the medial border of the scapula close to the ribcage. (If the rhomboids or trapezius are not functioning properly and allow the scapula to internally rotate too much at the AC joint, the medial border can float out away from the ribs, which is called a winged scapula.) When the scapula has fully protracted, the glenoid fossa is facing anteriorly. Protraction is necessary for reaching forward and for pushing actions, such as rising up from the floor in a push-up or plank posture, or in a Cat Pose (Marjaryasana). If there is some dysfunction at the AC joint (perhaps due to osteoarthritis) and external rotation there is limited, the clavicle can increase its protraction at the SC joint to compensate.
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  Figure 4.175 Scapular protraction (superior view) combines both protraction of the clavicle at the SC joint and internal rotation of the scapula at the AC joint.232 Scapular retraction reverses these movements.




  While the serratus anterior (all fibers) and the major and minor pectoralis can pull the scapula forward into protraction, the majority of the work is done by the serratus anterior. Indeed, there is some belief that the function of the pectoralis minor is to help restrict or limit retraction more than to increase protraction.233 The serratus anterior is also important for giving the final push at the end of a push-up (called a “push-up plus”). In a full push-up, the arms have completely straightened and we lift the torso a bit higher off the floor through a little extra protraction of the scapula. (The push-up plus is an excellent exercise to strengthen the serratus anterior and improve shoulder stabilization and scapulohumeral rhythm.234 It is discussed in detail on page 109.)


  Retraction (also called adduction), which is the approximating of the scapulae or their movement toward the vertebral spine, also includes movements at the AC and SC joints. The clavicle has to retract at the SC joint, and the scapula may either internally rotate235 or slightly externally rotate236 at the AC joint. When the scapula is fully retracted, the glenoid fossa faces either laterally or slightly posteriorly, depending upon the version angle of the individual’s glenoid fossae. Retraction naturally occurs when we pull things toward us, or when we lower down to the floor in a push-up or from Plank Pose.


  The trapezius (middle and lower fibers) and the major and minor rhomboids can pull the scapulae into retraction. The normal upward pulling tendency of the rhomboids is neutralized by the downward pull of the lower trapezius. Thus, the net result of activating all these muscles is to draw the scapulae toward the vertebral spine. This creates the proximal stiffness required for pulling movements by the arms such as rowing or climbing. Unfortunately, few postures or movements in most yoga classes can target these muscles. Usually, the only time we pull with the arms and shoulders in typical yoga asana classes is when the hands pull on the feet or on a strap around the feet, such as in Happy Baby (Ananda Balasana) Pose or Extended Hand-to-Big Toe (Utthitahastapadangusthasana) Pose. However, in studios that have ropes or chin-up bars, pulling movements can easily be incorporated into the practice.


  Upward and downward rotation at the scapulothoracic joint


  Upward rotation of the scapula is a necessary movement whenever the arms are raised, despite the suggestions by many yoga teachers to avoid it. (See the sidebar “Note to Teachers: It is okay to let the shoulders rise during arm elevation.”) It is essential to allow the glenoid fossa to point more vertically as the arm elevates in order to keep the humerus as congruent with the glenoid fossa as possible. Upward rotation at the scapulothoracic joint is another composite movement, combining elevation of the clavicle at the SC joint and upward rotation of the scapula at the AC joint. (See figure 4.176.) When the arm is fully elevated, the scapula may rotate up to 60° in most people. This joint movement of the scapula and the arm is called the scapulohumeral rhythm, which will be discussed in the section on movement of the whole shoulder complex.


  Downward rotation usually only occurs if the arm is already elevated. The motions discussed for upward rotation reverse: the clavicle depresses and the scapula rotates downward at the AC joint until the scapula is back to its neutral (or anatomic) position, with the arm at the side of the body.


  The upper and lower trapezius and the serratus anterior are used to pull the scapula into upward rotation; the levator scapulae, rhomboid major and minor, pectoralis minor and latissimus dorsi pull the scapula into downward rotation.
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  Figure 4.176 Upward rotation at the scapulothoracic joint (posterior view) combines both elevation of the clavicle at the SC joint and upward rotation at the AC joint.237 Downward rotation reverses these movements.




  Posterior and anterior tilting at the scapulothoracic joint


  Tilting of the scapula relative to the thorax (see figure 4.171) comes from rotation of the clavicle at the SC joint and/or tilting of the scapula relative to the clavicle at the AC joint. These movements have already been discussed. In general, as the clavicle posteriorly rotates, the scapula also posteriorly tips in relation to the thorax and vice versa. The scapula will tilt posteriorly when the serratus anterior acts together with the lower trapezius.


  Movement of the scapula relative to the thorax


  The neutral or anatomic position of the scapula relative to the thorax is shown in table 4.113. The average person’s scapula is slightly elevated, slightly upwardly rotated, and anteriorly tilted in the scapular plane. However, as the arm is elevated, the scapula also elevates, retracts, posteriorly tilts and upwardly rotates significantly. By how much depends upon the plane the arm follows while elevating. Once more, do not take these values as indicative of what is appropriate for you: they are averages from a small sample of people. What is interesting is the relative changes that occur during arm elevation, not the absolute values.


  Table 4.113 Peak scapular position of the scapula with respect to the thorax from a neutral posture during arm elevation up to 120°.238
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  As the arm rises, the scapula opens (internally rotates) at the AC joint, but the clavicle retracts even more than the scapula opens, so the net result is that the scapula retracts while the arm elevates. You can feel this! Wrap one arm around you and under the armpit so you can feel the lower part of the opposite scapula, and notice how it moves as you lift the free arm out in front of you (flexion). Upward rotation is quite pronounced, but there is not a lot of retraction happening early in the movement. By the time the arm is fully raised, the scapula has moved toward the middle of the back. You can now imagine this happening anytime you raise your arms overhead—for example, as you come into Down Dog (Adhomukhasvanasana).


  Sources of tension and compression in scapular movements at the scapulothoracic joint


  Compression resistance to movement of the scapula is easy to visualize. The scapula is prevented from moving anteriorly into the thoracic ribcage by compression against the upper back. Indeed, there are no muscles that could pull the scapula directly into the back, but if there were, the scapula would be resisted by the underlying tissues, such as the serratus anterior. The only other direction where compression may arise is adduction; if you can pull your scapulae tightly together, they will eventually compress the muscles located between the medial borders of the scapulae and the spine. These are the rhomboids, trapezius and erector spinae. You may be able to sense these muscles getting bunched up if you try to forcefully bring your scapula together. However, many people may be stopped by the clavicle compressing into the neck. Remember, the scapula is connected to the clavicle, and compression can restrict clavicle retraction.


  Tension can arise in all the muscles and fascia surrounding the scapula. When you elevate the scapula, the muscles that depress it may feel tension. Conversely, when you depress the scapula, the muscles that elevate it may feel tension. When you adduct, tension may arise in the abductors; when you internally rotate, tension may arise in the external rotators. Table 4.114 summarizes these sources of tension. But please remember, this is just for scapular movement. Later, we will look at movement of the whole shoulder complex, which is, well, more complex.


  Table 4.114 Sources of tension during scapular movements at the scapulothoracic joint.
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  Movement of the arm at the glenohumeral joint


  The convex ball of the humerus rolls and glides against the smaller, concave glenoid fossa in six directions: flexion (the arm moves forward in front of the body), extension (the arm moves backwards behind the body), abduction (the arm moves sideways away from the body), adduction (the arm returns to the side of the body), external (or medial) rotation (the medial/inner side of the upper arm or the crease of the inner elbow rotates to the front) and internal (or lateral) rotation (the medial/inner side of the upper arm or the inner elbow crease rotates to the back).


  Rotation of the arm is easier to see if the elbow is bent and at the side of the torso (see figure 4.177a). If the hand moves inward, toward or across the torso, it is called internal (medial) rotation. If the hand moves outward, away from the torso, it is called external (lateral) rotation. Another way to identify these two movements is when the arms are abducted into a cactus arms or bank robber arm position (see figure 4.177b). For most people, when the arms are up, palms facing forward, you have fully externally rotated your arms and cannot go any further. When you bring your palms downward to the floor, you are internally rotating at the glenohumeral joint. (It is interesting to check and see what your range of motion is with the arms in this position. Can you go past the hands facing forward to having your palms facing the sky, without arching your back? If so, you are very externally rotated. Can you keep the elbows high and rotate your arms down so that your palms are facing behind you? If so, you are very internally rotated. Rarely can people do both of these movements; if you can, have you considered joining the cirque?)
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  Figure 4.177 Rotation of the arm is easier to see when the elbow is bent: (a) hand moving across the body; (b) when the arms are abducted.




  These are the classically defined movements, but it is also useful to define another movement: horizontal adduction. If the arm is raised to a horizontal position to the side of the body, we can call the drawing of the arm across the front of the body anterior horizontal adduction (think of the arms’ movement as you come into Eagle Pose (Garudasana)); moving the arm backwards horizontally can be called posterior horizontal abduction (think of the movement of the arms as you clasp your hands together behind your back in Yoga Mudra). Finally, all these movements can be combined in various ways. The arms are not restricted to moving only in these directions. Indeed, a particular name is given to the wide, circular movements of the arm: circumduction.


  The technical literature rarely makes a distinction between abduction and flexion of the arm. These two movements are simply described as elevation. The reason for being vague is due to the reality that when the arm is hanging down at the side of the body in a neutral position, the scapula is rotated somewhere between 30° and 40° forward in the frontal plane. This is the scapular plane. If we isolate the movement of the arm at the glenohumeral joint without involving any scapular movement, the arm goes neither directly out to the side nor straight to the front of the body. Instead, it elevates in the scapular plane. In other words, the simplest and easiest way to raise your arms overhead is not by bringing the arms straight out to the side, but by letting them be a bit in front of you. Recall that movement in the scapular plane is called scaption. However, in yoga classes, teachers often request that student raise their arms wide to the side, or in pure abduction. This is not always possible for every student, though, due to various forms of tension and compression occurring in the glenohumeral joint or due to restrictions in retracting (adducting) the scapulae.


  Sources of tension and compression in arm movements at the glenohumeral joint


  The answer to the “What stops me?” question for movements at the glenohumeral joint is a combination of tension arising in the fascia, muscles, ligaments and joint capsule around the joint as well as compression, which can arise in five key places. Normally, yoga students will work on reducing the tensile resistance of their tissues over time, but eventually, they may reach a place where compression is preventing further increases in range of motion. Unfortunately for some students, compression is the limiting factor before they even start their yoga practice, or very soon thereafter. Regardless of how long it takes you to reach the point in your journey where compression is arising, it is important to know when this happens.


  Once compression is reached, you will not be able to go further at that joint, in that direction. But it may be possible to go around a particular point of compression, at least until a new point of compression is reached. It may also be possible for the whole shoulder complex to accommodate further movement, even if you have reached your limit at the glenohumeral joint. For example, once compression of the shaft of the humerus against the front (anterior) edge of the acromion process occurs during arm flexion, the shoulder complex may allow a bit more flexion to occur through posterior tilting of the scapula. Indeed, many yoga students try to get a bit more flexion of the arm by arching their upper back into extension. These more complex movements will be examined in the section on movement of the whole shoulder complex. For now, we will look at what stops the humerus from further movement at the glenohumeral joint.


  Sources of tension from the fascia


  The myofascial meridians as defined by Thomas Myers are continuous connections of fascia that envelop the muscles and joint capsules, forming trains of fabric that run around and through the whole body, like a three-dimensional body stocking.239 The meridians that can impede movement at the shoulder include the deep front arm line, the superficial front arm line, the deep back arm line, the superficial back arm line, the lateral line and the spiral line. There are also three other lines that can impede movement: the front, lateral and ipsilateral functional lines. (These are described in the appendix “Myofascial meridians of the upper body.")


  Resistance from the myofascial meridians can generally be sensed as tugging in places remote from the shoulder joint or remote from the muscular or ligamentous restraints. Myofascial resistance is spread out and can be sensed at any point along these meridians. Recall the example of the shirt, given in the section on fascia of the upper body, on page 22: a restriction caused by holding the bottom right corner of your shirt created an impediment to raising the right arm overhead. While the initial sensation of resistance may have been noticed at the shoulder, the actual answer to “What stops me?” was restriction remote from where it was felt. This can happen in our myofascia as well. An adhesion in one place, perhaps due to scar tissue from an injury or operation, may restrict the free and easy gliding of the myofascial trains radiating out from that area, affecting movement in other areas. It does take careful attention to notice, but when this arises, you may feel a tugging or tension spread out along the lines of the myofascia. Spreading sensations crossing a joint are good indications that tension is arising in the fascia.


  Sources of tension from muscles, ligaments and joint capsules


  Table 4.115 summarizes the muscles that can cause movement of the humerus at the glenoid fossa, and those that can restrict movements. These restrictions are tensile in nature and can be determined by paying attention to the unique sensations in the muscles. In general, tension is felt in the direction opposite of the movement; thus, as the arm elevates, tension may be sensed along the muscles in the chest, but even the latissimus dorsi may experience a stretch. It takes attention to really notice tensile resistance. As you read over the movements in the table, try them and see whether you can determine where tension is arising. Where are you feeling?


  Tension may also arise in the ligaments and joint capsule surrounding the glenohumeral joint. These points are also summarized in table 4.115. Since these tissues are much closer to the center of movement at the joint, it is more challenging to sense which ligamentous or capsular tension is responsible for restrictions in movement. In general, the joint capsule is relatively lax except at extreme ranges of motion, which is why the rotator cuff muscles must be engaged to hug the head of the humerus into the glenoid fossa during movements and stresses of the joint. At extreme ranges of motion, the capsule can become taut, but more often, it is the capsular ligaments that create the most tension close to the joint.


  Table 4.115 Sources of tension during arm movements at the glenohumeral joint.
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  Sources of compression


  In this discussion, “contact” will refer to hard compression, which is bone-on-bone contact, but also to medium compression in cases of impingement where soft tissues may become trapped between two bones. There are five places where the humerus can come into contact with the scapula and thus be prevented from further movement in that particular direction:


  
    	The greater tubercle may contact the glenoid rim superiorly (limiting elevation).



    	The shaft of the humerus may contact the coracoacromial arch or the acromion itself (limiting elevation, extension and posterior horizontal abduction).



    	The greater tubercle may contact the glenoid rim posteriorly (limiting external rotation).



    	The lesser tubercle may contact the glenoid rim anteriorly (limiting internal rotation).



    	The shaft of the humerus may contact the coracoid process (limiting anterior horizontal adduction).


  


  The limits to elevation can be in either abduction of the arm out to the side or flexion with the arm coming forward.


  Compression restrictions to abduction and flexion at the glenohumeral joint


  Situation #1 is the most famous form of compression in the shoulder and is referred to as subacromial impingement. This is the medium form of compression, where soft tissues become trapped between two bones. As the humerus elevates, the subacromial space between the top of the humerus and the coracoacromial arch is reduced. Within this space are the tendon of the long head of the biceps brachii, the tendon of the supraspinatus, the superior joint capsule, as well as bursae (see figure 4.178a, b). In a neutral arm position (a), the greater tubercle of the humerus lies almost directly below the lateral edge of the acromion process (for most people, but not all). Abduction will bring the greater tubercle closer to the coracoacromial arch (b); either this compresses the intervening tissues, or the greater tubercle contacts the superior glenoid rim. Subacromial impingement syndrome is one of the most common causes of shoulder pain and dysfunction. (It is examined more closely in the section on shoulder pain and pathologies at the end of the chapter.) One study found that abduction of only 30° is sufficient to narrow the space between the humerus and the acromion, and this narrowing continues up to 120° of abduction.240
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  Figure 4.178 Compression and impingement between right arm and right scapula: (a) with a neutral arm, notice the distance between the humerus and acromion, which is the subacromial space; (b) with arm elevation, tissues can be trapped between the greater tubercle and the coracoacromial arch; (c) with full arm elevation even with some external rotation, hard compression occurs due to the shaft of the humerus hitting the scapula at either the acromion process or the coracoid process; (d) often, the greater tubercle (superior view) will impinge against the rim of the superior glenoid; but (e) 180° of external rotation of the humerus (superior view) spins the greater tubercle away from the rim of the superior glenoid and acromion, allowing more space for further elevation.




  
    It’s Complicated


    In most cases, when the arm abducts, the head of the humerus rolls upward in the glenoid fossa, but it also slides downward, which helps to lower the greater tubercle in relation to the coracoacromial arch. However, for some people, the amount of slide is too little, the size of the greater tubercle is too large, the acromion process is too big and projected downwards, or some combination of these occurs and impingement arises. Impingement can also happen if the tissues beneath the subacromial arch are inflamed or swollen. If the greater tubercle does not create impingement, eventually it will contact the superior margin of the glenoid fossa. At that point, there is no more room for abduction: bone is hitting bone. Much more likely, however, is the shaft of the humerus contacting the lateral edge of the coracoacromial arch (figure 4.178c) or impingement of the soft tissues occurring between these two bones (figure 4.178b).

  


  When movement is stopped due to compression, continued abduction is no longer possible. However, if we fully externally rotate the humerus, we can roll the greater tubercle away from the glenoid, which creates more space and thus more room for abduction before contact arises (see figure 4.178e). This is why teachers suggest yoga students have their palms facing up when raising the arms from the side. An upward-facing palm requires the humerus to externally rotate. A fully externally rotated humerus will never result in the greater tubercle contacting the superior rim of the glenoid fossa. For this reason, teachers do not ask students to raise their arms with the palms facing down, as this can quickly lead to the greater tubercle contacting the anterior glenoid rim. While external rotation increases the subacromial space, internal rotation of the humerus significantly reduces the subacromial space and range of elevation.


  However, externally rotating the humerus only gains a temporary advantage for elevation. Eventually, the shaft of the humerus will come into contact with the acromial arch, as shown in figure 4.178c. This is the second form of compression described in the list above, which can refer to bone on bone, hard contact or, again, tissues trapped between the bones in another form of impingement.


  For people with average-sized acromion processes, until 70° of elevation, the head of the humerus is closest to the acromion and thus the humeral head is the greatest contributor to possible impingement. However, above 70°, it is the shaft of the humerus that comes closest to the coracoacromial arch. At 90° elevation, there is the smallest distance between the acromion process and the humeral shaft.241 As always, these amounts are averages, and the variations between people are fairly large and can be significant. You may find your humerus comes into contact with your acromion a lot sooner or a lot later than the average person’s. This will definitely affect your arm’s range of motion at the shoulder.


  Once the shaft of the humerus contacts the coracoacromial arch, no more elevation of the arm is possible, at least not at the glenohumeral joint. However, the whole shoulder complex is free to continue upwardly rotating, allowing the arm to continue rising in relation to the torso. This is described in the section on movement of the whole shoulder complex. For now, it is sufficient to realize that once the arm hits the scapula, no more abduction is possible at the glenohumeral joint.


  Compression restrictions to external and internal rotations at the glenohumeral joint


  The amount of rotation available is highly variable and depends upon the amount of humeral retroversion. One study of male athletes found the range of external rotation varied from 70° to 105°, while internal rotation went from 1° to 100°! Combined, the total range of arm rotation ranged from 108° to 206°.242 The higher the humeral retroversion, the greater the external rotation available, but less internal rotation was found. The total range, however, is not related to retroversion but to the shape and size of the bones.


  Contact between the greater or lesser tubercle and the glenoid rim (cases 3 and 4 from the above list) can affect the range of external and internal rotation available at the shoulder. As with abduction, arm position can change where compression may arise. Figure 4.179 shows compression restricting rotation when the arm is relaxed at the side of the body. As the humerus externally rotates (a), the greater tubercle eventually comes into contact with the posterior glenoid rim, limiting further rotation. For internal rotation (b), the lesser tubercle eventually contacts the anterior rim of the glenoid. Of course, tension may arise before compression is reached, in which case movement is stopped due to this tension. Over time, this tensile resistance may diminish and range of motion may increase, but only until compression occurs. At that point, no more rotation is possible, at least, not with the arm in that position. Changing the orientation of the arm could allow more movement.
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  Figure 4.179 Superior views of a right scapula and humeral head. Compression will determine how much (a) external and (b) internal rotation is ultimately available. Impingement of the greater or lesser tubercle against the glenoid rim can stop further external or internal rotation.




  When the arm is abducted to 90°, as shown in figure 4.180b, the tubercles are no longer at risk of contacting the glenoid rim during rotation, but the greater tubercle (not shown, as it is behind the lesser tubercle) is now much closer to the acromion process. External arm rotation here may create impingement, trapping the tissues between the greater tubercle and the acromion; with internal arm rotation, compression may occur between the greater tubercle and the coracoid process. One study found that the space between the tendon of the supraspinatus is most likely to be impinged at 90° of abduction combined with 45° of internal rotation.243 (You can feel this: try lifting your arms up to the side until they are horizontal, and then internally rotate the arms so your palms face backwards. Do you sense being stuck in the front of the shoulders?) It is also possible that tension in the anterior capsular ligaments linking the anterior glenoid fossa to the lesser tubercle and/or the anterior deltoid muscles will restrict external rotation in this position. Tension in the posterior deltoid muscles may restrict internal rotation.
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  Figure 4.180 External rotation with (a) right arm in neutral, (b) arm abducted 90°, (c) arm flexed 90°, (d) arm fully elevated. The red arrows indicate the direction of external rotation of the arm.




  
    It’s Complicated 


    External rotation of an abducted arm to 90° actually brings the humeral head closer to the acromion process than internal rotation does, but when the arm is externally rotated with abduction, the supraspinatus tendon is less at risk of being impinged, due to its position slightly anterior to the greater tubercle. In other words, external rotation brings the greater tubercle closest to the coracoacromial arch compared to an internally rotated position, but internal rotation is most likely to create entrapment of the supraspinatus tendon.

  


  Of course, we can elevate the arms through flexion as well, which also changes the relationship of the humerus to the scapula. The arm is in front, not to the side, which shifts the points of compression. No longer is impingement of the humeral head or tubercles against the coracoacromial arch a concern. Notice in figure 4.180c how much space there is between the head of the humerus and the acromion and coracoid processes. Now the humerus can spin into external rotation until tension in the supraspinatus tendon or compression of the greater tubercle against the inferior glenoid rim stops us. We do this when we bring our arms into Eagle Pose (Garudasana). Many students may find that they can externally rotate more if their arms are out in front of them (flexion or anterior horizontal adduction) than at their sides (vertical abduction). Which position allows more external rotation for you?


  When the arm is fully flexed overhead, as shown in figure 4.180d, the greater tubercle is on the opposite side of the humerus, away from the scapula. Further external rotation will rotate the greater tubercle forward and then medially. This can create considerable tension in the supraspinatus tendon and in the tendon of the pectoralis major, as well as the posterior joint capsule. These restrictions may show up as students try to keep their arms parallel to each other when rising up into Wheel Pose (Urdhvadhanurasana), which requires deep flexion of the arms. Often, the elbows will wing out to the sides because the range of external rotation required to keep the elbows in is simply not available if the arms stay parallel.


  Internal rotation with the arm fully flexed overhead will rotate the lesser tubercle backwards and then medially. Further rotation may be stopped by the lesser tubercle impinging upon the posterior glenoid rim, or the shaft of the humerus hitting the lateral edge of the acromion. I cannot think of any reason we would want to internally rotate the arms while in flexion during yoga, but many swimmers make this movement when they reach an arm forward during freestyle and especially in the butterfly stroke.244 They internally rotate the arm so that the hand can pull outward as well as backwards.


  In yoga, however, most teachers upon seeing internal rotation during flexion will automatically request that the student stop doing it. Often, this is purely for aesthetic reasons; it looks uncomfortable for the arms to be internally rotated in flexion and results in the scapula upwardly rotating, bringing the arms close to the ears, compressing the neck. While compressing the neck is not necessarily a dangerous thing to do and can be healthy once in a while, internal rotation of the arm may restrict the amount of flexion available at the glenohumeral joint. For many people, internal rotation with flexion can cause impingement of the soft tissues between the humerus and the coracoid process, leading to pain.245


  As a check, try it yourself: raise your arms vertically so they are beside your ears, and try to rotate your palms to face outwards, to the sides of the room, allowing the thumbs to point forward. How comfortable does that feel? The sidebar “Note to Teachers: Helping your students determine their ranges of external and internal rotation of the arms” may further help you determine your own range of internal and external rotation.


  When the arms are in the anatomical position beside the body and then the humerus is internally rotated to the maximum, the lesser tubercle will impinge upon the glenoid rim, and the distance between the humeral shaft and coracoacromial arch will be minimal, which restricts arm elevation or forces the arms to widen as they are raised overhead. When the humerus is externally rotated to the maximum, the distance between the humeral shaft and coracoacromial arch is maximal, which allows for the greatest arm elevation and for the arms to be closer together while overhead. Again, all this shows that externally rotating the arm maximizes arm elevation.


  
    Note to Teachers: Helping your students determine their ranges of external and internal rotation of the arms
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    Figure 4.181 Cactus arms is one way to test range of external and internal rotation. Notice how most people’s dominant arm can externally rotate more than the non-dominant but internally rotate less.246 However, both arms tend to have the same total rotational range.




    It is not possible a priori to tell which students will have more or less rotational range of motion with the arms at various elevations. What is possible is to ask the students to determine for themselves how much they can rotate their arms in each direction at these various arm positions. And then, the student can be asked to decide what is stopping them: tension or compression?


    One common approach is shown in figure 4.177a. Here, the student can bend the elbow, keeping it by her side, and then rotate the hand outward as far as she can go. This will show how much external (lateral) rotation she can do. Moving the hand inward, across the body, will internally (medially) rotate the arm. This can be a good position for students to learn the sensations involved with external rotation. What are they feeling here? If the sensations are only arising in the anterior shoulder, perhaps the anterior capsular ligaments are under tension. If sensation also arises in the posterior shoulder, perhaps impingement is occurring. Have the students touch the area that is experiencing the most stress. That will give you a clue to what is stopping them.


    This approach does not really show the limit to internal rotation, because of the arm’s tendency to come into contact with the torso, and the tendency to also move the whole shoulder complex. As the hand comes across the body, the scapula tends to protract (abduct) as well. A better way to sense the limits of internal arm rotation is to adopt the “bank robber” or “cactus arms” position, as shown in figure 4.181. With elbows bent, the upper arms horizontal and the hands raised as high as they can go, the arms are fully externally (laterally) rotated. Some students may try to get a bit more rotation by arching the upper back, which may help the palms face the sky, but this is not more external rotation. This is simply extension of the spine. Lowering the palms to the floor without moving the elbows, upper arms or scapula will bring the student to their internal (medial) rotation limit. Again, they might try to get the palms a little lower by hunching the shoulders, which creates an anterior tilt of the scapula, but that is not increasing internal rotation at the shoulder. Suggest they keep the shoulders in the same position throughout this test. Now, again ask: What is stopping you? What sensations are arising in this position? During internal rotation, tension may arise at the back of the shoulder, indicating some soft-tissue restriction, but a pinching sensation may arise at the front of the shoulder, indicating compression.


    With these simple movements helping to train an inner awareness of tension and compression, you can now ask the students to come into more complicated arm positions and prompt them again to sense what is stopping them. In Eagle Pose (Garudasana), Reverse Prayer Hands, Cow Face Pose (Gomukhasana) or even Wheel Pose (Urdhvadhanurasana), what do they feel? Are they reaching compression or only sensing tension? If they are experiencing compression, suggest some subtle adjustment of the arm position to see whether they can go around that point until they only experience tension.


    Perhaps subtle adjustments won’t be enough. In that case, a larger change to the arm position may be required. However, once there is no going around the compression occurring in the shoulder, the student has reached their ultimate range of motion. That’s perfectly okay! They can stay there and let the stresses marinate, as long as there is no pain. But there is no point in trying to go further. Once compression is reached, no more “opening up” is available.


    It is interesting to test both arms. As shown in figure 4.181, usually people have more external range of motion in their dominant arm (the right arm for people who are right-handed), but more internal rotation in the non-dominant arm (the left arm for people who are right-handed.) This difference is usually due to more humeral torsion occurring in the dominant humerus. However, the total rotational range of motion (maximum external rotation minus maximum internal rotation) is the same for both arms—for most people.247 Knowing this, again test your student in Eagle Arms or Cow Face Pose and notice whether there is a difference between sides. If both sides are experiencing compression but not to the same depth, that is simply the reality of your student’s anatomy. They are not symmetric and never will be.

  


  Rotations with the arm in extension


  While external rotation helps to avoid or delay compression when raising the arms in flexion or abduction, for most students external rotation will interfere with extending the arms behind them. Internal rotation, however, will help to delay compression in this direction. This is shown in figure 4.182. When internal rotation is combined with extension, it is not the tubercles that are at risk of impinging on the scapula but rather the shaft of the humerus (specifically, the crest of the greater tubercle). If the arm is externally rotated, the crest of the greater tubercle is rolled upward and toward the lateral edge of the acromion, which will restrict extension, especially if combined with posterior horizontal abduction.
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  Figure 4.182 Internal rotation at the glenohumeral joint allows more extension and posterior horizontal abduction than is possible during external rotation. In (a), the arm is externally rotated and the crest of the greater tubercle contacts the acromion process during extension. In (b), with the arm internally rotated, the crest has rolled under and is far away from the acromion. With internal rotation, the arm is now free to extend and horizontally abduct even further before reaching compression. Notice the difference between (a2) and (b2) is 5° of additional horizontal adduction with internal rotation.




  Recall that full extension can also be called posterior horizontal abduction. This is the movement we do when we bring our hands together behind our back, for example, in Plough Pose (Halasana) or Shoulder Stand (Salambasarvangasana). The clasping of hands behind the back is also known as Yoga Mudra. Turning the palms toward each other in these postures requires some external rotation at the glenohumeral joint, but this external rotation may reduce posterior horizontal abduction. If, rather, we internally rotate at the joint, turning the palms away from each other, the crest of the greater tubercle spins away from the acromion, creating more room for arm extension and posterior horizontal abduction.


  Many students avoid compression of the humeral shaft against the lateral acromion process by keeping their arms low when behind their back. Said another way, most students keep their arms low when clasping the hands behind their backs because this allows the shaft of the humerus to go below the acromion process. But once the student tries to extend the arms higher up behind them, they are stopped, again by compression of the humerus against the scapula. This will also cause an anterior tilt of the scapula, resulting in a rounded shoulder appearance. Indeed, in order to lift the hands higher when this compression arises, the whole thoracic ribcage may flex, which in turn anteriorly tilts the scapula more. Thus, there is an appearance of more extension at the glenohumeral joint (see figure 4.183a), but it is just an illusion. However, if the student changes their hand position from palms facing inward to palms turned outward (figure 4.183b), this internal rotation at the shoulder may allow greater extension at the glenohumeral joint, which means less scapular tilting, less rounding of the shoulders and less thoracic flexion are required.
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  Figure 4.183 Internal rotation at the glenohumeral joint allows more posterior horizontal abduction and extension for many students: (a) keeping hands together reduces internal rotation, which limits extension and may cause upper back flexion; (b) turning palms outward increases internal rotation, allowing a bit more extension and a more neutral spine; (c) some students with smaller acromion processes can keep the palms together while extending the arms a lot; (d) achieving Reverse Prayer Hands (Reverse Namaste) requires considerable internal rotation.




  To be clear, tilting the scapula forward and rounding the upper back into flexion when the arms are extended backwards is not bad! The student in figure 4183a is not inherently at risk. These positions are part of normal human movement and should not be demonized or forbidden. If this position results in pain, then certainly the student is advised to minimize or avoid the posture. But just because very flexible teachers and students do not need to tilt their scapulae and round forward does not mean that students with average flexibility should not do this. Rather, the student should be reminded of what the intention of the posture is and asked whether they are sensing an appropriate level of stress in the targeted areas. If they are, then who cares whether they are rounding forward?


  To be sure, there are students and teachers whose shape and size of the acromion process is such that the acromion does not restrict extension or horizontal abduction until the arms are very extended. (See the student in figure 4.183c.) These individuals can easily externally rotate their arms, have their hands together and lift the arms quite high behind them. If they are teachers, they will encourage their students to do the same by demonstrating the movement and suggest that the students simply relax, breathe with ujjayi and perhaps engage a bit of moola bandha.


  Unfortunately, most students do not have scapulae that will allow such large range of motion, and no matter how hard the students try or tighten their anus, they will be unable to extend their arms higher or bring their palms together easily. Their skeletal uniqueness simply won’t allow that much range of movement. And that is fine! They can still do what they can do, but they do not need to break their shoulders trying to achieve a particular aesthetic look. It would be better for the teacher to encourage the students to pay attention and answer the “What stops me?” question in order to determine whether tension is preventing them from going further, or they have reached compression and thus should be content to remain where they are.


  
    It’s Important


    Like all the suggestions in this book, the suggestion to turn the palms away in Yoga Mudra is not a “must,” it is not a “should,” it is not an “ought.” It is a recommendation that if you feel impingement or compression stopping you when doing poses that require the arms to extend behind you, try turning the palms away from you and notice how that feels. If you prefer to keep the palms together, that is totally okay! (As long as there is no pain.) What is important is finding the movements and position that work best for you.

  


  Compression restriction to anterior horizontal adduction at the glenohumeral joint


  The fifth source of compression that can arise at the glenohumeral joint is contact between the shaft of the humerus and the coracoid process. This is shown in two people with very different skeletons in figure 4.184. Bringing the arm across the body (anterior horizontal adduction), as we often do to stretch out the side of the shoulder (a standing shoulder stretch), can be limited by tension in the posterior deltoids or by compression of the upper shaft of the humerus against the coracoid process. If a person has a very large coracoid process and it is pointing more laterally, impingement will arise sooner (figure 4.184a–d) than for a person with a smaller or less lateral coracoid (figure 4.184e and f).
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  Figure 4.184 Compression can arise between the humeral shaft and the coracoid process, but where this occurs is quite variable. In (a), the coracoid process (superior view) is large and pointing laterally, which decreases range of motion for horizontal adduction (as shown in [b]). Notice how for this student, the elbow is bent and she is not able to draw the arm further across the body. In (c), we see the student trying to go under the coracoid process by lowering the arm as she draws it across the body. In (d), she has kept the arm straight and high but has rotated her upper body as well, which disguises the lack of arm range of motion. For the other student (e), the coracoid is short and angled more forward and downward, (f) allowing a greater range of motion. With this coracoid process, the arm can be straight and drawn right across the body.




  In either case, if the arms are allowed to drop lower, the humerus can go under the coracoid, which will allow for more adduction, and this small adjustment will allow more tensile stretch. Many yoga teachers will request that the student keep the arms up and horizontal (see figure 4.184f) but for purely aesthetic reasons. It looks better, but compression is now stopping the horizontal adduction. While it is certainly okay for the humerus to contact the coracoid, assuming there is no pain, if the point of the pose is to get a stress or a stretch into the posterior deltoids, infraspinatus or teres minor, then allowing the arms to go lower may achieve this intention better than keeping them horizontal.


  Another compensation students may attempt in the quest to bring the arm across the body is to turn the torso, as shown by the student in figure 4.184d. This way the arm does move further, but no increase in stress is achieved. This accommodation may look better, but it doesn’t do anything functionally.


  Compression of the humerus against the coracoid process will often stop students from crossing their arms in Eagle Pose (Garudasana), as shown in figure 4.185. One way to get the arms wrapped is, again, to lower the arms, thus allowing the humerus to go under the coracoid process, as shown in (a). However, if the student then tries to raise the arms up, compression may arise, resulting in the scapula posteriorly tilting and/or the thoracic ribcage arching into extension. Other students, like the one in (b), have no problem raising the arms even while wrapped, but notice that even these students have extended their thoracic spines to the maximum (which is apparent from the upper back being flat).
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  Figure 4.185 Eagle Pose (Garudasana) can be achieved by many students if the arms are kept low (a), which allows the humerus to glide under the coracoid processes. Some students (b) have coracoid processes that allow them to keep their arms high while the arms are entwined.




  We are still discussing movement of the arm at the glenoid fossa, but in movements like Eagle Arms or any other posture requiring anterior horizontal adduction, the scapula also moves into protraction (abduction). Restrictions to scapular protraction may also be a factor in whether or not students can wrap their arms around each other in Eagle. If for any reason a student’s eagle is just not going to fly, a perfectly acceptable posture is Hugasana, shown in figure 4.186. Simply wrap your arms around yourself and get a grip! Bending the arms is not cheating, and if that is what it takes to get the stress into the targeted area, go ahead and bend!
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  Figure 4.186 Hugasana. Give yourself a great big hug and pull yourself together.

  


  One final reminder: for anterior horizontal adduction, externally rotating the arm will give you a little bit more range of motion before the humeral shaft contacts the coracoid. Internal rotation will reduce your range of motion. In Eagle Pose, we naturally externally rotate the arms in order to wrap them around each other. However, when doing a straight-arm horizontal adduction, many students have their palms facing down, which tends to internally rotate the humerus. Better may be to roll the palms upward, creating external rotation at the glenohumeral joint, allowing more anterior horizontal adduction. (See the student in figure 4.184f.) This leads to a nice little mantra for maximizing end ranges of motion: Allow your palms to face in the direction your arms are moving. This is explained in the sidebar of the same name.


  If you have the bone structure and enough length in your posterior deltoids to eventually bring your arm fully across the body, you will reach the ultimate point of compression in anterior horizontal adduction: compression of your arm against your chest. There is no going around this point. When you can anteriorly horizontally adduct to this position, you have reached the end of your horizontal adduction journey.


  
    

    It’s Important: Allow your palms to face in the direction your arms are moving


    External rotation of the arm at the shoulder may reduce impingement in the shoulder joint and may assist in maximizing flexion, vertical abduction and anterior horizontal adduction. In other words, anytime your arms move forward and/or up, external rotation may improve range of motion. Internal rotation of the arm at the shoulder will assist in maximizing extension and posterior horizontal abduction. Said differently, anytime your arms move backwards, internal rotation may improve range of motion. This leads to a simple observation: to help rotate the arm in the direction that minimizes impingement of the humerus against the glenoid fossa, the acromion process or the coracoid process, it is helpful to turn the palms in the direction we are moving the arms.


    For example, when moving the arms behind us (extension or posterior horizontal abduction), we want to internally rotate them. Turning the palms to face backwards requires both pronation at the elbow and internal rotation at the shoulder. (Pronation and supination will be covered in chapter 3 on the elbow.) This may be counterintuitive for many students and teachers because we are often trying to bring our palms together behind our back. Bringing the palms together requires supination at the elbow, but this results in some external rotation at the shoulder.


    You can test this for yourself. Stand in Mountain Pose (Tadasana) but with your palms facing behind you. Next, extend your arms behind you as far as you can. The hands are now facing the sky, and the thumbs point toward each other (see figure 4.187). Now, turn the palms to face each other. That is supination, but did you also feel some slight movement at the shoulder? That is external rotation happening. Was it accompanied by a slight lowering of the arms? That may be due to impingement arising from the external rotation. Try it a few times and see whether you can minimize the shoulder movement, isolating the motion to only the wrists and hands. Next, try to deliberately roll the upper arm in the opposite direction of what you felt happening when the palms turned to face each other. In other words, try to internally rotate at the shoulder. As you do this, the hands will naturally tend to turn upward and maybe even outward. Did you notice a slight raising of the arms? If so, why not do the internal rotation deliberately?
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    Figure 4.187 When extending the arms, turn the palms to face behind you.

  


    Anytime you are lowering your arms, extending them or bringing them behind you, turn the palms to face in the same direction your arms are moving. This applies for all the arm-behind-the-back poses, like Shoulder Stand (Salambasarvangasana), Plough Pose (Halasana), Upward Plank Pose (Purvottanasana—providing it is okay for your wrists to do it this way),248 and even when entering into Reverse Prayer Hands (Reverse Namaste). Even Yoga Mudra can be done this way; instead of palms together, however, interlace the fingers and turn the palms away from you. You may now find you can raise your arms higher, which will make it more likely that you can get a stretch in the targeted areas or minimize impingement in the shoulder.


    External rotation will help elevate the arms


    Looking at the case for flexion or abduction, the same logic applies, except this time, external rotation will help to maximize range of motion and avoid early compression in the glenohumeral joint. A simple technique will illustrate the benefits of turning the palms in the same direction your arms are moving: try the opposite!


    
      	Start in Mountain Pose (Tadasana). Have your arms and hands at your side, pulling the scapulae down your back and toward each other.



      	Now, keep the scapulae still, so that all movement is coming purely from the glenohumeral joint. Keep your arms straight and raise them to the side (abduction), with your palms facing downward.



      	Continue to raise the arms, keeping them straight, as if you were trying to bring the backs of your hands together. Most people can get the hands together, but only by rotating and elevating their scapulae or bending the elbows, so to keep your arms straight and shoulders back and down, hug the scapula together.



      	At some point, you will feel stuck. Once you have reached that position, sense what is stopping you. What are you feeling in the shoulders? For most people, there will be a sense of compression or pinching at the top of the shoulders. You have reached the compression limit for this movement with the arms in that orientation.



      	Now, try the same movement but with your palms facing upward in the direction your arms are moving, and notice how much more room you have to raise the arms. Still keep the scapulae pulled down, but see how much further you can go.



      	Next, try the same things in flexion. Start in Mountain Pose (Tadasana) but with palms facing behind you and, again, the scapulae pulled firmly down and together. Keep the scapulae low as you raise the arms out in front of you (flexion), with the palms facing down.



      	Notice how high you can go. When you are stopped, notice what you are feeling.



      	Now, try this again with the palms facing forward and notice the difference.


    


    In these examples, the hands are free to move. This is called an open-chain exercise or movement, which means the hands are not anchored or rooted. If you were doing Down Dog (Adhomukhasvanasana) or Handstand (Adhomukhavrksasana), the hands would be weight bearing and rooted into the floor, which is called a closed-chain position or exercise. Here, it would not be possible to have the palms facing in the direction you are trying to move the arms because the hands are pronating and rooting down. But the action at the shoulder can be the same. You can still try to externally rotate the humerus at the glenohumeral joint to provide the greatest space between the bones. This is why a common cue for the arms in Down Dog is to “spin the inner arms inward and forward, but roll the lower arms outward and down.” The lower arms have to pronate at the elbows in order to root the hands into the ground, but the upper arms need to externally rotate at the shoulders to maximize space at the shoulder.


    An open-chain version of Down Dog can illustrate this: the Puppy Dog (Uttanashishosana or Anahatasana). This is almost always taught with the palms facing down, which can lead to a slight internal rotation at the shoulder. However, since the hands are not weight bearing, they are free to supinate skyward, which helps to externally rotate the arm at the shoulder, creating more space. Indeed, for some students, Puppy Dog Pose creates too much stress in the shoulders, so they avoid the posture. However, with the palms facing upward, the stress is diminished and the pose may be possible (see figure 4.188a). The same logic applies for the version of Child’s Pose (Balasana) with the arms stretched out in front of the student and palms facing the floor. Some students do not like this version and will avoid this option due to discomfort at the shoulders. As shown in figure 4.188b, when the arms are reaching overhead with the palms turned upward, the pose may be accessible without shoulder discomfort.
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    Figure 4.188 When reaching the arms forward in (a) Puppy Dog Pose (Uttanashishosana or Anahatasana) or (b) Child’s Pose (Balasana), try turning the palms upward. You may find less discomfort in the shoulders.




    Another option that works for many students but is frowned upon unfairly by many teachers who object on aesthetic principles is to allow the hands to be wider than shoulder distance apart, as shown by the student in figure 4.188b. This also reduces impingement at the shoulders, allowing more flexion, and is discussed in detail in the side bar “Note to Teachers: Don’t over-focus on where the hands are,” on page 107. Will these options work for you? There is only one way to know: try them and see what you feel.

  


  Normal ranges of motion of the whole shoulder complex


  The shoulder complex consists of three bones and four joints. Movement at one joint causes and affects movement at the other joints, so while we have looked at each joint independently, they are connected and coordinated. The most important coordination is called the scapulohumeral rhythm (also known as the glenohumeral rhythm), which is depicted in figure 4.190.


  When the arm moves, the scapula moves. This is important and should not be resisted, because allowing the scapula to move as the arm rises maximizes the bony contact between the head of the humerus and the glenoid fossa. Scapular movement also minimizes the risk of impingement of soft tissues between the humerus and coracoacromial arch. Figure 4.190 illustrates an average case where, when the arm is fully elevated to 180° relative to the body, the scapula has upwardly rotated by 60°. Notice how the rotation of the scapula directs the glenoid fossa upward, allowing it to form a base of support for the arm; the two bones are aligned. Were the scapula not rotated, the head of the humerus would be supported only by the inferior joint capsule and teres major tendon, which is not nearly as secure. This simple realization, that the scapula can and should upwardly rotate during arm elevation, will come as news to many yoga teachers. See the “Note to Teachers: It is okay to let the shoulders rise during arm elevation” for reasons why this movement should be encouraged, not discouraged.


  Another benefit to allowing the scapula to upwardly rotate during arm elevation is the enhancement of the action of the deltoid muscle. If the deltoid muscle has maximized its abduction at the glenohumeral joint and compression of the humerus against the scapula is preventing further arm elevation at the glenohumeral joint, further arm elevation relative to the torso can be achieved through scapular upward rotation.
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  Figure 4.190 The scapulohumeral rhythm. When the arm elevates at the glenohumeral joint, movement occurs at all the other joints of the shoulder complex.249 (GH = glenohumeral joint; AC = acromioclavicular joint; SC = sternoclavicular joint; ST = scapulothoracic joint.)




  Variations in the scapulohumeral rhythm


  As far back as the 1940s it was noticed that for every 2° of arm elevation at the glenohumeral joint, the scapula rotates upward by 1°.250 The ratio of arm movement at the glenohumeral joint (GH) to the movement of the scapula at the scapulothoracic joint (ST) is called the scapulohumeral rhythm (GH/ST), which was initially determined to be 2:1.


  The first 30° of arm elevation occurs purely at the glenohumeral joint; but after that, as the arm rises, the scapula rotates upward. However, later studies discovered that this ratio is not constant and there is considerable variation between people, and between healthy individuals versus those with shoulder pathologies. It is not clear whether a pathology causes a change in the rhythm, or whether a change in the rhythm leads to pathology. Variations in the average ratio of the scapulohumeral rhythm reported in studies range from 1:1 to 6:1.251 The higher the ratio (i.e., 6:1), the less the scapula moves as the arm elevates; the lower the ratio (i.e., 1:1), the more the scapula moves. However, these studies looked at a relatively small number of people. The full range of skeletal variation is likely much larger than this.


  While the upward rotation of the scapula is its most obvious movement during arm elevation, this is not the only movement, as illustrated in figure 4.190. During 180° of arm abduction in the frontal plane, the clavicle elevates about 25°, posteriorly rotates 25° and retracts a further 15–20° at the SC joint; the scapula also upwardly rotates 30° and posteriorly tilts 20° at the AC joint; and the arm externally rotates 35–40° at the GH joint, at least for an average person.252 Whether you have the same amount of movement is not important; what is important is that your clavicle and scapula move and should be free to move as the arm moves. The clavicle and scapular are not one rigid frame; they have their own articulation at the AC joint, which allows the scapula to hug the contours of the upper back as it responds to movement of the arm.


  The amount of movement cited illustrates an end-of-abduction position. During the process of getting the arm to that final position, the amount of movement of the scapula at the AC joint is complex. The peak amount of movement happens before the arm finishes elevating. Although highly variable by individual, the scapula may internally rotate at the AC joint slightly during elevation but will externally rotate slightly at full abduction.


  Additionally, the amount of humeral external rotation ranges between 25° and 50°, but most of this occurs during the first 70–80° of abduction. How we raise the arms can be important, especially for people with shoulder pathologies or skeletal variations that are far from the norm. (See the sidebar “It’s Important: Allow the arms to abduct in the scapular plane.”) Elevation of the arm in the scapular plane (scaption) or in the side plane (flexion) will change the end position values. Indeed, the scapula moves the least with flexion (scapulohumeral rhythm of 2.4:1), then scaption (2.2:1), and the most with abduction (2.1:1).253 So to generalize, which is always risky, the scapula will rotate upward more during elevation when the arm is to the side (abduction) than when the arm rises in front (flexion).


  
    Note to Teachers: It is okay to let the shoulders rise during arm elevation


    A 2016 study cited a large range of scapulohumeral rhythm, from 1:1 to 6:1.254 An earlier study cited a smaller range of 1.25:1 to 3.2:1.255 What do these ratios mean? With a 1.25:1 ratio, the arm and scapula almost equally contribute to 180° of arm abduction—100° glenohumeral arm elevation and 80° scapular upward rotation; a 3.2:1 ratio means that the arm moves a lot more than the scapula—138° versus 42°. In other words, some students need to move their scapula very little during arm elevation, while others need to move twice as much. If a yoga teacher happened to have a high scapulohumeral rhythm ratio, she could easily elevate her arm with very little scapular movement. Since that feels normal and natural to her, she would naturally be inclined to suggest her students also minimize the movement of their scapulae. That, however, would be unfortunate advice, because her scapulae are probably very different from her students’, as illustrated in figure 4.191.


    Two anatomic features will dictate how much a scapula has to upwardly rotate in order to provide a solid base for the humerus:256


    
      	the inclination angle of the glenoid fossa and



      	the length (overhang) of the acromion process.


    


    The inclination of the glenoid fossa in the scapula on the left is greater than the one on the right. This means that the glenoid fossa on the left is already facing more upward than the right one, so the left scapula has to rotate less to serve as a platform of support for the head of the humerus. The scapula on the right will have to rotate more.


    
      [image: ]
    

    Figure 4.191 Two scapulae, posterior view. Each scapula has a different potential for arm elevation.




    The lateral length of the acromion process


    The size of the acromion process overhang also affects arm elevation. When the shaft of the humerus contacts the lateral edge of the acromion process, abduction of the humerus with respect to the scapula ends. The scapula on the right in figure 4.191 has a very large and horizontally oriented acromion process, which overhangs the head of the humerus. Compression between the shaft of the humerus and the lateral edge of this acromion will occur sooner during abduction than for the left scapula. When impingement occurs here, regardless of glenoid inclination, the scapula will have to rotate more to elevate the arm. Comparatively, the acromion process on the left is very short and is angled upward, which will allow a lot more arm abduction before compression occurs. These bony characteristics conspire to require the right scapula to rotate much more than the left one in order to position the arm vertically.


    What is your intention?


    The cue to “drop the shoulders” for the student with the scapula on the right may change her aesthetic appearance, but functionally it will remove the necessary support of the glenoid fossa for the head of the humerus. Plus, for many students who have average-shaped bones, the only effect of dropping the shoulders will be to lower the arm, because the scapula had to rotate upward in order to elevate the arms to 180°. If the intention of a posture is to ensure that the scapula is positioned to fully support the head of the humerus, then it is necessary for an average student to allow the scapula to upwardly rotate about 60°. Insisting upon reduced scapular upward rotation can be detrimental to the stability of the arm at the glenohumeral joint.257


    Teachers, let your students rotate their scapulae! There is no need to automatically insist that they draw their shoulder blades down and back. A better cue would be to ask, “What are you feeling in your shoulders?” to make sure they are not experiencing discomfort. And if they are not, allow them to find the position where they feel safe, solid and secure.

  


  Summarizing shoulder complex movements during arm abduction


  It is useful to have a quick way to remember the movements of the whole shoulder complex when we elevate the arm. This is summarized in table 4.116. Knowing these interrelated movements allows us to avoid impairing these motions if we are tempted to apply aesthetic principles to movement instead of functional cues. How the shoulder looks during movement is far less important than how the shoulder moves.



  Table 4.116 A summary of shoulder complex movements during arm abduction.258
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    It’s Important: Allow the arms to abduct in the scapular plane


    Frequently, yoga students are directed to raise their arms straight out to the side of the body, in the frontal plane. This movement is called abduction. Yet it is not the most natural movement to make.259 The scapula in its neutral position is not aligned in the frontal plane. We know that the glenoid fossa points 30° forward of the frontal plane, in what is called the scapular plane. (This was shown in figure 4.133.) Additionally, the humerus has a retroversion of 30° on average (figure 4.154), which combines with the scapular orientation to ensure the head of the humerus is centered in the glenoid fossa. Thus, for many people, the most effective and efficient way to elevate the arms is in the scapular plane, a movement referred to as scaption.


    Scaption elevates the arm from a neutral position with respect to the glenoid fossa. This allows greater elevation before impingements arise, requires less external rotation of the arm and keeps the head of the humerus centered in the shoulder socket.


    A simple test will illustrate the differences. Without allowing your scapula to rise or change position, elevate your arms straight out to the side (pure abduction) but keep your palms facing downward. Notice how high you can elevate the arms in the frontal plane before impingement arises. Now, try the same thing in the scapular plane: bring your arms about 30° in front of you, still keeping the shoulders immobile and palms facing down, then elevate your arms until you sense compression in the shoulders. Notice how much higher you were able to go in the scapular plan compared to the frontal plane. There may have been a considerable difference! Now, try this second approach but turn your palms so they face the direction your arms are moving. How do you feel now?


    When you raise your arms overhead, it is okay to allow them to be slightly in front of your body. For most yoga students, this is the easiest, most natural and efficient way to raise the arms and may help to avoid painful impingement points while maximizing elevation.
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  Figure 4.192 (a) upper plank and (b) lower plank positions (Chaturangadandasana).




  Movement of the scapula and arm flexion during plank or push-ups


  Plank Pose is a common posture in many yoga classes, especially in the power yoga, vinyasa yoga and Ashtanga yoga styles. The cues often given for the upper plank position are to align your hands under the shoulders, heels above the toes, the hands pointing forward and shoulder width apart, the body in one line with no sagging, pelvis in neutral without an anterior tilt, and the neck and head in neutral, aligned with the spine, with gaze to the floor or slightly ahead. The upper and lower push-up or plank positions are illustrated in figure 4.192. There are over 40 different ways to do a push-up, and the peak force generated can range from about 20% of body weight to 100%, and even higher with the bouncing, plyometric versions.260 Thus, the yogic version described above is neither the only nor the best form of push-up; it is just one of many possibilities.


  In the lower push-up position, also called Chaturangadandasana (or Four-Limbed Staff Pose), the instructions can vary between having the elbows flexed to 90°, which keeps the chest off the floor, or having the chest lightly touching the floor, in which case the elbows may be flexed up to 105°. How much the elbows will flex depends upon the size of the chest and the length of the forearm, which, of course, varies from person to person. How much the elbows should flex may depend upon the mobility and strength of the wrist and shoulders. Not everyone can extend (dorsiflex) the wrist to 90°, and not everyone can lower the shoulders below the elbows. Typically, yoga teachers will suggest that the bent elbows should point straight backward, which requires the arms to be alongside the torso (adducted), touching the body. Unfortunately, many of these standard cues may not be the best alignment directions for most students! (See, for example, the sidebar “Note to Teachers: Don’t over-focus on where the hands are.”)


  The scapular location in the upper push-up position reflects the fact that the arm is flexed at the shoulder to 90°. For most people, this means the scapula is upwardly rotated and protracted (abducted), with some anterior tilt. As they lower, most people’s scapula will increase upward rotation, decrease protraction (and thus go into retraction or adduction) and increase anterior tilt.261


  There is a great deal of variation in all these positions and movements, and variations in the intentions for doing the pose. Push-ups can strengthen the upper body and retrain scapular movement. They can also tone and strengthen the core muscles. The main upper body muscles targeted are often the serratus anterior, pectoralis major, upper trapezius, anterior deltoids and triceps brachii, but many other muscles are involved. The core muscles are activated to keep the whole body straight. Beyond the triceps brachii, other arm muscles, the rotator cuffs, as well as the chest and upper back muscles are also engaged. Which muscles are predominantly engaged depends upon which alignment is chosen. Widening the distance between the hands may target the pectoralis major more deeply, while having the hands close together may activate the triceps brachii more strongly.262 (However, this is not so for everybody, and it is best that you sense the situation for yourself.)


  While yoga teachers often insist that the upper arms remain tight beside the body as the student lowers to the floor into the Chaturangadandasana position, this is not insisted upon in the fitness community; the styles of push-up practiced there can vary from arms abducted 90° to the side, to only 45–60° to the side, to a more minimal 20°. It is mostly in the yoga community that we find an insistence on a minimal amount of abduction. These variations are shown in figure 4.193 and could be described as (a) T-shaped, (b) wide V-shaped, (c) narrow V-shaped and (d) I-shaped. Certainly, even in the fitness industry there are few teachers that recommend the T-shaped push-up, but there are also very few who would insist upon the I-shaped version.263
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  Figure 4.193 Four positions of the arms in push-ups. The amount of abduction of the arms varies: (a) T-shaped: 90°, (b) wide V-shaped: 60°, (c) narrow V-shaped: 20° and (d) I-shaped: 0°.




  
    The neutral position of the arms during push-ups or Chaturangadandasana depends upon the amount of humeral torsion (where the eyes of the elbows are looking), the neck-shaft angle of the humerus and the inclination angle of the glenoid fossa. For a student with large angles in these areas, it is natural to have the elbows far away from the sides (see the student in figure 4.193b). This is her neutral position, and trying to keep the arms tight to the body will require adduction of the arms and downward rotation of the scapula. She feels better when the arms are abducted. However, for another student with a low inclination angle of the glenoid fossa and a low neck-shaft angle of the humerus, having the arms tight at the side of the torso will be her neutral position (as shown by the student in figure 4.193d). She feels better when the arms are at her sides.

  


  The amount of abduction of the arms will change the leverage of the muscles acting across the shoulder joint, but it is not possible to predict a priori which variation will be best or safest for any particular student. It will depend. Many people love and do the T-shaped push-up without a problem (figure 4.1923a), but it is the riskiest option for anyone with shoulder impingement or rotator cuff problems. With the arms abducted to 90°, room in the subacromial space is minimal.


  Normally, in a non-weight-bearing position, we would externally rotate the arms to maximize the subacromial space, but this movement is limited during a push-up, both by the pronation required to plant the palms firmly into the floor and by some teachers’ insistence on keeping the hands pointing straight ahead. However, allowing the hands to point outward and be a bit further apart will allow some external rotation of the arm in the shoulder joint, which will increase the subacromial space. Also, to minimize the risk of impingement, the scapula will naturally tend to upwardly rotate, which reduces the amount of arm abduction at the shoulder, even though the arm may still appear to be abducted relative to the torso. What is important is not the relationship of the arm to the torso, but the relationship of the arm to the scapula.


  Since abducting the arms increases the risk of impingement at the shoulders, many yoga teachers go to the other extreme of insisting there should be no arm abduction, and thus the arms should be hugging the body. They prefer the I-shape for the arms (figure 4.193d). This may be overly protective, as not everyone has impingement problems in their shoulders; plus, for many students, the shape of their bones makes it harder for them to adduct the arms fully.


  Look back at figure 4.191 and see whether you can determine which scapula would find adduction (the I-shape) more challenging. The glenoid fossa’s inclination for the left scapula is more upwardly oriented than the one on the right, which means that the humerus for the left scapula has further to go to adduct to the side of the body. A neutral humeral position for the left scapula is not fully adducted but slightly winged out to the side. Additionally, the neck-shaft angle of the humerus also is important. Someone with a high neck-shaft angle and high glenoid inclination, as shown on the left in figure 4.191, will find it awkward to have the arms fully adducted to their side in Chaturangadandasana. For this person, it is more neutral and more natural to have the elbow in the wide V-shaped position.


  Pulling the arms tight into the side during descent from upper plank to the lower position or Chaturangadandasana will downwardly rotate and retract the scapula. For many people, this decreases the subacromial space. This may be all right when the arms are beside the body, so no shoulder flexion or abduction is occurring, but if the scapula remains like this as the elbows extend and the arms flex, then the risk of impingement grows. Allowing the scapula to upwardly rotate and slightly protract with the arms angled away from the body is a perfectly acceptable movement for many students as they descend into the lower push-up position.


  What is important is not what the arms look like during the push-up or Chaturangadandasana but what the student is feeling. Is there pain in the shoulders, wrists or elbows? If so, will another position of the elbows and hands improve the situation and allow the intended stress of the pose to reach the targeted areas? If the answer is “yes,” then that is the proper alignment for this student.


  
    Note to Teachers: Don’t over-focus on where the hands are


    Many yoga teachers were taught alignment cues during their initial training that precisely prescribe where the hands and feet should be. With that training, these teachers often will adjust the position of students’ extremities to fit the classic cues. However, focusing on the extremities misses the importance of what is happening in the core of the body. The core influences the position of the hands and feet, not the other way around. For the feet, this was explored in the first book of this trilogy Your Body, Your Yoga.264 For the hands, the same principles apply. The construction of the shoulder complex, the carrying angle at the elbow (discussed in chapter 3) and the shape of the ulna and radius will dictate where the natural, neutral position of the hands should be.


    From the core to the floor!


    Down Dog (Adhomukhasvanasana) can be used as an example: the cue that the hands should be pointing straight ahead only works for a some students.265 The length and shape of the clavicle, size and shape of the ribcage, and shape of the scapula will determine the neutral shoulder position; humeral retroversion and external rotation at the glenohumeral joint will determine the neutral position of the elbow; the carrying angle orientation at the elbow and bony structure of the wrist will affect the orientation of the hands.


    Many people experience impingement in the shoulder or compression of the humeral shaft against the acromion process during full arm elevation in Down Dog. External rotation of the humerus is required to avoid or minimize this compression and maximize arm elevation. Additionally, someone with high humeral torsion and a large carrying angle will naturally turn the hands outward. For these students, the common direction that the hands must point straight ahead ends up internally rotating the arm in the shoulder. This internal rotation can create shoulder impingement, reduce arm elevation and prevent the chest from fully opening, which is the point of the pose for many teachers.


    If an aesthetic cue demands the hands point straight ahead, but the shoulder and arm morphology dictate that their neutral alignment requires the hands to be pointing outward, then following the aesthetic cue will cause internal rotation at the glenohumeral joint. Push-ups with internally rotated hands will increase elbow joint shear stress.266 The hands may appear to be neutrally aligned aesthetically, because the back of the wrist is parallel to the front of the mat, but in reality, the hands are internally rotated relative to the shoulders, which is not great for many students. In short, for many students, it is okay for the hands to be turned out in Down Dog.


    How far apart should the hands be?


    The frequent cue in the yoga world to place the hands “shoulder width apart” is okay for some people, but it is not always necessary nor appropriate. How far the hands should be apart depends upon the intention of the posture and the uniqueness of the student. The fitness industry has conducted many studies of hand positioning during push-ups and bench presses. Different widths create different muscle activation patterns, different joint stresses and different developmental benefits.267 For example, a wider positioning of the hands requires less movement during a push-up, as the chest is closer to the floor than when the hands are shoulder width apart. Certain hand widths are not effective for some people, but these same positions are very effective for others. Thus, there is no one-size-fits-all we can adopt. Each person is different in both their ability to do the pose and the degree and location of the stresses generated.


    The studies are not in full agreement, but in general, placing the hands much wider than shoulder width in push-ups requires more pectoralis major work but can increase the strain at the anterior glenohumeral joint. Hands narrower than shoulder width may also require greater work from the pectoralis major and the triceps brachii compared to hands shoulder width apart.268 Excessive stress to these muscles may not be a bad thing: indeed, many people deliberately seek out these hand positions to work these areas more. Keeping the hands close together creates more upward rotation and posterior tilting of the scapula, but this may actually reduce shoulder impingement.


    Hands wider than shoulder width can place more stress on the thumb side of the palm, but hands closer than shoulder width can place more stress on the little finger side of the palm.269 Depending upon any pre-existing wrist or hand pain a student may have, they may choose to vary the hand width to reduce the peak stress in the palms. On the other hand (no pun intended), a narrower positioning of the hands may create higher stresses in the elbow during the lower push-up and Chaturangadandasana position, while wider hands may minimize elbow stress.270 Indeed, the neutral hand position creates the least amount of stress in the wrists and elbows,271 but where this neutral position is depends upon the neutral position of the shoulders.


    Which hand position is best for any particular student depends upon the intention of the pose and the uniqueness of the student. The best position of the hands can only be determined through experimentation, not through dogmatically applying alignment cues. (For ideas on how you can help your students discover their best Down Dog, see the sidebar “Notes to Teachers: Cueing the hands in Down Dog (Adhomukhasvanasana)” on page 240.)


    Hands in Shavasana (Corpse Pose)


    Often, a teacher will guide students into final relaxation, yoga nidra, or Shavasana (Corpse Pose) by requesting that the palms be facing the ceiling or sky, with arms a little bit away from the sides of the body, thus wider than shoulder width apart. The intention is to create a completely relaxed posture where the student can fully let go of any residual tension. However, the directions given for the hands may actually create tension in the shoulders because this teacher has ignored skeletal variations.


    Palms face up with arms away from the body is not the neutral position for many people. Everyone has different degrees of humeral torsion. For a person with considerable torsion, palms face up is a nice, neutral position, and they feel relaxed there. You may feel relaxed there too, but don’t think that this works for all students. For a person with very little humeral torsion, the neutral position for the palms is facing medially, toward the thighs. Rotating the palms skyward creates either an external rotation at the shoulders or a supination at the elbows, or a little of both, which may not be neutral, natural or relaxing. Depending upon the elbow’s carrying angle, the hands may be wider than shoulder width or they may be more comfortable right beside the torso. Rather than impose the position of the palms on the student, why not ask her to find the place where she is naturally relaxed and accept that, however it looks.


    One last observation: it is okay for some students to have one palm in a completely different orientation than the other! We are not symmetric. Most people have more humeral torsion and carrying angle in their dominant arm than in the non-dominant arm, which means many right-handed people will have their right palms facing more skyward and more away from their torso than their left. And that’s okay! Note: this is not just relevant for Shavasana. Even in Down Dog, one hand may be in a different placement than the other.


    Where the hands are is the least important part of a pose;272 what is happening in the axial body is far more important. Start from the core and then work toward the floor. Get the shoulder complex correct first, and the hands will go where they need to go. Don’t get this backwards and start adjusting the hands without being aware of what is happening at the shoulders. This applies every time the hands are on the floor: Down Dog (Adhomukhasvanasana), Cat (Marjaryasana), Handstand (Adhomukhavrksasana), Plank (Chaturangadandasana), Wheel (Urdhvadhanurasana) and even Shavasana! Start from the core and work toward the floor.

  


  Variations for push-ups and Chaturangadandasana


  There are many variations of the push-up exercise, some of which can be applied to Chaturangadandasana. Hand placement variations are only part of the options. For beginners, doing the push-up with knees bent and on the floor reduces the weight placed on the arms. Even easier is the wall push-up, done standing up and leaning into a wall. Hands on a countertop, then a chair allows for slowly increasing the challenge. For more resistance, the feet can be raised onto a chair, putting more weight into the hands. Placing the hands on a mobile surface like a big ball works different muscle groups and develops coordination. Push-ups can be dynamic, such as the drop push-up, where one falls into the push-up position and bounces back up, to slow and static, such as a balancing on one foot and the opposite hand. Plyometric versions involve bouncing upward between repetitions, sometimes with hand-claps while airborne. One study identified 46 distinct push-up options.273 Most of these variations are not going to be found in a yoga studio.


  However, there are some modifications offered by the US Army that can easily be adopted into a yoga practice,274 including in feet placement. Often the feet are ignored in cueing the plank or Chaturangadandasana postures, or the cue is simply to have the feet hip width apart, with the heels above the toes. This position is a remnant of the directions for the feet in Down Dog (Adhomukhasvanasana) because students often flow from Down Dog into Plank, or vice versa, without changing the feet. But there are many options for the feet in Plank Pose and push-ups.


  Positioning of the feet can make push-ups and plank postures more or less challenging. Allowing the heels to come forward of the toes (into plantarflexion of the feet) places more body weight onto the hands, increasing the challenge. Conversely, increasing the dorsiflexion of the feet by moving the heels backward may decrease the weight in the hands. Having the feet hip width apart is more challenging than having the feet closer together. Having the feet just a few inches apart and the heels together creates greater lower body and core stability. In this position, the feet form a “stability triangle.” Pressing the heels and inner thighs together can increase core stability through activation of the pelvic floor plus the gluteal and lumbar muscles.


  Interestingly, the US Army recommends resting between bouts of push-ups by lifting the hips into the air. This “tenting” position allows the upper body time to relax and recover before doing another set of push-ups, because more weight is borne by the legs. Tenting is the army term of this position, but in the yoga world, it is called Down Dog.


  The push-up plus


  The push-up plus can improve the strength of the serratus anterior, reduce activation of the lower trapezius, increase the pushing power of the shoulder and increase shoulder stability.275 It is a movement familiar to all experienced yoga students because it is what we do automatically in the Cat Pose (Marjaryasana). In the Cat, we round our upper back as much as we can (see figure 4.195a), causing full protraction (abduction) of the scapula. We can also practice this while at the top of the push-up position or upper plank position or while on hands and knees, but without rounding the upper back. To make it easier, it can be done at the end of the wall push-up. Some caution may be advisable for students who have pre-existing shoulder impingement problems, though, as this movement can reduce the subacromial space.276
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  Figure 4.195 The push-up plus. (a) Cat Pose (Marjaryasana) fully protracts the scapula. (b) The same effect can be practiced while in Plank Pose, or (c) while against a wall. Try to push your upper back, the area between the shoulder blades, as high as possible.




  A simple exercise is to come onto hands and knees and then alternate between fully protracting the scapulae and retracting them together. The sense is that the upper torso is moving between the shoulder blades rather than the scapulae moving. Alternate between having the scapula pull fully forward with the upper back pushed fully backward, and allowing the torso to sink down in between the scapulae as they draw together. This can also be done at the end of a regular push-up: add an extra oomph and push the upper back higher by drawing the scapulae fully forward. This is where the name “push-up plus” comes from—that little extra effort at the end of a regular push-up.


  You can play with different hand orientations: turning the hands outward (external rotation) has been found to create higher activations of the subscapularis, infraspinatus, serratus anterior and pectoralis major muscles. However, hands facing inward (internal rotation) toward each other minimizes levator scapulae and pectoralis major activation while increasing activation of the lower trapezius.277


  Variations in Side Plank Pose (Vasisthasana)


  There are many variations and approaches to the Side Plank Pose (Vasisthasana and Kasyapasana), as shown in figure 4.196. In (a) and (b), the supporting arm is almost directly below the shoulder, while in (c), (d) and (e), the supporting arm is placed further away from a vertical line beneath the shoulder. Many yoga teachers will “correct” the position of the arm if it is not directly beneath the shoulder, but other teachers do not care. Indeed, B.K.S. Iyengar in his book Light on Yoga, as shown by the drawing in (c), has his hand quite far away from vertical. So where should the hand be? It depends.



[image: ]
  Figure 4.196 Side Plank Pose (Vasisthasana and Kasyapasana). Notice the variations in orientation of the supporting arm relative to the torso and the direction of the supporting hand. In (a) and (b), the arm is almost vertically under the shoulder, while in (c), (d) and (e), it is angled away from vertical.278 In (a), (c), (d) and (e), the hand is pointing parallel to the body, facing the narrow end of the mat. In (b) and (f), the hand is perpendicular to the body, facing the long edge of the mat.


  Photology1971, Closer to Infinity, fizkes, Luna Vandoorne/Shutterstock.com




  When the arm is vertically below the shoulder, there is the greatest amount of stress between the coracoacromial arch and the top of the head of the humerus. This may, in some students, decrease the subacromial space enough to create impingement. Also, the weight of the body is leaning against the head of the humerus, which requires a strong engagement of the rotator cuff muscles to stabilize the joint. However, when the arm is angled away from vertical, there is less compression between the coracoacromial arch and the humerus and less engagement needed by the rotator cuff. This is because the angle of the supporting force on the humerus is directed more medially into the glenoid fossa and less superiorly into the coracoacromial arch. Students with impingement conditions may find it better and easier to angle the arm away.


  There are trade-offs to consider. The arm angled further from vertical requires more engagement of the latissimus dorsi and pectoralis major to avoid the hand slipping, but engaging these muscles can further reduce stress in the subacromial space. With the arm further from vertical, the body is more horizontal, which requires more core work to keep the torso straight. There is a limit to how wide the arm can go, due to the increasing work required of the latissimus dorsi, pectoralis major and core muscles. Arching the side of the body higher, as shown in (d) and (e), will rotate the scapula more, creating more abduction of the arm and reducing rotator cuff and core muscle requirements. In other words, it is easier to do this pose when the body is arching, and this is not necessarily a bad thing. It depends upon the intention chosen for the posture.


  Notice in all the variations shown except (b) and (f), the hand is pointing to the narrow edge of the mat, so it is parallel to the body. In (b) and (f), however, the hand points forward to the long edge, making it perpendicular to the body. Which is better? Again, it depends. Side Plank Pose is challenging for many reasons, including the need for good balance. (This is one reason some versions have the top foot placed on the ground, such as the Wild Thing variation shown in [e] and the version shown in [f].)279 With the hand turned forward, as in (b) and (f), balancing may be a little less precarious. Additionally, with the fingers facing forward, the arm is more internally rotated at the glenohumeral joint. This may feel better for some students and worse for others. Internal rotation of the arm at the shoulder, along with significant arm elevation, can diminish the subacromial space, increasing the risk of impingement. In Side Plank, the arm is not elevated very much at the glenohumeral joint, so this may be okay for most students. However, aligning the hand in the same direction as the body externally rotates the humerus, which creates less risk of impingement in the shoulder and orients the head of the humerus more congruently with the glenoid fossa. The real question is, “Which hand position feels best for you?”


  (As an aside, if you prefer to have your hand pointed to the long side of your mat, like the yogini in (b), but your yoga teacher tells you this is not a safe position, ask them why it is okay to have the hand pointing in this direction during Side Plank on the forearm, which can be seen in figure (f). Both cases have the same rotation occurring at the shoulder and similar stress on the shoulder.)


  Some students may prefer to also retract (adduct) the scapulae to keep the glenoid fossa more aligned with the head of the humerus. This can be done by drawing both scapulae toward the midline of the spine and stiffening them for greater shoulder stability. My personal preference is to have the hand parallel to the body, and if balance is a problem, bring the top foot to the floor in front of the body. But, that is just me… You are different. Which side plank works best for your body?


  
   
    It’s Important: Active versus passive ranges of motion


    How far you can move often depends upon whether you are trying to move or allowing yourself to be moved. The first is called active movement (also called active range of motion or aROM), where you are using your muscles to move your body; the second is called passive movement (also called passive range of motion or pROM), where you allow gravity or some other force, like a teacher or therapist, to move your body for you. There are often significant differences between your active range of movement and your passive range of movement.


    To illustrate this, try a little experiment (see figure 4.197): stick out your right forefinger and extend it as far as possible. Notice how high you can make it go with voluntary muscular effort. That is your active range of motion. Now, relax that finger and with your other hand, pull it as high as it can go. That is your passive range of motion. See the difference? Next, go to your passive range of motion, release the finger, but try to keep it where it was. Did you notice that it came a little lower, but not as low as when you tried to actively raise the finger? Finally, and this is interesting, shake out your hand again and once more actively extend that finger. Notice that it still does not go as high as when you passively raised and released it. There can be significant differences between passive and active ranges of motion.
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    Figure 4.197 (a) Actively try to raise your forefinger and notice how high it can go. (b) Then passively raise the finger using your other hand, noticing the height this time.




    The reason you can’t actively extend your finger higher is due in part to the lines of pull of the muscles and the resistance in the joint capsule. Active muscular contraction pulls the bones in the joint tightly together, which means there is less room in the joint for movement. When the muscles are relaxed, the joint is relaxed and more open; there is less resistance to the bones moving. When you have reached your active range of motion limit in extending a finger, greater muscular exertion will not lift the finger higher; it will only contract the joint tighter. However, if you can relax the muscles and try to gain greater range of motion through force applied from another source, then you may be able to find increased flexibility—for example, allowing gravity to take you to a passive edge rather than muscularly forcing yourself to reach that depth. This is familiar to many practitioners of yin yoga, who cultivate the feeling of allowing the pose to take shape rather than trying to muscle into a posture.


    Why is this relevant? When someone lifts you up into Wheel Pose (Urdhvadhanurasana), or if you lower yourself down into it from standing, you are passively flexing your shoulders. This will allow you a certain passive range of shoulder elevation. However, when you lift yourself up from the ground into Wheel, you are actively flexing your shoulders; how high you can go will be a reflection of your active range of shoulder elevation. As you saw with the finger example, these are different ranges of motion. While there are always exceptions, most people cannot actively raise themselves up in Wheel Pose as high as they can go by being lifted up by a teacher, or when they do a drop back into the pose.


    Another example that often comes up in yoga practice is hyperflexion of the shoulders. We can raise our arms only so far through muscular effort. For many people, raising the arms while standing to about 180° is their active range of motion limit. However, once these people come into the Down Dog (Adhomukhasvanasana) position, gravity will help them go even further into hyperflexion at the shoulders. They can now go past 180° of arm flexion.


    Another example is the wrist, which will be discussed more in chapter 4. A 1990 study found that an average wrist can actively extend (dorsiflexion) to about 42°, which is far short of the 90° needed to perform many postures with the hands on the floor, such as Handstand Pose (Adhomukhavrksasana).280 However, the average wrist can be passively extended almost 20% more than it can be actively extended, to about 50°. Some people can passively extend the wrist to 90°, which fortunately allows them to do these postures. Indeed, some yoga teachers feel that the difference between a joint’s aROM and pROM, called “the gap,” should be minimized as much as possible to lower the possibility of injury. However, the science behind these claims is far from definitive.281


    Allowing yourself to go to your passive range of motion is not a bad thing. It may not be a good idea if you have an injury or a condition where this degree of movement is contraindicated, but going to where you naturally stop allows stress to soak into the fascial tissues binding the joint. It is good to stress the joint capsules, as long as there is no pain or dysfunction. Unfortunately, many teachers will not allow or encourage students to fully hyperflex their shoulders in Down Dog, due to aesthetic concerns. Curiously, though, these same teachers may encourage that degree of hyperflexion in Wheel Pose! Aesthetics should not be the concern when moving to your passive range of motion limit. A functional yoga approach suggests that all tissues need an appropriate amount of stress to regain and maintain optimal health, and if passively reaching this limit works for you, feel free to be there.

  


  Skeletal variations’ effect on poses and postures


  Variations in the shapes and sizes of the bones making up the shoulder complex as well as the relative size and shape of the ribcage will affect the neutral position of the arm at the scapula, the position of the scapula on top of the thorax, and the ranges of motion of the individual joints and the whole shoulder complex. These variations, in turn, will affect the way a student will be able to do asanas in yoga, and how they will look and feel during the practice.


  For example, the length of the clavicle naturally varies from person to person, and not just because of a person’s height.282 Having a shorter clavicle or a larger ribcage than the norm can alter shoulder complex movements. It is not clear exactly how much clavicle length versus ribcage size and shape affects range of motion, but a shorter clavicle reduces posterior tilting, increases upward rotation and increases protraction of the resting scapula.283 Due to other individual variations, a shorter clavicle may or may not affect the shoulder complex’s ranges of motion, but it can affect the way a person’s shoulders look. Shorter clavicles may give the appearance of rounded shoulders, which always seems to invite a judgment about a person’s posture that is not necessarily warranted.


  Clavicle length and humeral retroversion in rounded shoulders


  Rounded shoulders for one person are a sign of poor posture and can lead to problems, but for another person they reflect a skeletal uniqueness that does not need fixing. In figure 4.198 are three yoga students: Proud Portia, Rounded Rhonda and Slumping Sue. Both Portia and Rhonda are standing in a relaxed posture with the head of the humerus solidly centered in the shoulder joint, but they do not look similar. Both Rhonda and Portia have similar sized and shaped ribcages, and their heads are held tall, but Portia has longer clavicles and larger humeral retroversion. Rhonda’s clavicles are considerably shorter than Portia’s, and she has much less humeral retroversion. Notice the difference these skeletal variations make in the appearance of the shoulders and the position of the hands.
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  Figure 4.198 The top drawing of each person represents a superior view of the thorax, humeri, scapulae and clavicles. The second drawing represents the anterior view. Notice the lengths of the clavicles, the positions of the scapulae and arms. The remaining drawings show how these skeletal variations manifest in a person’s relaxed posture: (a) Portia stands tall, with head up, palms slightly forward and shoulders back; (b) Rhonda also has her head tall, but her shoulders are rounded forward and her palms face backward; (c) Sue has her head poking forward, shoulders and upper back rounded, and palms turned backward.284

  


  Portia’s long clavicles allow her scapulae to be aligned closer to the frontal plane than Rhonda’s. This means that in a neutral position, Portia’s scapulae are naturally more retracted than Rhonda’s, not due to any muscular effort but simply because her longer clavicles push the scapulae wider apart across the chest.285 Plus, Portia’s higher humeral retroversion means that when her arms are relaxed at her side, the crease of her elbow (the “eye of the elbow”) faces forward and her palms naturally face slightly forward as well. Rhonda’s lower humeral retroversion means that with her arms relaxed, her elbow crease faces more to her torso, while the palms face slightly backwards. Rhonda’s shoulders seem to be rounded and hunched forward, but her humeri are in neutral positions in the glenohumeral joint, and her scapulae are in their neutral plane.


  Rhonda’s posture is perfectly okay, for her. She is not experiencing any tension, and her breath is free and easy. However, aesthetically, she is often advised to lift and open her chest, draw her shoulders back and spin her hands more forward. When Rhonda asks the reason for doing these adjustments, she is told that she is collapsing her chest and rounding her shoulders, which will interfere with breathing and mobility and could lead in time to pain and dysfunction. In Rhonda’s case, these reasons are not valid and the fear is misplaced. She looks different than Portia, but that does not mean she is collapsed. She is relaxed and open just as she is.


  Rhonda, being a good student, tries the suggested movements. She externally rotates her arms, supinates her hands, and draws the scapulae back into retraction. To do this, she has to constantly engage many muscles and straighten (extend) her upper back. These actions change the orientation of the head of the humerus to the glenoid fossa so that the two bones are no longer fully congruent. They also reduce her available ranges of motion for further arm external rotation, extension and adduction. Additionally, keeping her upper back extended can reduce her exhalations, ironically making her breath shallow. For Rhonda, these aesthetic cues are unnecessary.


  Curiously, Rhonda finds it easier to wrap her arms around each other in Eagle Arms (Garudasana) than Portia does. With identical length humeri, the person with a shorter clavicle will have to horizontally adduct the arms less than someone with longer clavicles. Portia’s broad clavicles make it more challenging to wrap her arms around each other. She has to protract her shoulders a lot more than Rhonda does to reach the same position.


  Upper crossed syndrome


  Sue is not Rhonda. Slumping Sue’s arms and shoulders looks similar to Rhonda’s, but Sue has more rounding in her upper back, and her head is forward of her shoulders. Her posture is a result of muscular imbalance rather than skeletal variations. She has long clavicles, like Portia, and average humeral retroversion, but she also has long but weak neck flexors, serratus anterior, lower trapezius and rhomboids. In addition, she has short and tight pectoral minor and major, upper trapezius and levator scapulae. These soft-tissue restrictions tend to pull her scapulae into protraction and elevation, causing her marked rounded shoulder appearance, and interior rotation of the arms, which turn the hands to face backwards. This is sometimes referred to as upper crossed syndrome286 and can develop through a long period of adopting this position—for example, while working at a computer or slouching at home watching TV. Even riding a bicycle for long periods can lead to this chronic position.


  Therapists have reported many case studies of clients with upper crossed syndrome who suffer chronic neck and upper back pain and stiffness, as well as frequent headaches. With increased thoracic kyphosis, arm internal rotation and scapular anterior tilting, impingement in the shoulder joint may arise when elevating the arm. Treatment generally follows the principle of stretching what is tight and strengthening what is weak. In Sue’s case, core strengthening through planks, balancing cats and mini curl-ups,287 along with thoracic extensions like Sphinx or Cobra poses (Bhujangasana), may prove helpful.288 Attention to posture throughout the day is also suggested. One postural intervention that can be repeated frequently is to stand with the heels and buttocks against a wall, flatten the shoulder blades to the wall, and then draw the back of the head to touch the wall.


  What is therapeutic for Sue is not necessary for Rhonda. It is important to look beyond the appearance of the shoulders to the way the posture feels for each student. Sue has pain and discomfort; Rhonda does not. Sue can benefit from changes; Rhonda is just fine as she is. She feels at ease and just as open as Portia. Teachers and therapists should be cautious about judging a student or client solely based on aesthetics.
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  Figure 4.199 Upper crossed syndrome is caused by contracted, tight muscles and long, weak muscles.




  Thoracic kyphosis affects shoulder movement


  The scapula sits on top of the posterior ribcage, which in turn connects to the thoracic spine. It makes sense that the shape of the spine and ribcage will affect the position and orientation of the scapula. This in turn will affect the range of motion of the shoulder complex. If the upper back is hyperkyphotic, which means there is more than the normal amount of forward curvature in the thoracic spine, the scapula will tend to sit higher and be tilted more forward than normal. This extra elevation and anterior tilt may limit the amount of elevation available for the arm. Several researchers have noticed this.289 Many students are unable to completely raise their arms to vertical because they have too much thoracic kyphosis.


  Conversely, if we extend the thoracic spine, we can create more room to raise the arms. Raising both arms overhead creates an average backbend in the thorax of 15° for an average younger woman and 13° for an average older woman.290 Most of this extension comes from the lower thoracic spine.291 (Curiously, the 15° for the younger women represented only one-half of the extension they had available, but for the older women, the 13° of extension took up 70% of the available room for extension. In other words, we tend to lose backbending ability as we age.292)


  Spinal extension when the arms are elevated is a movement pattern often found in yoga classes. This is normal, natural and not something that needs to be fixed.293 Once compression of the humerus against the acromion process is reached, the scapula will posteriorly tilt and the clavicles will retract to allow more arm elevation relative to the torso. But once the clavicles cannot retract any further, due to compression against the first rib, almost all students will extend the upper back to continue raising the arms. If even that fails to bring the arms completely vertical, then extension in the lumbar spine is often added. For many yoga teachers, this lumbar backbend is called “cheating” and is frowned upon. (See “It’s Important: Are you a member of the 180° club?”) But these same teachers fail to notice the thoracic backbend. Indeed many teachers approve of the straight thoracic spine, thinking it to be a neutral spine, but it is not. (A straight thoracic spine is extended to its limit.294)


  Whether or not an extended lumbar spine is a good idea for a student depends upon that particular student. Adding a little backbend to get the arms straight overhead when standing, while in Down Dog (Adhomukhasvanasana), or when in Handstand (Adhomukhavrksasana) may be perfectly healthy and appropriate for many students. If having the hands straight overhead is the priority, then allowing some spinal extension may be a good trade-off. Indeed, spinal extension is required in postures like Wheel Pose (Urdhvadhanurasana) or full Pigeon (Kapotasana), so obviously, a backbend with arms fully elevated is not inherently dangerous. The dreaded “banana back” that occurs in many students’ handstands may be a necessity due to the inability to fully elevate the arms; without back extension, the student will be unable to balance in the pose, and no amount of exhortation by the teacher will make that student straighten their back. The problem is not that the spine is extended but that the arm cannot fully elevate due to compression in the shoulder complex. However, if back issues preclude a load being placed upon an extended spine, then the trade-off may be to avoid bringing the arms to vertical so the spine can stay close to neutral. As always, what is best for any one particular student always depends upon that student’s biography and biology.


  Elevating just one arm in flexion to an overhead position may cause rotation and lateral flexion in the thoracic spine. If the right arm is being raised, the thorax generally will twist slightly to the right and laterally flex to the right as well, although this coupling is not found in everyone.295 A few rare people do the exact opposite. What is important to know is that arm movement is often coupled with movement of the upper body.


  Scapula position affects the neck’s movement and vice versa


  Just as the thoracic spine can affect shoulder movement, the cervical spine can also affect shoulder mobility. A chronically flexed position for the neck often results in a forward head posture, where the ears are aligned in front of the shoulders. (This is shown in figure 4.199.) This head position results in more flexion in the lower neck and, in order to bring the eyes level, more extension in the upper neck. A forward head position can be caused by constantly adopting this posture while working on a computer, wearing a backpack, or overusing a cell phone. This can result in shortened and tight levator scapulae, sternocleidomastoids, upper trapezius and posterior suboccipital muscles, leading possibly to chronic headaches and muscle pain.


  There is a noted association between forward head position and scapula position. For people with a forward head position, the scapula is often overly anteriorly tilted, downwardly rotated and protracted during arm elevation. However, it is not clear what causes this correlation. Decreased activation of the serratus anterior may be one cause of the anterior tilt and winging of the scapula. This, in turn, may be due to increased kyphosis of the upper thoracic, which happens when the head is forward.296


  Some people have a scapula that is lower in its resting position than others’. Normally, a line between the acromion process and superior angle of the scapula is level with the second thoracic spinous process. However, many people have scapulae lower than this, a condition called a depressed scapula. Whether having a depressed scapula can be a problem is debatable. Some researchers feel that a lower scapula will overly stress the upper trapezius and thus restrict neck movements and contribute to thoracic outlet syndrome. Other researchers have not found this. What has been noticed, however, is that passively raising the scapulae (for example, by resting your arms on the sides of a chair) significantly increases neck range of motion.297 This may be due to the muscles connecting the neck to the shoulder complex being shortened and more relaxed. Thus, you may find that you can move your neck more when your scapulae are raised than when the arms are hanging down at your sides.


  
    

    It’s Important: Are you a member of the 180° club?


    Can you raise straight arms to beside your ears? If so, congratulations, you are a member of the 180° club!298 But are you cheating a bit to get there? Let’s find out. Find a space beside a wall where you can stand and raise your arms. Stand in front of the wall with your heels, hips and shoulders touching it. Make sure these three points stay in contact with the wall. Now, with arms at your side, palms facing forward and keeping the hands exactly shoulder width apart, raise your straight arms up until your palms touch the wall overhead. This is illustrated in figure 4.200a. It would be great to have a friend check you or to do this in front of a mirror, because there are a few ways that many people “cheat” to get their hands to the wall. (Actually, these are not cheats, as we will soon see, but just sensible alternate strategies for raising the arms.) These are the most common strategies:


    
      	Many people who cannot bring the hands to the wall widen the arms. The hands are indeed touching the wall but are wider than shoulder width apart. This strategy is shown in figure 4.200c.



      	With the intention of keeping the hands shoulder width apart, some people resort to bending the elbows. This is the strategy shown in figure 4.200d.



      	Some people, if they know the first two points are not allowed by many teachers, add another work-around: they arch their back. This strategy causes their hips to come away from the wall, as shown in figure 4.200e.


    


    Of course, none of these strategies for getting the arms perfectly vertical are cheating, despite what many teachers and even students believe. It is necessary for many people to adopt these options because their arm elevations are stopped by compression in the shoulder complex. When compression is reached between the shaft of the humerus and the acromion process, one option is to go around that point, which is done by widening the distance between the hands. If having the hands exactly shoulder width apart were magical in some way, then bending the elbows would indeed be one way to get there. But why not just let the hands be wider? (If you are unsure that allowing hands to be wider than shoulder width is wise, please review the sidebar: “Note to Teachers: Don’t over-focus on where the hands are.”)


    The other option of having the hips come away from the wall, creating an extension in the spine, will also achieve the goal of having the hands fully overhead and shoulder width apart. While this banana or bow shape to the spine is frowned upon by many teachers, it is a fact of life for many students: their shoulder anatomy requires them to arch their back when they fully elevate the arms, as shown in figures 4.200f and g. While this may not look aesthetical pleasing, it can be perfectly safe for most students. However, if there is some pain or pathology in the shoulders, then other modifications may be required.


    Whether or not you are a “natural” member of the 180° club is not really important. If you are not a member, you can still do all the postures that require the arms to be straight overhead, but with some judicious modifications. Allow your hands to be wider than shoulder width, or allow your spine to arch a bit. What is important is how this feels for you, not how it looks.
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  Figure 4.200 Arm elevation strategies often involve some degree of working around the points of compression in the shoulders. Student (a) has no problem bringing her palms to the wall overhead. She is a full member of the club. Indeed, as shown in (b), she is a gold card member because she can flex her arm way past 180°, as she shows by stepping away from the wall. Student (c) resorts to widening the distance between the hands, or she (d) bends her elbows to keep the hands shoulder width apart. Student (e) arches her body. Many students doing (f) Handstand Pose (Adhomukhavrksasana) or (g) Feather Peacock Pose or Forearm Balance (Pinchamayurasana) must arch the back because they cannot fully elevate the arms. This can be a totally fine and appropriate strategy.






  The shoulder complex in yoga postures


  The shoulder complex is the most flexible area of the body, allowing the arms and hands a large range of movements. In yoga practices, the arms and hands are often not fixed in place or bearing a load; movements in these cases are referred to as open-chain exercises. The core is stable and the hands can move. However, there are postures in yoga where the arms and shoulder complex are required to bear large loads. When the hands are rooted to the floor or on some other unmoving object, this is referred to as a closed-chain exercise. (See the sidebar “It’s Complicated: Closed-chain versus open-chain exercises.”) For example, in Handstand (Adhomukhavrksasana), almost the whole weight of the body is supported by the shoulder complex, which is not neutrally aligned. The arms are elevated, the scapula is upwardly rotated and posteriorly tilted, and the clavicle is elevated, retracted and posteriorly rotated. In order to support the large load, the shoulder complex must be stiffened through co-contraction of the muscles of the rotator cuffs and the muscles attached to the scapulae, arms, clavicles, ribs and spine. And yet, the body cannot be completely rigid: stiffness must be balanced with some mobility to allow for the small movements required to maintain balance.


  Most of the yoga postures that require significant movement of the shoulder complex, either load-bearing or not, can be summarized in four types of general arm movements, with some minor variations of hand positions. These are postures incorporating:


  
    	Neutral alignment of the upper arms at the sides of the torso, regardless of whether the elbows are bent



    	Full elevation of the arms to 180° through abduction, scaption or flexion



    	Postures incorporating elevation of the arms to about 90° with anterior horizontal adduction (bringing the arms out in front of you), sometimes with external rotation of the arm



    	Extension of the arms along with posterior horizontal abduction (bringing the arms backward behind you) and usually with internal rotation


  


  Several examples of postures exhibiting these main arm positions are given below. When the shoulder complex is load bearing, the range of motion for the arms is usually reduced due to the need to co-contract the muscles around the shoulder joint, which improves shoulder stability. In other words, these closed-chain postures build stability more than mobility. The hands are fixed, either to the floor or to another body part, and thus the shoulder complex is bearing some degree of compressive load. The closed-chain positions are indicated with an *; the rest are open-chain exercises.


  (1) Postures incorporating neutral alignment of the upper arms at the sides of the torso, regardless of whether the elbows are bent or not
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  Figure 4.201 Lower Plank Pose (Chaturangadandasana) keeps the upper arms neutrally aligned against the torso.




  
    	Mountain Pose (Tadasana)



    	Staff Pose (Dandasana)*



    	Child’s Pose (Balasana) with arms at side



    	Candle or Unsupported Shoulder Stand (Niralambasarvangasana) — this variation has the arms alongside the torso



    	Crow Pose (Bakasana)*



    	Scales Pose (Tolasana)*



    	Rooster Pose (Kukkutasana)*



    	Peacock Pose (Mayurasana)*



    	Up Dog Pose (Urdhvamukhasvanasana)*



    	Lower Push-up Pose (Chaturangadandasana)*



    	Locust Pose (Salabhasana)* — in the version where the arms are beside or under the torso and pressing into the floor


  


  (2) Postures incorporating 180° elevation of the arms through abduction, scaption or flexion
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  Figure 4.202 Down Dog Pose (Adhomukhasvanasana) flexes the arms to full elevation.




  
    	Chair Pose (Utkatasana)



    	Standing Forward Fold (Uttanasana) — depending upon the student, the arms may not be straight or fully elevated



    	King Dancer Pose (Natarajasana) — the free arm is fully elevated. The arm grabbing the raised foot may be elevated reaching over the head, but for most students, the arm is reaching backward in posterior horizontal abduction.



    	King Pigeon Pose (Rajakapotasana) — when holding the back foot with both hands, the arms are fully elevated, but for most students, one arm is reaching backward in posterior horizontal abduction.



    	Warrior 1 (Virabhadrasana 1)



    	Warrior 3 (Virabhadrasana 3)



    	Extended Side Angle Pose (Utthitaparsvakonasana) — top arm is fully elevated alongside the head



    	Sitting forward folds (Paschimottanasana, Janusirsasana and Upavisthakonasana) — depending upon the flexibility of the student, the arms are flexed between 90° and 180°



    	Cow Face Pose (Gomukhasana) — top arm



    	Reclining Saddle Pose (Suptavirasana) — when the arms are overhead



    	Tree Pose (Vrksasana) — in the version with hands overhead



    	Gate Pose (Parighasana) — top arm is fully elevated alongside the head



    	Candle or Unsupported Shoulder Stand (Niralambasarvangasana) — this variation has the arms overhead and on the floor, which is elevation to between 90° and 120°



    	Feather Peacock Pose (Pinchamayurasana)* — for students who can flex the arms to 180°



    	Locust Pose (Salabhasana) — in the version where the arms are out in front of the body



    	Down Dog Pose (Adhomukhasvanasana)*



    	Handstand Pose (Adhomukhavrksasana)*



    	Wheel or Upward Facing Bow (Urdhvadhanurasana)* — only the most flexible students can get the arms elevated to 180°


  


  (3) Postures incorporating elevation of the arms to about 90° with anterior horizontal adduction, sometimes with external rotation of the arm
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  Figure 4.203 In Eagle Pose (Garudasana), the arms are in anterior horizontal adduction and externally rotated.




  
    	Eagle Pose (Garudasana)



    	Standing Hand-to-Toe Pose (Utthitahastapadangusthasana) — no external or internal rotation is required



    	Boat Pose (Navasana) — no external or internal rotation is required



    	Crow Pose (Bakasana)*



    	Feather Peacock Pose (Pinchamayurasana)* — for students who do not get arms close to 180°



    	Scorpion Pose (Vrischikasana)* — no external or internal rotation is required



    	Headstand Pose (Sirsasana)* — in the version where the head is cradled between the hands


  


  (4) Extension of the arms along with posterior horizontal abduction and usually with internal rotation


  All of these examples have the hands joined behind the back (sometimes referred to as Yoga Mudra) or pressing into the upper back or the floor, which means they are all closed chain.
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  Figure 4.204 Seated twists (Ardhamatsyendrasana) require the arms to be extended behind the back and internally rotated in order to clasp hands.




  
    	Seated twists (Ardhamatsyendrasana and Marichyasana)* — the bounded versions with hands joined behind back



    	Extended Side Angle Pose — bounded (Utthitaparsvakonasana)* — with hands joined behind back



    	Intense side stretch with hands behind back (Parsvottanasana)* — hands in reverse prayer



    	Cow Face Pose (Gomukhasana)* — bottom arm (closed chain only if hands are clasped or holding a strap)



    	Turtle Pose (Kurmasana)* — specifically the bounded versions with hands joined behind back



    	Fish Pose (Matsyasana)*



    	Bow Pose (Dhanurasana)* — holding the inside of the feet with palms facing out and the thumbs pointed up will internally rotate the arms, which may allow for more arm extension



    	Camel Pose (Ustrasana)* — if the arms are down by the heels. Most people will externally rotate the arms in this pose so that the fingers point backward. You can try to do it with internal rotation so the hands face forward, and notice the difference.



    	Bridge Pose (Setubandhasana)* — with palms on the floor



    	Shoulder Stand Pose variations (Viparitakarani, Salambasarvangasana)* — most people will externally rotate the arms in this pose so that the hands support the hips or torso. However, a few students can release the hips and straighten the arms behind them along the ground, with palms either on the floor or clasping the hands and turning the palms away from the body, which adds internal rotation of the arms.



    	Plough Pose (Halasana)* — most people will externally rotate the arms in this pose so that the hands support the hips or torso. However, a few students can release the hips and straighten the arms behind them along the ground, with palms either on the floor or clasping the hands and turning the palms away from the body, which adds internal rotation of the arms.



    	Slide or Upward Plank Pose (Purvottanasana)* — most students will turn the hands to point away from the feet, which externally rotates the arms but reduces stress on the wrists. However, pointing the hands toward the feet will increase internal rotation of the arms and may decrease shoulder impingement, although there may be more stress on the wrists.



    	Table Top Pose (Chatuspadapitham)* — most students will turn the hands to point away from the feet, which externally rotates the arms but reduces stress on the wrists. However, pointing the hands toward the feet will increase internal rotation of the arms and may decrease shoulder impingement, although there may be more stress on the wrists.


  


  
    It’s Complicated: Closed-chain versus open-chain exercises


    The idea of kinetic chains, where movement at one joint creates and affects movement at other joints, was developed by Franz Reuleaux, a German mechanical engineer, in 1875.299 This theory was applied to human bodies by Arthur Steindler in the 1950s as a way to distinguish two very different approaches to exercise.300 The idea is that the body could be considered as composed of chains of rigid members connected by a series of joints. If the terminal (distal) end of a chain meets with considerable resistance (for example, when fixed in position), this affects all the other muscles and joints in the chain. This case is called a closed kinetic chain, or simply a closed chain. An example of a closed chain is Down Dog Pose (Adhomukhasvanasana), where the hands are grounded on the floor. Numerous examples are found in the weightlifting and sports worlds, where the extremities are resisted by a bar, machine, device or floor. However, if the terminal end is free to move, there is a very different effect on the muscles and joints. This case is called an open kinetic chain, or open chain for short. An example of an open chain is the top arm in Triangle Pose (Trikonasana), where the hand is free to move. Many other examples are common in the world of gymnastics and swimming, where the body and its extremities are often floating freely.


    While the concept of open- and closed-chain exercises seems simple enough, not everyone agrees that the concepts are valuable or well defined. One problem is that Steindler did not define or quantify what “considerable” means when referring to resistance.301 The resistance of the water during swimming or a pedal during cycling does not seem adequate to make those movements closed chained, but there is definitely resistance to the movements. One editorial questioned whether something can be a closed chain if the other end of the chain is not similarly anchored. A bench press can clearly be a closed-chain exercise, as the hands are meeting significant resistance and the upper back is also grounded into the bench. But in a pose like Down Dog, the hips are not grounded, so only one end of the chain, the hands, is meeting resistance. Perhaps this is better called a “half-closed chain” or even a “half-open chain.” Another critique is that the kinetic chain concepts ignore other important qualities, such as whether the stress is active, passive, static or dynamic, and the effects of gravitational force, internal force, external forces and moments of force.302 Another consideration is whether the exercises work only one joint, like a kettle bell arm curl, or multiple joints, like a deadlift or push-up. The multiple-joint exercise is more akin to a closed-chain exercise, while a single-joint exercise is more like an open-chain exercise.


    The benefits of closed-chain versus open-chain exercises have likewise been the subject of ongoing debate. For a long time, it was believed that closed-chain exercises were more effective at rehabilitating an injured joint, especially for the lower body. The rationale was that the stresses on multiple joints during a closed-chain exercise were greater than in an open-chain exercise, and the closed-chain work also required more neurological coordination. Additionally, closed-chain exercises reduced or eliminated sheer or distraction stresses in the joint.303 However, upper-body injuries seem to respond better to open-chain work, which promote more mobility. Plus, most athletic movements are open chain, and there are more exercises that move the arms and shoulders in open-chain than in closed-chain ways. Some recent studies have found that both forms of exercise can be equally effective.304 Thus, another approach is to apply closed-chain exercises during the initial stages of recovery and move to open-chain exercises as healing progresses and more range of motion is available.305


    What this means for yoga students is that we may want to prioritize closed-chain exercise initially until enough strength and stability has been created in the shoulder complex to allow us to move on to the open-chain exercises. In other words, build stability before mobility. This would mean initially prioritizing the postures with the asterisk * in the section showing examples of arm positions in selected yoga postures. Of course, as always, this depends upon the student. Some students can safely do open-chain exercises right from the start of their yoga journey. Others may need to work initially with closed-chain exercises.

  


  Shoulder pain and pathologies


  Pain in the shoulder complex is not unusual, with about 15% of men and 25% of women experiencing weekly neck or shoulder pain, and the incidence increases with age.306 It is the third most common site for pain, after the low back and knees.307 The pain can be found in the joints of the shoulder complex, the muscles, tendons, fascia or bursae, or it may radiate from the neck and shoulder area down into the arm and hand. The pain often resolves on its own in a few weeks or months, but it can become chronic. The causes of the pain or dysfunction can be summarized as “torn, worn or born.”308 Thus, the pain may be due to some sudden structural damage (torn), a wearing out of the tissues over time (worn), or some underlying genetic condition or the shape of the bones (born). Many factors can contribute to shoulder pain or pathology, including inflammation, excessive motion, limited motion and muscle weakness. People suffering pain or pathology may find it difficult to perform daily activities, such as dressing, working around the home or functioning at their workplace, as well as have difficulty sleeping.


  Fortunately, shoulder pain or pathologies are not life-threatening, but curing the problem can be challenging. Therapies range from injection of steroids (which is the most effective treatment)309 to physical therapy, massage, acupuncture, bracing, surgery and many other interventions, including, of course, yoga. Unfortunately, no single therapy works for everybody, and most interventions work no better than a placebo.310 Studies looking into the best way to treat shoulder problems all tend to suffer from a lack of control groups, short windows of evaluation and too few participants. Most of the theoretical causes cited for shoulder problems seem to be correlations rather than explanations of causation. Indeed, any pain in the shoulder complex may have more to do with psychosocial factors than biological factors of movement dyskinesia, muscle weakness or bone morphologies. While studies vary considerably, incidences of rotator cuff tears in asymptomatic people can reach as high as 39%, and this average figure increases with age.311 In other words, having a rotator cuff injury does not necessarily lead to pain and dysfunction. Two people out of a random group of five may be unaware that they have a torn rotator cuff.


  This leads to a dilemma for any therapist wishing to follow the best evidence in prescribing a solution to shoulder pain. What should they do?
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  Figure 4.205 Evidence-based medicine seeks the intersection of research, the clinician’s experience and the values of the patient.




  Evidence-based medicine (EBM) is an approach that involves the best research evidence available, along with a clinician’s own experience and the input of the patient, which includes their unique situation, needs, abilities and desires. The best solution will arise at the intersection of these three areas, as shown in figure 4.205. Unfortunately, the gold standard of medical research, the double-blind controlled experiment, often fails to be instructive because a single person’s experience is also valid and important, even if it fails to fit a medical model.312 Evidence can inform practice, but practice must also inform evidence. With this in mind, it is valuable to cite some of yoga’s successes in treating several shoulder pathologies, even though these therapies have not been proven to work for everybody.


  The top seven shoulder problems


  Many possible pathologies can arise in the shoulder complex, too many to cover in this book. However, these seven problems arise the most often:


  
    	Impingement syndrome



    	Rotator cuff problem



    	Thoracic outlet syndrome



    	Frozen shoulder



    	Separation and dislocation



    	Arthritis



    	Fracture


  


  There is ongoing research into restoring the original health of joints through the use of new, developing technologies, such as platelet-rich plasma injections, fascial scaffolds and stem cells.313 It is early days in these fields. Until these new methods are proven and available, the standard treatments are physical therapies, injections and surgery.


  Yoga as a physical therapy has been tried for all seven of the most common problems, with moderate to good results, save for fractures. Yoga will not heal a fracture; only time will do that, although there are many energy systems that claim to speed up the process.314 However, even with a fractured humerus, scapula or clavicle, a person can still do yoga, with appropriate care and posture modifications, and the maintenance of a regular yoga practice may assist with maintaining systemic health, which can assist with healing the fracture.


  Yoga therapy for impingement syndrome and rotator cuff problems


  Impingement of the head of the humerus against the underside of the acromial arch to the glenoid labrum or coracoid process may lead to rotator cuff problems. Rotator cuff tears, both full and partial, are often associated with superior migration of the humeral head, caused by an imbalance between the rotator cuff muscles and the deltoid.315 Often, these impingement issues and rotator cuff problems are commingled and treated in the same way. Indeed, some researchers believe that the term “impingement syndrome” should be abandoned in favor of “rotator cuff disease.”316 There are some indications that the amount of subacromial space is not the causative factor in rotator cuff pain or mobility issues; instead, the mechanical structure of the tendons may be different in people suffering from shoulder pain.317 Regardless of whether the various forms of pain and disability in the rotator cuff are due to impingements or a structural problem in the tendons, the yoga therapy offered is the same.


  If the cause of the problem is the head of the humerus moving superiorly or anteriorly during arm elevation and thus reducing the subacromial space, or if the head of the humerus is impinging upon the scapula, or if there is a weakness in the rotator cuff, especially the supraspinatus, a solution is to increase the available space by drawing the head of the humerus down while the arm is elevating. This can be done through activation of the subscapularis, rhomboids, serratus anterior and pectoralis at an appropriate point during arm elevation. These muscles will help to stabilize the scapula and drop the head of the humerus down, away from the acromion. This not only creates more subacromial space, thus reducing the chance of impingement, but also changes the moment arm of the deltoid muscle, making it more effective at elevating the arm. If the cause of pain or disability is due to the supraspinatus being weakened because of a tendon pathology, then the supraspinatus is not available to help elevate the arm. Regardless of the cause of supraspinatus weakness, avoiding use of the supraspinatus and increasing the power of the deltoid is important for regaining lost mobility and reducing shoulder pain.


  A procedure developed by a physical therapist named Ovadia Tova and taught for many years by Loren Fishman in yoga therapy sessions helps to retrain the activation and use of the rotator cuff muscles and the scapular stabilizers. Dr. Fishman calls it the Tova maneuver. It uses a forearm triangle support (FTS) in which the forearms are placed on the floor or a wall in a triangle to create a base of support.318 There are a few different ways to train a student or client in the Tova maneuver, depending upon their abilities. The most challenging way is a full headstand (Sirsasana), with the head cradled in the hands and the elbows forming an equilateral triangle, but more accessible variations, as shown in figure 4.206, are available.
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  Figure 4.206 Therapeutic postures utilizing forearm triangular support, from most accessible to most challenging: (a) Headstand (Sirsasana) against a wall; (b) Dolphin Pose (Ardhapinchamayurasana); (c) Headstand with knees on a chair; (d) full Headstand. The second phase, after coming out of the posture, involves raising the arms overhead, (e) out to the side and (f) in front.




  The Tova maneuver incorporates 30 seconds of being in the forearm triangle support position, with the client or student actively pulling the scapula toward the pelvis while pushing the forearms firmly into the floor or wall. These forces will help to pull the humerus away from the acromion. After this period of muscular engagement, the client will pause for a few seconds (just enough to ensure they are not dizzy) and then will stand up or kneel to begin the second phase of the exercise.


  The second phase involves raising the arms from a neutral, relaxed position at the sides of the torso all the way to overhead, first in the frontal plane (full abduction—figure 4.206e) and then in the side plane (full flexion—figure 4.206f). The client should do the arm elevations twice in each direction, for a total of four lifts. These movements are done relatively quickly. The client may be surprised how easy and painlessly they can do the movements. Through operant conditioning,319 the body learns how to engage muscles other than the supraspinatus to elevate the arms. This helps to increase subacromial space and reduce pain.


  One study showed that a daily FTS practice done for six weeks resulted in equal or better pain relief and greater increases in range of motion than other conservative physical therapy treatments or surgery. However, the practice did not cause healing of the supraspinatus or its tendon, so some people may still experience an eventual degeneration of the glenohumeral joint in the form of arthritis.320


  Avoiding shoulder impingement during yoga postures


  Whenever the arms are elevated, the subacromial space will be reduced, thus increasing the risk of impingement or rotator cuff pain. Activating muscles that both retract (adduct) the scapulae321 and adduct the arms322 away from each other while they are overhead will assist in increasing the subacromial space. Externally rotating the humerus also helps to create more space by rotating the greater tubercle away from the acromion process. The adductor muscles that have large moment arms, which serve to depress (lower) the head of the humerus away from the acromion, are the pectoralis major, latissimus dorsi and teres major. Muscles with shorter moment arms are the infraspinatus, teres minor and subscapularis. The rhomboids act to retract the scapulae.


  We can bring this knowledge to the mat. Anytime that the hands are rooted to the floor, attempting to pull the hands apart will activate the arm adductor muscles (see figure 4.207). This can be done, for example, in postures like Down Dog (Adhomukhasvanasana) or Handstand (Adhomukhavrksasana). Pulling the scapulae together and toward the pelvis, the same actions described in the Tova maneuver will also help to retract (adduct) the scapulae. Finally, deliberately trying to increase the arms’ external rotation (rolling the inner creases of the elbows more forward and outward) will spin the greater tubercle away from the acromion. These actions may help students who suffer from impingement at the shoulders, which could be causing either reduced range of motion or pain.
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  Figure 4.207 Retracting (adducting) the scapulae while externally rotating and trying to adduct the arms may assist with reducing impingement syndrome.




  Caution! There is no therapy that works for everybody. While some people have found the above suggestions helpful, it should be noted that strongly drawing the shoulders down to avoid impingement or rotator cuff problems, if overdone, can lead some people to develop or aggravate thoracic outlet syndrome. When trying any of these suggestions, please pay attention to what you are experiencing. If these movements do not help you, don’t do them.


  Yoga therapy for thoracic outlet syndrome


  The thoracic outlet, as shown in figure 4.208, is an opening at the top of the thorax bounded medially by the side of the neck, specifically the posterior and anterior scalene muscles, in the back by the trapezius and scapula, in the front by the clavicle and first rib, and laterally by the axilla (armpit). A bundle of nerves (the brachial plexus) and blood vessels (the subclavian artery and vein) are routed through the thoracic outlet. Unfortunately, for some people, the thoracic outlet can become restricted at certain points, and the nerves and blood vessels can become compressed or trapped, leading to pain and paresthesia through the shoulder and into the arms and hands. (Paresthesia is the sense of numbness or tingling that can arise when nerves are impinged, trapped or compressed.)


  Thoracic outlet syndrome (TOS) can present as sharp or dull pain in the hands or arm. The pain can be worse when carrying a heavy load, which pulls the shoulders and clavicle downward, or when the clavicle is raised by elevating the arm, or if the first ribs are elevated and compress against the clavicle because of overactive scalene muscles. TOS can also lead to muscular weakness along with a lack of endurance or clumsiness. These sensations suggest an impingement of the brachial nerves through the thoracic outlet. Symptoms of temperature changes, coldness in the hands, a feeling of heaviness, or discoloration may indicate restriction in blood flow to or from the arm and hands.
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  Figure 4.208 The thoracic outlet. Notice how the nerves and arteries run through a narrow passage bounded by (1) the anterior and posterior scalene muscles, (2) the clavicle and first rib and (3) the space beneath the coracoid process and pectoralis minor.




  As shown by the numbered circles in figure 4.208, the nerves, artery and vein travel through three regions where compression or impingement can arise:


  
    	The interscalene triangle, formed by the anterior and posterior scalene muscles and inferiorly by the first rib. Tightness in the scalenes or a narrowing of the distance between them can compress the nerves and subclavian artery (but not the vein, which does not run through this triangle).



    	The costoclavicular triangle, formed anteriorly by the middle region of the clavicle, medially by the front part of the first rib and posteriorly by the upper scapula and supraspinatus muscle. These borders can move, and constant movement here can lead to irritation of the brachial plexus and blood vessels. If the clavicle is quite close to the first rib, the space available is reduced. If the scalene muscles constantly spasm due to some injury, overuse or poor posture, they can pull the first rib upwards, creating compression against the clavicle, causing nerve or artery impingement. A lowered clavicle, one that is more horizontal, is more likely to trap the brachial bundle against the first rib, leading to TOS. In about 1% of the population, an extra rib occurs (called a cervical rib), which increases the chances of the nerves and blood vessel bundle being impinged. This happens more often in women than men.323 Variations in the shape and size of the clavicle may also predispose some people to TOS.



    	The subcoracoid space, bounded above by the coracoid process and the pectoralis minor tendon and below by the second and third ribs. If the pectoralis minor is short and tight, it can reduce the subcoracoid space, leading to TOS.


  


  Incidences of TOS can be triggered by posture or repetitive movements that decrease space in the thoracic outlet. For example full elevation of the arm or strong external rotation of the arm (perhaps while sleeping with a hand under a pillow), or occupations that require keeping the arms overhead for long periods of time can trigger TOS pain and tingling. Any movements that bring the clavicles backwards (retraction) or downward (depression) can create nerve impingement between the clavicle and first rib. Strongly depressing the clavicles through a yoga posture (think of continually drawing the shoulders down and back), or by frequently wearing a heavy purse over one shoulder or sporting a heavy backpack, can also diminish the space between the clavicle and first rib. Even deep breathing, which lifts the first rib up to the clavicle, has been known to trigger TOS in some people.


  
    It‘s Important! Some yoga cues can be overdone.


    The instruction to draw the shoulder blades down and back pulls the clavicle backward (retraction) and downward (depression) so much that the brachial plexus or subclavian artery may become trapped between the clavicle and first rib. Similarly, overdoing deep breathing can lift the first rib up toward the clavicle, again resulting in compression of the nerves or blood vessels. This compression can cause pain, numbness, coldness or tingling in the arms and hands for some people. Beware of overdoing any particular yoga cue, and pay attention to what happens while you are in the posture, when you come out of the posture or over the next day or two. Pain and numbness may be due to the way you were moving or holding your body.

  


  Treatment of thoracic outlet syndrome includes medications (including blood thinners), injections (including botulinum), physical therapy and, ultimately, surgery. The medication deals with the pain and discomfort of TOS, but physical therapy attempts to fix the problem by increasing the amount of space in the thoracic outlet. Unfortunately, there is no clear evidence that any of these treatments work better than a placebo.324 Given that, we are left with theory informing practice, rather than a solid body of clinical evidence proving which interventions are best.


  Theoretically, any movements or postures that elevate the shoulders and bring the clavicles forward or upward should increase the space between the scapula/clavicle and ribcage. Yoga therapy is one way to implement this theory, but the exact interventions depend upon the particular cause of TOS. The most common targets are the scalene muscles along the neck. Movements that gently shift the head and neck backward and laterally can help to lengthen and release chronic tension in the scalenes. Correcting a chronic head-forward posture should also be helpful. In general, anyone with TOS is advised to be cautious of movements that draw the scapula and clavicle down, especially under load. Instead, they should work to strengthen and lengthen the neck and shoulder muscles while keeping as much space as possible in the thoracic outlet.


  Again, it needs to be stated that no therapy works for everybody. While some people have found the above suggestions helpful, elevating the arms and shoulders to avoid TOS, if overdone, could lead some people to develop impingement or rotator cuff problems. As always, it is best to seek professional guidance before self-medicating.


  Yoga therapy for frozen shoulder


  There are many possible causes for a shoulder that won’t move well or is “frozen.” Indeed, the term frozen shoulder is a general term that can have many causes. One particular cause is adhesive capsulitis, which refers to a condition that can arise spontaneously or gradually and that causes shoulder stiffness and pain due to a tightening of the glenohumeral joint capsule. The more the shoulder hurts, the less it will be used; the less it is used, the more the joint capsule thickens and becomes stiff.325


  It is not unusual for someone with a frozen shoulder to be unable to abduct the arm beyond 100°, flex more than 120° or externally rotate the arm more than 35°, and for many people, far less than these amounts are available.326 These arm movement restrictions lead to overuse of the scapula and the muscles governing its movement.327 Muscles that tend to become weaker during a period of shoulder dysfunction include the serratus anterior, infraspinatus and, especially during a frozen shoulder, the lower trapezius.328 A frozen shoulder arises in about 5% of the general population, most often between the ages of 40 and 60,329 more often in women than men, more often (~19%) in diabetics, and in up to 25% of stroke victims within six months of the stroke.


  Understanding adhesive capsulitis can come from understanding its name: “itis” as a suffix refers to inflammation, thus “capsulitis” indicates an inflammation of the shoulder’s joint capsule. Inflammation leads to swelling, pain and loss of range of motion. Adhesions in the fascial tissues in and around the capsule can develop as well, which can further limit movement. These problems can be caused by injury directly to the joint or by immobilization of the joint during recovery of an arm or shoulder problem (for example, when the arm is in a sling and thus the shoulder is not used for several weeks). When a joint’s ligament is not loaded or experiencing any stress, the ligament commonly will atrophy and undergo contracture.330 This again points to immobilization, or lack of use, being a potential cause of a frozen shoulder. But unfortunately, the cause of a frozen shoulder is often unknown. In those cases, it is termed idiopathic.


  Frozen shoulder progresses through three stages: the initial painful stage, which may last anywhere from two to nine months; the frozen stage, with limited mobility, which may last four to 14 months; and finally, the thawing stage, which may continue for five to 24 months.331 It may take up to 30 months in total for the problem to fully resolve.332 Some therapists believe that frozen shoulders can be reversed during the initial, painful stage,333 but others believe the first stage is the least likely time to cure the problem.334 A variety of therapies have been used, but a 2014 Cochrane review of 32 trials involving over 1,800 patients found that physical therapy and electrotherapy were not as good as steroid injections or even placebo injections in reducing pain or increasing function.335 One study found that 94% of people with spontaneous idiopathic frozen shoulder recovered pain-free, normal ranges of motion without any treatment.336


  The findings remain controversial, and there are many anecdotes claiming that manual therapy and even yoga therapy can help people recover from their frozen shoulders. The most commonly prescribed therapy involves using the uninjured arm or some device to help move the injured shoulder, a process called active-assisted range-of-motion exercises.337 Four movements involving passive, self-stretching of the arm using the uninvolved arm have helped 90% of patients who were experiencing the stiff or frozen shoulder stage.338 The four movements, done twice per day, were passive flexion, horizontal adduction, internal rotation of the arm while it was behind the back, and external rotation of the arm while it was hanging at the side.


  Several other, simple exercises for helping resolve frozen shoulder are shown in figure 4.209.339 The first (figure 4.209a) is known as Codman exercises or pendulum exercises.340 The idea behind the Codman exercises is to create a gentle distraction of the arm away from the scapula. This should encourage nutrients to flow into the joint and create early joint mobilization. To do the Codman exercises, the client holds a chair, table top or countertop with the good arm and lets the injured shoulder’s arm dangle. This arm is then gently moved in slowly widening circles (circling in both directions).
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  Figure 4.209 Exercises for frozen shoulder: (a) Codman exercises; (b) walking-the-wall; (c) Arms Overhead (Urdhvahastasana); (d) Wall Dog; (e) Cow Face Arms (Gomukhasana) with strap.




  The walking-the-wall exercise (figure 4.209b) is also very simple: the client stands parallel to the wall, with the frozen shoulder close enough to the wall that they can walk their hand up the wall. At first, the hand will not be able to “crawl” very high, but eventually, the hand will be above horizontal. As the hand walks up further, the body can come closer to the wall. Eventually, when the arm is completely vertical, the armpit will touch the wall. The client should ensure that the scapula is not elevated; the arm’s elevation is coming purely from the glenohumeral joint.


  Arms overhead (Urdhvahastasana—figure 4.209c) may not be available for everyone with a frozen shoulder, but it is the end game of the walking-the-wall exercise: the arms are raised as high in the air as possible. This can be attempted in several yoga postures, such as Mountain Pose (Tadasana) or Warrior 2 Pose (Virabhadrasana 2). Until the arms can be completely vertical, the student will go to their limit and eventually work the arms more vertically over time. Another variation of the arms fully elevated is found in the Down Dog Pose (Adhomukhasvanasana). A full Down Dog with hands on the floor will not be available for someone with a frozen shoulder, so the easier version is to simulate a Down Dog with the hands against a wall, as shown in figure 4.209d. Eventually, the hands will walk down the wall, allowing the upper body to approach being horizontal.


  Cow Face Pose (Gomukhasana) works each arm differently. The top arm is flexed, abducted and externally rotated; the bottom arm is extended, adducted and internally rotated. For students with a frozen shoulder, it will be very challenging to bring the hands close together, so a belt or yoga strap can be used (figure 4.209e). Hold the strap in each hand and slowly work them closer together over time. Allow the frozen shoulder arm to try both positions. Over time, the range of motion will increase.


  Therapy for shoulder separation and shoulder dislocation


  A shoulder dislocation occurs when the humerus comes away from the glenoid fossa. In about 98% of dislocations, the head of the humerus pops anteriorly. A shoulder separation occurs when the clavicle separates from the scapula. Dislocations and separations are two distinct problems, but except for severe cases, conservative treatment is sufficient to allow the joint to recover within weeks of the trauma. This treatment includes initial rest and pain relief, often with the use of a sling to immobilize the joint for a week or so, and then therapy to restore range of motion and strength. Additional therapy may follow to allow for return to sports or work.341 For more severe cases, surgery is considered.


  Some therapists recommend beginning rehab with closed-chain exercises, which means the hands are grounded against the wall or floor to reduce the load on the shoulders.342 Gradually, load is added to the movement through the use of light weights or elastic bands. Finally, open-chain movements are prescribed. While these are generalizations of possible progress, a good therapist will work with the client to determine which exercises are appropriate and when. No two patients are exactly alike, and the actual protocol developed should be equally unique.


  Shoulder separation


  Except in extreme cases, avoiding surgery results in a faster return to work with fewer complications.343 However, if all the ligaments that bind the clavicle to the scapula become torn, surgery may be the only option to repair the damage. Therapy generally focuses on strengthening the muscles attaching to the scapula and clavicle to help stiffen the acromioclavicular joint, and stretching to keep the muscles from overly contracting and restricting range of motion. Initially, the exercises can be simple head and neck movements, shoulder rolls and adducting of the scapulae together. Later, more arm movement exercises can be added, such as arm flexions and extensions against some resistance, and internal and external rotations (see figure 4.210a).


  Shoulder dislocation


  If the head of the humerus moves out of the glenoid fossa but then spontaneously returns, this is termed a subluxation of the shoulder. If the humerus does not return on its own, it is called a dislocation. When the head of the humerus moves forward, it may overly stretch or even tear the anterior joint ligaments and damage the glenoid labrum. A tear or lesion in the superior labrum anteriorly and posteriorly is called a SLAP lesion.344 This can affect the stability of the tendon of the long head of the biceps brachii, which would be a problem for throwing athletes. If the head of the humerus is constantly pushing forward, a tear may develop in the anterior rim of the labrum, which is called a Bankart lesion. This often happens to athletes such as tennis players, volleyball players and basketball players, who use a lot of fast, strong overhead arm movements, as well as to athletes in collision sports such as football and rugby, where the athletes often fall to the ground and brace themselves by extending a hand to break their fall. Some athletes simply pop the humerus back into the joint socket and carry on. Once these problems have been repaired, there is a significant probability of them recurring.345 The younger athlete is 90–95% likely to experience future dislocations.346 Older patients have stiffer ligaments and joint capsules and are less likely to re-dislocate. Curiously, there is a bimodal distribution of dislocations, with most occurring in one’s 20s and 60s.347


  Fortunately, in yoga large, dynamic stresses are rarely applied to the shoulder, there is no contact with others to jar it, there are no falls to the ground with outstretched arms, and there are no fast, repetitive motions. However, it is conceivable that for some students, some forms of yoga may create labral problems. The glenoid labrum can weaken with age. Postures that push the head of the humerus forward could, over time, lead to a tear. Any sharp, pinching pains in the shoulder or a sense of the joint locking, catching or grinding should be investigated.


  Before rehabilitation begins, treatment will address pain control and inflammation management along with joint protection, possibly through immobilization for several weeks. The use of a sling is a subject for debate, with studies showing both benefits and disadvantages.348 The main objectives of the therapy are to improve the surface contact between the head of the humerus and the glenoid fossa and restore normal proprioception and scapulothoracic motion. The whole rehabilitation process may take several months.


  Strengthening exercises will target the shoulder stabilizers, such as the rotator cuff muscles as well as the trapezius, serratus anterior and rhomboids. If tightness occurs in the joint capsule that prevents internal rotation, stretching exercises may be directed at the joint capsule.349 Codman exercises, as shown earlier in figure 4.209a, may be prescribed to start. Initial movements to be avoided include pulling on the arm, large external rotation and full abductions. Several strengthening exercises are shown in figure 4.210 as well as some modified yoga asanas for students recovering from shoulder dislocation.350 Ideally, one would start with the first exercises and eventually work up to the full arm movements shown in the Warrior Poses (Virabhadrasanas).


  The first exercises (figure 4.210a) build strength in the external and internal rotators of the arm as well as the arm flexors. They involve pressing the hand against a door frame. First (a,i), for internal rotation strength, press the palm of the hand against the door frame. For external rotation (a,ii), press the back of the hand against the door frame. For flexion (a,iii), press a fist into the door frame or a wall. Keep the elbow tucked close to the side body. Hold each press for 10 seconds, rest, and then repeat three or four times.


  The second exercise (figure 4.210b) involves creating more range of motion in the shoulder. Begin on all fours in a Table Top or Cat position (b,i) and reach the hand of your healthy shoulder as far forward along the ground as possible (b,ii), then return to the starting position. The problem shoulder stays motionless. Repeat up to 10 times, rest, and go again two or three more times. For more challenge (not shown), with hands under the shoulders, you can do little “mini push-ups,” lowering your upper body no more than halfway to the floor.


  The third exercises (figure 4.210c) are variations of Locust Pose (Salabhasana). Lying prone on the floor, perhaps with cushions or folded blankets supporting your chest and pelvis, first (c,i) reach your arms overhead in a Y and lift them (this is scaption). The second variation (c,ii) is to reach the arms straight out to the side, in a T shape (this is abduction). The third variation (c,iii) is to move the arms behind you, into a reverse Y shape (this is extension). This is lifting of the arms; you do not need to lift the chest as well, but a little rise can be okay if your lower back is happy. In all positions, lift and hold for 10 seconds, come down, rest and repeat. As you advance in ability, you can add light weights in the hands.


  The fourth exercises (figure 4.210d), Reverse Table Top (Purvottanasana), are more challenging. They help to build closed-chain extension range of motion for the arms. The easiest variation is done from a chair (d,i). Holding the sides of the chair, lift the hips forward and up. This moves the arms backwards into extension. The next variation (d,ii) has the hands, feet and buttocks on the floor. From there, lift the hips as high as you can. Lifting the hips higher in this position increases extension of the arm at the glenohumeral joint. The most challenging option, the Slide Pose (d,iii) requires more core strength to fully extend the hips, but this may not actually increase arm extension as much as the Table Top position because the hips do not rise as high. For students with very flexible wrists and no wrist pain, the hands may point forward (d,iii), which internally rotates the arms, thus allowing for a bit more arm extension range, but for most people, this may be too challenging. If wrist pain occurs, keep pointing the hands away from the feet (d,ii).
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  Figure 4.210 Exercises for rehabilitating the shoulder after separation or dislocation: (a) press a hand against a door frame: (i) pressing the palm involves internal rotation; (ii) pressing the back of the hand involves external rotation; (iii) the fist pressing forward involves arm flexion; (b) the reaching Cat: (i) hands under shoulders; (ii) slide the hand of the healthy shoulder forward along the ground; (c) Prone Arm Lifts (Salabhasana): (i) Y arms; (ii) T arms; (iii) reverse Y arms; (d) Reverse Table Top (Purvottanasana): (i) with hands on a chair; (ii) with feet and hands on the floor; (iii) Slide Pose; (e) Warriors: (i) Virabhadrasana 1 with hip on a chair; (ii) Virabhadrasana 2 with pelvis on chair and blanket; (iii) Virabhadrasana 3 with hands on a chair.




  The final exercises (figure 4.210e) are the yoga Warrior postures (Virabhadrasanas), which elevate the arms and strengthen the deltoid muscles. Warrior 1 (e,i) pulls the arms fully vertical, if possible. It is okay to work toward vertical over time. Warrior 2 (e,ii) may be more accessible for students with restricted range of shoulder movements but requires more strength in order to keep the arms horizontal. Warrior 1 and 2 may be difficult for many students, thus the use of a chair under one hip can make them more accessible, as shown in the illustrations. Warrior 3 (e,iii) requires both strength and mobility in the shoulders and thus may not be available until well into the recovery period. It also requires a considerable amount of balance, so the arms can be resting on a wall, counter top, table or the top of a chair for support.


  Therapy for arthritis in the shoulders


  Recall that “itis” as a suffix refers to inflammation. Arthroses is from the Greek for a joint or an articulation. Together then, arthritis is an inflammation of a joint, but it is much more than simply this. Arthritis can refer to the gradual wearing away of the cartilage wrapping the ends of articulating bones, such as the head of the humerus and the glenoid fossa. At first, the cartilage begins to fibrillate, which means to break up into fibers, deteriorate and flake off. When the cartilage completely wears away, the underlying bones start to rub against each other, which leads to movement pathologies and severe pain. The wear patterns in a joint can be very uneven and irregular. The two articulating bones may no longer fit well together and lack centrality during movement, possibly even leading to subluxation.351 Bits of broken cartilage can become stuck in the joint, leading to grinding or clicking noises during movement (called crepitus), or become trapped, leading to the joint catching and becoming locked. (This locking of the joint is more common in the knees, due to meniscal tears, than in the shoulder. Catching or locking in the shoulder is often due to a labral tear rather than arthritis.) Arthritis can also refer to bony growths (called bone spurs or osteophytes) in the bones around the joint due to excessive and misplaced pressure.


  The most common symptoms of arthritis are shoulder pain, reduced range of motion and stiffness. Other symptoms can include muscle weakness and atrophy. These symptoms are also found with a joint fracture, but a fracture occurs in one sudden event whereas arthritis develops over time. The most common site for arthritis in the shoulder is at the glenohumeral joint, but rarely it can occur at the acromioclavicular joint as well. Rheumatoid arthritis, which involves an autoimmune disorder where the immune system attacks the joint lining, is distinct from osteoarthritis, which is the wearing away of the joint due to wear and tear. The risk factors for developing arthritis include age, joint injury and excessive stress in the joint.352


  There is no cure for arthritis; the intention of any intervention is to reduce pain, restore mobility and slow down further degeneration. Treatments for osteoarthritis can vary:


  
    	Ice or heat to manage pain



    	Supplements such as arnica gel or non-steroidal anti-inflammatories like ibuprofen



    	Steroid (cortisone), glucosamine or hyaluronan injections



    	Surgical interventions, from debridement to remove broken cartilage to complete joint replacement



    	Lifestyle changes such as avoiding painful activities



    	Physical therapies


  


  Generally, physical therapy intends to regain or maintain range of motion. Building strength is a secondary goal because for many arthritis sufferers, strengthening the joint increases their pain. However, if the exercises are well tolerated, then strength building can be considered. Figure 4.211 illustrates several stretching exercises that have been found helpful for people with osteoarthritis. To these exercises can be added the Codman exercises shown in figure 4.209a, as well as the triangular forearm support shown in figure 4.206.
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  Figure 4.211 Shoulder arthritis therapeutic exercises: (a,i–iv) Shoulder Rolls, (b) Winging Elbows, (c) Reverse Namaste Hands, (d) Cow Face Pose (Gomukhasana).




  These exercises are chosen because they move the arm and scapula in all possible directions. Shoulder Rolls (figure 4.211a) are a great way to start. You can begin (a,i) by shrugging the shoulders up to the ears (scapular elevation and upward rotation); (a,ii) allow them to roll back (scapular retraction or adduction), (a,iii) then down (depression and downward rotation); (a,iv) move the shoulders forward and together in front of the body (scapular protraction or abduction) and (a,i) elevate them to the ears again. Repeat the full cycle up to 10 times, switching directions halfway through. Rest, then repeat two or three more times.


  For the Winging Elbows (figure 4.211b), bring the hands together at the back of the head (b,i) and draw the elbows forward and together, then widen the elbows as far apart as possible again (b,ii). This moves the arms into horizontal adduction and abduction. Repeat up to 10 times. Rest, then repeat two or three more times.


  More challenging is Reverse Namaste (figure 4.211c), which moves the arms into internal rotation, extension and adduction. Most people will be unable to bring their hands together behind their back, so work toward this by initially pushing the fists together (c,i). From there, you can work toward grabbing the opposite wrists or, eventually, the opposite elbows (c,ii) and maybe one day reach the position of palms together (c,iii).


  Finally, Cow Face arms (Gomukhasana—figure 4.211d) combine the movement of Reverse Namaste for the back arm with external rotation, flexion and abduction of the front arm. For the back arm, first extend your arm out to the side, turn the palm down, then turn the palm toward the back of the room. If you have more room to move, keep internally rotating the arm until the palm faces the ceiling, but do this without moving your chest or shoulder forward. This is pure internal rotation of the arm. Next, move the arm backwards (extension) as far as you can before folding the elbow. Then, bring the hand behind your back (adduction) and wiggle it as high up between your shoulder blades as possible. Positioning the arm first in internal rotation, then extension and finally adduction may allow you to reach higher up your back than you can by simply thrusting your arm behind your back. For the forward arm, reach it out to the side, turn the palm so it faces forward (external rotation), then try to rotate the palm toward the ceiling. If possible, keep rotating until the palm faces the back of the room. Next, abduct the arm up higher until it is alongside your head, then flex the elbow and reach down your back for your other hand. If the hands do not clasp, hold a strap, belt, towel or pony tail in your hands and slowly work them closer together.


  The shoulder complex summary


  As we close our look at the shoulder complex, we now know that, unlike the spine, which is designed for stability first and mobility second, the shoulder complex is designed for mobility first and foremost. Its unique architecture allows for the largest ranges of motions of any joint in our body. The trade-off for these large ranges of motion is a reduction in load-bearing stability. Compared to the pelvis, where the femurs and hip sockets have large, congruent fits allowing a great deal of weight-bearing support, the bony connection between the humerus and the scapula is quite small. This places the job of stabilizing the shoulder joint onto the soft tissues of muscles, tendons and ligaments.


  The term “shoulder complex” is used because the shoulder area is quite complicated, consisting of four joints: the joining of the arm to the scapula (the glenohumeral joint), the joining of the scapula to the clavicle (the acromioclavicular joint), the joining of the clavicle to the axis of the body at the sternum (the sternoclavicular joint) and a virtual joint between the scapula and the upper back (the scapulothoracic joint). While there is the ability for articulation at each of these four joints, movement within the shoulder complex and of the whole complex relative to the axial body is connected and coordinated. When the arm moves, the scapula moves; this relationship is called the scapulohumeral rhythm.


  In an average person, when the arm is raised to vertical (180° of flexion, for example), it is accomplished by 120° of arm flexion at the glenohumeral joint and another 60° of upward rotation of the scapula relative to the upper back. That is an average relationship, and due to the wide range of human variation, the scapulohumeral rhythm can vary considerably; some people need to move their scapula much more in order to fully raise their arm, while other people (especially flexible yoga teachers) hardly need to rotate their scapula at all to fully elevate their arm. This has an important implication for yoga students and teachers: it means that it is okay, and indeed important, to allow the shoulder blades to elevate and rotate upward whenever the arms are raised overhead, even though some people may not need to do so.


  Our scapulae are allowed to move and should move, but this movement is never in isolation. When the scapula moves, so does the clavicle, although the relationship is not always easy to predict and understand. When the shoulder complex as a whole moves, so too does the rest of the body. Our spine will often extend backward as arms are raised, or flex slightly as the arms are extended behind us. Our necks will bend to the side and twist slightly as the arms come up. The degree to which these coordinated and connected movements occur varies significantly from person to person. This means that there are no universal upper body or shoulder alignment cues that will work for everyone. How far apart your hands should be in Down Dog Pose (Adhomukhasvanasana), Plank Pose or Chaturangadandasana cannot be dictated but must be discovered.


  This does not mean that alignment is unimportant, but it does mean that it will be challenging to find the alignment that works best for your body. The ideal approach to determine the optimal alignment for your hands, arms, shoulders and core is through attentive experimentation. Perfect alignment cannot be achieved by focusing on only one area. It is the relationships between areas that is important, not just having the shoulders “back and down” or “hands shoulder width apart.”


  Another important point to note about the shoulder complex is the importance of proximal stability before distal mobility. This means that whenever the shoulder complex is about to experience or bear a significant load (like bearing the weight of the body while in Down Dog Pose [Adhomukhasvanasana] or Handstand [Adhomukhavrksasana]), the core muscles and the muscles connecting the shoulder complex to the core and the arm to the scapula should be stiffened. When the shoulder complex and core are stiff, they can handle loads with control and accuracy. The process is broadly called “technique,” but it includes the unique alignment of the parts of your body along with coordinated muscular co-contractions.


  Since you are unique, it is not a surprise that your shoulder complex is also unique. The reality of human variation reveals that the shapes of your humerus, scapula and clavicle will determine to a large degree the ultimate range of motion that you possess in your shoulders. This will, in turn, determine where your hands optimally should be during load-bearing postures. Start the exploration of your optimal alignment by first ensuring your core and shoulder complex are stable, safe and secure, and then allow that position to determine where your extremities should be, rather than vice versa. Do not start by placing your hands in some predetermined, dogmatic position and then contorting your body to fit this aesthetic. Start from your core and work out to the floor.


  CHAPTER 3: 
The elbow and forearm


  While the shoulder allows the broadest ranges of motion of any joint in the body, it functions in cooperation with the elbow and forearm to bring the hand to the head or to move the hand away from the body. The movements at the elbow are quite restricted compared to the shoulder complex, with the main movements being flexion and extension (moving the hand toward the head and away from it) as well as pronation and supination (turning the palm up and down). Often, the movements of pronation and supination are ascribed to the wrist, but it is movement within the forearm that turns the hand up or down, and the wrist and hand come along for the ride. One way to describe the elbow is as a hinge joint, due to its movement being restricted to flexion and extension, but there is some slight deviation from this pure hinge action, so it is better to describe the elbow as an approximate hinge joint.


  Unlike quadrupeds, who are unable to bring their front feet to the face, primates excel at hand movements and gestures. In open-chain movements, where the hand is free to move without resistance, the hand can reach almost any place on the body. (The one exception may be that impossible-to-scratch location in the upper back. But if you have been diligently practicing your shoulder yoga, you may be able to reach even there!) This wide variety of movement is also very helpful in thrusting or throwing things away from the body. In closed-chain movements, where the hand is rooted onto an immovable object such as the floor or holding a branch or bar above the head, the elbow can lock in place, allowing the bones of the arm and forearm to support and stabilize the upper body.


  Humans, being bipedal, do not need the upper body for support while walking or running. This evolutionary change to our upper body allows the arms and hands to interact with our environment: we can grasp, move, carry and change our environment as well as groom our own body and feed ourselves. All these manipulations require precise coordination between the shoulder and hands as well as the joints at the elbow and forearm.


  Form


  There are similarities but also significant differences between our lower and upper limbs. In the legs, we have three bones: the femur (thigh bone), tibia (shin bone) and fibula. In the arms, we also have three bones: the humerus (arm bone), ulna and radius. The functions served by these bones, however, are quite different. The legs are primarily responsible for supporting the rest of the body while moving, so they provide stability at the cost of reduced mobility. The arms are free from the responsibility to transport the body, which allows them to provide a great deal of mobility. While the knee can flex and extend like the elbow does, the knee does not possess the ability to pronate and supinate, which the forearm can do. (For our lower body, pronation and supination occur in the foot.)


  The majority of the muscles found in the forearm serve to move the wrist and hand and will be discussed in chapter 4. This section will look at the muscles, bones and fascia involved with flexion, extension, pronation and supination.


  Landmarks of the elbow and forearm


  In common language, the term “arm” refers to the whole region from the shoulder to the hand, but to a strict anatomist, the arm is the upper segment spanning the shoulder to the elbow. The lower segment is called the forearm. Several of the key landmarks of the arm and forearm can be palpated, and you may find it useful to feel your landmarks in order to recognize them and notice any difference between one side and the other (see figure 4.300).
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  Figure 4.300 Many of the landmarks of the elbow and forearm are palpable (right arm).




  When you flex your arm, the big pointy bump at the back of the elbow is the olecranon process. For many, this point is considered the elbow. It is the proximal end of the ulna. The ulna is one of two bones of the forearm, but it is the one most easily palpated. With the arm flexed, you can trace the rather sharp edge of the ulna from the bump of the olecranon all the way to the little finger side of the wrist. There you may feel a significant bump at its distal end. This is the head of the ulna, and it is most prominent when the hand is pronated. Beside the ulna lies the radius, which is only palpable near the thumb side of the wrist. Toward the elbow, it runs under many layers of muscles. At its distal end, the humerus broadens and forms two palpable epicondyles. When you stand in the anatomic position with the palms facing forward, the epicondyle close to the body is the medial epicondyle of the humerus; the one on the other side is the lateral epicondyle.


  The cubital fossa is also called the elbow pit, and confusingly it can also be called the antecubital crease because it lies anterior to the elbow.353 However, to many yogis, this shallow indentation on the front side of the elbow is known as the “eye of the elbow.” This triangular space is the transition zone from the arm to the forearm (see figure 4.300).


  The architecture of the elbow and forearm


  The elbow joint and forearm are comprised of three bones but five joinings, as shown in figure 4.301. There is the joint between the distal humerus and the proximal ulna, called the humeroulnar joint. This is the primary site of elbow flexion and extension. However, there is another joint, between the distal humerus and the proximal radius, the humeroradial joint, which also participates in flexion and extension. These two joints combine to give the elbow a hinge-like capacity so that it opens (flexion) and closes (extension) like a door. The movement is not purely flexion and extension; some degree of side-to-side and rotational movement does happen, but it is small. The main muscles involved in flexing and extending the elbow are the three flexors (the biceps brachii, the brachialis and the brachioradialis) and the two extensors (the triceps brachii and the anconeus). These are shown in the section discussing the muscles of the arm and forearm.
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  Figure 4.301 The elbow and forearm have three bones and five joints (shown in red).




  Between the proximal ends of the ulna and the radius at the elbow is the proximal radioulnar joint. This is one of three joinings of these two bones. The other two are the distal radioulnar joint just before the wrist and the interosseous connection between the long shafts of each bone, called the middle radioulnar joint (MRUJ). (Interosseous means “between the bones,” which is where this strip of fascia is found.) While most anatomists would not consider the MRUJ to be a true joint, some researchers suggests that this area is important for understanding forearm pathologies.354 These three joints allow the radius to roll over the ulna. Notice in figure 4.300 that the radius aligns with the thumb, while the ulna aligns with the little finger. Pronosupination is mostly movement of the radius rotating around the ulna. The ulna is normally stationary during pronosupination, but it can move as well. (Whether the ulna moves depends upon how you choose to pronate and supinate the forearm. This is discussed in the later section on pronation and supination.) To facilitate its movements, the radius has a distinctive circular end at the elbow, which allows it to rotate without lateral or medial translation. It mostly spins in place. Both the ulna and the radius have sweeping curves along their shafts, allowing them to delay contact when the radius rolls over the ulna into pronation.


  There are a lot of muscles along the forearms, many of which are involved with movements of the wrist and hand, but four key muscles produce pronosupination. The pronators are the pronator teres, near the elbow, and the pronator quadratus, near the wrist. The supinators are the biceps brachii and the supinator. Interestingly, the brachioradialis can either pronate or supinate the forearm, depending upon where the hand is positioned. Additionally, some of the muscles that move the wrist and hand can have a small effect on flexion and pronosupination. These muscles will be covered in the chapter 4 on the wrist and hand.


  Stability of the elbow and forearm is provided through a combination of bony congruence (compression of one bone into another), muscular engagements tightening the joints, and passive fascial structures, which include the ligaments, tendons, retinaculum, joint capsules, as well as fascial expansions of these structures. Thus, as with most articulating joints, stability at the elbow is due to both tension and compression.


  Bones and cartilage


  The elbow and forearm include three bones and five joints, as shown in figure 4.301. Inside the elbow and wrist joints, cartilage covers the ends of the humerus, ulna and radius. While the drawings give a general idea of the size, shape and orientation of these long bones, remember that they are based on averages: your bones will not look like these. Your unique bones and their shape, size and orientation will have a unique effect on your range of motion.


  The distal humerus


  The distal end of the humerus (which means the end furthest away from the shoulder) has a rounded appearance, as shown in figure 4.302. As the shaft of the humerus descends from the shoulder toward the elbow, it begins to broaden via two ridges: the medial supracondylar ridge and the lateral supracondylar ridge. You can feel these ridges if you pinch your upper arm on both sides and a bit below your biceps and then move your hand down toward the elbows. You will feel the humerus widen as you approach the epicondyles. This is the widest part of the humerus. A condyle is a “knuckle” in Latin, and that is what these resemble. The condyle to the inside of the elbow when the palms are facing forward is the medial epicondyle, and the one to the outside is the lateral epicondyle. For most people, the medial epicondyle extends further and lower than the lateral one.
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  Figure 4.302 The distal humerus (right).




  The lateral epicondyle serves as an attachment site for many wrist extensor muscles, the supinator and the lateral collateral complex. The medial epicondyle serves as an attachment site for many wrist flexor muscles, the pronator teres and the medial collateral ligament of the elbow. You can feel this: if you wrap your hand around your forearm close to the elbow, notice that the medial side will feel some muscular engagement when you flex your hand, while the lateral side will engage when you extend your hand.


  As shown in figure 4.302, the distal end of the humerus broadens and curves forward of the shaft. Specifically, the lateral epicondyle turns slightly forward, while the medial epicondyle turns slightly backward. This results in the eye of the elbow facing a bit medially, for most people. The actual direction the eye of the elbow looks varies considerably from person to person.


  At the end of the most distal part of humerus is the trochlea, Latin for “pulley,” which is what this resembles. (The trochlea also looks like an empty spool of thread, but I do not know the Latin for that, so I will stick to trochlea.) Importantly, the medial side of the trochlea is much longer and lower than the lateral side, creating an angle to the horizontal at the end of the humerus. This orientation contributes to the valgus of the elbow, or what is more commonly called the carrying angle.


  The trochlea has a notable groove, similar to that found in the distal femur, which allows the proximal end of the ulna to roll snugly against the humerus. The groove of the trochlea spirals backwards and laterally with the medial side a little bit further than the lateral side. These asymmetries create small variations in the orientation of the ulna and humerus as the elbow flexes and extends, which causes small rotations between the bones. When fully flexed, the ulna aligns in the same plane as the humerus, but when fully extended, for most people, the ulna points laterally away from the plane of the humerus. This is the abovementioned carrying angle, and its variations will be looked at below.


  The radius articulates against the humerus’ capitulum, which means “small head.” (Sometimes, this is spelled capitellum.) This little bump is quite rounded, forming almost a half sphere that snuggly fits inside a hollowed depression at the end of the radius. Superior to the capitulum is another depression, called the radial fossa, which allows the rim of the head of the radius to flex more deeply before the radius and humerus come into contact.


  Variations of the distal humerus


  Just above the trochlea are two fossae: on the posterior side is the olecranon fossa and on the anterior side is the coronoid fossa. (Fossa is Latin for a ditch, trench or moat.) These depressions allow the end of the ulna more room to move before the bones impinge upon each other. The deeper the fossa, the more movement available; the shallower the fossa, the less room available. A deep olecranon fossa increases the range of extension at the elbow; a deep coronoid fossa increases the range of flexion. Between the floor of the olecranon fossa and the floor of the coronoid fossa is a very thin layer of bone called the supratrochlear septum, which in many people is perforated with one or more little holes, called the supratrochlear foramen. Studies are unclear about how often these foramens appear, with estimates ranging from 10% up to 50% of people having them.355 Clinically, however, the presence and size of these holes are important. The larger the holes, the less bone present, which increases the chances of a distal humerus fracture. Also, the less bone in the olecranon fossa, the deeper the olecranon process and coronoid process can move into it. Thus, the presence of supratrochlear foramens may allow increased extension and flexion of the elbow.356


  Valgus and varus: the carrying angle


  When we stand with our arms at our sides, palms facing forward, there is a distinct angle formed between our upper arms and our forearms. This is called the carrying angle (see figure 4.303). Whether this angle is caused by the angle of the distal humerus or variations in the proximal ulna has not been fully determined. It is likely due to a bit of both. A line drawn parallel to the trochlea of the humerus does not form a 90° angle to the humeral shaft. It is angled with respect to the horizontal when the arm is in the anatomical position. This angle is referred to as the articular surface angle.357 It may be a primary contributor to the carrying angle of the elbow. But the olecranon-coronoid angle of the ulna and the width and length of the inferior, medial trochlear notch also contribute to the carrying angle.358
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  Figure 4.303 The carrying angle varies considerably from person to person. Note the proximal end of the humerus is the same orientation in each case. Variations arise in the distal end.




  Why the forearm is angled away from the line of the shaft of the humerus is not known, but there has been speculation that pointing the forearm away from the pelvis makes it easier to carry objects (thus the term “carrying angle”) and to swing the arms past the pelvis when walking or running. If the carrying angle is five degrees more than average, the condition is called cubitus valgus. If it is five degrees less than average, it is termed cubitus varus. If the forearm is so highly varus that it points in toward the body, it acquires a special name: a gunstock deformity (see figure 4.303d).359


  All this begs a question: what is the average carrying angle? Studies vary considerably, but almost all studies have found that our carrying angle increases throughout adolescence, so adults have a greater carrying angle than children. Usually, the dominant arm has more angle than the non-dominant arm. Women tend to have larger angles than men. The speculation is that women have broader hips than men, on average, so they need a larger carrying angle to keep the hands further away from the pelvis. However, the range of human variation is such that many women have small carrying angles and many men have large ones. Plus, it seems that shorter people have larger carrying angles than taller people, so the variation between men and women may be due more to variation in average height than specifically to gender.


  One study of over a thousand people found the average carrying angle for the dominant arm was 11.25° and for the non-dominant arm was 10.6°.360 (This does not seem to be a very significant difference, but these are average values, and you may have a considerable difference between your two sides.) For some reason, left-handed people tend to have slightly higher carrying angles than right-handed people, regardless of the arm. Women average about 1.5° to 3.3° more than men.361 People over 14 years of age average about 1° more than children under 14 years of age.362


  The terms cubitus valgus and cubitus varus imply a pathology or problem, yet being diagnosed with a valgus or varus elbow is not necessarily a big deal. The standard deviation for the carrying angle is around 4°, which means a normal distribution of carrying angle ranges from 3° to 19°. In other words, you could have a carrying angle of 19° and still be considered “normal” and not suffer any functional impairment!


  But forget the statistics: what is important is your carrying angle. The absolute range of carrying angle in the study of over 1,000 people ranged from zero to 23°. An important question is what your angle means for you and your yoga practice. This is explained in the side bar “It’s Important: Your carrying angle will affect your hand positions.”


  
    

    It’s Important: Your carrying angle will affect your hand positions
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    Figure 4.304 The carrying angle can easily be seen by standing in front of a mirror with the forearm supinated (a), but it may disappear or at least be reduced when the forearm is pronated (b) or when the elbow is full flexed (c).




    Your carrying angle can affect the position of your hands and shoulders during your yoga practice. To understand this, first determine your carrying angle. Stand in front of a mirror with your arms at your side and your palms facing the mirror. Keep your elbows in so they hug your torso. Notice how much your forearms angle out to the side relative to your upper arm, which should hang pretty much straight down. Holding a straight stick (like a yardstick, pointer or broomstick) along your upper arm may make the angle more apparent. Notice if there is any difference between your left and right sides.


    In this position, your hands are fully supinated, but there are very few yoga postures where the arms are straight with hands supinated and bearing weight. Usually, our hands are pronated fully, especially when they are on the floor. Still facing the mirror, notice what happens to your carrying angle as you slowly pronate your hands so that the palms face away from the mirror. As the wrists pronate, the carrying angle tends to diminish or even disappear! (See figure 4.304b.)


    The pronation of the wrists will reduce your carrying angle by 5–10°, depending upon the relative length of your forearm, the width of your wrist and how you pronate the forearm. (Normally, pronation will roll the radius over a stationary ulna, which will diminish the carrying angle. However, it is possible to move the ulna laterally during pronation so that the carrying angle does not change at all; the distal ends of the radius and ulna simply change places. This is discussed on page 172.)


    Interestingly, as the elbow flexes, the amount of carrying angle decreases. When the elbow is fully flexed, there is no angle at all between the forearm and the upper arm (see figure 4.304c). The hand is aligned with the shoulder. You can also try this in front of your mirror. Again, standing with palms open to the front, notice how the angle between the arm and forearm disappears as you bring your hand to your shoulder. At halfway, or 90° of flexion, your carrying angle is about half of its maximum. When we add the 5–10° of inward movement due to pronation, this may neutralize your carrying angle completely at the halfway point of full flexion. When do we flex the elbow 90°? In the lower push-up position (Chaturangadandasana), in forearm balancing postures like Feathered Peacock Pose (Pinchamayurasana) or in Sphinx/Low Cobra Pose (Bhujangasana). In these postures, with the elbows flexed 90°, the hands may be shoulder width apart and the shoulders may be neutral.


    For many people, a pronated forearm aligns the hands with the shoulders, so when the hands are on the floor, having the hands shoulder width apart keeps the shoulder neutral in alignment. However, that is not the case for everyone. If your carrying angle is much larger than 10°, pronation will not bring your hands to shoulder width apart. The greater your carrying angle, the further apart your hands will be if the shoulders are to remain neutrally aligned. Figure 4.305 shows the effect of different carrying angles on hand position for Down Dog. Notice that in each case, the shoulder and elbow positions have not changed; the distance between the hands changes due to the varying amount of carrying angle each student has.
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    Figure 4.305 Your carrying angle will dictate where your hands should be: (a) with a large carrying angle, your hands will be wider than shoulder width; (b) with a normal carrying angle, the hands may be naturally shoulder width apart; (c) with no carrying angle, your hands may be less than shoulder width apart; (d) some people are not symmetric and their hand position will not be the same for both sides. Notice how in each person, the elbows and shoulders are in the same position. The only difference is the carrying angle at the elbow, which affects hand placement.

   


    For a student who has a lot of carrying angle, with neutral shoulders the hands will naturally be further apart than shoulder width (see figure 4.305a). For her to draw her hands to shoulder width apart will require further abduction of the arms, which will require more scapular movement. If someone has very little carrying angle, or even a varus angle, her hands may less than shoulder width apart (the student in figure 4.305c). For this person, keeping the hands shoulder width apart will require adduction of the arms at the shoulders.


    One last time, stand in front of the mirror and compare your two sides. It is possible that you have a lot of carrying angle in one elbow but very little in the other. This asymmetry may dictate that your hands should not be symmetrically placed on the floor. Your Down Dog may have one hand wider to the side, the other more in line with that shoulder. This is case for the student in figure 4.305d.


    What works ideally for you will have to be determined through experimenting with your hand positions and finding the place for them that keeps each shoulder as neutral, “uncontorted” and comfortable as possible.

  


  Distal humeral bowing


  The distal end of the humerus usually has a distinct forward bowing, as shown in figure 4.306. Notice the anterior offset of the trochlea from the midline of the humeral shaft in (b). One study of only 40 cadavers found offset ranged from 5.6 to 12.0 mm, with women having about 20% less offset than men.363 The humerus in figure 4.306a has very little bowing, while the one in (b) has a lot. This can clearly have an effect on the range of extension available for each person. Someone with large anterior bowing of the trochlear will find it more challenging to fully straighten the arm. Indeed, it may be impossible for this person to do so, simply because of the shape of the humerus. When the elbow is fully extended at the humeroulnar joint, it will appear to still be flexed a bit.
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  Figure 4.306 Anterior bowing of two right distal humeri.364 (a) This humerus has very little anterior bowing, and the elbow can easily extend to straight; (b) this humerus has a lot of anterior bowing, and it is impossible to fully straighten the elbow.




  The ulna


  As shown in figure 4.301, the ulna sits inside (medial to) the radius when the palms face forward. It has a very thick proximal end and a slender distal end. The proximal end articulates with the humerus in flexion and extension. In the lateral view, the proximal ulna has a very obvious, deep concave trough, looking like a gaping mouth, called the trochlear notch,365 situated between the olecranon process and the coronoid process (see figure 4.307.) If you bend your elbow and feel its bump or point, that is your proximal olecranon process. Its tip slides deeply into the olecranon fossa of the humerus during extension of the elbow. The coronoid process at the distal edge of the notch slides into the coronoid fossa of the humerus during flexion. The proximal surface of the olecranon is rough, which increases the attachment surface for the triceps brachii,366 but its posterior side is smooth.367 Both the olecranon process and the coronoid process become thinner, almost sharp, as they form their tips, looking a bit like beaks.
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  Figure 4.307 Lateral view of a right ulna.




  If the shaft is viewed horizontally, as shown in figure 4.307, the coronoid process is noticeably higher than the olecranon process. The coronoid process sweeps distally to form the ulnar tuberosity, which is the distal attachment site for the brachialis muscle. This region of the ulna is the thickest part, reflecting the fact that the coronoid process experiences a lot more compressive stress during arm extension than the acromion process. Indeed, the whole weight of the upper body may rest upon this area in postures like Side Plank (Vasisthasana), regardless of whether one hyperextends or hypo-extends the elbow.


  The trochlear notch has a ridge running down its length, called the longitudinal crest, dividing the groove into a medial and lateral side. At the lateral, distal end of the trochlear notch, the coronoid process ends abruptly, creating the radial notch, where the head of the radius articulates with the ulna. Just below (distal to) the radial notch is a slight, raised ridge of bone called the supinator crest, which is the attachment site for the supinator muscle as well as the lateral collateral ligament. Below and in front of the supinator crest is a slight indentation, which accommodates the radial tuberosity during pronosupination.


  In the frontal plane, the ulnar shaft is sinuous, like an elongated letter S (see figure 4.301): the upper half curves inward (concave medially), while the lower half curves outward (concave laterally).368 Running down the lateral side of the shaft of the ulna is a rather sharp ridge, which is the attachment site for the interosseous membrane. (The interosseous membrane joins the radius and ulna together along most of the length of their shafts.) Proximally, this sharp crest becomes the supinator crest, but distally, it disappears. Perhaps a little confusingly, the head of the ulna is at the distal end (unlike the head of the radius, which is at the proximal end.) The head of the ulna is that very prominent bump proximal to the little finger side of the wrist when your forearm is fully pronated. You can feel the bump disappear as you supinate. The rim of the head of the ulna is mostly a complete cylinder, except for a peaked outcropping of bone called the styloid process. (Styloid is from the Greek for “like a pillar.”) The inferior end of the head has a slight indentation, called the ulnar fovea, which is an attachment site for several ligaments and an articular disc between the ulna and the wrist bones.


  Variations of the ulna


  The trochlear notch can vary considerable from person to person, as shown in figure 4.308. The height of the coronoid process above the floor of the notch will affect the amount of flexion available at the elbow, while the height of the olecranon process will affect extension. A larger olecranon will decrease extension; a larger coronoid will decrease flexion. An increase in the size of the olecranon or coronoid will effectively deepen the trochlear notch. Thus, we find that a deep trochlear notch will reduce flexion and extension compared to a shallow one. Also notice the width of the “mouth” of the trochlear notch. A narrower mouth, known as a “closed trochlear notch,” will reduce range of motion, while a wider mouth, called an “open trochlear notch,” will allow greater ranges of motion.369 A closed notch is far more common, occurring in 92% of the population compared to an open notch, which occurs in only 8%.370 The range of curvature of the notch in one small study of 39 people varied from 153° to 204°, with a mean of 182°.371 If there is a lot of cartilage in the notch, it will become shallower, allowing more range of motion because it effectively reduces the height of the olecranon and coronoid processes.


  
    [image: ]
  

  Figure 4.308 The dorsal hook angle (highlighted in red) of the proximal ulna and curvature of the trochlear notches of five left ulnas (medial view).372 Due to the closed shape of the notch and the flat hook angle, the ulna on the far left will be more restricted in flexion/extension than the upward tilted, open ulna on the far right.




  The dorsal hook angle of the trochlear notch is the angle between the posterior border of the olecranon and its proximal border, as shown in figure 4.308. It will affect the amount of elbow extension possible. A study of 40 ulnas found the dorsal hook angles varied from 74.4° to 110.8°, with a mean of 95.3° and a standard deviation of 9.0°.373 This is a large amount of individual variation! The hook angle is called flat when it is 90°, upward tilted when greater than 90° or downward tilted when less than 90°. The upward tilted ulnas allow the most extension and the downward tilted ones the least.


  When viewed from behind, the posterior line of the ulna is rarely straight, as illustrated in figure 4.309. The upper ends (the proximal ulna) curve laterally (varus) for most people. This is called varus angulation and is another contributor to the carrying angle, along with the angle of the trochlea of the humerus, discussed earlier. The varus angulation in the abovementioned study of 40 ulnas ranged from 5.8° to 21.2°, with a mean of 14.3° and a standard deviation of 3.6°. Again, this represents a large amount of human variation.
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  Figure 4.309 Left ulnas (posterior view) with varus angulation.374 The red lines are parallel to the upper (proximal) shaft of the ulna. The black lines are parallel to the shafts. Notice the red lines’ angles to the vertical black lines vary considerably.




  A final but very significant variation of the ulna is its anterior curve. The ulna is concave anteriorly, at least for most people. Since it is difficult to define the exact amount of curvature an ulna has, another measure has been created, termed the proximal ulna dorsal angle (PUDA). This is shown in figure 4.310. A study of 60 cadavers found this curvature of the ulna in 92% of cases.375 There seemed to be no correlation of the angle to age or gender, but the dominant arm had slightly larger angles. The PUDA range was 1.4° to 12°, with the average being about 5.6°. Other studies had similar values, but as shown in figure 4.310a, there are cases in the literature of a negative angle (recurvatum) as well as neutral and positive angles (procurvatum).376
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  Figure 4.310 The ulna usually has a curve, as denoted by the PUDA.377 However, there are variations. The top ulna’s shaft is curved posteriorly, the middle has very little curvature, and the bottom has an anterior curve.




  The PUDA will affect the range of extension available at the elbow, along with the other bony variations already discussed. To determine whether you have a positive, negative or neutral PUDA, you can either get an X-ray of your forearm or try this simple method (see figure 4.311). With your elbow flexed 90° and palm facing up (supination), place your forearm on a table or desk top. Keep the point of your elbow (the olecranon) and the bony edge of the length of your ulna on the table and try to bring the back of your wrist to the table as well. If you have no PUDA angle (b), your whole forearm will lie flat against the table, and there will be no space between the wrist and the table top. However, if you have a positive PUDA (c), the wrist may be “floating” above the table and the only way you can bring it down is to roll the elbow off the table. If, on the other hand, both your elbow and wrist are on the table but there is a gap between the table top and the middle of your forearm (a), you have a negative PUDA.
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  Figure 4.311 Determining the direction of your ulna’s curvature. Place your forearm on a table with the elbow half flexed. (a) If you have a gap under the forearm when both the elbow and wrist are on the table, you have a negative PUDA, indicating a backwards (posterior) curve of your ulna. (b) If your arm is completely flat against the table, you have no PUDA. (c) If you cannot get both your wrist and elbow to the table, you have a positive PUDA, indicating an anterior curve.




  A positive PUDA, which means your ulna has an anterior curve, is correlated with a reduction in extension and in the overall range of motion of the elbow.378 A negative PUDA may allow a greater than normal amount of extension. Indeed, a negative PUDA may appear as a hyperextended elbow. In this case, the apparent hyperextension is not coming from the elbow joint directly but from the backwards curvature of the ulna. Your arm may look hyperextended, but it is not. This is an illusion due to the posterior curve of your ulna.


  The radius


  Lying outside (lateral to) the ulna when the forearm is supinated is the radius. Unlike the ulna, which is thick at the proximal end and thin at the distal end, the radius is thin at the proximal end and thick at the distal end. The wrist bones (the carpals) primarily lie just past (distal to) the end of the radius, and when the hand is bearing weight, the load is transferred from the wrist into the larger radius rather than to the thin ulna.


  At its proximal end, the head of the radius is a rounded disc with a hollow indentation on top. The indentation, called the radial fovea, articulates with the rounded humeral capitulum, forming the humeroradial joint. The smooth rim of the radial head articulates with the radial notch of the ulna, forming the proximal radioulnar joint. Just below (distal to) the head of the radius is its neck. Below and medial to the neck is the pronounced radial tuberosity, also called the bicipital tuberosity. This large bump is the distal attachment site of the biceps brachii, which can both flex the elbow and supinate the forearm. Below the radial tuberosity, a ridge arises that runs down the medial shaft of the radius. This sharp edge is the attachment site for the interosseous membrane.


  The distal end of the radius enlarges considerably to form a broad, four-sided base for the carpal bones at the radiocarpal joint. Medial to the end of the radius is the ulnar notch (also called the sigmoid cavity or sigmoid notch), which accommodates the curved head of the ulna at the distal radioulnar joint. The lateral radial styloid process is longer and larger than the ulna’s styloid process.


  As was the case for the ulna, the shaft of the radius also has a bowing in the side (sagittal) plane. It can be slightly convex posteriorly and concave anteriorly. The proximal one-third of the shaft is mostly straight with perhaps a slight curve (concave laterally) toward the ulna but then curves away from the ulna (concave medially) in the latter two-thirds. The proximal curve of the radius is called the supinator curvature because this is the part of the bone where the supinator and biceps brachii attach. The distal curve is called the pronator curvature because this is the region of attachment for the pronator teres and the pronator quadratus.
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  Figure 4.312 Views of a right radius.




  Variations of the radius


  As with all the bones of the body, the radius can vary from person to person in the size, shape and proportions of the various segments. The head of the radius, for example, varies from circular in 43% of people to elliptical in 57%.379 The length of the radial neck, measured from the bottom of the radial head to the top of the radial tuberosity, also varies.380 Additionally, the angle of the neck to the head can be distinctly different with some necks being very straight while others bow inward away from the edge of the head. However, there is great difficulty in determining the exact shape (morphology) of the radial head and neck, and it is not currently possible to know whether these variations are significant.381


  Variation in ulna and radius curvatures


  The bowing of the shafts of the ulna and radius in the side (sagittal) plane is quite noticeable in the distal portions of each bone. This wide separation between the shafts allows more room for the bones to cross over each other during pronosupination, delaying any bony contact as long as possible. Figure 4.313 illustrates what would happen if our ulna and radius were simply straight rods (a, b and c), compared to their actual curved nature (d).


  Indeed, there are three aspects of the shafts’ size and shape that affect the amount of pronosupination available:


  
    	Their diameters



    	The distance between the two bones383



    	Their degree of curvature384
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  Figure 4.313 The range of pronosupination is dependent upon the size and curvature of the radius and ulna as well as the distance between them. If the bones were straight rods (a) with no curvature, they would come into contact quite quickly (b). If the bones were thicker (greater diameter) or closer together, they would have less range of motion (c). However, due to their curvature, the bones can rotate more before compression is reached (d).382 Note that the tops of the bones are the proximal ends, near the elbow.




  All three aspects of the forearm bones are highly variable, and these variations have a direct impact on the range of pronosupination available. People with thicker bones (increased diameters, as shown in figure 4.313c) or with less room between the ulna and radius have less pronosupination available. Fortunately, the radius and ulna are not straight rods, and their curvature increases the amount of room available before the bones cross (figure 4.313d). However, not everyone has the same amount of curvature. People with less curvature have less range of motion.


  Summary of bony variations and their effect on range of motion


  How the variations in the shape of the arm bones affect range of motion are summarized in table 4.300. Several other variations of the ulna and radius can occur, but these are extremely rare. There have been incidences where the radius or ulna or both was much shorter than normal or where one of the bones was missing. Rarely, the interosseous membrane may become ossified, which means it becomes bony rather than membranous. This can lead to a very rare situation where the radius and ulna become fused together, known as a synostosis, preventing pronation and supination of the forearm.385



  Table 4.300 Bony variations and their effect on elbow and forearm range of motion. Bone Variation compared to the norm Motion affected 
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  Sesamoid bones


  A sesamoid bone is one that grows within a tissue, usually a tendon but sometimes a muscle. The best-known example is the patella, or kneecap, as it is more commonly known. The kneecap is a sesamoid bone completely enveloped by the tendon of the quadriceps. All the other sesamoid bones are much smaller than the patella—so small, in fact, that they look like small nodules, or sesame seeds, from which they get their name. They grow in response to stresses or strain. The body reacts to these stresses by stiffening the region through calcification, and this stiffening can continue until a small rounded or ovular bone is formed.386 These bones are unique because they typically do not articulate with any other bones or form joints.


  Sesamoid bones may help to increase the lever arm of the muscle or act as a pulley to change the direction of the force. At other times, however, a sesamoid bone can become a problem that reduces range of motion or causes pain. Within the olecranon fossa, a small sesamoid bone called an os supratrochleare dorsale may form. It occurs more often in men than women and most often in the dominant arm. If this bone grows too big, it can cause pain and restrict extension of the elbow.387 Sesamoid bones can also develop within the tendon of the biceps brachii at the radial tuberosity, in the supinator tendon or the tendon of the triceps, or at the tip of the olecranon process.388


  Joints and ligaments


  The elbow joint consists of the humeroulnar joint, the humeroradial joint and the proximal radioulnar joint. The humeral connection to the ulna and radius is the site of the movements of flexion and extension at the elbow. The movements of pronation and supination are sometime ascribed to the wrist rather than the elbow, but the wrist simply comes along for the ride as the ulna and radius articulate around each other. There are three places these two bones join together: the proximal radioulnar joint, the middle radioulnar joint and the distal radioulnar joint. Thus, the elbow and forearm have five joints.


  The proximal elbow joint


  The elbow joint is described as a modified hinge joint, although technically it has been described in far more unpronounceable terms, such as a triarthroidal trochoginglymus joint.389 Basically, this means the elbow can open and close, like a door hinge. However, it is not strictly a hinge. The ulna can rotate slightly during flexion and extension, plus it can wiggle slightly during pronation and supination,390 thus the need for the adjective “modified” when describing the elbow as a hinge.


  Stability at the humeroulnar joint arises mainly through bony congruences between the olecranon process of the ulna and the olecranon fossa of the humerus, and between the coronoid process of the ulna and the coronoid fossa of the humerus. These bones fit together snugly. The radioulnar joint, however, has less congruence and not quite so tight a connection. Stability here arises from the buttressing of the radial head against the capitulum of the humerus, as well as from the ligamentous connections between the bones.


  The fascial membranes and straps enclosing the elbow joint include a single articular joint capsule, an inner synovial membrane and reinforcement from several ligaments (see figure 4.314). A synovial membrane lines the inner surface of the joint capsule, and articular cartilage lines the joints’ bony surfaces. Between the bones is a synovial cavity wherein lubricating fluid ensures smooth movement within the joint. Between the tendon of the triceps brachii and the joint capsule is a bursa, which helps to distribute and reduce forces on the capsule and tendon.
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  Figure 4.314 The fascial tissues of the right elbow. MCL = medial collateral ligament. (Drawings are courtesy of OpenStax.391)




  The joint capsule is reinforced externally by three groups of ligamentous tissues. On the inner elbow is the medial collateral ligament (MCL) complex. On the outside is the lateral collateral ligament (LCL) complex. To the front is the annular ligament. The collateral ligaments serve to eliminate side-to-side (valgus and varus) movements; the medial ligaments prevent the forearm from moving laterally (valgus) at the elbow joint; the lateral ligaments prevent the forearm from moving medially (varus). The annular ligament keeps the head of the radius positioned against the capitulum of the humerus and the radial notch of the ulna.


  (These observations follow a rather standard or classical paradigm defining ligamentous tissues. However, there is another perspective that should be pointed out, which posits that these ligaments do not actually exist but are artefacts of the dissection process. This view is described in the sidebar “It’s Complicated: A different paradigm for ligaments and tendons. The collateral ligament complexes and annular ligaments may not exist.” Before diving into this paradigm, the classical description will be completed first.)


  The medial side


  The MCL complex can be divided into three separate branches consisting of anterior, posterior and transverse fibers (see figure 4.314b).392 Three is the commonly cited number of separate ligaments here, but some anatomists have discerned up to nine separable groups within the anterior fibers alone.393 Other researchers have noticed different numbers and attachment sites of the ligaments as well.394 While the anterior fibers provide the greatest resistance to valgus movements, some are taut during the full range of elbow movements. The posterior fibers become taut at extreme flexion movement. The MCL complex can suffer damage from a large, transient force, such as occurs when someone tries to break a fall by extending the arm and landing on the hand. A sudden large, inward force can create a valgus movement that ruptures these tissues. Repetitive stresses in a valgus direction can also weaken the MCL complex and the flexor or pronator muscles crossing this region. This is often termed “golfer’s elbow” (also known as pitcher’s elbow or medial epicondylitis) and frequently occurs in athletes such as baseball players, especially pitchers, who forcefully “cock” their elbows while throwing, thus creating a valgus stress in the elbow. (Surgical repair of the anterior fibers of the MCL complex is the “Tommy John surgery” well known to baseball pitchers.)


  The LCL complex can also be found to have three parts, but these are more variable than the medial ligaments.395 The radial collateral ligament spans the lateral epicondyle of the humerus to the radius’ annular ligament (see figure 4.314c). The fibers of the radial collateral ligament and the annular ligament blend together. Arising very close to the radial collateral ligament, the thicker lateral (ulna) collateral ligament (LUCL) reaches the ulnar close to where the annular ligament attaches to the supinator crest. The LUCL serves as a sling supporting the head of the radius and prevents dislocation of the radius from the humerus. During full flexion, the LUCL fibers are fully taut. Occasionally, a separate band reaches from the lateral epicondyle to the ulna distal from the supinator crest. When this is found, it is called the accessory lateral collateral ligament. Some anatomists include the annular ligament as part of the LCL complex.396 The annular ligament is a strong band of fibers encircling 80% of the radial head and merges with the LUCL and radial collateral ligaments.397


  The lateral side


  Overuse of the wrist extensor or forearm supinator muscles can create wear and inflammation in the lateral side of the elbow and weakening or tearing of the ligaments here. This can lead to “tennis elbow” (lateral epicondylitis), which is similar to golfer’s elbow save for the location being on the lateral side. From painters to plumbers, this ailment can affect many people, not just tennis players.


  The proximal radioulnar joint


  The head of the radius comes together with the proximal end of the ulna at the proximal radioulnar joint. The two bones are held together mainly by the annular ligament, which wraps the radial head. The annular ligament only covers about 75% of the radial head, however. The rest of the ring around the radial head is composed of the cartilage of the radial notch on the ulna, as shown in figure 4.315. The relatively thick annular ligament connects to both sides of the radial notch. The outside of the ligament merges with the joint capsule, radial collateral ligament and a tendon of the supinator, while the inner surface consists of slippery cartilage, allowing smooth rotation of the radius.
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  Figure 4.315 The proximal radioulnar joint.




  There is a small, enigmatic ligament securing the head of the radius to the inferior side of the radial notch on the ulna, called the quadrate ligament. It is located just distal to the annular ligament. This slight thickening of the joint capsule, approximately 11 mm long and only 1 mm thick, seems to help resist supination and pronation. When it is removed from a cadaver, pronation can increase by 10° to 20° and supination from 5° to 8°. Thus, it is thought that the quadrate ligament helps stabilize the radioulnar joint and limits the amount of radial spin that can occur.398


  The interosseous membrane and middle radioulnar joint


  The biggest ligamentous complex in the forearm is the interosseous membrane. (Recall that “inter” means between and “osseous” relates to bone, so this is the “membrane between the bones.”) It connects the radius and ulna along most of their length, prevents the two bones from separating, optimizes stability and strongly influences the range of pronation and supination.399 It also provides attachment sites for many muscles. This connection is also referred to as the middle radioulnar joint.400


  Up to five discrete components of the interosseous membrane have been described, but three are most obvious, shown in figure 4.316.401 The central band is the thickest and longest bundle and acts as a major restraining ligament, preventing the radius from being forced proximally relative to the ulna.402 The central band’s fibers run at an angle of about 21° to the ulna shaft.403 Proximally, and running almost perpendicular to the central band, is the oblique cord, which is a little, flat rope spanning the ulnar near the radial notch to just below the radial tuberosity. A third distinct bundle is the distal oblique bundle, running from the ulna distally to the radius, just proximal to the styloid process. This band is only present in about 40% of interosseous membranes.404 It may help stabilize the distal radioulnar joint.405
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  Figure 4.316 The fibers of the middle radioulnar joint.




  The oblique fibers of the central band, running proximally to the radius and distally to the ulna, allow forces on the hands—and thus on the radius, due to its broad connection to the wrist—to be offloaded from the radioulnar joint. As the radius is pressed proximally into the humerus, the fibers of the central band of the interosseous membrane pull the ulna strongly proximally as well. This is fortunate, as the humeroulnar joint is much larger and better equipped to handle compressive stress than the radioulnar joint. In effect, this means that pressure on the hands flows into the radius but then is transferred to the ulna via the interosseous membrane and from the ulna into the humerus.


  Unfortunately, there is no similar restraint upon distraction of the radius at the radioulnar joint when the arm is fully extended, such as when we carry a heavy weight or suitcase. When this occurs, the interosseous fibers slacken, with the exception of the oblique cord, which means the elbow’s joint capsule has to restrain the radius from distraction. When this happens to young toddlers, it is termed “pulled elbow syndrome,” which can arise when adults lift or swing children by their arms.406 To prevent the radius from pulling away from the humerus in these situations, we must engage the brachioradialis muscle and firm up all the other forearm muscles to aid in stiffening the elbow joint. Safer than allowing a large load to dangle at the end of a straightened arm is to flex the elbow fully and support the weight with the hand at shoulder level, like a waiter carrying a tray full of beer mugs.407 Fortunately, in yoga we do not apply distraction forces to the elbow, we only compress this joint. However, other sports that require throwing or swinging the arm outward while extending the elbow can apply such forces. In these situations, when the static stabilizers of the elbow are insufficient to generate stability, the active stabilizations must be engaged by co-contraction of the arm and forearm muscles.408


  Distal radioulnar joint


  As shown in figure 4.317, the distal radioulnar joint (DRUJ) joins the ulnar notch of the radius to the rounded, convex ulnar head. The joint is surrounded by a joint capsule reinforced by ligaments from the wrist. Between the ulnar notch and ulnar head is a small articular disc, which also articulates with the lunate bone of the wrist. The stability of the DRUJ relies upon the articular disc, its static ligamentous tissues and the activation of many muscles, such as the pronator quadratus. This stability is very important in keeping the ulna snuggly next to the radius during pronosupination. There should be very little “play” occurring between these two bones.409
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  Figure 4.317 The right distal radioulnar joint: (a) with bones disarticulated; (b) with bones joined.




  The articulating disc forms part of a larger network called the triangular fibrocartilage complex (TFCC), which fills most of the space between the distal end of the ulna and the proximal side of the carpals and includes the capsule of the DRUJ and the ulnar collateral ligament. Instability of this complex can result in pain and movement difficulties in the wrist and forearm. The TFCC is investigated in chapter 4 describing the wrist.


  
    It’s Complicated: A different paradigm for ligaments and tendons. The collateral ligament complexes and annular ligaments may not exist.


    The standard description of the elbow’s fascial tissues and ligaments follows a classical definition of tendons and ligaments. However, this is not the only way to look at these tissues. Traditionally, ligaments are considered a form of fascia that connects bones to bones, while tendons are fascial tissues that connect muscles to bone. This is illustrated in figure 4.318, which shows a hypothetical joint. The reddish tissues are the muscles, the yellow tissues are either ligaments or tendons, and the blue tissues are the joint capsule or the cartilage lining the ends of articulating bones. White represents bone. Notice how in these drawings, the ligaments run from one bone to the other. When a joint is flexed in one direction, ligaments in the direction of the movement become lax, while ligaments on the other side become taut. This is a classical view of the role of ligaments: they become taut at extreme ranges of motion to prevent too much joint movement. Other than that, ligaments are not thought to do much. The tendons run from the muscle to the bone and attach to the bone farther away than the ligaments do. This provides the tendons with good leverage. The better the leverage, the less muscular effort is needed to move the bone. The joint capsules are closest to the joint and also provide some restraint against too much movement.


    
      [image: ]
   

    Figure 4.318 The classical illustration of ligaments and tendons (drawing courtesy of Jaap van der Wal).410 Muscle tissue is red; bones are white; joint capsule and cartilage lining the ends of the bone are blue; fascia, which forms tendons and ligaments, is yellow.

 


    In figure 4.318a, the architecture of the joint shows the muscle/tendon unit in red lying overtop, or parallel to, the ligament in yellow, which in turn is parallel to the joint capsule in blue. The tendon is in series with the muscle: this is the long, stringy, yellow bit at the far right of the muscle. (Note, curiously, how the top of the muscle in both (a) and (b) does not form a tendon but rather joins the bone directly! Gil Hedley, a noted anatomist and fascial expert, calls this “bone paint.” It is as if the muscle arises directly from the bone, and it does! Sometimes, muscle fibers connect directly with the periosteum of the bone without any intervening tendon.)


    If the muscles are cold, engaged or generally stiffened, then more of the stress created by or applied to the muscle will reach the serially aligned tissues, which in this model are the tendons.411 If the muscles are warmed up or relaxed, they will take up more of the stress, and less stress will be taken by the serial tendons. In the case of parallel tissues, if the muscles are cold, tight and engaged, they will restrict the range of motion of the joint, meaning the ligaments and joint capsule are unlikely to receive any stress at all because the joint never comes close to its end range of motion, where the joint would be restrained by the ligament. However, if the muscles are relaxed, warm and elongated, then the ligaments may become the tissue restraining joint movement and thus will be stressed.


    In short, we have the following relationships:


    
      	When muscles are cool, engaged or contracted, more stress will be shared with serial tissues like the tendons, but less stress will reach the parallel tissues like ligaments and joint capsules.



      	When muscles are warm, relaxed or elongated, less stress will be shared with serial tissues like the tendons, but more stress will reach the parallel tissues like ligaments and joint capsules.


    


    The tendon paradigm revisited


    In 2002, a group led by Yasuhiko Kawakami looked at the behavior of tendons during movements.412 Many yoga teachers view tendons as being inelastic, but tendons are elastic and are designed to stretch under load. (Just because they don’t stretch very much does not mean they are not elastic; it only means that they are stiff.) Their ability to passively extend allows tendons to recoil and provide energy in the opposite direction. This is the reason athletes will perform a counter-movement before an explosive leap: we squat down to jump up! The squatting down creates a stretch in the Achilles tendons and the hamstring tendons, which primes them to release this stored energy when we jump up. This principle is illustrated in figure 4.319.
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    Figure 4.319 Jumping preceded by a counter-movement.413 Thick straight, reddish lines represent muscles, while the zigzag, yellow springs represent the tendons. Darker colors indicate greater tension. Longer lines or springs indicate stretching. (a) When the foot is plantarflexed through engaging the calf muscles, the calf muscles are shortened but the tendons are not. (b) As the foot begins to dorsiflex, the calf muscles are relaxed (pink) to allow the movement; however, the muscles also lengthen. The tendons are only slightly lengthened. (c) At full dorsiflexion, both the muscles and the tendons are stretched. (d) When we jump, the calf muscles engage and contract, while the tendons also contract, returning to their resting length and releasing their stored energy.




    In the figure, you can see that when the foot is dorsiflexed before jumping (c), both the calf muscles and the Achilles tendons are lengthened. Lengthening of the tendons creates a passive source of energy that can help us jump higher than if we used muscle effort alone. In some instances, the muscles may not lengthen at all but will remain contracted and engaged. This allows even more stress to be stored in the tendons! (Remember, cold, tight or engaged muscles allow more stress into the serial tissues.) Indeed, we can train the elasticity of our serial tissues by bouncing with muscles at their limit of elongation (as shown in [c]) or when they are contracted and engaged.414


    Myofascia


    There are fascial tissues in parallel to the muscle fibers that are neither ligaments nor joint capsules. These are the fascial wrappers that surround and invest our muscles. About 30% of what we call a muscle is fascial tissue, which is why muscles are more accurately called myofascia. Figure 4.320 shows these fascial layers, which, from outer to inner, are called the epimysium, perimysium and endomysium. These fascial bags invest the muscle cells and become part of the cell. In the other direction, they spread out and become the tendons and periosteum of the bones to which they connect. The fascial tissues within myofascia are in parallel to the muscle fibers; thus, if our intention is to exercise or stress this fascia, we can do this better if the muscle fibers are warmed, relaxed and lengthened. However, the fascial expansions into tendons are in series with the muscle fibers. If we want to target them, it is better to do so when the muscles are cool, contracted and engaged.
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    Figure 4.320 The fascial layers that wrap and invest our muscles are the epimysium, perimysium and endomysium. These tissues are parallel to the muscle fibers.415




    So far, we have been looking at the classical view of joint tissues. In this paradigm, if we want to add more stress to our tendons, we should keep our muscles cool, short and engaged because the muscles are in series with the tendons. If we want more stress in the parallel tissues of ligaments, joint capsules and the fascia within and surrounding the muscles, we should allow the muscles to be warmer, relaxed and lengthened. But this paradigm has been called into question. There are many instances where the ligaments are not parallel to the muscles but in series with them, like tendons. In these cases, we would stress those ligaments similarly to the way we stress tendons.


    Jaap van der Wal redefines the ligament paradigm


    Jaap van der Wal is an anatomist who specializes in anatomy and embryology and lectured at the medical schools of the universities of Utrecht and Maastricht, in the Netherlands. In the late 1990s, he and his team pioneered a connective tissue sparing approach to dissection that didn’t sacrifice the relationships between tissues surrounding a joint. When they took more care to preserve these relationships, they discovered that our current paradigm about ligaments was rarely correct. Ligaments are not always in parallel with the muscles and tendons but rather, and quite often, are in series with them.


    Figure 4.321 illustrates their findings. Unlike in figure 4.318, they discovered that ligaments do not run from bone to bone but rather are in series with the muscles. They attach to the muscles and to the bones. Their attachment to the bone is closer to the joint than tendinous attachments, so the leverage of the ligaments is smaller than that of a tendon, but clearly they are not always in parallel to the muscles, as is thought in the classical paradigm.416
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    Figure 4.321 A new paradigm for the architecture of joints (drawing courtesy of Jaap van der Wal). Muscle tissue is red; bones are white; joint capsule and cartilage lining the ends of the bone are blue; fascia, which forms tendons and ligaments, is yellow.

  


    Note that although van der Wal claims ligaments are not always in parallel with the muscles, he does allow there are certainly cases where they are in parallel, and the classical architecture still applies. For example, the cruciate ligaments of the knees definitely run from femur to tibia, bone to bone. And the distal (farther away) ends of the forearm muscles do form classical tendons that attach to the finger bones. But van der Wal believes that the fascial tissues around the elbow joints, knees and spine follow his new paradigm rather than the classical view. (He does not believe that the elbows’ collateral ligament complexes or even the annular ligament surrounding the head of the radius actually exist! He feels these have simply been sculpted out of the fascia that is present and do not reflect the functional reality of that fascia.)


    Indeed, van der Wal’s view is that there are several possible ways for bones, fascia and muscles to combine: sometimes in parallel and sometimes in series. He calls these combinations dynaments, a portmanteau of “dynamic” and “ligaments,” which dispels the passive nature of ligaments espoused by the classical viewpoint. Figure 4.322 illustrates these possibilities. This figure needs some unpacking to really understand what is going on. First, understand that there are no individual ligaments in this model, but rather dynaments that can take on many manifestations.
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    Figure 4.322 Possible arrangements of dynaments (drawing courtesy of Jaap van der Wal). The white ovals represent bone; the red lines represent muscle tissue; the light gray areas are membrane, aponeurosis and septum; and the dark gray areas are tendon and aponeurosis.

 



    It is possible for muscles, fascia and bone to be arranged in the classical ways: part (a) illustrates the “bone paint” joining of muscle to bone. The biceps brachii or the triceps brachii with their connection to the humerus are examples. There is no intervening fascia between them: muscle (pink lines) blends into the bone (white oval) directly. In (b), the muscle connects directly to the periosteum of the bone at the proximal, top end (as it does in [a]), but distally, at the bottom, the muscle becomes fascia (shown in gray) in the form of a tendon, which then joins to the bone. In the middle drawing (c), we see the situation where the muscle is intermediate to the fascia and does not have a direct connection to the bones at all. Above (proximally), the muscle is joined to fascial septa or aponeurosis, and below (distally), it joins fascia in the form of a tendon.417 This is analogous to a classic tendon/muscle/tendon paradigm. In (d), the reverse of (b) is shown: a muscle distally is painted onto the bones, but proximally, the muscle is joined to fascial septa or aponeurosis that connects to the bone. Shown in (e) is a purely fascial connection between two bones, just as a classical ligament would suggest. This is representative of the cruciate ligaments in the knee.


    In these examples, all the muscles shown are in series with the connected fascial components. Jaap van der Wal believes that the occasions where the classical architecture is found are the exceptions.418


    Implications


    Following van der Wal’s paradigm of dynaments rather than the classical view of ligaments means acknowledging that the fascial tissues of a dynament are aligned in series with muscle tissues. Not exclusively, of course, but in general, if we want to place a stress into dynament fascial tissues that happen to be in series with our muscles, then this is best done when the muscles are engaged, shortened or cool. In the yin yoga style of practice, where postures are held for extended periods, it is impractical to keep muscles engaged or contracted. It would be tiring and not the most efficient way to use muscles. However, instead of engaging the muscles, we can allow them to remain cool and achieve the same aim. Doing yin yoga asanas before the body is warmed up (before sports, exercise or more active yoga practices) will keep the muscles cooler, allowing more of the stress created by the posture to soak into the serial fascial tissues.


    Even if we choose to refute the dynament paradigm and follow the more classical view of joint architecture, there are still fascial tissues in series with the muscles. Specifically, there are the tendons. Thus, if we want to stress the tendons in a yin-like manner, it again makes sense to do so with the muscles cooler.


    However, this does not mean there are no advantages to doing yin yoga when the muscles are warm. Remember, we have both serial and parallel tissues. The joint capsules and myofascia are parallel to the muscle fibers, and if we wish to target those tissues, it makes sense to do so when the muscles are warmer, longer and more relaxed.


    Should we do our yoga when the muscles are warm or cool, engaged or relaxed, longer or shorter? It depends! It depends upon which tissues you are targeting. It depends upon your intention.

  


  Muscles of the elbow and forearm


  Four main groups of muscles are involved in the movements of the elbow: the flexors, extensors, pronators and supinators. These muscles are summarized in tables 4.301 and 4.302 and shown in figure 4.323. Several forearm muscles that move the wrist and hand also cross the elbow joint and may have a weak ability to flex or extend the elbow, but this ability is small. They are summarized in table 4.303 and will be looked at in the next chapter. Many muscles serve multiple functions. For example, the brachioradialis and biceps brachii can flex the elbow and supinate the forearm because they insert onto the radius. However, muscles like the brachialis and triceps brachii that insert on the ulna cannot affect pronation or supination; they can only flex or extend the elbow.
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  Figure 4.323 The muscles of the right forearm: (a) anterior and posterior; (b) anterior muscles at different depths.
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  Table 4.301 The muscles acting on the elbow and forearm. Muscle Proximal attachment Distal attachment Action 
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  The flexors


  There are four main muscles that flex the elbow: the biceps brachii, brachialis, brachioradialis and pronator teres. The strongest of the four is the brachialis; the weakest is the pronator teres. The biceps brachii is the muscle that bulges the most when the arm flexes. It has two heads (the word comes from “bi” for two and “ceps” for heads); the long head reaches the supraglenoid tubercle at the top of the glenoid fossa, while the short head reaches the coracoid process and lies medial to (inside) the long head. The distal attachments of the biceps are to the radial tuberosity and fibrous lacertus. The radial tuberosity is a bump on the radius, while the fibrous lacertus is a fascial expansion of the biceps brachii muscle in the cubital fossa (the eye of the elbow).419 When you flex your arm, the “bulge” of your biceps is the long head shortening, which makes the muscle look higher. The short head also bulges, but it makes the biceps appear wider.


  The amount of torque the muscles can apply will vary by the position of the forearm, as shown in figure 4.324 for the biceps brachii. If the forearm is fully pronated, the torque generated by the biceps brachii is reduced considerably due to a smaller moment arm in this position. However, when the forearm is fully supinated, the biceps’ torque is greatest. You can feel the difference in the biceps action. With one hand, hold the opposite biceps, turn the palm up toward you, and then flex your arm toward your head. Notice how the biceps engages and bulges under your hand. Now, try it again with your palm facing away from you. Notice how the biceps doesn’t bulge as much. If you want to engage the full power of your biceps, add supination of the forearm.420 Conversely, if you want to maximize supination power, flex the elbow. (It is easier to turn a wood screw if the elbow is bent; more on this shortly.)
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  Figure 4.324 The biceps brachii is longer but its torque is smaller when the forearm is pronated (a). When the forearm is supinated (b), the biceps brachii is shorter but its torque is larger.
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  The fact that the biceps are stronger when the forearm is supinated does not mean that we cannot or should not work the biceps with the forearm pronated or neutral. These can be effective strength-building positions that also work to strengthen the forearm and wrist muscles. Weightlifters call curls with the forearms pronated “reverse curls” or “hammer curls.” A chin-up exercise with the forearms pronated and hands facing away from you is called a pull-up. But if your intention is to generate maximum torque, most people will need to supinate the forearm during elbow flexion.


  The brachialis muscle lies underneath the biceps. It is the strongest muscle crossing the elbow, but it has a shorter moment arm than the biceps. It is considered the workhorse of the elbow flexors.421 The brachioradialis is the longest flexor muscle. Because it also connects to the radius, it can both flex the elbow and rotate the forearm. Whether the brachioradialis pronates or supinates the forearm is somewhat controversial and depends upon the starting position of the forearm. If the forearm is already supinated, the brachioradialis will assist with pronation; if the forearm is pronated, the brachioradialis will assist with supination. The brachioradialis is quite noticeable as the long, “popping out” muscle on the anterior forearm when you flex the arm against resistance. This is also referred to as “bowstringing.”422


  The force of the flexors will increase as the elbow flexes, to a maximum at around 80° to 100° of flexion.423 This is because the moment arms of the brachialis, biceps brachii and brachioradialis are greatest at these angles, thus generating the maximum amount of torque in that position. Since the biceps brachii also crosses the shoulder (the glenohumeral joint), movements at the shoulder can affect elbow flexion strength and efficiency. The biceps brachii can flex both the arm at the shoulder and the forearm at the elbow. When this happens, the biceps muscle shortens maximally, which takes it away from its peak power position. However, if the posterior deltoids are activated while the biceps is flexing the elbow, the biceps’ proximal fibers elongate while the distal fibers are shortened. Overall, flexing the elbow while extending the arm at the shoulder results in less overall shortening of the biceps, making it stronger.424 This means that you will get more pulling strength from the biceps if you add some shoulder arm extension at the same time, or at least keep the arm neutral at the shoulder. Indeed, one analysis found that elbow flexion torque was reduced by 33% when the shoulder was elevated to 135° versus zero elevation. Even 60° of elevation reduced elbow flexion torque by 5%.425 While this is not a common movement in yoga (recall, we rarely do any pulling motions in yoga), in many other activities and sports, such as rowing, biceps power is noticeably higher if the arms are extending at the shoulders while they are flexing at the elbows. Similarly, the position of the forearm can affect elbow flexion torque. Pronation reduces flexion torque by about 15% compared to a fully supinated forearm when the elbow is flexed 90°.426 In general, our flexors can generate more peak torque than the extensors, and in some cases up to 50% more.427


  The extensors


  There are two extensors of the forearm at the elbow: the triceps brachii and the anconeus. The triceps, as its name implies, has three heads. The lateral and medial heads arise from the humerus, and the long head arises from the infraglenoid tubercle. Thus, like the biceps brachii but to a lesser degree, the triceps is a multi-articular muscle. It can extend the elbow but also extend and adduct the arm at the shoulder. The triceps attaches along the posterior shaft of the humerus, opposite to the brachialis, which attaches along the anterior humerus. The distal fibers of the triceps connect to the olecranon of the ulna, but some fibers connect to the posterior elbow joint capsule and help to stiffen it when the arm is fully extended at the elbow.


  Also located along the posterior side of the humerus and ulna is the small, triangular-shaped anconeus. It has a proximal end arising off the lateral epicondyle of the humerus and a distal end merging into the proximal, posterior, lateral ulna along the olecranon. It is not clear exactly what role the anconeus plays, but it does contribute up to 15% of the extension force of the triceps brachii as well as helping to stabilize the elbow joint during pronation and supination. There is some speculation that due to its slow-twitch muscle fibers, the anconeus helps with prolonged elbow extension.428


  The anconeus is the first muscle to engage when we try to extend the elbow. As effort increases, the medial head of the triceps brachii turns on as well. The medial head of the triceps is the workhorse of arm extension, similar to the brachialis during flexion. The long head of the triceps is the last to be activated and may serve as the reserve force for elbow extension.429 Together, the triceps brachii acts like the quadriceps in the legs, which helps to stabilize the knee, only in this case, the triceps helps to stabilize the elbow. (Similarly, the anconeus may act like the vastus medialis obliquus.430)


  Elbow extension often occurs in addition to shoulder flexion. Consider rising up from the floor in a push-up or from Plank Pose (Chaturangadandasana) into Down Dog (Adhomukhasvanasana): the arms flex at the shoulder and extend at the elbow. Similar to combining elbow flexion with shoulder extension to improve biceps brachii force, combining elbow extension with shoulder flexion reduces the overall shortening of the triceps brachii (long head) and thus makes it stronger. The maximum torque for elbow extension occurs when the elbow is flexed around 90°, despite the moment arm being relatively small here. (See the sidebar “It’s Complicated: A larger olecranon increases the triceps brachii moment arm.”) Because this is also where the flexion torque is greatest, co-contraction of the flexors and extensors when the arm is flexed 90° produces a lot of joint stability. This is why many people naturally bring their arms to this position when stressing the arms, such as holding Plank Pose or arm wrestling.


  Since the triceps brachii and the anconeus are both connected to the ulna but not the radius, the rotational position of the forearm does not affect extension.431 The flexors, which attach to the radius, have an effect on pronation, but the extensors neither assist nor reduce our ability to pronate or supinate the forearm.


  
    It’s Complicated: A larger olecranon increases the triceps brachii moment arm


    The shape and size of the olecranon process can influence the moment arm of the triceps brachii and thus the torque it can generate. As shown in figure 4.325, when the elbow is flexed (a), the moment arm is small compared to when the elbow is almost fully extended (b).432 While a bigger olecranon (c) increases the torque generated by the triceps, it may reduce the elbow’s range of extension because it will hit the olecranon fossa earlier during extension than an ulna with a smaller olecranon.


    Torque is needed to create rotation around a joint. Torque can be considered the rotatory force applied around the center of rotation of the joint. It is the product of both the force created by the muscle and its moment arm. The moment arm is the distance from the line of force to the center of rotation. The larger the moment arm, the greater the torque generated.


    Extension torque at the elbow is generated mainly by the contraction of the triceps brachii and the positions of its tendon and its attachment site (the proximal olecranon) with respect to the center of rotation. This is shown in figure 4.325. The less the elbow is flexed, the greater the moment arm. At 30° of elbow flexion, the moment arm is almost 40% greater than at 110°.433 While the moment arm decreases with flexion, the length of the triceps increases with flexion. The product of force and moment arm rises to a maximum at 90° of flexion, even though the moment arm is lower at this point. As shown in figure 4.325c, possessing a larger olecranon will increase the moment arm and thus the extension torque compared to someone with the same sized muscles but a smaller olecranon.
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    Figure 4.325 The position of the elbow affects the moment arm of the triceps brachii, with flexion (a) creating a smaller moment arm and extension (b) creating a larger moment arm.434 The larger the olecranon process (c), the larger the moment arm. However, the moment arm is just one contributor to the overall torque needed to move a joint. Muscle strength is also important.



  


  The pronators


  The two main pronators are the pronator teres, close to the elbow, and the pronator quadratus, close to the wrist. The pronator teres has two heads, reaching from both the medial epicondyle of the humerus and the distal side of the coronoid process of the ulna to the lateral side (thumb side) of the radius distal to the supinator attachment. Thus, it spans the axis of rotation of the radius as it rotates over the ulna. The pronator teres is the primary and strongest pronator of the forearm, but it also contributes to flexion of the elbow.


  The pronator quadratus, as its name implies, is square and is much shorter than the pronator teres. It has two heads attaching to the radius: the deeper head connects to the proximal side of the ulnar notch on the radius, while the superficial head joins the anterior surface of the distal radial shaft.435 Both heads join the belly of the muscle to reach the anterior, distal end of the ulnar shaft. Its fibers run almost perpendicular to the radius.


  The pronator quadratus is weaker than the pronator teres, but since it spans a single joint (the middle radioulnar joint), it is engaged first when pronation is required. If only a little bit of effort is needed, the pronator teres will remain inactive, in keeping with the Law of Parsimony (described on page 31). If you are trying to unscrew the tight lid of a jar with your right hand, in order to counteract the accompanying elbow flexion torque generated by the pronator teres, your triceps also have to be engaged. While there are few occasions in our yoga practice to actively supinate the forearms, there are many times when we actively pronate. Pronation occurs when we press the palms firmly into the floor during Down Dog (Adhomukhasvanasana) or Handstand Pose (Adhomukhavrksasana), so co-contracting the triceps to reduce any elbow flexion is an essential part of these poses.


  There is a trade-off to be considered when pronating the forearms in order to get the hands to the floor: forearm pronation tends to be accompanied by internal rotation of the arm at the shoulder. As already discussed, when the arm is fully elevated, internal rotation at the shoulder may lead to impingement for some people. To avoid this, the preferred movement is external rotation at the shoulder, but this may reduce forearm pronation. Reduced forearm pronation may weaken the wrists. Which is more important? It varies from person to person, as discussed in the sidebar “It’s Important: When bearing weight in the hands, pronate!”
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  Figure 4.326 The main pronators of the forearm are the pronator teres and the pronator quadratus.
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    It’s Important: When bearing weight in the hands, pronate!


    The pronator quadratus not only rotates the radius over the ulna; it also pulls the distal ends of the two bones together, thus stabilizing the distal radioulnar joint. This is another reason pronation is such an important movement in yoga: when our hands are bearing weight, pronation is essential to help transmit the ground forces safely from the hands through the wrists and up into the arms. It helps to stiffen and protect the wrists. (However, as we will see in the chapter 4 on the wrist, pronation may reduce the amount of wrist extension available to you. So a trade-off may be required here: maximum pronation to fully ground the hands and protect the wrists, or less than maximum pronation to create more extension to protect the wrists. Which is best for you? You will have to experiment to find out.)


    Unfortunately, movements of the forearms tend to be linked to movements at the shoulder. When we pronate, we also tend to internally rotate the arm at the shoulder. When we supinate, we tend to externally rotate the shoulder. Knowing this, when the hands are pressing into the floor through pronation, you may need to make a conscious effort to externally rotate the arms at the shoulders to counteract the tendency to internally rotate there (see figure 4.327). Notice the word “may” in the previous sentence: it is not “must”! Whether you actually need to do this depends, as always, on how you feel while in these postures. While understanding this theory is nice, experiment to find out what works best for you. Some students will need to internally rotate the upper arms to help them pronate their forearms fully. As long as this does not create any discomfort or impingement at the shoulders (figure 4.327a), this may be fine. If the shoulders complain, however, you may need to allow the hands to turn outward in order to externally rotate at the shoulders more (figure 4.327b), even though this may reduce the amount of forearm pronation.
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    Figure 4.327 When the hands are bearing weight, pronating the forearms will stabilize the wrists and allow the ground forces to safely transfer to the arms and axial body. Whether this means the upper arms must externally rotate will vary from student to student. In (a), the hands are pointing straight ahead, which may involve some reduction of external rotation at the shoulder; this may, in turn, increase the amount of pronation of the forearms. In (b), the hands are rotated outward, which may increase the amount of external rotation at the shoulder, which in turn may decrease the amount of forearm pronation.



  


  The supinators


  The main supinators are the biceps brachii and the aptly named supinator. Several other forearm muscles that move the wrist and the hand can also assist with supination, but their role is small and will be examined in the next chapter. If the hand is already fully pronated, the brachioradialis may also create supination. The brachioradialis, which spans the lateral surface of the distal humerus and lateral intermuscular septum to the styloid process of the radius, is an elbow flexor, but it can act to bring the palm to a neutral position if it is either pronated or supinated.


  The supinator’s proximal insertions cover a broad area, including the lateral epicondyle of the humerus, the proximal ulna near the supinator crests, and fibers of the radial collateral ligament and annular ligament. It then wraps around the radius, connecting along the proximal one-third of the radial shaft. When the forearm is pronated, as shown in figure 4.328, the fibers are spirally wrapped around the radius, which creates good leverage for unwinding and supinating the forearm. Because it connects to the distal end of the humerus, the supinator has very little leverage to affect flexion or extension of the elbow. Its role is to supinate.
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  Figure 4.328 The supinator of the right forearm.
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  The biceps brachii, due to its distal attachment to the radial tuberosity, also becomes wrapped around the radial shaft during pronation (see figure 4.324), so it too has a strong ability to supinate the forearm, especially when the elbow is also being flexed. If only a little bit of force is required to supinate the forearm, the supinator will be activated and not the biceps, in keeping with the Law of Parsimony. When the biceps is recruited to supinate the forearm, antagonists like the triceps brachii are also engaged to control the flexion torque at the elbow. Other muscles may need to be engaged to control the biceps’ attempt to flex the arm at the shoulders. The greatest power from the biceps in supinating the forearm arises when the elbow is flexed to 90° (see figure 4.329). For this reason, many people prefer to keep their elbows bent when they drive in a wood screw. Flexing the elbow only 30° can reduce the biceps’ supination torque to half!436 For most people, the torque generated by our supinators is around 25% greater than by our pronators.437 See the sidebar “It’s Important: Teaching children how to differentiate clockwise from counter-clockwise” to understand why most people prefer to unscrew tight jar lids with their left hands.


  Summary of elbow and forearm muscles


  Many of the arm muscles have multiple functions. And many movements can be done by muscles quite distant from the joint. Table 4.302 shows the muscles that can directly affect the movements of flexion, extension, pronation and supination. Table 4.303 show several other forearm muscles that can also have minor effects on these motions. Notice how many of the muscles can affect more than one movement. Additionally, the position of the arm at the shoulder can also affect elbow and forearm movements, so any muscle that affects shoulder position can affect elbow movement and strength. Forearm rotation can affect flexion and vice versa. Shoulder extension or flexion can likewise affect elbow flexion and extension and thus pronation and supination. Similarly, going in the other direction, per table 4.303, movements of the hand and wrist can also affect movements at the elbow. Everything is interconnected. Once again we find that a reductionist approach that looks solely at which muscle articulates which joint is only a rough approximation of the reality of the body.


  
    It’s Important: Teaching children how to differentiate clockwise from counter-clockwise


    There are two reasons that screws and jar lids turn clockwise to be put in or on. The first is that most people are right-handed. The second is that for most people, our supinator muscles are much stronger than our pronators. This means it is easier for right-handed people to turn a screw in a clockwise direction than to turn it counter-clockwise. Driving in a screw is usually much harder than taking it out, so we naturally save our strongest efforts for the most difficult task: we screw in via supination. However, this also means that to unscrew something, we have to use our weaker pronators. This is one reason it seems harder to unfasten a lid of a jar that is stuck on really tight than it is to tightly put the lid on in the first place. Many people prefer to use their left arm to unscrew a lid or a screw because their left arm’s supinators are often stronger than their right arm’s pronators. (People also instinctively know to bend their elbows when they drive in a tight screw, because the biceps brachii is stronger in that position. Screwing in with a straight arm is much harder work.)
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    Figure 4.329 Turning a screw to insert it requires the right forearm to supinate, which turns the screw clockwise.




    Screwing on a lid with your right hand via supination turns the lid clockwise; taking it off with your left hand via supination turns the lid counter-clockwise. For children growing up in a digital world, and who may have never seen an analogue clock face, knowing the difference between clockwise and counter-clockwise can be difficult. However, if you can teach them the difference between supination and pronation, the light may go on for them. Remember, palms turning up to hold a bowl of soup is soup-ination. And turning the right hand up is the action we use to turn in a screw. That’s supination of the right hand, and the turning direction is clockwise! The left hand is turned counter-clockwise during supination. As long as they can remember their left from their right and know what direction supination is, they will be able to remember which direction is clockwise.





  Table 4.302 Summary of major muscles creating elbow movements.
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Table 4.303 Summary of forearm muscles with minor elbow movement contributions.438 
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  Function: Application in yoga postures


  The elbow joint and forearm are relatively simple areas when compared to the shoulder. The elbow basically flexes and extends, while the forearm can rotate in pronation or supination. That’s it. Nice and easy. All these movement are, of course, found in our yoga practice, but some arise more often than others. For example, we don’t tend to supinate nearly as much as we pronate, and we rarely flex the elbow under load, but we often will extend under load, especially when our hands are on the floor. What prevents us from fully moving in these directions comes down to restrictions of tension and compression. Determining how and where these restrictions arise by answering the “What stops me?” question is highly variable and depends upon your unique anatomical structure. What is normal for one person may be quite impossible for another.


  Normal ranges of motion


  Recall that a “norm” refers to what 95% of a given population can do. The “range” usually refers to the total variation arising in the studied population, or what 100% of people tested were found to do. A median is the value where half of the population is above this point and half are below it. Finally, “average” or “mean” is the total of all values, divided by the number of measurements taken. One standard deviation gives a value within which 68% of a normal population can be found. Subtract the standard deviation from the mean to obtain the lower value of the range, and add the standard deviation to the mean to obtain the higher value. Within two standard deviations is found 95% of the population, which again defines the “norm.” So normal is what 95% of a population can do. Given these short definitions, we can examine several studies to see what variations are known to exist for the four key movements of the elbow and forearm.


  Flexion range of motion and restrictions


  How much you can flex your elbow will depend upon whether the action is passive or active and whether your forearm is pronated or supinated. During active flexion, the upper arm muscles become bulkier and can stop flexion sooner than if they remain relaxed, as is the case with passive flexion. Thus, you can passively flex your elbow more than you can actively do so. Pronation will also tend to reduce the range of flexion available, while supination increases it. An average value for passive, full flexion falls somewhere between 140° to 150°, with one text citing the average to be exactly 145°.439 However the normal range (95% of people) for passive flexion is quite large: between 120° and 160°. Of course, there have been people outside this range as well. In one study of over 670 people, the highest amount of flexion recorded was 166°.440


  “What stops me?” For most people, flexion of the elbow is stopped by the soft form of compression that arises when the muscles of the forearm come in contact with the muscles of the arm. This will have a soft, squishy feeling, and your forearm could be pushed a bit further into flexion. However, some people will be stopped by a different form of compression, which will arise when the coronoid process of the ulna comes into hard, bony contact with the coronoid fossa of the humerus. Additionally, the radial head may impinge upon the radial fossa of the humerus.441 These contacts will feel more like a hard, stuck sensation on the inside of the elbow joint. Compression can occur earlier in flexion if bony growths, called osteophytes, develop in the coronoid fossa. These can cause a significant reduction in flexion (and a reduction in extension range of movement if the osteophytes occur in the olecranon fossa). If you find that you have lost a significant range of movement in the elbow over time, it may be due to osteophytes.


  The hard end range of motion where the bones come into contact is more likely to occur in people with thinner arms, while the softer, flesh-on-flesh restriction is more likely to occur in people who have large arm muscles or are obese. Some people are unable to touch their fingers to their shoulders because their range of flexion is greatly restricted by soft compression.


  Tension can arise to restrict flexion, but this is rare and not cited as a restriction in the literature. If tension were the cause of flexion restriction, it would arise in the posterior joint capsule. Indeed, one experiment was conducted where the joint capsule was removed, but this resulted in only a 2° increase in flexion.442 So we can safely assume that virtually all people, without doing a single day of yoga, are stopped by compression when flexing their elbows, although where this compression arises may vary from person to person.


  How much flexion do we need? In daily living, probably one of the most demanding flexion tasks is to touch the back of your head, perhaps to brush or comb your hair (assuming you are not like me and actually have some there to comb). This action requires something between 112° and 157° of elbow flexion, depending upon the person, with an average being 136°.443 This is similar to the flexion required for yoga postures such as King Dancer (Natarajasana) and King Pigeon (Rajakapotasana), where one or both arms are elevated overhead and then the elbows are flexed in order to grab a foot. (Elbow flexion restrictions hence may be one of several reasons some people cannot grab the foot in these postures. The other reasons may be restrictions in shoulder flexion and/or hip and back extension.)


  We also require flexion of the elbow when we lower down from full plank to the floor. Since no one can fully flex the elbow to 180°, this means we cannot bring our chest to the floor without the shoulders compensating through some arm extension. If you are more restricted in elbow flexion, then you will require more arm extension at the shoulders to lower down. This means that everyone’s elbows will be higher than the shoulders when you are right down to the floor, and that is okay! Some people will have their elbows higher than other people because they are more limited in elbow flexion.
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  Figure 4.330 Since we cannot flex our elbows to 180°, they will be higher than our shoulders when we lower down to the floor from Plank Pose. This is shown for both students and is normal and natural. The more limited you are in elbow flexion (a), the higher your elbows will be above your shoulders compared to people who are not as limited (b).




  Extension range of motion


  Straightening of the elbow is a much more frequent movement in yoga than bending it, due to the preponderance of pushing (extension) movements versus pulling (flexion) movements. We extend the elbow and straighten the arm most of the time we have the hands on the floor, such as in Down Dog (Adhomukhasvanasana) or in non-weight-bearing postures like Triangle Pose (Trikonasana) and Warrior (Virabhadrasana). But not everyone can fully extend and thus straighten the arm (this is called hypo-extension), while many people can go beyond straight (called hyperextension).


  For some reason, many reports on the range of extension available often cite the limit to be 0°. A few studies add that a very small number of people can go into hyperextension, but it is presented as very unusual.444 However, one look around a yoga studio will show that there are a lot of people who hyperextend and many who do not extend enough to fully straighten their arms. Indeed, the study of over 670 people cited above found that the average person was just short of full 180° extension in the elbow (by about 0.6°), but a lot of people hyperextended significantly. Of the people who did hyperextend, the average amount was 3.8°, but the standard deviation was 4.8°. The total range in this study included some who hyperextended 22°. Curiously, in the definition of hypermobility syndrome, an elbow is not considered hypermobile unless it can hyperextend beyond 10°.445 In the other direction, this same study found many people could not fully straighten their arm. These hypo-extenders included people who were up to 18° short of full extension of the arm at the elbow.


  What stops me? The main limitation to extension is bony contact between the olecranon process of the ulna and the olecranon fossa of the humerus. Once these two bones hit, extension is complete. When this contact occurs may be earlier or later in extension of the elbow, based on the unique size and shape of the olecranon and fossa or due to the presence of bony growths (osteophytes). Since this is bony contact, the sensations will be of the hard, fixed, final variety. The radius does not contribution compression resistance to extension.


  Unlike flexion, it is possible for tension to prevent full extension. The softer tissues that can prevent further extension are the joint capsules, the medial collateral and lateral collateral complexes, as well as the muscles and tendons crossing the joint. If these are removed, an extra 8° of extension can occur, which gives some idea of their contribution to the joint’s stability.446 In clinical settings, it has been observed that an inability to reach full extension can also be due to contracture of the muscles, muscle weakness or pain.


  An illusion of hyperextension may also arise due to a backwards curvature of the ulna. This is the proximal ulna dorsal angle (PUDA) discussed earlier (see figures 4.310 and 4.311). In these cases, the ulna’s olecranon may sit within the humerus’ olecranon fossa at exactly 0° when the arm is fully extended, but the forearm’s curvature will create the appearance of hyperextension. Conversely, the appearance of hypo-extension can be caused by a forward curvature of the ulna, or indeed in some cases by a forward curvature of the humerus, even though the olecranon is fully extended within the olecranon fossa.


  Supination and pronation ranges of motion


  Fortunately, daily living requires very little pronation or supination.447 The amount needed to get on with your life is about 50° in either direction. (One possible exception is typing on your computer and using a mouse, which usually require about 90° of pronation.) Yoga asana practice, however, often requires 90° of pronation, which is the amount necessary to place your hands completely on the floor. Do you have that much available? Let’s find out.


  Stand or sit up straight with your arms beside you, elbows bent 90° so that your fingers point straight ahead and your palms face each other; your forearms and hands are now in a neutral position relative to pronation or supination. Keeping your elbows at your side, pronate your forearms by turning your palms down, and notice whether they face completely down, a little bit less or a little more. Return to neutral, supinate by turning your palms up, and notice how far they go.


  Try a similar exploration, but this time, have your arms straight out in front of you. Take care not to rotate the arm at the shoulder (you can hold the upper arm still with the opposite hand). Did you notice a difference in your ranges when your arms were flexed versus extended? The average person cannot quite pronate the palms to flat, stopping at about 80°, with a standard deviation of about 7° and a range from 40° to 108°. That is a very large variation!


  Some people—indeed, most people—cannot get their palms flat to the floor in postures like Cobra or Sphinx Pose (Bhujangasana) or Feathered Peacock Pose (Pinchamayurasana) without some adjustment to the position of their hands, elbows, arms and shoulders. Interestingly, when the elbow is flexed 90°, the average person can supinate more than they can pronate, supinating almost 88° on average, with a standard deviation of around 8°. The range for supination varies from 19° to 131°.448 (There are many studies with different values than those just cited, but the range is the important data: it shows that there is a huge variation between people, and not everyone can fully pronate or supinate to 90°, while some people can go much further than that.)


  As the elbow becomes more flexed, supination becomes easier but pronation is harder. In other words, you can supinate your forearm much more when the elbow is flexed than when it is straight. Conversely, the more you extend your arm, the greater your range of pronation becomes, while your ability to supinate reduces.449 This is fortunate because in most yoga asanas where we need our palms flat on the ground, the arms are fully straightened and bearing weight, such as in Down Dog (Adhomukhasvanasana), Wheel (Urdhvadhanurasana) and Handstand (Adhomukhavrksasana). This increase in elbow extension makes forearm pronation easier.



Should we pronate or supinate?


  The classic depiction of Warrior 2 Pose (Virabhadrasana 2) shows the chest open and the arms horizontal with the palms facing down. The cueing here is often to pronate the forearms (palms down) while externally rotating the arms, similar to the cue for Down Dog (Adhomukhasvanasana). Since the hands are not fixed but are freely floating in space, very little stress is placed in the joints of the hands, arms and shoulders. These cues may have a certain aesthetic appeal, but functionally they really don’t matter. Palms up, palms down, internally rotate or externally rotate… it is your choice. Which position feels energetically better for you? Watch fencers (the original Warriors) and you will see they often change these rotations and positions, depending upon whether they are blocking, parrying or thrusting. So why not, once in a while, change it up? Why not try having your hands in supination while you externally rotate, or try internally rotating your arms while you pronate your forearms? See what works for you.


  However, it can be confusing to decide whether you have rotated your forearm into pronation or supination when the hands are behind you. The simple “palms up” is supination and “palms down is pronation” definitions are not as helpful when you cannot see your hands or when the arm is rotated at the shoulder. Internal rotation at the shoulder, for example, can turn the palm down without the forearm pronating. Figure 4.331 presents a number of postures where the hands are behind the student; can you determine in each case whether the hands are pronated or supinated? Take a guess, and then check the answers in table 4.304 below. Don’t be surprised if you get a couple wrong: even well-known yoga teachers can get confused.
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  Figure 4.331 Determine whether the forearms are pronated, neutral or supinated in these postures. (a) Cow Face (Gomukhasana); (b) Reverse Prayer Hands in Parsvottanasana; (c) Slide Pose (Purvottanasana) i and ii; (d) Plough Pose (Halasana) i, ii, iii and iv; (e) Binding twists: (i) Revolved Lunge (Parivrttabaddhaparsvakonasana) and (ii) Seated Twist (Baddhaardhamatsyendrasana); (f) Bow Pose (Dhanurasana) (i) holding outside of ankles or feet, thumb down and (ii) holding inside, thumb up, and eye of the elbow looking laterally.



  
    It’s Complicated: The axis of rotation for pronation and supination


    The ulna doesn’t move during pronation or supination… or does it? Many researchers and anatomy books make the claim that the ulna is completely stationary during pronosupination (this portmanteau is simply the combination of pronation and supination).450 When you pronate your forearm, as shown in figure 4.332a and b, the radius rolls over a stationary ulna by rotating around an axis running from the head of the radius to the styloid process of the ulna.
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    Figure 4.332 The radius can roll over a stationary ulna during pronation and supination, (a) to (b). (Note how this form of pronation makes the carrying angle [valgus] disappear.) However, in (c), we can also choose to pronate by moving the ulna as well, which will not affect the carrying angle.




    However, since the late 1800s, anatomists have known that while the radius can move over a stationary ulna, sometimes the ulna does move, as shown in figure 4.332c.451 A simple test, based on Lecomte’s Ring Experiment, will prove this: flex your right elbow 90°, keeping it at your side, and fully supinate your forearm so your palm faces up. Place your left hand, palm up, under your right wrist, forming a ring with your thumb and middle finger touching. Notice how the head of the right ulna, which is below your right little finger, touches the base of your left thumb. Keeping the ring loosely around the wrist, pronate your forearm fully. Now, notice how the ulna moved to the other side of your left hand, touching the base of your fingers. This movement did not come from your shoulder: it was a simultaneous movement of both the radius and the ulna. The ulna can and does move! Indeed, some researchers have termed this evasive movement of the ulna and radius.452 To differentiate between their two movements, let’s call the original movement flipping-over pronation and the new movement pronation within the ring. These are illustrated in figure 4.333.
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    Figure 4.333 (a) Flipping-over pronation; (b) pronation within the ring. (a) If we pronate the forearm by flipping the radius over the ulna, the thumb will move inward, which will angle the forearms toward each other. (b) If we turn the forearm within the ring, the forearms can remain parallel to each other.

   


    Pronation within the ring is common in yoga. We may do it automatically when we place our forearms on the ground. For example, figure 4.333 shows the forearms in Sphinx Pose (Bhujangasana). In (a), the student used the flipping-over strategy to turn his palms to the floor, which resulted in the thumbs coming closer together as the radius flipped over the ulna. However, in (b), the student used the pronation within the ring strategy, moving both her radius and her ulna, which resulted in her hands and arms remaining parallel to each other.


    When students place their forearms on the floor, as shown in figure 4.333a, to return their forearms to parallel they will have to externally rotate at the shoulders. However, if the student is cued to start with the palms face up/supinated and the forearms parallel, and then pronate within the ring rather than flipping over, they may be able to keep the forearms parallel without any rotation at the shoulder (b). This is a technique that a teacher may have to spend a little time demonstrating and asking the students to try out.


    While flipping-over pronation appears to reduce the carrying angle (valgus), pronation within the ring does not. Indeed, it can slightly increase the valgus angle of the ulna to the humerus, but visually, the carrying angle will remain the same as when the forearm is supinated. For students with a very large carrying angle, it may be better to use the flipping-over pronation to reduce their carrying angle while still keeping the arm more or less neutral at the shoulder. However, if keeping the forearms parallel is more important and the amount of carrying angle you have is small, using the pronation within the ring approach may be better.

  


  

  

  Table 4.304 Pronation and supination in various postures.453 
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  One technique to determine whether you are pronated or supinated is to try to turn your forearm further. If there is more room to both pronate and supinate, your forearm is probably in neutral. If you cannot pronate any further, you are already pronated fully. However, if you can easily pronate more, you are probably supinated. If you cannot supinate further, you are already fully supinated. If you can easily supinate more, you are probably pronated. For example, come into Cow Face Pose (figure 4.331a) and check whether the bottom hand can turn in both directions: if so, the forearm is in neutral. Check the top hand: you may find you can pronate it but cannot supinate more; if so, the forearm is already fully supinated.


  Usually, postures that require internal rotation of the arm at the shoulder will also require pronation to assist with this movement. For example, binding the hands in twists (e) requires a lot of internal rotation of the front or top arm at the shoulder in order to reach around and under the forward leg. If this is hard to visualize, try to bind with your forearm supinating. It is not so easy that way. The back or lower arm is also internally rotating, and this can be enhanced by pronation of the forearm, which is also necessary to grab the inner thigh (e,ii). Many students do not try to grab the inner thigh and are content with simply holding the hands. For these students, the back forearm may be neutral (or even supinating a little bit), but if they do try to add a bit of pronation, they may find they can internally rotate the back arm a wee bit more.


  What stops me?


  What stops you? What are you feeling? Where are the sensations arising when you reach your edge? The location of the sensations may give you a clue as to whether you are stopped due to tension or compression. However, sensing restrictions requires some practice.


  When you pronate your forearms, can you tell what is stopping you? The answer, as always, will be either tension or compression. Tension, the resistance of tissues to elongation, will generally be felt in the opposite direction of movement. Thus, for pronation, tension may be felt in the tissues that supinate the arm. The biceps brachii, supinator, radial wrist extensors and extensor policies longus may experience some stretching. Additionally, fascial restrictions can arise, specifically in the dorsal capsular ligaments of the wrist and distal radioulnar joint (DRUJ).454 It may take some time to work through the tensile resistance to pronation, especially after an injury. However, for most people, tension has never been the answer to the “What stops me?” question. They have always had the ability to go right to their ultimate range of motion, which is stopped by compression.


  Bony compression of the radial shaft coming into contact with the ulnar shaft was illustrated in figure 4.313, but there is also a medium form of compression that can arise. The biceps brachii and supinator lie anterior to the ulna and radius when the forearm is supinated. When the forearm is pronated, they become sandwiched between the proximal shafts, creating another site of compression. Most people, without doing a day of yoga asana practice, are stopped in pronation by compression. For these people, pronation is not a movement they have to work toward over time. Some students, however, may have suffered trauma to the forearm or developed scar tissue. For them, tension may be the cause of any resistance to pronation. For others, trauma may include broken bones or bony growths that changed the bones’ shape and orientations when healed, and this may affect when compression arises.


  Where compression is usually the main cause of pronation limitation, the restrictions to supination tend to be tensile in nature, for most people. Tension can arise in the muscles that cause pronation and their tendons as well as in ligaments and the interosseous membrane. Specific muscular resistance to supination has been noticed in the pronator teres, pronator quadratus, and flexor carpi radialis as well as the extrinsic flexors of the fingers.455 Indeed, one study found that the deep head of the pronator quadratus was active during supination, possibly to provide stability to the distal joint during full supination.456 Ligamentous restrictions to supination can arise in the oblique cord and the anterior ligament of the inferior distal radioulnar joint457 (refer back to figure 4.316 for a reminder of where these are), as well as in the palmar capsular ligament (described in the next chapter). Some researchers include the quadrate ligament as a tensile resistor to supination.458 The interosseous membrane is constantly under some tension regardless of forearm position, but there are some indications that the distal fibers are a little bit laxer in pronation and tauter in full supination.459


  Sensing these tensile restrictions is challenging. You can try it yourself: with your left hand, hold your right upper arm while the elbow is flexed 90°, supinate the forearm fully, and describe what you are feeling. (Holding the right arm with the left hand prevents movement coming from the shoulder.) Most people cannot sense the oblique cord, quadrate ligament or interosseous membrane restricting them, but they may feel some tension closer to the wrist. However, you are not most people; what do you feel?


  Compression limits to supination are very infrequent and rarely discussed in the literature. Just as impingement of the ulna and radius is the ultimate compression limit to pronation, these two bones can cross in supination. For the majority of people, the forearm cannot supinate far enough for the ulna and radius to cross and come into contact, due to the significant tensile resistance described above. But for some people, especially those who have had forearm fractures, the shapes of the bones may predispose them to coming into contact before full supination is reached. In these cases, a sensation of contact may be felt in the proximal portion of the forearm. In rare cases after a fracture, a radioulnar synostosis may develop; this is a condition where the two bones become fused together via bony or fibrous bridges.460 In these cases, both supination and pronation may be severely reduced.


  For the highly flexible person who experiences very little tensile restriction, both pronation and supination may be arrested by the ulnar notch at the distal end of the radius impinging upon the ulnar styloid process, as shown in figure 4.334. At these limits, only about 10% of the ulnar notch of the radius is in contact with the head of the ulna.461 In the mid-range of pronation and supination, about 60% of the ulnar notch is in contact with the ulna. This means the DRUJ is least secure and least stable at full pronation or supination and is most stable when in the neutral position.


  For people who are limited in forearm supination and/or pronation, compensation at the shoulders is necessary. Internal rotation and abduction at the shoulders will help those limited in pronation to turn the palm down. Conversely, external rotation and adduction will help those with limited supination to turn the palms up. The linking of these motions is natural, as described in the sidebar “It’s Important: Pronate to push; supinate to pull.”
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  Figure 4.334 Impingement of the distal radius on the ulnar styloid can limit supination and pronation.




  
    

    It’s Important: Pronate to push; supinate to pull


    Movements in the body are often coupled. For example, when we move the pelvis, the spine is affected and moves as well. When we elevate the arm, the scapula rotates. These coordinated motions are not done consciously, they just naturally happen. There also seems to be a coupling between forearm rotation, elbow movement and movements of the arm at the glenohumeral joint. In general, when we pronate the forearm, we also internally rotate the arm at the shoulder. When we supinate, we tend to externally rotate the arm. When we flex the elbow, we also tend to extend the arm at the shoulder. When we extend the elbow, we tend to flex the arm at the shoulder. We end up with several motions happening together:


    
      	Forearm supination, elbow flexion, upper arm external rotation and arm extension



      	Forearm pronation, elbow extension, upper arm internal rotation and arm flexion


    


    This is intuitively obvious if you simply observe yourself eating. Pick up a doughnut from the table in front of you; automatically, you turned your hand over while reaching forward. This was a combination of pronation of the forearm, extension at the elbow, internal rotation at the shoulder so that your elbow pointed outward (laterally) and flexion at the shoulder to reach the arm forward. Now bring the doughnut to your mouth (but don’t eat it! You are a disciplined yogi and will naturally resist such urges). You automatically supinated your forearm, flexed your elbow and externally rotated your upper arm, drew your elbow into your side, and lowered the arm at the shoulder.


    In other words, you pronated to push your hand forward and supinated to pull it back in. There is some biomechanical logic to this. Flexion of the elbow is assisted by supination of the forearm. (The forearm is 21% stronger when fully supinated than when fully pronated.462) Conversely, pronation increases the strength of extension.463 But at the shoulder, these suggestions may seem quite counterintuitive. While pushing hands into the floor in Down Dog (Adhomukhasvanasana), students are often told to externally rotate the arm at the shoulder. Various cues are offered: “roll your inner arms forward,” “let your armpits blossom!” “roll your shoulders outward” and “turn the eyes of the elbows forward.” Even in the weightlifting world, external rotation of the arm during lifting is the default training method and has been for some time. However, not all lifters or elite athletes do so. Many prefer to internally rotate as they extend the elbow and lift.464 Which is correct?


    That is the wrong question to ask. The proper question is, “Which is correct for you?” Due to human variations in the shape of the scapula, humerus, radius and ulna, what is “correct” for someone else is not necessarily best for you. Instead, investigate your own preferences! Try this easy exercise (see figure 4.335). Stand with arms elevated out in front of you to horizontal (90° flexion) with hands in fists and palms facing down. Now, without overthinking this or having any preconceptions, imagine you are strongly pulling a rope toward you, and draw your hands to your chest or shoulders. For some people, the palms stayed pronated, facing the floor and elbows spread wide apart away from the torso. But was that the case for you? Or, just like eating that doughnut earlier, did your hands supinate with palms facing each other or facing up? Did your elbows come into the sides of your torso, indicating external rotation at the shoulder? If so, you are not alone. The next time you find yourself at a gym or a fitness center that has a free handle attached to a weight via a pulley, try the same movement. As you pull in, you may find more power if you supinate the forearms, flex the elbows, externally rotate the upper arms and draw your elbows behind your shoulders. For maximum power, we seem to instinctively supinate and externally rotate at the shoulders as we flex the elbows.
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    Figure 4.335 (a) Initially stand with arms elevated, palms down; (b) draw the hands to your chest or shoulders; (c) push the hands out again. Notice the intuitive movements of your arm, forearm and hands.



    Part two: standing this time with your hands at your shoulders, make the opposite movement and push your hands away from you. Once more, don’t overthink it, just do it. Notice what movements happened. Did you pronate your forearms so that your hands faced down? Or maybe you added some extension (dorsiflexion) at the wrists so your palms are actually facing forward. Do the olecranon processes of your elbows point outward? We seem to instinctively pronate and internally rotate at the shoulders as we extend the elbows and flex the arms at the shoulders. This happens whether we move the hands out in front of us or overhead. Again, next time you are at a gym, notice the way you move your arms when you press a kettle bell or dumbbell from your shoulders to overhead. You may have started with the forearm supinated but then pronated it as you extended the elbow, and you may have internally rotated the arm as well so that your elbow finished by pointing out to the side.


    Just as there are many lifters and athletes who internally rotate the upper arm while extending the elbows and pronating the forearms, there are many yoga students who would love to do the same while in Down Dog, or any posture that requires the hands rooting into the floor. But they are talked out of this movement by well-meaning teachers who are afraid that internal rotation of the upper arms when the arms are fully elevated is dangerous. These teachers may be right for some students, but not for all. For students who suffer impingement at the shoulder due to the head of the humerus compressing against the bursa and tendons in the subacromial space, externally rotating the upper arm may offer relief and allow more range of motion. However, for students who have the bones to do this, and are in no danger of creating any impingement at the shoulders, internally rotating the upper arm may allow them to place their palms fully on the floor (see figure 4.336). If they cannot place their palms fully on the floor, external rotation of the arms, for them, will reduce the amount of pronation they can achieve, which in turn reduces the strength of their elbow extension.


    If you find that you do not have the strength to hold a one-armed Side Plank Pose (Vasisthasana), try the pose with your arm internally rotated, which will turn your palm so the fingers point forward, perpendicular to the long axis of your body. If this creates impingement at the shoulder, return to external rotation of the upper arm. (However, in this posture, the bottom arm is not abducted very much at the shoulder, so impingement should not be a problem, especially if you allow your scapula to upwardly rotate.465) Notice whether the little bit of extra elbow extension strength makes a difference in your ability to hold this position.


    In short: Supinate to pull in. Pronate to push out.


    Along with your supination, you can externally rotate the upper arm. With pronation, you can internally rotate the arm. Try these ideas and see what works best for you! (But then, if you are really keen, read the sidebar, “It’s Complicated: Closed-chain hands on the floor change everything!”)
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    Figure 4.336 While in (a) Down Dog (Adhomukhasvanasana) and (b) Side Plank (Vasisthasana), try internally rotating your upper arms to increase forearm pronation. Notice how this feels. Some students love this, others hate it. Which is right for you?



  


  Other factors that influence range of movement


  A summary of the sources of restrictions to forearm and elbow movements is provided in table 4.305. The typical ranges of motion are listed in table 4.306. All of the values cited in table 4.306 tend to decrease as we age, often due to bony growths. Passive movements yield greater ranges of motion than active movements. Women tend to have greater ranges of motion in all categories than men. One study of 352 subjects, for example, found that passive hyperextension of the elbow in women aged 18 to 29 ranged from 10° to 14°, but for similarly aged men the range was 2 to 5°. By their 70s, women’s range of passive hyperextension dropped to between 3° and 6° while men of the same age decreased to 1° to –2°. (The negative value here indicates that these men were unable to completely straighten their arms.) Active pronation range of motion also decreased significantly with age, from 83°/81° for women/men in their 20s to 76°/74° by their 70s. This means that it may become more difficult for you to get your palms to the floor without compensatory shoulder movements as you get older. There was also a slight decrease in range of motion noted as body mass index (BMI) increased.466 In this particular study, no significant differences were found between the dominant arm and non-dominant side, which means an injured arm could be compared to its opposite, uninjured side to see whether your range of motion has significantly changed.467 Finally, overhead throwing athletes were found to have reduced range of motion on the dominant side. Some pitchers, for example, may have a 14° reduction in their total range of elbow motion between full flexion and full extension.468



  Table 4.305 Sources of tension and compression during elbow and forearm movements.

[image: ]




Table 4.306 Summary of elbow and forearm typical ranges of motion.469
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  The elbow and forearm in yoga postures


  There are many postures that require the hands to be on the floor. Pressing the palms completely to the floor can easily happen if the student has a lot of pronation available. However, for students who cannot pronate their forearm sufficiently to root their palms into the floor, what are their options? It depends upon whether their arms are straight or flexed and whether they are bearing significant weight on their arms and hands (closed chain) or not (open chain).


  Positioning the elbows and hands when the elbows are bent


  Have you ever witnessed something similar to the following? A yoga teacher demonstrates how to place the forearms and hands in an aesthetically pleasing position for Sphinx Pose (low Bhujangasana, see figure 4.337a). The teacher’s forearms are parallel to each other and palms flat on the floor. However, the student fails in his attempt to replicate the position. His forearms are angled inward and the elbows are wider than shoulder width apart. But at least his palms are on the floor (figure 4.337b). The teacher corrects the student by demonstrating again the desired form while saying, “Keep your elbows in and arms parallel, like train tracks.” The student moves his elbows in, and his arms are indeed parallel, but now his palms are no longer fully on the floor: they are “tented” (see figure 4.337c). “Good,” encourages the teacher, “but relax your arms and shoulders, breathe calmly and press the palms down so you can root into the floor with the base of each finger. Especially root the base of the thumb into the earth.” As soon as the student roots his palms, the elbows slide away again. The teacher smiles and repeats her earlier instruction, but the loop repeats itself. Eventually, the student looks frustrated and the teacher walks away to continue the group class with a quip like, “Well, keep working on it and over time, you will open up and get it right.”
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Figure 4.337 Options for forearm and hand placements when elbows are flexed: (a) arms parallel and palms fully pressed down; (b) palms down but arms not parallel; (c) arms parallel but palms not down; (d) using a wedge under the palms allows the hands to root down while keeping the elbows in; (e) allow the arms to not be parallel and the hands not to be down, which may do in Headstand (Sirsasana) and (f) Plank-on-Elbow Pose (variation of Dolphin Pose).

  


  
    

    It’s Important: Reviewing pronation and supination


    Stand with your hands out in front of you, palms facing up; this is supination. Notice the relationship of the elbow crease (the eye of the elbow or cubital fossa) to your palms. In supination, they are facing roughly in the same direction. Now, turn your palms down; this is pronation. Notice the relationship of the eye of the elbow to your palms. In pronation, they are facing roughly in the opposite direction. Even though where the eye of the elbow is looking is highly variable, you can calibrate how your elbow crease relates to your wrist crease with this little examination and use this relationship to decide whether you are pronating or supinating when your hands are in other positions, such as on the floor.

  


  Most people cannot pronate their forearms 90° due to the shape and size of their bones or tension in the supinator muscles or forearm fascia, as described earlier. No amount of yoga practice, aroma therapy, crystal bowl vibrations, ujjayi breath or moola bandha will help students who cannot pronate 90° due to the shape and size of their bones. Many yoga teachers who can easily pronate 90° are mystified by other people’s inability to perform this simple movement. Those who cannot will say that they can either bring the arms parallel or place their palms down, but they cannot do both. “Which do you want?” they will ask. Some teachers assist with flattening the palms by stepping on them, but that just flings the elbows away from each other. An experienced teacher may suggest strapping the arms together to keep them parallel, but this will not root the palms. Trying both adjustments, strapping the elbows so they can’t move and stepping on the palms to get them flat, is a recipe for disaster! Something will have to give, and it won’t be the strap or the teacher’s foot: it will be the student’s hands, wrists or elbows.


  Note to Teachers: please do not step on students’ hands!


  Sphinx Pose and Cobra Pose are not significant weight-bearing postures so there is not much risk to the student whether the elbows are parallel or not, or whether the hands are flat or not. The targeted areas are not the arms or hands, so it is relatively unimportant what they are doing. However, this arm/hand position becomes more critical when the torso is elevated and significant weight is place on the forearms and hands, such as in forearm balance poses like Feathered Peacock (Pinchamayurasana) or Scorpion (Vrischikasana). In these positions, the arms must be strongly activated to resist flexion at the elbow. The triceps must be firmly engaged. Since most people cannot fully pronate their forearms, especially when the elbow is flexed, what are the safe options for them? Should they avoid the postures?


  Take a look at figure 4.337e. In Headstand (Sirsasana), the forearms are not parallel, nor are the hands flat on the floor. This is perfectly okay for Headstand Pose, so why do some teachers say that it is not okay to have the hands like this in Sphinx Pose or Cobra Pose? Aesthetics! These teachers are focused on how the pose looks rather than how it feels.


  It is safe for the vast majority of students to have their forearms angled inward, their palms not flat on the floor and their elbows wider apart than their shoulders when the arms are bearing the weight of the body. It is worth making sure that there is no pain or discomfort in these positions, and that the student feels safe. But if there are no signs that this is harmful, it is okay to stay there. However, elbow extension is enhanced when the forearms are pronating. It makes some biomechanical sense to combine forearm pronation with elbow extension when the student needs to support their body weight on the forearms. But it is also important for yoga teachers to recognize that more than half of the population cannot pronate their forearms to 90°! Recall that the average amount of pronation available is about 80°; only about 25% of people can pronate 90° or more. This means most people will never get their forearms parallel with palms flat on the floor. This does not mean that they can’t do forearm balances. They will simply do them differently. There are a couple of acceptable options:


  
    	Keep the palms fully on the floor, but allow the elbows to wing out or the hands to move in.



    	Keep the elbows in, but allow the palms to not be fully on the floor.


  


  Option 1 probably means that the arms are slightly internally rotating at the shoulders, which will likely entail some scapular upward rotation.470 This may be totally fine. Internal rotation of the arm will assist with pronation, which in turn will assist with the elbow extension force needed to keep the student’s body balancing in the air while on her forearms. (In arm balances, gravity will tend to create flexion at the elbow, so the elbow extensors, specifically the triceps, will have to work hard to counteract this flexion tendency.) However, if the student is restricted at the shoulders due to impingement there or otherwise limited in her range of motion, option 1 may not be ideal due to the internal rotation occurring at the shoulder. Instead, option 2 may be preferred, as keeping the elbows tucked in involves external rotation at the shoulders. In most cases, because the arm is less than fully elevated in these postures, the chance of impingement at the shoulder is low. Thus, some internal rotation at the shoulder should be fine for the majority of students. But if it isn’t, then a variation that incorporates more external rotation may be required, such as the second option.


  Option 2 means that the arms are more neutral at the shoulders, enhancing range of motion there and lowering the risk of impingement, but pronation may be reduced. However, if the student is offered a wedge for under the hands, or the edges of the mat are folded inward, or some folded socks, towels or blankets are used as wedges (see figure 4.337d), then the student can continue to fully root the palm into the floor without having to change her arm alignment at the shoulders. Having something for the thumb side of the hand to push against will activate the pronators more strongly and can assist with elbow extension. Wedges can be brilliant because they allow the whole hand to be fully engaged and actively pushing into resistance, even though the hands are not completely touching the floor.


  Positioning the elbows and hands when the arms are straight


  Here is an interesting observation: when your arm is hanging down at your side, through a combination of pronosupination of the forearm and internal/external rotation of the arm at the shoulder, most people can turn their palms in a complete circle. Try it. Stand with your arm at your side, your hand as supinated as possible and externally rotated; notice how far to the side your palm faces. Then, pronate and internally rotate to your maximum. You probably came close to the original position of the palm or even a bit past it. With the arm down, you can rotate your hand ~360°. Next, try the same thing with the arm abducted to your side by 90°. You may have lost a little bit of rotation, but you probably can still come close to turning your palm 360°. Now, the fun begins: elevate your arm to fully vertical overhead and try to turn your palm in both directions as far as you can.471 Were you able to turn a full 360°? Most people are lucky to get to 180°!472 There are always a few confounding folks who go much further, but the point is, when the arm is fully elevated your range of motion is reduced, but mostly in the supinated, externally rotated direction. Fortunately, we can still pronate and internally rotate the forearm and arm enough to have the palm facing forward when the arm is elevated. This is important for when we bring the hands to the floor with straight arms.


  For many people, it is possible to pronate the forearm further when the elbow is fully extended than when it is flexed. This means that while some people may not be able to place the hands flat on the floor without some internal rotation of the arm at the shoulder when the elbows are bent, it may be possible when the arms are straight. In other words, just because someone can’t get their palms to the floor in Cobra or Sphinx doesn’t mean they won’t be able to in Down Dog (Adhomukhasvanasana). Even so, however, it may not be possible and indeed is not possible for many people to firmly press their hands into the floor in Down Dog, even with the arms straight. Their range of pronation simply is not enough to do so. In these cases, the same options will apply as when the elbows are bent: allow the arms to internally rotate at the shoulders, which will assist with elbow extension. If this results in impingement in the shoulders, then back off from the internal rotation and try having the hands wider apart. If that doesn’t work, then accept that your hands are not going to be completely on the floor, and use wedges under the inner palms.


  These suggestions were for students who can’t get their palms fully onto the floor. They may find internal rotation at the shoulder helpful. But what about students who have no problem getting their palms fully to the floor? Should they also internally rotate the arms? Maybe not! Unfortunately, the answer is not so obvious, because when the hands are fixed, the movements become closed chain. When the hand cannot move further because it is already is fully pressed into the floor or onto a wedge, it is external rotation of the arm at the shoulder that creates more pronation at the elbow. (This can be confusing, so if you want to fully understand why this is so, read the sidebar “It’s Complicated: Closed-chain hands on the floor change everything!”) For students who can pronate the forearms further but are prevented from doing so because the hands are stopped from moving by the floor, the attempt to pronate further will paradoxically externally rotate the arm. So now we have a situation where externally rotating the arm not only creates more space at the shoulder, reducing the risk of impingement, but also creates more pronation, which may assist elbow extension—for students whose hands are fixed on the floor (closed chain). And yet for other students who cannot get the palms fully on the floor, external rotation will tend to lift the thumb side of the hand off the floor, decreasing pronation and their elbow extension strength.


  This means there is no universal cueing for the best way to move the arms in postures that require the arms to be straight with hands on the floor, like Down Dog. (For some suggestions on how to guide someone into Down Dog, see “Note to Teachers: Cueing the hands in Down Dog” on page 240.) For some students, the best approach is to internally rotate the arm while pronating the forearm. There are teachers who suggest this for all their students. However, for other students, the best approach is to externally rotate the arm while pronating the forearm. There are many teachers who cue this for all their students. Which cue is correct depends upon the student.


  
    It’s Complicated: Closed-chain hands on the floor change everything!
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    Figure 4.338 (a) In a closed chain, the forearm supinates with slight internal rotation of the arm at the shoulder; (b) externally rotating the arm at the shoulder pronates the forearm.




    When your arms are off the floor and floating in space, it is simple to move your hands from up to down, pronating and supinating as you like, perhaps with or without rotating the arm at the shoulder. But as soon as you place your hands onto an immovable object, like the floor or a bar, things change. When your hand can no longer move, continued effort to try to move it affects other joints higher up the chain. Placing your hand on the floor is referred to as a closed kinetic chain, or closed chain, for short. The hand when unanchored is in an open kinetic chain, or open chain, for short. (This was described in more detail on page 123.)


    When you spread your arms apart in Warrior 2 Pose (Virabhadrasana 2), you can turn the palms up by externally rotating your arm and/or by supinating the forearm. Similarly, you can turn the palms down by internally rotating your arm and/or pronation the forearm. Either movement is quite acceptable, despite what many yoga teachers may insist upon. But place your palms on the floor as in Down Dog (Adhomukhasvanasana) and the linkage between internal arm rotation and forearm pronation disappears.


    Figure 4.338a illustrates the forearm in supination and the arm slightly internally rotated at the shoulder with the hand firmly on the floor. You can try this yourself: move your right forearm into full supination, place your right palm on the floor so that your fingers point behind you, and then turn your arm slightly inward so that the crease of your elbow faces forward. You are now in the position shown as (a): your forearm is fully supinated, but you are slightly internally rotating your arm. Now, try to externally rotate your arm, turning the crease of your inner elbow (the “eye”) outward toward your fingers, as in (b). The external rotation of the arm results in pronation of the forearm!


    Recall that pronation is a rolling of the radius over the ulna while the head of the radius rotates around the capitulum of the humerus, and it results in the hand turning over. But if the hand can’t move, the distal ends of the radius and ulna can’t move either. Continued pronation effort will externally rotate the proximal ends of the ulna and radius. This will be noticeable at the elbow, as shown in (b). And since the ulna is fairly tightly coupled to the humerus, especially in full extension, if the ulna externally rotates, so will the humerus. The movement of the humerus results in an external rotation at the glenohumeral joint. It works in the other direction, too: if you try to externally rotate the arm at the shoulder, the humerus will externally rotate, which causes the proximal end of the ulna to externally rotate. Again, this is pronation of the forearm, and it will turn the eye of the elbow outward. In a closed-chain position, external rotation of the arm deepens forearm pronation; internal rotation of the arm creates forearm supination.


    Many people are limited in how much pronation they have available. If you have to use a lot of internal rotation of the arm at the shoulder to get your palms on the floor, you will have no room to pronate further. This means that once your hands are fully on the floor, it will not be possible to externally rotate the arms at the shoulder and keep the palms fully on the floor. External rotation in a closed-chain position requires more pronation, and you have no more to give. Continued efforts to externally rotate the arm, as is often cued by many teachers to students in Down Dog, will simply result in the thumb side of the hand coming off the floor, or the effort to pronate further may result in discomfort or pain at the elbow. Consequently, if you are limited in how much forearm pronation you have available, external rotation of the arms when your hands are on the floor may not be a great idea for you.


    However, if you have lots of pronation available, then it may be quite okay and even appropriate to externally rotate your arms at the shoulder once your palms are firmly rooting into the floor. That action will not lift the thumb side of your palm off the floor. But students who have difficulty getting their palms fully to the floor in Down Dog should internally rotate their arms at the shoulder. When students internally rotate their arms with the hands on the floor, they reduce the amount of forearm pronation, which causes the crease of their elbow to turn inward. And that may be totally fine for them. Where the eye of the elbow points is only relatively important, as described in the sidebar “Note to Teachers: Where the eye of the elbow faces is only relatively important.”

  


  
    Note to Teachers: Where the eye of the elbow faces is only relatively important
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    Figure 4.339 Where should the “eyes of the elbow” look? Should they be looking (a) toward each other or (b) toward the opposite, front corners of the mat?




    As already noted, the “eye of the elbow” is the inside crease of the elbow, technically called the cubital fossa. Often, yoga teachers will become very prescriptive about where these eyes should be looking. Some teachers may say that in Down Dog (Adhomukhasvanasana), the eyes should be looking at each other (see figure 4.339a), while other teachers claim the eyes should be looking outwards at about 45°, so they are looking toward the opposite, front corners of the mat (b). How can both these cues be correct? The reality is—where the eyes of the elbows are looking depends upon the uniqueness of the humeral retroversion the student possesses and what movements are occurring at the shoulders.


    Recall that the humerus has a retroversion that turns the distal end away from the proximal end. (This was shown in figure 4.154 on page 54.) It is a bit of a coincidence that this twist to the humerus is similar to the angle of the scapula to the frontal plane. The average neutral scapula is angled 30° forward of the frontal plane. The average amount of humeral retroversion is also 30°. When these two values coincide, they cancel each other, and the eye of the elbow will look straight forward when the arm and shoulder are in their neutral positions. However, there is no direct correlation between humeral retroversion and the scapular plane angle.473


    There is a lot of variability in humeral retroversion. When we are babies, we have quite a high amount of humeral retroversion, around 65°, on average. This means that toddlers and young children have the eyes of their elbows looking dramatically forward or even outward. By our late teens, the eyes have turned inward, but the range of adult humeral retroversion varies dramatically from –8° to 74°. This means that some people are still like toddlers in that their eyes are looking outward, while others have their eyes looking very inward and almost backwards. Given this large variation of humeral retroversion, it is logical to realize that where the eyes of the elbows look is also highly variable.


    Humeral retroversion is just one contributor to where the eyes are looking. Movement of the scapula and arm will also affect the direction. The observations above relating to humeral retroversion assumed the scapula and arm were in their neutral position. But where are these neutral positions?


    For the scapulae, we can assume that neutral is halfway between full protraction (abduction) and full retraction (adduction). We can try to find the halfway position by first protracting the scapulae to their maximum position and then retracting them fully. The neutral position will be halfway between these two points. Try this little experiment. With your arms dangling in front of you, try to bring your shoulders together in front of your chest. Sense where your scapulae are in this fully protracted position. Then, try to bring your scapulae together on your upper back, fully retracting them. Sense where they are now. You may have to do this a few times, but eventually, find a position for your shoulders where you sense your scapulae are halfway between the extremes. Consider that position to be scapular neutral.


    Next, with your shoulders in this neutral position, lower your arms to your side and externally rotate them as far as you can. Roll the eyes of the elbow laterally (externally rotate) to their maximum. Then, internally rotate your arms fully so the eyes look behind as much as you can. (Don’t worry about where the palms are facing; that is a function of forearm rotation, which we can ignore.474) Go back and forth a few times, and then find a position for the eyes where you sense they are halfway between the extremes. Consider this to be your arm rotation neutral position.


    With your arms and scapulae in neutral, notice where the eyes of your elbows are looking. You may find it easier to see if you flex your elbow, but make sure you are not rotating the arm when you do this. Simply bend your elbow and notice which direction your forearm is pointing; that is where the eye of your elbow will look when you are in a neutral position.


    For the next step in this investigation, stand on your knees with your arms hanging neutrally at your side. Note the direction your eyes are looking. Raise the arms almost overhead without any rotation of the arms at the shoulders. The eyes should still be looking in the same relative direction. Keeping this orientation, bring your hands to Down Dog and step back into the pose. Keep the eyes looking in the same direction. Notice now—are they looking at each other, or looking at the corners of your mat, or looking somewhere different? Where they are looking is not important: that is aesthetic. Wherever they are looking is a function of your humeral retroversion and the positions of your arms and scapulae.


    From this neutral position, you can now experiment with moving your scapulae and arms. If you feel some impingement or restriction at the shoulder, trying turning the eyes of your elbows outward. This happens through external rotation of your arms.475 If your eyes were looking toward each other, they may externally rotate to the point where they are looking toward the corners of your mat. If you do not feel any impingement but would like to increase your elbow extension strength and push the base of your thumbs more firmly into the floor, you may want to internally rotate your eyes toward each other. This happens through internal rotation of the arms. If your eyes in neutral were looking toward the corners of your mat, they may now rotate so that they are looking at each other.


    It can be useful to notice how the eyes of your elbows move, as that indicates whether you are rotating your arms internally or externally. But the absolute direction the eye is looking is not important. What is important is the relative change in this direction as you rotate your arms. Teach your students to notice the changes in direction of the eyes, but don’t insist upon one particular direction. There is too much human variation to insist that one direction is correct for everybody.

  


  Hypo-extension and hyperextension of the elbow


  A hypo-extended elbow is one that cannot reach 180° of extension. A fully straight elbow, of course, does reach 180°. A hyperextended elbow, however, can go beyond 180°. There are three main reasons someone’s elbow may hyperextend:


  
    	An injury to the elbow weakened the restraining soft tissues that normally prevent hyperextension.



    	There is a genetic condition that softens the collagen of the restraining fascia surrounding the joint.



    	The bones have a shape that allows for the elbow to hyperextend, but there is no damage or weakness in the joint.


  


  For people who hyperextend due to either or both of the first two reasons, care must be taken to avoid significant stresses on the elbow that may take the arm into further hyperextension than their tissues can resist. Note: this is not saying that all hyperextension must be avoided! If there is never any stress to the elbow, the tissues will atrophy and weaken. The antifragility curve presented on page 6 shows that all tissues need some degree of load or stress to ensure optimal health, but for someone who hyperextends due to an injury or genetic condition, care must be taken to ensure their reduced limit of tolerance is not exceeded.


  The direction of force on the elbow when it is supporting weight is quite different for an elbow that is hypo-extended, hyperextended or straight. These variations are illustrated in figure 4.340. Notice how in each case, the proximal olecranon of the ulna is in full contact with the humeral olecranon fossa. Figures (a), (b) and (c) represent the maximum limit of safe, normal extension possible for each elbow. However, as shown in figure (d), a load that is greater than the tolerance of the restraining tissues of the joint capsule, anterior ligaments, flexor muscles and tendons (illustrated by the dashed red lines) can cause the ulna to separate from the humerus. This form of hyperextension is not desirable and is usually caused by a traumatic force pushing the forearm backwards, such as a fall onto outstretched hand (FOOSH) or a sports injury. This level of hyperextension is also called a broken elbow but goes by the less scary term “stage 3 elbow dislocation.”476
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  Figure 4.340 Variations in elbow extension forces in a vertical arm supporting body weight: (a) an elbow that is hypo-extended; (b) an elbow that can only go to straight; (c) an elbow that can hyperextend (this is “good” hyperextension); (d) a transient, dynamic force (blue arrow) that overwhelms the tolerance of the retraining soft tissues (this is “bad” hyperextension, or elbow dislocation). The red arrows represent vector forces due to gravity; the green arrows represent the action of the muscles resisting gravity; the black arrows represent a force acting on the proximal ulna, pushing it in the indicated direction. The red dashed lines in (d) indicate that the soft tissues restraining hyperextension have been damaged. The blue arrow represents a force that overwhelms the soft tissues’ tension and causes traumatic hyperextension.




  Very rarely does a static stress cause an elbow dislocation; rather, it is almost always some dynamic event, or repetitive dynamic events, creating a large, transient force that is greater than the tolerance of the restraining soft tissues. Additionally, there are some traumas where the force is so large that the bones fracture or shatter as well, but again, the load in these cases is dynamic, not static. The strength of the elbow’s soft tissues is more than adequate for most people to withstand any static stress the body can place upon the elbow, save for those who already have an injury there or have the abovementioned genetic condition. This is important to understand because the stresses we apply to the elbow in yoga are static stresses, not dynamic, except for some students who prefer to jump into Handstand (Adhomukhavrksasana) or fall back into Wheel Pose (Urdhvadhanurasana). It means that the risk of hurting our elbows in yoga is much lower than in sports or gymnastics. (Of course, there will always be some students who have a pre-existing injury or condition where even a moderate static stress will be too much for their elbows. These students will need remedial work to regain strength and stability before trying postures that put much static stress onto the elbows. That will be discussed shortly.)


  In the case of someone whose arms are not straight when they have reached full extension, such as (a) hypo-extension and (c) hyperextension, there are vectors of force travelling both vertically down the forearm as well as horizontally (represented by the red arrows). In (a), the horizontal force applies a flexion stress to the elbow, which must be resisted by the extensor muscles (the green arrow). Yoga students who are hypomobile in their elbows must constantly engage their triceps to keep the arm extended. They are unable to “lock” the elbows. This means that the triceps have to work very hard not only to prevent the hand from sliding away but also to offset the body weight pressing down on the arm.


  Locking of the elbows can be defined as extending the elbow to the point where the olecranon is in contact with the olecranon fossa. But this is only part of the story. As shown in figure (a), a hypo-extended elbow can bring the olecranon into contact with the fossa; however, there is no way for the olecranon to rest against the fossa. The triceps must continually pull it into the fossa. In figures (b) and (c), we see a truer locking of the joint. In these cases, any attempt to further extend the arm will create a vector of force from the proximal olecranon into the fossa (represented by the left-pointing black arrows). Unlike the hypo-extended arm, which requires muscular engagement of the triceps to remain extended, the straight or hyperextended arm can rest at the limit of hyperextension and rely upon the bony contact between the olecranon and the fossa to prevent further extension. This is the “locked-out” position. It requires no muscular effort to remaining fully extended. However, the student can add some extra stability to the joint (the green arrows) by co-contracting the flexor and extensor muscles around the elbow. Because the joint is locked, the co-contraction effort required is not very large.


  Unfortunately for the hypo-extending students who are stopped by bony compression, they will never be able to fully straighten their arms, and every pose that requires straight arms will also require a lot of work by their triceps. Despite their teacher’s urging to “simply straighten your arms,” this alignment will forever escape them. This is not necessarily bad: while everyone else is resting with arms straight or hyperextended, the hypo-extenders are getting a lovely workout. But they may never be comfortable or able to stay for a long time in these straight-arm postures, and that is due to the shape of their bones.


  To hyperextend or not to hyperextend? That is the question!


  Should students be allowed to hyperextend their elbows? This is a controversial topic. In the yoga world, the most common response from yoga teachers will be an emphatic, “No!” Even in the broader fitness world, strong negative reactions arise. Look at the student on the far right of the small yoga class shown in figure 4.341. Both elbows are hyperextended. Notice the student on the left of the class. Her left arm is hyperextended a lot and her right arm just a little. Chances are very good that these students will be approached by the teacher to fix this.
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  Figure 4.341 Students in Down Dog (Adhomukhasvanasana) displaying a range of arm extensions. Can you detect the hyperextending arms? (Notice: not all students are symmetrical.)


  fizkes/Shutterstock.com




  Here is a personal speculation: the reason for this visceral viewpoint can be traced, to some degree, to the fact that most people cannot hyperextend like these students. If most people were to make their elbows bend that much, they would break their arms. Since teachers don’t want their students to injure themselves, they will offer to their students the same instruction they would apply to themselves: “Since I can’t do that, you shouldn’t either.” This objection is never spoken and rarely even realized. It is an unconscious reaction to seeing the student do something that feels intuitively dangerous. When the reaction does consciously surface, it is rationalized with a bit of faulty scientific or biomechanical reasoning. The teacher may claim, “It is better to build strength in the arm to prevent injury than to rely upon locking the joint. Locking the joint can damage it over time. Therefore, microbend the elbow to build stronger muscles.” In this context, a “microbend” is a small amount of flexion—just enough to straighten the elbow. This biomechanical logic does not stand up to rigorous investigation. It is pseudoscientific and not based on any rigorous study. It is simply the teacher’s opinion; there is no proof that locking the elbow will damage the joint over time.


  Refer again to figure 4.340c. The amount of force (indicated by the horizontal black arrow) directed into the olecranon when the elbow hyperextends is not large. It may be on the order of 5–10 pounds (22–44 newtons).477 Most of the load in a hyperextended elbow is still being borne between the trochlea of the humerus and the trochlear groove of the ulna. And regardless, bones are designed to withstand large forces. Indeed, bones develop and remain strong through consistent loading. Thus, to say “never hyperextend your elbows” risks the bones becoming weaker. Once the bones begin to atrophy, even greater care must be taken to avoid hyperextension, which will further reduce the ability of the bones to grow stronger. It becomes a self-fulfilling negative spiral of greater weakness and lessened exercise for the bones.


  Although in the weightlifting world there are coaches who advise against locking the elbows, when you look at elite athletes—for example, as shown in figure 4.342—you will see something different. These athletes are taught to fully lock out the elbows even under tremendous loads. To quote just one trainer, “The elbows need to be completely extended, and aggressively.”478 To quote another, “In the normal, uninjured knee or elbow, full extension is the strongest weight-bearing position during axial loading… If volume [of exercise] is properly controlled, full extension should not be a problem.”479
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  Figure 4.342 Athletes are allowed to lock the elbows in order to support their maximal loads.


  A. Ricardo, Aleksey Mnogosmyslov/Shutterstock.com




  If elite athletes had to rely solely upon their muscles to hold a tremendous amount of weight, they would have lower maximal loads. Fortunately, our bones can be trained to withstand the load, as long as the training is done wisely and over time. Through years of training, athletes can “callus their bones,”480 making them far stronger than they would ordinarily be. Like all joints, the elbows can be trained to be stronger and more tolerant to larger loads. This is the principle behind the acronym SAID, which stands for specific adaptation to imposed demand. Tissues that are used become more usable.


  The value of microbending the elbow


  It is not a problem per se to suggest that a student who hyperextends their elbow microbend it. If the teacher’s intention is to develop muscle strength in the student’s arms, microbending the elbow could be a very valid cue. However, if that is the intention, why not offer the cue to the whole class? Why single out that one student? Surely all the students can benefit from building more arm strength. (For an exercise in empathy, and some suggestions for how teachers can guide students who do not or cannot straighten their arms, see the sidebar “Note to Teachers: What to say to a student whose arm is not straight.”) Certainly, some students have a condition or injury that would make it advisable to avoid hyperextending the elbows. However, even these students need to take their arm through its full range of motion; they just have to be careful how much load they allow. But over time, they will want to increase their tolerance levels and the load.


  The stress on the bones of the elbow is not as bad as it looks from the outside. Figure 4.340 illustrates that regardless of whether the arm is hypo-extended, straight or hyperextended, the rounded bottoms (the trochlea) of the humerus will still be bearing the load from the distal portion of the ulna’s trochlear notch. This is the main weight-bearing portion of the ulna. When the arm is straight and “locked,” the olecranon process of the ulna is also in contact with the olecranon fossa of the humerus. This contact will prevent the elbow from extending any further and adds a bony constraint to further hyperextension. The bones are “locked” together. But as figure 4.340b shows, there is very little load at the olecranon, because the line of force borne by the ulna, which is transferred from the humerus, is straight down. (And the reaction force from the ground through the elbow is exactly opposite to the downward weight.) If any backward force is occurring at the elbow, it will be resisted by the bones rather than the flexor muscles of the biceps, brachialis and supinator. If there is a forward, flexion force, it will have to be resisted by the extensor muscles, specifically the triceps and anconeus.


  In the case of hyperextension, figure 4.340c, the hand is not aligned directly under the elbow, due to a curve in the ulna or due to a smaller than normal olecranon or a deep fossa. Hyperextension results in an additional extension force (the bottom, horizontal red arrow), which is again resisted by the bony contact between the olecranon and the fossa. Notice, however, that the majority of the load is still between the humeral trochlea and the ulna’s trochlear notch (albeit the ground reaction force is slightly posterior to where the weight of the upper body passes). The locking of the bones once again means the flexor muscles do not need to limit further extension. The bones are well suited to this level of stress. The joint is further supported by the fascial tissue surrounding this area.


  Hyperextension with full pronation


  Recall that some students like to externally rotate their arms to reduce or avoid impingement at the glenohumeral joint, especially as the arms approach full elevation. However, many students also prefer to strongly externally rotate their arms, even when the arms are not elevated very much. Notice the students in figure 4.343, especially a, c and d. In all three postures, the arms are either externally rotated so that the eyes of the elbows (cubital fossae) are facing forward, or they have a lot of humeral torsion. Someone with a lot of humeral torsion will need very little arm external rotation to have the eyes of the elbows look forward. It is possible that some students will have the eyes of the elbows facing forward without any external rotation of the arms! Thus, it is not always possible to tell just by looking at a student whether they have externally rotated their arms or their arms are actually in a neutral orientation at the shoulders. If the arms are already in neutral at the shoulders, asking these students to roll their eyes inward toward each other will take them into internal rotation of the arms, which could increase impingement.
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  Figure 4.343 Hyperextending elbows in (a) Balancing Cat, (b) Down Dog (Adhomukhasvanasana), (c) Up Dog (Urdhvamukhasvanasana) and (d) Slide Pose (Purvottanasana). Elbows flex in the direction of the eyes of the elbows and hyperextend in the opposite direction. This shows up as a bowing of the elbows in the direction of the eye of the elbow. Notice how even (e) B.K.S. Iyengar would hyperextend and lock his elbow in Side Plank Pose (Vasisthasana).
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  Let us assume, however, that these students in figure 4.343 have externally rotated their arms in order to turn the eyes of their elbows forward. There are a couple of reasons why they may have chosen to do this: (1) to reduce impingement at the shoulder or (2) to increase pronation of the forearm and thereby get firmer hand contact on the floor. External rotation of the arms to reduce impingement is important as the arms come closer to full elevation, such as in Down Dog Pose (Adhomukhasvanasana). But most of these students have not elevated their arms much, and the risk of impingement is very small—indeed, student (d) has her arms extended behind her! They may have chosen to roll the eyes of their elbows forward to deepen their pronation, in order to more firmly plant their hands on the floor. The sidebar “It’s Complicated: Closed-chain hands on the floor change everything!” explains that when the hands are fixed on the floor, external rotation of the arms creates pronation at the elbow. Pronation increases elbow extension strength. Thus, it may be these students are rotating the eyes of their elbows forward not to avoid impingement at the shoulders but to strengthen their arm extension.


  If a student happens to also be able to hyperextend her elbows, then when she turns the eyes of her elbows forward, the bowing of the arm will also be forward. This is visible in the photos of these students: their elbows are bending forward. To be clear, though, it is not the rotation of the arm that is creating hyperextension! The hyperextension is already there (unless the student deliberately microbends the elbow). If the eyes of the elbows were turned inward to face each other, the result would be like the student in Down Dog (b): she is still hyperextending, but the elbows are bowing inward toward each other. Said another way, having the elbows bowing forward is not caused by rotating the arms, it is caused by hyperextension of the elbows, and the fact this is occurring in a forward direction is due to either humeral torsion or external rotation of the arms. In either case, this is not necessarily harmful and does not need fixing unless the student is experiencing pain or discomfort. Students choose to move their bodies this way because it feels better for them to do so. It can strengthen arm extension, deepen forearm pronation and decrease the potential for shoulder impingement. If this is something you do and like doing and are not harmed by doing, do not allow a teacher to talk you out of it just because it doesn’t fit with that teacher’s aesthetic beliefs.


  The carrying angle revisited


  An arm that is not straight is not always hyperextended. Figure 4.340a shows an arm that is not straight, but this arm is hypo-extended. Figure 4.343 shows several examples of arms that are not straight, and in these cases, the arms are hyperextended. The key is to look for the position of the elbow in relation to the direction of the eye of the elbow. Hypo-extended arms have the elbows bending backward, in the opposite direction the eyes are looking. A hyperextended elbow will bow forward, in the direction of the eye of the elbow. For the couple in figure 4.343a in Balancing Cat, who are strongly externally rotating the supporting arm, the eyes of the elbows are looking to the front of their mats, and that is the direction the elbow is bowing. This indicates hyperextension. However, for the woman in Down Dog (b), her arms are internally rotated enough that the eyes of the elbows are looking toward each other. Her elbows are also bowing inwardly in the same direction. Again, this indicates hyperextension.


  Remember, the hyperextensions shown in figure 4.343 are not bad! It is okay and even necessary to use your body’s full range of motion, as long as there is no pain or discomfort and you do not attempt to go past your natural limits. For one point of validation, look at the drawing of B.K.S. Iyengar in Side Plank Pose (Vasisthasana): he is hyperextending his elbow. In order to support a lot of weight in an extended arm, it is useful to hyperextend and lock the elbow.


  Contrast the hyperextending yogis of figure 4.343 with the yoginis in figure 4.344: their arms are not straight, but they are neither hyperextending nor hypo-extending. What we are seeing here is the effect of a large cubitus valgus, otherwise called the carrying angle. Recall that the carrying angle points the forearm laterally away from the line of the upper arm. The forearm has an angle to the upper arm. For most people, this angle is not noticeable when the forearm is fully pronated, but there are many people, those with large carrying angles, who will still display this angulation even when the hand is pronated on the floor. For these people, no amount of “microbending” of the elbow will straighten the arm. This arm is not “bent” due to hyperextension, so flexion (microbending) will not change it. (Although it is certainly possible for a student to have both a large carrying angle and hypo- or hyperextension at the elbow, as discussed in the sidebar “Note to Teachers: What to say to a student whose arms are not straight.”) For a student with a large carrying angle, the eyes of the elbows will look orthogonally with respect to the direction the forearm goes. In other words, if the forearm is angled to the front of the mat (to the viewer’s left in figure 4.344a), the eye of the elbow will face the long edge of the mat (out toward the viewer), 90° offset from where the forearm points. For the yogini in (b), the eyes of the elbows are looking at each other, but her elbows have a distinct valgus, causing the bent shape. If her elbows were hyperextended, the elbows would be bowing inwards, toward each other (as shown by the yogini in figure 4.343b), not down toward the floor.
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  Figure 4.344 The supporting arms are not straight, due to a large carrying angle (cubitus valgus). This is not due to hypo- or hyperextension at the elbow.
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    Note to Teachers: What to say to a student whose arm is not straight
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    Figure 4.345 Three students with very different angles at the elbow.
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    Imagine that you are teaching a small class of three students and decide they are all strong enough for Side Plank Pose (Vasisthasana). You get them nicely warmed up, explain the posture, taking care to advise them to ensure their arms are straight, but the results are not what you envisioned. The students look like the yogis in figure 4.345: all very different, and while their hair is straight, none of them have their arms straight! What do you do?


    Determining exactly what is occurring when a student’s arm is not completely straight can be challenging. It requires viewing the student from multiple angles and even asking the student to come out of the posture so you can do additional evaluations. The front student is clearly hyperextending her elbow: this is obvious because the eye of her elbow is facing towards her fingers, which is the direction of her elbow bowing. The back student is also slightly hyperextending. But what is going on with the middle student?


    The middle student has her hand forward of a line from her shoulder and elbow. This could be due to being hypo-extended or to having a large carrying angle. If the latter, then the eye of the elbow would be looking toward you, the observer. If the eye is looking to the top of her mat, then the bend at the elbow is caused by hypo-extension. However, a closer examination of the elbow shows it is looking diagonally toward the front corner of the mat. This indicates she may have both situations occurring. The way to be sure is to ask her to do two little tests: one for her carrying angle and one to check her extension limit.


    To test the carrying angle, have her stand with her arms at her side and palms facing forward. Notice whether there is a distinct angle between the line of her upper arm, which should be quite vertical, and the line of her forearm. (See also the discussion on the carrying angle on page 141.) Since Side Plank Pose requires the palms to be pronated on the floor, ask her to keep her upper arm still as she pronates her palm to face behind her. Check the angle at the elbow again. If there is still a considerable angle even after pronation, this may be the cause of her arm being “bent” while in straight-armed postures. Assure her that for her, this is totally normal and she doesn’t have to try to change it. She can’t! This is just the way her bones are.


    The second test is to check her elbow extension limitation. Have her raise her arms parallel to the floor, fully horizontal, with palms facing upward. If you have a long ruler handy, this is easier to see. Place it under her upper arm and see whether her wrist can touch the ruler. If the hand is above the ruler at full elbow extension, she is hypo-extended. If you have no ruler available, you will have to judge by looking. Again, pronation may slightly disguise this, so repeat the test with palms facing down. If she cannot fully straighten her arm at the elbow, this restriction will show up anytime she needs her arms straight. If she is stopped from further extension due to bony contact in the elbow, she has reached the ultimate limit for her body. She doesn’t have to keep trying to get her arms straighter. She won’t be able to.


    (As an aside: notice the top arm for the student in (b). It too is not straight. Is this due to her carrying angle or hyperextension? You would have to check all angles and even test her to find out.)


    A common reaction from teachers to students who have arms that are not straight is to correct them. This is done by telling the student to microbend the elbow. As we just saw, no amount of microbending will change the middle student in figure 4.345, because she is not hyperextending the elbow, she has a large carrying angle. Microbending will not straighten a carrying angle. Trying to straighten her arm will be hopeless and potentially frustrating for both you and her. The front and back students can microbend their elbows and thus straighten the arms, but this will make the postures much more challenging. Microbending means they will have to rely upon their arm extensor muscles to stay there. This may not be a bad thing; we could all use a bit more triceps strength. But if you are a teacher who always recommends a microbend to any hyperextending student, please try the following exercise in empathy: Turbo Dog.


    
      Come into a normal, everyday Down Dog Pose (Adhomukhasvanasana), but come to where your arms are naturally locked, ignoring whether they are straight or not. Lock out your arms. If you are not warmed up, bend your knees and make this a friendly dog. Notice how you feel. Now, come into Turbo Dog! Bend your elbows a couple of inches (~5 centimeters) toward the floor. (See figure 4.346.) Stay! Stay… Good dog! Notice how you feel. After a few breaths, come out of the pose.
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    Figure 4.346 Turbo Dog is a great way to feel what a microbend of the elbows is really like.481

 


    Did you notice a difference between your regular Down Dog and Turbo Dog? Of course you did. In Turbo Dog, you had to use arm strength to stay in the pose; your elbows weren’t locked, and you could not rely upon your bones to save you. And that can be a great variation of Down Dog if your intention is to build arm strength. But why save Turbo Dog only for students who hyperextend their elbows? Why not offer it to the whole class? (In other words, why pick on the hyperextenders!) Let everyone enjoy working their triceps! Note as well that for students who are hypo-extended at the elbows, every Down Dog Pose is Turbo Dog! (No wonder so many students frown when teachers claim that Down Dog is a resting pose! There is nothing restful about Turbo Dog.)


    If you turn every Down Dog Pose into Turbo Dog but only for the unfortunate students who are hyper- and hypo-extenders, please reconsider your intentions. If your intention is to build arm strength, put the whole class into Turbo Dog and have everyone microbend their elbows. But if you only work on strength, when are you going allow your students to use their elbows’ full range of motion? It is important to work our edges. For students who have elbow trauma or who have specific conditions that make full extension risky, there are postures that can take the elbow through its full range of motion with very little stress on the joint. And there are other postures that can gradually increase the level of loading or stress there. (See figure 4.347.) For example: (a) Warrior 2 Pose (Virabhadrasana 2) with the arms horizontal can allow full range of motion of the elbow with no weight-bearing stress applied. This allows students to hyperextend to their heart’s content and should be safe for almost everybody. It can be a nice pose for someone who has suffered an elbow injury to regain lost range of motion while gently stimulating the joint (assuming their health-care team agrees). Another beginning option can be (b) Triangle Pose (Trikonasana).
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    Figure 4.347 To callus the bones in the elbow joint, start with less-loaded postures and work to higher loads. The least stressful postures include (a) Warrior 2 Pose and (b) Triangle Pose; moderately stressful postures include (c) Seal Pose or (d) Cat; more strenuous postures may include (e) Upward Facing Dog, (f) Slide and (g) Down Dog. Once the elbow is strong and pain free, more significant loads can be achieved through (h) Side Planks and (i) Handstands.




    For the next stage of developing the combination of strength and full range of motion, we will want a bit more load placed on the elbow: (c) Seal Pose with both arms hyperextended will place a moderate amount of stress into the elbow joints, but it is nowhere near the full body weight. (Seal Pose is a yin yoga variation of Cobra/Bhujangasana, where the arms are locked straight and the upper body is off the floor, but the lower torso and legs are on the floor.) A similar moderate stress posture is (d) Cat Pose (Marjaryasana). Once these postures can be done with no pain or discomfort, the student can move on to (e) Upward Facing Dog (Urdhvamukhasvanasana), (f) Slide (Purvottanasana) and (g) Down Dog (Adhomukhasvanasana). The most challenging postures will be (h) Side Plank (Vasisthasana) and (i) Handstands (Adhomukhavrksasana). Probably the most stressful posture possible without adding external weights would be a one-handed handstand, but that posture is very rare in yoga. Beyond this, it is time to lift some weights. Like Olympic athletes, over time, we can strengthen and callus the bones in the joints enough to withstand body-weight stresses. But until then, start slowly and pay attention to the sensations.


    Beware of nocebos!


    When a teacher notices a student’s arm is not straight, rather than immediately react and ask the student to bend the elbow, it is far more valuable to first enquire what they are feeling! If the student has no pain or discomfort in the elbows, they are mostly likely fine as is. Do not make a comment like, “Over time, you will hurt your elbow if you continue to hyperextend.” That is pure speculation. You have no evidence or proof that this position will be harmful for this student. You can ask whether they feel pain or discomfort when coming out of the pose, or over the next day or two. But if the student insists this will not be a problem, do not make it into one. Beware the nocebo—the suggestion of harm, which can lead to harm. (Just as a placebo can lead to unconscious healing, a nocebo can unconsciously lead to problems!) You do not know that hyperextension for this student is dangerous. Instead, work with the student to learn what their body can do safely, how it can grow stronger, and what options exist if or when pain and discomfort do arise. But please, do not automatically assume that because an arm is not straight, there is a problem that must be fixed.

  


  Elbow pain and pathologies


  The elbow suffers far fewer problems than the shoulder, and yoga asana practice is unlikely to cause an elbow issue, but if the elbow becomes injured due to other activities, some yoga postures may delay healing or make the issue worse. A few important red-flag symptoms should be noted; if these arise, treatment should be sought immediately. They include a rapidly increasing mass, dislocation or swelling following a traumatic injury.482 Neurological symptoms should also be promptly investigated. These include numbness and tingling, which could be due to pain referred from the neck or shoulders.


  Most elbow pathologies arise from repetitive stresses during work or sporting activities, handling loads that exceed the tissues’ tolerances, working with vibrating tools or machines, and sudden, dynamic trauma. While these are biological factors, there is some indication that psychosocial factors can also play a role in elbow injuries. These include low job control and a lack of social support.483 In general, stiffness at the elbow is more debilitating when it occurs in flexion than in extension. Comparing the uninjured side to the injured side may give some clues as to the cause and severity of the condition. If pain and stiffness are occurring on both sides, inflammatory rheumatoid arthritis may be involved.484


  While a host of possible maladies can arise with the elbow, including issues with the tendons, nerves, bursae or bones, four problems are most prevalent: pain at the lateral epicondyle, pain at the medial epicondyle, valgus stress and nerve impairments.


  Lateral epicondylitis (tennis elbow)


  Epicondylitis refers to an inflammation of the tendons that connect muscles to the epicondyles of the distal humerus. Often, however, pain and dysfunction are not due to inflammation but rather to a weakening or tearing of these tendons, which is more properly called tendinosis, or in this case epicondylosis. These tears may cause inflammation, so epicondylosis can lead to epicondylitis. Some researchers feel this is backwards and that inflammation can lead to micro tears of the tendon. Most cases of epicondylitis occur in the dominant arm, but about a quarter to a third of cases do arise in the non-dominant arm.485


  Lateral epicondylitis (LE) is given the popular name tennis elbow, but it is certainly not restricted to tennis players. It affects about 3% of the general population and often arises from overuse of the hand and wrist extensor muscles, located on the posterior forearm and attaching to the lateral epicondyle.486 It is an aching pain that grows worse when the hand is used. Simply holding a mug of coffee can be painful for those suffering LE. While the condition will not affect the range of motion of the forearm or hand, it will decrease grip strength. It is generally caused by a pathology at the attachment of the extensor carpi radialis brevis to the lateral epicondyle. Sometimes, the attachments of the extensor carpi radialis longus, extensor digiti communis or extensor carpi ulnaris are involved.487 (These muscles are discussed in the next chapter.)


  Treatment for LE usually aims at reducing pain, restoring any lost strength and enabling a full return to work or sports. Conservative treatments are preferred, but if they fail to resolve the issue, then other modalities are tried. Corticosteroid injections may provide temporary relief, but in the long term, they can create worse outcomes.488 Ultrasound has been found to be effective in some cases, at least compared to placebo trials. However, other electrophysical interventions have not been proven effective.489 The most common therapeutic approaches are oral pain killers, massage and physical therapy.


  About three weeks after physical therapy treatment has begun, the client is asked to move the arm, wrist and hand through a pain-free range of motion. Movements include flexion and extension at the elbow, pronation and supination of the forearm, and wrist flexion and extension. Twenty cycles of movements are suggested two or three times during the day. The next stage is to introduce passive stretching and active strengthening. The client is again reminded to move in the pain-free regions: a stretch should be felt, but there should be no pain.490 If conservative treatments do not work, surgical interventions may be considered, but these should be the last resort.


  While I could find no studies showing yoga to be a clinically proven treatment for lateral epicondylitis, this does not mean that yoga has not been used therapeutically. Since LE can be caused by too frequent and too deep wrist extensions, anyone suffering from or prone to LE would be advised to reduce the amount of wrist dorsiflexion they create when their hands are on the floor. Plank Pose, especially the lowered position of Staff Pose (Chaturangadandasana), Up Dog Pose (Urdhvamukhasvanasana), Slide Pose (Purvottanasana) and many versions of Handstand (Adhomukhavrksasana) can all require the wrist to be extended 90° or more (see figure 4.348). Down Dog (Adhomukhasvanasana) may not be a problem because the wrist is not extremely extended, but flowing from Down Dog to Up Dog, which happens in many vinyasa classes, can be risky. For anyone with LE, these positions will simply aggravate the problem.


  
    [image: ]
  

  Figure 4.348 Avoid these extreme wrist extensions (dorsiflexion) during episodes of lateral epicondylitis.




  One option to prevent worsening of the condition is to use wedges under the heel of the palm, which lessen the extension angle of the wrist and may reduce pain. Other options include simply moving the hands further away or wider apart with external rotation of the arms so that the palms turn outward. These actions will reduce the amount of wrist extension. As we have already seen, these hand positions are not illegal and do not break any functional rules of yoga, even if they break a few aesthetic rules. If these hand positions do not create problems for your shoulders, then feel free to adopt them.


  Other alternatives, as shown in figure 4.349, include closing your hand into a fist and pressing the knuckles into the floor instead of the palm. (Ideally, the pressure is on the first two knuckles to keep the hand neutrally aligned with the wrist and forearm.) While this is less stressful for the elbows, it can also work toward strengthening the wrists and hands. Wrapping your hands around barbells on the floor is another way to keep the wrists neutral without having to press the knuckles into the floor. A further option is to get off the hands completely and come onto your elbows. A therapist may also recommend graduated strengthening exercises, but since yoga classrooms do not use free weights, these will probably not be offered in a traditional yoga class. A yoga therapist may, however, creatively use elastic bands to provide some resistance training.
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  Figure 4.349 Modifications to use during episodes of lateral epicondylitis. Reduce or eliminate wrist extensions through (a) using a wedge under the heel of the palms; (b) widening the hands and turning them outward; (c) coming onto fists; (d) using barbells; (e) coming onto elbows.




  Medial epicondylitis (golfer’s elbow)


  Medial epicondylitis (ME) is often called golfer’s elbow, even though most people suffering from it do not golf. It can frequently arise in athletes who use overhead motions, such as throwing a ball (which is why it is also sometimes called pitcher’s elbow) or serving in tennis. While these athletic injuries are due to a large valgus stress on the medial elbow, 90% of ME cases occur outside of the sporting realm.491 It often arises from overuse of the wrist and hand flexors and the pronator teres. These muscles lie on the anterior forearm and attach to the medial epicondyle. While LE is 5–10 times more likely to occur than ME,492 medial epicondylitis occurs in about 0.5–1% of the population. Similar to LE, ME is an overuse syndrome caused by repetitive stresses or incorrect technique in flexing or pronating the forearm. It can be triggered by a sudden trauma, such as golfer hitting a buried root of a tree, or a tennis player overhitting a serve; the stress travels to the medial condyle, creating a micro tear in the tendons. Once the condition arises, pain can be triggered simply by shaking hands with someone, but as with LE, range of motion is usually not affected.


  While medial epicondylitis is less common than lateral, it is more difficult to treat.493 One of the best treatments is to stop doing whatever it is that is causing the problem. Unfortunately, as the cause is often work related, most people cannot simply quit their jobs because of elbow pain. Proper biomechanics (swinging, throwing and lifting techniques) are helpful to minimize the risk of injury. Once again, while other modalities are available, such as ultrasound, physical therapy is the most common approach to help resolve ME.494 Prevention is the best idea, especially for people prone to flare-ups in this area. During a yoga class, avoid any straight-armed postures that involve bearing a lot of weight on the hands, which cause elbow pain. Examples here could include avoiding any dog and cat work, or at least modifying the postures to eliminate the pain.


  Building strength in the hand and wrist flexor muscles is suggested as part of physical therapy, especially eccentric loading of the muscles—for example, slowly lowering down from an upper plank position to the floor.495 This will work the elbow extensors while they are lengthening. (You can skip the coming-up part, which might aggravate the elbow. Simply come back to hands and knees, reestablish your upper plank position and slowly lower down again.) Stretches and massage are advised to help promote blood flow around the elbow joint. A physical therapist may prescribe a variety of wrist mobilizing, stretching and strengthening exercises that build gradually over time. One set of mobility exercises prescribed by some yoga teachers is the Pawanmuktasana sequence for the upper body, shown in figure 4.350.


  The Pawanmuktasana sequence


  Pawan means “wind.” Mukta means “release.” Asana means “pose” or “posture.” Thus, Pawanmuktasana is the wind-releasing posture, but don’t be afraid of these winds. They refer to energy. The intention of these postures is to free up energy that may be stuck in the tissues and joints of the upper body. They are suggested for students who suffer arthritis, high blood pressure and heart issues, at least according to Swami Satyananda Saraswati, the founder of the Bihar Yoga school in Northern India and as attested to by Dr. Hiroshi Motoyama of Japan (who was a mentor to Paul Grilley).496 Since I can find no clinical evidence to back up Satyananda’s therapeutic suggestions, this sequence is offered solely as something to experiment with. If it helps you, great! There seems to be no downside to at least attempting them.


  
    	Hand clenching: As described earlier in the book, in Traditional Chinese Medicine (TCM), the key form of energy is called chi (qi), and it is postulated to flow through channels in the body called jing luo (loosely translated as meridians). The intention of these exercises is to awaken the flow of chi through these meridians. For the first exercise (see figure 4.350a), sit with your legs extended out in front of you (or if that is uncomfortable, sit cross-legged or on a cushion). Extend your arms so that the hands are at shoulder level. Start with the palms open and facing each other. Now, close your hands with your thumbs inside the fist, and reopen them. Do this 10 times. Move slowly, deliberately.



    	Wrist bending (figure 4.350b): With the arms still straight, open your palms so they face away from you, fingers pointing up. Next, drop the hands so the fingers are pointing straight down. Wave the hands 10 times, keeping the fingers straight. Do not bend the knuckles. You are now removing blockages to energy flow in the wrist joint. Go slowly.



    	Wrist rotation (figure 4.350c): Begin with the right palm closed into a fist, facing the floor. The thumb should be inside the fist. If your arm is getting tired, support it with the free hand. Rotate the right wrist in a circle 10 times in one direction, and then 10 times in the other direction. Do the same with the left wrist. Next, circle both wrists together 10 times in the same direction. Switch direction and do 10 more. Finally, do this again, but rotate the wrists in opposite directions 10 times. Then switch directions and do it 10 more times.



    	Elbow bending (figure 4.350d). Hold your arms out in front of you with the palms facing up. Bend at the elbows as you inhale, and touch your fingers to your shoulders. As you exhale, extend the arms again. Repeat this 10 times. (Imagine you are at the airport, waving a large jumbo jet into its gate.) Next, do the same motion, but start with the arms stretched wide to the side.



    	Shoulder circles: Hold your right fingertips to the right shoulder, keeping your elbow at the same level as the shoulder. Your left hand rests on the left knee. Move the right elbow in large circles. Inhale as you lift, and exhale as the elbow descends. Do 10 circles in each direction, and then switch arms. After doing each arm individually, bring both hands to the shoulders and slowly trace 10 large circles with the arms moving in opposite directions (see figure 4.350e). Try to touch the elbows together as they come in front of you. After 10 circles in one direction, do 10 more in the other.
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  Figure 4.350 The Pawanmuktasana sequence for the upper body.




  There is no gold-standard therapy for either lateral or medial epicondylitis. Fortunately, however, for the majority of people, the problems do go away on their own within six months to two years.497


  Valgus extension overload


  Many athletes use overhead throwing motions that can involve large loads on the fully extended elbow, along with stresses on the medial side of the joint. This can lead in some cases to a condition known as valgus extension overload syndrome (VEOS).498 (This is also known as thrower’s arm and sometimes is called pitcher’s elbow.) It most often occurs in the dominant arm. Large, transient stresses can cause injury to the medial collateral ligament complex and create lateral compression between the radial head and humeral capitulum, as well as impact injuries to the medial, proximal olecranon. The medial collateral ligament complex is the primary restraint to valgus movements of the forearm, so it provides the greatest resistance to VEOS. The compression of the radial head against the capitulum is a smaller, secondary restraint.499 VEOS can cause pain, swelling and possible numbness and tingling in the forearm and hand. It can also create bone spurs, which reduce the range of extension for the elbow.500 This problem often occurs along with cubital tunnel syndrome (discussed below).


  The stresses that cause VEOS are not common in yoga asana practice, so this particular injury is unlikely to show up in most yoga students. The condition is also unlikely to arise merely because someone has a large carrying angle or hyperextends their elbow. However, students who are active in other sports may bring this injury with them into the yoga studio. As with epicondylitis, there is no one gold standard for treatment, but a break from whatever is causing the problem is recommended. Pain medication and physical therapy is the usual prescription until the episode resolves. Similar strengthening and stretching exercises suggested for medial epicondylitis will be offered for VEOS as well—specifically, strengthening the flexor and pronator muscles. Once the athlete resumes their sport, close attention to the biomechanics of their throwing technique is warranted to prevent a recurrence.


  One suggestion for anyone who is suffering elbow pain or problems is to take things slowly. Research has indicated that slow push-ups, for example, are far less stressful to the elbow than medium- to high-speed push-ups. A fast push-up creates 30% more valgus stress in the elbows than slow push-ups.501 So slow down and reduce the stress. This is good advice in general when flowing through vinyasas.


  Nerve impairments


  Three main nerves run from the shoulder down the arm to the hands: the radial nerve, following the radius on the posterior forearm, the ulnar nerve, which follows the ulna on the anterior forearm, and the median nerve, which, as the name suggests, runs down the middle of the arm (see figure 4.351). Excessive tension along these nerves or compression of the nerves can lead to muscle weakness or pain. The pain can be described as a burning sensation or a numbness or tingling that radiates from the arm into the hand. As indicated in the drawings, each nerve innervates a specific area of the hand, so the location of the hand pain gives a clue as to which nerve has been affected.
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  Figure 4.351 The three major nerves of the arm. The top drawing is a view of an anterior, supinated right arm; the bottom view is of a posterior, supinated right arm with the arm fully internally rotated at the shoulder.
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  Cubital tunnel syndrome


  The cubital tunnel is the region of the elbow comprising the space between the medial epicondyle of the humerus and the olecranon process of the ulna (see figure 4.352). It is bounded above by a tendinous arch of the ulnar and humeral heads of the flexor carpi ulnaris. It is bounded below by the ulnar collateral ligament, the elbow joint capsule and the posterior band of the medial collateral ligament. The ulnar nerve runs through the cubital tunnel and along the ulna to the fourth and fifth fingers. In some people, the ulnar nerve can become compressed or pinched within the tunnel, leading to a painful condition known as cubital tunnel syndrome (CBTS), which affects 2–6% of the population.502 It is sometimes referred to as ulnar nerve entrapment. Note, this is not the more widely known carpal tunnel syndrome, which involves nerve impingement at the wrist, nor is it as common. The pain may be local to the medial side of the elbow, creating a tenderness that reacts to touch. Or the pain can radiate down the forearm into the little finger side of the hand. While range of motion is not normally reduced, there may be some atrophy and weakness in the intrinsic hand muscles.503
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  Figure 4.352 Cubital tunnel syndrome is caused by compression or tension to the ulnar nerve in the cubital tunnel.
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  Cubital tunnel syndrome can arise due to constant stress on the ulnar nerve; repetitive overhead motion of the arm, common for many athletes; constant flexion of the elbow, such as holding a phone to your ear for long periods of time; or frequent resting of your flexed elbows on a hard surface. Unfortunately, this is far from an exhaustive list of causes. Chronic valgus stresses to the medial elbow can also trigger the condition.


  Fortunately, conservative treatment is 90% effective, and the problem will normally resolve within two to three months for most people.504 However, for some people, the condition can last up to two years.505 Treatment may include immobilization of the elbow, keeping it semi-flexed for a month or so with a splint, avoiding daily activities that trigger the condition, pain killers, elbow pads or neural mobilization.506 (An example of neural mobilization was shown in figure 4.121 on page 30.)


  Radial tunnel syndrome


  The radial tunnel is found between the head of the radius and the inferior border of the supinator muscle. It is bounded by four muscles: the supinator, brachialis, extensor carpi radialis longus and extensor carpi radialis brevis.507 Fibrous bands and arches within the tunnel can compress the radial nerve, leading to pain in an area about 5 cm distal to the lateral epicondyle. This condition is called radial tunnel syndrome (RTS) and is far less frequent than cubital tunnel syndrome. (Indeed, many physicians dispute the reality of this condition, claiming that any pain in this area has other causes.) The pain can be worse if the elbow is extended, the forearm pronated and the wrist flexed. Weakness in the hand may also occur, but generally, elbow range of motion is not affected. RTS can be caused by repetitive overhead activities, such as throwing, and constant supination and pronation movements.


  Treatment usually begins with avoidance of triggering activities, especially avoiding repetitive hand and wrist extensions with forearm supination. A splint with the elbow flexed, forearm supinated and wrists extended can be effective, as can ultrasound massage. Stretching to regain any lost wrist extension and radial nerve flossing508 have been used successfully for some patients.509


  The elbow and forearm summary


  The elbows and forearms are far simpler than the shoulders. The arm and forearm have three bones, four main movements and five joints. The humerus in the upper arm (which anatomists refer to simply as the arm) and the radius and ulna in the forearm articulate with each other. The elbow is the joining of the humerus and ulna as well as the humerus and the radius. The only movements happening here are flexion, bending the elbow so the hand comes toward the shoulder, and extension, where the arm approaches straight. In this respect, the elbow is similar to a hinge joint, but there is some slight side movement of the forearm as it flexes. How much depends upon the carrying angle (technically called cubitus valgus).


  Many people who are quite flexible love doing yoga postures. For them, it is easy to get into all the simple poses; they can easily fully flex their elbows until their forearms hit their biceps, and they can fully extend their elbows so that the arm is completely straight. Seeing so many yogis, especially yoga teachers, do these simple movements may leave us with the impression that this is normal, but it is not. An average person can only flex their arms to 148° and is one or two degrees short of fully straightening their arms. It is not abnormal to see many students who can only flex 120° and extend to 18° short of fully straight. For these students, being unable to fully flex or straighten their arms is normal for them, and they should not worry about changing this. In most cases, what is stopping them from going further is compression. It is what their bones allow. (If it was tension, then over time, they may be able to work through that resistance. However, most people without doing one day of yoga are already stopped by compression. Their bones hit, always have and always will.)


  On the other hand, it is not unusual for some flexible students to be able to go well past straight, into hyperextension at the elbow. Hyperextension of up to 22° is within the norm as well. There are three main reasons why someone can hyperextend the elbow: an injury has damaged the restraining soft tissues; a genetic condition exists that prevents the soft tissues (the collagen in their fascia) from restraining extension; or the shapes of their bones simply allow for greater than average movement. For students falling into the third category, hyperextending the elbow in yoga postures is not inherently dangerous. With care and time, they can strengthen the bones of the joint to be able to withstand the loading on the elbow so they can hyperextend safely whenever they want. However, if there is some pre-existing pain or damage in the joint, this should be resolved first. Although many yoga teachers forbid elbow hyperextension (also called locking of the elbows), this edict is not demanded in all exercise domains and is even encouraged in weightlifting circles. Most important is determining what works best for your body.


  The forearm consists of the two long bones of the radius (leading to the thumb) and the ulna (leading to the little finger). There are three main joinings of these two bones: the proximal radioulnar joint at the elbow, the distal radioulnar joint near the wrist, and the middle radioulnar joint, which covers the area of the interosseous membrane, a fascial web between the radius and ulna. The movements of the forearm are pronation, turning the palms face down if the hands are held out in front of you, and supination, turning the palms up. While there are many postures in yoga that require full pronation, placing the palms fully and firmly onto the floor, there are very few weight-bearing postures that require full supination. Placing the palms fully on the floor requires the ability to pronate the forearm 90°. Unfortunately, the average person can pronate only 80°, and it is not unusual to see students far short of that amount. For these students, getting the palms fully onto the floor will require some adjustment of the arms and shoulders. Either the arms will have to internally rotate at the shoulders, or the elbows will have to bend, causing some abduction of the arms. These modifications can be perfectly safe and acceptable for most students. The only concern would be painful stresses at the shoulder, but if the shoulders are happy, then it is okay for the students to do what they need to in order to press the palms powerfully into the floor. Another alternative is to use wedges under the thumb side of the hand.


  The skeletal variations that affect a student’s ability to meet aesthetic alignment goals should take precedence over a teacher’s expectations. Many students will never be able to have their arms fully straight, and that is okay. Many students will never have their palms completely on the floor without some adjustments at the shoulders. That too should be fine, as long as there is no discomfort. What is important when considering the elbow and forearms is not what the student looks like, but what they are experiencing.


  CHAPTER 4:
The wrist and hand
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  Figure 4.400 The sensorimotor homunculus shows the dramatic preponderance of brain space allocated to sensing and moving our hands.511




  The journey outward from the shoulder complex, through the elbow and forearm brings us to the most distal region: the wrist and hand. While in the lower body, the further away from our core we go, the more important stability becomes, with the upper body, the further from our core, the more our mobility is enhanced. Our hands are rarely required to provide stability or bear our body’s weight, except in the realms of yoga and gymnastics, where our hands are frequently placed upon the ground. The exquisite design of our wrists and hands allows us to manipulate and examine objects in an endless variety of ways. Indeed, our hands can identify objects simply by touch, without requiring the eyes, as long as we can move our hands around the object or move the object within our hands. The design of our fingers and our opposable thumbs allows us to grasp objects of varying sizes firmly and powerfully. And when necessary, our hands can also stiffen sufficiently to bear our body’s weight, either when hanging from our arms with our hands overhead, or when lifting heavy objects, or even when supporting our body’s weight in an inverted posture.


  Beyond simple physical manipulations, our hands are also expressive. Our emotions and language can be communicated via the hands. Gestures, writing, music and art are conveyed through their intricate movements, and our brains are finely attuned to reading the dance of the others’ hands. The many hand gestures in yoga, called mudras, are only possible because of the hands’ versatility.


  An average hand possesses 19 bones and 19 joints, while the wrist has eight bones of its own.510 In addition to these 27 bones, there are, on average, 29 muscles that end in the hand or insert onto the wrists. This is by far the most complex area in the upper body, with more neurons dedicated to controlling and sensing our hands’ position, movements and sensations than any other musculoskeletal area. The sensorimotor homunculi shown in figure 4.400 illustrates the relative amounts of brain space associated with sensing and moving body parts: the number of neurons associated with a region is reflected in the relative size of the area. Clearly, our hands take an inordinate amount of neuronal horsepower.




  The most important movement of the hands is prehension: holding and manipulating objects. Ironically, this is the least important function of the hands in yoga asana practice. (However, mudra practice, which is arguably given far more importance in some ancient yoga texts than asana practice, does require more intricate movement of the hands.512) The roles of our wrists and hands in asana practice often follow aesthetic cues that dictate where and how the hands should be placed in non-loading-bearing positions. Think of the many teachers who dictate how your hands should be in Warrior 2 (Virabhadrasana 2) pose: palms up or down; fingers spread or together; thumb long or short. Alternatively, the hands are placed on the floor to support some or all of our body’s weight; think of the hands during Down Dog (Adhomukhasvanasana) or Crow (Bakasana) Pose.


  The movement and stability of the wrist affect the movement and stability of the hand and vice versa. Disabilities of the wrist and hand significantly affect our abilities to use our arms and shoulders and can lead to atrophy and restrictions in movements at the shoulder. Thus, there is a strong functional association between the most extreme ends of our upper body and the core. An issue in one area may affect or be caused by conditions in another.


  Form


  Of the 29 muscles an average person uses to move the wrist or the hand, only 10 are found in the hand proper. These 10 are known as intrinsic muscles. The other 19 are extrinsic muscles, which means they are outside of the hand. They arise in the forearm, on the distal end of the humerus or on the wrist. In this respect, the hand is a bit like the foot in that many of the muscles that move the foot and the toes arise from the lower leg. However, while the top of the foot and ankle can be considered somewhat analogous to the wrist, the wrist has eight carpal bones versus the ankle’s seven tarsal bones. And while there are equal numbers of metatarsal and phalangeal bones in the foot as metacarpal and phalangeal bones in the wrist and hand, the foot does not have opposable digits. Our highly mobile thumb is quite significant. Indeed, it is both the extreme mobility of our hands and their sensitivity that distinguish them from the feet and hands of other animals.


  Landmarks of the elbow and forearm


  Palm reading has been a mystical practice for centuries in many cultures.513 Palm readers purport to be able to discern both your future and your character simply by what is written in your palms. While this practice is beyond the scope of our investigation, it is fruitful to become familiar with some of the key landmarks of the wrist and hand, including the supposedly very familiar back of the hand. Figure 4.401 depicts the landmarks on the surface of our wrists and hands, back and front, while figure 4.402 distinguishes their 27 bones.
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  Figure 4.401 Landmarks of right wrist and hand.
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  Figure 4.402 The 27 bones of the wrist and hand (palmar view of left hand).


  sciencepics/Shutterstock.com




  Twenty-nine muscles and 27 bones are a lot to keep track of. Many of the muscles have very similar-sounding names. Despite the initial confusion that can arise, there is a simple way to keep this variety manageable: understand the meaning of the names. Table 4.400 lists the common names used to describe the muscles, landmarks and directions of the wrist and hand. Some terms are quite obvious: extensor is the term given to a muscle that causes extension, while a flexor causes flexion. Some other terms are not as obvious: pollicis, for example, refers to the thumb (from the Latin pollex for thumb). Knowing that brevis means short helps to understand that the extensor pollicis brevis is a short muscle that extends the thumb; further, if there is a short muscle, there is also a long muscle, which will be called the extensor pollicis longus. If there is an extensor, there is probably a corresponding flexor. If there is an abductor, there is probably an adductor. If there is a radialis, there is probably an ulnaris. And so on.


  Table 4.400 Key terms that help us understand hand and wrist anatomy. 
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  Movements of the wrist, hand and fingers


  It is useful to review the movements possible for the wrist, hand and fingers. This will help us later to understand the roles and names of the muscles and tendons.


  Movement of the wrist


  The wrist is the simplest to understand because it can move in only four directions. As shown in figure 4.403, the wrist can flex, extend and bend to two sides. Each movement has multiple names, so some convention is required to allow us to agree on which term to use and when. Flexion of the wrist is sometimes called palmar flexion because it involves moving the palm toward the anterior forearm, but the simple term “flexion” will be sufficient. Extension of the wrist is sometimes called dorsiflexion because it involves moving the dorsum, or back of the hand, toward the posterior forearm. Again, the simpler term “extension” will be used.
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  Figure 4.403 Movements of the wrist.




  The wrist can also move from side to side, which in other parts of the body is referred to as either abduction, moving away from the core of the body, or adduction, moving toward the body. If we stand in the anatomical position with palms facing forward, then abduction of the wrist moves the hand laterally away from the body moving the thumb towards the radius, and adduction moves the hand toward the body, moving the little finger towards the ulna. However, the hand, arm and shoulder are rarely in the anatomical position, so the terms abduction and adduction can be confusing. Pronation of the forearm in the anatomical position reverses these directions of movement, so now abduction would move the hand toward the body. To avoid such confusion, the terms radial deviation to indicate abduction and ulnar deviation to indicate adduction will be used. When the thumb moves toward the radius, this is radial deviation. This applies regardless of where the arm or hand is. When the little finger is moved toward the ulna, this is ulnar deviation.


  Movement of the fingers


  At the base of each finger is the metacarpophalangeal joint (MCPJ). For digits 2, 3, 4 and 5, the possible movements are in four directions: flexion, extension, abduction and adduction. These are shown in figure 4.404. In the more distal joints of each finger, the proximal interphalangeal joint (PIPJ) and distal interphalangeal joint (DIPJ), only flexion and extension can actively occur. Flexion is movement of the finger toward the palm, and extension is movement away from the palm. Abduction and adduction are relative movements, so the question must be asked: relative to what? The answer is the middle finger (digit 3). Any movement of a finger toward the middle finger is termed adduction, while movement away is abduction. Thus, bringing all the fingers together is adduction; moving all the fingers apart is abduction. So far, so good, but what about movement of the middle finger? Since the middle finger cannot move toward or away from itself, it cannot be used as its own reference point. Instead, like with the movement of the wrist, the radius and ulna are the references. Ulnar deviation of the middle finger occurs when it moves toward the little finger or ulna: this is also called adduction. Radial deviation of the middle finger occurs when it is moved toward the thumb or radius: this is also called abduction.
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  Figure 4.404 Movement of the fingers: flexion and extension, abduction and adduction are the main movements, but individual fingers can move independently, creating many complex combinations.




  These movements are the fingers’ only possible active movements, but the fingers can be passively rotated. You cannot actively rotate a finger, but with your opposite hand, you can grab a finger, relax it and twist it a little bit.


  Movement of the thumb


  The most complicated digit has been saved for last. The thumb sits on the hand at a 90° angle to the other digits. Thus, the terms defined above require some adaptation for describing thumb motion. As shown in figure 4.405, bringing the thumb across the palm is flexion; extension returns the thumb to its resting position, or further away from the palm. Abduction moves the thumb forward in the anatomic position, so it moves away from the index finger in the direction of the anterior forearm. Adduction brings the thumb back toward its resting position, nearer to the index finger and palm.514 Opposition describes bringing the thumb to the tip of any finger. It occurs through the combination of flexion, abduction and some medial rotation at the first carpometacarpal joint.515 Reposition is the opposite movement and brings the thumb back to its neutral or anatomical position. These movements give rise to the names of certain muscles, such as the opponens pollicis: the muscle that draws the thumb (pollicis) into opposition (opponens). The final movement of the thumb is circumduction: the tip of the thumb can actively describe a complete circle while the thumb traces a cone. All fingers can do this, but the thumb is the real expert and can create the widest cone of all.
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  Figure 4.405 Movements of the thumb.




  The architecture of the wrist and hand


  As shown in figure 4.402, the bones of the wrists are termed the carpal bones (from the Latin carpus, which means “wrist”). There are two distinct rows of carpal bones: a proximal row that borders the radius and ulna, and a distal row that forms the base for the “meta” carpals. Meta comes from Greek and means “after,” “among,” “with” or “beside.” Thus, the five metacarpals are the bones that are after (more distal than) the wrist bones. The digits and the metacarpals are numbered for consistency and convenience; however, the digits are also sometimes referred to by name. The numbering starts with the thumb being 1; the index finger is 2; the middle finger is 3; the ring finger is 4; and the little finger, or digit minimi, is 5. Beyond the metacarpals lie the phalanges, which comes from the Greek phalanx, meaning a “log” (our fingers do look like little logs sticking out of our palms). With the exception of our thumb, each finger has three phalanges: the proximal phalange closest to the metacarpals, the middle phalange, and the distal phalange, furthest from the palm. The thumb does not have a middle phalange.


  Binding the bones are the ligaments, tendons, fascia and muscles, both within the wrist and hands as well as from further away, such as the muscles arising in the forearm. For the most part, the joints within the wrist and hand are synovial, which means there is a joint capsule (synovium) surrounding the joint, cartilage lining the articular surfaces of the bones and synovial fluid providing lubrication for movement.


  The bones of the wrist and hand


  The average wrist and hand possess 27 bones (not counting any sesamoid bones) and numerous joints. The exact number of joints depends upon how one counts the joinings between the eight carpal bones; there are several ways these can be divided up and many names that can be applied. Typically, anatomists will define one joining between the proximal row of carpal bones with the radius and ulna and another joining between the distal and proximal row of carpals. But there are also joints between the individual carpals and one or more wrist bones. Within the hand, there are 19 joints. While figure 4.402 gives a general idea of the size, shape and orientation of these bones, remember that these drawings are based on averages; your bones will not look like these. No two hands look exactly alike—just compare your left hand to your right. Notice the differences in finger length, angles, sizes, patterns of lines and blood vessels, etc.


  The distal ulna and radius


  The back (dorsal) surface of the distal radius has indentations or grooves, which provide a path for several extensor tendons. On the anterior (palmar or volar) surface is found the proximal attachment site of the joint capsule for the wrist as well as several thick ligaments. Of particular note for the distal radius is the rather broad, smooth base, which allows the scaphoid and lunate carpal bones to nestle against it, forming the radiocarpal joint. Medial to this (to the middle), the radius has the ulnar notch, which articulates with the distal head of the ulna. This is the distal radioulnar joint (DRUJ). The lateral edge of the distal radius, called the styloid process of the radius, pokes sharply upward and provides a restraining barrier for radial deviation (wrist abduction). The styloid process prevents too much radial (lateral) deviation.


  Several common but minor variations exist in the shape and size of the distal ulna and radius, but there are a few major variations that only affect a small number of people. The minor variations will not affect daily living, but the major variations, such as a large discrepancy in the relative lengths of the ulna and radius, or the complete absence of either bone, can cause wrist mobility issues.516 The main variations of interest to yoga students and teachers are the two key slopes at the base of the radius, as shown in figures 4.406 and 4.407.
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  Figure 4.406 Radial inclination of a left, distal radius. Radial inclination can vary from 15° to 25°.517 (a) Also notice the height of the tip of the styloid process above the base of the radius. (b) The amount of radial inclination will affect the amount of radial deviation (abduction) available.
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  Figure 4.407 (a) The palmar tilt of a left distal radius. Tilt can vary from 2° to 20°. (b) The amount of palmar tilt will affect the amount of wrist extension (dorsiflexion) available.




  Radial inclination


  The slope of the radius’ distal end is angled about 25° toward the ulna. This radial inclination allows the wrist to ulnarly deviate (adduct) a lot more than it can radially deviate (abduct). Radial inclination (also called the radial slope or ulnar tilt) will affect the amount of ulnar deviation the neutral hand exhibits. A high radial inclination may reduce the amount of radial deviation (abduction) the hand can do. With a greater slope, a relaxed hand will tend to point more to the little finger (ulnar) side; with a lesser inclination, the hand will be more neutral, meaning that the fingers will be pointing straight ahead, in alignment with the forearm. This is important for teachers to recognize, as many students place their hands on the floor with the fingers pointing slightly outward. A well-meaning teacher may notice this position and cue the student to turn the hands forward, with the intention of having the hands in a neutral alignment. However, for this student, the hand pointing outward is neutral, and changing the alignment to match the teacher’s cue actually puts the hand into radial deviation.


  The radius will usually stop growing by about the age of 16. At that point, the radial inclination is pretty much fixed for the rest of life, barring accident, injury or arthritic degeneration. The amount of inclination increases as we mature, from just under 20° before the age of 10 to almost 25° by the age of 16.518 All these amounts vary from study to study, so once more, use them only as indications of what some people can do, not what your body can do.


  The height of the peak of the radius styloid process is also quite variable. In adults it can range from 9.9 mm to 17.3 mm.519 The higher the peak, the less radial deviation available, due to the trapezium compressing against the styloid process, as shown in figure 4.406b. With a lower peak, more radial deviation is available, and the hand may easily point straight ahead. With a higher peak, a neutral hand will be ulnarly deviated and will be restricted in the amount of radial deviation it can do.


  Palmar tilt


  The palmar tilt of the distal radius, as shown in figure 4.407a, measures the degree to which the base of the radius slopes toward the palm. (It is also called palmar inclination or volar tilt.) The amount of variation between individuals is much higher for palmar tilt than for radial inclination. Palmar tilt will affect how much extension the proximal row of wrist bones can exhibit relative to the radius. For a yogi with a high slope, the radius will come into compression against the carpals more quickly than in a student with a low slope (see figure 4.407b). Having a high palmar tilt may be one reason many students cannot extend their wrists 90°. For these students, handstand (Adhomukhavrksasana) or any other posture that requires the full body’s weight to be supported on the hands (like Crow Pose—Bakasana) may be very challenging. This is because they cannot now and never will be able to extend (dorsiflex) their wrists to 90° due to the shape of their bones. On average, a nine-year-old will have about 10° of palmar tilt, but this will increase to about 13.6° by age 16, with women having almost 2° more tilt than men. Once again, there are large ranges of variation. Some people have as little as 2° of palmar tilt, while others have 20° or more!520 Human variations in the amount of tilt, along with injuries, conditions or disease, will affect the range of motion available here.


  The distal ulna


  The distal ulna has a small, rounded head with a sharp projection from its posterior-medial corner called the styloid process of the ulna. This process is much smaller than the styloid process of the radius, but more pronounced. Its impingement upon the lunate and triquetrum can serve as a compression stop to extension (dorsiflexion) of the wrist.


  
    It’s Complicated: Variations in the distal ulna


    The relationship between the distal ulna, the distal radius and the proximal row of carpal bones is quite precise. Even minor variations here can have large effects on the size and location of the loads that cross the wrist joint, and can cause pain and limit movement. Several syndromes can arise, such as ulnar impaction, ulnar impingement and ulnar styloid impaction. The slope of the end of the ulna is not as dramatic as for the radius, but the relative position of the two joint surfaces is important. Ulnar variance is the term describing this relationship: if the variance is positive, it means the carpal joint surface of the ulnar head is beyond the carpal surface of the radius; if the variance is negative, it means the ulnar surface is below the radius. Ulnar variance is independent of the height of the ulnar styloid process and only refers to the relative positions of the carpal joint surfaces. When the two surfaces are level, all is well, but a positive ulnar variation can lead to ulnar impaction syndrome, while a negative variance is correlated with ulnar impingement syndrome. Ulnar impaction, which is the more common of the two, refers to the ulna impacting the carpal bones and disrupting the articular disc (which is a part of the triangular fibrocartilage complex). Ulnar impingement syndrome refers to the shortened ulna impinging upon the distal radius just below the ulnar notch.


    The amount of ulnar variation changes with forearm position: pronation increases the variance, supination decreases it. To be more precise, pronation, especially with a strong grip, will move the radius proximally, which in relative terms moves the ulna distally. An excessively long ulnar styloid can lead to ulnar styloid impaction syndrome, where the distal end of the styloid impacts against the proximal surface of the triquetral bone.521

  


  The carpals


  Where the foot has seven tarsal bones, the wrist comprises eight carpal bones. The foot requires a lot of stability to bear the weight of the whole body, so the tarsal bones are large and sturdy. The wrist is designed more for mobility, so the carpal bones are much smaller. We can allocate the carpals to two distinct rows, although they actually form curves, so it may be more accurate to view them as forming two nested bowls. Running from the thumb (lateral) to the little finger (medial), the proximal bowl is formed by the scaphoid (meaning boat-shaped), lunate (crescent moon-shaped), triquetrum (three-cornered) and pisiform (pea-shaped) carpals. Returning from medial to lateral, the distal bowl is formed by the hamate (hooked-shaped), capitate (head-shaped), trapezium (table-shaped) and trapezoid (sort of table-shaped) carpals. These bones are illustrated in figures 4.402, 4.408 and 4.409.


  The carpal bones form sliding, synovial joints with their neighbors. They do not possess a lot of mobility individually, but as a group, they allow a significant total range of motion. The four proximal bones are jointed together by ligaments. Only three of these bones—the scaphoid, lunate and triquetrum—contribute to the radiocarpal joint. The scaphoid and lunate bones articulate directly with the distal end of the radius, whereas the triquetrum bone articulates with a fibrocartilaginous pad that spans the radius and styloid process of the ulna. The distal end of the ulna thus does not directly articulate with any of the carpal bones. The four distal carpal bones are also held together as a group by ligaments. The proximal and distal bowls of carpal bones articulate with each other to form the midcarpal joint (see figures 4.409 and 4.412). Together, the radiocarpal and midcarpal joints are responsible for all movements of the hand at the wrist. The distal carpal bones also articulate with the metacarpal bones of the hand.522 The distal carpals are more tightly bound together by stronger ligaments than the proximal carpals.523
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  Figure 4.408 Bones of the wrist and hand. Eight carpal bones form the base of the hand. These are arranged into proximal and distal bowls of four bones each. The metacarpal bones form the palm of the hand. The thumb and fingers consist of the phalanx bones.524
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  Figure 4.409 Bones of the hand. This radiograph shows the positions of the bones within the hand. Note the carpal bones form its base.525




  To learn the role of each carpal, it is useful to visualize its location in relationship to the other carpals and to the radius, ulna or metacarpals, as shown in the above figures.


  Scaphoid


  Located on the thumb side of the wrist, the keel of this boat-shaped carpal rides the concavity of the radius. The deck of the scaphoid accommodates the bottom of the capitate, but the distal end of the scaphoid articulates with the trapezoid beneath the index finger and the trapezium beneath the thumb. The surface of the bone is almost entirely covered in slippery cartilage. Due to its elongated shape, we can associate the scaphoid with both rows of carpals, even though it is the anchor for the proximal bowl.


  Lunate


  Medial to the scaphoid is the lunar-shaped lunate bone. It is the center of the proximal bowl, sandwiched between the triquetrum and the scaphoid. Distal to it is the capitate. The lunate has neither strong ligaments nor muscles anchoring it in place, so it is the most unstable carpal.


  Triquetrum


  The triangular triquetrum lies medially to the lunate and distal to the ulna. It doesn’t touch the ulna but rather contacts the articular disc between the ulna and radius. Distally, the hamate rides on top of the triquetrum.


  Pisiform


  If you pronate your forearm, radially deviate (abduct) your hand and feel the anterior wrist, just above (distal to) the bump of the ulna’s styloid, you will feel the triquetrum first, and then toward the palm a pea-shaped mound: that is the pisiform. It is embedded within a tendon (the flexor carpi ulnaris) and so is actually a sesamoid bone. Some people can feel this bone move. It is an attachment base for several ligaments and muscles.


  Hamate


  The pyramid-shaped hamate has a large, hook-like projection (from which it gets its name) that bulges toward the palm. It is wedged in between the capitate and triquetrum. Its distal base articulates with the metacarpals of the little finger and ring finger. The hook of the hamate is the medial attachment site for the flexor retinaculum (also called the transverse carpal ligament), which forms the roof of the carpal tunnel (see figure 4.415).


  Capitate


  Capitate means “head,” and this is the largest of all the carpal bones. It is the central pillar of the wrist and touches seven surrounding bones, including the 3rd (middle) metacarpal and, slightly, the 2nd and 4th metacarpals. A rigid connection to the 3rd metacarpal helps to form the stable, longitudinal arch of the hand (see figure 4.411). The capitate’s proximal head nestles in the curves of the scaphoid and lunate. It is securely anchored to the hamate and trapezoid by short, strong ligaments.


  Trapezoid


  Like a truncated pyramid, the trapezoid is quite symmetric. It is smaller than its neighbors, the capitate and trapezium, and is wedged in between them. Distally, it is a base for the 2nd metacarpal; proximally, it articulates with the scaphoid.


  Trapezium


  The most lateral in the distal bowl of carpals, the trapezium sits at the base of the thumb (the 1st metacarpal). Its distal surface is saddle-shaped, matching the saddle-shaped base of the 1st metacarpal. This allows a large range of movement at this joint. Proximally, the trapezium articulates with the scaphoid. Toward the palm is a large bump (tubercle), which, along with a tubercle on the scaphoid, forms the lateral attachment site for the flexor retinaculum (transverse carpal ligament).


  Variations of the carpal bones


  No two carpal bones are alike within one person, and from person to person all carpal bones have subtle differences. However, these variations do not seem to affect the average person’s range of motion, with rare exceptions. Any of the carpal bones may not be fully fused and thus may present as bipartite or tripartite, which means the bone is actually in two or three pieces. This most frequently happens with the scaphoid, then the triquetrum, pisiform, trapezium, trapezoid and capitate. (In effect, this means there are sometimes more than eight carpal bones in many people’s wrists. We do have to be careful in dogmatically asserting the number of bones in a person’s body, because there is always the potential for human variation.) Variations in the shape, size and number of facets of each carpal are also known. Occasionally, carpal coalitions will arise where, instead of cartilage linings separating the individual bones, the cartilage becomes a fibrous or osseous (bony) fusion. In effect, the bones become one, which eliminates any movements between them.526


  The metacarpals and phalanges


  The metacarpals are “next to” (meta) the carpals and span the distance from the wrist to the base of the fingers. There are five of these long bones, each with a squarish base, a triangular shaft and a rounded head. Longitudinally, there is a curve along the shaft, which creates the longitudinal arch of the palm (see figure 4.411). The base (proximal end) articulates with one or two carpals and also with neighboring metacarpals. The expanded, rounded heads (distal end) are the well-known big knuckles of the hand, which are especially prominent when a fist is formed. The thumb has the shortest and stoutest of the metacarpals and is given the number 1. From there, the other metacarpals are sequentially numbered, with the little finger’s metacarpal being 5. The 2nd metacarpal is usually the longest, and the length decreases from the 2nd to the 5th.


  The thumb’s metacarpal is separated from the others, which allows it the largest range of motion, and it is independent of the other metacarpals. When the hand is at rest in the anatomical position, the thumb is in a different plane from the other metacarpals—the sagittal plane, oriented 90° to the frontal plane. It is also anterior to (in front of) the rest of the metacarpals. This allows for opposition of the thumb to the other fingers (see figure 4.410). The next two metacarpals are fixed and do not move at the carpometacarpal (CMC) joint. The 4th and 5th metacarpals have some anterior to posterior mobility, more so the 5th, which is useful when we powerfully grip an object: the palm can narrow to increase contact.
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  Figure 4.410 Metacarpals. This radiograph shows the position of the metacarpals of the right hand, with the thumb and forefinger making a circle (opposition).


  Jarva Jar/Shutterstock.com




  Phalanges


  As with the phalanges in the foot, the hand has 14 phalanges: the thumb only has two, and all the other fingers have three (see figure 4.402). The closest phalange to the palm is termed the proximal phalange, the furthest away from the palm is the distal phalange. The one in the middle is the middle phalange (except in the thumb, which does not have a middle phalange). All phalanges have a similar morphology and vary only in size. They each have a concave base, which fits over the convex head of the metacarpals or the head of the nearest, proximal phalange. Like the metacarpals, they are longitudinally curved inward, toward the palm. The heads of the distal phalanges are rounded to anchor a fingertip, which is called the pulp.


  Variations in the metacarpals and phalanges


  Hands are quite variable. Compare your hands to your friends’ and see just how different they can be. For some people, their thumbs do have three phalanges (about one person in 25,000 will have this). For other people, their phalanges may be longer or shorter than normal, or they may be thicker and broader. Some people have symphalangia, which means their interphalangeal joints are joined together, so there is no movable joint in the fingers. Another condition is called syndactyly, which refers to the individual digits being fused together. Polydactyly refers to the presence of an extra digit; some people have more than the normal number of fingers. They may also possess an extra metacarpal bone. Finally, arachnodactyly refers to having abnormally long digits.527 This is not an exhaustive list, and any of these morphological variations could affect the way the hand works, its range of motion, or its strength and stability. For example, longer fingers may make balancing in handstands slightly easier due the fingers being longer levers; the hand has a broader base in this case. Conversely, shorter fingers or palms may reduce the fingers’ leverage and make arm balancing postures more challenging.


  Sesamoid bones


  Several sesamoid bones are found in the feet and in the hands. How many we have is variable, but generally, most people have five in each hand: two are at the thumb’s metacarpophalangeal joint (MCPJ), one at the thumb’s interphalangeal joint, one on the radial side of the MCPJ of the index finger (digit 2) and one at the ulnar side of the little finger’s MCPJ.528 However, there are people who do not have a sesamoid bone at the MCPJ of the index fingers, while others have extra ones at other fingers. As mentioned earlier, the pisiform in the wrist is also considered a sesamoid bone because it is completely enveloped by the flexor carpi ulnaris tendon. It is one of the rare cases where a sesamoid bone does articulate with another bone, in this case the triquetral.


  The arches of the hand


  Just as our feet have arches, which help to distribute the stress of walking and recoil that energy into the next step, our wrists and hands have arches as well. There are two transverse arches, as shown in figure 4.411. The first crosses the wrist and is called the proximal transverse arch. The second is at the base of the fingers and is called the distal transverse arch. Metacarpals 2 to 5 also have longitudinal arches. However, these metacarpal arches are generally subsumed under a general term, the longitudinal arch, which follows the rays of the 2nd and 3rd metacarpals. Note that the longitudinal arch also includes the fingers’ curvature.
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  Figure 4.411 The arches of the wrist and hand. (a) A keystone is the central stone the others rely upon for support; (b) there are three central arches in our hands; (c) these arches allow us to create a variety of concave shapes with our hands.




  Each arch is supported by a keystone. A keystone is the central stone of an arched bridge that locks all the pieces together, as shown in figure 4.411a. For the proximal transverse arch, the keystone is the capitate. The keystone for the distal transverse arch is formed by the second and third metacarpophalangeal (MCP) joints, which also serve as the keystone for the longer longitudinal arch. Thus, all three of the hand’s arches are linked together, providing mutual rigidity and support. The two transverse arches are mechanically linked via the longitudinal arch, at least in healthy hands. In hands suffering from rheumatoid arthritis, the joints become weakened, which reduces the rigidity of the arches.529


  We can control how much of an arch the hand possesses, to a certain degree. The amount of arch across the wrist is variable, depending upon how much we adduct or abduct the thumb. Also, the distal transverse arch, which passes through the MCP joints, is mobile. This ability to change the arches in the hand helps us grab and hold objects, like a baseball or orange, or a cylindrical object like the handle of a hammer. Our hands can conform to the shape of the object to provide greater contact and holding power. Alternatively, we can choose to flatten the palm and fingers by reducing the amount of curvature in the MCP joints, extending the fingers and adducting the thumb, an action some yoga teachers and gymnastic coaches advise when students’ hands are on the floor, such as when doing handstands or Down Dog (Adhomukhasvanasana).


  While this flattening of the hand reduces the curves of the distal transverse arch, we cannot completely eliminate the arches. There will always be a hollow in the middle of our palms. For many people, it is not possible to press the base of each finger (the MCP joints) into the floor while keeping the heel of the palm fully grounded at the same time. Like a four-legged table with one leg shorter than the others, there will be a wobble. At any one time, three legs will be on the floor, but the fourth will be off it. Tilting the table will change which leg is off the floor, but it is not possible to get all four legs on the floor at once. The same occurs with the hands: it may not be possible for some people to fully contact the floor with the base of the thumb, the heel of the palm, the base (MCPJ) of the little finger and the base (MCPJ) of the index finger. For many students, the base of the index finger will be off the floor unless the whole hand is tilted, in which case the heel of the palm on the little finger (ulnar) side will be lifted off the floor. This inability is not a flaw in the student or something that needs correcting: it is a function of the shape of their bones. Fortunately, even if the base of the index finger is off the floor, the student can still root the anterior edge of the thumb into the floor (abduction), providing a wide, stable base for the hand.


  
    
      This is a point of instruction for teachers to note. While it is a lovely cue to instruct students to press down into the base of each finger, please realize that not all students will be able to get the base of their index finger to the floor. In an effort to do so, they may inadvertently raise the heel of their palm off the floor, which could lead to slight internal rotation of the arm at the shoulder.

    

  


  Joints and ligaments


  There are two main joint structures within the wrists, many individual joinings of the carpal bones, as well as the joints of the metacarpals to the carpals, the joining of the phalanges to the metacarpals, and the individual joints within each finger. This adds up to a lot of joints. Plus, surrounding the joints are joint capsules, ligaments and tendons, serving to stabilize as well as mobilize the joints. In all, there is a daunting amount of detail that could be examined. It is beyond the scope of our investigation to describe all of this in depth, but an overview of the main joints and fascia is helpful.


  The joints of the wrist and hand


  As shown in figure 4.412, moving away from the elbow (proximal to distal), the first joints we come to are the radiocarpal joint and midcarpal joints. Additionally, there are several intercarpal joints between the various carpal bones.
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  Figure 4.412 Dorsal view of the joints of the right wrist and hand.
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  Radiocarpal joint


  The radiocarpal joint is formed by the concave distal base of the radius and articular disc articulating with the convex, proximal side of the scaphoid and lunate. During full ulnar deviation, the triquetrum can also contact the articular disc, so it too is considered part of the radiocarpal joint. While the head of the ulna is not in direct contact with the carpal bones, about 20% of any compressive forces applied to the radiocarpal joint goes to the ulna via the articular disc. The remaining 80% passes from the scaphoid and lunate into the radius. The position of maximum congruency between the radius and the scaphoid and lunate occurs when the wrist is slightly ulnarly deviated and partly extended. In this position, hand grip strength tends to be maximum.530


  Midcarpal joint


  Articulations between the proximal row of carpal bones and the distal row occur at the midcarpal joint. The surrounding joint capsule enclosing the midcarpal joint is continuous with the capsules surrounding the individual intercarpal joints. The proximal head of the capitate and apex of the hamate fit snugly into the distal, concave surfaces of the scaphoid and lunate, like a ball in a socket. This is considered the medial compartment of the midcarpal joint (delineated in figure 4.412 by the pink boundary). The lateral compartment consists of the distal surface of the scaphoid and the trapezoid and trapezium. More movement occurs in the medial compartment than in the lateral compartment.


  Intercarpal joints


  Between all the carpal bones are joinings with each other. This adds up to 13 individual intercarpal joints, too many to be worth describing for our purposes. The joints allow mostly gliding or rotating movements. While the ranges of motion between these bones are generally small, especially compared to the other joints in the hand, they are important to overall wrist and hand mobility. The ligaments binding these bones together allow for these small movements, which help to distribute compressive stresses across the wrist and into the forearm.


  Wrist ligaments


  It is very challenging to isolate and describe all the ligamentous structures in the wrist. Some slips are very small and go unnoticed and unnamed. In general, we can cite two main groups of ligaments: those with attachments onto the radius and ulna, called extrinsic ligaments, and those with attachments solely inside the wrist, called intrinsic ligaments. The extrinsic ligaments tend to be longer but weaker than the intrinsic ones. These are summarized in table 4.401 and shown in figure 4.413. With a few exceptions, most wrist ligaments are inside the joint capsule. The naming of the ligaments in the wrist follows a convention of including the names of the bones they attach to, which are listed in order from proximal to distal and from radial to ulnar.531 For example, the radioscaphocapitate is the ligament that connects the radius, which is the most proximal, to the scaphoid, which is more radial than the capitate, which is most distal. However, not all anatomists follow this convention, and some ligaments are too variable in size and location to be easily defined.532


  Table 4.401 Ligaments of the wrist: Extrinsic ligaments have attachments on the radius and ulna. Intrinsic ligaments have no attachments outside of the carpals.  
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  Figure 4.413 The main ligaments of the wrist.




  The role of these ligaments includes maintaining optimal alignment between the bones, which allows for healthy movements and stress transfers through the wrist. The ligaments are also rich with mechanoreceptors; these are nerve endings that generate precise proprioceptive guidance. The sense of position, movement, speed and stresses can trigger reflexive movements to protect the wrist and maintain stability. This is especially true of the dorsal radiocarpal ligament, which plays a major role in wrist proprioception.533 The palmar radiocarpal ligament, which is a grouping of the radioscaphocapitate, radiolunate and radioscapholunate ligaments, becomes taut in full wrist extension and thus plays a major role in reducing or avoiding bone-on-bone compression between the radius and carpal bones in full extension.


  Special attention can be paid to the triangular fibrocartilage complex (TFCC) due to its role in both stabilizing the distal radioulnar joint and transferring stress from the radial side of the wrist to the ulnar side. The TFCC contains both ligamentous and cartilaginous parts, as listed in table 4.401. The cartilaginous part is the articular disc, also called the triangular fibrocartilage, and the ulnocarpal meniscus. The TFCC occupies the space between the triquetrum and the distal ulna, which looks like an empty region on an X-ray image (see figure 4.409.) The TFCC also assists in reinforcing the ulna side of the wrist and facilitates complex wrist movements.


  The intrinsic ligaments can be grouped according to their lengths. The short ligaments bind together the distal row of carpal bones, helping them to function as one stiff unit. The intermediate ligaments are longer than the short ones. The lunotriquetral intermediate ligament helps to stabilize the ulnar side of the wrist, while the scapholunate intermediate ligament is the main stabilizer of the lunate. The long ligaments also provide stability across the wrist, such as the dorsal intercarpal ligament, which stabilizes the scaphoid and lunate.


  Carpometacarpal joints


  Where the wrist bones (the carpals) meet the metacarpal bones, we have the carpometacarpal joints, or CMCJ for short. For the thumb and the last two fingers, the CMCJ are like hinges, but the ones at the base of the second and third digits are fixed. This rigidity in the center of the palm helps create the central pillar of the hand. Medially and laterally to this stiff, central pillar, the remaining two CMCJs can fold inward, which helps the hand grab and hold objects and assists with opposition of the thumb to the other fingers. This is due in part to the oblique orientation of the 4th and 5th metacarpals atop the hamate. They are already slightly facing inward. The mobility of these two medial (ulnar) CMCJ can be easily seen when you go from an open palm to a closed fist: looking at the back of the hand with your arm extended out in front of you, palm facing down and fingers spread, notice the alignment of the last three knuckles. Watch as they go from even and level to angled downward when the fist is clenched. This movement is coming from the CMCJ, which illustrates both the mobility at the 4th and 5th CMCJ and the stability of the 2nd and 3rd.


  The CMCJ of the thumb lies between the 1st metacarpal and the trapezium. This saddle joint is one of the most complicated in the hand and allows a great deal of movement. The surrounding joint capsule is also quite loose, which allows for the large range of motion. The end of the bones for the 2nd and 3rd CMCJ are interlocking, which, along with the tightness of the surrounding ligaments, builds the central pillar’s stability. The 2nd metacarpal is joined to the trapezoid, while the 3rd metacarpal is joined to the capitate. The 4th and 5th metacarpals both articulate with the curved distal surface of the hamate. This is the only place where two metacarpals join one carpal, which again allows for greater mobility.


  The complexity of the ligaments in the wrist continues as we move distally into the hands. Again, there is much controversy over the names and number of ligaments. The thumb, for example, has anywhere from three to seven named ligaments crossing its CMCJ. Regardless, the function of the ligaments wrapping the CMCJ is to control the digit’s direction of movement and limit its range of motion while maintaining alignment between the bones and providing some stability to the joint. Ligaments may also help to dissipate forces in the joint created by activated muscles.


  The ligaments binding the thumb’s CMCJ are listed in table 4.402. The anterior oblique ligament is thin and rather weak. The radial collateral ligament and its neighbor, the posterior oblique ligament, are relatively thick, strong and richly innervated with proprioceptive nerve endings. Binding the other digits’ CMCJ are the palmar, dorsal and interosseous carpometacarpal ligaments. The dorsal carpometacarpal ligaments are the strongest of the group.534



  Table 4.402 Ligaments across the thumb’s carpometacarpal joint:535 anterior = palmar; posterior = dorsal.
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  The intermetacarpal joints


  Just as the wrist bones interface with each other, the bases of the metacarpals touch each other and form joints as well. These are called the intermetacarpal joints. They are gliding joints that allow a little bit of movement between the bases of the 1st and 2nd metacarpals and between the 3rd, 4th and 5th. While small, these movements are important for arching the palm. Palmar, dorsal and interosseous intermetacarpal ligaments span each joint.536 During opposition of the thumb to the little finger, about two-thirds of the movement comes from the thumb, but the remaining third comes from the little finger’s movement at the carpometacarpal and intermetacarpal joints.537


  The metacarpophalangeal joints


  The joints where the metacarpals meet the phalanges are called the metacarpophalangeal joints (MCPJ). These form the obvious knuckles of the closed fist. The big, rounded knobs of the knuckles are the convex heads of the metacarpals. The concave ends of the phalanges are the mobile parts of these joints. They flex, extend, abduct and adduct by gliding over the oval ends of the metacarpals. There is greater stability and less mobility at the MCPJ when the fingers are flexed compared to when the fingers are extended. (Notice that you can abduct and adduct your fingers when your hand is fully open, but the fingers won’t move side to side very much when your hand is flexed into a fist.)


  The interphalangeal joints


  The interphalangeal joints (IPJ) are between each digit’s phalanges. They are more restricted than the MCPJ in how they can move. The distal head of the proximal phalange has a slight groove; the proximal base of the distal phalange has a raised ridge. Thus, the bones form a “tongue-in-groove” or “mortise-and-tenon” joint, which limits their movement to flexion and extension only, although some slight, passive side-to-side movement or twisting can happen if the fingers are relaxed.


  Ligaments of the palm and fingers


  While the row of MCPJ 2 to 5 forms the distal arch of the hand (see figure 4.411), the joints’ stability is due to their interconnecting fascial tissues. At the base of each MCPJ are a pair of collateral ligaments (see figure 4.414) and a palmar plate. The palmar plate (also called the volar plate or palmar ligament) lies on the front (palmar) side of the joint, which both strengthens the joint and prevents too much hyperextension.538 Each of the palmar plates of digits 2 to 5 are joined to their neighbor by three deep transverse metacarpal ligaments. The dense, thick, fibrocartilaginous palmar plates form a palmar floor for the heads of the metacarpals, while the collateral ligaments support their sides. Thus, they form a three-sided box around the heads of the metacarpals, providing lots of surface area for movement but also support and stability. The distal ends of the palmar plates are relatively thick and attach firmly to the proximal bases of the phalanges. The proximal ends of the palmar plates are thinner and a bit elastic; they attach proximally and loosely to the heads of the metacarpals.
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  Figure 4.414 Ligaments of the hand and fingers.




  Both the radial collateral ligament and the ulnar collateral ligament have two parts: a thick, strong, round dorsal cord running from a posterior (dorsal) tubercle at the head of the metacarpal and obliquely crossing the MCPJ to attach on the proximal end of the phalange; and a thinner accessory, which fans out from the metacarpal head to attach to the palmar plate distally. In front (palmar) of the palmar plates are little tunnels, called fibrous digital sheaths, which encase the extrinsic finger flexors.539 Synovial fluids secreted within the sheaths provide lubrication for the tendons as well as nutrients. If these sheaths and their tendons become inflamed, a condition known as tenosynovitis, swelling within the sheaths, may restrict the gliding of the tendons, thus reducing flexion of the fingers. In addition to the sheaths, five annular pulleys along each finger have been described. They serve to tie down the flexor tendons, redirecting their pulling force and preventing their bowstringing, which would pull the tendon away from the bones.


  The architecture of each interphalangeal joint (IPJ) is similar to the metacarpophalangeal joints. Each IPJ has a joint capsule that is reinforced by a radial and ulnar collateral ligament, a palmar plate, and fibrous digital sheaths for the flexor tendons. In addition, the proximal IPJs have check-rein ligaments, which help the palmar plates prevent hyperextension. These thickened ligaments are located on the lateral (radial) side of the palmar plates. (If the check-rein ligaments become enlarged, they can lead to chronic flexion of the fingers.) The dorsal capsular ligaments are replaced by the long extensor tendons. The most distal IPJs are the same as described above, but they do not have check-rein ligaments.540


  Retinacula, carpal tunnel and the palmar aponeurosis


  The carpal bones form a U-shaped groove, called the carpal tunnel or carpal canal, through which the extrinsic flexor tendons and median nerve pass (see figure 4.415).541 The outer, medial edge of the tunnel is formed by the hamate and pisiform, while the lateral edge is bounded by the scaphoid and trapezium. The carpal tunnel is bounded anteriorly (palmarly) by a thick, fibrous band of fascia known as either the flexor retinaculum or the transverse carpal ligament.542 The tendons are surrounded by synovial tendon sheaths, which provide lubrication to ease their gliding. However, overuse of the muscles that move these tendons or injury to the wrist can produce inflammation and swelling within the carpal tunnel, which can cause compression of the median nerve, leading to carpal tunnel syndrome (which is described in the section on wrist and hand pain and pathologies).
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  Figure 4.415 The carpal tunnel is the passageway through which flexor muscle tendons and the median nerve enter the hand from the anterior forearm. The walls and floor of the carpal tunnel are formed by the U-shaped grouping of the carpal bones, and the roof is formed by the flexor retinaculum (transverse carpal ligament), a strong ligament that anteriorly unites the bones.543




  Superficially and to the ulnar (medial) side of the flexor retinaculum is another layer of fascial thickening, called the palmar carpal ligament (or the volar carpal ligament). It forms a separate groove called the ulnar tunnel, through which the tendon of the palmaris longus passes. To the radial (lateral) side of the carpal tunnel is a small tunnel formed by a continuation of the fascia of the flexor retinaculum toward the trapezium. Through this tunnel passes the tendon of the flexor carpi radialis.


  You may have noticed that the skin of your palm does not move nearly as easily as the skin on the back of your hand. This is because the palmar skin is tightly connected to the superficial fascia of the palm, which in turn has numerous tiny, fibrous connections to the palmar aponeurosis. Proximally, the palmar aponeurosis arises from the flexor retinaculum. Distally, it merges into flexor tendon sheaths, and its septa extend to the transverse metacarpal ligaments. The extensor retinaculum, also known as the dorsal carpal ligament or the posterior annular ligament, is the thickened band of fascia on the dorsal (posterior) side of the wrist. It is a continuation of the antebrachial fascia and runs from the radius diagonally and distally to the ulnar styloid, pisiform and triquetral. Its function is thought to be maintenance and alignment of the extensor tendons and prevention of bowstringing of the tendons when the wrist is dorsiflexed.


  Muscles and tendons


  

  
    For the majority of yoga teachers and students, there is no need to delve deeply into the muscles of the hand, so feel free to skip this entire section and jump straight to the section on function. However, those who love detail can dive in!

  





  There are muscles that specifically move the wrist and muscles that move the hand; the latter can also cause movement of the wrist. The two groups of hand muscles are extrinsic muscles, which attach in the forearm, sometimes all the way to the distal humerus; and intrinsic muscles, which are fully within the hand. Similarly, there are two groups of wrist muscles: primary muscles, which move only the wrist, and secondary muscles, which can move the wrist, hand and fingers.


  The naming convention for the muscles uses the movement the muscle causes, along with the attachment location and then any other adjectives. For example, the extensor pollicis longus is the long extensor of the thumb. The inclusion of “longus” here implies that there is also a shorter muscle with a similar location and function: the extensor pollicis brevis. As well, it is a safe bet that if there is an extensor muscle, there is probably a flexor muscle too—for example, the flexor pollicis longus, which is a long thumb flexor muscle.


  Muscles with similar functions also tend to have similar locations. The flexors of the wrist and hand tend to be on the palmar (anterior) side of the forearm and palm; the extensors tend to be on the dorsal (posterior) side. Muscles that cause radial deviation (lateral movement or abduction) tend to be on the radial side; muscles that cause ulnar deviation (medial movement or adduction) tend to be on the ulnar side. This gives us a good way to summarize the muscles: by function and location.


  All of the long muscles of the forearms that move the wrist, hand or fingers have a similar morphology: a muscular base arising from the humerus, radius, ulna or interosseous membrane between the radius and ulna, and long, thin tendons that terminate in the fingers, palm or wrist. Some of these tendons are so strong that they are used during surgery to repair other damaged ligaments or tendons (for example, the tendon of the palmaris longus is often used in tendon grafts544).


  Muscles of the wrist


  The wrist can move in four primary directions: extension (dorsiflexion), flexion (palmar flexion), ulnar deviation (adduction) and radial deviation (abduction). For each direction there are muscles that attach to the wrist and hand, which cause these motions. The movements often are combined: usually, flexion and ulnar deviation occur together, while extension and radial deviation commonly combine.


  Wrist extensors


  The three primary wrist extensors are the extensor carpi radialis longus, extensor carpi radialis brevis and extensor carpi ulnaris. These are described in table 4.403 and illustrated in figure 4.416. The tendon of the extensor digitorum reaches all fingers except the thumb and also contributes strongly to extension of the wrist, but since it also moves the fingers, it is considered one of the secondary wrist extensors. Proximally, the primary wrist extensors arise from the lateral epicondyle of the humerus and the dorsal (back) of the proximal ulna. Distally, they join the dorsal bases of the 2nd, 3rd and 5th metacarpals. Their long tendons are secured in place by the extensor retinaculum. The extensor carpi ulnaris joins the 5th metacarpal and is thus on the ulnar side of the wrist, which allows it to assist with ulnar deviation (adduction) of the wrist. The extensor carpi radialis longus and extensor carpi radialis brevis join the 2nd and 3rd metacarpal bases respectively and can assist with radial deviation (abduction) of the wrist.


  One function of the wrist extensors is to stabilize the wrist when the hand is in flexion, such as when making a fist. This is noticeable whenever we grip an object strongly, like a hammer: the fingers curl into flexion, but the wrist is slightly extended and ulnarly deviated. The wrist extension and ulnar deviation help to balance the finger flexion forces, which would tend to also flex the wrist. Hand grip strength is considerably reduced if the wrist is also flexed, but it is maximal when the wrist is extended by about 30°.545 Stiffening the wrist when in extension can help the finger flexors almost triple their force.546
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  Figure 4.416 The muscles of the right forearm: (a) anterior and posterior; (b) anterior muscles at different depths.
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  Table 4.403 Wrist extensor muscles. (CMCJ = carpometacarpal joint; MCPJ = metacarpophalangeal joint; PIPJ = proximal interphalangeal joint; DIPJ = distal interphalangeal joint.)
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  Wrist flexors


  The three primary wrist flexors, described in table 4.404 and figure 4.416, are the flexor carpi radialis, flexor carpi ulnaris and palmaris longus. However, around 20% of people do not have a palmaris longus.547 Even when present, the palmaris longus varies in shape and number of tendons. Distally, the tendon of the palmaris longus does not pass through the famous carpal tunnel but rather through the more medial ulnar tunnel. While these three muscles are called the primary wrist flexors, this does not mean that the secondary ones are weaker flexors of the wrist. Some of the secondary flexors actually create more torque than the primaries.


  Proximally, the primary wrist flexors arise from the medial epicondyle of the humerus and the dorsal (back) of the proximal ulna. Distally, the tendon of the flexor carpi radialis also does not pass through the carpal tunnel but rather through a separate, more lateral tunnel formed by the fascia of the nearby transverse carpal ligament and the trapezium. It joins the anterior (palmar) base of the 2nd metacarpal, and sometimes the 3rd. The flexor carpi ulnaris tendon distally attaches to the pisiform and hamate, the pisohamate and pisometacarpal ligaments and the base of the 5th metacarpal. It provides the strongest wrist flexion torque of the three primary wrist flexors. When the flexor carpi ulnaris and flexor carpi radialis are both activated, they strongly flex the wrist, but they also cancel out their tendency to ulnarly and radially deviate the wrist.




  Table 4.404 Wrist flexor muscles. (CMCJ=carpometacarpal joint; MCPJ=metacarpophalangeal joint; PIPJ= proximal interphalangeal joint; DIPJ=distal interphalangeal joint.) 
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  Wrist radial and ulnar deviators


  Many muscles that flex or extend the wrist also cause radial or ulnar deviation (see table 4.405). In general, muscles that attach to the ulnar (medial) side of the wrist or hand can cause ulnar deviation (adduction) of the wrist; muscles that attach to the radial (lateral) side can cause radial deviation (abduction). There is a tendency for actions to be coupled: extension often causes radial deviation and flexion causes ulnar deviation. This is illustrated in the classic “dart throwing” movement: when the wrist is cocked, it is extended and radially deviated. After releasing the dart, the wrist is flexed and ulnarly deviated. The same actions arise when using a hammer.



  Table 4.405 Wrist radial and ulnar deviator muscles. 

[image: ]



  Of the four muscle groups that move the wrist, the wrist flexors are the strongest, followed by the radial deviators and the ulnar deviators. The wrist extensors are the weakest. Peak wrist flexion torque occurs around 40° of flexion. Peak extension occurs during a range of extension angles from 30° to 70°. Peak deviation forces occur when the wrist is in its neutral position (zero deviation angles).548


  Muscles of the hand


  The hand is exquisitely designed for precise manipulations. This is partly due to the intricacies of the muscles found in the hand but also due to their precise innervations. In the calf muscle, it is not unusual for one nerve to activate up to 2,000 muscle fibers.549 Together, these fibers form a motor unit: when one fiber is turned on, they are all turned on. However, in the hand, one nerve may stimulate only 100 muscle cells (a muscle cell can be called a muscle fiber).550 Thus, we have fine control over the movement of our fingers and hands, which allows us to thread a needle and play a concerto. This requires not only precise movements of the hand and fingers but also accurate sensing by the nervous system of their position, speed of movement, and forces applied and experienced. All of this allows us to use our hands to manipulate the world and to sense it.


  The muscles that control the fingers are defined as either intrinsic or extrinsic. Extrinsic muscles are as those with attachment outside the hand. Intrinsic muscles are those whose attachments are solely within the hand. The anatomist Marius Fahrer claimed: “extrinsic muscles are said to be strong… supplying the force required for common power movements, without real precision. The short intrinsic muscles are said to be essentially the motors of fine movements.”551 Functionally, however, movements of the fingers and hand are well-choreographed interplays between both intrinsic and extrinsic muscles.


  Extrinsic muscles


  These can be divided into three categories: the flexors of the fingers, extensors of the fingers and extensors of the thumb (see table 4.406 and figure 4.417). The flexor digitorum superficialis flexes the proximal interphalangeal joints (PIPJ) of the fingers but does not allow a single PIPJ to flex independently of the other joints of that digit. It is possible, however, to flex a whole finger independently of its neighbors. The deeper flexor digitorum profundus is the only flexor of the distal interphalangeal joint (DIPJ), but it does assist with flexion of the other PIPJs. The flexor pollicis longus is the only muscle that flexes the PIPJ of the thumb. The passage of the tendons of these muscles to their finger attachments is through protective, lubricating, fibrous digital sheaths (which were shown in figure 4.414). These three muscles often contract in unison, as when we make a closed fist, and thus serve to not only flex the digits but also assist in opposition of the fingers.


  Table 4.406 Extrinsic muscles of the hand. 
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  Figure 4.417 Muscles of the hand.
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  Any of the extrinsic flexors of the fingers theoretically can flex the fingers and the hand, and even, in the case of the flexor digitorum superficialis, the elbow. To isolate the intended flexion to one specific joint, co-contraction of extensor muscles is also required. These proximal stabilizers may include the wrist extensors. Due to the routing of the extrinsic flexors of the fingers across the front (anterior or palmar) side of the wrist, strong extension of the wrist may place them under increased stress, creating flexion of the fingers. This is easy to notice. When you extend (dorsiflex) your wrist, your fingers tend to passively flex. Conversely, if you attempt to keep your fingers straight, you may limit the amount of extension you can achieve at your wrist. (This will be examined in more detail in the section on the normal ranges of motion of the hand and wrist because it may affect yoga postures that require weight bearing on fully extended wrists and hands.)


  The predominant finger extender is the extensor digitorum due to its large cross-sectional area. It can extend the joints of digits 2 to 5. As already noted, it also is an important wrist extender. In most people, the tendons of the extensor digitorum are linked together by several juncturae tendinae. These fascial bands align the tendons with the fingers, but this may limit independent extension of the digits. The extensor indicis extends the index finger as well as the wrist but does not affect the other digits. The extensor digiti minimi likewise only extends the little fingers and the wrist. Similar to the activation of the finger flexors, if the extensors are activated by themselves, they may hyperextend the metacarpophalangeal joints (MCPJs). To avoid this, whenever the finger extensors are activated, there is a co-contraction of the flexors. This stabilizes the MCPJ and allows the extension force to independently extend the PIP and DIP joints.


  Where the tendons of the three extrinsic extensors of the thumb pass over the radial side of the wrist is often referred to as the anatomic snuffbox, which is an unusual name. It refers to the triangular fossa (indentation) on the radial side of the wrist at the level of the carpal bones when the thumb is fully extended, and was shown in figure 4.401. Stick your thumb out like you are hitchhiking and look for the dip anterior/lateral to the bulging tendon of the extensor pollicis longus. In days of yore, some people would place powdered tobacco (called “snuff”) in this little dip and “snuff” it up into the nostrils. This way they would receive an immediate nicotine hit.


  The extensor pollicis longus extends the base and whole length of the thumb (reaching the CMCJ, MCPJ and IPJ). It can also adduct the thumb and radially deviate the wrist (abduction). The extensor pollicis brevis, being a bit shorter, does not reach the interphalangeal joint, so it can only extend the CMCJ and MCPJ, but it can also radially deviate the wrist. The abductor pollicis longus abducts and extends at the carpometacarpal joint and radially deviates the wrist. This tendency of the extrinsic extensors of the thumb to also radially deviate the wrist means that co-contraction of the ulnar deviators is required to stabilize the wrist when strongly extending the thumb.


  Intrinsic muscles


  There are 20 intrinsic muscles in the average hand, most of which are very small. But their diminutive size belies their importance in our ability to precisely position the fingers. The grouping and location of these muscles are presented in table 4.407 and figure 4.417.



  Table 4.407 Intrinsic muscles of the hand. (CMCJ = carpometacarpal joint; MCPJ = metacarpophalangeal joint; PIPJ = proximal interphalangeal joint; DIPJ = distal interphalangeal joint.) 

[image: ]



  The thenar eminence is the large, fleshy root of the thumb; the hypothenar eminence is the thinner but longer fleshy root of the little finger. The thenar eminence consists of the abductor pollicis brevis, flexor pollicis brevis and opponens pollicis. They are useful in gripping objects, as they pull the thumb into opposition. Not included in this group is the extrinsic flexor pollicis longus, but it is important to help stabilize the thenar eminence muscles. All three muscles of the thenar eminence are innervated by the median nerve; damage to this nerve can paralyze these muscles. The prominent thenar bulge can also become flattened through muscular atrophy.


  The hypothenar eminence contains the flexor digiti minimi, opponens digit minimi, palmaris brevis and, most superficial and medial, the abductor digiti minimi. Just lateral to the abductor digiti minimi, and often blended with it, is the much smaller flexor digiti minimi. Beneath these is the largest of the group, the opponens digit minimi. The final member, the palmaris brevis, about the size of a small postage stamp, is very thin. Together, the hypothenar muscles help to raise the medial side of the “cup” of the palm and deepen the distal transverse arch. Damage to the ulnar nerve, which innervates the hypothenar muscles, can cause the eminence to become flat and flaccid.


  The webbing between the thumb and the palm is formed mostly by the adductor pollicis (see figure 4.417d). It has two heads: the thicker, oblique head runs diagonally from the thumb to the capitate and base of the 2nd and 3rd metacarpals; the triangular, transverse head runs more horizontally across the palm to the anterior (palmar) side of the 3rd metacarpal. The adductor pollicis is the main flexor and adductor of the thumb and important for pinching actions or closing scissors.


  The lumbricals are named from the Latin for “earthworms”; these are your finger worms. They run from the tendons of the flexor digitorum profundus near the base of metacarpals 2 to 5 to the extensor mechanisms of the digits, as shown in figure 4.417a. Why we have lumbricals is not fully understood. They seem to paradoxically produce flexion at the MCP joints of digits 2 to 5 but extension at their PIPJ and DIPJ.552 However, due to their small size, their role may be less related to movement and more to proprioception. They do possess a larger than usual density of muscle spindles.


  Finally, the interosseous muscles are found on both the palmar and dorsal sides of the hand. Similar to the lumbricals, there is a wide range of individual variations in their placement and number. They act to help us both spread (abduct) the fingers and draw them back together again (adduct). Their routing and roles are described in table 4.407 and can be seen in figures 4.417b and c. The dorsal interosseous muscle provides abduction force; the palmar interosseous provides adduction force. Similar to the lumbricals, the interossei flex the MCP joints but extend the IP joints.


  Variations of the muscles, tendons and ligaments


  Please keep in mind that the descriptions given above are for average people. As Sir William Osler said, “variability is the law of life.”553 Multitudes of variations have been observed in some or many of the muscles described above, in their attachments, number of bellies and tendons, locations, sizes and functions. For example, some people have muscles that most people do not possess, such as an extensor digitorum brevis manus, an extensor digitorum communis or an extensor carpi radialis intermedius. Nineteen different presentations have been described for the lumbricals alone! On the other hand (so to speak), some people have no lumbricals.554 It is beyond our scope to delve into the myriad of documented manifestations. The majority are not apparent because they cause no problems or dysfunctions, but the potential for variability is important to the clinician when attempting therapy on a hand or wrist.


  Function: Application in yoga postures


  The wrist and hand combine to provide a lot of variable movements, which are necessary for our prehension and manipulation of objects. The wrist can extend (often called dorsiflexion) and flex as well as bend to each side (termed radial deviation or abduction and ulnar deviation or adduction). The fingers can also flex, extend, abduct and adduct as well as come into opposition, especially the thumb. While tension is the most common answer to “What stops me?” when considering how far we can move in these directions, compression is also an important factor, especially when considering movements at the wrist. Bone-on-bone compression is the limiter of movements of the wrist and hand. How quickly compression arises depends upon your unique biology and biography, which will dictate your ultimate ranges of motion. If these are more restricted than the norm, you may find many yoga postures that require balancing on your hands to be challenging.


  Normal ranges of motion


  While we can investigate the wrist, palm and fingers separately in a reductionist approach, the body is not made up of independent parts. Everything is interconnected, and what happens in one area affects other areas, not only nearby but also far away. Given this interdependence, it makes sense to investigate the ranges of motion of the fingers and palm, and what affects these ranges, before looking at the wrist, because the positions and conditions of the fingers and palm affect the ranges of motion of the wrist.


  Normal ranges of motion for the fingers and palm


  The joint between the ray of the fingers and the wrist is called the carpometacarpal joint (CMCJ). At the base of the thumb, the 1st CMCJ has a large range of motion. Movements here include flexion, extension, abduction, adduction, opposition and reposition (see figure 4.405). Opposition occurs through the combination of flexion, abduction and medial rotation of the thumb’s metacarpal at the CMCJ.555 The medial rotation of the thumb around its axis is also called pronation; during repositioning, it will laterally rotate, also called supination. (You can detect this rotation by watching the change in orientation of the thumb’s nail as you flex the thumb across the palm and extend it again.) We do not discuss the thumb’s axial rotation because it is not controllable but rather is an artefact of its flexion and extension.


  Movement at the CMCJ can be loosely called movement of the palm, and it is independent of movements of the individual fingers (or phalanges). For the phalanges, movements are generally restricted to flexion, extension, adduction and abduction, although some passive rotation can occur. The amount of this rotation is not clinically relevant or measured.


  One set of median, or average, values for these movements is listed in table 4.408. As always, the value of such information is not for determining what your range of motion should be but for indicating there is a wide range of variation between people.556 Pay particular attention to the size of the standard deviation, where that is available: a large standard deviation indicates a large range of variations exists in a normal population.


  Some of the values shown in the table may seem overly small, but this can be misleading. For example, the total range of motion for the tip of the thumb is the sum of all the movements available at the CMCJ, MCPJ and IPJ. Again, studies vary, so take these values with a few grains of salt. Different studies will have different results.557 For values that show zero movement, please consider this the starting position for measuring movement in the opposite direction.



  Table 4.408 Average range of motion (ROM) for thumb and fingers.558559560
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  The values for finger flexion and extension shown in the table are averages of digits 2 to 5. In general, the middle finger (3rd digit) can flex the most at the MCP, followed by the 4th and then 2nd digits, with the little finger (5th digit) exhibiting the least amount of flexion. Similarly, the 3rd digit can extend the most at the MCP, followed by the 2nd, then 4th and 5th digits. At the PIP, the 2nd digit can flex the most, followed by the 4th and 3rd, with the 5th digit having significantly less flexion available.


  One notable measure is the palmar arch (also called palmar concavity).561 This is the cupping ability of the palm, which deepens the transverse arches. Movements of the metacarpals for rays 1, 4 and 5 are key to forming the transverse arches. Figure 4.418 shows how the palmar arch is measured: it is the angle between the line connecting the knuckles (MCPJ) of the index and middle fingers and the line connecting the knuckles of the middle, ring and little fingers. Given a particular object, someone with a larger hand will require a greater palmar arch to grab the object compared to someone with a smaller hand. People with small values for their palmar arch will require more flexion at the MCP joints of the 4th and 5th digits. Also, a reduced palmar arch can affect the amount of opposition available for the thumb to the fingers. As an example, ironing clothes requires the palm to round over the handle of the iron. To firmly hold the iron, someone with a larger hand will have to flex their ring and little fingers’ rays more to create the palmar arch than someone with a smaller hand.
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  Figure 4.418 The palmar arch angle.




  Limitation to movement


  Movements at the carpometacarpal joints are restricted by tension in the surrounding ligaments, tendons and joint capsules but also by compression of soft tissues. For example, when flexing the thumb across the palm, the muscles of the thenar eminence are likely to compress into the muscles of the hypothenar eminence (see figure 4.419a). If these muscles are not well developed, then tension in the extensor muscles of the thumb may be the restricting factor preventing further flexion. Thus, the extensor pollicis brevis and abductor pollicis brevis may restrict flexion here. Additionally, tension in the radial collateral ligament may restrict thumb flexion at the CMCJ. In the other direction, extension of the thumb at the CMCJ may be opposed by tension in the adductor pollicis, flexor pollicis brevis, first dorsal interosseous, opponens pollicis or anterior oblique ligament. Abduction at the CMCJ may be limited by tension in the adductor pollicis and first dorsal interosseous and the ligaments surrounding the CMCJ. Opposition of the thumb at the CMCJ may be limited by compression of the thumb into the base of the little finger. Adduction may be limited by compression between the thumb’s metacarpal and the tissues around the second metacarpal.


  
    [image: ]
  

  Figure 4.419 Tension and compression sites. (a) The base of the thenar eminence may impinge upon the muscles of the hypothenar eminence during thumb flexion. (b) Extension of the thumb may be stopped by tension in the flexor muscles of the thumb.




  Movements at the metacarpophalangeal joints are restricted by combinations of tension and compression. Flexion is resisted by tension in the collateral ligaments and posterior joint capsules, but compression can happen between the metacarpal heads and the base of the proximal phalanges. Extension is restrained by tension in the volar plates and anterior joint capsules. The fact that you can passively extend the fingers much further than you can actively move them shows they are not being resisted by compression during active extension. Spreading the fingers apart (abduction) is resisted by tension in the collateral ligaments and the webbing between the fingers. Adduction is resisted by compression of the digits into each other.


  For most people, flexion at the PIP and DIP is restricted by compression of the anterior tissues coming into contact. However, for some people, restrictions may arise in the DIP due to tension in the posterior joint capsule and collateral ligaments. Extension is almost always restricted due to tension in the volar plates and anterior joint capsules.


  Variation and implications


  With the exception of the amount of palmar arch, in general, the values for active ranges of motion of the fingers and palm are not dependent upon hand size or gender.562 An inability to abduct the fingers sufficiently may prevent grasping objects of different sizes. Palmar arching and abduction of the thumb are essential for performing opposition to fingertips. Any reductions in these ranges of motion can again affect the grasping of objects and the performance of pinching movements, such as holding a key.


  Normal ranges of motion for the wrist


  The wrist joint comprises two rows of carpal bones and the distal ends of the radius and ulna. There are four basic movements that happen here: flexion, extension, radial deviation (abduction) and ulnar deviation (adduction). Circumduction is sometimes described as a separate movement of the wrist, but this circling movement is the combination of the four movements just noted. Due to the palmar tilt of the base of the radius, we can flex the wrist more than we can extend it. Due to the radial inclination of the base of the radius, we can ulnarly deviate (adduction) more than we can radially deviate (abduction).


  The ranges of these movements and the strength of the hand’s grip depends, however, upon the position of the forearm, which will change the length of extrinsic muscles. One study of 30 subjects between the ages of 23 and 30 found that in men, hand grip is strongest when the forearm is neutrally aligned (halfway between full supination and full pronation), followed by about 8% reduction in wrist strength when the forearm is fully supinated, but a much larger (24%) reduction when the forearm is fully pronated.563 The results for women were similar, but the difference between neutral and fully supinated grip strength was not as large, with only about 2% reduction in grip strength. However, strength was reduced for women by 17% when the forearm was pronated compared to in a neutral position. In general, our hands are strongest when the forearms are neutrally rotated and weakest when the forearms are fully pronated.


  (Note this is not at odds with the previous discussion of the elbow, where we learned that pronation helps to stiffen the wrist. This is due to the action of the pronator quadratus, which pulls the distal ends of the ulna and radius together, helping to stabilize the distal radioulnar joint. That is important when we are bearing weight in the hands, such as in Down Dog [Adhomukhasvanasana]. However, if our intention is to maximize grip strength, such as when we are swinging an axe, golf club or tennis racket or doing postures on our fists or fingers, we are stronger when the forearms are neutral.)


  Similarly, there are differences in the wrist’s range of motion when the forearm is rotated. These differences are listed in table 4.409. Notice how women, on average, have much greater ranges of motion of the wrist than men, especially for flexion and extension, but also notice the large standard deviations. This means that some men have more range of motion than some women. So while an average gender difference is notable, it is meaningless when applied to any one particular individual. (It is also worth noting that these movements were done passively by the examiners, not actively by the participants.564)



  Table 4.409 Ranges of dominant side wrist movements at various forearm rotations.565
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  Ulnar deviation is significantly reduced when the forearm is fully pronated, but radial deviation is reduced much more when the forearm is supinated. This may affect where students prefer to point their fingers or how much to turn in or turn out the hands while doing a hand weight-bearing pose.


  Note that in all these measurements, we do not know why the range of motion is what it is. The subjects may be stopped due to compression of the carpal bones against the radius, or they may be stopped due to tension in the muscles and tendons. If the cause is tension, these subjects may be able to increase their ROM over time. So do not take these averages as maximums. They are only reflections of what was passively available to the test subjects at the time of examination.


  The most common weight-bearing wrist position in yoga is extension, but how much you can extend your wrist will affect the relative position of your hands and shoulders. Figure 4.420 illustrates three examples: in the first case, the hands cannot come under the shoulders, which is common with people who possess an average amount of wrist extension, per table 4.409. The second example shows the hands right under the shoulders, which is possible when we can extend the wrists to 90°. The final example is for the rare individuals who can hyperextend the wrists so that the shoulders can go forward of the hands. Depending upon your unique anatomical structure, you may never be able to do the postures in (b) and (c) because compression is stopping you from further wrist extension. It is not a matter of strength or will-power: you just don’t have the bones to do the pose in this way. You can still do Crow Pose, but your elbows will have to be bent. (Don’t worry, even if your Crow Pose is caw caw, you will still be allowed into heaven, or at least into your favorite restaurant.)
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  Figure 4.420 The limitations to wrist extension will determine how you will position your hands with respect to your shoulders: (a) in Table Top Pose, with limited extension, your hands will be in front of your shoulders with less than 90° of extension; (b) with 90° of extension, you will be able to bring your hands under your shoulders; (c) with more than 90° of extension, you will be able to bring your shoulders in front of your hands, as required for the straight-arm version of Crow Pose (Bakasana).

  


  Figure 4.421 shows three forearm rotations combined with wrist extension (dorsiflexion). As described in table 4.409, maximum wrist extension occurs when the forearm is neutral (no rotation). If we were to employ this position in an asana, our hands would be pointing outward, like the yogi in figure 4.421a. For the average man, wrist flexion is reduced about 4.5% when the forearm is pronated, as shown in figure 4.421b (but there is only a 1.5% reduction for the average woman). Wrist flexion is reduced much more (8.3% for men/5.3% for women) when the forearm is supinated, as shown in figure 4.421c and for the students doing Peacock Pose (Mayurasana) in figure 4.422.
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  Figure 4.421 The amount of wrist extension (dorsiflexion) varies, depending upon forearm rotation: (a) the greatest wrist extension is possible when the forearms are neutral; (b) with pronation, wrist extension is reduced a little; (c) with supination, wrist extension is reduced the most.




  Fortunately, yoga students require the most wrist extension when hands are on the floor and forearms fully pronated. This is one reason we do postures like Cat Pose (Marjaryasana) with our forearm pronated, fingers facing forward, as shown in figure 4.421b. If we were to do these postures with our forearms supinated, fingers pointing backward, as shown in (c), we would not be able to stack our hands under our shoulders as easily. Note this does not mean it is “bad” to place our palms on the floor with supinated forearms and fingers pointing backward. This can be an interesting alternative for the hands in postures like Cat Pose. What is important is what the pose feels like in your wrists. But don’t be surprised if you cannot extend (dorsiflex) your wrists as much when the fingers point backward as when they point forward.


  There are a few postures in yoga asana, such as the already mentioned Peacock Pose (Mayurasana), where we are required to supinate the forearms with palms on the floor. Notice in figure 4.422 the amount of wrist extension needed while the forearms are supinated. (There is a more challenging version called the Swan Pose [Hamsasana], where the forearms are pronated and the hands face forward, requiring a lot more wrist extension.)566 The student in (b) extends her wrists more than the student in (a) and brings her elbow more over the hands. It is not possible to tell by looking whether these two students are at their limits for wrist extension: only the students can say. It is possible that both are at their full range of wrist extension, or it may be that they have more extension available but find the pose easier to do with the hands in this position.567 The same effect can occur when students decide to do Slide Pose (Purvottanasana) with hands facing backward: this supination of the forearm reduces wrist extension, which in turn will require the hands to be further away from the shoulders.



[image: ]
  Figure 4.422 Peacock Pose (Mayurasana) is one of the few postures where our forearms are supinated while the hands are on the floor. This makes it more difficult to fully extend (dorsiflex) the wrist. (Also notice the bent fingers, which allow more wrist extension due to tenodesis action—more on this below.)
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  All of these data illustrate that the range of motion for your wrist will depend upon the position of your forearm. Wrist ranges of motion tend to be largest in our 20s and decrease thereafter.568 Indeed, by the time we reach our 90s, our range of motion for the wrist is only about 60% of what we had in our 30s.569


  Daily living requires a minimal amount of wrist movements, but excelling at sports, playing musical instruments or doing yoga requires a significant range of movement of the wrist, and usually when the forearms are fully supinated or pronated.570 Typing on a keyboard or using a mouse requires the forearms to be fully pronated and the hands ulnarly deviated (adducted). However, playing a violin or guitar requires the non-dominant hand and wrist to be significantly flexed and radially deviated with a fully supinated forearm. It is therefore fortunate that the available ranges of motion for the wrist and hands are much larger than required for normal activities of daily living.


  The most important aspect of the data in table 4.409, from a yoga asana perspective, is the standard deviation for wrist extension. If we add two standard deviations to and subtract two standard deviations from the average amount of extension listed, we will find the range of “normal” movement. From this we can observe that 97.5% of young, healthy men do not extend their wrist more than 80.5° when the forearm is pronated; for women, the amount is 87.7°.571 Ideally, hand balancing postures like Crow Pose (Bakasana) or Handstand (Adhomukhavrksasana) require a full 90° of wrist extension while the forearms are pronated. Less than 2.5% of people can do this! Plus, we are not symmetric: you may be able to fully extend (dorsiflex) your left wrist but not your right.


  Notice the yogi in figure 4.423. Her left wrist is extended 90°, but not her right wrist. She is attempting to bring her palms together in a Reverse Namaste position, but her inability to fully extend her right wrist is preventing this. Instead, she brings her fingers together, which is totally fine for her.572 (Another reason students are unable to bring their palms together behind their back is limitations in forearm pronation. They can easily bring their palms together in front of the body, but that does not require much pronation. Behind the back does. Remember that a flexed elbow restricts pronation, and pronation reduces wrist extension. Both of these effects make Reverse Prayer Hands more challenging.)
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  Figure 4.423 An inability to fully extend (dorsiflex) the wrist may prevent you from bringing your palms together in Reverse Namaste, but that is okay—simply bend the fingers.


  Monstar Studio/Shutterstock.com




  If you are limited in wrist extension, you can use a wedge to artificially increase your range of motion. A wedge under the heel of the palm will still allow you to press your hand strongly into the floor but will not require as much wrist extension. Professional hand balancers often used inclined blocks to reduce the stress on their wrists. If it is good enough for a cirque performer, it is acceptable for you to use one too. If you don’t have a wedge handy, roll up the front of your mat and use that as an incline.


  If you cannot fully extend your wrist and have no wedges available, then other areas will have to compensate. For example, when doing Handstand, you will need to flex more at the elbows, shoulders and/or hips to balance your body weight over your hands. Despite your teacher’s constant encouragement to straighten your body to obtain an aesthetically pleasing alignment, your wrist simply will not allow this: you do not possess the range of extension necessary (but you are still a very nice person).


  Limitation to movement


  While the data in table 4.409 show typical ranges of motion for a healthy, younger population, they do not answer the “What stops me?” question. For that, it is necessary to look at the limitations to these movements. The limitation to the four movements of the wrist include tension arising in the joint capsule, ligaments, tendons and muscles and, eventually, compression between the bones. These are summarized in table 4.410. The tension that can limit passive wrist flexion and extension arises in the dorsal and palmar tissues, respectively. Radial deviation is limited by tension in the ulnar ligaments; ulnar deviation is limited by tension in the radial ligaments. Once these tensile limitations have been reduced (through a program of stretching exercises or regular yoga practice), compression (also called impingement) will eventually become the limiter for further movement.


  The distal row of carpal bones can impinge upon the proximal row (at the midcarpal joints), and the proximal row can impinge upon the radius in full extension or flexion (at the radiocarpal joint). In full extension, the posterior edge of the distal radius can impinge upon the posterior surfaces of the capitate and hamate, while the styloid process of the radius can impinge upon the posterior surface of the scaphoid. In full flexion, the anterior edge of the distal radius can impinge upon the anterior surfaces of the scaphoid, triquetrum and pisiform. In full radial deviation, the radial styloid process impinges upon the trapezium. In full ulnar deviation, the triquetrum can impinge on the fibrocartilage complex, which in turn will compress into the head of the ulna. These impingements arise rather quickly in deviations of the wrist, so the majority of the deviation movement actually occurs in the midcarpal joints: 86% of ulnar deviation and 60% of radial deviation occur there.573


  Variation and implications


  The shape of the base of the radius can affect the wrist’s ultimate range of motion. A high palmar tilt, which is the slant of the radius from the posterior (dorsal) side to the anterior (palmar) side (shown in figure 4.407), will reduce the amount of extension available while increasing the amount of flexion that can occur before compression arises between the radius and the proximal carpal bones. A large styloid process of the radius will limit the amount of radial deviation (abduction) available. A small radial inclination, which is the slant of the base of the radius toward the ulna (shown in figure 4.406), or a large styloid process of the ulna will limit the amount of ulnar deviation (adduction) available. How much you can ultimately move your wrist and hand is dictated by the size and shape of your bones.


  For many yoga students, extension of the wrist is limited by tension. When the wrist is fully extended—for example, in arm balancing postures that require hands on the floor—but the hands and fingers are flattened, extension of the fingers will pull the wrist out of its full extension. However, when the student flexes the fingers, this reduces the flexion stress across the wrist, which allows full extension to be achieved. In other words, when the fingers are flexed, the wrist can extend to the limits allowed by compression. Once compression is reached, the wrist will not extend further. But if the hand and fingers are not allowed to flex, the wrist may not achieve its full range of extension.


  Figure 4.424 shows how tension in the finger flexors may restrict wrist extension. This is known as tenodesis action. Fully extending the wrist can cause passive flexion of up to 50° at the digits’ PIP joints and up to 20° at the DIP joints.574 Tenodesis action may also be why the yogis performing Peacock Pose (Mayurasana) in figure 4.422 have their fingers flexed: if they straighten their fingers, they may reduce the amount of extension available at the wrist. Alternatively, tension in the finger extensors may restrict wrist flexion; for this reason, a fully flexed wrist tends to exhibit straight fingers. We can tap into the tenodesis action during our yoga practice by allowing the fingers to passively move when we flex or extend the wrist. If we actively try to oppose these movements in the fingers, we will make the wrist movements much more difficult and will reduce the wrist’s range of motion.
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  Figure 4.424 Tenodesis action of the wrist and fingers. Wrist extension will cause finger flexion. Wrist flexion will cause finger extension. Resisting passive finger movements will decrease wrist movement.




  Table 4.410 Sources of tension and compression during wrist, hand and finger movements. 

[image: ]


  For many yoga students, flattening the palms while in an arm balancing posture will decrease the amount of wrist extension available. Since it is hard enough for most students to balance on their hands or to extend their wrists to 90°, allowing the fingers to flex may provide that little extra range of motion they need to successfully perform the posture without any pain. Full wrist extension is the close-packed position for the wrist and the position of greatest stability.575 For this reason, whenever we are bearing weight on our hands, we instinctively keep the wrist extended. Look again at many of the photos of people doing hand balances through this book, and you will see almost all have their fingers curled.




  The wrist and hand in yoga postures


  When the hands are not bearing a load, their alignment is not structurally important. Aesthetics can govern where teachers request the hands point, whether the fingers are spread or together, palms face up or face down. Since these are open-chain movements, there is no biomechanical risk to the hands or wrists (see figure 4.425). However, when the hands are on the ground and bearing weight, movements are closed chain and individual alignment does matter. How the fingers, hands and wrists distribute stress to the elbows and up the chain to the core is important.
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  Figure 4.425 Where should the hands be in Warrior 2 (Virabhadrasana 2)? From a biomechanical or structural point of view, it doesn’t really matter. Feel free to experiment and decide which positions feel energetically right for you. Try different hand mudras. Be playful.


  fizkes/Shutterstock.com




  Standardized alignment cues abound in yoga classes all over the world. Detailed instructions are offered for how to position the fingers, how to align the back of the wrist, whether to flatten the palm or make it cupped, how the base of the fingers press into the floor, whether fingers should be curled or flat. Most of these cues are based on aesthetics, which means teachers may insist students look a particular way; yet few teachers ask the students how these positions feel. Some alignment directives may be drawing on the teacher’s own personal experience, based upon the assumption that if the alignment works well for them, it will work well for all their students. This, of course, ignores the reality of human variation.


  Rather than alignment directions based on one person’s experience or another’s sense of aesthetics, a functional approach to yoga practice begins with an intention. Once the intention is set, then we pay attention (What am I feeling?) to see whether we are achieving the intention. If we are not getting what we want, we modify the posture until we achieve our goal, or we abandon that posture and try a different way to achieve our aim.


  One overriding philosophy in a functional approach to yoga is to build proximal stability first and foremost, which then allows for distal mobility. In other words, get the core right and the extremities will go where they go. This means rather than first worry about where the hands should be positioned, start with the core and work out to the floor. Begin with the optimal position of the shoulders, then work to align the elbows in their safest, strongest position, and only then notice where hands end up.


  Where should the hands be pointing?


  In previous sections, we looked at how far apart the hands should be. The answer was, “It depends!” Different widths of the hands invoke different muscles. (See “How far apart should the hands be?” on page 107.) Now, we can look at a related question, “Where should the hands be pointing?” There are many cues teachers use to direct the hands. One is to align the index fingers parallel to each other. Another instruction insists the middle fingers be parallel. A third directive is to ensure that the backs of the wrists are parallel to the front of the mat. All of these alignment cues are potentially faulty for many students because they ignore human variation and the principle of “start from your core and work to the floor.”


  The directions the hands will point when they are in a neutral, radial or ulnar deviation will depend upon the amount of radial inclination of the radius, the amount of pronation occurring at the forearm, how the pronation occurred, the amount of carrying angle at the elbow, the degree of humeral torsion, how much external rotation is occurring at the glenohumeral joint, and how much scapular movement has occurred.


  As discussed in detail earlier, when we elevate the arms, we need to externally rotate the arm and upwardly rotate the scapula to minimize any potential impingement at the subacromial space and maximize support from the scapula to the humerus. We start there! We don’t start with deciding a priori where the hands should be. When we have the shoulders in their proper position, which is highly variable from person to person, then the bony structure of the humerus will dictate where the eye of the elbow is looking and the angle of the forearm to the upper arm. How and how much pronation occurs will further determine where the distal ends of the radius and ulna are pointing.576


  We also have to consider how much wrist extension is occurring, as this too will affect where the hand is pointing. In active movement of the wrist, the muscles can pull the wrist into deviations. For example, the “dart throwing” movement couples wrist extension with radial deviation and wrist flexion with ulnar deviation. Thus, in active wrist extension, the pronated hand will often point medially or inward.577 However, another key factor that influences hand position is the amount of radial inclination. (This is somewhat equivalent to the empiric axis of the ankle, which dictates how much a dorsiflexed foot will point outward or a plantarflexed foot will point inward.578) If there is very little radial inclination, then the wrist may not deviate very much during passive flexion or extension, but if there is a large degree of radial inclination, then the wrist may deviate a lot.


  
    

    It’s Important: There are three ways to turn the hands outward—choose carefully which one works best for you


    When you experiment with your hand positioning—for example, in Down Dog (Adhomukhasvanasana)—while on hands and knees or even in plank variations, you can play with the hands turned inward or outward (see figure 4.426). There are three ways to point the hands outward:


    
      	Ulnar deviation (adduction) of the wrist



      	Reduced forearm pronation



      	External rotation of the arm at the shoulder


    


    Certainly, combinations of all these strategies are possible, but these three approaches are not equally effective. The first approach of ulnar deviation is least desirable because too much ulnar deviation will reduce the space in the fibrocartilage complex (FCC) and could lead to ulnar impaction where the head of the ulnar abuts the FCC or the carpals. Ulnar deviation results in the little finger coming closer to the ulnar side of the forearm. Try to avoid doing too much of that.


    The preferable approach is to reduce forearm pronation. There is more wrist extension (dorsiflexion) available when the forearm is neutrally rotated, so pointing your hands outward by reducing pronation may increase wrist flexion range of motion and/or reduce stresses there. To do this, make sure the hand is not deviating as you turn the anterior crease of the wrists from facing backward to facing more inward, but don’t allow the eye of the elbow (the inner crease) to turn. (See figure 4.421a for an example.) Turning the elbow is the final option. This externally rotates the arm at the glenohumeral joint, which may be preferable for students who suffer impingement there. This will be more important with greater arm flexion, such as when performing Down Dog or Handstands (Adhomukhavrksasana).

  


  Given all the parameters that affect hand position, a blithe directive to place the hands in a specific, preordained direction may end up taking the wrist, elbow and shoulders far away from their optimal alignment. Or, to quote Paul Grilley, “Where the hands are pointing is the least important part of the pose!” This is not saying hand placement is unimportant, only that it is the least significant part of the chain. Again, start from the core and work to the floor, not vice versa. If the core is correct and all the other links in the chain are optimal, then the hands will point where they point. For you, this may mean that the hands do indeed point straight ahead. But this will not be the case for everybody, or even for most bodies. No teacher will know ahead of time where their students should place their hands, but they can teach the students how to determine this for themselves. For some ideas on how to do this, see the sidebar “Note to Teachers: Cueing the hands in Down Dog (Adhomukhasvanasana).”


  
    Note to Teachers: Cueing the hands in Down Dog (Adhomukhasvanasana)
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    Figure 4.426 Three Down Dog (Adhomukhasvanasana) options for the arms and hands: (a) the standard alignment cues of hands shoulder width apart, index fingers pointing straight ahead and parallel to each other; (b) the wide dog, with hands as wide as the mat and turned outward; (c) the narrow dog, with hands close together and turned inward.

 


    In your training to become a yoga teacher, and probably for many years after that, you may have heard this handy instruction for Down Dog (Adhomukhasvanasana): “Keep your hands shoulder width apart and fingers pointing straight ahead.” Or you heard variations on this theme: “Have the back of your wrists parallel to the front edge of your mat” or “Align your middle fingers parallel to each other.” Throughout our exploration of the natural range of variation in the human body, we have seen that no alignment cues work for every body, and for many bodies, the above cues will not be effective. To insist every student in your class adhere to these dogmatic Dog instructions may do more harm than good. However, even though the traditional, standardized alignment cues don’t work for every body, there are personalized alignment cues that can and do work for individual bodies.


    What is the right placement for the hands in every student’s Down Dog? You don’t know! But you can help each individual student determine their own optimal alignment. Give them some options and let them decide what works best. It is okay to offer the standard, traditional alignment cues—after all, you have to say something!—but don’t be dictatorial about the Dog. Ask students to notice how the standardized cue feels. Then offer some other options to compare to the standard approach, and direct them to notice how these positions feel.


    There are three general widths for the hands: narrow, shoulder width, or wider than shoulder width. And there are three hand orientations: pointing inward, forward or outward. (Please read the sidebar “It’s Important: There are three ways to turn the hands outward” before giving directions to your students on turning the hands outward.) These add up to nine possible combinations, plus all the intermediate positions in between. You do not have to go through all of these (unless the student is very keen to explore in great detail). Instead, you can simplify the explorations by starting with three possibilities.


    For example, as shown in figure 4.426a, begin with the standard alignment cues, and direct the student’s awareness to the feeling of stress in the shoulders, elbows, wrist and hands, but also in the upper back and pelvis. Does the student feel solid, grounded, safe, stable, secure, yet open? Next, offer the option of having the hands as wide as the mat (b), with the fingers pointing somewhat outward (how far is something the student will decide). How does that feel? Some students may find that the wrists are less extended (dorsiflexed) when the arms are wider apart, and this may feel good for their wrists. Also, the arms are more externally rotated, which may feel better in the shoulders. But for other students, this alignment may require too much muscular effort. While many love the wide-arm Dog, it is not for every doggie.


    Finally, offer the narrow version (c). Ask the students to bring their hands close together while rotating the hands so the fingers point more inwardly. This position may require less external rotation of the arms at the shoulder and more extension (dorsiflexion) of the wrist. Don’t be surprised if most students do not like this option, but there may be a few happy huskies who prefer it. Let the students decide, but help them notice what is happening by asking, “What are you feeling?” Is there any pain or discomfort? (If yes, this is not a good option.)


    We have been varying the width and orientation of the hands, but another consideration for the hands is the length of the Down Dog. When the dog is longer, with the feet further away from the hands, the extension angle of the wrist is reduced but more strength is required to stay in the posture (see figure 4.427a). A shorter dog (b), with feet closer to the hands, creates more wrist extension but requires less upper body and core strength to stay in the pose. If a student suffers from wrist pain, such as carpal tunnel syndrome, one of these versions may be preferable to the other. Allow your students to experiment and find which serves them best (probably it will be [a], the one with less wrist extension). Remember to allow turning out of the wrists as well, because there is a bit more wrist extension available as the forearms come closer to neutral and away from full pronation.


    Allow the students to experiment and test out these versions or some intermediate positions. After a few test runs, ask them to come into the version of Down Dog they like the most. Suggest they notice how they feel now, while in the posture, but also when they come out and over the next day or two. If there are no undesirable side-effects, tell them that from now on, whenever you ask them to come into Down Dog, they can go into this alignment. This is their dog, and remind them that “every dog will have their day.” But also remind them they are allowed to change their minds! Over time, the body changes, and our preferences may also evolve.

  


  Hypo-extension and hyperextension of the wrists


  Down Dog (Adhomukhasvanasana) does not require maximum extension (dorsiflexion) of the wrist, but postures like Cat Pose (Marjaryasana), Plank Pose (Chaturanga), Wheel Pose (Urdhvadhanurasana) and most arm balancing postures do require that we lock the wrists in full extension. The fully extended wrist is the close-packed position, which means the bones are fully congruent: there is maximum contact between them. This provides the greatest stability for the wrist with the least amount of muscular effort. However, the point of full extension is not always 90°. Sometime, the bones fully lock before they reach 90°; recall that the average man with forearms fully pronated only extends (dorsiflexes) his wrist about 63°. The average woman only goes to 73°. We would say these people are hypo-extended. Despite the relatively low values of wrist extension for the average person, many yoga students can extend to 90° and beyond. A wrist that has greater than 90° of extension is called hyperextended.


  Figure 4.427 shows that the amount of wrist extension varies from pose to pose. A longer Down Dog (a) requires less wrist extension than a shorter one (b). Cat Pose with hands right under the shoulder (c) requires 90° of wrist extension. However, Cat Pose for a hypo-extender who cannot achieve 90° of wrist extension, as shown in (d), will require the hands to be forward of their shoulders.
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  Figure 4.427 (a) A long dog requires more upper body strength but less wrist extension (dorsiflexion); (b) a short dog demands more wrist extension but less core and upper body strength; (c) having the hands right under the shoulders requires 90° of wrist extension; (d) however, some students cannot extend their wrists to 90°, so they will have their hands forward of their shoulders.




  Figure 4.428a shows a yoga student performing the Slide Pose (Purvottanasana). She was shown before as an example of someone who hyperextends the elbow. It is not unusual that someone who can hyperextend one joint can hyperextend others. In this case, she is also hyperextending her wrists: notice how her elbows are in front of her wrists. And this is totally fine, for her. She is simply going to her close-packed position, where the bones are absorbing the stresses of the pose. Bones are excellent at absorbing stress, much better than our soft tissues. As long as this student is not experiencing any pain while she is in the pose, when she comes out of the pose, or over the next day or two, it is fine for her to lock her joints.
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  Figure 4.428 (a) A hyperextended wrist is extended (dorsiflexed) beyond 90°; (b) a fully extended wrist is dorsiflexed to 90°; (c) a hypo-extended wrist has less than 90° of extension.


  Dusan Petkovic, Veselka, Vershinin89/Shutterstock.com




  The student in (b) cannot hyperextend her wrist, but she is still well beyond the norm. Her wrist angle is almost 90°. This allows her to stack her shoulders right above her wrists, but notice how her hands are slightly rotated outward (laterally). That is her personal preference and is fine for her. The student in (c), however, is slightly hypo-extended at the wrists (although at 85° of wrist extension, she is still beyond average). Notice that she turned the hands around, so the forearms are supinated rather than pronated like the other two students. This woman has a lot of hyperextension at the elbows, which when combined with supinated forearms and her hypo-extension of the wrists still allows her to stack the shoulders over the wrists. This position may look awkward and uncomfortable, but as long as she is happy and pain free, this works for her and does not need correcting. What is important is whether she is getting the stresses desired in the appropriate, targeted areas. (Is her full body extension creating an appropriate stress in the flexors of the hips and shoulders?) If so, teachers should leave her alone.


  If students cannot extend their wrist to 90°, they are normal! But this means they will not be able to stack their shoulders over their wrists in many postures, and that is fine. For these students, it is okay to allow their hands to be more forward of the shoulders.


  Limitations in wrist extension often require more flexion at the shoulders. In all the postures mentioned earlier—Cat Pose, arm balances, Wheel Pose, etc.—the hands will be forward of the shoulders, maybe a bit wider than the shoulders and likely turned outwards, simply because the students cannot extend the wrists to 90°. There is no need to try to force the wrist to bend to a degree that it is not designed for. Accept your reality and stay safe.


  Should hands be pressed flat to the floor or should fingers be arched?


  Gymnasts maintaining balance in handstands can employ four strategies: controlling movement at the hips, shoulders, elbows or wrists (see figure 4.429). Most employ a wrist strategy to control their center of gravity.579 To do so, they apply pressure from the fingers to the ground. Balancing movements will mostly occur at the wrists and shoulders, with very little happening at the elbows or hips.580 Only if the wrist strategy fails will the gymnast start to compensate at the elbows,581 which serves to lower the center of gravity and makes balancing easier but muscularly more demanding.582 This is similar to bending our knees if our standing balance is challenged. If the area of support is small (if the gymnast has very small hands or is balancing on a small platform, like a beam), a shoulder strategy may be chosen instead of an elbow strategy.583
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  Figure 4.429 Handstand strategies: (a) this man is aesthetically aligned and needs only to modify the angle of his wrist to maintain balance (a wrist strategy); (b) this woman employs shoulder and hip strategies, possibly because she is restricted in shoulder flexion; (c) this man is employing an elbow strategy to maintain balance; (d) this woman is using a wrist strategy, but she has curiously chosen to fully supinate her forearm (as indicated by the hyperextended elbow position), which, in turn, has decreased her wrist extension range of motion.584


  Yana Ermakova, Foxy burrow, Gideon Ikigai, spb2015/Shutterstock.com




  This begs a question: what is a wrist strategy? It is the idea that we can most effectively control our center of gravity and keep it above the center of pressure in the hands by changing the forces in the fingers and palm, rather than changing the angles of other body parts. In an average handstand, about 75% of the weight of the body is borne in the palm, leaving the other 25% to fall into the fingers, but the exact amounts depend on the position of the hand and fingers.585 With a wrist strategy, balance is maintained by small movements at the wrists: if the body is falling too far forward, more flexion force at the wrist is applied. If we are too far back, more extension force is created. However, for the woman in figure 4.429d, flexion and extension movements won’t help her. She will have to use radial and ulnar deviations to maintain her balance. Alternatively, she will have to abandon a wrist strategy. This is more challenging but is exactly what a gymnast on parallel bars must do because the hands are facing inward as well.


  There is an ongoing debate in the gymnastics community over the optimal position of the hand and fingers during a handstand (see figure 4.430). Should hands and fingers be flattened (a) or curled (c—also called “tented”)? This is an old discussion, and there are proponents on both sides with great rationales for their positions.586 On the one hand, spreading and flattening the palm and fingers increases the leverage the hand can provide, which makes maintaining balance much easier. The longer the levers, the less effort required.587 On the other hand, the hand and wrist are weaker when the fingers are flattened, and extension at the wrist may be reduced if the fingers are prevented from flexing.
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  Figure 4.430 Four options for finger positions in a Handstand (Adhomukhavrksasana): (a) palms and fingers fully flattened; (b) a slight bend at the proximal interphalangeal joints; (c) a deeper bend at the PIP joints, referred to as “tented fingers”; (d) tenting of the palm, where the metacarpophalangeal joints are not on the floor. In each case, the pressure created by the fingers is directed downward into the floor.




  Obviously, people with smaller hands relative to their overall body height and weight will have less leverage available to maintain their balance than people with relatively larger hands. For those with smaller hands, flattening and spreading the fingers may be optimal. For people with larger hands, tenting the fingers may provide better strength and control. It comes down to individual preferences. There are many excellent gymnasts and yogis who employ tented fingers, and many who are just as prolific at hand balancing and employ flat fingers.


  Some teachers advise yogis to “grip the ground” to help with maintaining balance in handstands and other arm balancing postures. The intention is sound; we want to exert a strong force into the floor, but gripping will direct some force toward the center of the palm. It is more efficient to point the force directly into the floor. It is the downward force from the hands and fingers, not the inward force toward the middle of the hand, that increases leverage.588 However, the inward force may help to stiffen all the other muscles of the hand and wrist through co-contraction, thus helping stabilize the wrist. Again, which works best for you?


  Pressing the full palm to the floor is easier if the student has a lot of pronation available. However, for students who cannot pronate their forearm sufficiently to root their palms into the floor, what are their options? One is to have the hands wider apart and rotated outward (see the yoginis in figures 4.426b and 4.429d). Outward rotation may reduce forearm pronation and increase wrist extension, which may allow more pressure to be directed at the 2nd and 3rd metacarpophalangeal joints. This hand position may also involve more external rotation and less abduction of the arm at the shoulder, which may be better for some students. However, there are trade-offs to consider. Hands wider apart may prevent the heads of the humerus from being stacked underneath the glenoid fossae of the scapulae, so some scapular adjustments may be required to maintain joint congruency. Plus, with hands pointing out to the side, there is less control over forward and backward swaying; the wrist strategy may involve managing radial and ulnar deviation, which is more challenging.589


  For many students, no matter how hard they try, they will never be able to root the base of the first two knuckles into the ground. Their 2nd and 3rd metacarpophalangeal joints seem to float above the floor no matter what they do. This may be due to a lack of pronation available at the forearm, or to the relative curvatures of the transverse arches in their hands. Like a table with one leg shorter than the others, where it is not possible to get all four legs on the ground at the same time, some palms may never be completely flat on the floor. In these cases, there are some options.


  Wedges used under the thumb side of the hands may provide more surface area for the palm to press down into. If wedges are not available, roll up the outer edge of the yoga mat and use that as a wedge. Another option is to simply accept the inevitable and allow the base of the 2nd and 3rd fingers to be off the floor, as in figure 4.430d. You can still firmly press downward into whatever is on the floor, including the pulp of each finger, the sides of the palm and thumb, and the wrist. One option that should be rejected is having the teacher step on the hands in an attempt to flatten them.590 (If you are prevented from flattening your palms to the floor due to the anatomical structure of your bones, breaking those bones is not a good idea!)


  Closed fists and fingertips


  Many students dread yoga poses that require the palms be flat on the floor. Simple postures like Cat Pose (Marjaryasana) are bad enough, but forget ever trying to do arm balancing poses like Crow Pose (Bakasana)! These students may be suffering from some wrist or hand pathology, or they may simply not possess sufficient wrist extension (dorsiflexion) or forearm pronation to comfortably do these poses. At the other end of the spectrum, there are students who do not feel challenged enough by the standard alignment cues for the wrists. All of these students may benefit from some simple alternatives to having the palms flat on the floor.


  Postures on the fists


  For students who have pain when extending the wrist or cannot extend the wrist sufficiently to remain in a pose, being on the fists is one alternative.591 Several yoga asanas where the hand is formed into a fist and the fist is pressing into the floor are shown in figure 4.431. (Figure 4.349 also shows other options to the traditional wrist/hand position.) To form a fist, the fingers are flexed beginning at the metacarpophalangeal joint (MCPJ), which is the close-packed position.592 The wrists are aligned with a little wrist extension and ulnar deviation. Beyond reducing pain, another advantage is the use of the forearm muscles, which is required when keeping the wrist close to neutral and the hand in a fist. The wrist is open-packed here rather than close-packed as it is when the wrist is fully extended. Since the wrist is not fully extended, we cannot rely upon compression between the bones to maintain the position. The wrist flexors and extensors in the forearm are active and challenged. This is one reason that martial artists practice push-ups on their knuckles: it builds hand, wrist and forearm strength. By comparison, a fully extended wrist keeps the forearm muscles fairly passive, requiring only a little flexion torque to maintain balance. Athletes doing racket sports, such as tennis, also benefit from push-ups on knuckles to strengthen the muscles in their arms.
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  Figure 4.431 Postures on the fists avoid full wrist extension (dorsiflexion) and build forearm strength: (a) Cat Pose (Marjaryasana); (b) Plank Pose (Chaturanga); (c) Scale Pose (Tolasana); (d) Down Dog (Adhomukhasvanasana).




  Being on the knuckles instead of the palms also increases the effective length of the arm, which may make some challenging yoga poses easier. For example, the Scale Pose (Tolasana), shown in figure 4.431c, can be a problem for students whose torsos are proportionally long compared to their arms. For them, lifting the hips off the floor will require a lot of flexion of the core. However, if the arms are lengthened an inch or two by being on the fists instead of the palms, the pose may be easier to achieve. Similarly, doing an Ashtanga “jump through to sitting” may be easier if done on fists rather than palms, although the student is advised to work toward this option by significantly strengthening the wrists first.


  Aligning the fists


  Standardized alignment cues are not unique to the yoga world; they can be found in martial arts as well. Sometimes there are credible biomechanical reasons for these cues, but often these cues ignore human variations. Once again, beware of dogmatic, aesthetic directives and work to find the alignment that suits you best.


  From a biomechanical perspective, the wrist and hands are strongest when slightly extended (dorsiflexed) and slightly ulnarly deviated (adducted). Whenever we engage the hand and finger flexors, as we do when making a fist, we have to strongly engage the extensor muscles as well to control the amount of flexion occurring. If you look at your hand when you tightly grip a hammer, you will see that you probably hold your fist with between 30° and 35° of wrist extension and about 5° to 15° of ulnar deviation.593 As always, studies vary, with some showing the range of maximum grip strength occurring anywhere between 0° and 45° of wrist extension. However, all the studies agree that any amount of wrist flexion definitely weakens grip strength.594


  This suggests that you should begin to investigate your wrist alignment with some extension and ulnar deviation, and then see how this feels compared to other alignments. When you discover the alignment that feels strongest for you, that is your starting position. This does not mean you have to stay at this position: many martial artists deliberately seek out weaker, less stable positions in order to build more strength. But from a yogic perspective, let’s be satisfied with a place that feels safe and secure.


  Figure 4.432 shows two views of the initial alignment for the fist. Again, consider this the starting position for your investigation. Some points of note: have the pressure on the 2nd and 3rd MCPJs (these are the “big knuckles” of the fist) rather than the last three (the 3rd, 4th and 5th MCPJs); keep a slight ulnar deviation and some wrist extension; press not just the knuckles but the whole length of the proximal phalanges into the floor (this is the proximal segment of your fingers). Once you have this alignment, press the fist down into the floor while stiffening the hand. Since you are not relying on any bony stops in the wrist to keep this alignment, you must rely upon the strength of your muscles to keep you stable. Stiffness creates stability, but don’t overdo it. We are not looking for maximum force, just enough stiffness to create and maintain stability; 20–30% of maximum may be sufficient.
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  Figure 4.432 Fist position on the floor: (a) radial view, note the presence of some wrist extension and the pressure on the proximal phalanges as well as the first two knuckles; (b) dorsal view, with a slight ulnar deviation; the 2nd knuckle lines up with the radial edge of the forearm.




  As an alternative to most of the yoga postures that require palms on the floor, this initial fist alignment position, along with stiffening the hands, will suffice. For martial artists who want to go further, you may begin here but over time work toward other variations, such as pressing the knuckles of the 3rd to 5th MCPJ into the floor. This will also be necessary for any yogis who want to do Down Dog on fists (as shown in figure 4.431d). Since the shoulders are not over the hands in Down Dog, the wrists will have to be angled, which means coming on to the MCPJs of the 3rd to 5th fingers. This is certainly doable once you have developed sufficient hand strength to support the wrists. If you are flowing from Down Dog to Plank Pose, you will start on the last three knuckles and then roll onto the 2nd and 3rd as your shoulders come over your hands. If you are flowing from Up Dog Pose (Urdhvamukhasvanasana) to Down Dog, you will reverse this and roll from the 2nd and 3rd knuckles during Up Dog to the 3rd to 5th in Down Dog. Again, stiffness is key here to maintain wrist stability. Care should be taken if you plan to press the last three knuckles into the floor. Studies have shown that karate teachers do not suffer any wrist mobility issues from doing push-ups on the 2nd and 3rd knuckles, but beginners can injure their hands when pressing into the last three knuckles.595 The latter option is riskier.


  Over time, martial artists can increase the challenge by supporting themselves on their second knuckles (the proximal interphalangeal joints) and working toward a one-knuckle push-up!596 As you move on to these more challenging positions, you will have to increase the strength in your hands to provide increased stability. In the long term, karate practitioners do not seem to suffer from premature osteoarthritis or tendonitis in their hands or wrists, despite doing push-ups on knuckles.597 (Although their sport does predispose them to fractures of their hand and finger bones due to contact during sparring and tournaments.) From these reports, it would seem safe for yogis to do knuckle push-ups, as long as they take their time to build proper strength, stability and alignment.598 Note that none of the above is suggesting that yoga students must do or even should do postures on their fists! These are options only and come with their own risks and rewards.


  Orientation of the fists: do palms face inward or backward?


  As shown in figure 4.433, we have two choices when coming onto our fists in hands and knees postures or plank poses: we can have the palms face inward, toward each other (thus, the backs of the hands face laterally outward), or we can have the palms face backward (with the backs of the hands facing forward.) Both versions are taught in martial arts. The main differences are in the amount of forearm pronation and arm rotation at the shoulder. With the palms facing inward, the forearms are neutrally rotated (neither supinated nor pronated) and there is more external rotation at the shoulders. With palms facing backward, the forearms are pronated and there is less external rotation at the shoulders. Which version feels best for you may be a matter of personal preference, or there may be reasons for choosing one option over the other.
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  Figure 4.433 There are two options for the fists when doing knuckle push-ups: (a) palms facing inward (a,i), which promotes an arms-at-the-side position when lowering down (a,ii) and is ideal for flowing into Down Dog (Adhomukhasvanasana—a,iii); and (b) palms facing backward (b,i), which may require your elbows to flare out to the side as you descend (b,ii).




  If you plan to move from Plank Pose (Chaturanga) to Down Dog (Adhomukhasvanasana), it is advisable to adopt the palms facing inward position for your fists (a,i). This way, you can rock easily from the first two knuckles (MCPJ of 2nd and 3rd digits) onto (figure 4.433 a,iii) the last three knuckles (MCPJ of 3rd, 4th and 5th digits). If the hands were aligned with the palms facing backward (b,i), to come from Plank to Down Dog would require considerable flexion of the wrist, which would weaken your hand strength.


  However, this is not to imply that having the hands facing backward is wrong. (See the sidebar “It’s Important: Notice when alignment cues are inconsistent in their logic.”) If you are sticking to planks and push-ups, it may be totally acceptable for the palms to face backward with forearms pronated. For many martial artists, knuckle push-ups are preparation for punching. In punching, the forearm is pronated and palm facing down at full elbow extension, so why not do your push-ups that way? Being on the knuckles with palms facing backward may change the mechanics of your push-up: you may have to allow your elbows go out to the side a bit as you lower (b,ii), but that is a normal push-up variation.599 Unless you have shoulder issues, this may be fine for you.


  
    

    It’s Important: Notice when alignment cues are inconsistent in their logic


    The second volume of Your Body, Your Yoga noted that many yoga teachers ask their students to align their knees above their ankles while in lunges or Warrior Poses (Virabhadrasanas). The stated intention is to protect the knee from too much stress. However, in Chair Pose (Utkatasana), the knee must come in front of the ankle, and no teachers worry about the knee in this case. Indeed, walking up and down stairs requires the knee to travel in front of the foot, with the whole weight of the body over one knee at a time. Walking up and down stairs is not a concern—we do it every day—so why do yoga teachers become concerned about the knee’s alignment with the ankle in Warrior Poses? Their logic is inconsistent.600 We find this inconsistency in other alignment cues as well.


    There are yoga teachers and martial arts instructors who will insist upon the fists being positioned as shown in figure 4.434a,i: palms facing inward. When asked why they prefer this alignment, they may point to the amount of external rotation this creates at the shoulders (the glenohumeral joint). They would be correct about this: with the palms facing inward, the arm is externally rotated, which may reduce the potential for impingement at the shoulders, especially if the student flows from this starting position to Down Dog. Indeed, gymnasts (a,ii) doing handstand on rings, arguably the hardest possible handstand, will have the palms facing inward. However, if the same student attempted to do a push-up with the arms and forearms in exactly the same position but with palms flat, wrists extended and fingers pointing outward, as shown in a,iii, she would be corrected. If she asked why she shouldn’t do push-ups with the hands pointing out to the side, she would be told that it puts too much stress into the elbows and shoulders. And yet this is the exact same alignment for the elbows and shoulders as the push-up on knuckles with the palms facing inward! The logic is inconsistent.
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    Figure 4.434 Optional positions of the hands, forearms and arms: (a,i) knuckle push-up with palms facing inward; (a,ii) a gymnast on rings with palms facing inward; (a,iii) palms-flat push-up with fingers facing outward; a,i and a,iii have the forearms, upper arms and shoulders in the same orientations; (b,i) knuckle push-up with palms facing backward; (b,ii) palms-flat push-up with fingers facing forward. Both b,i and b,ii have forearms, upper arms and shoulders in the same orientations.

 


    Doing a push-up with wrists fully extended and hands pointing outward (a,iii) actually increases available wrist flexion because the forearm is neutrally oriented, not pronated. (Recall from table 4.409 that most people have more wrist extension available when the forearms are in neutral, less when they are pronated and least when they are supinated.) Indeed, some people prefer to do handstands with the hands pointing laterally, as illustrated by the gymnasts on the rings (a,ii). Consider other gymnasts holding an inverted position on parallel bars, a pommel horse, or a beam—their fingers may be curled, but their arms and forearms are in this orientation.


    Now, consider the knuckle push-up option shown in figure 4.434b,i, with the palms facing backward. Some teachers believe this is not a healthy position for the hands; they prefer the palms to be facing inward when you are on your knuckles. When asked why, they may say that this position reduces external rotation at the shoulders, increases forearm pronation and weakens the hands. This may all be true, but if we again extend the wrists and place the palms flat on the floor with fingers pointing forward (b,ii), the arms and shoulders are in the same alignment as with the knuckle push-up. The majority of teachers prefer this version of push-up with palms flat on the floor and fingers pointing forward (b,ii) but prefer the knuckle push-up version where the palms face inward (a,i). These two versions are completely different in terms of forearm and shoulder position. If logic demands that the arms be externally rotated at the shoulders and the forearms neutral, then teachers should not be teaching push-ups with palms flat and fingers facing forward. In reality, any of these options may be fine for you. It depends upon what you feel.


    When a teacher judges a posture by how it looks rather than asking how it feels, they are defaulting to an aesthetic rather than a functional intention. Beware of inconsistencies in alignment cues; focus instead upon the intention of the pose, and pay attention to your experience.

  


  Working on fingertips


  Working on the knuckles may be one way to avoid wrist pain, but it also helps to strengthen the hands and forearms. Even more challenging is to do push-ups on finger tips. This is not recommended for the average yoga student or for students with wrist issues, but many martial artists wish to strengthen their hands as much as possible. Working on fingertips can help. (It can also be good for musicians, tennis players and therapists who work with their hands a lot.) But there are times when working on fingertips can be a good option for all yoga students, as long as the load is minimal.


  For those wanting to develop greater hand strength through fingertip training or working on fists, begin working slowly at first. Do some easy push-ups with knees on the floor—or even easier, start by standing and doing inclined push-ups on fists or fingertips against a wall or a counter top. If even these are too challenging, start with being on your fists or fingers only during the lowering (eccentric) phase of the push-up; once you are down on the floor, revert to your normal hand position for the rising (concentric) phase.


  Balance is more challenging when working on fists or fingers due to the smaller surface area of your knuckles or fingertips compared to your palms. Work slowly, ensuring you have full control before going to more difficult positions. Remember, we are building stability first and foremost, which requires stiffening the hand. You can develop this stability by pushing into the floor as you lower down. Keep your hands active and engaged throughout the full cycle of movement.


  Aligning the fingers


  Notice the hands in figure 4.435: the fingers are straight and the tips of the fingers are pressing actively into the floor. In karate training, fingertip push-ups are done either on the pads (pulp) of the fingers or on the ends.601 Following the guideline for working with joints, which suggests keeping the joints as close to neutral as possible and then stiffening all around the joint through muscular co-contraction, my personal preference is to have no flexion or extension along the whole length of the phalanges. But many teachers do allow for some extension at the distal interphalangeal joint, which brings the pulp of the distal fingers to the floor. You may need to experiment to find the alignment that provides you with the greatest and safest stability. To build muscular co-contraction, sense that you are pushing your hands down into the floor rather than trying to pull the fingers up or together.
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  Figure 4.435 Being on fingertips requires that straight fingers be aligned with the metacarpals. Note how the fingers are spread and straight.




  In general, try to keep the phalanges aligned with the metacarpals. (In other words: keep the fingers aligned with those big tendons you see on the back of the hand.) Note how the 1st and 5th digits (thumb and little finger) are almost 180° across from each other, with the other fingers abducted as well. Don’t overdo this either: a nice pyramidal structure is good, but avoid letting the fingers get too far apart.


  For experienced martial artists, there are more challenging versions of fingertip push-ups, such as doing push-ups on fewer fingers, eventually using only one. That is too extreme for sensible yogis and potentially injurious for all but the strongest and best-trained practitioners. My personal use of fingertip push-ups is only for transitioning from Plank to Down Dog, back to Plank and to the floor. These are mostly eccentric movements for the arms and feel fine for me. You, of course, are different and may stay on fingertips for the return journey from the floor back to Plank and Down Dog.602


  The reason I like some work on fingertips is because using your fingertips is another way to “lengthen your arms.” In postures where it is useful to have your hands reaching the floor, but getting there requires too much flexion or side-bending of the spine or rotation of the torso, resting lightly on fingertips can make the posture achievable and stable. For example, in Side Angle Pose (Parsvakonasana), not everyone can easily reach their hand to the floor. If a block is not convenient, resting lightly on fingertips may help you stay in the pose for several breaths. Other postures that can benefit from resting on fingertips are shown in figure 4.436.
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  Figure 4.436 Examples of postures on fingertips with the intention of lengthening the arm or avoiding wrist extension: (a) Side Angle Pose (Parsvakonasana); (b) Half Moon Pose (Ardhachandrasana); (c) Revolved Triangle Pose (Parivrttatrikonasana); (d) Half-forward Splits (Ardhahanumanasana).




  Wrist flexions


  There are few times when we are required to keep our wrists flexed during yoga asana practice. One is the posture called Padahastasana, or the “stepping on hands” pose603 (see figure 4.437a). This is a counterpose for the wrists after a lot of wrist extension (dorsiflexion) stresses, such as many trips through the Down Dog to Up Dog vinyasa flow. Padahastasana is a mainstay of Ashtanga yoga and follows the series of Sun Salutation A and B (Suryanamaskar). Notice in (a) that the hands in Padahastasana are completely under the feet, so only the wrist is in extension. Many students attempt the pose with only the fingers under the feet, which moves the point of flexion to the knuckles (MCPJs). That version misses the point of the pose, which is to flex the wrist, not the hand.


  Other examples of wrist flexions, again used as counterposes after a lot of wrist extension, include (b) backward prayer hands, (c) Seagull Pose and (d) Gorilla hands. Backward prayer hands and the Seagull can be done during any seated or standing posture; Gorilla Hands are best done while sitting. The instruction is to press the back of the hands either together, into the side of the chest or to the floor until a lovely stress is felt at the back of the wrist.604 For the backward prayer hands, the fingers can be pointing downward or inward, toward your heart. These static positions can be held for 5–10 breaths (one minute or so), and then the hands are released and shaken to help them feel normal again.
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  Figure 4.437 Examples of wrist flexion positions intended as counterposes to wrist extensions: (a) Padahastasana (an easy version with knees bent); (b) backward prayer hands (in Squat Pose—Malasana); (c) Seagull arms while sitting in Shoelace Pose; (d) Gorilla hands, with the backs of the hands on the floor and fingers pointing backward.




  There are times when the wrists are in flexion without being in a counterpose, but again, these are rare. One instance is when the fingers are intertwined behind the back in Yoga Mudra—for example, in Shoulder Stand Pose (Salambasarvangasana) or Plough Pose (Halasana). Very little load is being borne by the wrists or hands, and the wrists are only flexed when the palms are open and away from each other. If the palms are closed and together, the wrists will be in a neutral position.


  Wrist and hand pain and pathologies


  Many problems can arise in the wrist and hand. Most of them, especially in the yoga world, occur from overuse. For example, overuse of the wrist extensor muscles can lead to lateral epicondylitis, more familiarly known as tennis elbow. Overuse of the flexor muscles can lead to medial epicondylitis, or golfer’s elbow. (Both of these conditions were described in the section on elbow pain and pathologies.) Other pathologies include wrist sprains, trigger fingers (where a finger may get stuck in a bent position), and de Quervain syndrome (a swelling of two tendons at the base of the thumb, usually ascribed to overuse of the thumb). However, the most common nerve entrapment problem is a compression of the median nerve in the carpal tunnel, known as carpal tunnel syndrome (CTS).605


  Carpal tunnel syndrome


  As shown in figure 4.351, the median nerve innervates the radial side of the hand. Figure 4.415, a cross-section of the carpal tunnel, shows what a tight fit there is in the tunnel for all the tendons and the median nerve. Compression of the median nerve will affect feelings and movements in the first three or even four digits (but never the little finger). The symptoms of carpal tunnel syndrome may include pain, numbness or tingling (paresthesia) in the hand and weakness in the thumb (specifically at the thenar eminence). In some cases, this pain may radiate up the arm as well. The pain often arises when you are holding something, like a steering wheel or your phone, but it can also be so bad during sleep that it awakens you. The weakness in your hand may cause you to drop objects. This is due to a loss of opposition strength in the thumb.


  Carpal tunnel syndrome is generally attributed to pressure on the median nerve as it passes through the carpal tunnel. This pressure may be due to water retention, inflammation, tendon swelling, a tunnel that is too small, a wrist fracture or too much mechanical stress. Often, there is no one underlying cause but rather a combination of several.606 There are indications that it arises more often in women because they have smaller tunnels than men, on average, but some studies have found no age or gender correlations.607 It may be caused by mechanical loads at the workplace, especially vibrations and repetitive stresses, but these correlations are not universally accepted as proven causes of CTS.608 It is also possible that CTS is caused by fibrosis within the tunnel, which may restrict the gliding of the nerve and tendons.609


  Regardless of the potential causes of CTS, conservative treatments are usually recommended: stop stressing the area, perhaps wear a brace to keep the wrist in neutral, and perform gentle movements and strengthening exercises.610 Education about proper hand movement can be provided, which basically boils down to minimizing wrist flexion and extension under loads and avoiding too much deviation of the wrist. While evidence shows working on a computer affects carpal tunnel syndrome very little,611 it is still worth noticing how much you ulnarly deviate your wrist when you use a computer mouse, or how much wrist extension you use while typing; try to keep the wrist more neutral (or learn to use your mouse with your other hand! It will only take a week or two to get used to it.)


  If these conservative approaches do not work, a physical therapist may be needed to help restore nerve and tendon gliding (see figure 4.121) or to mobilize the carpal bones.612 Only if these fail would more drastic measures be considered, such as surgery to decompress the tunnel. Before considering surgery, consider visiting a yoga therapist: many teachers offer yoga practices for the hands and wrists. Although there is not a lot of strong evidence that massage, osteopathy, chiropractic or even yoga exercises work,613 it is worth a try if it can avoid surgery.


  Yoga for the wrists and hands


  Often, when yoga teachers dedicate a section of a class to the hands, it will be to increase range of motion. This can be therapeutic, as such exercises can improve blood flow in the hands and reduce pressure on the median nerve.614 One possible sequence is the Pawanmuktasana shown in figure 4.350. Another option comes from the Harvard Medical School, which suggests the five exercises shown in figure 4.438. These can be done daily to improve hand mobility for people suffering stiffness, pain or swelling in the hands.615


  The exercises should be done slowly, with attention, and if pain or numbness does arise, stop and see a specialist. The exercises can be incorporated into a yoga practice and done while students are doing seated postures focusing on the hips—for example, while sitting in Butterfly (Baddhakonasana), Cow Face (Gomukhasana) or Shoelace (the yin version of Cow Face). These may also be helpful for students with osteoarthritis, golfer’s elbow or tennis elbow; however, if pain and inflammation are occurring, it is best to wait for them to recede before doing these exercises.
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  Figure 4.438 Range of motion exercises for the hand. Hold each position for 5–10 seconds; that is one set. Do 10 sets each time. Repeat this whole sequence up to three times each day.616




  
    	Wrist flexion/extensions: with elbows bent and close to your side, hold your palms face down, then extend the hands until you feel a stretch in the anterior wrists and palms. Hold for 10 seconds, then flex the hand until you feel a stretch in the back of the wrists and hands. Hold for 10 seconds. Repeat 10 times.



    	Wrist supination/pronation: with elbows bent and close to your side, hold your palms face up as far as you can turn (supination). Hold for 10 seconds. Then turn the palms face down as far as you can turn (pronation). Hold for 10 seconds. Repeat 10 times.



    	Wrist ulnar/radial deviation: with elbows bent and close to your side, hold your palms facing each other, then slowly move your wrists up (radial deviation) and down (ulnar deviation) as far they can go. Do 10 slow cycles. Repeat 10 times.



    	Thumb flexion/extension: with elbows bent and close to your side, hold your palms facing each other and your thumbs extended as far as possible (hitchhiker’s thumb), slowly move your thumbs across the palms as far as they can go, then bring them back to the starting position. Do 10 slow cycles. Repeat 10 times.



    	Hand/finger tendon glide: with elbows bent and close to your side, hold your palms facing each other, then extend your fingers straight, keeping them together. Bend only the distal ends of the fingers into a “hook,” bringing fingertips to the base of the fingers (MCPJs), and slowly straighten them again. Then make full fists with thumbs wrapping the fingers. Do 10 slow cycles. Repeat 10 times.


  


  One final note on the carpal tunnel: narrowing the wrist and the heel of the palm may reduce stress on the median nerve. When we bring the outside bones of the wrist closer together, we increase the cross-sectional area of the carpal tunnel. This increased space reduces pressure. Conversely, when we flatten the wrist or the heel of the palm, we broaden the tunnel and thereby reduce the cross-sectional area, which may increase pressure on the median nerve.617 From a yoga asana perspective, if you are suffering from CTS, avoid flattening the palm when your hands are on the floor and try cupping them instead. See if that makes a difference for you.


  The wrist and hand summary


  The human hand is a marvel of evolution: it has the ability to grasp and examine the world, the mobility to hold objects and bring them to our head to eat or closely examine, and the power to throw with force and precision. However, none of these abilities is used to any significant degree in our yoga practice. Instead, we rely upon our hands mostly to support the body during postures requiring hands on the floor. We use our hands for stability, which is normally the purview of the lower body. To build this stability, it is useful to understand the biomechanics of our joints, bones and restraining soft tissues, and our individual ranges of motion.


  The wrist is formed of eight small carpal bones that help transfer forces from the hand to the forearm and allow for movements in four directions: flexion, extension, radial deviation and ulnar deviation. The wrist joins the forearm at the distal ends of the radius and ulna, although only the radiocarpal joint has a bony connection with the carpals. The hands sprout from the carpals via five long, slender, slightly curved metacarpal bones, which form the palm. Beyond the palm, the fingers are formed of three phalanges, with the exception of the thumb, which has only two. Stabilizing the bones are fascia, ligaments and joint capsules as well as muscles that are both intrinsic to the wrist and hand (which means their attachments are within the wrist or hand) and extrinsic (which means one attachment arises in the arm).


  Biomechanically, extending the fingers and thus flattening the hand may reduce wrist extension, and flexing the fingers may reduce wrist flexion. This is one reason many yogis prefer curled fingers and arched palms when pressing their hands into the floor. Additionally, how much extension we can achieve at the wrist depends upon the degree of pronation or supination occurring in the forearm. Maximum wrist extension occurs with forearms neutrally rotated. For this reason, some students prefer to rotate their hands outward a bit or a lot when the hands are on the ground. This can minimize forearm pronation and thus maximize wrist extension.


  Unfortunately, the cues for placing the hands on the floor often follow aesthetic ideals rather than functional goals. In non-weight-bearing postures, it really doesn’t matter which directions are given; there is little biomechanical risk, regardless of how the wrist or hand is positioned, although there may be energetic differences. However, once the hands are bearing weight, alignment is important. Safely transferring a load from the body into the hand and to the floor requires both engagement of the muscles to stabilize the hands and wrists and careful alignment to ensure the forces are transmitted through the bony structures. While alignment is important, traditional alignment cues unfortunately are not always biomechanically sound.


  The wide range of human variation in the size, shape and orientation of the upper body, which includes the hands and wrists, means that an alignment of the hands that works well for one person may not be a good idea for another. We have different ranges of flexion and extension in the wrist; we have different lengths of fingers and amount of arch in our palms. Our ability to fully pronate the forearm will dictate whether we can ever place our palms flat on the floor. Some people can easily extend the wrist 90°, which means they have no problem getting their hands right under the shoulders in posture like Table Top, Cat/Cow (Marjaryasana/Bitilasana), Handstand (Adhomukhavrksasana), Wheel Pose (Urdhvadhanurasana) or Slide Pose (Purvottanasana). For those who cannot extend the wrist 90°, the hands will have to be further forward than the shoulders in these poses, or perhaps turned outward, or wider apart. Alternatively, props like wedges may be required. There are other options: postures can be done on fists or finger tips. These options may be safer for people suffering from wrist pathologies and may be more challenging, which appeals to students who wish to build more hand and forearm strength.


  Disabilities of the wrist and hand significantly affect our ability to use our arms and shoulders and can lead to atrophy and restrictions in movements at the shoulder. Thus, there is a strong functional association between the most extreme ends of our upper body and the core. An issue in one area may affect or be caused by conditions in another.


  Following a functional approach to our practice suggests that the position of our hands should not be determined by aesthetics. Who cares how we look while in a pose? Instead, we should first work to ensure the core of the body is stable, safe and secure. This allows the distal position of the arms and hands to be an outcome of proximal alignment. The important question is how you feel in your core. From the core, we work outward to the floor. The placement of your hands is determined first by properly positioning the scapulae, then moving the arms, forearms and wrists, in that order. After attending to these factors, your hands will naturally go to their proper places. Once the hands are aligned, you can attend to whether they are flat or cupped, fingers straight or curled. This too will depend upon your unique biography and biology.


  Volume 4: Summary


  The shoulder, arms and hands are very mobile, especially compared to the pelvis, legs and feet. But the degree of mobility varies greatly from person to person. Some people can easily elevate their arms overhead and even behind their heads, while others struggle to get the arms alongside the ears. The answer to the “What stops me?” question falls along a spectrum from tensile resistance to hard bone-on-bone compression. The unique shapes of the bones of our shoulders, arms, wrists and hands will eventually determine our ultimate range of motion. Until a final point of compression is reached, tension in the muscles, tendons, ligaments, joint capsules and other fascial fabrics will limit our range of motion. Knowing the answer to the “What stops me?” question allows each yoga student to determine whether it is possible to increase their range of motion; if not, then it is better to accept they can go no further. Often, the best advice will be to accept the range of motion they already have, work to maintain that range of motion, but not try to increase it. Seeking stability and strength may be wiser than attempting to increase mobility.


  Aesthetic alignment cues offered in many yoga classes do not work for all students. For example, the cue to keep the shoulder blades down and back while raising the arms overhead prevents a natural scapulohumeral rhythm. The scapula is designed to rotate upward as the arm elevates. This allows the shoulder socket (the glenoid fossa) to remain beneath the head of the humerus as the arm rises, providing a bony base of support for the arm. This is especially important when the hands are load bearing, such as in Down Dog (Adhomukhasvanasana). The reaction forces from the ground flow through the arms, via the head of the humerus and into the glenoid fossa of the scapula. If the scapula were prevented from rotating as the arm elevated, the ground reaction forces would end up in the soft tissues around the glenohumeral joint, such as the joint capsule and surrounding ligaments, rather than in the bones. Due to variations in the shape and orientation of the glenoid fossa, there are variations in how much rotation the scapula must do to stay congruent with the humerus. Alignment is significant—it is important to keep the head of the humerus supported by the scapula—but there is no single alignment cue or position that will work well for every student. The challenge is to determine the optimal alignment for each individual.


  Each student’s unique alignment should begin with optimally positioning the core of the body, which is known as the axial body. From the core, the student can work outward, through the appendicular body (the limbs) to the floor. Thus, proper upper-body alignment begins with the shoulders, and then attention can be directed to the arms, wrists and hands. This means that where the hands end up in a posture is the least important alignment concern. This does not mean that the hand position is unimportant but rather that where the hands end up is a function of what is happening more proximally (closer to the axis of the body). Too many yoga teachers focus on adjusting students’ hand positions, unaware of the effect this has on the core of the body. The functional position of the hands will be dictated by the optimal alignment of the shoulders and elbows, not by the aesthetic desires of the teacher.


  The long bones of the body are never straight. For example, the humerus has a torsion, or twist, along its length. This torsion is quite variable from person to person and can affect where the inside crease of the elbow (called the eye of the elbow or the cubital fossa) will face when the shoulders are in a neutral alignment. Thus, the shoulders and the unique shape of the humerus will dictate the optimal, functional direction for the eye of the elbow. Changing this orientation to fit some preconceived aesthetic ideal does not make sense. Shifting the direction of the eye of the elbow will result in movements at the shoulder that may not be optimal.


  The distal end of the humerus also varies uniquely from person to person and will affect the angle of the forearm to the upper arm. This is called the carrying angle. Most people have a noticeable carrying angle even when the forearms are pronated and hands are on the floor. How far apart the hands should be when on the floor is as variable as everyone’s carrying angles. The cue to have the hands shoulder width apart will be a great suggestion for many students, but it will not be functional for all students. Again, it is important for students to discover their own unique anatomy so they can develop their own unique practice.


  Should your hands be shoulder width apart? Should your elbows be at your side when you descend from upper push-up position (or Chaturanga) to the floor, or should they be wider? Should your hands be pointing straight ahead or outward? Should your elbows be straight, have a little microbend, or be hyperextended? All these questions and many others share the same answer: it depends! It depends upon your anatomy, your strength and especially upon how you feel while doing a posture. It depends most of all upon your intention. Why are you doing the posture in the first place? What do you intend to achieve? With that consciously known, you can pay attention to determine whether you are achieving your intention. Do you feel safe, secure, solid, grounded, at ease and pain free? If so, whatever alignment you find yourself in may be the optimal alignment for you. If not, then explore—vary your alignment until you find the place where you feel safe and secure with the desired amount of challenge.


  To quote a noted physician and author, Siddhartha Mukherjee, “It is easy to make perfect decisions with perfect information. Medicine asks you to make perfect decisions with imperfect information.”618 Yoga teachers could say something similar: if we knew everything about our students, we could offer perfect alignment cues. But we don’t and never can know everything about our students, so the best approach we can take is to help each student discover their own uniqueness and what it means for their practice. Paying attention is key. Since we will never know in advance the effects of every posture on every person, we need to teach each person how to attend to their own experience. How else will we learn what works, what to continue and what to discard?


  Every yoga student is unique. Every yoga practice is unique. You are always changing. Your practice will continuously evolve. By having an intention for your practice and by paying attention to what is occurring, you will consciously develop your yoga for your body.


  APPENDIX:
 Myofascial meridians of the upper body


  In his book Anatomy Trains, Thomas Myers describes 12 unique lines of fascial continuity, which he calls meridians.619 (These were reviewed in Volume 1 of Your Body, Your Yoga.620) The concept of these meridians provides another way to map out the effects of stress within and through the upper body’s fascia. Of the 12 Thomas Myers meridians, four run through the arms: the deep front arm line, the superficial front arm line, the deep back arm line and the superficial back arm line. Five other lines also can affect movement at the shoulder: the lateral line, the spiral line and the three functional lines. All nine lines are summarized in table 4.500 and illustrated in figure 4.500.


  The four arm lines surround the four quadrants of the humerus. In the arm, the superficial lines are associated with the fascia, while the deep lines are more aligned with the muscle patterns. However, by the time we get to the forearm, the positions are reversed, with the superficial lines associated with the muscles and the deep lines following the fascia.


  Stresses that occur in the arms can affect the torso, and stresses in the shoulder can affect the movement of the ribcage as well as the spine. Thus, the arm lines can affect posture, and posture can affect the arm lines. Myers speculates that carpal tunnel syndrome, elbow problems and shoulder impingement can arise due to postural faults that pull on the arms, affecting those meridians.



  Table 4.500 Myofascial meridians that affect axial movements.621 622 623 624
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  Figure 4.500 Approximate routing of the key myofascial meridians: (a) deep front arm line; (b) superficial front arm line; (c) deep back arm line; (d) superficial back arm line; (e) back functional line; (f) front functional line; (g) ipsilateral functional line; (h) lateral line; (i) spiral line. While the illustrations depict narrow lines, the myofascia is broader than shown.
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  Figure 5.0 A Japanese traditional ink painting of Fuji mountain, Sakura blossoms and sunset, which deliberately employs asymmetric features but maintains overall balance in composition.

  HelenField/Shutterstock.com



  In ancient Greece, many ideas arose that were to shape Western thought for thousands of years. Science and Western medicine were born of this era and from the fertile minds of Greek philosophers. One particular idea was of the perfect nature of beauty and forms, known as the Platonic Ideal. The Platonic Ideal—or Platonic Idealism, as it is also known—suggests that perfection exists, is real and unchanging, but it is unattainable in our world. Only ideas can be perfect; their expressions or implementation in the physical world will always be flawed. Ideas exist in a realm apart from our physical world, outside of time and space. But this does not mean that we should not seek to emulate the ideal. For example, while there exists the ideal tree, every tree in our world is an imperfect expression of universal tree-ness. This also applies to the ideal person: he or she does not exist in our world, but the ideal is real and should be sought. The theory of Platonic forms posits that forms are timeless and unchanging, but the physical things of our world are in a constant state of change. Where forms are unqualified and perfect, physical things are qualified, conditional and imperfect.1


  The power of symmetry


  The ideals of form were taught by Plato nearly 2,500 years ago, and his concepts are still affecting us today. Many scholars believe that humans judge beauty by symmetry.2 Their view is that a beautiful face is one that is perfectly symmetric. Deviations from this symmetry reduce the perception of how beautiful someone is. Some biologists have reasoned that bilateral symmetry (in which the left and right sides are mirror images of each other) is an indicator of health and the quality of one’s genes, while asymmetry indicates a higher susceptibility to disease, infection and poor fitness, and a reduced chance to mate.3


  Unfortunately, this ideal of symmetry is both flawed and damning. Recent studies have shown that in art and nature, beauty can be perceived in both symmetric and asymmetric features. What each person finds beautiful is complex, and symmetry does not play a significant role in their assessment.4 Consider the whole genre of Japanese art, which deliberately utilizes asymmetry (for example, figure 5.0). These works are highly pleasing and deemed beautiful by many. Nor is physical fitness correlated with perfect symmetry. How could it be? Think of all the ways that we are obviously not symmetric: our heart is usually on our left side; our liver is usually on our right;5 most people use a dominant arm and hand far more often than the other side, with the consequence that the dominant side’s arm is bigger and stronger than the non-dominant side’s; one breast is larger; one testicle is higher; one arm is longer, one leg is shorter; one foot may be wider, one hand may be larger. The list of asymmetries can go on and on.


  

  Asymmetry is not new, not a fluke and not necessarily a problem to be fixed. The fossil record of heritable asymmetries goes back at least 350 million years.6 Our DNA coils in an asymmetric spiral. Proteins can have a twist that turns either clockwise or counter-clockwise.7 The sprinter Usain Bolt, once the fastest man alive, with a career replete with Olympic gold medals, is notably asymmetric: he has one leg half an inch (~1.25 cm) shorter than the other, along with scoliosis.8 These asymmetries did not prevent him from excelling at his sport and enjoying life. Asymmetry may be a problem, especially if expressed to an extreme, but it is not necessarily a problem and may be adaptive and beneficial. Indeed, asymmetry can be beautiful.


  A different approach to evaluating health and beauty is to consider balance rather than symmetry. Notice again the drawing in figure 5.0: the elements are not symmetric, but there is an overall balance to the composition. Being in balance is functionally far more important than being symmetric. Animals that are asymmetric adapt and find their own unique ways to balance. And, as was the case for Usain Bolt, this unique approach may indeed be more productive and adaptive than what a perfectly symmetric body could allow.


  The allure of perfect proportions


  Similar to the ideal of perfect symmetry, the ideal of perfect proportions is found only in the conceptual realms of philosophers. Polykleitos, a sculptor who also lived in Greece in the fifth century B.C.E., developed a canon (which means a code, principles or rules) describing the ideal proportions that a perfect man should exhibit. Polykleitos’s canon embodied symmetry, balance and rhythm. His sculpting, such as the statue Doryphoros, shown in figure 5.1, incorporated his belief in ideal proportions. We do not possess Polykleitos’s writings today, but his teachings have come down to us second-hand through the ages.9 Vitruvius, a Roman author and architect of the first century B.C.E., developed his own theories of proportions based on Polykleitos’s canon. Vitruvius wrote a book, the only one extant that describes Roman architecture, called De architectura, or as it is known today, The Ten Books on Architecture. Vitruvius stated that buildings should exhibit three main properties: strength, utility and beauty. In one chapter, he stipulates the perfect proportions of a man, whose center is the navel and whose fingers and toes describe a circle. He also noted that a square is formed by the length of the body from feet to head being equal to the width between outstretched arms.10


  In the Renaissance, Leonardo da Vinci was among many artists who were influenced by Vitruvian ideas. Leonardo was not the first to illustrate the concept of a man within a circle and a square, but his version is the most famous. Shown in figure 5.2, Leonardo’s example became known as the Vitruvian Man. Cited above and below the drawing are the proportions Leonardo followed, which are notably different from those of Polykleitos and Vitruvius. Leonardo based his drawings on his own experience from working with models. He believed the center of a man was not the navel but the groin. (For Leonardo’s view of the perfect proportions, see the sidebar “It’s Complicated: Leonardo da Vinci’s perfect proportions.”) Artists today still follow the ancient ideals and often draw the human form with set proportions. For example, some art teachers direct their students to draw the body exactly 7.5 times the height of the head and to make the width of the outstretched arms equal to the height of the body. But as we shall see, this is an ideal, not a reality. Your proportions are likely far from meeting the ideals of Polykleitos, Vitruvius, Leonardo, a local art teacher or your yoga teacher.
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  Figure 5.1 Doryphoros, by the ancient Greek sculptor Polykleitos.11




  It’s Complicated: Leonardo da Vinci’s perfect proportions


  Leonardo, while influenced by Vitruvius, who in turn was influenced by Polykleitos, based his drawings on his own experience of working with and measuring living models and cadavers. He described his findings in the text he wrote above and below his drawing of the Vitruvian Man.12


  

  
The upper part paraphrases Vitruvius:

    Vetruvio, architect, puts in his work on architecture that the measurements of man are in nature distributed in this manner: that is a palm is four fingers, a foot is four palms, a cubit is six palms, four cubits make a man, a pace is four cubits, a man is 24 palms, and these measurements are in his buildings. [A cubit is the distance from the elbow to the fingertips.] If you open your legs enough that your head is lowered by one-fourteenth of your height and raise your hands enough that your extended fingers touch the line of the top of your head, know that the center of the extended limbs will be the navel, and the space between the legs will be an equilateral triangle.

  


 

  
 The lower section of text gives these proportions:

    The length of the outspread arms is equal to the height of a man; from the hairline to the bottom of the chin is one-tenth of the height of a man; from below the chin to the top of the head is one-eighth of the height of a man; from above the chest to the top of the head is one-sixth of the height of a man; from above the chest to the hairline is one-seventh of the height of a man. The maximum width of the shoulders is a quarter of the height of a man; from the breasts to the top of the head is a quarter of the height of a man; the distance from the elbow to the tip of the hand is a quarter of the height of a man; the distance from the elbow to the armpit is one-eighth of the height of a man; the length of the hand is one-tenth of the height of a man; the root of the penis is at half the height of a man; the foot is one-seventh of the height of a man; from below the foot to below the knee is a quarter of the height of a man; from below the knee to the root of the penis is a quarter of the height of a man; the distances from below the chin to the nose and the eyebrows and the hairline are equal to the ears and to one-third of the face.

  


  The points determining these proportions are marked with lines on the drawing. Below the drawing is a single line equal to a side of the square and divided into four cubits, of which the outer two are divided into six palms each, two of which have the mirror-text annotation “palmi”; the outermost two palms are divided into four fingers each and are each annotated “diti.”

[image: ]

  Figure 5.2 The Vitruvian Man by Leonardo da Vinci.






  Aesthetics versus function


  The perception of beauty is an aesthetic. When used as a noun, an aesthetic is a set of principles intended to guide an artist or teacher in their creation of form. While these principles may result in a pleasing shape, there is no direct correlation between the aesthetic and the functional. Functional implies utility and practicality. Throughout the trilogy of the Your Body, Your Yoga books, the term functional has been used to describe practices and directions that will yield improved or optimal health. Aesthetics are of secondary concern. So too in the realm of symmetry and proportions: while a perfectly constructed drawing or yoga pose may look aesthetically beautiful, the utility of a yoga pose is the functional effect it renders on the student. In other words, don’t worry too much about being asymmetric in a yoga pose. Be content with achieving the functional goal of experiencing an appropriate stress in the targeted area.


  Aesthetics often dictate guidance, but science and personal experience should guide functional teaching and practice. The goal of a posture or practice need not be to achieve perfect symmetry or to sculpt perfect proportions but instead to seek balance and functionality. At best, aesthetics can raise a concern or question, or generate curiosity, but aesthetics alone cannot dictate therapy. A deeper investigation is required before any prescription is offered, much less demanded. All tissues need exercise; to deny one side of the body a healthy stress because of aesthetic concerns is to perpetuate less than optimal health. Sports are often chosen by athletes, even if unconsciously, because their proportions predispose them to excellence in one field versus another. The challenge, given all the above, is not to make yourself into some ideal, perfect form but to find a practice that optimizes and maintains your health and well-being.


  The intention of this volume is to highlight the instances where a demand for symmetry or perfect proportion can lead yoga students away from achieving functional results. It is impossible to discuss all potential instances where asymmetries or proportions will affect yoga students, but most of the major variations and examples of their consequences will be presented. To be clear, asymmetry and some proportional deficits can create problems, but this is not always the case. Indeed, quite often a focus on “fixing” some perceived asymmetry or disproportion can lead to unhealthy behaviors, movements or postures. Knowing the difference is challenging, but it begins with having an intention for each yoga posture and then paying attention to ensure that you are receiving the intended experience. That is the heart of a functional yoga practice.


  Chapter 1:
 Asymmetries
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  Figure 5.100 Disarticulated human skeletons.13



  Symmetry is often sought by yoga teachers and students. Mountain Pose is sometimes called Samastitihi, or “equal standing” pose. The stated intention is to make both sides of the body appear equal or symmetric. Symmetric can be defined as having identical halves; hold a mirror to one side of an object, and in the reflection, you will see an identical copy of the side hidden by the mirror. Of course, to determine symmetry, an axis of comparison must be chosen. We are not symmetric front to back (when viewed in the side plane); we are not symmetric from top to bottom (when viewed in the frontal or side plane); but we are approximately symmetric from side to side (when viewed in the frontal plane). This supposition of frontal plane symmetry is not even skin deep, though, for not only are we not symmetric beneath the skin—we have three lobes of the lungs on our right side but only two on our left side, as just one example—but we are not even superficially symmetric. The right side of our face is not a mirror image of the left side. Since perfect symmetry is an ideal not found in real life, perhaps rather than seeking symmetry in our yoga practice, a better goal is to seek balance.
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  Figure 5.101 The taijitu symbol is balanced but not symmetric.




  Balance can be defined as having elements that are equal and proportioned or as being in a steady equilibrium. The first definition has echoes of symmetry, but the second has a functional quality. It is in this latter sense that I will use the word. Consider the classic taijitu, or yin and yang symbol, shown in figure 5.101. The right side is darker than the left. The top is brighter than the bottom. There is no symmetry, but it is balanced and displays a great harmony among its elements. The yin elements are in harmony with the yang elements. Like this symbol, you are not symmetric. And that is okay! You do not need to be fixed unless you are also unbalanced.


  To quote Leslie Kaminoff, noted yoga teacher and co-author of Yoga Anatomy, “To be in balance is to develop a healthy relationship between your asymmetries.” He offers the example of resting in Shavasana at the end of a yoga practice, allowing your arms and legs to be symmetrically arranged as perceived by a teacher or some other outside observer. He suggests that you notice how this arrangement feels on the inside. Do your proprioception and interoception agree that you are symmetric, or do you feel slightly off? Do you feel balanced in this shape? If not, what changes would you like to make to achieve the feeling of harmony between left and right, top and bottom?14


  Your dominant arm is probably larger and stronger than your non-dominant arm; this does not mean that you have to use your dominant arm less and your non-dominant arm more. Similarly, one leg is probably stronger than the other. That is normal and natural. Which athletes would sacrifice strength and range of motion in one limb simply because the other limb is different? They have learned to perform optimally, not just despite of these asymmetries but because of them. This is not limited to humans: over 68% of vertebrates have a dominant side, thus a preference for asymmetry.15 Again and again we will find that asymmetries do not always have to be “fixed”; often, they are intentionally trained and developed. To be optimally functional, we require not perfect symmetry but an easy facility in movement with our asymmetries, or in other words, balance. A right-handed person has learned how to be balanced when throwing with her right hand; she doesn’t topple over because her right arm is stronger than her left. Her motions are fluid and graceful. She adapts and is in balance, thanks to her training.


  Categorizing the types of asymmetries


  There are many ways to categorize the states of asymmetry, some of which seem confusing and contradictory (see the sidebar “It’s Complicated: The many definitions of asymmetry”). Throughout the series of volumes forming the Your Body, Your Yoga trilogy, the concept of adopting a functional approach to yoga has been paramount. In this instance, functional refers to having a purpose or intention, to being practical and useful, and to diminishing the importance of appearance or aesthetics. Following this philosophy, we can adopt a view that asymmetry can be either functional or dysfunctional. However, here we run a risk of misunderstanding, because some researchers and therapists consider “functional asymmetry” to be asymmetry caused by the way the body has been used (as opposed to being due to bony construction or constraints, which would be construed as “fixed asymmetry”). In their view, functional asymmetries can and should be reduced or eliminated, but fixed asymmetries are permanent.


  Despite the risk of misunderstanding, in our exploration, functional asymmetry will refer to asymmetries of the body that are harmless at worst and helpful at best. They are asymmetries that allow us to function properly, skillfully and fully. Dysfunctional asymmetry will be the term applied to instances where asymmetries are significant enough or chronic enough to cause dysfunction, disability or danger. An example of a dysfunctional asymmetry is significant scoliosis that causes dysfunctional movements. As the bending and twisting of the spine becomes severe, breathing impairments can arise due to chronic thoracic flexion and lung compression. Additionally, internal organ functions may diminish, and there may be a decline in the normal activities of daily living.16 This is an asymmetry that leads to dysfunction. (But not always and not for everybody!) Given these working definitions, we are equipped to evaluate yoga postures to determine whether any asymmetries present are functional or dysfunctional, and if dysfunctional, what to do about them. Specially, we will consider the cases of asymmetries of the
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  It’s Complicated: The many definitions of asymmetry


  Asymmetry can be defined as having your right side of your body appearing different to your left side (or vice versa). You are not symmetric. Simple, right? Not so fast! Clinicians want to know more than the bold fact that you are not perfectly symmetric; they want to understand why you are not symmetric. Is your asymmetry minor or major? Will it lead to postural changes that can impair function? Has some physical instability created the asymmetry, or has asymmetry created the instability? Both are possible.


  Asymmetries can be classified in many ways. They can be considered fixed or flexible. A fixed asymmetry describes an asymmetry that is in the nature of the bones, which cannot be altered. One femur may be longer than the other. You cannot change the shape and size of your bones, outside of surgery or some disease or condition. A flexible asymmetry can be changed, through retraining of movement patterns, braces or exercises. Perhaps you adopted the habit of slightly flexing one knee more than the other, creating an asymmetry. This could be changed and is thus a flexible asymmetry. Recently, the term fixed asymmetry has fallen out of favor because many supposedly fixed asymmetries can be changed; they were not truly fixed. Instead, two new terms have been adopted: correctable asymmetries and non-correctible asymmetries. In general, a truly fixed or non-correctible asymmetry will not become worse if no therapy is invoked, nor can it be corrected. If the asymmetry is not truly fixed and is actually a flexible or correctible asymmetry, then the condition may get worse without some intervention.17 (However, it must once again be pointed out that “may” does not mean “will,” and not all asymmetries are problems or will lead to future problems. Many asymmetries are benign or even helpful.)


  So far, we have been considering only the physical appearance of asymmetry. But asymmetry can arise in many other ways that are not apparent through a casual glance: there can be differences from one side to the other in strength, movement patterns, range of motion, and muscle size and volume.18 One study evaluated 14 asymmetric variables in sprinters and found no correlation between the level of asymmetries and performance.19 Clearly, these asymmetries did not need to be corrected.


  Asymmetry can also be defined as the absence of symmetry. But there are many types of symmetry. The simplest form is bilateral symmetry, which is the form of symmetry of most concern to therapists, clinicians and yoga teachers. This is sometimes referred to as reflection symmetry: one side is the mirror reflection of the other side. However, reflection symmetry can arise even in cases where bilateral symmetry is not present. There are other forms of symmetry gathered under the umbrella term complex symmetry. These involve transformations around multiple axes. A five-petalled flower is not bilaterally symmetric, but it does possess rotational symmetry. Rotating the flower by 72° returns it to its original presentation. Other complex forms of symmetry include translational symmetry and spiral symmetry.20


  In the study of the shape of the human form, a science called geometric morphometrics, three kinds of asymmetry have been defined: fluctuating asymmetry, directional asymmetry and antisymmetry. These terms are not applied to an individual but rather to a whole population.21 In these cases, the development of asymmetry is the result of several biological processes. Fluctuating asymmetry refers to the difference or deviation a single individual has when compared to the average of the whole population. For example, the distance between the left and right eyes to the bridge of the nose may be equal when averaged across the whole population, but in any one individual, one eye may be further away from the bridge of the nose than the other eye. Directional asymmetry refers to consistent differences between sides, such as the location of our internal organs. For example, our right lung has three lobes, compared to two lobes in our left lung. Directional asymmetry is widespread in the animal world.22 Antisymmetry refers to consistent asymmetries that can occur on either the left or the right side. For example, humans have a dominant arm that makes them asymmetric, but for some people, the dominant arm is on the right side, while for others, it is on the left.




  Asymmetry of the legs
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   Figure 5.102 (a) Mountain Pose (Tadasana) is taught with both feet symmetrically placed. (b) However, some students feel more natural and balanced in the hips and legs when one foot is turned asymmetrically.
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  Mountain Pose (see figure 5.102a) instruction often includes statements like, “Stand at the front of your mat with your big toes touching, second toes parallel to each other, outside edges of the feet parallel to the long edge of your mat and heels slightly apart.” Some teachers suggest keeping the heels together, others suggest allowing the feet to be slightly apart, but no more than hip width. In all variations, students are expected to be symmetric. Both feet should be pointing in the same direction. And yet, in many people, the tibias, femurs and pelvises are not symmetrical from side to side. For some people, the version of Mountain Pose shown in (b), with one foot turned out more than the other, is more balanced than having the feet symmetric.


  Tibial torsion, femoral anteversion and acetabular anteversion all affect the position of the feet. When the head of the femur is neutrally oriented in the hip socket (acetabulum), the orientation of the acetabulum and the amount of torsion of the femur and tibia will dictate where the foot points. The average amount of tibial torsion is 30° (see figure 5.103), but 95% of the population fall within a range of 14° to 46°.23 If a tibia has a large amount of torsion, then to point the foot directly forward, the femur must undergo an equal amount of internal rotation at the acetabulum. An average person has to internally rotate her leg 30° to stand in Mountain Pose with feet parallel to each other. This is not a problem for most people, but for some yoga students, a large amount of internal rotation at the hip socket, combined with flexion at the hips—which happens during forward folds—can lead to femoral acetabular impingement syndrome. This condition, described in Volume 2 of Your Body, Your Yoga, can result in a labral tear in the hip socket.


 [image: ]
  Figure 5.103 Tibial torsion varies from person to person. An average person has about 30° of torsion, but the normal range runs from 14° to 46°.



 

  Typically, the right tibia has 2° more torsion than the left tibia, which is an insignificant amount. But that is an average difference, and the value varies from individual to individual. The amount of tibial torsion in one study of 100 adults ranged from the right leg having 15° more torsion than the left (which is the case for the student in figure 5.102b), to the left leg having 11° more torsion than the right.24 If these hundred people were standing in Mountain Pose, some students would feel more comfortable and neutral in the hips if the left foot was pointing outward 11° more than the right foot, while other students would prefer the right foot to be pointing outward 15° more than the left foot!


  The amount of femoral anteversion and acetabular version also varies from side to side. Examine the two acetabula in the pelvis in figure 5.104. Do you see how they are not symmetric? The hip socket on the right is more anteverted (pointing forward) than the one on the left. You can see deeper into the one on the right than the one on the left.
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  Figure 5.104 Pelvises are not perfectly symmetric. Notice how the acetabulum on the right side of the photo is more anteverted (looking forward) than the one on the left side.25 It is also angled more vertically and is slightly higher. These differences will affect the range of motion of the femurs in each hip socket.




  In short, our legs are not symmetric, and the natural, neutral position of the feet is not the same for every body. This should not surprise any yoga teacher; we see it all the time when students relax their legs in Shavasana and allow their feet to go to their neutral position. Look at the three students in Shavasana in figure 5.105; notice the various orientations of the feet. The student on the left has her feet pointing straight up, and her knees are also pointing in that direction. She has very little tibial torsion but probably a lot of acetabular anteversion. The student in the middle has her feet splayed outward, with her knees more outwardly oriented, which is probably a function of less acetabular anteversion. The student on the right has feet that are not symmetrically oriented. Her left foot is pointing more vertically than her right foot. There are many students like the one on the right, who have significant differences in foot orientation.
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  Figure 5.105 The angles of the feet in Shavasana indicate natural variations in tibial torsion, femoral anteversion and acetabular orientation.
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  Figure 5.106 (a) Prasaritapadottanasana may sometimes show asymmetrical foot orientations. If one foot is turned in more than the other, this may also occur in other standing postures, such as (b) Triangle Pose (Trikonasana). Notice this student’s right foot is turned in to the same degree in both postures. However, if she does Triangle Pose in the other direction, her left foot may not be turned in at all, because it wasn’t in Prasaritapadottanasana.
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  If the neutral, natural position for the feet is pointing outward while in Shavasana, like student (b) in figure 5.105, then the legs must be internally rotated to stand with feet parallel in Mountain Pose. Since the legs are not always symmetric, for many people the neutral alignment of the feet will not be symmetric either. In other words, for you it may be perfectly natural for only one foot to be pointing outward in Mountain Pose. Perhaps it will be better for you to stand in Mountain Pose with both feet pointing outward, but by different amounts.


  It’s Important: Reconsidering symmetry


  What is the point of seeking aesthetic symmetry if the cost is a loss of balance and harmony?


  Let’s go back to the basics: Why are you doing yoga? What are your intentions? If your goals include regaining and maintaining optimal health, striving for a perfectly symmetric appearance is not going to serve you well. We are all asymmetrical to varying degrees, and yet the vast majority of us are still fully functional. Our side-to-side differences have developed over the decades of our lives. A few hours a week with a yoga strap and some blocks is not going to reverse bony asymmetries. If we have truly dysfunctional asymmetries, we should seek assistance from a trained therapist, but we should not expect our yoga practice to change us. However, it may still feel nice to work our two sides differently. If a student has slight scoliosis, they may choose to stretch the tight side longer than the loose side. They may choose to strengthen a weak area more than a strong one. They will do this because it feels good, but not in the expectation that they are going to significantly change the shape of their bones.


  Use your yoga practice to address the soft-tissue differences that your asymmetry creates, but realize that this is a never-ending process. And that’s okay! Paul Grilley uses the analogy of bathing. Bathing will not prevent you from getting dirty in the future. You will still need to bathe throughout your life. You cannot bathe just once or twice and think you are done forever. Similarly, you will need to continue to work on the soft-tissue differences that arise due to the asymmetry of your bones, because your bones are not going to change. That’s life.


  Sometimes, it may not be appropriate to place yourself in a symmetric shape. Is the desire to have both feet symmetric in Mountain Pose (Tadasana) worth making the femurs in the hip socket asymmetric? It is easy to see the feet in a yoga pose and make an aesthetic judgment about how well you are doing the posture; but do you know what you are doing to the knees or hips? That is much harder to see. If your intention is to establish and maintain balance and harmony in the body, then how you look while you are in a pose should be, at best, secondary to how you feel while in the pose. At worst, how you look, the aesthetic of the pose, is irrelevant. Focus on the feeling of balance and ease before worrying about how you look. If you are a yoga teacher, teach your students to pay attention to their inner experience before making any outward alignment adjustments. Look beyond the aesthetics to the functional requirements of each student’s body.



  Alignment of the feet is easy to see in Shavasana and Mountain Pose, but leg asymmetry will affect all standing postures. Consider Triangle Pose (Trikonasana) and the wide-legged, standing, forward-fold series (Prasaritapadottanasana) as examples. If the feet are not symmetric in Mountain Pose when the femurs are neutrally aligned in the hips, they do not have to be symmetric in these postures either. For instance, in figure 5.106a, the woman in Prasaritapadottanasana has her right foot turned in more than her left foot. We can suspect that it is due to leg asymmetry, but we won’t know for sure unless we work with her. (A closer look also shows she has abducted her left leg more than her right, possibly due to other asymmetries in her pelvis, which has lowered her left hip slightly compared to her right.) In her Triangle Pose, she has the same degree of turn-in of the right foot. Is this due to some leg asymmetry, or is it because this was the way she was taught to do the pose? Again, without checking, it is hard to know. If it is due to asymmetry, then when she does the other side of Triangle Pose, her left foot may not need to be turned in to the same degree. And that’s okay!


  

  The student in figure 5.106 could place her feet perfectly symmetric if she chose to, and many students do choose (usually because a teacher told them to), but this comes from moving the femur out of its neutral alignment in the acetabulum. Just because you can do a pose with perfectly symmetric feet does not mean this is the most balanced way for you to do the posture. Check what you are feeling when you have the feet symmetric, and asymmetric. When do your hips feel more neutral? Where are you most balanced?


  Leg length differences


  There is another major asymmetry to consider with the legs: almost everyone has one leg longer than the other. One study found that 90% of people tested had one leg longer than the other by an average of 0.5 cm, with a standard deviation of 0.4 cm and a range from 0 cm to 2.0 cm. This means that 50% of people have a leg length discrepancy (LLD) of 0.5 cm or more. This study suggested that until the difference reaches 2 cm, it is not clinically relevant.26 (Some researchers believe that even a 3 cm difference is not clinically significant.) Curiously, the study found that in 75% of people, the right leg is the shorter one. There is no difference between genders in the amount and prevalence of differences. The study also found no correlation between an LLD of 2 cm or less and symptomatic problems such as low back pain. In other words, an LLD of 2 cm or less does not cause problems. The most common effect of an LLD is a rotation of the pelvis, with the pelvis tilting downward toward the shorter leg side, and a slight anterior rotation of the top of the pelvis on the shorter leg side. Of course, this will show up in the alignment of the pelvis in many standing yoga postures.


  Since we almost all have some degree of LLD, we all have some degree of compensation as well. One of the most frequent compensations is to flex the knee of the longer leg slightly, which helps to even out the leg lengths and level the pelvis. Other compensations include a slight scoliosis in the spine, which helps to level the shoulders and head, a change in the lumbar and sacral facet joint angles, changes in the vertebral end plates, and wedging of the 5th lumbar vertebra. (I suspect all these bony compensations occur during youth, while the body is still growing.) Again, in the study cited above, none of these compensations were associated with pain or pathology when the LLD was 2 cm or less.


  Should yoga students be concerned about one leg being longer than the other? First, it is very difficult to even determine how much difference there is (see the sidebar “It’s Complicated: It is not easy to determine leg length differences”). Secondly, a 2 cm difference (about ¾ of an inch) is not a lot, especially when we consider how difficult it is to even measure LLD. The average yoga student need not worry about their legs being different lengths. Your body has already adapted amazingly well to whatever difference exists. Over the years, you will have made appropriate changes in your joints, ligaments and muscles to compensate for the difference.27 Your nervous system will also have adapted so that your movement patterns are smooth and refined. Indeed, trying to fix the difference now may cause problems because your body has already fully compensated for it. Remember, Usain Bolt won eight Olympic gold medals, and his right leg is 1.25 cm shorter than the left leg. He does not need to fix this, and you probably don’t either.


  Yoga teachers who would like a simple way to see whether their students have an LLD can find a quick and easy process in the sidebar “Note to Teachers: How to estimate your students’ leg length difference.” This is not a clinically approved approach, and the results will be imprecise, but it is interesting nonetheless. An LLD less than 3 cm is considered mild, between 3 and 6 cm is considered moderate, above 6 cm is considered severe.28 Once your LLD is 6 cm or more, then some accommodations may be necessary. LLD of this magnitude is rare, but it can happen due to broken bones, surgery, hip replacement, or a developmental problem as a child. In these cases, the pelvis will be obviously tilted, and this will affect your ranges of motion from one side of a pose to another. For example, you may appear to be able to laterally flex your spine further toward the short leg in Triangle Pose (Trikonasana) because your pelvis is already tilted in that direction (see figure 5.107). Laterally flexing to the high side of the pelvis may feel restricted, but again, this is due to the tilt of your pelvis, not to your spine’s range of motion.
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  Figure 5.107 Triangle Pose (Trikonasana) to the (a) short leg (the right side) may appear deeper than to the (b) long leg (left side) because the pelvis is tilted more toward the short leg. (The angle of pelvis tilt is indicated by the red lines.) The amount of lateral spinal flexion (the yellow line) is the same in each case, but since the pelvis is tilted, the pose appears to be deeper on the short leg side. The right hand is lower in (a) than the left hand in (b), as shown by the blue line.




  Once again, remember your intentions for the pose. Are you sensing the stress in the targeted areas without pain or discomfort? If you are, then there is no need to worry about your asymmetries. How you look does not matter if you are achieving your intention and feel balanced. That is the basis of a functional yoga practice.



  It’s Complicated: It is not easy to determine leg length differences


  LLD can stand for leg length difference, leg length discrepancy or limb length discrepancy. The technical term is anisomelia. Determining whether you have a true LLD can be tricky because it can often be caused by the way the body moves, rather than true bony differences from side to side. For example, if one knee has a slight flexion contracture, that leg will be shorter than the straighter leg even though the bones are the same length. Another example is that one leg may hyperextend at the knee more than the other, which will again appear as an LLD. Clinicians have tried many ways to detect and measure LLD, including measuring the length of the legs from the inner ankle (the medial malleolus) to the top of the greater trochanter (the outer bony landmark of the femur), measuring from the navel to the inner ankles, and using X-ray or other imaging. All these approaches have flaws.


  Although measuring the distance from the top of the greater trochanter to the inner ankle is popular, this approach ignores any potential variance in the height of the feet. Not everyone’s arches are the same on both feet. You can check your own arches by sitting in Butterfly Pose with your feet together and noticing whether the arches are symmetric. The height of your arches may vary the angle of your heel bone, the calcaneus. The height of the calcaneus and talus bone may also vary from side to side, so ignoring the feet can give a misleading indication of true leg length. Also, as shown in figure 5.108, while the top of the femur’s greater trochanter is easy to palpate and thus measure from, the angle of the neck of the femur and the length of the neck can be asymmetrical, which will affect true LLD. The neck of the femur is not accessible for palpation or surface measurement and thus is ignored. This can be a mistake.
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  Figure 5.108 A left and right femur. Measuring the length of our legs from the top of the greater trochanter can be misleading, as it ignores potential asymmetries between femurs. In this case, the length of the left femur measured from the top of the greater trochanter to the bottom of the condyles (the red lines) is greater than for the right femur, but when the length of the neck and head of the femur are included (the blue lines), the right femur is longer than the left.




  Measuring from any landmark is fraught with errors. Choosing the navel may lead to length difference that are caused by scoliosis; the navel may not be in the center of the body. Many therapists prefer to view or feel the landmarks of the pelvis, such as the posterior superior iliac spine (PSIS), and believe that if one side is higher than the other, then any pelvis torsion displayed is due to LLD. However, this ignores the reality that the two sides of the pelvis are not symmetric. For an average person, the height of the ilium may be 1.6 cm higher on one side. Thus, an appearance of pelvic torsion can arise where no torsion actually exists.29


  Certainly, our leg lengths can be different, but two questions must be asked whenever such a diagnosis is reached. The first is, “How accurate is this estimate?” Given the room for measurement errors, any estimate of LLD is suspect. The second question is, “So what?” Even if you have a leg length discrepancy, if it is under 3 cm, many clinicians believe this is not significant. The vast majority of people are not symmetric and live fully functional lives. You don’t need to change your LLD. You have already adapted to your uniqueness. So while it is interesting to know one leg is longer than the other, don’t let this information force you into compensations that you do not need to make. (Of course, this advice would change if your LLD were significant, say 6 cm or more. In this case, further investigations and interventions may be warranted.)




  Note to Teachers: How to estimate your students’ leg length difference
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  Figure 5.109 To roughly determine leg length differences, have your students sit as shown in (a), and measure any height difference (H) between the top of the knees, as shown in (b). Multiply H by 2.8 to approximate their leg length difference.




  Although it is challenging to precisely measure the length of our legs, there is a quick and simple way for yoga teachers to show their students how different their legs are. Have your students sit in the position shown in figure 5.109a, with their feet on the floor, ankles touching, knees bent 90° and both sitting bones on the floor (to avoid tilting the pelvis). Ensure the students are relaxed and not trying to create any specific knee position.


  As the students lean back on their hands, ask them to notice the relative height of each knee. Use the metaphor that the knees are like two mountains. Is one “peak” of the mountain higher than the other? If so, then likely the student has an LLD, with the longer leg being the one with the higher peak. You can create a rough estimate of how much longer one leg is by measuring the relative difference in the peaks, as shown in figure 5.109b, and multiplying that amount by 2.8. That should give you an approximate value for the LLD. (In my own case, this experiment tells me that my right leg measures about 1.4 cm longer than my left.)


  A second observation is worth making while your students are in this position. Ask them to notice whether the peak of the longer leg is further toward one foot than the other. If so, then that femur is relatively longer compared to the tibia than in the other leg. If the peak is closer to the torso, then that femur is relatively shorter than the tibia. The importance of the femur-to-tibia proportion will be discussed in the next chapter, but in this experiment, you can determine whether the femur-to-tibia proportion is equal or asymmetrical for your students.



  What stops me?


  The depth of any pose will be limited by tensile resistance in the tissues under stress or being stretched, or by compression, where one body part is in contact with another body part.30 When the answer to the “What stops me?” question is tension, this may change over time, and these tissues may lengthen or relax enough to allow further range of motion. However, when the answer to the question is compression, then you have reached a limit to how far you can go in that direction and in that pose. It may be possible to go around the point of compression—say, by changing the tilt of the pelvis or the angle of the legs—but eventually, you will reach a point of compression in this new orientation. This fact can help us decide when it is wise to continue to seek more depth in a posture, and when it is wise to accept that we have reached the limit of how far we will ever be able to go in this pose.


  When we exhibit an asymmetry in our practice, when we can move further on one side of a pose than we can on the other side, it is useful to determine for each side the answer to our mantra, “What stops me?” On one side, we may be stopped by tension, while on the other side, we may be stopped by compression. In this case, we can continue to work the side with tension, but we will accept that on the other side, we will not be able to go any further.


  For example, the student in Triangle Pose (Trikonasana) in figure 5.107 is asymmetric. She has her right hand lower when moving to the right than her left hand when moving to the left. This asymmetry may be due to a bony difference on each side of the body, or it may be due more tensile resistance on one side than the other. In this yogini’s case, her right leg is shorter than her left leg, which causes her pelvis to tilt more to the right, which in turn allows her to have a deeper-looking Triangle Pose to the right than to the left side. She is stopped due to compression between the femur and the side of the pelvis. She will feel this as a sensation of stuckness in the hips. If tension was preventing her from side-bending further, she might feel that as a stretching, tensile sensation along the outside of the opposite hip, along that side of the torso, or at the back/inside of the front leg.


  This is an important realization: if the shape of the bones is causing asymmetry in a posture, that is not changeable, and it will be sensed as compression. When compression arises, there is nowhere left to go. However, if the difference from one side to the other is soft-tissue compliance (if one side is looser or stretchier than the other side), then this can be altered, and any resulting asymmetry may be correctable over time. In this case, tension will be the limiting factor, not compression. Knowing “What stops me?” will allow you to decide whether to work to change an asymmetry in a pose or to accept it without needing to fix it.


  Asymmetry of the pelvis


  The pelvis in figures 5.104 and 5.110 has asymmetric acetabula. The version angle of the right acetabulum is more retroverted (facing more to the side) than the left, which is more anteverted (facing more forward). There is also a difference in the acetabular angle of abduction, which is the angle to the horizontal axis. Finally, the left acetabulum (shown on the right side of the photo) is slightly higher than the right acetabulum. As was described in detail in volume 2, these variations affect the range of motion of the femur in the hip socket in all its possible directions. If we assume that the femurs on both sides are symmetric, then abduction of the right femur will be more limited than the left femur due to the lower acetabular angle of abduction, but adduction will be easier for the right leg than the left leg. However, femurs are rarely completely symmetric. One femur may have a lower neck-shaft angle than the other, which would also lessen abduction. If a person happened to have both a lower femoral neck-shaft angle and a lesser abduction angle, they would be much more restricted in abduction range of motion on that side.
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  Figure 5.110 Abduction and version angles of the acetabula.31




  Many postures require abduction of the legs at the hip sockets, but we can illustrate the effect of asymmetry of the pelvis and femur with the standing Extended Hand to Foot Pose (Utthitahastapadangusthasana), where the foot is brought out to the side, as shown in figure 5.111. Limitations to how high the leg can rise are tension in the adductors and bony compression between the femur and pelvis. If tension is the limiting factor, it will be felt along the inner legs. If compression, indicated by the red arrows, is preventing further abduction, it will be felt in the outer hip or in hip socket. In figure 5.111 we can see that this yogi, who has a pelvis similar to the one in figure 5.110, is asymmetrical in her ability to raise the leg. She can lift the left leg higher than the right. The only way she could lift the right leg higher would be by tilting her pelvis further to the left. But if she keeps the tilt of her pelvis equal on both sides, the legs will not be at the same height.
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  Figure 5.111 An asymmetric pelvis may prevent one leg from abducting as much as the other leg, as shown in Extended Hand to Foot Pose (Utthitahastapadangusthasana). The red arrows at the hip are indicating the sites of compression, which are limiting further abduction. Notice how the right hand holding the right foot is lower than the left hand when it is holding the left foot.




  Another effect of pelvis and femur asymmetries arises in external and internal rotation at the hip sockets. Figure 5.112a illustrates a student sitting in Butterfly Pose (Baddhakonasana). Notice how her right knee is higher than the left. This may indicate a difference in the shape, size and location of the acetabula, but it could also be due to soft-tissue differences from side to side. This form of asymmetry occurs for many yoga students and teachers; there is a “good” side, where a student can easily externally rotate the femur in the hip socket and do postures like (e) Seated Half-Lotus Pose, with one leg straight (Ardhabaddhapadmapaschimottanasana), but the other side is more internally rotated and may more easily do postures like (d) Eagle Pose (Garudasana). I know that this is the situation for me: my left side can externally rotate more easily, so I will demonstrate postures like Half-Lotus Pose on my left side, but since my right side cannot do that pose, I will walk around the class and talk about it instead of demonstrating it on my right side. (Teachers are reluctant to show their “bad” sides.) Conversely, however, I can easily wrap my right leg around the left in Eagle Pose (Garudasana), but again, after demonstrating the pose on my good side, I will walk around the class when it is time to do the other side.
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  Figure 5.112 Asymmetries in the version angle and abduction angle of the acetabula may show up as differences in range of motion in abduction, internal rotation and external rotation of the femurs in each hip socket. Notice the differences in the two sides of these postures: (a) Butterfly Pose (Baddhakonasana); (b) Reclining Butterfly Pose (Suptabaddhakonasana); (c) Wall Straddle Pose; (d) Eagle Pose (Garudasana); (e) Seated Half-Lotus Pose with one leg straight (Ardhabaddhapadmapaschimottanasana); (f) Standing Half-Lotus Pose (Ardhabaddhapadmottanasana).




  The yoga student in figure 5.112 has less external rotation and abduction at her right hip than her left hip, perhaps due to lower version and abduction angles, but possibly also due to femoral torsion and the shape of the neck of the femur. Thus, in (a) Butterfly (Baddhakonasana), her right knee is noticeably higher than her left knee. Notice how this affects other postures as well. In (b) Reclining Butterfly (Suptabaddhakonasana), her right knee is again higher than her left knee. This carries over into Straddle Pose against the wall, where her right leg is again higher. Many teachers may try to correct the student in this pose by saying that she has tilted her pelvis, but in her case, her pelvis is level. She simply has a different abduction range of motion for each leg. In (d), the same student finds it much easier to internally rotate her right leg in postures like Eagle Pose (Garudasana) than her left leg. She can tuck her toes behind her calf on her “good side” but not on her “bad side.” (Of course, this is neither good nor bad, it is just what her bones allow.) However, she may find (e) Half-Lotus Pose with the opposite leg straight (Ardhabaddhapadmapaschimottanasana) easier with her left leg. Notice how on her right side, the knee is floating quite high, and she cannot bind and grab that foot. But on her left side, the knee is low and the foot is reachable. The same effect occurs in the (f) standing version (Ardhabaddhapadmottanasana). She can bind easily (she can grab her foot) on her left side but not on her right side.


  What stops me?


  We can never determine the cause of asymmetry by looking at a student. It may be due to difference in the bones from one side to the other, or it may be due to differences in the soft tissues. The muscles on one side may be contracted or under more tension; they may be shorter; the joint capsule and ligaments may be tighter; or any of a host of other reasons. Tension in the hips may appear as sensations of tightness or stretching that are spread out and covering a large area. Compression of the femur against the pelvis may be sensed as a feeling of stuckness or pinching in a relatively small area. For example, if external rotation is stopped by compression of the neck of the femur against the rim of the acetabula, this may be felt as a restriction at the back or bottom of the hip socket. Compression in abduction may be felt as a stuckness near the top of the femur as it impinges onto the side of the pelvis. Alternatively, tension in abduction may be sensed as a tugging feeling along the inner groin, where the adductor muscles are resisting further stretching.


  Teaching students to learn how to differentiate between tension and compression can help them start to discover why they can’t move deeper, but the cause can also be a combination of tension and compression sources. It is useful to know the source of any asymmetry because if it is due to bony differences, yoga will not change this, and it probably does not need fixing. If it is due to tensile differences in the soft tissues, yoga may be able to balance that—over time and if that is a desirable goal. We are not symmetric in our soft tissues; the tissues in your dominant leg, for example, are bigger than those in the non-dominant one. Consequently, you will have different ranges of motion from one side to the other. This does not mean you have to stop using your dominant leg and only exercise your other side until it catches up. It is okay to be asymmetric. You can be fully functional even when asymmetric.


  Asymmetry of the spine


  The most obvious asymmetry of the spine is scoliosis, from the Greek skolios, meaning “crooked” or “bent.” Very few people have a perfectly symmetric spine, so being slightly bent is quite normal. If the curvature of the spine as seen from behind (see figure 5.113) exceeds 10°, the spine is officially deemed scoliotic. The reported rates of scoliosis vary considerably. One study found that 68% of an elderly population (over 60 years of age) had scoliosis of 10° or greater, which is far higher than earlier studies that found scoliosis in 32% of adults.32 It is generally felt that women have two to eight times the rate of scoliosis as men,33 and the worst cases tend to occur in women.34 However, the study of elderly people found no difference based on gender. Volume 3 has a section describing scoliosis in detail, including its causes, consequences and treatments.35 For now, it is worth revisiting the discussion on the treatment of scoliosis.
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  Figure 5.113 Scoliosis is a bend, twist or both to the spine. Treatment may focus on stretching what is tight, contracted and short, and strengthening what is lengthened and weak.


  Dmitry Lobanov/Shutterstock.com




  When scoliosis is first noticed in children, typically around age 10–15, it is called adolescent idiopathic scoliosis (or AIS), but it can appear earlier, even in infancy, or later in life. There is debate in the medical community over the consequences of AIS. On the one hand, there are reports that adolescents who develop scoliosis are prone to self-esteem issues, varying degrees of disability, pain, limitation in activities and reduced quality of life. The increased curvature has also been known to cause breathing problems and other health risks in adults and elderly populations.36 On the other hand, long-term studies of patients with AIS show that the condition does not have a significant impact on quality of life or significant consequences, except in very severe cases.37 Indeed, young people with AIS who receive no treatment become fully functional and active adults. Of course, everybody is unique, and someone with scoliosis needs to determine their own path, but these long-term findings show that undergoing surgery and other intensive treatments may not be worth the risk, given the minor rewards available. A watch-and-wait approach may be best, combined with some physical therapy.38


  Yoga has been used to treat scoliosis with some notable success.39 In a simple C-shaped scoliosis, the convex side of the spine (the open side) is long and weak. Thus, it makes sense to shorten and strengthen this side. Since the concave side (the closed side) is tight and short, it makes sense to lengthen it but not strengthen it any further. A posture such as Side Plank (Vasisthasana) may work well. Someone with a C-shaped curve with the convex side to the left and the concave side to the right (like the woman in figure 5.113) would do Side Plank on the left arm. As shown in figure 5.114, the lower (left) side of the torso is contracting, shortening and strengthening. The upper (right) side is lengthening but is not bearing much load, so it is not becoming stronger. Some people have an S-shaped spine and possess a double curvature. The version of Side Plank illustrated in figure 5.114d has been shown to help in these cases.
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  Figure 5.114 Yoga postures to reduce scoliosis. (a) Side Plank (Vasisthasana); (b) Side Plank on elbows, for those with wrist or shoulder problems; (c) Side Plank with knees on the floor, for those with knee problems; (d) Side Plank with raised leg, for S-shaped scoliosis.40




  A team led by Loren Fishman, a medical doctor and a senior yoga teacher, tested this approach on 25 scoliosis patients. Those who stuck to the practice and worked up over time to holding this one pose for 90 seconds, six days a week for seven months had a 40% reduction in the curvature of their spines.41 That was the average; the range of improvement was 25–75%, significant enough for several of the participants to avoid braces or surgery.


  For students with an asymmetric spine, it may be a good idea to hold a pose on one side longer than on the other side, or to skip the second side completely and do the first side twice! (See the sidebar “It’s Important: It is okay to work your right and left sides differently” for more on this topic.) For the woman in figure 5.113 with C-shaped scoliosis, rather than work both sides of the spine equally, it may be more beneficial for her to do two side bends or two twists to the same side and not work the other side at all. If her ribcage is rotated to the left, she may choose to do twisting poses to the right and skip twists to the left. Once again, since we are not symmetric, we do not have to treat both sides of our bodies equally. Start with a focus on your intention, and let that guide your practice. If you wish to reduce the asymmetry, you may choose to do one side longer or more frequently than the other side.


  It’s Important: It is okay to work your right and left sides differently
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  Figure 5.115 Cow Face Pose (Gomukhasana) may be very different from one side to the other, and that’s okay. Go to your edge and be content there, wherever there is, even it means you are not doing the pose symmetrically.




  Since we are not perfectly symmetrical, why would we assume that we should treat both sides equally? The woman in figure 5.112 is unable to externally rotate and abduct her right leg as much as her left leg, so there is no way she can do all the poses shown to the same depth on both sides. And that is okay. Given her reality, she should do what she can, but there is no reason to break her right knee by trying to force her right leg into a Half-Lotus position. Accepting our differences from one side to the other is just as important as accepting our differences from another person. Our functional approach to yoga practice is based on the intentions of regaining and maintaining optimal health, not fitting some preconceived aesthetic ideal. This means, all we need to do in a pose is create a stress, load or sensation in the targeted area. If that means we look different from one side to the other, so be it. Just because you can grab your hands behind your back in Cow Face Pose (Gomukhasana—see figure 5.115) when your right arm is high but you cannot when the left arm is high doesn’t mean you should not keep grabbing your hands when the right hand is high. You still want to stress those tissues and go to your edge.


  Not only may we not reach the same depth in a posture on both sides, but we may also choose to stay longer in the pose on one side, or even skip doing a side and do the other side twice. In the example of scoliosis, since a student may be overly curved to the right, it may be appropriate for her to do a side-bend pose, like Bananasana or Side Plank (Vasisthasana), to her left side twice and not do her right side at all. Or she may do the pose three times: once to the left, once to the right and then return for a second time to the left. Or she can simply hold the pose on the left side longer than on the right side. Similarly, since she is also able to twist more to her left side, she may decide to only do twists to her right side, or to hold the right-side twists longer than on the left side. If the intention is to experience a stress or sensation, then how deep we move into a pose on one side is actually irrelevant when working the other side. Go to where your edge is. If that is not at the same place on both sides, that is okay. That’s you!


  It is possible to stop stretching or stressing your open side and let the soft tissues tighten and contract until they match the less open side. This is a strategy suggested by some yoga teachers: they suggest only going as far on your open side as you can go on your tight side. That strategy is not functional: if you do not stress the tissues on all sides of the body, they will atrophy. Why penalize one side of your body because the other side cannot do a pose to the same depth?




  Asymmetry in twists


  Twisting is an asymmetric pose in that you do one side and then the other side. How much you can twist in each direction may not be equal and rarely is, for most people. One reason you can twist further to one side than the other may be due to scoliosis, which can be caused by the vertebrae being rotated, but another reason may be related to the angle of the facet joints along your spine. The superior and inferior facets at the posterior side of the vertebrae, as shown in figure 5.116, have specific orientations. The superior facet of the lower vertebra comes into opposition with the inferior facet of the higher vertebra. The orientations of these pieces of the bones when they come into contact is one factor that determines how much movement is available to the vertebrae. In the lumbar spine, the facets are aligned almost vertically, with the superior facets facing inward/medially and the inferior facets facing outward/laterally. This alignment greatly restricts twisting motions in the lumbar spine. In the thoracic spine, the orientations are more front to back, rather than side to side, which facilitates twisting but limits flexion and extension movements.

[image: ]

  Figure 5.116 A lumbar vertebra: (a) superior view; (b) lateral view. Notice that the size and orientation of the vertebral facets (in blue) are not symmetric. The facet on the right is more open than the one on the left, which means this person would be able to twist a little more to the right than to the left at this joint.



  Unsurprisingly, the facets are not symmetric: the left thoracic facets often have orientations different from the right thoracic facets, but such asymmetries are less common in the lumbar facets.42 Right thoracic facets are oriented more vertically and point more anteriorly than left facets. This asymmetry means the restriction in movement that the facets introduce will not be the same when twisting to the left and to the right. You may find that you can twist easily to the right but not as easily or as far to the left. This may be due to muscular imbalance, fascial tightness or tension in other soft tissues, which may be changeable over time, or it might be due to the orientations of your facets, which you will not change. These asymmetries are not signs of spine degeneration! They are normal.


  In general, there is no correlation between the orientations of the articulating facets and age, gender or ethnic background. Barring pathologies or injuries, the orientations of your facets will not change as you grow older. Asymmetric variations in the orientation of the facets are called tropisms. When they do occur in the lumbar, they usually arise in L4/L5 and L5/S1.43


  The medial/lateral orientations of the lumbar facets restrict twists and side flexions; the posterior/anterior orientations of the thoracic facets can restrict flexion/extension. As always, there is considerable variation among people, so not everyone’s facets correspond to the above generalization. Table 5.1 summarizes facet orientations by lumbar vertebrae, along with their standard deviations. The large standard deviations mean many people have lumbar facets that face medially/laterally; these people will have very restricted rotation in the lumbar spine. However, there are also a lot of other people whose lumbar facets face more front/back, and they will have more room to twist the lumbar spine. The lower the vertebra, the more the facets tend to face front/back; L5’s inferior facets face significantly anteriorly, matching the posterior orientation of the sacrum’s S1 superior facet. This helps to prevent the lumbar spine from sliding forward, but this is also why more twisting is available at L5/S1 than anywhere else in the lumbar segment.



  Table 5.1 Angle of lumbar facets with one standard deviation.44
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  The point of the above discussion is to emphasize that your spine is not symmetric: your facets may be oriented in such a way that you can twist more to your left than your right, or vice versa. This can show up in many twisted postures, as illustrated in figure 5.117. In (a), a reclining twist (Jatharaparivartanasana), you may be able to lower one arm closer to the floor than the other side, or you may be able to lower one leg closer to the floor than the other. In a seated twist (Ardhamatsyendrasana), (b) you may be able to turn and look further behind you to one side than the other side, or (c) to bind your arms on one side but not the other. These asymmetric differences in range of motion may be due solely to the orientation of your vertebral facets. However, the ability to twist and bind on one side but not the other may be due to a combination of factors. Notice in (c) that when twisting to the right side, the thigh is not very adducted. It is almost in line with the right hip. But when twisting to the left side, the thigh is adducted quite a bit, which makes it possible to wrap the arm around the leg and clasp hands. On this second side, the ability to twist and bind may be due more to the range of motion at the hip sockets and the shoulders than to the twisting ability of the spine. Or it may be due to a little of all these factors. Finally, notice the student in (d) can deeply twist in Revolved Side Angle Pose (Parivrttatrikonasana) to one side but not the other.


  [image: ]

  Figure 5.117 Twisting is not always symmetrical: notice the differences on the two sides of these poses. (a) Reclining Twist (Jatharaparivartanasana); (b) Seated Twist (Ardhamatsyendrasana); (c) Binding in a Seated Twist; (d) Revolved Side Angle Pose (Parivrttatrikonasana).




  It is impossible to be exhaustive and list all the ways that spinal asymmetry can manifest in yoga postures, but so far, the focus has been on asymmetric twists. It is also possible for the vertebral facets to allow less or more lateral flexion of the spine. This means that you may notice you can side-bend more to one side than the other. As shown in figure 5.118, this may show up in standing side bends like a standing Half Moon Pose (Ardhachandrasana) or a Seated Side Bend (Parsvasukhasana).
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  Figure 5.118 Lateral flexion is not always symmetrical: notice the differences on the two sides of these poses. (a) Standing Half Moon Pose (Ardhachandrasana)—bending to the right is much deeper than to the left; (b) Seated Side Bend (Parsvasukhasana)—bending to the right allows this student to bring her elbow to the floor, but she cannot do that on her left side.



  What stops me?


  If any of the asymmetries in twisting postures are due to the shape of the vertebrae, yoga is not going to change this, and there is no way to lengthen the soft tissues and remove the asymmetry if it is caused by the shape of your bones. How can you tell if your asymmetries are due to the bones? If you feel stopped by compression on both sides of a pose, but you have different ranges of motion on each side, then your asymmetry is due to your bones and not your soft tissues. Compression between the facets of the vertebrae is challenging to sense, but if you can feel it, it will be a sense of stuckness deep in the midline of the body. You will sense that you just cannot move any further there. If tension in the soft tissues is limiting you, you may feel this as resistance around the ribs. Tension can be felt in the sides of the ribcage, along the back of the ribcage, or in the abdominal muscles.


  Side flexion of the spine may be stopped by compression of the vertebrae, or it may arise due to the lowest ribs compressing against the top of the pelvis. Some people have very high ilia and even an extra rib or two. For these people, the distance from the bottom of the ribcage to the top of the pelvis is very short and they may quickly reach compression when they side-bend. You can check whether this is occurring by noticing any sensation in your waist in the direction you are bending toward. That is compression. Tension would be a tugging sensation on the opposite side of your waist and torso. Once again, if tension is limiting your range of twisting, over time you may be able to improve your range of motion. But if compression is stopping you, then you have reached your ultimate limit.


  Asymmetry of the shoulders


  Notice the bones of the upper body of the female skeleton shown in figure 5.100. They may appear at first glance to be quite symmetric. If you were able to look more closely with high resolution, you would see they are not. For example, the right clavicle is straighter than the left, which has a more definitive lateral curve. For most people, the right clavicle is shorter but heavier than the left.45 This affects the range of motion of retraction (adduction) and depression of the scapula. (Similarly, the right humerus is often longer and heavier than the left.46) For this woman, her left scapula’s acetabulum is more anteverted than the right, which will affect horizontal adduction and abduction of the arm as well as internal and external rotation ranges of motion. The coracoid process on the right scapula is slightly higher than on the left. Any of these asymmetries can affect the range of motion of the shoulder complex and the arm.


  We are not just asymmetric in the bones; our soft tissues can be dramatically different from side to side. Some yoga students may be missing a major muscle, like pectoralis major, on just one side. Between 20% and 25% of the population have asymmetrical attachment of the trapezius muscle. A study of the resting position of the scapula in athletes found that the scapula of the dominant arm was more protracted, internally rotated and anteriorly tilted than the non-dominant scapula.47 And yet, despite all these normal and natural asymmetries in our bones and other tissues, there are many yoga teachers who see any asymmetry in the shoulders as flaws that must be corrected. Maybe the asymmetries do need correcting, but this is not necessarily so. Simply looking at a student does not provide enough evidence to determine whether the asymmetry is functional or dysfunctional.


  Asymmetries in the shoulder complex can affect the range of motion in a number of postures. For example, if the coracoid process is higher on the right side and lower on the left, and if the clavicle is also shorter on the right side, then crossing the arms in Eagle Pose (Garudasana) with the right arm on top may be easy. But doing the same movement with the left arm on top may not be as easy because the left humerus may come into contact with the coracoid process. In this case, the only way to do the pose may be to have the arms lower when the left arm is on top than when the right arm is on top. In figure 5.119, notice how this student’s left arm is actually at the same level on both sides, but it cannot go higher because she reaches compression with the coracoid process. The right arm can go higher, so when it is on top, it is higher than the left, but when it is underneath, it has to go lower than the left arm. (Coincidentally, notice how her legs are not symmetric either. Her left knee is higher when it is on top than her right is when it is on top, which may indicate an asymmetry in her external rotation range of motion from one side to the other.)
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  Figure 5.119 Eagle Arms (Garudasana) is not always symmetric. Some students raise their arms higher with one arm on top but have to lower their arms when the other arm is on top. In this case, the right arm is higher when on top than the left is when on top. Actually, for this student, the left arm is at the same height in both cases.




  Figure 5.115 shows the asymmetry that can appear with the arms behind the back, in this case in Cow Face Pose (Gomukhasana). A student may be able to clasp the hands in one direction but not the other due to muscular imbalances, but there may be more to the story than soft-tissue differences. It could be due to the shape of the scapula and humerus. The bottom arm may be unable to extend, adduct and internally rotate as much on one side as the other due to the version angle of the glenoid fossa or the amount of torsion of the humerus. For most people, especially athletes who throw with their dominant right arm, the right humerus has much more torsion than the left, so it is more challenging to internally rotate the right arm and bring it high up behind the back. Another factor that can cause asymmetry of the arms in Cow Face Pose is the amount of external rotation available in each arm. Elevating the top arm may be limited by compression of the humerus against the acromion process of the scapula. If there is an asymmetry in the size and shape of the acromion processes, this may affect whether a student can clasp on both sides or not.


  Another example of upper body asymmetry can appear when a student brings her hands together behind her back. This can occur in a variety of postures, such as Plough Pose (Halasana) or the standing Yoga Mudra Pose (Dandayamanamudrasana). Notice how the student in figure 5.120 is asymmetrically clasping her hands. Her right wrist is bent, but her left wrist is straight. Why is she doing this? We won’t know without asking what she is feeling. Where is tension or compression arising? While the focus of the teacher may be drawn to the differences in the hands, the real cause of the asymmetry is probably in the shoulder complex. The asymmetry of the hand clasp could be due to an inability to horizontally abduct the right arm as much as the left, or she may be unable to extend the right arm as far as the left. Can you see how the right shoulder is at a different angle (a bit higher) than the left? That may be due to an extension restriction, which in turn could be caused by the size and angle of the acromion process. (Notice how her right hip is also higher than her left: that may be due to a leg length difference.)
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  Figure 5.120 Notice the asymmetry of the hands in standing Yoga Mudra Pose (Dandayamanamudrasana).





  Note to Teachers: It is okay to ask students to play around with their asymmetries


  It is possible that the student in figure 5.120 doesn’t know that she has one wrist bent and the other wrist straight. As a teacher, it is okay to ask her to try to bring her palms together and see what happens. But watch closely! Can she bring her hands together and keep the arms where they were? Or does she have to bring the arms a bit lower, toward her back? This may be due to extension and horizontal abduction restrictions; by reducing her right arm extension and moving it a little toward her back, she may be able to move her humerus under and around the acromion process. Or maybe when she brings her palms together, her left arm horizontally abducts a bit more; the palms may indeed be together, but instead of being at the midline of the body, they are pulled to the right side. This is often noticeable when Yoga Mudra is done on the floor in postures like Plough Pose (Halasana) or an unsupported Shoulder Stand Pose (Salambasarvangasana). Many students either have one wrist bent and the other straight, or they have the palms together but the hands are not aligned with the midline of the body. In any of these variations, what the student looks like is not important. Her appearance may stimulate you to investigate more deeply, but what is most important is whether she is getting the desired stresses in the targeted areas. In other words, what is most important is what she is feeling.



  Asymmetry in the shoulder complex will also affect placement of the hands on the floor and the alignment of the arms. These differences are discussed in the following section on asymmetry of the arms, but one last comment here is warranted. As a student lowers down from Upper Plank to Lower Plank Pose (Chaturangadandasana), the upper arms may not be equally close to the torso. The neutral position of the arms during push-ups or Chaturangadandasana depends upon the inclination angle of the glenoid fossa, the neck-shaft angle of the humerus and the position of greatest scapular stability. These may not be symmetric on both sides of the body. Some students may have one arm closer to the torso than the other arm. Can you see the difference between the left and right sides in the student in figure 5.121? Her right arm is further away from her body than the left, and in her case, it is due not to muscle imbalances but to the shape of her bones. Even if this asymmetry was caused by soft-tissue differences, recall that many athletes have their right scapula more protracted (further away from their center) than the left, and yet they are fully functional and pain free.48 This student does not need to fix her asymmetry, and if you ask her how she is feeling, she will reply, “Fine!”49 If you suspect that you have some asymmetries in your shoulder complex but have always worked to keep your arms symmetric in Chaturangadandasana or push-ups, why not experiment with some asymmetric positions once in a while and see how you feel.
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  Figure 5.121 Arm alignment in plank positions (Chaturangadandasana) may not be symmetric. For this student, the right arm is further away from her body than the left, but for her, this is perfectly okay.


  What stops me?


  Tension arises in the opposite direction of the body’s movement: compression arises in the direction of movement. Thus, the sensations of tension and compression are usually on opposites sides of the body. In the example of Eagle Arms (Garudasana), tension will occur in the upper back (probably in the trapezius, rhomboids and posterior deltoids) as you bring your arms together in front of you. Compression, however, will be found in the front body, or more specifically where the arms impinge upon the coracoid processes of the scapula. Moving the arms in the opposite direction, into Yoga Mudra, tension will arise in the muscles on the chest (the pectoralis major and serratus anterior) and the front of the shoulders (anterior deltoids), while compression will occur between the upper arms and the acromion processes of the scapula, and perhaps between the medial edges of the scapula compressing together. When you perform these movements, what is your experience? Do you feel tension on your left and right sides? Or do you feel compression on both sides? Or maybe you feel tension on one side of your body and compression on the other side! If so, feel free to continue to work through whatever tensile resistance you have, but don’t expect to go further on the side where you have compression. (You may, however, go around the point of compression by changing your alignment.) You can continue to work where you have compression, staying at that depth and enjoying the sensations, but don’t try to get more out of your body than your unique anatomy will safely allow.


  Asymmetry of the arms


  The right arm is almost universally longer than the left arm, and more so in men than women, but the size of the differences in our arms is much less than in our legs. The average right humerus is about 0.5 cm longer than the left humerus but with a standard deviation of 0.6 cm. This means 95% of people fall into a range of differences from the right humerus being longer than the left by 1.7 cm to the left humerus being longer than the right by 0.7 cm.50 The effect of a longer arm may be subtle: if the hands are on the floor, the shoulders may adjust for the difference in arm lengths by being not quite level, the hands may be slightly wider apart, or one elbow may be slightly flexed. Given that arms are almost universally asymmetric in length, this clearly is a functional asymmetry for most people and thus does not need fixing. However, if the difference is much larger, then it may lead to dysfunction. Indeed, a large asymmetry in arm length is associated with significant scoliosis.51


  Other asymmetries between the arms are more noticeable than arm length. A good way to detect them is by looking at yoga students while they are in postures where the arms are straight, like Shavasana, upper push-up position (Plank Pose) and Down Dog (Adhomukhasvanasana), or when the elbow is bent, like Sphinx Pose (Bhujangasana). Figure 5.122a shows a woman in Shavasana. The asymmetry of her arms is noticeable due to her carrying angles. Her right arm has a much larger carrying angle than her left. A large carrying angle may require the arms to be wider apart than shoulder width, but when it occurs only on one side, then the arms may be asymmetrically positioned while performing postures that require the hands to be on the floor, such as Down Dog and Handstand (Adhomukhavrksasana). The hand on the side with the higher carrying angle may be further away from the midline of the body than the other hand. This is okay, because the shoulders are symmetrical even if the hands are not, but most teachers, seeing only the hands, will ask the student to adjust her hands to be symmetrically placed, despite the fact that this changes the shoulder alignment. Just because the hands are asymmetrically placed does not mean they must be changed.
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  Figure 5.122 Arm asymmetries: (a) in Shavasana, notice the carrying angle differences; (b) in Plank Pose, notice the student front and center has more hyperextension of her right arm than her left, and the student on the left has her left arm more internally rotated than her right;52 (c) in Down Dog (Adhomukhasvanasana), notice how the left elbow is hyperextended more than her right; (d) in Sphinx Pose (Bhujangasana), notice that the right forearm is angled inward, while the left forearm is not.


  UvGroup, fizkes, fizkes, Hay-woof/Shutterstock.com




  Figure 5.122b shows a small class in upper push-up position (Plank Pose). It is interesting to look at the variations. The woman in the middle of the class has a lot of hyperextension in both elbows, but the woman at the front and center of the class has more hyperextension in her right arm than her left. This is not unusual. The woman on the far left of the class has her left arm more internally rotated than her right. As a teacher, I would be curious as to why, so I would ask her, “What are you feeling?” I would wonder whether her right shoulder was feeling less or more stress in this alignment. I would draw her awareness to the difference between her two arms and ask whether she felt this was okay for her, or whether she would be better having both sides symmetric. I would suggest she experiment with some variations and see which arm and hand position felt the most balanced, stable, secure and at ease for her. I would not insist she change, nor would I imply that she would become injured over time by not being symmetric. I would leave it to her to decide what alignment works best for her, but I would also be curious about how her arms would look in other poses as well. For example, in Down Dog, would she still prefer to have her left arm inwardly rotated?


  In figure 5.122c, we see a student in Down Dog. Notice that her left arm is hyperextended, but not the right. Again, I would not automatically assume this needs fixing. I would ask the student about her experience. She may choose to remain where she is and stress the bones in the elbow joint equally on both sides, but if she decides to microbend the left arm to build strength there, I would suggest that she also microbend the right arm, even though it is already straight. If she doesn’t microbend both arms, only one will be developing strength.


  In the other direction, often a student will be hypo-extended in one arm and straight in the other. This is my situation. I cannot straighten my right arm completely or lock the elbow. I am right-handed, so my right arm is stronger than my left arm. Yet when I hold Handstand Pose, my right arm often shakes because I cannot lock it: my arm muscles are continually engaged to prevent the elbow from flexing. I can lock my left elbow, so it can stay in Handstand for a long time, but not my right. The same difference occurs when I do Side Plank Pose (Vasisthasana): I can hold the left side much longer than the right side, because I can lock my left elbow. Yoga is not going to change my right arm to be equal and symmetric to my left arm. Thus, for me when teaching, I demonstrate Side Plank on my left side and then walk around the room when the class is doing it on their right side.53


  While the class is in Down Dog is a good time to notice variations in the direction of the eyes of the elbows. On one side, the eye may be looking in a different direction than the other side. Again, this does not necessarily need correcting, but it is interesting to notice the differences.


  In figure 5.122d, we see a student with asymmetrically placed forearms in Sphinx Pose. Not everyone can get their palms flat to the floor, due to restrictions in their ability to pronate the forearm. In this case, the student can fully pronate her left forearm but not her right. In Sphinx Pose, the difference is insignificant, but the difference may be more important in weight-bearing postures like Down Dog or Handstand. I would suggest to this student that she note her asymmetry while in Sphinx Pose and then notice how it shows up in other postures. Does she automatically correct her hand position in those postures, which may take her shoulders away from their optimal alignment, or does she allow her hands to be asymmetrical while in the other poses, thus allowing her shoulders to remain in their optimal positions? By pointing out students’ asymmetries—but without judgment or a rush to correct them—teachers bring the students into the discussion of what is best for them.


  What stops me?


  Most of the arm asymmetries discussed are due to the shape of the bones, which is not changeable. Yoga will not change the length or torsion of the humerus, the carrying angle at the elbow or the shape and size of the ulna and radius. The attempt to change your posture to avoid asymmetry of the hands, forearms or arms may cause you to move your shoulders away from their optimal, balanced alignment. Thus, awareness should be directed to the shoulders whenever an asymmetry in the arms arises. Does changing the arm positions to match each other (i.e., to be more symmetric) cause any weakness, discomfort, instability or even pain at the shoulders? If so, maybe you do not need to have your arms symmetrically placed. Instead, why not start your postures by first finding the most balanced, stable, secure position of your core, including the shoulder complex, and work from there outward? Remember this little mantra: “Start from your core and work toward the floor.”


  It’s Important...for golfers: A personal story of asymmetry


  



  My head is not on straight. This is not a comment about my personality or my life, but an observation on my anatomy. My head is not on straight because as an adult, I slowly developed scoliosis. I wasn’t aware of it until my 50s, when my doctor pointed it out to me during an annual check-up. It is mild, but when I saw an MRI of my torso, it really became obvious. The simple fact is that my spine snakes like a shallow S, as shown in figure 5.123. Look closely and you will see a slight curve to the left in the high lumbar and back to the right around the level of my heart, and a definitive rightward tilt of my head. This slant does not affect me in any way, and I live a completely functional life... Or so I thought.


  As an avid golfer, I have often noticed that when I miss a putt, it is usually to the right of the hole. My golfing companions pointed this out to me, as they laughed at my continual right-side misses. But until I saw the proof of my scoliosis in an MRI, I never correlated my spinal curves to my putting woes. Maybe I was missing my putts to the right because my head was tilted to the right. The tilt seemed normal for me—it felt like my head was level, but maybe my tilted head was causing me to see the world slightly askew. I had to investigate this further.


  If you hold your thumb out in front of you, as shown in figure 5.124, and focus your eyes off into the distance, you will notice that your eyes perceive two out-of-focus thumbs. This is because you have two eyes, and each eye is perceiving the thumb from its own vantage point. Notice in (a) how my thumbs appear when I look at a flag on a golf green. My left thumb is higher than my right thumb, thanks to my head being tilted to the right due to my scoliosis. When I would line up a putt to the hole, it is no surprise that I was not properly aligned and my putts would miss to the right. My head is not on straight!
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Figure 5.123 An MRI of my spine (left), and an X-ray (middle), alongside a photo (right) of me displaying a definite rightward tilt of my head and shoulders.54
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  Figure 5.124 Holding one thumb up and looking past it will cause you to see two thumbs. In my case, (a), I see the two thumbs slanting down to the right because my head is tilted to the right. (b) When I tilt my head to the left until the thumbs are level, I know that my eyes are horizontally aligned.




  You can empathize with me and experience my situation by deliberately tilting your head and noticing how the relationship between your “two” thumbs changes: one rises and the other lowers. Realizing this anatomical reality, I now line up my putts as shown in (b). I consciously tilt my head to the left until my two thumbs are horizontal. When the thumbs are level, I know my eyes are level, and I can pick out the correct line for my putt.


  It works! I rarely miss putts... Well, that is not quite true. I don’t miss putts always to the right anymore. Now, I miss them to the left, to the right, short, long. But variety is the spice of life, and for a few minutes each week, I do have my head on straight.




  Summary: The myths and misunderstandings about symmetry
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  Figure 5.125 The ida and pingala of the subtle body are not symmetric.




  Figure 5.100 shows two skeletons that, upon close examination, are not perfectly, bilaterally symmetric. The ribs are not identical on both sides, the two sides of each vertebra are not the same, the exact shape and size of the ilia and sacrum, which form the pelvis, are different. We are not perfectly symmetrical. Nowhere in the universe will you find perfect symmetry. It is a myth that exists only in the conceptualizations of the human mind. It is not real. Even at the subatomic level you will not find perfect symmetry: an electron and its anti-particle, the positron, are not symmetric—they have opposite charges. They are not mirror images of each other; rather, they balance each other.


  While perfect symmetry is not found in our universe, balance is found. Figure 5.101 shows the taijitu (yin and yang) symbol, which illustrates harmony and balance, but not symmetry. Figure 5.125 shows that the three main subtle body energy channels, the ida, pingala and sushumna nadis, are likewise balanced but not symmetric. The ida is the feminine, yin, lunar energy; the pingala is the masculine, yang, solar energy. These are complementary, not symmetric. The goal of Tantra and Hatha yogas is not to make the ida and pingala the same, equal or symmetric; the goal is to purify them and bring them into balance.


  Seeking, developing and maintaining balance are key intentions of our yoga practice. Since we all have asymmetries, we need to work with these differences to function optimally, to develop our balance. There are functional and dysfunctional asymmetries. There are asymmetries that are fixed and unchangeable and ones that are variable and correctible. It is impossible to tell the cause of any asymmetry simply by looking at a student or by looking in a mirror. An injured student or athlete may present with a significant shoulder asymmetry, but the yoga teacher or therapist will not know what asymmetry existed before the injury. Did the injury cause the asymmetry? Did the asymmetry cause the injury? Is the asymmetry irrelevant to the injury? A common rehabilitation goal is to bring an athlete to 90% symmetry before authorizing her to resume her sport.55 However, this goal ignores the reality of asymmetry. Maybe the athlete, like Usain Bolt, was always asymmetric and even thrived because of it!


  In dealing with an asymmetry, first ask: Is this a problem? If there is no problem, if it is a functional asymmetry, then it does not need to be fixed. Almost every body is functionally asymmetric in many ways and does not need to be changed. Your dominant arm is bigger than your non-dominant arm. So what? If the asymmetry is dysfunctional, the second question to ask is: What are you going to do about it? If the asymmetry is causing a real dysfunction (not an imagined one based on some aesthetic), can it be fixed or does it have to be accommodated? If it can be fixed, it is highly unlikely that a few hours of yoga practice each week will be sufficient to change this degree of asymmetry. More rigorous therapy will be needed, or other interventions, like braces or surgery.


  Since all yoga students possess some degree of asymmetry, and obtaining a perfectly symmetric aesthetic is an illusion, it is worth dropping the aesthetic goals that are consciously or unconsciously dangled in front of us. Instead, adopt a functional approach to your practice: have an intention and pay attention. When you are doing a posture, what are the targeted areas you are trying to stress? Are you successful? How you look, whether you are symmetric or not, is irrelevant in this approach. What are you feeling? If you are not obtaining the desired stress in the targeted area, then experiment—play with your alignment, the position of your shoulders and hips, arms and legs and notice how this affects your hands and feet. Instead of seeking an impossible dream of being perfectly symmetric, seek balance instead. As Lord Krishna says to Arjuna in the Bhagavad Gita, “Balance is yoga!”56 The equilibrium he is discussing is not symmetry of the physical body but balance in all aspects of life; treating success and failure equally is living a balanced life.


  Chapter 2:
 Proportions
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  Figure 5.200 Vitruvian Vasisthasana.




  There is a strong mythos in yoga that every body can do every pose if that body works hard enough, long enough, with the right guru, diet, supplements, scented candles and, of course, matching yoga outfit and mat. This mythos is patently false and ill informed. Everybody, and every body, is unique. One of the simplest and clearest examples of your uniqueness is the proportions of your body’s parts. There are many reasons why one yoga student can perform the Ashtanga jump through to sitting with grace and straight legs, while another equally experienced and motivated student continually crashes her butt into the floor with each attempt. The cause of her failure has nothing to do with her dedication, effort, will power, abhyasa or vairagya57 and everything to do with the simple fact that her arms are too short relative to the length of her torso. She does not possess the proportions necessary to excel in this particular movement. She is not alone.


  Athletes choose their favored sport partly because their body’s proportions predispose them to excellence in that sport.58 Pentathletes tend to be tall, while weightlifters tend to be shorter and bulkier; female gymnasts tend to be shorter and slender, while rowers tend to be tall with broad shoulders. You will never find a 5’ tall gymnast excelling at professional basketball, while a 6’6” man will never be a prima ballerina. The size and proportions of your body will allow you to do very well with certain movements and will cause you to perform very poorly at others.


  The presentation of proportions in populations has been cast into three basic somatotypes: ectomorphs, mesomorphs and endomorphs (see figure 5.201).59 These terms were coined in the 1940s, misapplied as psychosocial predictors, criticized and later revised on a more scientific basis. The reality is that people lie upon a spectrum of sizes and shapes, and rarely does one person fit a stereotype of a single somatotype, but some clinicians and trainers still find the concepts useful.60 For each of the generalizations and examples in the following definitions, there are many exceptions:


  
    	The ectomorph is long, lean and lanky, with thin muscles, wrists and ankles. Think of basketball players and high-fashion models. There are not many curves on these bodies, but the long levers of their arms and legs predispose them to running sports.



    	The mesomorph is solid, strong, athletic, with large bones, well defined muscles and a low, narrow waist. This type has the highest correlation with success in sports.



    	The endomorph is heavy, round, with shorter limbs, a high waist, small hands and feet, and a lot of body fat. They can easily gain body fat and take a long time to lose body fat. Think of the linemen in American football.
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  Figure 5.201 The three somatotypes.




  While your diet, lifestyle and levels of exercise can affect which type you are, your genetic inheritance is the largest factor determining your body shape and proportions.61 Life is rarely simple, and the idea of somatotype is not without controversy. The inventor of the somatotype concept, American psychologist William Sheldon, originally thought it could be used to determine who has a criminal or socially unacceptable personality. The concept was closely associated with eugenics and consequently tainted for many decades. Modern researchers believe that a weighting of all three somatotypes is more accurate at predicting excellence in specific sports, but they still allow that this may cover at most 65% of the correlation.62 At the level of elite athletes, a combination of mainly mesomorphic and secondarily ectomorphic attributes are found most often, but precise weightings of the three types vary by sport.


  Variations in proportions by our ancestors’ geography


  It is obvious that the further north or south one goes from the equator, the colder the climate becomes. Animals have been observed to adapt to these geographic conditions by changing their body’s proportions, and humans are no exceptions. Carl Bergmann described this trend in 1847, although he was not the first to notice it. He found that bodies tend to be larger where it is cold, and smaller where it is warm.63 This is a genetically driven adaptation, so you will not suddenly grow a bigger body just because you moved to Alaska. Joel Allen stated in 1877 that animals in colder climates tend to have shorter limbs and appendages as well as wider pelvises and more body mass than those living in warmer regions. This is again an adaptation to the climate: shorter limbs lose less heat than longer limbs; longer limbs cool off more quickly than shorter limbs.64 This is correlated to not only latitude but also altitude. The higher you go, the colder the climate. (All of which causes me to wonder whether the legends and myths of giants living in the frozen lands of the north or high in the Himalayas are simply an exaggeration of the fact that people are bigger the colder it gets.)


  Like animals, people tend to follow Bergmann’s rule and Allen’s rule—although there are always exceptions! Indigenous Peruvians living high in the mountains tend to have shorter limbs relative to the torso than indigenous Peruvians living in the lowlands.65 The largest average body masses are found in the indigenous inhabitants of Siberia, who tend to have thick, short limbs. The smallest body masses are found in the tropical regions, even though tropical inhabitants tend to have longer limbs. In general, people with European heritage have body proportions more similar to the Inuit than to the sub-Saharan bodies of tropical Africa.66
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  Figure 5.202 Proportions vary by geography.




  Of course, humans are complicated, and climate is but one factor determining body size and proportions. An individual’s body is affected by nutrition, social standing, life history and the ecology of their surroundings.67 Exceptions to any norm are numerous,68 and that is the point: humans are variable. There is no one predetermined proportion that perfectly describes the human form. All we can say is that proportions vary widely for lots of reasons. There is no Vitruvian ideal for the perfectly proportioned person. The important questions are: What are the consequences of your proportions? What can you do easily, and what will always be a challenge for you?


  Our proportions vary by age


  Our proportions vary as we mature, and they can vary depending upon lifestyle and diet. The relative sizes of our bones, however, remain pretty constant once we have stopped growing, barring accidents or illness. While our body mass index can go up or down, depending upon the ratio of fat mass to lean body mass we accumulate, once our bones have stopped growing, their relative lengths will remain unchanged until we reach an age or a stage where bone degeneration starts to happen faster than bone regeneration. A person in her forties is probably the same height she was in her twenties, although her girth may have changed. However, if osteoporosis starts to occur, especially in the spine, bone lengths may begin to decrease, and some shrinkage in stature may ensue.


  In childhood, our proportions were quite different than what they became once we reached adulthood. This means that what was once easy for us to do became much harder, but also inversely, what was once hard for us to do may have become much easier. Adults are far stronger than children; but children recover more quickly from injury than adults. The fact that our proportions were much different as children than they are as adults brings us to the oft-stated realization: children are not miniature adults! This is so important that a separate sidebar is warranted to discuss its implications.


  It’s Important: Babies and children are not miniature adults!
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  Figure 5.203 Our proportions change dramatically as we mature.




  “Belly breathe, like a newborn baby!” is an encouragement offered by many yoga teachers. While the metaphor of returning to a state of childlike bliss and innate wisdom is appealing on many levels, anatomically it is inappropriate. Adults and babies have very different bodies. A baby has no choice but to breathe with belly movements. The heart of a newborn takes up far more space in the chest than an adult heart does. A baby’s liver is located much lower than the ribcage. A baby’s chest is barely as wide as the head (but with time, the chest grows much wider). The ribs are almost horizontal and are not yet angled downward, as they will be when the person is fully grown; this makes it almost impossible for the baby to recruit the thoracic muscles to assist with breathing. The muscles of the baby’s abdomen are slack (atonic) and unable to resist the forward movement of the abdominal organs as the diaphragm descends. To breathe, a baby’s only choice is to move the diaphragm downward, which naturally causes the abdomen to rise and fall with each breath. The fact that a baby breathes with belly movements does not mean that this is the best, natural or only way for a nine-months-pregnant woman to breathe. Her gravid belly restricts the descent of her diaphragm. The diaphragm instead lifts the sides of the ribcage when she breathes. Plus, women’s ribs are much more oblique than a baby’s ribs,69 which makes the accessory breathing muscles more efficient. Chest breathing for many adults is an appropriate breathing mechanism. What works well for a baby is not necessarily optimal for an adult.


  Figure 5.203 depicts how our proportions change as we grow from infant to adult. A newborn’s head is almost one-quarter the length of the whole body.70 This ratio reduces to one-seventh in adulthood. The upper body, from sitting bones to the crown of the head, is 70% of the total body length at birth. This is also knowns as sitting height. The ratio of sitting height to total body height is known as the sitting height ratio and also as the Cormic index (CI).71 Since our legs grow faster than the upper body, by three years of age, the sitting height is only 57% of total body length, and by 13 years for girls and 15 years for boys, the CI has reached the adult average of 51%—sitting height is almost one-half of total body length. The midpoint of a newborn’s body is just above the navel; by two years of age, the midpoint is slightly below the navel; by 16, it is at the pubic symphysis, right where Leonardo da Vinci said it would be.


  At birth, the upper limbs are longer than the lower limbs. By two years of age, the upper and lower limbs are equal, but by the time we are adults, our legs have grown to be about 25% longer than our upper limbs. It is no wonder that babies can forward fold and lay their hands on the floor so easily—they have shorter legs, so the floor is much closer for them to reach. Do you remember how easy it once was for you to squat to the floor, like the toddler in figure 5.204? What happened? Your legs grew longer! The lower limbs of a newborn constitute only about 15% of the total body weight, but the lower limbs can be up to 30% of an adult’s mass. The upper limbs stay remarkably constant throughout maturation, at about 8% of body weight.
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  Figure 5.204. A toddler can squat more easily than you because his legs are relatively short compared to yours. His hips are also more mobile due to the presence of more cartilage and less bone.


  FrankyLiu/Shutterstock.com




  We could continue describing all the differences between babies, children and adults. We could discuss how the shape of the head changes and the locations of the organs shift; we could talk about the variations in center of gravity and the relative amounts of cartilage versus bone. But the point is clear: children are not miniature adults. What was possible and natural for you to do as a child is not a good metric for what you can and should be doing as an adult. You no longer require a mother’s milk. Your body and its needs and abilities have changed. While the metaphor of returning to the innocence of youth is lovely, please don’t think that because a toddler can easily squat, this should be easy for you as well. Your proportions have changed, your muscles have changed, your cartilage and bones have changed, your range of motion is very different today than it once was. And that’s okay. You have spent a lifetime adapting to your changing body. There is no need to try to recapture that youthful ease of movement. You are stronger today and far more capable of living in your current environment than any child would be. This is not an excuse to avoid regaining and maintaining your optimal mobility but a recognition that what is optimal for you today is not the same as what was possible as a child.




  Torso to legs proportions (the Cormic index)


  The students drawn in figure 5.205 are based on real people.72 On the left is Leslie, and on the right is Emilie.73 They are perfect illustrations of the variations in the ratio of sitting height to overall height, called the Cormic index (CI), and how our CI affects our yoga postures. As shown in (a), Leslie has a larger sitting height than Emilie, but as shown in (b) when they both stand up, Emilie is taller. Leslie has a Cormic index about 10% higher than Emilie, which means that Leslie has a longer torso relative to her legs than Emilie. The average person has a Cormic index of 51%, but as these two women demonstrate, not everyone is average. (See the sidebar “It’s Complicated: Variations in the Cormic index” for how much variability there is in this index.) The relative length of your legs to your torso will affect how easily you can do certain postures, or how challenging they may be.
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  Figure 5.205 (a) Leslie, on the left, has a taller sitting height than Emilie, who is on the right (b). However, Emilie is actually taller than Leslie.
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  Figure 5.206 (a) In preparing for a bound, seated twist (Ardhamatsyendrasana), Emilie on the left has a longer lever to push against because her leg is longer than Leslie’s. (b) Emilie can easily wrap her left arm behind her into Marichyasana C because she can get her elbow beyond the knee and use her upper arm as a lever to push against the leg and twist deeply. Notice how neutral Emilie’s spine is. (c) Leslie has to flex her torso to get her upper arm against the leg, but in this position, she cannot get her elbow far enough forward of the knee and has no room to bend and rotate the arm. (d) Instead, for her twist Leslie is content to keep her spine neutral, allowing the arm to be in the air and not trying to bind.




  In figure 5.206a, we see what happens when Leslie and Emilie prepare for two seated twists (Ardhamatsyendrasana and Marichyasana C). Notice how the top of Emilie’s knee is much higher than Leslie’s. When Leslie brings her arm to her thigh, she must lower the arm considerably more than Emilie does. Emilie can keep her spine relatively straight and wrap her arm around her leg because her elbow reaches well past her knee, providing her room to flex the elbow and internally rotate the arm. She is able to easily bind in this twist. However, as shown in (c), if Leslie wants to use her leg as a lever against which she can rotate her chest enough to either hold her straight leg or bind her arms behind her, she has to flex her torso to bring the shoulder down to the level of the leg. If Leslie remains sitting up straight, her elbow will be beside her knee, and she will be unable to internally rotate that arm, bend her elbow and bring that hand behind the leg. But that is okay—it is perfectly appropriate for Leslie to do her twist without binding the hands behind. Her spine can rotate just as much as Emilie’s, even though aesthetically it looks like Emilie is doing a much deeper twist. Certainly, Emilie is obtaining more stress in the left shoulder through the strong internal rotation of the arm than Leslie is getting. But there are other poses that Leslie can do to target her shoulder in that way, such as Cow Face Pose (Gomukhasana).


  

  Another posture where the Cormic index affects yoga students is the Revolved Side Angle Pose (Parivrttaparsvakonasana). Notice in figure 5.207 how the CI affects the way this pose is done by Leslie and Emilie. With her longer thigh, Emilie can bring her right arm straight down to the floor outside the shin. Leslie, however, with a shorter thigh, must reach her arm backward to press it against her shin. As shown in (b), pressing the arm against the shin gives more leverage for the twisting aspect of this pose, which allows Emilie to get her chest outside the front leg. Since Leslie has to reach her arm backward, she does not have the same leverage available to pull her chest over the thigh. She must flex her torso to get her hand to the floor while keeping her arm against the leg. If she wants to keep her spine neutral, like Emilie does, Leslie can do the Prayer Hands version of the pose, as shown in (c), which allows her to bring her lower elbow outside the thigh to provide at least some leverage. (In a later investigation of the lengths of the upper limbs relative to the lower limbs, the Cormic index will be discussed once again.)


  The optimal positions of our hands, arms, legs and feet are affected by the combination of upper body limb length and torso length relative to the lower body limb length. These relative proportions will affect the aesthetics of postures such as Down Dog (Adhomukhasvanasana), Half Moon Pose (Ardhachandrasana) and Triangle Pose (Trikonasana) and the locations and amounts of stress that occur.
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  Figure 5.207 The length of the thigh relative to the torso will change the leverage of the arm in Revolved Side Angle Pose (Parivrttaparsvakonasana). In (a), Emilie’s longer legs allow her to place her arm vertically to the floor while keeping it outside the thigh. Leslie’s shorter legs require her to angle her arm backward. In (b), we can see that Leslie has to flex her spine to get the hand to the floor, while Emilie can keep her spine neutral. (c) To keep her spine neutral, Leslie can modify this posture by doing the Prayer Hands twist version, which also allows her to press her lower arm against her thigh for twisting leverage.




  It’s Complicated: Variations in the Cormic index


  Leonardo da Vinci was approximately correct when he suggested that the center of a man is not the navel but the groin. As already mentioned, the Cormic index (CI) specifies the ratio of the sitting height of a person to their overall height (also called the sitting height ratio). The point of measurement is from the bottom of the seat (the ischial tuberosities) to the crown of the head for the sitting height and from the heels to the crown of the head for overall height. People with longer relative leg lengths will have smaller CIs than people with shorter legs. If we assume that Leonardo was referring to the level of the ischial tuberosities when he claimed that the groin was the midpoint of the body, we would expect the CI to be 50% for the average person. In reality, the average CI is slightly above this value, but it varies by ethnic background.


  Homo sapiens’ ancestors four million years ago were shorter than modern humans and had relatively shorter legs and longer arms. These proportions are also found in simians like the chimpanzee. All these other apes have larger CIs than modern humans.74 For individuals with a European, Indian or Mediterranean heritage, the average CI is about 52%. For individuals with an African heritage, where the legs are proportionally longer than for Europeans, the average CI is about 51%. However, for people with an Asian or Far Eastern background, who have relatively shorter legs, the CI average is 53–54%. Aboriginal Australians seem to have the largest relative leg sizes, with their CI averaging 48%.75 What is important in all the above amounts is not that one ethnic group has a certain average that may be higher or lower than another ethnic group’s, but that a great amount of variability exists within all groups. No matter what ethnic group we consider, there will always be individuals far from the average. In the case of the Australian aboriginals, the range of CI values was from 41% to 54%! Thus, it is impossible to say what should be considered normal for any one person. Of more interest and importance is what your ratio is and what it means for you.


  There are some indications that having longer legs leads to a taller body overall, and taller than average people are associated with higher socioeconomic status and greater biomechanical efficiency—for example, when running. However, there can be too much of a good thing. Significant deviations from the average in either direction are associated with poor health outcomes. A very low CI (longer relative leg lengths) may be associated with genetic conditions such as Marfan syndrome, while a very high CI (shorter relative leg lengths) has been associated with insulin resistance, type 2 diabetes, high blood pressure and heart disease. On the other hand, a few studies have concluded that males with a slightly lower CI tend to be judged as healthier and potentially better mates than the average male, and thus more attractive.76 Since beauty and attractiveness are so subjective, though, these studies must be taken with some caution.


  People can be classified into three categories, depending upon their CI. They are brachycormic if their CI is less than 51%, metricormic if the index is between 51% and 53%, and macrocormic if their index is above 53%. From a yoga perspective, our individual CI may affect how challenging or easy some postures will be. One study of 42 sprinters found a range of variations in CI from 49.7% to 54.5%, but more importantly, the study found that depending upon the sprinters’ CI category, where they placed the starting blocks under their feet made a significant difference to their performance. If they adjusted the location of the blocks according to their CI, they would run faster than if the blocks were randomly placed.77 This study confirms what yoga students learn through years of trial and error: our proportions can have a big effect on our practice.




  A boatload of proportions


  Figure 5.208 shows a classic teeter-totter experience: a small child at the end of a long lever can balance an adult, as long as the adult’s lever is shorter. The torque generated by the adult around the fulcrum, which is the center of gravity of their combined masses, has to equal the torque generated by the child. Torque is the weight of the person times their distance (moment arm) from the fulcrum. If the adult weighs twice as much as the child, then the child must be twice as far away as the adult from the fulcrum of their teeter-totter. The same principle applies in Boat Pose (Navasana).
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  Figure 5.208 A teeter-totter works on the principle of balancing torque. A torque is weight times the length of the moment arm.78 Balance occurs when M1xL1 = M2xL2.




  In Boat Pose, the weight of the legs and their length matter, as do the weight and length of the torso. The taller the student, the longer the levers of the upper and lower body. Plus, in general, taller people weigh more than shorter people. Thus, taller yoga students have to do more work with their hip flexors to lift their torso and legs into the Boat position. If the muscles needed to lift the torso and legs (which include the psoas, iliacus, rectus femoris and rectus abdominis) are weak, the boat will not float very high.


  However, beyond the pull of gravity, another consideration for how high the hips can flex in Boat Pose is the resistance of the hip extensors. If hamstrings are tight, they will prevent a high Boat position. One way to determine whether tight hamstrings are lowering your boat is to test your hip flexion range of motion when gravity is helping you. A Seated Forward Fold Pose (Paschimottanasana) is a passive flexion of the hips, as shown in figure 5.209a. Raising two legs when lying supine requires an active flexion of the hips, as shown in (b). Boat Pose is active hip flexion, and to whatever degree you can actively flex your hips in a reclined two-legs-lifted pose is probably the maximum amount of flexion you will obtain in Boat Pose. What is stopping you may not be the strength of your hip flexors but the tightness of your hip extensors.79 This is why teachers often recommend that students bend their knees in these postures, as this reduces the resistance in the hamstrings, allowing deeper hip flexion, as shown in (c) and (d).
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  Figure 5.209 Hip flexion may be restricted due to tightness in the hip extensors, such as the hamstrings. (a) Passive hip flexion occurs in Seated Forward Fold Pose (Paschimottanasana); (b) active hip flexion occurs in a two-leg lift while lying down. Shortening the hamstrings by bending the knees allows more hip flexion in (c) seated forward folds and (d) Boat Pose (Navasana).




  While lifting the legs and torso in Boat Pose is made possible by the strength of your hip flexors and the length of your hip extensors, maintaining your balance is affected by the relative lengths of your lower and upper body. The Boat Pose is like a teeter-totter, with your legs being the child and your upper body the adult. The average lower body (legs and feet) comprises about 16–19% of the total body’s weight, and the upper body (arms, torso and head) accounts for about 42–47% of the whole body. The rest of the body’s weight is in the pelvis. Of course, these are only averages, and different studies show different values. Women usually (but not always!) have a slightly higher percentage of their body weight in their lower body than men, who have a slightly higher percentage of their body weight in their upper body.80 The average ratios of upper body weight to lower body weight are 2.29 for women and 2.82 for men. The average lower body is almost equal in length to the upper body, although here too, there is considerable variation, as discussed earlier. This means that for a person to balance in Boat Pose, the moment arm of the lower body has to be 2.29 to 2.82 times larger than the moment arm of the upper body. There are several ways we can achieve these ratios:


  	 we can increase the lower body’s moment arm,



  	 we can decrease the upper body’s moment arm and



  	 we can move the fulcrum more toward the upper body.




  The easiest way to increase the lower body’s moment arm is to be born with naturally long legs. If you don’t have that advantage, try wearing heavy shoes while you do Boat Pose. Lowering the legs also helps to increase the moment arm. (Notice in figure 5.210b that the legs are lower than the torso; the higher the torso, the lower its moment arm, so generally, unless the knees are bent, the angle of the thighs to horizontal is lower than the torso’s angle.) While these strategies help with balancing your boat, they will require more hip flexor strength, because the increased lower body moment arm will require more work by the hip flexors to keep the legs up.
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  Figure 5.210 (a) Floating your boat in Navasana requires the center of mass of your lower body to be further away from your fulcrum (L1) than the center of mass of your upper body (L2); (b) alternatively, moving the fulcrum toward the upper body increases the lower body’s moment arm and decreases the upper body’s moment arm. Flexing the head forward also decreases the upper body’s moment arm.


  fizkes, wavebreakmedia/Shutterstock.com




  We can reduce the upper body’s moment arm by reaching the arms forward and flexing the neck to bring the head more toward the fulcrum. In figure 5.210a, the student is performing a classic Boat Pose: her legs are straight, her feet are as high as her head, and she is not rounding her spine very much. (Just out of curiosity, when I measure her relative moment arms, I see that her lower body moment arm is 2.4 times as long as her upper body moment arm, which fits nicely with the average weight ratio of upper body to lower body for women.) Notice also that her hands are by her knees; reaching the arms forward helps to reduce the upper body’s moment arm. The more mass you can bring close to the line of the fulcrum or beyond it, the less the moment arm will be. Obviously, a student with longer arms will have an easier time floating her boat than a student with shorter arms: the longer the arms, the more mass is beyond the line of the fulcrum, which helps to decrease the upper body’s moment arm. Another tip for shortening the moment arm is to keep the head flexed, as shown in (b). This student has her legs low, which increases both lower and upper body moment arms and requires more hip flexor work to stay up. But she has flexed her neck, so her head is closer to the fulcrum, which helps to reduce the upper body moment arm.


  Notice that the woman in (b) has also widened and shifted the point of the fulcrum. Many students do this; they are resting on the top of their sacrum, not on the ischial tuberosities (the sitting bones). Moving the fulcrum backward changes both moment arms, the upper body is becoming shorter and the lower body is longer. While resting on the sacrum is common for many students in Boat Pose, few teachers recommend using the sacrum as the fulcrum. This puts a lot of stress into the fully flexed lower back, which may or may not be a problem—it depends upon the student. Preferable would be to balance on the area between the sitting bones and the tailbone, but unfortunately, not many students have the hip flexion range of motion and proportions to do that.


  Taller students will find floating their boats more work because of the larger moment arms, but if they have relatively longer legs and arms than their torsos, they may find balancing their boat easy, provided they already have a good amount of hip flexion.


  Intra-limb ratio for the leg


  The distal portion of our limbs tends to have more variability than the proximal portion. This means that our lower legs are more variable in size than our upper legs, or more succinctly, our tibias are more variable in length than our femurs. Similarly, our ulnar and radial lengths are more variable than our humeral. The ratio of our distal limb to the proximal limb is called our intra-limb ratio (ILR).81 Most of the difference in Cormic index is due to variations in the distal portion of the lower limbs. This means that variation in our tibial length is a good proxy for how much our overall leg length will vary. Why one person’s tibia (or ulna and radius) may be relatively shorter than another person’s is not fully known, but it fits with Allen’s rule: it may be a genetic adaptation to one’s ancestors living in a colder climate. Short limbs lose less heat than longer limb; conversely, in warmer climes, longer limbs cool off faster than shorter limbs. Shorter limbs may also be due to developmental challenges in youth: if a young person experiences prolonged stress due to socioeconomic or environmental conditions, the body will prioritize the health of the internal organs over development of the limbs.82


  Evaluating your intra-limb ratio


  In figure 5.211, we see Devi and Helga.83 Again, this drawing is based on actual people with their unique proportions. Devi has a relatively short tibia compared to her femur, while Helga has a very long tibia. You can check your own ILR by sitting in a similar position in front of a mirror. Place a ruler alongside your prominent lateral malleolus (ankle bone) and notice how far forward or backward it is relative to your greater trochanter (your hip bone, which is actually part of the femur). Devi’s ruler is further forward than Helga’s, indicating Devi has a relatively shorter tibia relative to her femur than Helga does. The question is, “So what?” How will this impact Devi’s postures compared to Helga’s?
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  Figure 5.211 The relative length of our tibia to our femur is variable from person to person. Rulers are being held beside the ankles (lateral malleolus). On the left, we see that Devi’s tibia is much shorter than her femur. Helga, on the right, has a longer tibia, which appears to be equal in length to her femur.




  Longer tibias relative to the length of the femur can affect the abduction angle of the legs in postures that require one or both feet to be pressed against the opposite leg or foot. Examples, shown in figure 5.212, include postures such as Butterfly Pose (in this case, the reclining version, Suptabaddhakonasana), Square Pose (Agnistambhasana), Lotus (Padmasana) and Pigeon Pose (Rajakapotasana). If one student’s tibia is longer relative to her femur (i.e., if she has a high ILR) than another student’s, then she will also have a wider angle of abduction. This is because a longer tibia will “push” the knee further away from the midline of the body, widening the abduction angle of the leg.
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  Figure 5.212 The effect of intra-limb ratio on abduction: Devi, on the left, has a shorter tibia-to-femur ratio, which reduces her angle of abduction of the legs compared to Helga, on the right. (a) The distance from the pelvis to the heels (L) is the same for both students, but due to the short tibia, Devi’s hips are abducted less than Helga’s. (b) The feet are in the same positions relative to their opposite knee, but since Helga’s tibias are longer, her knees are more widely apart. (c) Each foot is in the same position relative to the pelvis and thighs, but again, Helga’s knees are further apart because her tibias are longer. (d) The front foot is in the same position relative to the torso, but Helga’s knee goes more widely to the side.




  Your intra-limb ratio may affect the position of your pelvis


  When a posture requires folding over the opposite leg, such as in Head to Knee Pose (Janusirsasana), shown in figure 5.213a, more side-bending or twisting will be required by people like Helga, who have proportionally longer tibias. If Helga would like to keep her pelvis more aligned (squared) to the direction she is folding, as Devi does, she may choose to fold “down the middle,” between the legs, as shown in (b). Another option for Helga is to (c) cross her bent leg under or over the straight leg, in a Half-Shoelace Pose. Now, her hips remain squared, like Devi’s. Folding forward for Helga here affects her hips in the same way that Devi’s hips are stressed, although the top leg may reduce the amount of forward flexion available. If external rotation of the bent leg feels uncomfortable in any of the previous options, Helga can internally rotate her bent leg into a Half-Frog Pose by placing her foot on the outside of her hip and then folding forward, as shown in (d). Finally, instead of keeping the knee wide to the side in Half-Frog Pose, Helga could bring her thighs together into the highly unpronounceable Triangmukhaekapadapaschimottanasana, as shown in (d). One option is not “correct” or better than another; they are simply different variations with stresses in different areas. If one version of a pose affects a targeted area better than the others, then that option is perfectly appropriate, despite how it looks.
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  Figure 5.213 Head to Knee Pose (Janusirsasana) clearly illustrates the effect of different-sized tibias. (a) From behind, you can see how Devi’s hips can stay more parallel to the front of the mat than Helga’s hips. Helga has to angle her hips to the side because of her longer tibia. She may choose to fold over the front, straight leg or (b) fold in between the two legs. Or she can bring her bent knee on top of her straight leg in a Half-Shoelace Pose (c). Another option, (d) is to do a Half-Frog Pose and internally rotate the bent leg, keeping it wide to the side. Finally, (e), she can bring her Half-Frog leg alongside her straight leg.



  Your intra-limb ratio may affect how far your knee moves in front of your ankle


  Dorsiflexion of the ankle can be restricted due to tension in the posterior tissues of the lower leg and foot, such as the calf muscles, Achilles tendon and plantar fascia, or it can be limited by compression between the talus (the top foot bone) and the tibia (the shin bone). The shape of the talus determines the maximum amount of dorsiflexion possible. When the tibia meets the talus, no further dorsiflexion is possible. This affects how far forward of the ankle the knees can go in postures like Chair Pose (Utkatasana), lunges and Squat (Malasana). (This was reviewed in depth in Your Body, Your Yoga.84) Another factor that can affect how far the knee can move in front of the ankle is the ILR. Knees with relatively longer tibias can move further forward than knees with shorter tibias. Figure 5.214 shows two different legs superimposed in a lunge, with the ankle dorsiflexed to the same degree. Notice that one knee is further in front of the toes than the other knee. This is because that knee has a longer tibia, which positions the knee further forward than the knee with the shorter tibia. When you see a student with a knee further forward than another student, it may not be due to more dorsiflexion occurring at the ankle but to a longer tibia.
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  Figure 5.214 The length of the tibia will affect how far forward the knee can move. The leg with a longer tibia will have the knee further in front of the toes than the shorter tibia’s knee.




  Having a longer tibia may make some postures easier or more challenging due to the effect the tibia’s length has on counterbalancing the body. As shown in figure 5.215, when a student sits down into Chair Pose (Utkatasana) or descends into a Squat Pose (Malasana), to offset the mass of the body (the derriere et al.) that is behind the body’s center of gravity (COG), the knees and upper body must come forward, in front of the COG. If the tibia is relatively longer (the blue line), more mass is forward of the COG than when the tibia is shorter. For a student like Devi, with shorter tibias (a), more of the upper body will have to lean forward, so her Chair Pose will involve more hip flexion. For a student with longer tibias (b), like Helga, the upper body can remain more vertical. (Notice the difference in the width of the poses between Devi and Helga: Helga does not need to have her hands as far forward as Devi, because her hips are not as far back.)
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  Figure 5.215 The relative length of the tibia will change the balance of many postures. (a) Devi, whose tibia is shorter than Helga’s, must lean more of her upper body forward to balance her center of gravity (COG) over her feet. (b) Helga’s longer tibias allow her to remain more upright. (c) Since she has restricted dorsiflexion and cannot move her tibias far enough forward to balance herself, Devi will have to lift her heels when squatting. (d) A student with more ankle dorsiflexion but short tibias may still need to bring her upper body far forward to reach a balanced position. (e) Helga’s long tibias allow her to squat down easily.




 

  The same effects arise descending into Squat Pose. If your tibias are shorter or you are restricted in the amount of ankle dorsiflexion available, you may need to lift your heels and come onto your toes to bring your knees forward enough to counter-balance your posterior mass (as shown in c). Alternatively, if you have sufficient ankle dorsiflexion but a low ILR, you will have to flex a lot from the hips to get enough upper body mass in front of your COG. Notice how in (d), a student with relatively short tibias and a high Cormic index can stay balanced only when she leans forward in her squat. However, if you have longer tibias (as shown in e), more mass is automatically forward of your COG, which will make balancing easier. If you have never experienced the importance of counter-balance in descending into a squat or Chair Pose, try to do these postures with your toes touching a wall! You will find it impossible to sit down because your knees cannot go far enough forward to counter-balance your posterior mass (or the mass of your posterior).


  Finally, many yoga teachers prohibit students from bringing their knees in front of their toes in lunges or Warrior postures (Virabhadrasanas). As shown in figure 4.216, even though two students may have identical ankle dorsiflexion ranges, the student with the longer tibia (a) will have the knee further forward than the student with the shorter tibia (b). For the student with a longer tibia to have their knee aligned with their toes, they will have to reduce the amount of ankle dorsiflexion. That may or may not be appropriate, depending upon the student, but why should longer-tibia students not be allowed to go to their maximum ankle dorsiflexion? There will be more knee flexion, but this is not necessarily a bad thing: it depends upon the student, what they are experiencing and what they wish to experience.
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  Figure 5.216 Warrior 2 Pose (Virabhadrasana 2) may appear different, depending upon the intra-limb ratio. (a) A student with a longer tibia will have his knee further in front of the toes than a student (b) with a shorter tibia. Note the amount of ankle dorsiflexion is the same in both students; the only difference here is the length of the tibias.




  In the weightlifting world, the effects of IRL and the Cormic index are well known, but focus is often placed on the femur rather than the tibia. If a lifter’s femurs are longer than the tibias, yielding a lower ILR, their back squat will look different from someone with a higher ILR. Notice the two lifters in figure 5.217. The one on the left has much longer femurs relative to his upper body than the one on the right. As a result, when the bar is over the feet, the long femurs “push” the hips further back, which requires more hip flexion and more forward leaning of the upper body as the lifter descends deep into the squat. The lifter on the right has shorter femurs relative to her upper body, so she can keep her torso more upright as she descends into a squat. (The same differences will appear when yoga students descend into Squat Pose (Malasana) or Chair Pose (Utkatasana).) Back-squatting for the lifter on the left will require more strength and development in his gluteal muscles than his leg muscles, while the lifter on the right will need more strengthen in her legs than her glutes.85
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  Figure 5.217 Longer femurs, as shown in the weightlifter on the left, will require more hip flexion—hence the upper body leaning forward—than shorter femurs, as shown on the right.




  Arm-to-torso proportions


  We looked earlier at the difference in leg-to-torso proportions (the Cormic index) for Leslie and Emilie. It is quite common for a person with relatively long legs to also have long upper limbs relative to the torso. Figure 5.218 present the arm-to-torso proportions for Leslie (on the left) and Emilie (on the right). Once again, we see how much longer Emilie’s limbs are. In the literature, this is referred to as the arm-to-body ratio (ABR), but there is not a lot of research in this area.86 Some associations have been noted between a lower-than-average ABR and negative mental health and poor socioeconomic conditions, but a low ABR may be due to poor nutrition and development in youth. In other words, growing up poor may cause limbs to be shorter rather than shorter limbs causing mental health or socioeconomic problems. Allen’s rule also suggests that shorter limbs may be due to genetic predispositions inherited from ancestors who lived in colder climates; thus, ABR may have nothing to do with health or fitness. In the other direction, there is some evidence that having longer arms may improve performance in throwing and other sports and may have been evolutionarily adaptive for hunting and fighting. Since the research is not clear in this area, there is little to be gained from speculating on the health consequences of a high or low ABR, but it is worth reviewing how the ABR ratio can affect yoga postures.
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  Figure 5.218 Leslie, on the left, has a shorter arm-to-body ratio than Emilie, on the right.




  Several postures require the student to press the hands into the floor and lift the torso up. Scale Pose (Tolasana) is one example, shown in figure 5.219. Hands rooted into the floor is also necessary in Rooster Pose (Kukkutasana) and when doing the jump backs in vinyasa flow or Ashtanga classes. Compare the two illustrations of Leslie in figures 5.218 and 5.219. Since her arms are shorter than her torso, to lift her hips off the floor she first has to bring her hands to the floor. This requires her to flex at the hips and flex her torso to lean forward. Emilie, with her long arms, does not have to lean forward to reach the floor; her hands are already there. When Leslie’s hands finally do reach the floor, to lift her hips off the floor she must fully depress her scapulae and shorten her torso. She attempts this by flexing her thoracic spine. Emilie does not need to flex her spine much at all to lift her hips.
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  Figure 5.219 Leslie, on the left, with a low ABR struggles to lift her torso off the floor in Scale Pose (Tolasana) and must flex her spine to make her torso shorter. Emilie, on the right, with long arms easily lifts off the floor; look how content she is.




  Many teachers may “encourage” Leslie by saying, “In time, you will get a stronger core like Emilie and will be able to float off the floor.” This is very misleading, as Leslie’s struggle has nothing to do with her core strength and everything to do with her ABR. If, instead, the teachers offered Leslie a way to make her arms as long as Emilie’s, Leslie would easily be able to levitate. As shown in figure 5.220, with blocks under the hands, effectively making her arms longer, Leslie can calmly float up and release her legs into the jump-back maneuver loved by power yoga aficionados.
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  Figure 5.220 With blocks under her hands, Leslie can easily levitate.




  In figure 5.221, we see Leslie and Emilie in the twist dedicated to the sage Bharadvaja (Bharadvajasana). With her long arms, Emilie, on the right, can easily place her palm under her left thigh. Leslie, on the left, cannot. An inability to place the palm under the thigh may be due to reduced range of twisting, or to an inability to depress the scapula, but the ABR also plays a role in this pose. The functional intention of Bharadvajasana is to generate a twisting stress in the torso, and if Leslie is feeling the sensations in the targeted area, she is doing the pose just as well as Emilie—possibly even better, as Emilie may not be twisting as deeply as Leslie because her long arms make the pose relatively easy for her.
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  Figure 5.221 Bharadvaja’s Twist (Bharadvajasana). Leslie, on the left, cannot get her hand under the thigh due to her low ABR. Emilie, on the right, can.


  Humerus-to-head/neck proportions


  A subset of the ABR is the length of the humerus relative to the length of the neck and head. Let’s call this the humerus-to-neck/head ratio (HNH). People’s HNH varies considerably, as shown in figure 5.222. We see Cynthia on the left and Barbara on the right. Again, this drawing is based on actual people with their unique proportions.87 Cynthia has relatively short humeri compared to the length of her neck and head, while Barbara has very long humeri. Notice how, even with maximum scapular upward rotation and elevation, Cynthia cannot bring her forearms to the same level as the top of her head, while Barbara’s forearms are well above her head.
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  Figure 5.222 The humerus-to-neck/head ratio is variable. Cynthia, on the left, is unable to elevate her forearms high enough to clear the top of her head. Barbara, on the right, with her longer humeri, can easily raise her forearms above the crown of her head.




  Imagine Cynthia and Barbara attempting to do Headstand Pose (Sirsasana). In teaching Headstand Pose, many yoga teachers prefer the head to be off the floor completely, which is a good version for students who have neck issues and cannot bear weight on their head. Unfortunately, there is no way that Cynthia can do Headstand Pose without having her head on the floor. This is because she cannot elevate her arms enough to take her body’s weight into her forearms. Figure 5.223a shows a similar student with a low HNH ratio who needs to bear a lot of weight on his head and neck. If Cynthia has neck issues and really wanted to do Headstand, she would be advised to use a Headstand bench, as shown in (b). Barbara, however, will look more like the student in (c). This student’s humeri are as long as her head and neck, and she does not even need to elevate her scapulae.
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  Figure 5.223 Headstand options: (a) A student with a short HNH ratio will have their head on the floor with most or all of the weight on the head (notice that his elbows are wider apart than the width of his shoulders); (b) a headstand bench will take all the weight off the head; (c) Barbara, with her long HNH ratio, can lightly place her head on the floor with most or all of the weight taken by the forearms (notice her elbows are shoulder width apart).




  If the arms have flexion restrictions and cannot be raised beside the ears, then the effective length of the humerus will be reduced. The geometry of this situation is shown in figure 5.224: notice how Barbara can easily flex her arms to 180°. This means that her effective arm length is her actual arm length. Cynthia, however, not only has shorter upper arms but also cannot flex her arms as much as Barbara. Her effective upper arm length is shorter than her actual length. Headstand is normally performed with the arms not fully flexed because the idea is to form a supportive triangle with the forearms. Depending upon the student, arm flexions in Headstand range from 140° to 170°.88 Basic trigonometry shows that the effective upper arm length will be reduced by 1.5% at 170° of arm flexion and by 23.4% at 140° flexion. The lesson drawn from this analysis is: if you have a short HNH ratio, try to keep your arms as flexed as possible. This may mean that to increase your arm flexion, you will have to wing your elbows wider apart than your teacher has instructed. To understand why a teacher’s instruction may not be ideal for you, read the sidebar “Note to Teachers: Allow the arms to be wider to increase arm flexion.”
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  Figure 5.224 The amount of arm flexion will change the effective upper arm length. (a) Barbara’s arms are fully flexed, so her effective arm length (shown in red) is the same as her actual arm length (shown in blue). (b) Cynthia is unable to fully flex her arms, so the height of her forearms is dictated by her effective arm length, which is shorter than her actual upper arm length.





  Note to Teachers: Allow the arms to be wider to increase arm flexion


  One way to increase flexion of the arm is to go around the point of compression that may be restrictive. If the humerus cannot flex higher because its shaft is contacting the anterior edge of the acromion process, then winging the arms wider may allow the shaft to go around the acromion. This will allow more elevation of the arms, but this requires the elbows to be wider than is often instructed. Many yoga teachers demand adherence to an aesthetic ideal for placement of the forearms in Headstand Pose (Sirsasana). They insist that the forearms create an equilateral triangle, or at least that the elbows be placed shoulder width apart. However, if the shafts of the student’s humeri are impinging on the acromia, then allow their elbows to be wider than an equilateral triangle, which is wider than shoulder width.


  Notice the yogis in figure 5.223. The student in (a) has his elbows wider than the yogini in (c). He has a lower HNH ratio than she does and needs every advantage he can get to increase the effective length of his humeri. If the teacher insists he place his elbows closer together, arm flexion will be reduced, so more weight will be borne by the head and neck. Of course, a student can go too far and place the elbows so wide that stability is lost. There are trade-offs to be considered: wider elbows reduce stress on the head and neck, but narrower elbows increase stability. What works for one student will not be optimal for another. Allow each student to determine their optimal arm position. Do not insist on the aesthetic of the elbows being in an equilateral triangle or shoulder width apart.




  Headstand on the crown of the head or the forehead?


  The discussion so far has centered on how to lengthen the upper arms, which can be done through elevation or upward rotation of the scapulae, and more arm flexion. However, it may also be possible to reduce the effective length of the head and neck. The position of the head affects the HNH ratio. Some teachers prefer students to do Headstand with the weight on the crown of the head (which is the top of the skull when standing in the anatomic position, or Mountain Pose [Tadasana]), while other teachers prefer the weight to be more forward, on the forehead. This will change the effective height of the head, in turn changing the HNH ratio. As shown in figure 5.225, the human skull is not a sphere. From the top of the spine (at the position of the foramen magnum, which is the hole in the skull where the spinal cord exits) to the crown of the head is a shorter distance (H1) than from the top of the spine to the forehead (H2). H2 is about 14% longer than H1; of course, this will vary from student to student. If a student already has a relatively short HNH ratio, doing Headstand Pose on the forehead will make the pose more challenging, as it makes the head/neck length longer. Instead, it may be better to ensure they are on the crown of their head, which makes the head/neck length shorter. For a student with a large HNH ratio, it may not make a difference whether they are resting on the crown or the forehead.
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  Figure 5.225 The human skull is not spherical. (a) The distance from foramen magnum to the forehead (H2) is greater than from the foramen magnum to the crown of the head (H1) by about 14%. (b) This student is on her forehead with her hands under the crown of her head. Fortunately, she has long upper arms, so this is not a problem for her.
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  Intra-limb ratio (ILR) for the arm


  Recall that the distal portions of our limbs tend to have more variability than the proximal portions. Thus, the lengths of the ulna and radius are more variable than the length of the humerus.89 This can affect the amount of arm flexion available during Headstand Pose. In the traditional way of teaching this pose, the hands are cradling the back of the head, so everyone has their hands in the same location with respect to the head. However, if the forearms are relatively long compared to the length of the humeri (a high ILR), then the elbows will be more in front of the head than if the forearms were shorter (a low ILR). Notice in figure 5.226 how longer forearms reduce the amount of arm flexion; conversely, shorter forearms increase arm flexion. In these cases, the limitation to arm flexion is not due to tension or compression preventing further elevation of the arm, but instead to the geometry of the posture. For everyone who can get forearms on the floor and hands behind the head, the key variables are the lengths of their forearms and humeri. Longer forearms (high ILR) will decrease flexion angles, in turn decreasing effective upper arm length. Students with relatively shorter forearms (low ILR) have a greater effective upper arm length because they have greater arm flexion.
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  Figure 5.226 The flexion angle of the arms is dependent upon the relative length of the forearms. (a) A student with shorter forearms, thus a low ILR, will have the point of the elbows in closer to the forehead than (b) a student with longer forearms and thus a higher ILR. The closer the point of the elbow is to the forehead, the greater the amount of arm flexion. In (c), the student in (b) is moving his arms backward by clasping hands and resting his head against the wrists. This increases arm flexion, which increases effective upper arm length, helping to reduce the weight on the head.




  If you happen to have quite long forearms and you feel a lot of weight on your head and neck while in Headstand Pose, you could try changing the position of your hands. Instead of having your head cradled in the palms of your hands, try clasping your hands firmly together and resting the back of your head against your wrists, as shown in figure 5.226c. This moves your arms backward, which increases your arm flexion angle and thereby your effective upper arm length. With this adjustment, you may find the stress on your head and neck reduced because now, you can press your forearms more firmly into the floor.


  Other postures with forearms on the floor


  Headstand Pose is certainly not the only posture in yoga where the forearms are on the floor bearing weight. Several postures require some or all of the body’s weight to be borne on the forearms, such as Dolphin Pose (see figure 4.206b and the Tova maneuver), Scorpion Pose (Vrischikasana) and Feathered Peacock Pose (Pinchamayurasana). Once again, if the length of the upper arm relative to the head and neck is short, it may be challenging to get the head off the floor. Figure 5.227 shows two students performing Feathered Peacock Pose. The woman on the left has a lower HNH ratio and less neck extension compared to the woman on the right. The woman on the right can easily lift her head high off the floor, but the woman on the left just barely gets her head up. The difference in the appearance of the posture for these two women has nothing to do with their dedication, strength or inner beauty; it is due to the difference in their bones. It is pretty clear that the student on the right has very long arms relative to her head, neck and the rest of her torso. She was born with this potential; yoga did not create it for her.


  [image: ]

  Figure 5.227 Lifting the head off the floor in Feathered Peacock Pose (Pinchamayurasana) requires good neck extension and a high HNH ratio. (a) This woman is restricted in neck extension and has a lower HNH ratio, which results in her barely being able to lift her head off the floor; (b) this woman has lots of neck extension and a large HNH ratio. She easily lifts her head up.
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  Arm span to height proportions


  Vesuvius and Leonardo were in agreement that we are as tall as our arms can stretch wide. For an average person, this is approximately true, but as always, it does not apply to every body. Our arm span (also called our wingspan or reach) is the distance from middle fingertip to middle fingertip. It is not quite the same as our height, but it is a close proxy for height, especially when it is not possible to directly measure a person’s height.90


  An ape index is a bit of sports jargon used for the ratio of arm span to height.91 In many endeavors, such as swimming, basketball, martial arts and rock climbing, a person’s ape index may be quite important. While Leonardo drew a square around the body to show that the ideal person has an ape index of 1.00, most people are not exactly 1.00. For example, Michael Phelps, the American swimmer who won 28 gold medals over five summer Olympics, is reported to have a wingspan 10 cm longer than his height, for an ape index of 1.05.92 The mixed martial artist Jon Jones has a wingspan 21 cm longer than his height, which gives him a decided advantage in reaching his opponents. Basketball players who have long arms can block an opponent’s dunk more easily than an equally tall player with shorter arms.


  Despite the obvious advantages of long arms, there are some disadvantages too. Weightlifters hoisting a barbell overhead have further to go if their arms are longer than the average competitor’s. Bench pressing is easier with an ape index under 1.00, because the lifter doesn’t have to press the bar as high. On the other hand, deadlifting a barbell off the floor is easier if your arms are longer and your legs are shorter. The American lifter Lamar Gant, the first person to deadlift five times his body weight, has very unusual proportions. Figure 5.228 illustrates his long his arms relative to his torso, and his significant spinal scoliosis. Under normal conditions, his spine curves around 75°, but under a heavy deadlift load, his curve can exceed 90°. In effect, scoliosis and deadlifting shortens his torso. After several dead lifts, Lamar’s hands reach just an inch or two above his knees. His scoliosis was not a problem to be solved but instead something that may have facilitated his world records.
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  Figure 5.228 Lamar Gant’s long arms were just one factor in helping him set many dead lift records.




  If we focus only on the body’s proportions, we can come to the erroneous conclusion that excelling in any sport or endeavor depends upon genetic luck. This is far from true. Certainly, proportions may give one person an advantage in a particular area, but the top performers in any field encompass a range of proportions. There are excellent swimmers, basketball players and rock climbers who have an ape index under 1.00. Lamar Gant may have set many deadlifting records in part due to the length of his arms (high ape index), but he worked hard in all aspects of his sport, which also required him to be very good at squats, where his arm length was irrelevant, and bench press, where his long arms were a disadvantage.93 Similarly, in yoga, having longer arms relative to the legs and torso may be advantageous or disadvantageous in obtaining a certain aesthetic appearance in some postures, but how you look in the pose is not the point. The point is to create a desired sensation or stress in the targeted areas of the pose.


  Length of upper body versus lower body in forward folds


  For yogis who have long hamstrings and lots of available hip flexion, it does not matter whether they have long or short legs, long or short arms or a long or short torso. Bending over to touch their toes is trivially easy. Figures 5.229 (a) and (b) show two yoginis who are blessed with lots of hip flexion, but notice the difference in their Cormic indexes. The first yogini’s head (a) is almost on the floor; she has a very long torso relative to her legs and thus a high Cormic index. The second yogi’s head (b) is further from the floor because she has a noticeably shorter torso and a lower Cormic index than the first yogini. Neither of these women has any problem touching the floor, regardless of how long or short their arms are. However, for the third woman (c), longer arms and shorter legs would definitely help her reach the floor; because she is limited in her hip flexion and her arms are short, she cannot place her palms on the floor with straight legs.
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  Figure 5.229 Standing Forward Fold (Uttanasana). The relative lengths of the legs, torso and arms are important for reaching hands to the floor only when hip flexion is restricted.

  fizkes, fizkes, Anatoliy Karlyuk, vichie81/Shutterstock.com




  In (d), we see a small class of students folding forward into Uttanasana. Notice that the center student has lots of hip flexion, but the women on either side of her do not. The student on the left will not be able to place her palms flat on the floor without bending the knees, which effectively shortens her legs. But other than that, unless she can create more hip flexion, she will not be able to bring her palms to the floor. The woman on the right has longer arms, and in this photo, they are bent. When she straightens her arms, she probably can bring her palms to the floor, despite having the same amount of hip flexion as the student on the left. She has the proportions to do so, whereas the student on the left does not.


  All the postures similar to Uttanasana that require the hands to reach the feet when the legs are together and straight, like Standing Hands Under Feet Pose (Padahastasana), Seated Forward Fold Pose (Paschimottanasana) or pressing up into Handstand Pose (Adhomukhavrksasana), benefit from having a high Cormic index. With shorter legs relative to the torso and longer arms relative to the legs, placing the hands on the ground is easier. But remember, the most important factor is the amount of hip flexion available.


  Abduction of arms and legs


  Both Star Pose (Utthitatadasana) and Wide Legged Forward Fold Pose (Prasaritapadottanasana) mimic Vitruvian Man to a degree. The arms are abducted to horizontal and are as wide as they can go. But how wide should the legs go? Quite often, yoga teachers will suggest spreading the legs until the feet are under the wrists. Interestingly, although some teachers reference him, if you look at Vitruvian Man in figure 5.2, you will see that his legs are not spread very wide.


  Consider the two yogis in figure 5.230 doing Star Pose in preparation for folding forward with legs wide apart. The male yogi (a) has his feet under his wrists. He can fold forward, but his head does not touch the floor; he is prevented by a lack of hip flexion. When the yogini sets her feet under her wrists and folds forward (b), she hits the floor with her head. She is prevented from going deeper into the pose by contact with the floor, but she is not at her edge in terms of hip flexion and does not feel any stress in the targeted area, which for her are the hamstrings. However, when she narrows her stance (c) and then folds forward, the floor no longer stops her, and she can flex deeply enough to feel the stress where she wants it. Who is doing the pose correctly—the man with the feet under the wrists or the woman with narrower feet? Answer: both are feeling stress in the targeted areas, so both are doing the pose properly, even though they look different. Star Pose and Wide Legged Forward Fold Pose have a variety of valid intentions, but the cue of placing the feet under the wrists is an aesthetic and has nothing to do with creating a stress in a targeted area.
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  Figure 5.230 How far apart should the feet be? (a,i) In Star Pose, this yogi has his feet under his wrists; (a,ii) when he folds forward, he is stopped by tension in his hamstrings, so his head does not touch the floor. (b,i) With the same relative distance between her feet, this yogini tries to fold forward (b,ii), but her head hits the floor, and she is stopped; (ci) when she narrows the distance between her feet and then (c,ii) folds forward, she can flex more deeply and get more sensation in the hamstrings. (d,i) When she widens her feet more and then (d,ii) folds forward, her head quickly hits the floor, but now she gets more sensation in the adductors.




  Let’s consider the case where the targeted area is the inner groin, and the intention of these postures is to create a stress in the adductor muscles. To get the desired stress in the targeted area, the legs may have to be abducted even wider than “feet under wrists.” The woman in figure 5.230 does not feel anything in her adductors in either (b) or (c); but if she widens her feet even more, her legs are abducted enough (d) to create the desired stress. She loses the sensation in her hamstrings because she cannot flex from her hips nearly as much as in (c), since her head hits the floor when the legs are wide apart; but in this case, that is okay, because she is getting stress in her targeted area.


  In figure 5.231, we see three yogis with different arm spans. For these yogis to get their feet under their wrists, their legs must be abducted to different degrees. This is okay for (b), as he can abduct his legs quite widely, but (c) is unable to abduct that much, so his feet are not under his wrists. Yet the arm span of the yogi in (c) is as long as the yogi’s in (a). The differences between them are in their pelvises and legs.


  (As explained in Your Body, Your Yoga, abduction of the leg can be limited by compression arising between the top of the femur’s greater trochanter and the side of the pelvis (ilium). Once this compression is reached, the bones will prevent further abduction. However, if you flex your hips, the position of the greater trochanter changes relative to the pelvis; instead of hitting the ilium, it will impinge against the back of the pelvis. Since the back of the pelvis is angled away from the side of the body, greater abduction can be found when the hips are flexed. For the student in (c), this means that while his abduction is limited when standing upright, once he is folded forward, he should be able to slide his feet wider apart.)
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  Figure 5.231 Keeping the feet under the wrists will change the angle of abduction of the legs. (a) With feet under wrists, this yogi has legs abducted 100°; (b) this yogi, due to having a larger arm span, has to abduct his legs 120° to position his feet under his wrists; (c) this yogi with the same arm span length as the yogi in (a) would like to bring his feet under his wrists, but due to compression at the side of his pelvis, he cannot abduct his legs that far. His abduction limit is 80°, and he has gone as far as he can go, at least while standing. If he folds forward, he may be able to widen his legs a bit more.




  Triangle Pose (Trikonasana) also involves abduction of the legs and positioning of the arms relative to the legs, but depending upon a student’s ape index and Cormic index, where the hand ends up is quite variable. Figure 5.232 shows three students with legs equally abducted and the same amount of lateral flexion of the torso, but (a) has very long arms (high ape index), (b) has shorter arms (low ape index) and (c) has a low Cormic index (the upper body is shorter than in the other two students) and a low ape index (shorter arms). Notice the differences in where the hand reaches. The student in (a) can place her palm on the floor; the (b) student can only get her fingertips to her ankles; the student in (c) can only reach her shin. Regardless of how each student looks, they may all be feeling sensations in the targeted areas and thus are each doing the pose properly.
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  Figure 5.232 Triangle Pose (Trikonasana) with variable relative arm and torso lengths. (a) This student has very long arms (a high ape index) and a long torso (high Cormic index); (b) this student has short arms (low ape index) but the same Cormic index as the student in (a); (c) this student has both a low Cormic index (a shorter torso) and a low ape index (shorter arms) to go along with her long legs.




  Triangle Pose (Trikonasana) can be performed in many ways. Students who think the point of the pose is to get their lower hand to the floor will often spread their legs wider apart, which lowers their upper body. Or they may add more side flexion to their torso to get the hand lower. In reality, whether the hand ever reaches the floor or not is irrelevant: it is an aesthetic and not a functional requirement of the posture. When the legs and torso are in a position where the desired sensations are occurring, then the hand goes where it goes. If it doesn’t reach the floor, let it rest on the ankle, the shin or a block. Who cares, as long as you are getting the sensations you want in the targeted areas.


  Long shins and short arms


  Notice the students in figure 5.233. Each of them has stepped their right foot into a low lunge position, but their hands and torsos are in very different places. The student in (a) has very long arms relative to the length of his shins (he has a high ape index). He can easily and smoothly step the foot forward while his hands stay on the floor. The student in (b) has her fingertips on the floor; she cannot get her palms to the floor because her shin is as long as her arm.94 When she steps a foot forward into a low lunge, she struggles to keep her fingers touching the floor. The student in (c) has a very low ape index; the height of his foot plus the length of his shin is much longer than his arm, and he cannot get his hand to the floor at all. When he tries to step a foot forward into a low lunge, he has to lift his hand off the floor. Once he is in the pose, he has to rest his chest on his thigh and place his hands on blocks, otherwise the hands would be floating in space. Alternately, he could bring his arms inside his front leg.
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  Figure 5.233 The ape index may determine whether your outside hand can reach the floor in a low lunge. (a) For a student with a large ape index and whose arms are longer than the lower legs, getting the palms to the floor is not a problem; (b) for a student with an average ape index, only the fingertips may reach the floor; (c) for a student with a low ape index, no part of the hand reaches the floor, but blocks can be used to allow the hands to root downward and stabilize the posture.




  Students with lower ape indices can use alternative positions for the lower leg to get their hands to the floor. Look at the students in figure 5.234 and see whether you can determine the adaptations employed. The man at the front has his upper arm inside the front knee, so his chest is not hitting his thigh. Note that he angles his arm so that his hand is still outside his front foot. This works for him, and he can still get the stresses where he wants them to be. The woman at the front left has her knee forward of her feet, which reduces the height of her thigh, so she can get her palms to the floor. She would not be able to do that if her knee were right above the ankle, because her arms are too short relative to her lower legs. The woman on the far right has longer arms, but she also has her knee a bit forward of her ankle, although not as much as the woman on the left. The woman in the back middle row has chosen to have her knee above the ankle and her arm outside the shin, but she only brings her fingertips to the floor. She has very long arms, and she has her chest off her thigh (notice the gap between her armpit and the top of her thigh). I suspect she could bring her palms to the floor if she wanted to. Why is she choosing to be on her fingers? We don’t know; we would have to ask her what her intentions are for the pose and whether she is getting what she wants out of the posture. Just because she could go further doesn’t mean she must.
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  Figure 5.234 A small yoga class in low lunge. Notice the differences in the placements and position of the hands, knees and torsos.
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  The arm-to-shin ratio will also affect whether the hand will reach the floor in Extended Side Angle Pose (Parsvakonasana). If your shin is longer than your arm, there is no way you will be able to get your palm to the floor. Remember, the distal portions of the limbs are the most variable. Some people have super-long shins. If they also have shorter arms, then they will struggle in this pose. But that’s fine, because props are allowed! Lengthening your arm with a block, as shown in figure 5.235, is perfectly okay if it helps you achieve the desired stress in the targeted areas.
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  Figure 5.235 Extended Side Angle Pose (Parsvakonasana). Using a block effectively lengthens the arm so the palm can press down.




  The Cormic index plus arm length versus lower body length


  Often, yoga teachers will suggest their students make their Down Dogs (Adhomukhasvanasana) look like an equilateral triangle. Some teachers will suggest they form an isosceles triangle. This is impossible advice. There are no equilateral dogs in our universe.


  An isosceles triangle has two sides of equal length and two angles equal. Thus, a Down Dog that looked like an isosceles triangle would require that the upper body, which is the torso and fully elevated arms, be the same length as the lower body. This is extremely rare, and I have never actually seen someone with those proportions. An equilateral triangle is a variation of an isosceles triangle that has all three sides of equal length and in which all the angles are the same, 60°. This still requires the upper body plus arms to be the same length as the lower body.95 Figure 5.236 shows what these two triangles look like, plus a third one: a scalene triangle, which has no sides alike and no angles the same. Down Dogs form scalene triangles, not isosceles or equilateral triangles.
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  Figure 5.236 Three triangles.96




  In both an isosceles and an equilateral triangle, a vertical line dropped from the apex will bisect the base at its midpoint, which means that the length of the base on either side of the vertical line will be equal. This means that if a student is doing a Down Dog that meets the requirements of an isosceles or equilateral triangle, she should have her tailbone at the apex of the triangle and have an equal amount of her body on either side of that point. As shown in figure 5.237, this is highly unlikely to occur. Here, we have two women (a and b) doing respectable dogs. Neither one is forming an isosceles or equilateral triangle: they are scalene triangles. As already mentioned, for the student to create an isosceles or equilateral triangle, their upper body length (torso and arm length) would have to be equal to their lower body length. With very rare exceptions, this is not the normal proportion for human beings. Our Cormic index, which you’ll remember is the ratio of our upper body length to our overall length, averages 0.51 (although the range is from 0.41 to 0.54). This means that for the average person, our upper body is pretty much the same length as our lower body. However, when we add the length of our extended arms to the length of our torso, the upper body with arms elevated is much longer than our lower body. And this means that it will never be possible to form an equilateral or isosceles triangle in Down Dog.
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  Figure 5.237 Down Dog Pose (Adhomukhasvanasana) will never look like an isosceles or equilateral triangle because our upper body with arms elevated is longer than our lower body. (a) This student’s tailbone forms the apex of a scalene triangle. A line dropped from the apex and dissecting the base shows that 67% of the base of the triangle is below the upper body while only 33% is below the lower body. (b) When a student hyperflexes at the shoulder, she can slightly reduce the effective length of her upper body, but it is still not sufficient to create an isosceles triangle.97 (c) Dolphin Pose (Ardhapinchamayurasana) can come close to an isosceles triangle because the elbows are on the floor, which shortens the overall length of the upper body with arms elevated.
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  Many people’s proportions are such that their lower body length is equal to their upper body length with elbow raised. The student in figure 5.237c comes very close to forming an isosceles triangle in Dolphin Pose (Ardhapinchamayurasana). The full length of the arms is no longer forming one side of the triangle. If her legs were slightly shorter or her humerus or torso were slightly longer, she would form an isosceles triangle. Thus, while there are no equilateral dogs, there are isosceles dolphins.


  Half Moon Pose (Ardhachandrasana)


  Another example of how the ratio of arm length to leg length affects yoga postures is in Half Moon Pose (Ardhachandrasana). Figure 5.238 shows two women performing the posture. The woman on the left has very long arms, and she can bring her fingertips to the floor without much side-bending of the torso. The woman on the right, however, has much shorter arms and has to side-bend more to get her fingertips to the floor. The student on the right is typical of most people; when you watch students performing Half Moon Pose, most will have their torso well below horizontal. This is because the average ratio of arms to legs is approximately 0.80 (our legs are about 25% longer than our arms).98 But occasionally, you will see a student with a big ape index. Her arms might be 0.90 of her leg length. She will not have to laterally flex her spine as much to reach the floor with her fingers in Half Moon Pose. As this is a balancing pose, how much lateral flexion is needed to bring the hand to the floor is irrelevant; the point is to challenge your balance and strengthen your legs and core. If you are achieving those goals, who cares if you have to use a block or lean further to get your fingers to the floor? You will look like you doing the pose, and you don’t have to look like someone else.
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  Figure 5.238 Half Moon Pose (Ardhachandrasana)—notice the difference in the length of the arms relative to the legs and the effect this has on the angle of the torso.




  Arms and legs as levers


  Yoga students often use the arms and legs as levers to turn the shoulders or pelvis against a stable or stationary torso. For example, in the reclining twists shown in figure 5.239, both the legs and the arms are helping to create a torsion through the torso. A student with longer limbs will have longer moment arms, which will help to turn the pelvis relative to the shoulders, thus deepening the twist. However, while long limbs may generate more torque to help create a twist, they can also limit the twist’s range of motion. Notice in both examples that the foot or the knee is on the floor. Another student with shorter legs or thighs would have to adduct the leg further before the foot or knee reached the floor, or would have to turn the pelvis further, deepening the twist.
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  Figure 5.239 The legs and arms can act as levers to deepen twists. However, longer legs may reduce the amount of leg adduction available or prevent further pelvis rotation.
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  Test yourself


  For a final example of varying body proportions, examine the three students performing Revolved Half Moon Pose (Parivrttaardhachandrasana) in figure 5.240. These drawings are based on photographs of real students. Can you tell why they look different? Focus on the relative lengths of the arms, legs and torso.99
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  Figure 5.240 Three examples of Revolved Half Moon Pose (Parivrttaardhachandrasana). What proportions account for the difference in the appearances of these three students?




  Summary: The importance of proportions


  There exists a mythos in yoga that every body can do every pose. This mythos is false. Everybody, and every body, is unique. Some of the simplest and clearest examples of your uniqueness are your proportions.


  The higher one lives or the further north one goes, the colder the climate becomes. Animals adapt to these geographic conditions by changing their body’s proportions, and humans are no exception. It was noticed in the mid-1800s that people living in colder climates had different body proportions from those living in tropical environments. Shorter limbs and larger torsos retain heat longer than longer limbs and thinner torsos. There is no one set of proportions that can be used to describe all human beings. We are too variable for that. Thus, people with ancestors who lived for a long time in one climatic zone will have different proportions from those whose ancestors lived in a very different climatic zone.


  There are many ways we can compare body segment sizes and lengths. We can compare our sitting height to our standing height, which is called the Cormic index. Embedded within the Cormic index is the relationship of the length of our lower body to our upper body. Some people have long legs compared to their torsos, while others have shorter legs. Folding forward to touch the floor is easier for people with shorter legs. We can compare the length of our arms to the length of our torso. People with longer arms will also find it easy to touch their feet during forward flexions and to lift their torso off the floor in various seated postures. We can compare the length of our arms to our overall body height. Aligning our hands over our spread apart feet will require less or more abduction of the legs, depending upon how wide your arm span is. Finally, within the limbs we can compare the distal segment to the proximal segment (the intra-limb ratio). Long shins relative to arm length make it more challenging to bring the hand to the floor in lunges.


  Certain proportions make certain movements easier, and other proportions make those movements more difficult. At the very least, people with one set of proportions will look different from those with another set. This is not a problem to be fixed, but it can be noticed and accommodated. Since variety in proportions is the rule, not the exception, it will serve both yoga students and yoga teachers well to remember why they are doing yoga postures. The point of any pose is not to look a particular way. We do not have to look like the Vitruvian Man. Sure, a pleasing aesthetic appearance can be appreciated and even beautiful, but asymmetry and different proportions can also be beautiful in their own way. The point of a pose is to create an appropriate stress in a targeted area. As long as this is being achieved, the pose is proper, regardless of the student’s appearance.


  Volume 5: Summary


  The ideal of perfect symmetry and perfect proportions is ancient, pervasive and impossible to realize. No one is perfectly symmetric, and everybody’s proportions are unique. Despite various claims, artistic rules and health dogmas, symmetry and perfect proportions are not related to beauty, health or ability. While ancient philosophers and artisans including Polykleitos in Greece, Vesuvius in Rome and Leonardo da Vinci in Italy, as well as more than a few yoga teachers around the world, have promoted and propagated the ideals of symmetry and proportions, it takes only a few moments of common sense and observations of the people around you to realize these ideals are unreal. There is no correlation between the purely aesthetic and the functional; there are only approximations.


  Throughout the trilogy of the Your Body, Your Yoga books, the term functional has been used to describe practices and directions that will yield improved or optimal health. Aesthetics are of secondary concern. So too in the realm of symmetry and proportions. Aesthetics often dictate guidance, but science and personal experience should guide functional teaching and practice.


  Asymmetries


  We are not symmetric. Our left side is not exactly the same as our right side. This is obviously true when you look inside the body: our blood vessels and nerves run differently on either side, our paired organs are placed asymmetrically, and many organs are not paired, but neither are they placed along the midline of the body. And there is no superficial symmetry either. While we obviously have two lower limbs and two upper limbs, they are not identical. One limb is stronger, one limb is longer. This is absolutely normal. There are functional and dysfunctional asymmetries. There are asymmetries that are fixed and unchangeable and ones that are variable and correctible. It is impossible to tell the cause of any asymmetry simply by looking at a student or by looking in a mirror.


  Most asymmetries are due to the shape of the bones and these are not changeable. Yoga will not change the length or torsion of the humerus, the carrying angle at the elbow or the shape and size of the ulna and radius. Insisting on symmetrical placement of the hands, forearms or arms may cause you to move your shoulders away from their optimal, balanced alignment. Thus, awareness should be directed to the shoulders whenever an asymmetry in the arms arises. Does changing the arm positions to match each other (to be more symmetric) cause any weakness, discomfort, instability or even pain at the shoulders? Do you feel unbalanced when you try to become more symmetric? If so, maybe you do not need to have your arms symmetrically placed. Instead, why not start your postures by first finding the most balanced, stable, secure position of your core, including the shoulder complex, and work from there outward? Remember the little mantra: start from your core and work toward the floor.


  There are many asymmetries of the body that can be investigated, but the ones that have an obvious effect on the aesthetics of yoga postures are asymmetries of the legs, of the pelvis, of the shoulders and arms, and of the spine. But in dealing with any asymmetry, the first question to consider is: Is this a problem? If there is no problem, if it is a functional asymmetry, then it does not need to be fixed. Almost everybody is functionally asymmetric in many ways and does not need to be changed. If the asymmetry is dysfunctional, the second question to ask is: What are you going to do about it? Can it be fixed, or does it have to be accommodated? If it can be fixed, it is highly unlikely that a few hours of yoga practice each week will be sufficient to change this degree of asymmetry.


  Since all yoga students possess some degree of asymmetry and obtaining a perfectly symmetric aesthetic is not necessarily appropriate, it is worth dropping the aesthetic goals that are consciously or unconsciously dangled in front of us. Instead, adopt a functional approach to your practice: have an intention and pay attention. When you are doing a posture, what targeted areas are you trying to stress? Are you succeeding? How you look, whether you are symmetric or not, is irrelevant in this approach. What are you feeling? If you are not obtaining the desired stress in the targeted area, then experiment—play with your alignment, the position of your shoulders, hips, arms and legs and notice how this affects your hands and feet.


  Proportions


  Human proportions are highly variable despite the image of Vitruvian Man, who stands with arms outstretched, as tall as his arms are wide. It is very likely that you do not fit into the square box Leonardo da Vinci drew. Your proportions are affected by the diet you had while a child, where you grew up and the socioeconomic conditions you lived in, by any diseases or conditions you contracted or developed, and by your genetic inheritance from your forebears.


  Babies are not miniature adults. As we age, our bodies change, as do our proportions. Our torso is longest and our legs shortest when we are young. Our arms, however, stay relatively constant throughout the maturing process. When we are young, before puberty, we may find certain activities, such as gymnastics, to be easy. But after puberty, when our body reaches its final adult proportions, what was once easy may become very challenging. On the plus side, our fully matured body is stronger. Our minds are also more developed. (There are no 10-year-old Olympic gold medalists!) One stage of life is not better or more ideal than another; they are simply different. If our intention at each age is to enjoy life and maintain optimal health, how we do this will change. There is no point in longing for the mobility of youth; enjoy the stability and strength of maturity.


  In the field of weightlifting, the influence of proportions has long been studied and known. Lifters with shorter arms do not have to push a weight as far over their head, or over their chest in bench press, as lifters with longer arms. Those with shorter arms do not have as far to go during push-ups as do those with longer arms. Lifters with shorter legs do not have as far to descend and rise again during squats. Those with both shorter legs and longer arms don’t have as far to raise the bar in dead lifts. Even though having favorable proportions does not guarantee success, and many factors go into creating a champion, proportions make a difference.


  In the field of yoga, Paul Grilley stands out as the one who brought variability in proportions to prominence. For over 30 years, he has researched and educated yoga teachers on the fallacy of alignment cues based on aesthetics and the importance of human variation, which includes variation in our proportions. He was the first to explain how these variations affect the way students do yoga poses. Not everyone has the upper arm length required to lift their head off the floor during Headstand (Sirsasana) or lift their hips off the floor in Scale Pose (Tolasana). Not everyone has the femur length needed to wrap their arms around the legs and clasp hands behind their back during bound postures like Revolved Side Angle Pose (Parivrttaparsvakonasana) or Seated Twist Pose (Ardhamatsyendrasana). Not everyone has short enough tibias to allow their pelvis to remain square to the front of the mat during Head to Knee Pose (Janusirsasana).


  Through Paul’s pioneering work and efforts, which have influenced so many teachers over the decades, the knowledge of human variation has become widely known and accepted. It is thanks to him that the Your Body, Your Yoga trilogy exists. And it is thanks to him that so many yoga students are now aware of this one very important, basic fact: You are unique!


  It’s your body.


  Do your yoga!
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  arm-to-torso proportions, 334–338, 334f


  armpit fascia, 25


  armpit (axilla) muscles, 70


  Arms Overhead (Urdhvahastasana), 129f, 130


  art, Japanese, 289, 289f


  arthritis, 133–135, 134f


  articular discs, 61


  articular surface angle, 141


  Ashtanga yoga, 69–70, 70f, 82, 246, 284n590, 334


  asymmetry(ies), 289–290, 289f, 293–294, 293f, 350–351


  of arms, 314–316, 315f


  correctable, 296


  definition of, 296


  directional, 296


  dysfunctional, 294–295


  fixed, 294, 296


  flexible, 296


  fluctuating, 296


  functional, 294–295


  of legs, 295–303


  non-correctible, 296


  of pelvis, 297f, 303–306, 303f, 304f, 305f


  playing around with, 313


  of shoulders, 312–314, 312f


  of spine, 306–310, 306f, 311f


  in twists, 309–310, 311f


  types of, 294–295


  average(s), 1–3, 168


  axial body, 13, 255


  axial plane, 8–9, 8f


  axilla (armpit), 70, 138f


  axillary artery, 31, 31f


  axillary fascia, 25


  axillary pouch, 59, 59f, 60


  B


  babies, 322, 322f, 351


  back functional line (BFL), 259t, 261f


  backward prayer hands, 251, 251f


  balance, 294, 318


  Balancing Cat, 189f, 190–191


  banana back, 117


  Bananasana, 308


  bank robber position, 93, 93f


  Bankart lesion, 130–131


  Bardinet’s ligament, 276n392


  bathing, 299


  Belskie, Abram, 1


  Bergmann, Carl, 320


  Bergmann’s rule, 320


  BFL (back functional line), 259t, 261f


  Bharadvaja’s Twist (Bharadvajasana), 335, 335f


  Bharadvajasana, 36


  biceps brachii, 63f, 64t, 66f, 70, 72, 138, 138f, 139, 158f, 159t, 160, 160f, 165, 167t, 277n419


  bicipital aponeurosis, 158f, 277n419


  bicipital tuberosity, 147, 147f


  bilateral symmetry, 289, 296


  biotensegrity model, 73–74, 73f, 74f


  blood vessels, 31, 31f


  BMI (body mass index), 178


  Boat Pose (Navasana)


  arm position, 121


  classic, 328–329, 328f


  floating your boat, 328–329, 328f


  hip flexion, 327, 327f


  body mass index (BMI), 178


  body movement


  directions, 8f, 9


  planes of the body, 8–9, 8f


  body proportions. see proportions


  Bolt, Usain, 289–290, 300, 318


  bone(s)


  arm, 16, 16f


  carpal, 16, 16f, 205f, 208, 211–214, 212f, 214f


  of elbow and forearm, 138, 139–150, 139f, 149t


  of hands, 16, 16f


  metacarpal, 16f, 205f, 206t, 208, 212f, 214–215, 214f


  sesamoid, 150, 215, 268–269n197


  shape of, 7


  of shoulder complex, 16, 16f, 39f, 40–49


  of upper body, 16, 16f


  of wrist and hand, 205f, 209–216, 212f


  bone paint, 154, 157


  Bound Extended Side Angle Pose (Utthitaparsvakonasana), 122


  Bound Seated Twist (Baddhaardhamatsyendrasana)


  elbow and forearm position, 171f, 174t


  with spinal asymmetry, 310, 311f


  Bow Pose (Dhanurasana), 122, 171f, 174t


  bowstringing, 160


  brachial artery, 31, 31f


  brachial fascia, 19, 26, 26f, 27f


  brachial plexus, 21, 29, 29f


  brachialis, 63f, 138, 138f, 158f, 159t, 160, 167t


  brachiation, 42, 43f


  brachioradialis, 63f, 138, 138f, 139, 158f, 159t, 160, 167t, 223f


  Bridge Pose (Setubandhasana), 122


  bursae, 60f, 61


  bursitis, 61


  Butterfly Pose (Baddhakonasana)


  exercises for wrists and hands in, 252–253, 253f


  with pelvic asymmetry, 304, 305f


  C


  cactus arms, 93, 93f


  Camel Pose (Ustrasana), 122


  Candle or Unsupported Shoulder Stand (Niralambasarvangasana), 120, 121


  capitate, 205f, 211, 212f, 213


  carpal bones, 16, 16f, 205f, 208, 211–214, 212f, 214f


  carpal canal, 221–222


  carpal coalitions, 213–214


  carpal tunnel, 221–222, 221f


  carpal tunnel syndrome (CTS), 221, 252, 253, 257, 285n607


  carpometacarpal joints (CMCJ), 212f, 214, 217f


  ligaments across, 219, 219t


  limitations to movement, 231–232


  normal ranges of motion, 230, 230t


  carrying angle, 140, 141–144, 142f, 201


  asymmetries, 315, 315f


  average, 141, 141f


  and elbow position, 190–191, 191f


  and hand position, 142–143, 143f


  cartilage, 40–49, 49t


  of elbow and forearm, 139–150


  fibrocartilage complex (FCC), 239


  triangular fibrocartilage complex (TFCC), 153, 217–219, 218t


  Cat Pose (Marjaryasana), 82


  for elbow strength, 193, 194f


  on fists, 245–246, 245f


  shoulder position, 109, 109f


  variation for shoulder dislocation, 131, 132f


  wrist and hand position, 108, 234


  CBTS (cubital tunnel syndrome), 200, 200f


  center of gravity (COG), 332–333, 332f


  cervical rib, 127


  cervicoaxillary canal, 265n105


  Chair Pose (Utkatasana), 121, 248, 331–333, 332f


  check-rein ligaments, 221


  chi (qi), 198


  children, 322–323, 322f, 323f


  Child’s Pose (Balasana)


  with arms at side, 120


  hand placement, 100, 100f


  chimpanzees, 42, 43f, 44


  chin-up exercises, 277n420


  chirality, 352n7


  CI (Cormic index), 322, 323–326, 354n71, 355n99


  circumduction, of arm, 32, 32f


  clavicle, 16, 16f, 50, 50f


  movement at AC joint, 77–78, 79t


  movement at SC joint, 75–77, 76f, 77t, 103, 103t


  movement at ST joint, 83, 84f


  orientations, 51–52, 51f


  variations, 51–52, 51f, 113, 114f, 115


  clavicular notch, 52


  claviculocostal ratio, 51


  clavipectoral fascia, 24, 25


  clockwise movements, 166, 166f


  close-packing, 18, 241


  closed-chain exercise, 100, 120, 123


  closed-chain hands, 182, 182f


  closed fists, 245–251


  CMCJ (carpometacarpal joint), 212f, 214


  Cobra Pose (Bhujangasana)


  arm asymmetries, 315, 315f


  elbow and forearm position, 180, 181


  hand position, 142, 170


  low Cobra or Sphinx Pose (Bhujangasana)


  arm asymmetries, 315f, 316


  elbow and forearm position, 173, 173f, 179, 179f, 180, 181


  hand position, 142, 170


  for upper crossed syndrome, 116


  Codman exercises, 129–130, 129f, 131, 133


  collateral ligaments, 220–221, 220f


  compartment syndrome, 27–28


  complex symmetry, 296


  compression, 5, 5f, 353n30


  hard, 5, 5f


  medium, 5, 5f


  sites of


  in fingers and thumb, 231, 231f


  in palm, 231, 231f


  soft, 5, 5f


  sources of


  at AC joint, 79


  in arm movements, 86–98, 88t, 89f, 91f, 97f


  in clavicular movement, 77


  in elbow movements, 178, 178t


  at GH joint, 86–98, 88t, 89f, 91f, 97f


  at SC joint, 77


  in scapular movement, 79


  in wrist movements, 236, 237t


  condyles, 139


  conoid ligament, 59f, 62


  conoid tubercle, 50, 50f


  Cooper’s ligament, 276n392


  coracoacromial arch, 41, 46, 46f


  coracoacromial ligament, 58f, 59f, 60


  coracobrachialis muscle, 64t, 70, 72, 138f


  coracoclavicular ligament, 59f, 62


  coracohumeral ligament, 59f, 60


  coracoid process, 40, 40f


  variations, 42f, 45–46


  variations in key parameters, 49, 49t


  variations in shape and size, 49, 49t


  core, 135–136


  Cormic index (CI), 322, 323–326, 345–346, 349, 354n71, 355n99


  coronal plane, 8–9, 8f


  coronal suture, 8–9


  coronoid fossa, 140–141, 140f


  coronoid process, 144, 144f


  Corpse Pose (Shavasana), 294


  arm asymmetries, 315, 315f


  foot position, 297, 298–299, 298f


  hand position, 108


  correctable asymmetry, 296


  costal tuberosity, 50


  costoclavicular ligament, 62f, 63


  costoclavicular triangle, 127, 127f


  counter-clockwise movements, 166, 166f


  Cow Face Pose (Gomukhasana), 13, 13f, 36


  arm position, 94, 121, 122


  asymmetries, 308, 308f, 312


  elbow and forearm position, 34, 171f, 174, 174t


  exercises for wrists and hands in, 252–253, 253f


  for frozen shoulder, 129f, 130


  for shoulder arthritis, 134–135, 134f


  with strap, 129f, 130


  Crow Pose (Bakasana)


  arm position, 120, 121


  wrist and hand position, 195–196, 196f, 204, 210, 233, 233f, 234


  CTS (carpal tunnel syndrome), 221, 252, 253, 257, 285n607


  cubital fossa (eye of the elbow), 55, 138, 138f, 184–185, 184f


  cubital tunnel, 200, 200f


  cubital tunnel syndrome (CBTS), 200, 200f


  cubitus valgus, 141–144, 141f, 191, 191f, 201


  cubitus varus, 141–144, 141f


  cues, 128


  for alignment, 248–249, 248f


  for hand placement, 240–241, 240f, 254


  


  D


  dangerous hypermobility, 8


  Daniels, Gilbert, 2


  DBAL (deep back arm line), 258t, 261f


  de Quervain syndrome, 252


  deep back arm line (DBAL), 87, 258t, 261f


  deep brachial artery, 31, 31f


  deep fascia, 24


  deep front arm line (DFAL), 87, 258t, 261f


  deep palmar arch, 31, 31f


  deep transverse metacarpal ligaments, 220–221, 220f


  deltoid fascia, 24–25


  deltoid ligaments, 218f


  deltoid muscle, 63f, 64t, 66–67, 66f, 68f, 72, 138f


  DFAL (deep front arm line), 258t, 261f


  Dickinson, Robert L., 1


  digital arteries, 31, 31f


  DIPJ (distal interphalangeal joints), 207, 217f, 226, 232


  directional asymmetry, 296


  directions


  clockwise vs counter-clockwise, 166, 166f


  in planes of movement, 8f, 9


  dislocation


  elbow, 185, 186f


  shoulder, 130–133


  distal humerus, 139–141, 139f, 140f, 255


  bowing, 144, 144f


  variations, 140–141, 148, 149t


  distal interphalangeal joints (DIPJ), 207, 217f, 226, 232


  distal mobility, 135–136


  distal oblique bundle, 152, 152f


  distal phalanges, 205f, 208, 212f, 214


  distal position, 9


  distal radioulnar joint (DRUJ), 139, 139f, 150, 153, 174, 175, 209


  distal radius, 138, 138f, 175, 175f, 209–211


  distal transverse arch, 215, 215f


  distal ulna, 209, 211


  Dobzhansky, Theodosius, 262n9


  Dolphin Pose (Ardhapinchamayurasana), 126f, 338–339


  Plank-on-Elbow variation, 179f


  triangle shape, 346, 346f


  dorsal carpal ligament, 221


  dorsal intercarpal ligament, 218f, 218t, 219


  dorsal radiocarpal ligament, 217, 218f, 218t


  dorsal radioulnar ligament, 218t


  dorsiflexion (extreme extension), 35, 35f, 195–196, 196f, 207, 222, 226, 246


  definition of, 15, 205t


  normal ranges, 133, 233–234, 234f


  Doryphoros (Polykleitos), 290, 290f


  Down Dog Pose (Adhomukhasvanasana), 13, 36, 123, 279n477, 284n602


  arm asymmetries, 315, 315f, 316


  arm position, 36, 100, 121, 121f, 176, 183, 187f, 190, 240–241, 240f


  avoiding shoulder impingement, 126, 126f


  cues for hands in, 240–241, 240f


  elbow and forearm position, 34, 164, 164f, 169, 170, 176f, 181, 183, 184–185, 184f, 187f, 189f, 190–191, 191f


  for elbow strength, 194, 194f


  on fingertips, 250, 250f


  on fists, 245–246, 245f, 246–247, 247f


  hand position, 10, 10f, 15, 100, 107–108, 135, 143, 143f, 182, 204, 239, 240–241, 240f, 255


  jumping through to sitting from, 69–70, 70f


  open-chain version, 100


  shoulder position, 80, 81, 84, 112–113


  spinal extension, 117


  technique for, 135–136


  triangle shape, 345, 346f


  Turbo Dog, 193, 193f


  variations for frozen shoulder, 129f, 130


  Wall Dog, 129f, 130


  wrist extension, 242, 242f


  downward rotation, 68


  DRUJ (distal radioulnar joint), 139, 139f, 150, 153, 174, 175, 209


  dynaments, 156–157, 157f


  dynamic stabilizers, 58


  dysfunctional asymmetry, 294–295


  dyskinesia, 38


  E


  Eagle Pose (Garudasana)


  arm position, 46, 86, 92, 94, 98, 98f, 115, 121, 121f


  with asymmetries, 304, 305f, 312, 312f


  shoulder position, 40, 80


  sources of tension, 314


  ectomorphs, 319, 320f


  Ehlers-Danlos disease, 7


  elbow, 137


  architecture of, 138–139


  bending, 179–181, 198, 198f


  bones and cartilage of, 138, 139–150, 139f


  bony variations, 148, 149t


  dislocation of, 185, 186f


  extension of, 34, 34f, 176, 201


  range of motion, 169–170


  sources of tension and compression, 178, 178t


  variations, 185, 186f


  eye of (cubital fossa), 55, 138, 138f, 184–185, 184f


  fascial tissues of, 150, 151f


  flexion of, 34, 34f, 176, 201


  range of motion, 168–169, 169f


  sources of tension and compression, 178, 178t


  form of, 137–167


  function of, 15, 168–201


  hyperextension of, 185–190, 186f, 189f, 201


  hypo-extension of, 185–190, 186f


  joints of, 18, 138, 139, 139f, 150


  landmarks of, 137–138, 138f


  ligaments of, 150, 154–155


  locked-out, 186–188, 188f


  locking, 201


  microbending, 187, 188–190, 193, 193f


  movements of, 34, 34f, 36, 178, 178t, 201


  muscles of, 158–166, 159t, 167t


  extensors, 161


  flexors, 160–161, 160f


  pronators, 163, 163f


  supinators, 165, 165f


  normal, 178, 178t


  position of, 201


  with arms straight, 181–183


  and carrying angle, 142, 142f, 190–191, 191f


  factors that influence, 178


  restrictions, 168–169


  pronation of, 34, 34f, 170–177, 171f


  axis of rotation for, 172–173, 172f, 173f


  full, 190


  range of motion, 148, 149t, 168–178


  sources of tension and compression, 178, 178t


  stability of, 139


  supination of, 34, 34f, 170–177, 171f, 172f, 173f


  tendons of, 154–155, 154f


  ways to callus the bones, 193–194, 194f


  in yoga postures, 179–194


  elbow joint, 150


  elbow pain, 195–200


  elbow problems, 195–200, 257


  elevation


  of arm, 32, 32f, 66–67, 76, 176


  of shoulder complex, 33, 33f


  endomorphs, 319, 320f


  endomysium, 21, 155, 156f


  energy channels, 318, 318f


  epicondylitis, 195


  epicondylosis, 195


  epimysium, 21, 155, 156f


  evidence-based medicine (EBM), 124, 124f


  exercise(s)


  chin-up, 277n420


  closed-chain, 100, 120, 123


  for frozen shoulder, 129–130, 129f


  open-chain, 123


  push-up (see push-ups)


  for shoulder arthritis, 133–135, 134f


  for shoulder rehabilitation after separation or dislocation, 130, 131, 132f


  for wrists and hands, 252–253, 253f


  Extended Hand-to-Big Toe (Utthitahastapadangusthasana) Pose, 83, 303, 304f


  Extended Side Angle Pose (Utthitaparsvakonasana)


  arm position, 121, 122


  with block, 345, 345f


  Bounded, 122


  extension


  of arm, 32, 32f, 37


  rotation in, 94–96, 95f


  sources of tension, 88t


  yoga postures that incorporate, 122, 122f


  definition of, 205t


  of elbow, 34, 34f, 176, 201


  hyperextension, 169, 185–190, 186f, 189f, 201


  hypo-extension, 169, 185–190, 186f


  range of motion, 169–170


  sources of tension and compression, 178, 178t


  variations, 185, 186f


  extreme (dorsiflexion), 35, 35f, 195–196, 196f, 207, 222, 226, 246


  definition of, 15, 205t


  normal ranges, 133, 233–234, 234f


  of fingers, 35, 35f, 207–208, 207f


  of hand, 205t


  of lumbar spine, 117


  thumb exercises, 253, 253f


  valgus extension overload, 199


  of wrist, 35, 35f, 207, 207f, 254


  alternative positions to reduce or eliminate, 196, 197f


  extreme (dorsiflexion), 15, 35, 35f, 133, 195–196, 196f, 205t, 207, 222, 226, 233–234, 234f, 246


  hyperextension, 241–243, 242f


  hypo-extension, 241–243, 242f


  limitations, 233–235, 233f


  ranges of dominant side movements, 233t


  sources of tension and compression, 236, 237t


  tenodesis action, 236, 238f


  variations, 234, 234f


  extensor carpi radialis brevis, 158f, 167t, 222, 223f, 224t, 225t


  extensor carpi radialis intermedius, 229


  extensor carpi radialis longus, 63f, 158f, 167t, 222, 223f, 224t, 225t


  extensor carpi ulnaris, 158f, 167t, 222, 223f, 224t, 225t


  extensor digiti communis, 167t


  extensor digiti minimi, 158f, 167t, 223f, 224t, 226t, 227, 227f


  extensor digitorum, 158f, 222, 223f, 224t, 225t, 226–227, 226t, 227f


  extensor digitorum brevis manus, 229


  extensor digitorum communis, 229


  extensor indicis, 224t, 226t, 227


  extensor pollicis brevis, 158f, 205, 222, 223f, 225t, 226t, 227


  extensor pollicis longus, 158f, 222, 223f, 224t, 225t, 226t, 227, 227f


  extensor retinaculum, 158f, 221, 223f, 227f


  extensors, 205, 205t


  extrinsic ligaments, 217, 218t


  Ezekiel’s Wheel, 73f, 285n626


  F


  fall onto outstretched hand (FOOSH), 185


  fascia


  antebrachial, 19, 26–27, 27f


  armpit, 25


  axillary, 25


  brachial, 19, 26, 26f, 27f


  clavipectoral, 24, 25


  deep, 24


  definition of, 19–20, 20t


  deltoid, 24–25


  function of, 20, 20t


  infraspinous, 25


  musculofascial layers, 23, 24t


  myofascia, 155–156, 156f


  myofascial meridians, 21–22, 87, 257, 258t–260t, 261f


  nerves in, 21


  parts of, 20


  pectoral, 24, 25


  proper, 21


  rhomboid, 25


  scapular, 25


  sources of tension from, 87


  subcutaneous, 263n54


  subscapular, 25


  summary description of, 19


  supraspinous, 25


  upper body, 19–28, 26f, 27f


  upper chest, 25


  wrist and hand, 28, 216


  fascial system, 20, 21


  FCC (fibrocartilage complex), 239


  Feathered Peacock Pose or Forearm Balance (Pinchamayurasana)


  elbow and forearm position, 118–119, 119f, 121, 122, 180–181


  hand position, 142, 170


  head position, 338–339, 339f


  feet


  alignment of, 298–299, 298f


  in push-ups and Chaturangadandasana, 109


  femoral acetabular impingement syndrome, 295


  femoral anteversion, 297, 297f, 298f


  FFL (front functional line), 259t, 261f


  fibroblasts, 21


  fibrocartilage complex (FCC), 239


  fibrous digital sheaths, 220f, 221, 226


  finger tendon glide exercises, 253, 253f


  fingers, 15–16


  abduction of, 207–208, 207f


  adduction of, 35, 35f, 207–208, 207f


  alignment of, 250, 250f


  bones of, 16, 16f, 254


  closed fists, 245–251


  extension of, 35, 35f, 207–208, 207f


  flexion of, 207–208, 207f


  ligaments of, 220–221


  limitations, 231–232


  movements of, 35, 35f, 36, 207–208, 207f


  options for Handstand (Adhomukhavrksasana), 244, 244f


  ranges of motion, 112, 112f, 230–232, 230t


  tenodesis action, 236, 238f


  tension and compression sites, 231, 231f


  variations, 232


  fingertips


  postures that benefit from resting on, 250, 251f


  working on, 249–250, 250f


  Fish Pose (Matsyasana), 122


  Fishman, Loren, 125, 307


  fists


  alignment of, 246–247


  closed, 245–251


  orientation of, 247–249, 247f


  position on floor, 246, 246f


  postures on, 245–249, 245f


  flexibility, 7–8


  flexion, 37, 169


  of arm


  in Plank or push-ups, 104–110, 161


  sources of tension, 88t


  and upper arm length, 336, 336f


  yoga postures that incorporate, 121, 121f


  definition of, 206t


  dorsiflexion (extreme extension), 35, 35f, 195–196, 196f, 207, 222, 226, 246


  definition of, 15, 205t


  normal ranges, 133, 233–234, 234f


  of elbow, 34, 34f, 176, 201


  range of motion, 168–169, 169f


  sources of tension and compression, 178, 178t


  of fingers, 35, 35f


  of forearm, 168–169, 169f


  of hand, 206t


  of hip, 327, 327f


  palmar, 15, 35, 35f, 207, 222


  thumb exercises, 253, 253f


  of wrist, 35, 35f


  flexor carpi radialis, 158f, 167t, 223f, 224, 225t


  flexor carpi ulnaris, 158f, 167t, 223f, 224, 225t, 227f


  flexor digiti minimi, 228, 228t


  flexor digiti minimi brevis, 227f


  flexor digitorum profundus, 158f, 223f, 225t, 226, 226t, 227f


  flexor digitorum superficialis, 158f, 167t, 223f, 225t, 226, 226t, 227f


  flexor pollicis brevis, 227f, 228, 228t, 231, 231f


  flexor pollicis longus, 158f, 222, 223f, 225t, 226, 226t, 227f, 228


  flexor retinaculum, 158f, 213, 221, 223f, 227f


  flexors, 205, 206t


  flossing the nerves, 30, 30f


  Folded Leg Forward Bend (Triangmukhaekapadapaschimottanasana), 330–331, 331f


  FOOSH (fall onto outstretched hand), 185


  foramen magnum, 336–337, 337f


  forearm, 137


  architecture of, 138–139


  bones and cartilage of, 16, 16f, 138, 139–150, 139f


  bony variations of, 148, 149t


  flexion of, 168–169, 169f


  floor postures, 338–339


  form of, 137–167


  function of, 168–201


  joints of, 138, 139, 139f, 150


  landmarks of, 137–138, 138f


  ligaments of, 150, 154–155


  movements of, 166, 166f, 201


  factors that influence, 178


  range of motion, 148, 149t, 168–178, 178t


  restrictions, 168–170, 174–175, 175f


  sources of tension and compression, 178, 178t


  muscles of, 17f, 139, 158–166, 158f, 159t, 167t, 223f


  extensors, 161


  flexors, 160–161, 160f


  pronators, 163, 163f


  supinators, 165, 165f


  muscular compartments of, 27f


  positions of


  carrying angle and, 142, 142f


  optional, 248–249, 248f


  options for placement with elbows flexed, 179, 179f


  pronation of, 164, 164f, 170–177, 171f, 180, 182–183, 201


  axis of rotation for, 172–173, 172f, 173f


  sources of tension and compression, 178, 178t


  in yoga postures, 174t


  stability of, 139


  summary, 201


  supination of, 166, 166f, 170–177, 171f, 180, 201


  axis of rotation for, 172–173, 172f, 173f


  sources of tension and compression, 178, 178t


  in yoga postures, 174t


  tendons of, 17f, 139, 154–155, 154f


  in yoga postures, 174t, 179–194


  Forearm Balance. see Feathered Peacock Pose or Forearm Balance (Pinchamayurasana)


  forearm triangle support (FTS), 125–126, 126f, 133


  form, Platonic, 289


  forward folds


  arm position, 121, 340, 341f


  Seated Forward Fold Pose (Paschimottanasana), 327, 327f, 340


  Standing Forward Fold (Uttanasana), 121, 340, 341f


  Wide-Legged Forward Fold Pose (Prasaritapadottanasana), 298–299, 298f, 340


  fossa, 41


  Four-Limbed Staff Pose (Chaturangadandasana), 36


  arm alignment, 314, 314f


  arm flexion, 104–105, 105f, 106


  feet position, 109


  on fists, 245–246, 245f, 248f, 249


  hand position, 108, 135, 142


  shoulder position, 104, 104f


  upper arm alignment, 120, 120f


  variations, 109


  wrist extension, 195–196, 196f


  front functional line (FFL), 87, 259t, 261f


  frontal plane, 8–9, 8f


  frozen shoulder, 128–130, 129f


  FTS (forearm triangle support), 125–126, 126f, 133


  function, 292


  functional asymmetry, 294–295


  functional lines, 257


  back functional line (BFL), 259t, 261f


  front functional line (FFL), 259t, 261f


  ipsilateral functional line (IFL), 259t, 261f


  functional yoga, xi, 113, 292, 350


  keys for practice, 4


  premises, 37


  G


  Gant, Lamar, 339, 339f, 340


  Gate Pose (Parighasana), 121


  geography, 320–321, 321f


  geometric morphometrics, 296


  glenohumeral (GH) joint (shoulder joint), 15, 36, 39, 39f, 58–61, 58f


  arm movement at, 84–98


  external rotation, 94, 95f


  internal rotation, 94, 95f


  sources of tension and compression, 86–98, 88t, 89f, 91f, 97f


  summary, 103, 103t


  bursae, 60f, 61


  capsular ligaments, 59–60


  close-packed position, 18


  joint capsule, 58–59, 58f
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  range, 3, 168


  range of motion


  active vs passive, 112–113, 112f


  bony variations and, 148, 149t


  RDCT (regular dense connective tissue), 277n418


  reach, 339


  Reclining Butterfly Pose (Suptabaddhakonasana), 304, 305f, 330, 330f


  Reclining Saddle Pose (Suptavirasana), 121


  Reclining Twist (Jatharaparivartanasana), 310, 311f


  regular dense connective tissue (RDCT), 277n418


  resting position, 18


  retinaculum(a), 19, 21, 222


  retraction, 33. see also adduction


  of scapula, 82, 83f


  Reuleaux, Franz, 123


  reverse curls, 160


  Reverse Prayer Hands (Reverse Namaste), 94, 95f


  elbow and forearm position, 171f, 174t


  for shoulder arthritis, 134, 134f


  wrist and hand position, 99, 235, 235f


  Reverse Table Top. see Slide or Upward Plank Pose (Purvottanasana)


  Revolved Half Moon Pose (Parivrttaardhachandrasana), 347, 348f


  Revolved Lunge (Parivrttabaddhaparsvakonasana), 171f


  Revolved Side Angle Pose (Parivrttatrikonasana), 310, 325, 325f, 351


  Revolved Triangle Pose (Parivrttatrikonasana), 250, 251f


  rhomboid fascia, 25


  rhomboid ligament, 62f, 63


  rhomboids major and minor, 68–69, 68f, 69t, 70, 72


  ribcage, 52–53, 52f, 53f


  ring finger, 204f, 212f


  Rooster Pose (Kukkutasana), 120, 334


  rotational symmetry, 296


  rotator cuff muscles, 65–66, 65f, 66f, 67


  rotator cuff problems, 125–126


  rounded shoulder posture, 82, 82f, 114f, 115


  RTS (radial tunnel syndrome), 200


  Ruffini corpuscles, 21


  S


  Sage Twist Pose (Marichyasana), 36


  arm position, 122, 122f


  asymmetries, 323, 324f


  sagittal plane, 8–9, 8f


  sagittal suture, 8


  SAID (specific adaptation to imposed demand), 188


  Satyananda Saraswati, 198


  SBAL (superficial back arm line), 258t, 261f


  SC joint. see sternoclavicular joint


  Scales Pose (Tolasana or Utpluthih), 120, 334, 334f, 351


  with blocks, 334, 335f


  on fists, 245f, 246


  shoulder position, 80, 82


  scaphocapitate ligament, 218f


  scaphoid bone, 205f, 211, 212f, 213


  scapholunate ligament, 218t, 219


  scaphotrapezial ligament, 218f, 218t


  scaphotrapezoid ligament, 218f, 218t


  scaption, 32, 32f, 86, 104


  yoga postures that incorporate 180° elevation of arms through, 121, 121f


  scapula(e), 9, 9f, 16, 16f, 40–48, 40f


  biotensegrity view of, 74, 74f


  human anatomy compared with other animals, 42–44, 43f


  key landmarks, 40


  lateral border, 40f, 41


  medial border, 40f, 41


  movements of, 33, 70


  at AC joint, 78–79, 78f, 79t, 103, 103t


  at ST joint, 81, 81f, 82, 83f, 84, 85t, 103, 103t


  position of


  and neck movement, 117


  in plank or push-ups, 104–110


  potential for arm elevation, 102, 102f


  protraction of, 82, 83f


  retraction of, 82, 83f


  rotation of, 102


  spine of, 16f


  superior border, 40f, 41


  variations, 41–48, 41f, 42f, 53, 102, 102f, 114f


  winged, 82


  scapular fascia, 25


  scapular plane, 9, 9f, 39–40, 40f, 104


  scapulohumeral rhythm, 83, 101–103, 101f, 135


  scapulothoracic (ST) joint, 15, 36, 39, 39f, 53, 58, 60f, 63, 262n20


  anterior (forward) tilt of, 80f, 81, 83


  close-packing, 18


  depression of, 80, 80f, 81–82, 81f


  downward (medial) rotation of, 80–81, 80f, 83


  elevation of, 80, 80f, 81–82, 81f


  movements at, 79–84, 80f, 81f


  posterior (backward) tilt of, 80f, 81, 83


  protraction (abduction) at, 80, 80f, 82–83, 83f


  retraction (adduction) at, 80, 80f, 82–83, 83f


  scapular movement at, 81, 81f, 82, 83f


  sources of tension and compression, 84, 85t


  summary, 103, 103t


  upward (lateral) rotation of, 80, 80f, 83, 84f


  sciatic nerve, 29


  scoliosis, 290, 306, 306f, 339


  adolescent idiopathic (AIS), 306


  personal story, 317, 317f


  yoga postures for, 306–307, 307f


  Scorpion Pose (Vrischikasana), 122, 180, 338–339


  Seagull Pose, 251, 251f


  Seal Pose, 193, 194f


  Seated Forward Fold Pose (Paschimottanasana)


  abduction of arms and legs, 340


  arm position, 121, 327, 327f


  Seated Half-Lotus Pose with one leg straight (Ardhabaddhapadmapaschimottanasana), 304, 305f


  Seated Side Bend (Parsvasukhasana), 310, 311f


  Seated Twist Pose (Ardhamatsyendrasana), 351


  arm position, 122, 122f


  asymmetries, 310, 311f, 323, 324f


  Bharadvaja’s Twist (Bharadvajasana), 335, 335f


  Bound Seated Twist (Baddhaardhamatsyendrasana)


  asymmetries, 310, 311f, 323, 324f


  elbow and forearm position, 171f, 174t


  Sage Twist Pose (Marichyasana), 36


  arm position, 122, 122f


  asymmetries, 323, 324f


  sensorimotor homunculus, 203, 203f


  separation, shoulder, 130


  serratus anterior muscle, 63f, 66f, 68f, 69t, 70, 72


  sesamoid bone(s), 150, 205f, 215, 268–269n197


  SFAL (superficial front arm line), 258t, 261f


  Sheldon, William, 320, 354n59


  shins: arm-to-shin ratio, 344–345, 344f


  Shoelace Pose


  with Seagull arms, 251, 251f


  for wrists and hands, 252–253, 253f


  shoulder arthritis, 133–135, 134f


  shoulder circles, 198–199, 198f


  shoulder complex, 13, 37–38


  adduction of, 33, 33f


  anterior tilt of, 33, 33f


  architecture of, 39


  asymmetry of, 312–314, 312f


  biotensegrity view of, 73–74, 73f, 74f


  bones of, 16, 16f, 39f, 40–49, 40f


  bursae of, 60f, 61


  cartilage of, 40–49


  downward rotation of, 33, 33f


  form of, 38–74


  function of, 75–136


  joinings of, 15


  joints of, 36, 39, 39f, 58–63


  key points of interest, 37, 37f


  landmarks of, 38–39, 38f


  ligaments of, 58–63, 58f


  movements of, 31, 33, 33f, 36, 37, 75–100, 77t


  at AC joint, 77–79, 78f, 79t


  during arm abduction, 103, 103t


  normal range of motion, 101–113, 101f


  at SC joint, 75–77, 76f, 77t


  at ST joint, 79–84, 80f


  thoracic kyphosis and, 116–117


  muscles of, 63–72, 63f


  muscles that work globally over, 68–70, 68f, 69t


  musculofascial layers of, 23, 24t


  position of, 39–40, 40f, 255


  posterior tilt of, 33, 33f


  rounded shoulder posture, 82, 82f, 114f, 115


  skeletal variations, 113–117, 114f


  summary, 135–136


  in yoga postures, 120–122


  shoulder dislocation, 130–133, 132f


  shoulder impingement, 257


  avoiding, 126, 126f


  yoga therapy for, 125–126


  shoulder joint. see glenohumeral joint


  shoulder pain, 124


  shoulder problems, 124–134


  factors that contribute to, 42


  rounded shoulder posture, 82, 82f, 114f, 115


  shoulder rehabilitation, 130, 131, 132f


  Shoulder Rolls, 134, 134f


  shoulder separation, 62, 130, 132f


  Shoulder Stand Pose (Salambasarvangasana)


  arm position, 94, 99, 122


  asymmetry, 313


  shoulder placement, 80, 81


  Unsupported (Niralambasarvangasana), 120, 121


  Viparitakarani variation, 122


  wrist flexion, 251


  Side Angle Pose (Parsvakonasana), 250


  Extended Side Angle Pose (Utthitaparsvakonasana)


  arm position, 121, 122


  with block, 345, 345f


  bounded, 122


  on fingertips, 250, 251f


  side plane, 8–9, 8f


  Side Plank Pose (Vasisthasana and Kasyapasana), 144, 272n279, 279n465


  arm asymmetries, 316


  elbow and forearm position, 176, 176f, 182, 182f, 189f, 191, 191f, 192, 192f


  for elbow strength, 194, 194f


  on elbows, 306, 307f


  with knee problems, 306, 307f


  for scoliosis, 306, 307f


  with spinal asymmetry, 308


  variations, 110–113, 111f


  Vitruvian, 319f


  sigmoid cavity, 147


  sigmoid notch, 147


  sitting height ratio, 322, 326


  situs inversus, 352n5


  skeletal variations, 113–117, 114f, 201


  asymmetries, 293–294, 293f


  skull, 336–337, 337f


  SL (spiral line), 260t


  SLAP lesion, 130–131


  Slide or Upward Plank Pose (Purvottanasana), 271n248


  arm position, 99, 122


  elbow and forearm position, 171f, 174t, 189f


  for elbow strength, 194, 194f


  for shoulder dislocation, 131, 132f


  wrist and hand position, 195–196, 196f, 234


  wrist extension, 242–243, 242f


  small or little finger, 204f, 212f


  somatotypes, 319, 320f


  specific adaptation to imposed demand (SAID), 188


  Sphinx or low Cobra Pose (Bhujangasana)


  arm asymmetries, 315f, 316


  elbow and forearm position, 173, 173f, 179, 179f, 180, 181


  hand position, 142, 170


  spine


  asymmetry of, 306–310, 306f, 311f, 317, 317f


  lumbar: extension of, 117


  lumbar vertebra, 309–310, 309f, 310t


  spiral line (SL), 87, 257, 260t, 261f


  spiral symmetry, 296


  Square Pose (Agnistambhasana), 330, 330f


  Squat Pose (Malasana)


  with backward prayer hands, 251, 251f


  knee position, 331–333, 332f


  ST joint. see scapulothoracic joint


  stability, 7–8, 18


  of elbow and forearm, 139


  proximal, 135–136


  trade-off between mobility and, 45


  stabilizers


  dynamic, 58


  passive, 58


  Staff Pose (Dandasana), 120


  Standing Forward Fold (Uttanasana), 121, 340, 341f


  Standing Half-Lotus Pose (Ardhabaddhapadmottanasana), 304, 305f


  Standing Half-Moon Pose (Ardhachandrasana), 310, 311f


  Standing Hand-to-Toe Pose (Utthitahastapadangusthasana), 121


  Standing Hands Under Feet Pose (Padahastasana), 15, 250–251, 251f, 284n603, 340


  Star Pose (Utthitatadasana), 340–342, 342f, 343f


  statistics, 3


  Steindler, Arthur, 123


  sternal facet, 50, 50f


  sternalis, 71


  sternoclavicular (SC) joint, 15, 36, 39, 39f, 50, 58, 62–63, 62f


  costal facet, 62


  key ligaments, 62–63


  movement at, 75–77, 76f, 77t, 103, 103t


  sternocleidomastoid muscles, 62f, 63, 63f, 268n186


  sternohyoid muscle, 63, 63f


  sternothyroid muscle, 63


  sternum, 52–53, 52f


  Straddle Pose, 304


  strength, 45


  stress, 5–6, 6f, 7–8, 262n14


  stretch, 7–8


  styloid process


  radial, 139f, 147, 147f, 209


  ulnar, 139f, 144f, 145, 152f, 175, 175f, 211


  subacromial bursa, 60f, 61


  subacromial impingement, 89, 89f


  subacromial impingement syndrome, 89


  subclavian artery, 31, 31f


  subclavius muscle, 62f, 63, 68f, 69–70, 69t


  subcoracoid bursa, 60f, 61


  subcoracoid space, 127, 127f


  subcutaneous bursa, 61


  subcutaneous fascia, 263n54


  subdeltoid bursa, 60f, 61


  subluxation, of shoulder, 130–133


  submuscular bursa, 61


  subscapular bursa, 60f, 61


  subscapular fascia, 25


  subscapularis fossa, 40f, 41


  subscapularis muscle, 64t, 65, 65f, 66, 66f, 67, 70, 72


  subscapularis-teres-latissimus muscle, 72


  subtendinous bursa, 61


  subtle body energy channels, 318, 318f


  Sun Salutations, 80


  superficial back arm line (SBAL), 87, 258t, 261f


  superficial front arm line (SFAL), 87, 258t, 261f


  superficial palmar arch, 31, 31f


  superior angle, 41


  superior direction, 8f, 9


  supination


  definition of, 15


  of elbow, 34, 34f, 170–177, 172f, 173f


  of forearm, 166, 166f, 170–177, 171f, 180, 201


  axis of rotation for, 172–173, 172f, 173f


  sources of tension and compression, 178, 178t


  in various postures, 178, 178t


  wrist exercises, 253, 253f


  supinator, 139, 158f, 159t, 165, 165f, 167t


  supinator fossa, 144f


  supra acromial bursa, 63f


  supraglenoid tubercle, 40f, 41


  suprahumeral joint, 262n21


  suprascapular nerve, 26f, 264n71


  suprascapular notch, 40f, 41


  supraserratus bursa, 63


  supraspinatus muscle, 64t, 65, 65f, 66–67, 66f, 72


  supraspinous fascia, 25, 44


  supraspinous fossa, 40f, 41


  supratrochlear foramen, 140–141


  supratrochlear septum, 140–141


  sushumna nadis, 318, 318f


  suspensory ligament, 25


  Swan Pose (Hamsasana), 234


  symmetry, 289–290, 299, 318, 318f, 350. see also asymmetry


  bilateral, 289, 296


  complex, 296


  rotational, 296


  spiral, 296


  translational, 296


  symphalangia, 214


  syndactyly, 214


  synostosis, 148


  synovial joints, 208


  T


  T-shaped push-ups, 105, 105f, 106


  Table Top Pose (Chatuspadapitham)


  arm position, 122


  for shoulder dislocation, 131


  wrist and hand position, 195–196, 196f, 233, 233f


  taijitu symbol, 294, 294f, 318


  Tantra yoga, 318


  TCM (Traditional Chinese Medicine), 22–23, 23f, 198, 263n40


  technique, 7, 42, 135–136


  tendinosis, 195


  tendons


  classical view of, 154–155, 154f, 156


  elasticity of, 155, 155f


  of elbow and forearm, 154–155, 154f


  of flexor digitorum profundus, 158f


  of flexor digitorum superficialis, 158f


  of forearm, 17f


  of hand, 17f


  new paradigm for, 156–157, 156f, 157f


  variations, 229


  of wrist and hand, 221


  tennis elbow (lateral epicondylitis, LE), 152, 195–196


  alternatives for, 196, 197f


  positions to avoid, 195–196, 196f


  tenodesis action, 236, 238f


  tenosynovitis, 221


  tensegrity, 73f, 74


  tension, 5, 5f


  sites of


  in fingers and thumb, 231, 231f


  in palm, 231, 231f


  sources of


  at AC joint, 79


  in arm movements, 86–98, 88t, 89f, 91f, 97f


  in clavicular movement, 77


  in elbow movements, 178, 178t


  at GH joint, 86–98, 88t, 89f, 91f, 97f


  at SC joint, 77


  in scapular movement, 79


  in wrist movements, 236, 237t


  tenting, 109


  teres major, 63f, 64t, 65, 66f, 67, 70, 72


  teres minor, 63f, 64t, 65, 65f, 66, 66f, 67, 72


  terminology, 205, 205t–206t


  TFCC (triangular fibrocartilage complex), 153, 217–219, 218t


  thenar eminence, 228, 231, 231f


  thoracic kyphosis, 52f, 53, 116–117


  thoracic outlet, 29, 127, 127f


  thoracic outlet syndrome (TOS), 29, 117, 127–128


  thorax


  movement of scapula relative to, 84


  variations, 114f


  thrifty phenotype hypothesis, 355n82


  thrower’s arm, 199


  thumb


  bones of, 212f, 254


  carpometacarpal joint, 219, 219t


  flexion/extension exercises, 253, 253f


  movement of, 208, 208f


  limitations to, 231–232


  range of motion, 230, 230t


  tension and compression sites, 231, 231f


  tibial torsion, 296, 297, 297f, 298f


  Tommy John surgery, 151


  torque, 327, 327f, 354n78


  torso to leg proportions (Cormic index), 322, 323–326, 354n71, 355n99


  TOS. see thoracic outlet syndrome


  Tova, Ovadia, 125


  Tova maneuver, 125, 126, 338–339


  Traditional Chinese Medicine (TCM), 22–23, 23f, 198, 263n40


  transaxial plane, 8–9, 8f


  translation, 59


  translational symmetry, 296


  transverse carpal ligament, 213, 219t, 221


  transverse humeral ligament, 59f


  transverse plane, 8–9, 8f


  trapezium, 205f, 211, 212f, 213, 219t


  trapezius muscles, 63f, 68f, 69–70, 69t, 71


  trapezoid bone, 205f, 211, 212f, 213


  trapezoid ligament, 59f, 62


  Tree Pose (Vrksasana), 121


  Triangle Pose (Trikonasana), 123


  elbow position, 169


  for elbow strength, 193, 194f


  foot position, 298–299, 298f


  hand position, 343, 343f


  leg position, 300, 300f


  triangles, 345, 345f


  triangular fibrocartilage complex (TFCC), 153, 217–219, 218t


  triarthroidal trochoginglymus joint, 150, 276n389


  triceps brachii, 63f, 64t, 66f, 138, 138f, 158f, 159t, 161, 167t


  moment arm, 162, 162f


  variations, 72


  trigger finger, 252


  triquetrocapitate ligament, 218f


  triquetrohamate ligament, 218f


  triquetrum, 205f, 211, 212f, 213


  trochlea, 140, 140f, 151f


  trochlear notch, 144, 144f


  alternate names, 275n365


  articular cartilage, 151f


  closed, 145, 145f


  dorsal hook angle, 145, 145f


  open, 145


  tropisms, 309


  tubercles, 205f


  Turbo Dog, 193, 193f


  Turtle Pose (Kurmasana), 122


  Tutsi people, 354n68


  twists. see also Sage Twist Pose (Marichyasana); Seated Twist Pose (Ardhamatsyendrasana)


  arms and legs as levers in, 347, 347f


  asymmetry in, 309–310, 311f


  U


  ulna, 16, 16f, 137, 138, 138f, 139, 144–147, 212f


  dorsal hook angle, 145, 145f


  evasive movement of, 172


  head, 144f, 145


  longitudinal crest, 144f, 145


  movement during pronation or supination, 172–173, 172f, 173f


  proximal ulna dorsal angle (PUDA), 146, 146f, 147


  styloid process, 139f, 144f, 145, 152f, 175, 175f, 211


  supinator crest, 144f, 145


  variations, 145–148, 145f, 146f, 148f, 149t


  varus angulation, 145, 146f


  ulnar artery, 31, 31f


  ulnar collateral artery, 31, 31f


  ulnar collateral ligament, 218f, 218t, 219t, 221


  ulnar deviation, 35, 35f, 207, 207f, 222, 246


  definition of, 15, 206t


  limitations, 236


  normal range, 232


  sources of tension and compression, 236, 237t


  wrist exercises, 253, 253f


  ulnar deviator muscles, 225, 225t


  ulnar entrapment, 200, 200f


  ulnar fovea, 145


  ulnar nerve, 29, 199, 199f


  ulnar notch, 139f, 147, 147f


  ulnar tilt, 209f, 210


  ulnar tuberosity, 144, 144f


  ulnar tunnel, 221, 224


  ulnocarpal meniscus, 218t, 219


  ulnolunate ligament, 218f, 218t


  ulnotriquetral ligament, 218f, 218t


  United States Air Force, 2


  Up Dog Pose (Urdhvamukhasvanasana), 120


  elbow and forearm position, 189f


  for elbow strength, 194, 194f


  on fists, 247


  wrist extension, 195–196, 196f


  Upavisthakonasana, 121


  upper arm, 53–57


  neutral alignment at sides, 120, 120f


  upper body, 13–14


  blood vessels of, 31, 31f


  bones of, 16, 16f


  deep fascia of, 24


  fascia of, 19–28, 26f, 27f


  length of, 340, 341f


  movements of, 31–35


  muscles of, 16–19, 17f


  overview, 15–35, 36


  Pawanmuktasana sequence for, 198–199, 198f


  regions of, 15


  upper chest fascia, 25


  upper crossed syndrome, 115–116, 116f, 272n286, 272n288


  upper ribcage, 52–53, 52f, 53f


  Upward Facing Bow. see Wheel or Upward Facing Bow (Urdhvadhanurasana)


  Upward Plank Pose. see Slide or Upward Plank Pose (Purvottanasana)


  upward rotation, 68


  US Army, 109


  V


  valgus, cubitus, 141–144, 141f


  valgus extension overload, 199


  valgus extension overload syndrome (VEOS), 199


  van der Wal, Jaap, 156


  varus, cubitus, 141–144, 141f


  varus angulation, 145, 146f


  VEOS (valgus extension overload syndrome), 199


  vertebrae, lumbar, 309–310, 309f, 310t


  Vesuvius. see Vitruvius


  virtual joints, 262n20


  Vitruvian Man (Leonardo da Vinci), 290, 291, 291f, 351


  Vitruvian Vasisthasana, 319f


  Vitruvius, 290, 291, 339, 350


  volar carpal ligament, 221


  volar plate, 220–221


  volar tilt, 210, 210f


  Volkmann’s ischemic contracture, 27


  W


  walking-the-wall exercise, 129f, 130


  Wall Dog, 129f, 130


  Wall Straddle Pose, 305f


  Warrior 1 (Virabhadrasana 1)


  arm placement in, 121


  variation for shoulder dislocation, 132f, 133


  Warrior 2 (Virabhadrasana 2)


  elbow and forearm position, 171


  for elbow strength, 193, 194f


  for frozen shoulder, 130


  hand position, 182, 204, 238, 238f


  knee position, 333, 333f


  variation for shoulder dislocation, 132f, 133


  Warrior 3 (Virabhadrasana 3)


  arm placement, 121


  variation for shoulder dislocation, 132f, 133


  Warrior Poses (Virabhadrasanas)


  elbow extension, 169


  knee position, 333, 333f


  for shoulder dislocation, 131, 132f, 133


  weight bearing, on hands, 164, 164f


  weightlifting


  arm span to height proportions, 339, 339f


  knee position, 333, 333f


  “What stops me?” spectrum, 4–5, 5f, 255


  for arm asymmetries, 316


  for elbow and forearm, 174–176


  for leg asymmetries, 302–303


  for pelvic asymmetry, 304–306


  for shoulder asymmetry, 314


  for spinal asymmetry, 310–311


  Wheel or Upward Facing Bow (Urdhvadhanurasana)


  arm placement, 92, 94, 121


  elbow and forearm position, 170, 186


  hand position, 15, 108


  shoulder placement, 112, 113


  spinal extension, 117


  wrist extension, 195–196, 196f


  Wide-Legged Forward Fold Pose (Prasaritapadottanasana), 298–299, 298f, 340


  wide V-shaped push-ups, 105, 105f, 106


  Wild Thing, 110, 111f


  winged scapula, 82


  Winging Elbows, 134, 134f


  wingspan, 339


  wrist(s), 203–254


  abduction of, 222, 236, 237t


  adduction of, 222, 236, 237t


  architecture of, 208


  bending, 198, 198f


  bones of, 16, 16f, 203, 205f, 209–216, 212f, 254


  exercises for, 252–253, 253f


  extension of, 35, 35f, 207, 207f, 254


  alternative positions to reduce or eliminate, 196, 197f


  extreme (dorsiflexion), 15, 35, 35f, 133, 195–196, 196f, 205t, 207, 222, 226, 233–234, 234f, 246


  hyperextension, 241–243, 242f


  hypo-extension, 241–243, 242f


  limitations to, 233–235, 233f


  ranges of dominant side movements, 233t


  sources of tension and compression, 236, 237t


  tenodesis action, 236, 238f


  variations, 234, 234f


  fascia of, 28


  fist alignment, 246–247, 246f


  flexion of, 207, 207f, 222, 233–234, 236, 237t, 250–251, 251f


  ranges of dominant side movements, 233t


  tenodesis action, 236, 238f


  form of, 204–229


  function of, 229–254


  joints of, 15, 216–222, 217f


  landmarks of, 204–205, 204f


  ligaments of, 216, 217–219, 218f, 218t


  extrinsic, 217, 218t


  intrinsic, 217, 218t


  movements of, 35, 35f, 36, 207, 207f


  limitations, 236, 238f


  variations, 236–238


  muscles of, 205, 221–226, 254


  extensors, 222–223, 224t


  flexors, 224–225, 225t


  primary, 222, 224t, 225t


  radial deviators, 225, 225t


  secondary, 222, 224t, 225t


  ulnar deviators, 225, 225t


  position of


  carrying angle and, 141, 141f


  close-packed, 18, 241


  open-packed, 18


  strategy for handstand, 243–245, 243f


  variations, 254


  range of dominant side movements of, 233t


  range of motion of, 113, 229–230, 232–238, 233f, 234f


  rotation of, 198, 198f


  sources of tension and compression, 236, 237t


  summary, 254


  supination/pronation exercises, 253, 253f


  tendons of, 221


  tenodesis action, 236, 238f


  ulnar/radial deviation exercises, 253, 253f


  yoga for, 252–253


  in yoga postures, 238–251


  wrist pain, 251–253, 254


  wrist strategy, 243–245, 243f


  X


  xiphoid process, 52


  Y


  yin and yang symbol, 294, 294f, 318


  yoga


  aesthetic, xi


  functional, xi, 4, 37, 113, 292, 350


  key concepts, 1–9


  reasons to do, 4


  for wrists and hands, 252–253


  Yoga Mudra Pose (Dandayamanamudrasana)


  arm position, 86, 94, 96, 99, 122


  asymmetries, 313, 313f


  shoulder position, 80


  sources of tension, 314


  wrist flexion, 251


  yoga postures. see also specific poses


  avoiding shoulder impingement during, 126, 126f


  cues for alignment, 248–249, 248f


  cues for hand placement, 240–241, 240f, 254


  elbow and forearm in, 179–194


  on fists, 245–249, 245f


  with forearm on floor, 338–339


  for lateral epicondylitis, 196, 197f


  non-weight-bearing, 254


  for scoliosis, 306–307, 307f


  shoulder complex in, 120–122


  skeletal variations’ effect on, 113–117, 114f


  that benefit from resting on fingertips, 250, 251f


  that incorporate elevation of arms to about 90° with anterior horizontal abduction, 121–122, 121f


  that incorporate extension of arms along with posterior horizontal abduction and usually internal rotation, 122, 122f


  that incorporate neutral alignment of upper arms at sides, 120, 120f


  that incorporate 180° elevation of arms through abduction, scaption or flexion, 121, 121f


  wrist and hand in, 238–251


  yoga therapy


  for arthritis in the shoulders, 133–135


  with forearm triangle support (FTS), 125–126, 126f


  for frozen shoulder, 128–130


  for impingement syndrome, 125–126


  for rotator cuff problems, 125–126


  for shoulder dislocation, 130–133


  for shoulder separation, 130


  for thoracic outlet syndrome, 127–128


  Other books by Bernie Clark
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  Your Body, Your Yoga


  Learn Alignment Clues that Are Skillful, Safe and Best Suited to You (2016)


  Your Body, Your Yoga goes beyond any prior yoga anatomy book available. It not only looks at the individual uniqueness of our anatomical structures and what this means for each person’s range of motion but also examines the physiological sources of restrictions to movement. Volume 1 proposes a new mantra to be used for every yoga posture: What stops me? The answers presented run through a spectrum, beginning with various types of tensile resistance to three kinds of compressive resistance. The nature of muscles, fascia, tendons, ligaments, joint capsules, bones and our extracellular matrix are examined, along with their contribution to mobility. The shapes of these structures also define our individual, ultimate ranges of movement, which means that not every body can do every yoga posture. Volume 2 applies these principles to the lower body, examining the hip joint, knee, ankle and foot and presenting how your unique variations in these joints will show up in your yoga practice.
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  YOUR SPINE, YOUR YOGA


  Developing Stability and Mobility for Your Spine (2018)


  Your Spine, Your Yoga is the second book in the Your Body, Your Yoga series and is arguably the first book that looks at the spine from both the Western anatomical/biomechanical point of view and the modern yoga perspective. It focuses on the axial body—the core, from the sacral complex, which includes the pelvis, sacrum and sacroiliac joint, through the lumbar and thoracic segments of the spine, to the cervical complex, which includes the neck and head. It is filled with detail, discussion, illustrations and practical advice for spines of all types. No two spines are exactly alike, and no two people have the same biology and biography. What your spine is able to do may be vastly different from what other yoga students’ or teachers’ spines can do. This book will help you discover your spine.
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  THE COMPLETE GUIDE TO YIN YOGA


  The Philosophy & Practice (Second edition 2019)


  The second edition of The Complete Guide to Yin Yoga provides an in-depth look at the philosophy and practice of Yin Yoga, with illustrated sections on how to practice it. All forms of yoga can provide physical, emotional and mental benefits, but Yin Yoga works at the deeper levels of the body/heart/mind: the connective tissues of the ligaments, fascia, joints and bones, and the energetic channels of the meridians, nerves and blood system. One big difference noticed by students of Yin Yoga is the long-held, passive nature of the postures, which gives time for a deeper journey to unfold, a journey into the meditative aspects of yoga, a bridge to living mindfully.


  Presented is comprehensive information on how to do the practice, including a deep look inside over two dozen Yin Yoga postures, showing the benefits of the pose, how to get into and out of the pose, contraindications and warnings for those who may have trouble with particular aspects of the posture, and other important information. The benefits are explored in three main sections: the physiological benefits, the energetic benefits and the mental/emotional benefits. This updated edition also includes more illustrations and photographs of a variety of bodies performing the practice.
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  Shiva Dancing at King Arthur’s Court


  What Yoga Stories and Western Myths Tell Us About Ourselves (2014)


  (Previously titled From the Gita to the Grail)


  What is the meaning of Shiva dancing on a dwarf named Avidya? Why does Vishnu sleep upon an endless snake? To what did the Buddha awaken? What do we mean by soul? The practice of yoga has become quite common and popular in the West; however, the stories of yoga are still strange to Western ears. What do these ancient symbols mean, what are they trying to teach us, and how should we incorporate the knowledge skillfully into our Western lifestyle? By looking at the myths of yoga along with the stories that have influenced Western culture, we are presented with opportunities to select the best of both worlds and create new maps to help guide us through the uncertainties of modern living.


  “In this insightful book, Bernie reminds us that we have a choice in how we live our lives; we can hold tight to our beliefs, allowing them to dictate our reality, or we can invite every story (or even encounter) to be a gateway into the poetic, multifaceted dimensions of truth, and the fluid nature of reality.” — Sarah Powers, author of  Insight Yoga and founder of the Insight Yoga Institute
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  YinSights


  A Journey into the Philosophy & Practice of Yin Yoga (2007)


  Why practice yoga, and Yin Yoga in particular? YinSights has the answers. YinSights explores the benefits of yoga as viewed in the Eastern and Western worlds and relates how it affects the body and mind. YinSights serves as a practical guide for students interested in understanding Yin Yoga. The first half of the book investigates the benefits of yoga for the physical body, the energetic body and the mind/emotional body. Presented are three points of view: those of the yogis in India, the Daoists in China, and the medical and scientific researchers of the West. The second half is Bernie’s earliest exploration of the practice of Yin Yoga and offers several flows, each with different themes. Slower versions of the normally active, or yang, Sun Salutations are provided, as well as even gentler ways to stimulate the flow of prana, chi or energy. While YinSights illustrates how to practice Yin Yoga, it is not just for those seeking knowledge about Yin Yoga in particular. The book also discusses the advantages of all styles of yoga and will be of interest to every yoga student.
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  About the Author


  Bernie Clark loves learning about and then sharing the things that fascinate him. As a child, he enjoyed studying the world and how it works, and as a teen, he loved thinking about the mind and the soul. These seemingly contradictory interests in science and spirituality continued to shape his philosophy of life well into his adult years. With one foot in the commercial world of space and computer technologies and another in the realm of meditation and yoga, he sought bridges between Eastern and Western maps of reality. These maps and bridges are described in his teachings and writings with the hope that others who share his fascinations will be able to enjoy what he has learned, without having to go through the labor of detailed research.


  Bernie has a degree in science and spent 30 years as a senior executive in the high-tech/space industry. He embarked upon meditation in the 1970s and began teaching yoga in the 1990s. He conducts yoga teacher trainings in the online world and occasionally in person in Vancouver, Canada. To stay informed about Bernie’s activities, visit his website, www.YinYoga.com, where you can subscribe to his YinSights newsletter.
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PRIMARY—
MOVE ONLY THE WRIST

ATTACHMENTS
(PROXIMAL: DISTAL)

ROLE

Extensor carpi radialis longus

Extensor carpi radialis brevis

Extensor carpi ulnaris

Lateral surface of distal humerus: dorsal base of 2
metacarpal

Lateral epicondyle of humerus: dorsal base of 3
metacarpal

Lateral epicondyle of humerus and dorsal surface
of ulnar head: base of 5" metacarpal

Elbow: weak flexor

Wrist: extension, radial deviation (abduction)

Elbow: weak flexor

Wrist: extension, radial deviation (abduction)

Wrist joint: extension, ulnar deviation (adduction)

SECONDARY—MOVE WRIST AND HAND

Extensor digitorum

Extensor indicis

Extensor digiti minimi

Extensor pollicis longus

Lateral epicondyle of humerus: dorsal digital
expansion to digits 2 to 5

Posterior, proximal surface of ulna and interosse-
ous: posterior digital expansion of digit 2

Lateral epicondyle of humerus: dorsal digital
expansion to digit 5

Posterior surface about midway of the ulna and
interosseous: base of the distal phalanx of the
thumb

Wrist joint: extension

MCP, PIP, DIP joints: extension and abduction

Wrist joint: extension

MCP, PIP, DIP joints of digit 2: extension

Wrist joint: extension and ulnar deviation

MCP, PIP, DIP joints of digit 5: extension

Wrist joint: extension and radial deviation
(abduction)

CMCJ of thumb: adduction
MCPJ and IPJ of thumb: extension
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SUPEROINFERIOR DIAMETER RANGE: 30-48 MM
(HEIGHT)

Average: 4.2° upward

Inclination Range: —7° downward to 16°

upward

Average: -3 ° (retroversion)

Version Range: —12° (retroversion) to 5°

(anteversion)
Cartilage thickness Average: 2.16 mm

Radius of curvature Range: 22-28 mm
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MOVEMENT AVERAGE (STD. DEV.) MINIMUM MAXIMUM

Elbow flexion 148° (6.3°) 120° 166°
Elbow extension* -0.7°(2.0°) -18° 22°
Supination** 87.5°(7.2°) 19° 131°
Pronation** 80.0° (6.9°) 40° 108°

* A negative value means extension is short of completely straight by that amount. A positive value indicates
extension is past straight by that value (i.e., hyperextension).
** These measurements were taken with the elbow flexed to 90°.
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HUMERAL TORSION

AVERAGE: 30° (RETROVERTED)
RANGE: 74° (RETROVERTED)
TO -8° (ANTEVERTED)

Shaft-neck angle

Average: 135°
Range: 115-155°

Cartilage thickness

Average: 1.44 mm

Radius of curvature

Range: 23-28 mm
(smaller in women than men)

Humeral head thickness

Average: 19 mm

Range: 15-24 mm

Humeral offset

Average: 56 mm

Range: 42-70 mm

Space between supe-
rior humeral head and
acromion

Average: 8 mm

Range: 3-20 mm
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VERTEBRA SUPERIOR FACET INFERIOR FACET

L1 32°(22°) 25°(17°)
L2 24.5°(11°) 31°(16°)
L3 30°(15°) 43°(20°)
L4 38°(15°) 52°(16°)
L5 45°(17°) 54° (17°)
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LEARN ALIGNMENT CUES THAT ARE SKILLFUL,
SAFE AND BEST SUITED TO YOU

BERNIE CLARK

Author of The Complete Guide to Yin Yoga

Creator of the best-selling DVD Anatomy for Yoga
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TERM DEFINITION

Abduction In the anatomical position (palm facing forward, hands down by the thighs), abduction moves
the wrist/hand laterally. Also called radial deviation or radial flexion—movement toward the
thumb.

Adduction In the anatomical position (palm facing forward, hands down by the thighs), adduction moves
the wrist/hand medially. Also called ulnar deviation or ulnar flexion—movement toward the
little finger.

Base This is the broadest end of a long bone, which may be the proximal end, as in the phalanges
and ulna, but may be the distal end, as is the case for the radius.

Brevis Short

Carpi/carpal Pertaining to the wrist

Digiti A finger

Digitorum Pertaining to the digits (fingers)

Distal Further away from the center (of the trunk or body or attachment site)

Dorsal From the Latin for the “back,” used to indicate the backside of the hand, wrist or forearm

Dorsiflexion Also called extension, this is movement of the hand or wrist backwards, toward the dorsal side
of the forearm.

Extension Movement of the back of the hand toward the forearm or of the fingers away from the palm.

Extension is also called dorsiflexion.

Extensor

A muscle that causes extension
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1. Abductor pollicis brevis
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;%xgc:;ﬁ: PNOE;jl:II-'Fg; FLEXION SCAPTION ABDUCTION

Internal rotation 60.0° 68.5° 64.3° 63.4°

Upward rotation 2.5° 15.4° 15.8° 16.8°
Posterior tilt* -8.4° 16.2° 13.8° 15.3°

* A negative value indicates anterior tilting.





OEBPS/image/Figure_5.115.png





OEBPS/image/Figure_5.234.jpg





OEBPS/image/Figure_4.159.jpg
Coracoclavicular ligament

) Mg a1
Coracoacromial arch Trapezoid Conoid

i ligament /ligament
Coracoacromial

ligament

Acromioclavicular
. ligament
Acromion

Coracoid
process
Scapular
Coracohumeral notch
ligament
N\Superlor glenohumeral
ligament

Neck of scapula

Middle glenohumeral
ligament

Inferior glenohumeral
ligament

Transverse
humeral
ligament

Tendon
sheath

Bicipital
groove
Scapula,

Axillary costal surface

Joint capsule,
?Ienohumeral
igaments





OEBPS/Fonts/Avenir-Roman.otf


OEBPS/image/Figure_4.133.jpg
Scapular plane

Posterior

Humerus Anterior

Retroversion





OEBPS/image/Figure_4.306.jpg





OEBPS/image/Figure_4.127.jpg
Abduction

Extension e \
™\

Flexion






OEBPS/image/Figure_4.313.jpg
a) Cylindrical model

Compression

point \

¢) Earlier and restricted pronation

Compression

point \

b) Cylindrical pronation

Compression

point \ /ﬁ

d) Anatomical reality





OEBPS/image/Figure_4.402.jpg
Distal phalanges

Head o Middle

B |*Head ) A 1 " Base phalange
roxima X
phalanges Shafts

Base

Head

Distal phalanges—— Metacarpal
Shafts bones
Base

Pisiform
Triquetrum

Metacarpal bones

Trapezium

] — Hook of hamate | Carpal
Carpal | Tubercles | Hamate bonpes
bones | Scapho!dg‘ ‘ Lunate

| Trapezoid Capitate






OEBPS/image/page347.jpg





OEBPS/image/Figure_5.105.jpg
a)

b)

q





OEBPS/image/Figure_5.121.jpg





OEBPS/image/fig_4.06.png
Side

Frontal Plane
" Plane

N

=]

Horizontal
Plane

Superior

Posterior =

Inferior






OEBPS/image/Figure_4.188.jpg





OEBPS/image/Table_4.102.jpg
DEEP FASCIA

SUPERFICIAL LAMINA DEEP LAMINA
Anterior Region Posterior Region Anterior Region Posterior Region
Sternocleidomastoid Trapezius Subclavius Levator scapulae
Pectoralis major Latissimus dorsi Pectoralis minor Supraspinatus
Deltoid (clavicular) Teres major Serratus anterior Infraspinatus
Deltoid (scapular) Coracobrachialis Teres minor

Subscapularis

Rhomboids





OEBPS/image/Figure_4.206.jpg





OEBPS/image/Figure_4.419.jpg
Flexor pollicis

Compression
brevis

sites
Abductor pollicis

g brevis
4D

_

Thenar
eminence

Z'%ﬁ’ﬁéﬂ‘éé‘ar \Opponens
( pollicis

a) Potential compression sites b) Possible tension sites





OEBPS/image/page337.jpg
Crown of head B ~ Forehead

H2/H1=1.14
H2 > /

\
. Oa Y
= A
Foramen & h%}gy
magnum o’
a) T

b)





OEBPS/image/Figure_4.161.jpg
Sternocleidomastoid

(sternal head)
Sternocleidomastoid
(clavicular head)

Interclavicular
ligament

Pectoralis Inferior
ridge clavicle
cartilage
Subclavius < First rib

Costoclavicular )
ligament Second rib
Anterior

sternoclavicular

ligament





OEBPS/image/Figure_4.178.jpg
Clavicle

Acromion

Bursa Coracoid
process
Supraspinatus.
tendon
Biceps brachii
long head
tendon Scapula
Humerus.

a) Frontal view

Reduced
subacromial Coracoacromial
space arch

Greater

tuberc!e\ y

b) Frontal view with some abduction

Impingement sites

Acromion
process,

Coracoid

Humeral ———— process

shaft

) Frontal view with full abduction,
arm partially externally rotated





OEBPS/image/Figure_4.135.jpg
Spine of
scapula

Spine of
sé’a'?,ﬁf; Acromion

\ process

Acromion
process





OEBPS/image/Figure_4.410.jpg
Proximal phalanges

Metacarpals

Distal carpals

Proximal carpals—=





OEBPS/image/volume5.jpg
VOLUME 5:
Asymmetries and Proportions

VOLUME 5: ASYMMETRIES + PROPORTIONS 267





OEBPS/image/Figure_5.200.jpg





OEBPS/Fonts/Avenir-Book.otf


OEBPS/image/Figure_4.141.jpg





OEBPS/image/fig_3.04.png
TENSILE RESISTANCE COMPRESSION

Ligaments & SOFT: MEDIUM: HARD:
Joint Capsules flesh on flesh bone on flesh bone on bone






OEBPS/image/Figure_4.303.jpg
.

a) Average carrying angle ~11° b) Cubitus valgus = 16°

|

) Cubitus varus < 6° d) Gunstock deformity < 0°





OEBPS/image/page332.jpg
COG line
i

COG line

d) e)





OEBPS/image/Figure_4.184.jpg
Acromion

process
Lesser Glenoid
superior
tubercle Hm
Coracoid
Humeral PHACESS
head

Impingement site

Humeral
shaft

a)

Glenoid
. superior rim
Acromion
Scapular
process spine
Humeral head
Coracoid
process
Lesser
tubercle

mpingement site

Humeral
shaft

e)






OEBPS/image/page111.jpg





OEBPS/image/Table_4.410.jpg
MOVEMENT

MUSCLES THAT
CONTRIBUTE TO THE
MOVEMENT

MUSCLES THAT RESIST THE LIGAMENTS AND

MOVEMENT VIA TENSION JOINT CAPSULE
THAT MAY RESIST
MOVEMENT

SOURCES OF
COMPRESSION

Wrist flexion

Flexor carpi radialis
Flexor carpi ulnaris

Palmaris longus

Flexor digitorum superficialis
Flexor digitorum profundus
Flexor pollicis longus
Abductor pollicis longus

Extensor pollicis brevis

Extensor carpi radialis longus  Dorsal radiocarpal

ligament and poste-

Extensor carpi radialis brevis igame
rior joint capsule

Extensor carpi ulnaris
Extensor digitorum
Extensor indicis
Extensor digiti minimi

Extensor pollicis longus

Hard: impingement
between anterior, distal
edge of radius to the
scaphoid, triquetrum and
pisiform; impingement can
also arise between distal
and proximal rows of car-
pal bones.

Wrist extension

Extensor carpi radialis longus
Extensor carpi radialis brevis
Extensor carpi ulnaris
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Extensor digiti minimi

Extensor pollicis longus

Palmar (volar) radio-
carpal ligament and
anterior joint capsule

Flexor carpi radialis
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Flexor digitorum superficialis
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Flexor pollicis longus
Abductor pollicis longus

Extensor pollicis brevis

Hard: impingement
between posterior, distal
edge of radius to the
capitate and hamate;
impingement can also
arise between the styloid
of the radius and the
scaphoid and between the
distal and proximal rows of
carpal bones.

Wrist radial Extensor carpi radialis brevis  Extensor carpi ulnaris Ulnar collateral liga-  Hard: impingement
deviation Extensor carpi radialis longus  Flexor carpi ulnaris ment and ulnar por-  between the styloid pro-
(abduction) tion of joint capsule  cess of the radius and the
Extensor pollicis brevis Extensor digitorum trapezium
Extensor pollicis longus Flexor digitorum superficialis
Flexor carpi radialis Flexor digitorum profundus
Flexor pollicis longus
Abductor pollicis longus
Wrist ulnar Extensor carpi ulnaris Extensor carpi radialis brevis Radial collateral liga- ~Medium: impingement
deviation o S ment and radial por-  between triquetrum and
. Flexor carpi ulnaris Extensor carpi radialis longus nentenc é 1
(adduction) tion of joint capsule  the fibrocartilage complex

Extensor digitorum
Flexor digitorum superficialis

Flexor digitorum profundus

Extensor pollicis brevis
Extensor pollicis longus
Flexor carpi radialis
Flexor pollicis longus

Abductor pollicis longus
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PRIMARY—
MOVE ONLY THE WRIST

Flexor carpi radialis

Flexor carpi ulnaris

Palmaris longus

ATTACHMENTS
(PROXIMAL: DISTAL)

Medial epicondyle of humerus: base of 2" (some-
times 3) metacarpal

Medial epicondyle of humerus and olecranon of ulna:
pisiform, hook of hamate, base of metacarpal 5

Medial epicondyle of humerus: palmar aponeurosis

ROLE

Wrist: flexion and radial deviation (abduction)

Wrist: flexion and ulnar deviation (adduction)

Elbow: weak flexor

Wrist: flexion, plus tightens the palmar aponeu-
rosis for strengthening grip

SECONDARY—MOVE WRIST AND HAND

Flexor digitorum superficialis

Flexor digitorum profundus

Flexor pollicis longus

Abductor pollicis longus

Extensor pollicis brevis

Medial epicondyle of humerus, radial head, coronoid
process of ulna: sides of middle phalanges of digits
2-5

Proximal shaft of ulna and interosseous: anterior (pal-
mar) surface of distal phalanges of digits 2-5

Mid shaft of radius and interosseous: anterior (palmar)
surface of distal thumb phalange
Posterior (dorsal) surface of radius and ulna and the

interosseous: base of thumb’s metacarpal

Posterior (dorsal) surface of radius and the interosse-
ous: base of thumb's proximal phalange

Elbow: weak flexor
Wrist: flexion

CPJ and PIPJ of digits 2-5: flexion

Wrist: flexion

CP, PIP and DIP joints of digits 2-5: flexion

Wrist: flexion and radial deviation (abduction)
CMCJ of thumb: opposition
CPJ and IPJ of thumb: flexion

Wrist joint: radial deviation (abduction)

CMCJ of thumb: abduction

Wrist: radial deviation (abduction)

CMCJ and MCPJ of thumb: extension
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Extrinsic The muscle or tendon is located both inside and outside of the hand or wrist.

Flexion Movement of the palm toward the anterior forearm or of the fingers toward the palm. Flexion
of the hand is also called palmar flexion.

Flexor A muscle that causes flexion

Head The smaller end of a long bone, usually rounded. This can be the distal end, like the phalanges
of the hand, but it can also be the proximal end, as is the case for the radius and humerus.

Indicis Index, or pointing finger, also called finger #2, next to the thumb

Intrinsic The muscle or tendon is located only inside of the hand or wrist.

Interossei/interosseus

Literally means “between the bones” and refers to the small muscles arising from the metacar-
pals and attaching to the base of the first phalanges. (In the foot, these run from the metatar-
sals to the phalanges.)

Longus Long

Lumbrical Literally means “wormlike” and refers to four muscles in the hand that flex the fingers at the
metacarpophalangeal joints. (Also found in the feet.)

Metacarpal Bones found “beyond” (meta) the wrist (carpals) but before the fingers (phalanges). These are
the long bones of the palm.

Minimi Small

Opponens The “opponent.” Any of the small muscles that draw a digit toward the middle or across the
palm.

Palmar Pertaining to or in the direction of the palm. The anterior of the hand.

Phalanx/phalanges

Literally means “log" and refers to the short, long bones of the thumb and fingers

Pollicis

From the Latin “pollex,” which means “thumb”
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POPULATION AND HOOKED/FLAT WIDTH LENGTH SCS IN SCS WITH ARM
AGE AT TIME OF SHAPE NEUTRAL INTERNALLY
DEATH ROTATED
Women 25-35 29%/71% 7.86 8.26 14.82 8.65
Women > 55 54%/46% 8.08 10.01 12.48 6.97
Men 25-35 24%176% 9.41 8.21 14.76 8.63
Men > 55 44%/56% 9.67 999 13.32 8.13
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ABDUCTION

NEUTRAL
SCAPULAR MOVEMENT FLEXION SCAPTION
POSITION
Elevation 5.9° 15.4° 17.6° 19.5°
Retraction 0° 7.0° 15.3° 22.67
Upward rotation 5.4° 47.7° 51.1° 52.0°
Posterior tilt* -13.5° 8.2° 8.1° 7.2°

* A negative value indicates anterior tilt.
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MOVEMENT AT SPECIFIC JOINT ROM (STD. DEV.)

Carpometacarpal joint

1t flexion 42° (10°)
15t extension 26° (16°)
15t adduction/abduction 0/20° (4°)
4t flexion 20°
4* rotation 272
5t flexion 28°
5t rotation 22°

Metacarpophalangeal joints

Thumb flexion 26° (9°)
Thumb extension 21°(12°)
Fingers flexion 74°(9°)
Fingers extension 25°(13°)
Fingers adduction/abduction 0°/35° (5°)

Interphalangeal joints

Thumb IP flexion 102° (20°)
Fingers PIP flexion 87°(9°)
Fingers DIP flexion®*? 70°
Thumb IP extension 12° (15°)
Fingers PIP extension 7° (6°
Fingers DIP extension®® 0°
Palmar arch* 30° (9)

*  'There is a significant gender difference in palmar arching, with men

having an upper bound of 35.8° to women’s 23.5°.
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PARAMETER RATE OF OCCURRENCE
Cobra shape 15%
Square shape 32%
Intermediate shape 53%
Smooth inferior surface 87%
Rough inferior surface 13%
Flat 27%
Curved 58%
Hooked 15%
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RADIAL DEVIATORS

ULNAR DEVIATORS
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CLAVICULAR NEUTRAL
FLEXION SCAPTION ABDUCTION
MOVEMENT POSITION
Elevation 5.9° 15.4°2 17.6° 19.5°
Retraction 19.2° 34.7° 38.8° 45.2°
Posterior rotation 0.1° 30.1° 32.3° 30.9°





OEBPS/image/Figure_4.428.jpg





OEBPS/Fonts/ACaslonPro-Semibold.otf


OEBPS/image/Figure_4.169.jpg
Upper Deltoid

trapezius <
/// ,,;7/
S

LS

Middle =
trapezius "\ 7=

Lower‘

trapezius

Scapular
upward
rotation

Arm

_, Serratus
abduction

anterior





OEBPS/image/Figure_4.170.jpg
Posterior rotation

Horizontal

~ m/laxis

Anterior rotation

Retraction

Elevation

Horizontal
a/p axis =

Depression

Protraction





OEBPS/image/Figure_5.201.jpg
ki,

Ectomorph Mesomorph Endomorph






OEBPS/image/page55.jpg





OEBPS/image/Figure_5.209.png





OEBPS/image/Figure_4.126.jpg
a) Ulnar deviation b) Radial deviation c) Extention d) Flexion





OEBPS/image/Figure_4.312.jpg
Head

Articular
Radial

fovea \
(" tuberosity

f Lateral
Anterior ! surface
border .
8 Interosseus
border
Styloid ¢ &
process - —_ Carpal

articular surface

a) Anterior

Rough area
for pronator
teres

Dorsal
tubercle

b) Lateral

Radial
tuberosity Neck
Tuberosity
Anterior
surface .
Posterior
surface
Interosseous
border Posterior
) border
Posterior
sruface 11l Lateral
surface
N _Ulnar ‘ D
A= orsal
N 4 notch ) L7 tubercle
Styloid __——<
process
c) Medial d) Posterior





OEBPS/image/Figure_4.436.jpg





OEBPS/image/Figure_4.304.jpg
00

a) Supination b) Pronation ¢) Full elbow flexion





OEBPS/image/Figure_5.228.jpg
a) b)





OEBPS/image/Figure_4.401.jpg
Middle

Ring finger Pulp
finger Distal digital
Small crease
Distal fger Head and styloid

interphalangeal process of ulna
crease

Proximal

Styloid
process
of radius

Extensor pollicis

: e Extensor
Middle digital GiGus tendar

crease digitorum
tendons
Anatomic
snuffbox

IP joint
Thenar PIP joints of thumb

crease
Web
space
Hypothenar
eminence
) . border
Distal wrist

crease

. . Wrist crease
Proximal wrist

& e MP joint
Ulnar crease DIP joints Joints

border

a) Anterior (palmar) view b) Posterior (dorsal) view





OEBPS/image/Table_4.109b.jpg
Biceps brachii Long head: supraglenoid Radial tuberos-

tubercle ity and fibrous
Short head: coracoid process lazerts
Triceps brachii Long head: infraglenoid Olecranon of the
tubercle ulna
Lateral head: posterior
humerus above radial groove
Medial head: posterior
humerus below radial groove
Latissimus dorsi Spinous processes of T7-T12, Crest of the
ribs 9-12, thoracolumbar fascia lesser tubercle of
of the spinous processes of humerus
L1-L5 and sacrum, iliac crest
of pelvis and inferior angle of
scapula
Pectoralis major Upper fibers: medial portion Crest of the
of clavicle greater tubercle of
humerus

Lower fibers: sternum; 2"-6™
costal cartilage; rectus sheath

Long head: flexion, abduction and internal rotation
of arm at the shoulder

Short head: flexion of arm at shoulder

Both: stabilization of humerus against glenoid when
deltoid contracts, flexion of elbow and supination
when elbow is flexed

Long head: adduction and extensijon of the arm at
the shoulder

All: extension of the elbow

Internal rotation, adduction and extension of arm.
Downward rotation of scapula.

Whole muscle: adduction and internal rotation of
arm, slight protraction (abduction) of scapula

Upper fibers: arm flexion and horizontal adduction

Lower fibers: arm extension (if arm is elevated),
adduction and horizontal adduction

*'The actions listed are approximations. The actual actions depend upon the position and orientation of the humerus and scapula.
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MOVEMENT FOREARM WOMEN MEN

POSITION (STD. DEV.) (STD. DEV.)
Range of supination 89.3° (8.6° 87..4%(9.2°)
Range of pronation 82.4° (7.5°) 78.9°(9.39
Wrist flexion  Supination 74.9°(9.5°) 62.4° (12.6°)

Neutra 79.7° (6.5°) 70.2°(11.2°)

Pronation 77.6° (7.1°) 70.3°(8.9°)
Wrist Supination 70.5% (7-:3°) 60.2°
extension

Neutra 74.4° (7.6°) 65.6°(10.1°)

Pronation 73.3° (7.2°) 62.7° (8.9°)
Ulnar Supination 87.5° (11.9%) 35.6°(13.6°)
deviation

Neutra 37.9° (14.0°) 37.2°(10.2°)

Pronation 32.8°(10.2°) 30.6° (9.0°)
Radial Supination 17.4°(7.3°) 15.4° (7.4°)
deviation j

Neutra 26.0° (14.9°) 23.2°(11.6°)

Pronation 21.1°(10.6°) 23.9° (6.8°)
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PARAMETER RATE OF OCCURRENCE

Oval shape 51%

Pear shape 31%

Inverted comma shape 18%
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Teres major
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‘Triceps long head
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Triceps tendon
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SCAPULAR MOVEMENT

MUSCLES THAT CONTRIBUTE
TO THE MOVEMENT

MUSCLES THAT RESIST
THE MOVEMENT VIA TENSION

Elevation Upper trapezius, levator scapulae, Lower trapezius, serratus anterior lower
rhomboids, serratus anterior upper ibers, pectoralis minor
ibers

Depression Lower trapezius, serratus anterior Upper trapezius, levator scapulae, rhom-

ower fibers, pectoralis minor

boids, serratus anterior upper fibers

Upward rotation

Upper trapezius, serratus anterior
middle and lower fibers, possibly the
ower trapezius*

Levator scapulae, rhomboids, latissimus
dorsi, pectoralis minor, possibly the lower
rapezius®

Downward rotation

Levator scapulae, rhomboids, latissi-
mus dorsi, pectoralis minor, possibly
he lower trapezius*

Upper trapezius, serratus anterior mid-
dle and lower fibers, possibly the lower
rapezius®

Protraction (abduction)

Serratus anterior all fibers, pectoralis
minor slightly

iddle and lower trapezius, rhomboids

Retraction (adduction)

iddle and lower trapezius,
rhomboids

Serratus anterior all fibers, pectoralis
minor slightly

Anterior tilting**

Pectoralis minor, upper trapezius,
evator scapulae, rhomboids, serra-
us anterior upper fibers

Lower trapezius, serratus anterior lower
fibers

Posterior tilting**

Lower trapezius, serratus anterior
ower fibers

Pectoralis minor, upper trapezius, levator
scapulae, rhomboids, serratus anterior
upper fibers

%

Whether the lower trapezius rotates the scapula upward or downward depends upon the initial position of the scapula.

** Tilting of the scapula generally occurs during scapular elevation (anterior tilt) or scapular depression (posterior tilt), so the muscles that
cause or resist elevation and depression are also involved in anterior and posterior tilting.
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LIGAMENT

PROXIMAL ATTACHMENT

DISTAL ATTACHMENT

NOTES

Ulnar collateral

Radial collateral

Anterior oblique

Posterior oblique

Intermetacarpal

Transverse carpal ligament (lat-
eral side)

Trapezium (lateral side)

Trapezium palmar tubercle

Trapezium (posterior, lateral side)

Posterior, lateral base of meta-
carpal 2

Anterior, medial base of metacarpal 1

Posterior base of metacarpal 1

Anterior base of metacarpal 1

Anterior, medial base of metacarpal 1

Anterior, medial base of metacarpal 1

Becomes taut during extension and
abduction of the thumb

Taut in flexion, adduction and opposition

Taut in full extension but lax in flexion,
abduction and opposition

Taut in flexion, adduction and opposition

Taut in flexion, abduction and opposition
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Profundus Deep (as in “profound”). Used to describe muscles that are far below the surface.

Proximal Closer to the center (of the trunk or body or attachment site)

Radial deviation This is the preferred term for abduction of the hand or wrist: the hand moves in the direction of
the thumb, toward the radius.

Radialis Pertaining to the radius bone or in its direction (laterally)

Retinacula From the Latin for a “cord” or “cable,” used to describe a thickening of the local fascia
Superficial On or closer to the surface, or shallow

Ulnar deviation This is the preferred term for adduction of the hand or wrist; the hand moves in the direction of

the little finger, toward the ulna.

Ulnaris Pertaining to the ulna bone or in its direction (medially)

Volar Pertaining to the palm of the hand or the sole of the foot
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ACTIONS MUSCLES

Flexing the fingers Flexor digitorum superficialis
Flexor digitorum profundus

Flexor pollicis longus

Extending the fingers Extensor digitorum
Extensor indicis

Extensor digiti minimi

Extending the thumb Extensor pollicis longus

Extensor pollicis brevis

Abductor pollicis longus
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PROXIMAL ATTACHMENT

DISTAL ATTACHMENT

ACTIONS*

Trapezius

Upper trapezius (descending part):
nuchal ligament along the C1-C7
vertebrae, occipital portion of the
cranium

Middle trapezius (transverse

part): broad fascial aponeurosis
connecting to the T1-T4 vertebrae

Lower trapezius (ascending part):
spinous processes from the T5-
T12 vertebrae

Lateral one-third of the
clavicle

Acromion process

Scapular spine

Elevates and upwardly rotates the scapula; if
the shoulder is stabilized, it can tilt the head
towards the shoulder while turning it to the
opposite shoulder.

Retracts (adducts) the scapula.

Depresses and retracts (adducts) the scapula.
Depending upon the position of the scapula, it
can rotate the scapula upward or downward.

Levator scapulae

Transverse processes of the C1—
C4 vertebrae

Superior angle of
scapula

Elevates scapula medially upward while rotating
the scapula downward

Rhomboid major
and minor

Minor: spinous processes of the
C6 and C7 vertebrae

Major: spinous processes of the
T1-T4 vertebrae

Medial border of scapula
above scapular spine

Medial border of scapula
below scapular spine

Stabilizes, elevates, downwardly rotates and
retracts (adducts) the scapula

Latissimus dorsi

Spinous processes of the T7-T12
vertebrae, ribs 9-12, inferior angle
of scapula, thoracolumbar fascia,
iliac crest

Crest of the lesser
tubercle of humerus

Internal rotation, adduction and extension of
the arm.

Downward rotation of the scapula.

Pectoralis minor Ribs 3-5 Coracoid process Depresses, anteriorly tilts, downward rotates
and slightly protracts (abduct) the scapula
Subclavius First rib Inferior medial surface of ~ Stabilizes clavicle at the sternoclavicular joint

clavicle

Serratus anterior

Upper fibers (superior part): first
two ribs

Middle fibers (intermediate
part): second rib inferior border

Lower fibers (inferior part): ribs
39

Superior angle of
scapula

Medial border of scapula

Inferior angle and medial
border of scapula

All: protract (abduct) scapula. When scapula is
fixed, can elevate ribcage to assist with respiration.

Upper fibers: elevate, upward rotate and
protract (abduct) scapula

Lower fibers: depress, upwardly rotate and
protract (abduct) scapula

*'The actions listed are approximations. The actual actions depend upon the position and orientation of the humerus and scapula.
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BONE

. VARIATION COMPARED TO THE NORM

o MOTION AFFECTED

Distal humerus Olecranon fossa shallower Decreased extension

Olecranon fossa deeper Increased extension

Coronoid fossa shallower Decreased flexion

Coronoid fossa deeper Increased flexion

The presence of supratrochlear foramen Increased flexion and extension

Valgus (increased carrying angle) Hands wider apart with neutral shoulders

Varus (decreased carrying angle) Hands closer together with neutral shoulders
Proximal ulna Larger olecranon process Decreased extension

Smaller olecranon process

Increased extension

Closed trochlear notch

Decreased extension/flexion

Open trochlear notch

Increased extension/flexion

Larger coronoid process

Smaller coronoid process

Decreased flexion

Increased flexion

Shallow radial fossa

Decreased flexion

Deeper radial fossa

Increased flexion

Shaft of ulna

Increased PUDA (proximal ulna dorsal angle)

Decreased extension

Decreased PUDA

Increase extension

Larger varus angulation

Hands wider apart with neutral shoulders

Smaller varus angulation

Hands closer together with neutral shoulders

Thinner diameter

Increased pronosupination

Thicker diameter

Decreased pronosupination

Increased anterior curvature

Increased pronosupination

Decreased anterior curvature

Decreased pronosupination

Shaft of radius
Radial head

Increased anterior curvature

Increased pronosupination

Decreased anterior curvature

Decreased pronosupination

Wider space between ulna and radius

Increased pronosupination

Narrower space between ulna and radius

Decreased pronosupination

Larger than average

Decreased pronosupination
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MOVEMENT

MUSCLES THAT
CONTRIBUTE TO
THE MOVEMENT

MUSCLES THAT RESIST
THE MOVEMENT VIA
TENSION

LIGAMENTS AND JOINT CAPSULE
THAT MAY RESIST MOVEMENT

SOURCES OF
COMPRESSION

Elbow flexion

Biceps brachii, bra-
chialis, brachioradia-
lis, pronator teres

Triceps brachii,
anconeus

Only very rarely: posterior joint
capsule

Soft: forearm hitting biceps

Hard: coronoid process hitting
coronoid fossa; radial head
hitting the radial fossa

Elbow Triceps brachii, Biceps brachii, brachi- Anterior joint capsule, medial col- Hard: olecranon process hit-
extension anconeus alis, brachioradialis, ateral complex, lateral collateral ing olecranon fossa
pronator teres complex
Forearm Biceps brachii, supi- Pronator teres, pronator  Distal and medial interosseous mem-  Hard: the ulna and radius hit-
supination nator, brachioradialis  quadratus, flexor carpi brane, dorsal capsular ligaments of ing, the distal radius hitting
radialis, the extrinsic he wrist, distal radioulnar joint he ulnar styloid
inger flexors
Forearm Pronator teres, Biceps brachii, supina- Proximal and medial interosseous Hard: the ulna and radius hit-
pronation pronator quadratus, or, radial wrist extensors membrane, oblique cord, the anterior ting, the distal radius hitting

brachioradialis

and the extensor poli-
cies longus

igament of the inferior distal radioul-
nar joint, palmar capsular ligament

he ulnar styloid
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MYOFASCIAL
MERIDIANS

ROUTING

FUNCTION

Front functional line (FFL);
figure 4.500f

The FFLis an extension of the SFAL and DFAL. It begins
at the fascia of the pectoralis major, where it attaches to
the humerus, and is connected to the aponeurosis of the
abdomen and the rectus abdominis down to the pubic
bone, and crosses over to the adductor longus, reaching
the contralateral inner femur.¢?'

The functional lines bring a shoulder closer to its
opposite hip and/or the hip closer to the opposite
shoulder, in either a forward or a backward direc-
tion. The FFL is involved in asymmetric contraction
of muscles on the front body. This occurs in sport-
ing actions such as serving a tennis ball or throw-
ing a baseball. We can activate this line when we
hold our legs up in Boat Pose (Navasana).

Ipsilateral functional line
(IFL); figure 4.500g

The IFL does not cross the body to the other side. It
passes along the side of the torso, along the latissimus
dorsi, and thus has a direct connection to the humerus
at the attachment of the latissimus dorsi. It flows through
the external obliques to the anterior iliac crest and down
to the sartorius muscle.*2

We can become aware of the IFL when we hang
on bars and twist our hips and legs. It is used

in swimming when pulling our arms from over-
head downward. Unfortunately, there is very little
opportunity to do pulling motions in yoga, so we
rarely feel this line during asana practice.

Lateral line (LL); figure
4.500h

From above, the LL follows the crossing fibers of the
mastoid and splenius capitis, down the intercostal rib
muscles to the abdominal oblique muscles. The line cre-
ates a crisscrossing basket weave along the sides of the
torso and continues down to the iliac crest between the
anterior and posterior iliac spines. From here it travels
to the outer thigh muscles: the gluteus maximus and
the tensor fascia latae. Finally, the line travels down the
iliotibial band.

Activated on both sides (bilaterally), the LL bal-
ances the back and front sides of the body, but
when only one side is activated, it causes lateral
movements; examples are side-bending of the
torso, such as Half Moon Pose (Ardhachan-
drasana), and abduction at the hips in Triangle
Pose (Trikonasana).* Alternatively, the side body
LL can be stretched in postures such as Extended
Side Angle Pose (Utthitaparsvakonasana). It can
affect shoulder mobility if the head is overly stabi-
lized or too far forward.

Spiral line (SL); figure
4.500i

The fascia forming the SL is also found in the other car-
dinal lines, so it is not unique to the SL. Beginning at the
back of the skull (the nuchal ligament), it crosses over the
spinous processes of Cé to TS5 to the opposite scapula.
There is a direct fascial continuity with the infraspinatus
and subscapularis, and thus a connection to the arm
lines. The SL passes through the sides of the 5 and 9"
ribs and along the posterior side of the external oblique
muscle to the lower anterior internal oblique muscles.
This means the line crisscrosses from the back to the
front of the abdomen, where it flows through the apo-
neurosis of the abdomen (the linea alba) and then to the
iliac crests and down the ASIS to the tensor fascia latae
and the iliotibial band.

There is also a posterior SL, which runs from the middle
of the ischial tuberosity to the adductor magnus and the
short head of the biceps femoris (hamstring).

Generally, the SL maintains balance across all
planes of the body. It participates in the function-
ing of other major meridian lines, including the
DBAL. When the body is not balanced or symmet-
rical, the SL can create or participate in compen-
sation; it maintains twists, rotations and lateral
shifts.¢? This can show up in seated twists and
standing twists such as Revolved Triangle Pose
(Parivrttatrikonasana). In these twists, one side of
the SL is engaged and contracted while the other
side is lengthened.
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DISTANCE IN MM RANGE OF
PARAMETER (STANDARD DISTANCES
DEVIATION, SD) WITHIN 2 SD (MM)

Acromion to coracoid 31.3 (3.6) 24.1-38.5

Acromion to glenoid 27.4 (3.0) 21.4-33.4
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STABILIZERS OF THE
GLENOHUMERAL
JOINT

PROXIMAL ATTACHMENT

Supraspinatus Supraspinatus fossa of scapula

Infraspinatus Infraspinous fossa of scapula

Teres minor Lateral border of scapula

Subscapularis Subscapular fossa of scapula

MOBILIZERS OF THE ARM

Teres major Inferior angle of scapula

Deltoid Anterior fibers:

lateral clavicle
Middle fibers:
acromion process
Posterior fibers:
spine of scapula

Coracobrachialis Coracoid process

DISTAL
ATTACHMENT

Greater tubercle
of humerus

Greater tubercle
of humerus

Greater tubercle
of humerus.

Lesser tubercle of
humerus

Lesser tubercle of
humerus

Deltoid tuberosity
of humerus

Mid humerus,
below crest of
lesser tubercle

ACTIONS*

Abduction of arm. Usually is active when the infraspi-
natus s active.

External rotation of arm and weakly adducts and
extends the arm. Usually is active when the supraspi-
natus is active.

External rotation and weakly adducts and extends
the arm

Internal rotation and adduction of arm.
Usually is active when the teres major is active.

Internal rotation, adduction and extension of arm
When the arm is elevated 90° or more, serves as a
fifth rotator cuff muscle, stabilizing the inferior por-
tion of the joint. Usually is active when the subscapu-

laris is active.

Anterior fibers: flexion, internal rotation and adduc-
tion of arm. Allows for 60-90° of abduction; also
assists with further abduction.

Middle fibers: abduction

Posterior fibers: extension, external rotation and
adduction of arm. Allows for 60-90° of abduction;
also assists with abduction.

Flexion, adduction and internal rotation of the arm.
Anterior tilt of scapula.
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Deep front arm line
(OFAL; figure 4.500a

From the anterior of ribs 3, 4 and 5 at the pectoralis
minor attachment, through the clavipectoral fascia to
the coracoid process and along the biceps brachil (short
head) and coracobrachialis to the radial tuberosity,
following the radiius to its styloid process, scaphoid and
trapezium, through the thenar muscles to the outside of
the thumb.

When the arm is horizontal o higher, there is a
fascial continuity between the pectoralis minor
and the coracobrachialis and biceps brachil. The
DFAL s primarily a stabilizer during 2 closed-chain
movement or support, and a controller of the
angle of the hand during open-chain movements.
Shortness along the DFAL can pull the scapula
into a forward tilt, creating a “rounded shoulders
appearance.

Superficial front arm line
(SFALY; figure 4.500b

The SFAL has two anchors in the torso: the pectora-

lis major and the latissimus dorsi (and through it down
to the thoracolumbar fascia). The latissimus dorsi line
connects through the teres major to the humerus, while
the pectoralis major connects through the clavicle and
the humerus. The line follows the medial intermuscular
septum of the am to the medial humeral condyle, along
the flexor muscle group to the carpal tunnel, ending in
the palmar surface of the fingers.

Due to the wide area of attachment of the SFAL
to the pectoralis and latissimus dors, it has a wide
range of control of arm movements to the side
and in front of the body. Along with the DFAL, the
SFAL can also control gripping via the fingers and
wrist. Shortening in the SFAL can restrict extension
or adduction of the arms.

Deep back arm line
(DBAL); figure 4.500c

Avrises from the spinous processes of the 7* cervical ver-
tebra and the upper thoracic vertebrae, then follows the
rhomboids to the medial border of the scapula through
the infraspinatus and teres minor to the greater tubercle
of the humerus. Another branch of the DBAL arises from
the occiput and flows along the levator scapulae to the
superior angle of the scapula, through the supraspina-
s to the head of the humerus. The lines meet up and
follow the triceps brachii to the olecranon of the ulna,
along its periosteum to the styloid process, hamate and
triquetrum, through the hypothenar muscles to the out-
side of the digiti mini (ittle finger).

Similar to the leg’s lateral line, the DBAL adjusts
the amount of flexion/extension at the elbow
and provides stability along the outside of the
arm from the back of the hand to the back of the
shoulder.

Superficial back arm line
(SBAL); figure 4.500d

Avising from three locations in the upper back, the
occiput, the nuchal ligament and the thoracic spinous
processes, the line follows the trapezius to the spine of
the scapula to the acromion process. It then follows the
deltoid to its joining to the humerus at the deltoid tuber-
cle, along the lateral intermuscular septum under the
brachialis to the lateral epicondyle of the humerus, along
the extensor muscle group of the forearm to the dorsal
surface of the fingers.

The three areas of the trapezius have a fascial con-
nection to the deltoid: the lower trapezius merges
with the posterior deltoid; the middle trapezius
merges with the middle deltoid and the upper
trapezius merges with the anterior deltoid. Thus,
the SBAL is a fascial continuity from the spine to
the fingers. It can help with backward movements
of the arm, which are rare, or to limit and control
the arm's forward movements, which are more
common. Tightness here can restrict extension
and abduction of the arms.

Back functional line (BFL);
figure 4.500e

The BFL begins in the SFAL and/or DBAL through the
attachment in the arm of the latissimus dorsi. From there,
the line goes diagonally, down to the lower thoraco-
lumbar fascia, to the sacral fascia across the sacrum, to
the fascia of the gluteus maximus on the opposite side,
which attaches to the shaft of the femur. The left and
tight lines form a large X as they cross the back of the
pelvis. The gluteus maximus attaches to the shaft of the
femur, and the line continues down the body via the
iliotibial band.

The functional lines are continuations of the arm
lines to the opposite pelvis and legs. They can
provide stability from the base or core of the torso
upward to the limbs or transmit forces from the
upper body down to the axial body.

Asymmetric yoga postures, such as sitting twists
(Ardhamatsyendrasana), can create torsional
stresses, so activation of the BFL helps to keep
the sacroiliac joints stable. For example, Warrior
1 (Virabhadrasana 1) activates the BFL, which can
stabilize the back leg’s Sl joint.
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MUSCLE PROXIMAL ATTACHMENT DISTAL ATTACHMENT ACTION
Biceps brachii Long head: supraglenoid Radial tuberosity and Long head: flexion, abduction
tubercle fibrous lacertus and internal rotation of arm at the
Short head: coracoid shoulder
process Short head: flexion of arm at
shoulder
Both: stabilization of humerus
against glenoid when deltoid
contracts; flexion of elbow, and
supination when elbow is flexed
Brachialis Distal humerus, anterior Ulnar tuberosity and Flexion of the elbow

side, as well as the lateral
and medial intermuscular
septa

distal portion of coronoid
process

Brachioradialis

Lateral surface of distal
humerus and lateral
intermuscular septum

Styloid process of radius

Flexion. Can pronate or supinate,
depending upon the position of
the forearm

Triceps brachii

Long head: infraglenoid
tubercle

Lateral head: posterior
humerus, close to humeral
head

Medial head: posterior
humerus

Olecranon of the ulna

Long head: adduction and
extension of the arm at the
shoulder

All: extension of the elbow

Anconeus Lateral epicondyle of Radial side of the Extension of the elbow and stiffens
humerus and occasionally olecranon of the ulna joint capsule
posterior joint capsule
Supinator Lateral epicondyle of Radius between the radial Supination
humerus, olecranon of the tuberosity and attachment
ulna, annular ligament and of the pronator teres
radial collateral ligament
Pronator teres Humeral head: medial Lateral side (thumb side) Pronation and weak flexion
epicondyle of humerus of radius distal to the
Utnar head: coronoid supinator attachment
process
Pronator Distal, anterior surface of Superficial head: distal. Pronation and stabilization of distal
quadratus the ulna shaft anterior surface of the radioulnar joint
radial shaft

Deep head: the ulnar
notch of the radius
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ARM MOVEMENT

MUSCLES THAT CONTRIBUTE TO
THE MOVEMENT

MUSCLES THAT RESIST THE
MOVEMENT VIA TENSION

LIGAMENTS AND JOINT
CAPSULES THAT MAY
RESIST MOVEMENT

Flexion Deltoid anterior fibers, coraco- Latissimus dorsi, teres major, Posterior coracohumeral
brachialis, biceps brachii long triceps brachii long head, pecto- ligament, posterior and
and short heads, pectoralis major  ralis major lower fibers, deltoid inferior joint capsule at full
upper fibers posterior fibers extension

Extension Teres major, deltoid posterior Deltoid anterior fibers, coraco- Anterior coracohumeral

fibers, triceps brachii long head,
latissimus dorsi, pectoralis major
lower fibers if arm is elevated

brachialis, biceps brachii long
and short heads, pectoralis major
upper fibers

ligament, anterior and
superior joint capsule

Abduction — vertical

Supraspinatus, biceps brachii long
head, deltoid middle fibers, del-
toid anterior and posterior fibers.
between 60° and 90°

Latissimus dorsi, pectoralis major,
teres major, triceps brachii long
head

Middle glenohumeral
ligament for movements
between 45° and 90°;
when above 90°, the
inferior glenohumeral liga-
ment, inferior joint capsule
at full abduction

Adduction — vertical

Latissimus dorsi, pectoralis major,
teres major, deltoid anterior and
posterior fibers below 60° and
above 90°, coracobrachialis, tri-
ceps brachii long head, infraspina-
tus,* teres minor*

No significant resistance**

No significant resistance**

Abduction — horizontal
(posterior)

Deltoid posterior fibers, infraspina-
tus, teres minor

Pectoralis major, deltoid anterior
fibers

Anterior coracohumeral
ligament, anterior and
superior joint capsule

Adduction — horizontal
(anterior)

Pectoralis major, deltoid anterior
fibers

Deltoid posterior fibers, infraspi-
natus, teres minor

Posterior and superior joint
capsule

External (lateral) rotation

Infraspinatus, teres minor, deltoid
posterior fibers

Subscapularis, teres major, del-
toid anterior fibers, latissimus
dorsi, pectoralis major, coraco-
brachialis, biceps brachii long
head

Superior and middle gleno-
humeral ligament, anterior
inferior glenohumeral
ligament, anterior joint
capsule, coracohumeral
ligament

Internal (medial) rotation

Subscapularis, teres major, deltoid
anterior fibers, latissimus dorsi,
pectoralis major, coracobrachialis,
biceps brachii long head

Infraspinatus, teres minor, deltoid
posterior fibers

Posterior inferior glenohu-
meral ligament

* These muscles weakly assist with the movement.
**There s very little resistance to lowering a raised arm.
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EXTRINSIC LIGAMENTS

INTRINSIC LIGAMENTS

Dorsal radiocarpal

> Dorsal radiolunotriquetral

Short
> Palmar
> Dorsal

> Interosseous

Palmar radiocarpal

Intermediate

> Radiolunate (long and short) > Scapholunate
> Radioscaphocapitate > Lunotriquetral
> Scaphotrapezial
> Scaphotrapezoid
Triangular fibrocartilage complex (TFCC) Long

Articular disc
Ulnocarpal meniscus

Dorsal and palmar radioulnar

Ulnolunate

Ulnotriquetral

>
>
>
> Palmar ulnocarpal
>
>
>

Ulnar collateral

> Palmar intercarpal
> Medial leg: capitate to triquetrum
> Lateral leg: capitate to scaphoid
> Dorsal intercarpal (trapezium—

scaphoid—Ilunate—triquetrum)

Radial collateral
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