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      Preface

      
         
         Why I Wrote This Book

         
      

      
      This is a book about kids and the consequences of hitting their heads repeatedly while
         playing contact sports. Sports are ingrained in our culture, making this a controversial
         topic. I have never played organized tackle football, hockey, rugby, or any other
         collision sport, but I have spent a great deal of my life around sports, first as
         a fan, then in a medical role, and later as a researcher. Before we get into the science,
         I want to tell you why I wrote this book.
      

      
      I have been a fan of sports for as long as I can remember. My family watched Wisconsin
         Badger football and basketball religiously. Though I lived in Packer country, I joined
         a friend on the Miami Dolphins bandwagon. It was the Dan Marino era, and they were
         in the playoffs consistently throughout my childhood. I was thrilled in 2001 when
         they drafted both Jamar Fletcher and Chris Chambers, who had been stars for my Wisconsin
         Badgers.
      

      
      I’m not just a fan; I’m an athlete. Growing up as a three-sport athlete in a small
         town in central Wisconsin, sports were my life. Nights were filled with practices
         or games. Weekends were consumed by tournaments, camps, or open gyms. I played little
         league baseball with the boys, then softball when a league formed in my town. I joined
         the volleyball team in middle school, and I still play today. From a young age, basketball
         was my greatest passion. We didn’t travel much, but parents drove me four hours one
         way to Chicago for basketball camp in the summers. It was a chance to play with some
         of the best competition in the Midwest, including Candace Parker, one of the best
         to ever play the game. My junior year of high school we reached the state tournament.
         This is a big deal in Wisconsin, with local and state media coverage and games airing
         on television statewide. The entire community rallied behind our team, and we felt
         like celebrities for a few weeks in our small town.
      

      
      I chose to attend the University of Wisconsin–Madison over playing a sport at a smaller
         college, but my love for sports still carried me through my undergraduate years. I
         began as an intern in strength and conditioning as a freshman. I was a shy, small-town
         girl working with NHL-drafted hockey players who had just won a national championship.
         It was intimidating, but this experience gave me confidence and intangible skills
         that I’ve carried with me through life.
      

      
      I became a student in the athletic training program my junior year, and my first clinical
         rotation was with the Badger football team. I learned a lot about sports medicine
         while providing care to the football players. You see almost any type of injury in
         football, from lacerations to fractures to concussions and everything in between.
         I also learned a lot about the football environment: the culture, the athletes, the
         attention, and the daily grind.
      

      
      I had clinical rotations with a variety of other sports at the University of Wisconsin,
         and I worked with many incredible athletes. Some went on to be stars in professional
         leagues, and some became Olympians. Yet the athlete that had the greatest impact on
         my life and career was a young high school football player. One day he came into the
         athletic training room saying he just didn’t feel right after a hit in practice. Nothing
         was overly concerning on his exam, and we determined that he had what I would have
         called at that time a mild concussion. But unlike most concussions, this athlete’s
         symptoms lingered for months. He was just out there playing a sport with his friends.
         Yet he suffered an injury that significantly altered his life, impacting his academics,
         social life, and ability to live a normal day. It was such a heartbreaking scene to
         watch unfold, and it plays out all too often in young athletes.
      

      
      This case sparked my drive to study concussions and their consequences on the young
         brain. I moved to Boston and spent a year as a graduate assistant athletic trainer,
         learning from the incredible staff at Boston University. I met Dr. Robert Stern, director
         of clinical research at the Chronic Traumatic Encephalopathy (CTE) Center at Boston
         University, and, with some persistence (a skill I learned through sports), found my
         way in as an intern there. I earned a spot in a PhD program in anatomy and neurobiology
         the following year and became dedicated full-time to studying CTE and the long-term
         consequences of concussions and repetitive subconcussive impacts in sports. I focused
         my dissertation research on the consequences of repetitive hits to the head during
         childhood, when the brain is still developing. The findings of that research are one
         reason I am writing this book.
      

      
      Why am I telling you all of this? Because I want you to know that I get it. I understand
         the importance of playing sports. Like so many other people, sports are a big part
         of my story. I am an avid sports fan and athlete from a small town who become a neuroscientist,
         anatomist, and researcher. Athletics have played an immeasurable role in making me
         the woman I am and helped me develop so many of the qualities that have allowed me
         to be successful: leadership skills, work ethic, grit, determination, teamwork, and
         more. The skills and qualities I developed in the venue of sports were critical to
         get me where I am today.
      

      
      Some people feel the researchers studying brain trauma in sports are out of touch
         with the sporting world. They think we don’t understand the game, the culture, or
         what it means to be so invested in a sport. While I believe this is true in a few
         cases, it is simply not the truth most of the time. It’s definitely not true of the
         researchers I worked with at the Boston University CTE Center. Many of us are athletes,
         and all are passionate sports fans. It’s part of why we care so much about keeping
         athletes safe and healthy. I get the importance of sports, including football, to
         so many children and adults both in this country and around the world. But I have
         also seen what some sports have done to those who dedicated part of their lives to
         the game.
      

      
      I still want to be a football fan, although I am finding the game harder and harder
         to watch—even my beloved Wisconsin Badgers. I used to have games on TV all day on
         Sundays. I would plan my Saturdays around the Badger game. But now, though I still
         watch sometimes, it isn’t the same; I know too much about what happens inside the
         helmet.
      

      
      This truly makes me sad. A part of my life that I really enjoyed is gone. I want to be a fan, but knowing what I know now, I feel guilty watching and supporting the sport in
         its current state. I know there are people out there who feel the same way. And it’s
         not just football. Other sports like rugby, soccer, and hockey are facing similar
         challenges. I hope that, with some significant changes, we can all enjoy watching—and
         playing—these sports again.
      

      
      Sports participation has so many incredible benefits to millions of youth athletes.
         I learned this firsthand. My experience as an athlete had an enormous positive impact
         on my life. Kids need to have the opportunity to play sports, and they should be able
         to do so without the risk of permanently damaging their brains. That is why I wrote
         this book.
      

      
      
   
      Part I

      Youth Sports: The Wins and 
the Losses
      

      
         
         
      

      
      Throughout this book, I will refer to these sports in the following way:

      
      
         	
            
            Football—American football

         

         
         	
            Soccer—what is called “association football” outside the United States

         

         
         	
            Australian football—Australian football

         

         
         	
            Hockey—ice hockey

         

         
         	
            Rugby—rugby union, rugby league, and rugby sevens, unless specified

         

      

      
      When I refer to contact sports in this book, I am referring to collision and contact
         sports that expose athletes to repetitive impacts and brain trauma. Some contact sports,
         like basketball, do not expose players to repetitive brain trauma. However, I will
         group the contact and collision sports above as “contact sports” for simplicity.
      

      
      If I am discussing a non-contact or limited-contact form of football, I will specify
         flag, TackleBar, or flex football. If only “football” is referenced, it is referring
         to tackle football.
      

      
      
      Chapter 1

      Why We Should Care about Repetitive Brain Trauma in Youth Sports

      
         
         
         
      

      
      
         The fact that we are knowingly subjecting 5-year-olds to a brain disease will baffle
            anthropologists for centuries to come.
         

         
         —Chris Borland, former NFL player[1]  
         

      

      I start every presentation I give on the consequences of repetitive brain trauma in
         youth sports with a seven-second video from a youth football practice.[2]   The athletes in this video are about eight or nine years old. Two players are in
         an athletic crouch, facing each other, and surrounded by their teammates and coaches.
         The coach blows a whistle, and the two young athletes run toward each other full speed.
         A bystander yells, “Go! Go!” They lower their heads and deliver a crushing blow with
         the tops of their helmets. In the background, the crowd lets out an “oooooh” at the
         sight of the brutal hit. One player stands up quickly and walks away. The other young
         boy curls up into the fetal position on the grass, moaning and crying.
      

      
      You don’t have to be a doctor or a neuroscientist, or know anything about the brain,
         to recognize that what happens in this video can’t be good for a child (or anyone, for that matter). Luckily, these drills are banned
         in many leagues now, but similar collisions still happen in the game today. These
         hits put children at high risk of not only brain injury but also devastating spinal
         cord injury. Impacts to the top of the head send force through the head and neck that
         can shatter vertebrae and leave the athlete paralyzed.
      

      
      As hard as these hits are to watch, they aren’t the only ones that are concerning.
         Repetitive blows to the head, like those sustained by linemen on every football play
         or with every soccer header, can change the brain, even over a single season. When
         these hits happen in childhood, while the brain is rapidly developing, the consequences
         can be even greater. Kids may be smaller, but routine impacts cause forces to their
         brain similar to those experienced by high school and college athletes.[3]   And they can experience hundreds of impacts in just one season.
      

      
      You don’t even need to hit your head to damage your brain. A blow to the body can
         cause a whiplash effect that transmits forces to the brain. Have you ever watched
         a replay of a tackle that caused a concussion and thought, “That didn’t look like
         a bad hit”? It might not have been, but if the head moved with enough force in the
         right way, even if it wasn’t touched, it can stretch and strain the nerve cells, or
         neurons, in the brain.
      

       

      
      Whether you’re a sports fan or not, you have probably heard something in recent years
         about brain trauma in college and professional sports. But the majority of athletes
         never reach those levels. How many young athletes are exposed to repetitive brain
         trauma in youth contact sports each year?
      

      
      
         	
            Hockey: Over 380,000 athletes ages eighteen and younger played hockey in the United States
               in the 2017–2018 season.[4]   Around a half million youth players are registered with Hockey Canada,[5]   and there are over 1.1 million players around the world under age twenty.[6]  
            

         

         
         	
            Soccer: Soccer is enormously popular worldwide, with over 21.5 million players under age
               eighteen.[7]   In the United States, nearly seven million children under age seventeen play soccer
               annually, with around two-thirds of those being under age twelve.[8]  
            

         

         
         	
            Rugby: Rugby is a growing sport worldwide. More than 2.2 million youth athletes played the
               game in 2018 alone.[9]  
            

         

         
         	
            Lacrosse: The popularity of lacrosse is growing in the United States, with over 281,000 children
               ages six to twelve[10]   participating and 210,000 playing at the high school level.[11]  
            

         

         
         	
            Football: Over one million high school athletes play tackle football annually.[12]   An estimated 2.5 million athletes play youth tackle football, including nearly
               900,000 between the ages of six and twelve.[13] 
            
 
         

      

      
      Tackle football has the highest risk for repetitive brain trauma as an inherent part
         of the game. The number of youth and high school athletes in the sport has been declining
         over the past decade, in part due to these safety concerns. The vast majority of football
         players haven’t reached high school, and the youngest players in some leagues are
         just five years old.[14]   Youth programs often have the least resources, guidance, and safety oversight.
         Yet their athletes are playing the same game with the same equipment standards and
         most of the same rules as the bigger, faster, and stronger college and professional
         players.
      

      
      Research is still lacking on the short- and long-term consequences of brain trauma
         in the youngest players. The research that has been done often neglects to consider
         how sport-related brain trauma interacts with normal childhood brain development.
         The attention from both the public and science has been on those playing under the
         bright lights on Friday nights and in the big stadiums on Saturdays and Sundays.
      

       

      Although it makes sense that hitting your head a lot as a kid is not a good thing
         to do, there has been some resistance to the idea that it can have significant long-term
         consequences. Much of this comes from sports culture. I have often heard the excuse,
         “I played football as a kid and I’m fine.” Others “want their kid to learn to be tough!”
         Football is an American pastime, and other sports like rugby and soccer are treasured
         aspects of societies around the world. Many fans love the big hits, and they believe
         some sports wouldn’t be the same without them.
      

      
      Other resistance comes from the research world. In science, we want absolute proof
         that A causes B before we are willing to accept it. Unfortunately, certainty and proof
         in science is hard to come by. While it is important to strive for, definitive proof
         is often unrealistic, incredibly hard to achieve, or could take decades to establish
         while putting many at risk in the meantime. To prove that exposure to repetitive impacts
         could alter a child’s brain development, we would have to study many children in a
         controlled environment. They would have to live in the same place, eat the same foods,
         and do the same activities. Then half of those children would need to be intentionally
         subjected to repetitive head impacts throughout childhood. Clearly, this completely
         unethical study will never happen.
      

      
      A realistic version of this study would follow children throughout their lives, starting
         before they begin participating in sports. Many years later, we would compare those
         who played contact sports in childhood and those who didn’t. Though a few studies
         exist that follow children through adulthood, they aren’t designed to look at this
         topic. Most concerning, the answers wouldn’t be known for decades. Though this study
         should still be done, we simply can’t wait that long for answers. Too much is at stake.
      

      
      Some have argued that no major changes should be made to youth sports until we have
         definitive proof of the connection between repetitive brain trauma in sports and long-term
         consequences. Yet the public health perspective says we need to make decisions based
         on the best information we have now to minimize potential risk. As you’ll learn in
         this book, there is growing evidence that experiencing repetitive head impacts over
         time can have consequences later in life. There is also evidence that repetitive brain
         trauma in childhood, while the brain is rapidly maturing, could alter typical brain
         development, leading to lasting consequences. Taken together, there is enough evidence
         to warrant taking strong precautions to avoid repetitive brain trauma in youth. It’s
         true that we don’t know everything, but that doesn’t mean we know nothing.
      

       

      Nearly every day I see news articles about concussions in athletes or chronic traumatic
         encephalopathy, the degenerative brain disease thought to be caused, in part, by repetitive
         trauma to the brain. We hear about the decline of some of our favorite sports legends.
         We hear about depression and suicide in former professional athletes as well as young
         athletes who never had the chance to become legends. These stories, and the confusing,
         sometimes conflicting messaging from the scientific community, have left many parents
         with questions about the potential consequences their children could face from brain
         trauma in sports.
      

      
      The conversation around head impacts in sports is often incomplete or inaccurate.
         New research is frequently misinterpreted, exaggerated, or oversimplified unintentionally
         in the media or, in some cases, intentionally to fit a desired narrative. For example,
         a study found that 110 out of 111 NFL players had CTE. Many misinterpreted that to
         mean 99 percent of football players get the disease.[15]   However, the researchers never made any claim about disease prevalence. When a
         study found that high school football did not lead to later-life cognitive issues,
         some athletic associations were quick to use this to promote the safety of high school
         football.[16]   Among other issues, the study only included people who played high school football
         in the 1950s, a time when the game looked very different than today. Other studies
         have been funded or conducted by leagues or companies with vested interests in the
         outcomes. In some cases, it is still solid research, but in other cases the conflict
         of interest combined with questionable study design warrants skepticism.
      

      
      At the same time, youth sport organizations are touting changes they have made to
         make their sport safer. Soccer associations have banned or restricted heading at youth
         levels. American and Canadian hockey organizations and US Lacrosse have banned checking
         at young ages. These changes have been aimed at reducing injuries and eliminating
         sources of repetitive brain trauma in these sports.
      

      
      The loudest voices are often from those involved in tackle football. The sport is
         woven into the fabric of American culture, so removing an aspect of the game for youth
         players, even for the sake of children’s health, can be a matter of great controversy.
         Some claim that “proper” tackling techniques, new concussion education initiatives,
         and high-tech helmets have made the game “safer than ever.” Youth football organizations,
         state athletic associations, and the NFL have gone to great lengths to convince parents,
         especially moms, that the game is safe for their kids.[17]   Calls to ban tackling at youth levels have been met with protest, despite support
         from NFL stars. The sport has made many changes throughout its history to calm the
         fears of parents and fans. But is it really “safer than ever”? Is “safer than ever”
         safe enough?
      

      
      With any public health issue, the passion driving differing viewpoints often leads
         to a war of words in which the commonalities between both sides are lost. I love sports
         and think all kids should have the opportunity to play, but I do not believe it is
         in the best interest of children’s long-term health to experience unnecessary brain
         trauma in the pursuit of those sports. In the end, we all want to reach the same goal:
         an atmosphere where children can compete in the sports they love, learn life lessons,
         make friends, and do so safely.
      

      
      Families need accurate, unbiased information so they can make informed decisions.
         Health care providers need to understand the research so they can have appropriate
         answers for parents. Coaches need to know what they can do to keep their athletes
         safe. This book will break down the science, explain what we actually know and what
         we have yet to learn about repetitive brain trauma in sports, and provide guidance
         for families and others involved in youth sports.
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      Chapter 2

      How Youth Sports Can Provide a Lifetime of Benefits

      
         
         
      

      
      
         Sports is the greatest metaphor we have for life, teaching you things like how to
            deal with anxiety, how to deal with communicating with each other, leadership, performing
            under pressure. All those are valuable lessons.
         

         
         —Kobe Bryant, eighteen-time NBA All-Star[1]  
         

      

      Before we dive into the dangers of repetitive brain trauma in sport, I want to talk
         about the importance of sports. Sports can have an immensely positive impact on a child’s physical and
         mental health and help children develop essential life skills, including discipline,
         dedication, and teamwork. This is above and beyond the benefits of physical activity
         alone.
      

      
      Unfortunately, participation in many youth sports in the United States, and around
         the world, has declined in recent years. In some sports this decline has been blamed,
         in part, on concerns about brain injuries and their potential long-term consequences.
         Concerns about brain health are valid, but they shouldn’t be a reason to quit sports
         altogether.
      

      
      This chapter will give context to why it is so important that we do everything we
         can to protect children’s brains while preserving their opportunities to play sports.
         This issue is far bigger than one sport or one team. The decline in participation
         and calls to ban certain sports entirely are incredibly concerning. This has implications
         for the health and well-being of our country and world for years to come.
      

      
      Physical and Mental Health Benefits 
of Playing Sports
      

      
      Playing a sport provides wonderful opportunities to have fun while being physically
         active. Physical activity has countless benefits for our health and well-being. Even
         a single session of moderate or vigorous physical activity can have immediate health
         benefits, such as reducing blood pressure and improving insulin sensitivity.
      

      
      Many health benefits of youth sport participation stem from preventing obesity. Obesity
         in youth has been linked with type 2 diabetes, fatty liver disease, anxiety, depression,
         high blood pressure, and early signs of heart disease, among other conditions.[2]   Physical activity in sport is more important than ever, as the prevalence of obesity
         grows around the globe. More than one-third of children are overweight or obese. The
         United States has the highest childhood obesity rate in the developed world. From
         1980 to 2014, obesity rates have more than doubled in children and quadrupled in teenagers.
         Obese children are likely to grow up to be obese adults, and obese parents are far
         more likely to raise obese children, perpetuating the cycle of obesity.
      

      
      The health consequences of childhood obesity also linger into adulthood, even if the
         individual reaches a healthy adult weight. Adults are at higher risk of suffering
         heart attacks or dying from coronary heart disease if they were obese as children.[3]   The risk of type 2 diabetes, hypertension, kidney issues, and cancer are also higher
         in adults who were obese in their youth.
      

      
      Participation in team sports can help children and adolescents get physical activity
         and maintain a healthy weight, especially if they play more than one sport.[4]   But it’s not quite that simple. The Centers for Disease Control and Prevention
         (CDC) recommends that children and adolescents between the ages of six and seventeen
         should do at least sixty minutes of moderate to vigorous physical activity each day.[5]   Moderate activity makes your heart beat a little faster than normal, including
         activities like biking or walking at a somewhat fast pace. Vigorous activity increases
         your heart rate and breathing rate even more with activities like jogging, a hard
         bike ride, or running or jumping in sports. Kids should be involved in a variety of
         activities that build muscle and bone strength, develop different motor patterns,
         improve their cardiovascular fitness, and challenge them in different ways. Many youth
         sports check most or all of these boxes.
      

      
      Just sixty minutes a day of activity equivalent to walking at a reasonably fast pace
         shouldn’t be that hard for kids to meet, right? Wrong. Only 24 percent of youth meet
         the CDC recommendations.[6]   You might think kids who play sports would have no problem meeting these recommendations,
         but that’s not exactly true either. Children who play organized sports are more likely
         to reach the recommended physical activity levels on days that they play compared
         to children who don’t play a sport, but that doesn’t mean that all, or even most,
         do.[7]  
      

      
      Imagine a child has practice for their favorite sport one Saturday. If the practice
         is ninety minutes, it’s logical to think they must hit their daily physical activity
         goal. Unfortunately, that’s likely not the case. You may be surprised to learn that
         only a quarter to half of practice time, in this example, about twenty-five to forty-five
         minutes, is spent doing activity at moderate to vigorous levels.[8]   Up to half of practice time can be spent standing in line, waiting for a turn,
         or watching a demonstration. Most practice drills aren’t intense enough to raise an
         athlete’s heart rate high enough and long enough to see health benefits, and game
         participation might not be enough to reach those levels either.
      

      
      The sport played makes a difference. Research has shown that soccer, competitive or
         recreational, tends to provide the greatest amount of physical activity. Participation
         in soccer as well as basketball, track and field, and other sports have been associated
         with reduced weight in kids and teens. On the other hand, children playing sports
         like baseball, softball, and football, which involve intermittent bursts of activity,
         are less likely to reach their physical activity goals.[9]   Many young tackle football players are hitting their heads repeatedly without gaining
         the health benefits of physical activity thought to be associated with the sport (more
         on that later). Playing sports is a step in the right direction toward reaping the
         health benefits of physical activity. When enough moderate and vigorous activity is
         intentionally incorporated in practices, the results can be tremendously beneficial
         for the health of young athletes.
      

      
      The mental health benefits of playing sports extend far beyond those that come from
         physical activity alone. Students who participate in youth and high school sports
         tend to have better self-esteem, self-image, self-knowledge, emotional regulation,
         and overall quality of life than nonathletes.[10]   Most athletes are also at lower risk of emotional stress, anxiety, depression,
         and suicidal behavior. Other activities, like art and music, can have a positive impact
         on youth too, but research suggests that sports can have even greater benefits for
         brain health and reduced depression than participation in these other activities.[11]  
      

      
      The social aspect of being on a team amplifies the benefits for young athletes. Children
         and adolescents develop friendships and form strong bonds with teammates.[12]   Coaches may be mentors or even parental figures for kids. The sense of support
         and belonging, feelings of acceptance, and the ability to lean on teammates for success
         contribute to reduced depression and anxiety in athletes.[13]   In a nationwide study of children ages nine to eleven, involvement in team sports
         was related to the volume of a brain structure called the hippocampus.[14]   This structure plays a critical role in forming new memories, and a smaller hippocampus
         has been associated with depression. The larger hippocampal volume observed in only
         team-sport athletes was associated with reduced depression in boys. These results
         support the idea that being part of a team has even greater effects on the brain than
         exercise alone.
      

      
      Participating in sports can lead to improved cognition and higher academic achievement.
         Better physical fitness and endurance are associated with better integrity of the
         pathways connecting brain regions and improvements in memory, processing speed, problem-solving,
         planning, concentration, impulse control, and other cognitive functions.[15]   Fit children are better able to take in new information, analyze that information,
         and use it right away, and they are more likely to earn better grades than students
         who are inactive or obese.[16]   Playing a high school sport can encourage student-athletes to attend class, earn
         good grades, go to college, and have higher professional aspirations.[17]   As you can see, sports without repetitive impacts are actually really good for
         the brain!
      

      
      Sports Provide Extraordinary Opportunities to Learn Life Skills

      
      Any athlete, coach, or parent of an athlete will likely tell you that playing sports
         can be a great way to develop life skills. Athletes need to coordinate, communicate,
         and resolve conflicts with teammates and coaches. They need to be accountable for
         their actions, disciplined, willing to sacrifice, and put in the work and effort to
         improve for the team. They learn to work toward a common goal and follow through on
         the necessary steps to achieve that goal. They also learn to control emotions in stressful
         situations, persevere through challenges, and cope when things don’t go their way.
         Student-athletes have to manage their time to successfully balance schoolwork, sports,
         family commitments, and sometimes work responsibilities. These skills are key to being
         successful in many aspects of life.
      

      
      This isn’t just hearsay or personal opinion; this is supported by science. For example,
         research has shown that participation in sports can help athletes improve their decision-making
         and problem-solving skills.[18]   Youth athletes tend to work better with others and form stronger peer relationships
         than youth who do not play sports. Participation in sports is also associated with
         greater empathy and honesty, following rules, and supporting and encouraging others.
      

      
      Of course, the sport setting isn’t the only place where children and adolescents can
         learn life skills, and the messaging shouldn’t be conveyed that way. Likewise, no
         single sport is superior or the only sport where these skills can be learned. Still,
         sport participation offers many great opportunities to learn many skills necessary
         for success in life outside of sports: at school, in the community, at work, in social
         settings, at home, and beyond. This is, of course, one of the many reasons we should
         fight to keep organized sport opportunities while also protecting our children’s developing
         brains. These don’t have to be separate goals.
      

      
      The Benefits of Childhood Sports Participation Last a Lifetime

      
      Childhood and adolescence are critical times for developing fitness habits that last.
         Playing sports as a child increases the likelihood that a person will be physically
         active through adulthood. In one study, those who participated in organized sports
         at age ten were more likely to do regular physical activity at age forty-two.[19]   The same was not true for those who only reported regular outdoor play at age ten.
         This means participation in sports may have a greater influence on the durability
         of habits created in childhood, making them more likely to persist for a lifetime.
      

      
      This is a big deal. The CDC estimates that a lack of physical activity is the root
         cause of around 10 percent of premature deaths and $117 billion in health care costs
         each year.[20]   Physical activity recommendations drop to only 150 minutes of moderate activity
         each week in adulthood. Yet only about a quarter of adults hit that mark.
      

      
      Other benefits from sports translate into adulthood as well. Youth and high school
         athletes are more likely to play varsity or recreational team sports in college, and
         college students who participate in team sports at any level report lower depression
         scores.[21]   Participation in high school sports has been linked to higher career attainment
         and taking on higher-level leadership roles in adulthood.[22]   Sports can be a great way to gain life skills that carry into the workforce.
      

      
      Consider the Importance of Sports

      
      Unquestionably, playing sports can benefit youth in many facets of life. When discussing
         changes to improve safety in sports, completely banning certain sports for kids should
         not be part of the conversation. Changing contact sports to eliminate the greatest
         sources of repetitive brain trauma, at least at young ages, is a far better option.
         These changes could encourage more kids to play some sports, as has been the case
         with hockey,[23]   and bringing more kids into sports allows those kids to reap the many benefits
         sports have to offer.
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      Chapter 3

      Why Sports Culture Needs a Transformation

      
         
         
      

      
      
         The game sets up the wrong kind of hero—the man who uses his strength brutally, with
            a reckless disregard both of the injuries he may suffer and of the injuries he may
            inflict on others. That is not the best kind of courage or the best kind of hero.
         

         
         —Harvard President Charles Elliot, 1894[1]  
         

      

      In 1961, Albert Bandura ran an experiment in his laboratory that involved an inflatable
         clown named Bobo. One group of children watched an adult play quietly, largely ignoring
         Bobo. Another group of children watched an adult take out aggression on Bobo, throwing,
         kicking, and even hitting the clown with a hammer. When the children had their chance
         to play, those in the first group played gently with Bobo. But the group that watched
         the aggressive adults mimicked that behavior, pummeling the poor clown. This experiment
         demonstrated Bandura’s social learning theory: children learn behaviors from observing
         others around them.[2]  
      

      
      The social learning theory holds fast in the sports world. Kids see World Cup soccer
         players collide going for a header, then hear the fans cheer as a player stands up,
         her face bloody, and continues playing. They see their rugby coach demean another
         player for being “weak” and missing a tackle, and they take that language home to
         yell at their brother. Kids see the star football player lower their helmet to lay
         a crushing hit on their opponent, and they think hitting their opponent like that
         will show their own toughness. A study found that fights occurred in nearly a third
         of hockey games.[3]   This wasn’t at the NHL level. This was in pee-wee hockey with eleven- to twelve-year-old
         players. They aren’t even allowed to check until age thirteen, but these players said
         that they felt that fighting was just part of the game. Young athletes see this behavior
         from the stars they idolize, and they imitate it.
      

      
      These behaviors are part of a culture developed and molded through the history of
         sports. This culture holds toughness among the most important and admirable traits
         of an athlete regardless of the consequences it imposes on athletes themselves. Many
         children start playing organized sports by age five or six. Their indoctrination into
         this culture can start that early too, with attitudes and behaviors being reinforced
         not only in every practice and game they participate in but also every time they watch
         their favorite teams play.
      

      
      This chapter will discuss the culture of sports and how it affects the attitudes and
         behaviors of athletes when it comes to brain safety. Sports culture reveres players
         who sacrifice for the team. If athletes act in the best interest of their health,
         it may be seen as a sign of weakness or a lack of dedication. This is one reason most
         concussions go undiagnosed and players continue to put themselves at risk.
      

      
      The Culture of Safety in Sports (or Lack Thereof)

      
      An athlete’s perception of the culture of safety in sports is shaped not only by their
         own values and beliefs but also by the influence of parents, coaches, teammates, the
         community, the media, and more.[4]   When weighing all relevant factors in any situation, it is common for safety to
         be considered, but ultimately placed low on the priority list, in part due to the
         expectations or behaviors of others. In the workplace, employees may be less likely
         to report injuries or safety concerns due to fear of losing pay, being treated differently
         by their boss or colleagues, or losing their job.[5]   Similarly, on any given play, athletes have to weigh their own safety against the
         potential to make a play that will help the team win, the chance to impress recruiters,
         potential criticism for simply protecting themselves, and more.
      

      
      Optimism bias is also a factor. We don’t think something bad is going to happen to
         us, so we are more willing to take risks. Even when athletes are informed of the risks
         repeatedly by coaches, medical providers, or others, they often continue to use risky
         tactics. In a survey of high school football players in Hawaii,[6]   about 80 percent said they used their helmet to hit an opponent, with nearly half
         saying they did it intentionally and nearly 30 percent saying they did it more than
         ten times in the previous year. All players, by law, had received concussion education.
         Nearly all reported that they knew they could hurt themselves, and three-quarters
         knew that they could hurt another player. Yet optimism bias prevails. Athletes often
         think concussions won’t happen to them. If a concussion does happen in sports, it’s
         in situations that are out of their control, or freak accidents. Many don’t believe
         their behavior plays a role in the injury.
      

      
      If athletes know that dangerous plays like targeting in football or boarding in hockey
         could cause serious injury to them or their opponent, why do they do it? Because it’s
         sports culture. Inflicting pain on the opponent draws cheers from the crowds. A willingness
         to inflict pain on oneself for the sake of the team makes a player a hero. For a devoted
         athlete, the ability to play through pain can be as important as proper footwork or
         learning the plays. Bruises are a source of pride if they are the result of hustle
         and sacrifice.
      

      
      A willingness to sacrifice for the sake of the team can be a beautiful thing. There
         are special bonds formed as a result of experiencing stressful and intense sports
         moments together, fighting to achieve a common goal. The toughness and willingness
         to sacrifice learned on the field can help us overcome challenges in life off the
         field. But the idea of what it means to be tough can be taken too far. For example,
         athletes sometimes play through significant injuries, like broken bones, torn ligaments,
         and concussions, to stay in the game. Defensive back Ronnie Lott even had part of
         his finger amputated to avoid the long recovery he would have had with surgery to
         repair the broken finger.[7]  
      

      
      Both the highest sports leagues and the media glorify the culture of toughness and
         playing through pain. For years the media had segments highlighting the biggest hits
         of the week. Broadcasters can say little about brain trauma in sports without facing
         backlash. Bob Costas was pulled from the Super Bowl broadcast in 2019, supposedly
         due to comments he made at a journalism symposium about the league’s denial of science
         showing that trauma from football damages the brain.[8]   If he had a twelve- or thirteen-year-old son, he said he would not let him play
         tackle football. NBC let this happen to Costas because they didn’t want to lose the
         chance to air NFL games. The league could simply break ties with any network for saying
         too much about brain trauma in football, and the network would be out substantial
         money. Networks have to stick to the messaging about the heroism and toughness of
         the athletes.
      

      
      The mentality that an athlete protecting themselves is a sign of weakness or lack
         of dedication to the team can also be reinforced by fans. In 1959, Montreal Canadiens
         goaltender Jacques Plante took a puck to the face.[9]   Before he went back into the game, he demanded to wear the fiberglass face protection
         that he typically wore in practice. Fans questioned his bravery, toughness, and loyalty
         because he insisted on wearing the mask. Today we couldn’t imagine watching a hockey
         game with a goalie who wasn’t wearing a mask.
      

      
      Fans have become accustomed to the violence, the injuries, and the pain. In some sports
         it can be easy to forget that there is a person inside the helmet. When you can’t
         see their face, it’s easier to ignore that the pain and damage is being inflicted
         on another human being for the sake of entertainment. Researchers at Auburn University
         conducted MRIs on football fans and nonfans.[10]   They showed each participant violent images of football collisions and violent
         images unrelated to football. The nonfans reacted the same way to the violent images
         no matter what the source of the violence was. The football fans had a different reaction.
         Areas of the brain involved in empathy and the perception of pain were activated in
         their brains when they saw the violent images unrelated to football, but those regions
         were not activated when they saw violent football images. The fans may have been desensitized
         to the violence when it was in the football setting. These findings would likely apply
         to other sports too.
      

      
      All of this builds a culture that says a player’s health doesn’t matter, as long as
         they do what it takes to help the team win. Most fans don’t know that, after all of
         the sacrifice, players are often left out to dry. The average NFL career lasts only
         3.3 years, but players have to be in the league for four seasons to get health care
         when their career is over. Even those who played for a decade or more only get health
         care for five years after retirement. After that, they are on the hook for surgeries
         or therapy they need as a result of the trauma of their playing days. It’s similar
         at the college level. Once the athlete graduates, they no longer receive medical care
         or coverage for lingering injuries. Some don’t even get insurance coverage for injuries
         while they’re in school. Most universities and professional leagues do little to support
         retired athletes after they profit from the abuse of their bodies and brains.[11]  
      

      
      Fans idolize the legends who are great at their game, but they are really idolizing
         the legend over the person. Few people ever see what many legends become after their
         time in the game has ended. It seems like a normal thing for a child to idolize a
         sports superstar, but what if being a superstar makes it difficult to function in
         daily life in middle age? What if being a superstar changes their personality and
         mind in a way that takes a substantial toll on their family? What if being a superstar
         gives them a brain disease? Is that what our kids should be striving for?
      

      
      The Sports Culture Can Encourage Athletes to Hide Concussions

      
      Most athletes don’t like to talk about concussions, repetitive impacts, or the potential
         long-term consequences of brain trauma. When they do, they often downplay risks or
         say it’s just part of the game. They are afraid they will look soft or scared. There
         is no place in the battle for weakness, and reporting concussion symptoms may be interpreted
         by many as just that.
      

      
      Most states, universities, and athletic organizations require athletes to receive
         concussion education.[12]   Unfortunately, knowledge doesn’t always translate into improved attitudes or behavior.
         The invisible nature of concussions means they are easy for athletes to hide. In most
         cases, if the athlete doesn’t disclose their symptoms, it’s hard for coaches or medical
         staff to know that the athlete has a concussion. If a player feels “dazed” after an
         impact, they shake it off and move on to the next play like they do with other injuries.
         If coaches ask if they are okay after a hit, athletes often simply say yes and keep
         playing. While concussion reporting has improved in recent years, we still have a
         long way to go.
      

      
      Research has shown that between one-third and more than three-quarters of athletes
         don’t report concussion symptoms.[13]   In 2013, my colleague Dr. Christine Baugh surveyed more than seven hundred college
         football players from ten schools around the country.[14] She asked about their diagnosed concussions and the times that they had concussion
         symptoms but didn’t report them to their coach or athletic trainer. For every one
         diagnosed concussion in their career, the athletes had an average of four concussions
         they didn’t report. They also reported having a “ding” or getting their “bell rung”
         over nineteen times for every one diagnosed concussion, with linemen reporting these
         symptoms most often. The average player knowingly continued to play with concussion
         symptoms nearly seven times in their football career.
      

      
      Athletes have given many reasons for why they choose to hide their concussion symptoms,
         including the following:[15]  
      

      
      
         	
            
            They didn’t know they had a concussion or that the injury was serious enough.

         

         
         	
            They weren’t aware of the potential consequences of playing through a concussion.

         

         
         	
            They didn’t want to come out of the game.

         

         
         	
            They were afraid they would look weak.

         

         
         	
            They were afraid of letting their teammates or coaches down.

         

         
         	
            They felt pressure from teammates, coaches, parents, or other fans to continue to
               play.
            

         

         
         	
            They were concerned about losing playing time or their position on the team.

         

         
         	
            They were afraid of ending their career or losing their scholarship. (The majority
               of college scholarships are one-year contracts and not guaranteed for four years.
               A scholarship can be pulled if a player is injured.)[16]  
            

         

      

      
      The first two reasons have to do with a lack of knowledge, but educational efforts
         have led to some improvements in recent years. Seventy percent of girls’ soccer players
         in one study continued to play with symptoms before legislation mandating concussion
         education was passed.[17]   After the legislation passed, 54 percent reported playing with concussion symptoms.
         Yet the fact that over half of girls’ soccer players would still play while symptomatic
         is quite concerning, and it shows that simply giving athletes knowledge is not enough.
      

      
      The willingness to report concussion symptoms seems to be more related to the athlete’s
         attitude about concussions and sports, concerns about what will happen if they report
         the injury, and cultural norms within the team or sport than to their concussion knowledge.[18]   Athletes who believe they will receive criticism or negative consequences, whether
         from coaches, parents, teammates, or fans, are less likely to report their injury.
         At least a quarter of college athletes have been pressured by at least one of these
         groups to keep playing when they had a concussion.[19]   If pressure comes from multiple directions, athletes are even less likely to disclose
         their injury
      

      
      Several studies have found that males are less likely to report their concussion symptoms
         than females. The masculine culture of toughness in sports plays a role. Male athletes
         are more likely to report that teammates and coaches would be angry with them or think
         they were weak or less masculine if they disclosed the injury.[20]   Females may be more likely to take the injury seriously, and that could make them
         more likely to report. However, this trend isn’t true across the board. Female college
         athletes in one study had greater intentions to report, but there was no difference
         between males and females in the actual likelihood that they would keep playing with
         concussion symptoms.[21]   In another study, youth girls’ soccer players were five times more likely to continue
         playing with a concussion compared to boys.[22]  
      

      
      Some athletes are afraid that other players will think less of them for reporting
         the injury. In one study, youth athletes said they thought their teammates would be
         upset if they left the game because they had a concussion.[23]   Over 90 percent of community-level rugby players understood that playing with a
         concussion was dangerous, but nearly a third said they would keep playing even if
         they had symptoms.[24]   Four in ten said they felt they would be letting their teammates down if they reported
         their concussion symptoms and stopped playing in the game. Not surprisingly, if a
         championship game was on the line, up to half of athletes have reported that they
         would play with concussion symptoms.[25]  
      

      
      Coaches play a critical role in forming the culture of their team. The attitudes and
         behaviors displayed by coaches around concussions influence the willingness of their
         athletes to report. Athletes may feel more pressure to continue playing with a concussion
         if their coach has ridiculed them or given negative feedback for reporting injuries
         in the past. Coaches control playing time, and if the coach feels an athlete is weak
         or unwilling to sacrifice for the team, they may be less likely to play. Some coaches
         make statements about athletes simply being a number, concussions not being as serious
         as a broken leg, or not believing that an athlete has symptoms.[26]   Even if the coach doesn’t explicitly tell their athletes not to report, the culture
         of safety (or lack thereof) that they create, and their overall attitudes toward injured
         players, can give the perception, real or not, that the coach would not support the
         athlete in reporting their concussion. In contrast, athletes who feel the coach supports
         them in reporting their concussion symptoms are more likely to follow the right protocols
         if they suspect they have a concussion.[27]  
      

      
      Research has shown that most coaches today view concussions as serious injuries and
         understand that they have a responsibility to remove athletes from play if they suspect
         a concussion. However, similar to athletes, when the importance of the game increased,
         the likelihood that the coach would remove the player from the game decreased. While
         92 percent of coaches would remove the athlete from a regular season game, only 83
         percent said they would remove a concussed athlete from a championship game.[28]  
      

      
      When coaches create a culture that puts their athletes at risk, they rarely see the
         repercussions. They can encourage their athletes to do whatever it takes to win, even
         if it puts them at risk, but when the athlete is injured, they put in the next man
         up. Coaches may praise athletes for big hits, but when the same type of hit results
         in an injury, it is simply “bad luck” and the coach takes no blame. This culture isn’t
         just responsible for brain injuries. It can also lead to other life-threatening conditions
         from training intended to toughen athletes up, such as heat stroke and rhabdomyolysis
         (a potentially deadly condition involving muscle breakdown from overexertion). Toughening
         athletes up can come at the greatest cost for the athlete, whether immediately or
         decades later. Yet there is often little or no cost for the coach.
      

      
      The weight a person gives to their athletic identity can influence their behaviors
         around safety in sports. For some players, their whole identity and most of their
         daily activities revolve around being an athlete. In one study, male college hockey
         players with strong athletic identities were less likely to report their concussion.[29]   If their identity is strongly tied to their participation in sports, they may be
         willing to risk both their short- and long-term health to stay in the game.
      

      
      That athletic identity can also extend to the athlete’s family. Many families consider
         themselves to be “sports families.” In an interview study with parents of middle school
         football players in Texas, several parents discussed how football was a central part
         of their identity as a family.[30]   It filled their conversations and much of their time. Their involvement in the
         sport was vitally important to their family, and there was never a question of whether
         or not their child would play. In some cases, parents forced their child to play football,
         even if they weren’t interested in the sport. The risks of football were not concerning
         to the “football families.” Parents sometimes pressured athletic trainers and coaches
         not to pull their children from games due to a concussion, despite knowing the risks
         of continuing to play.
      

      
      Parent attitudes about concussions influence their children’s attitudes and willingness
         to report symptoms. Nearly one-quarter of youth rugby players surveyed felt that their
         parents would want them to keep playing if they sustained a potentially concussive
         head impact.[31]   Parents who put more pressure on their child to succeed are less likely to promote
         concussion reporting, and their children are less likely to report symptoms. Some
         parents are concerned that reporting a concussion will make their child miss opportunities.[32]   In contrast, parents who have positive attitudes toward concussion safety may discuss
         the injury with their kids, including the importance of reporting the injury for their
         health and how it can help the athlete perform better in their sport. This increases
         the likelihood that their child will report concussion symptoms.
      

      
      Sports and community are undeniably intertwined. Football games are a major social
         event. A growing number of high schools have multimillion-dollar stadiums that seat
         ten thousand or more fans. Even parents who are highly concerned about the safety
         of football for their own child enjoy spending their Friday nights watching other
         people’s kids collide on the gridiron. Children see the high school athletes as superstars,
         and they see the way the community reveres them. Understandably, kids want to experience
         the glory too.
      

      
      Community support can also have a dark side. Community influence can make parents
         feel as if they have no control over whether or not their child participates in contact
         sports. Of course, parents are fully capable of making that decision for their child,
         but it’s not easy to go against pressure from friends, family, coaches, or other members
         of the community. Youth athletes and their parents have been ridiculed by friends
         and even family members for choosing an alternative to tackle football.[33]   Some coaches will go around parents and talk to the kids themselves, encouraging
         them to play. This is especially true for kids who are athletic or large in stature
         because coaches think the child will help the team. Sometimes parents go directly
         to the kids too. At a youth football game, I witnessed the mother of a player on the
         team trying to convince an eleven-year-old boy that he should play. She did this right
         in front of the boy’s mother, who she knew was holding him out of the sport at his
         age out of concerns for his safety. An adult woman pressuring a child to act against
         his mother’s wishes is absurd, but it happens all too often in the world of youth
         sports.
      

      
      Kids can have a lot of fun playing non-contact versions of football or rugby. Yet
         they may be labeled soft or weak by coaches or other members of the community. But
         in all honesty, if a kid can only have fun in sports if he or she is crushing another
         kid with a big hit, shouldn’t we be a little concerned?
      

      
      The Need for a Change in Sports Culture

      
      Cultural norms can be incredibly hard to change. When those attitudes and behaviors
         become part of our lives at a young age, shifting those norms later can be an insurmountable
         task, even if they are putting kids in harm’s way. Children watch their idols exemplify
         the culture of sport in every game. By the time some children reach high school, they
         may have been part of this culture for nearly a decade. It’s all they know. This culture
         of toughness, playing through pain, and not wanting to appear weak has led some to
         hide concussion symptoms, despite the knowledge of the potential consequences of doing
         so. In addition to concussions, other repetitive head impacts take their toll too.
         Sports culture tells athletes that taking so many of those hits makes them appear
         tougher and more willing to sacrifice for the team.
      

      
      The culture of sports has also become a culture of denial when it comes to brain trauma.
         Athletes deny that they have concussions in part because they deny that the injury
         is serious, or they worry a coach will deny them playing time or a position on the
         team. Professional leagues deny any negligence or liability, saying that the athletes
         knew their sport could damage their brain. But this is only after denying, sometimes
         for decades, that the game carries that much risk to begin with. The culture of denial
         is critical to the survival of contact sports as they are today.
      

      
      The denial even extends as far as discrediting solid science. Let me be clear: One
         study is never the be-all and end-all of a topic. Every study has limitations, and
         every good research paper clearly lays out those limitations. No science is perfect.
         That’s why we need many studies to shape our knowledge on a topic. This does not mean
         that any one study is useless on its own. A study can be very suggestive of something
         even when we still need more research. Our understanding is shaped and reshaped with
         each new study that comes out. When new study findings contradict previous results,
         it doesn’t necessarily mean the first study was wrong. It just adds to the story.
         Yet the culture of denial has tried to say that not knowing everything means we know
         nothing. The constant evolution of science makes it easy for some to deny any danger.
      

      
      In the next part of this book, I will discuss what we do know about the science, and
         what we still have to learn. It’s true that the science is far from complete, but
         what we know thus far is compelling. Yet without a change in the culture of sports,
         the science alone may do little to keep our athletes safe.
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      The Science: What We Know about Repetitive Brain Trauma in Sports

      
         
         
      

      
      
      
      Chapter 4

      Why Kids Really Do Hit That Hard

      
         
         
      

      
      
         Exposure data shows children as young as nine are getting hit in the head more than
            500 times in one season of youth tackle football. That should not feel normal to us.
            Think of the last time, outside of sports, you allowed your child to get hit hard
            in the head twenty-five times in a day.
         

         
         —Chris Nowinski, cofounder and CEO of the Concussion 
Legacy Foundation[1]  
         

      

      One Saturday morning I attended a sixth-grade football game with a friend. I was talking
         with a mother about head impacts in the sport when a player’s father turned around
         and said, “They’re just kids, they don’t hit that hard.”
      

      
      This is a common misconception I hear from parents and coaches alike when I talk about
         head impacts in youth contact sports. They believe the smaller, slower players can’t
         possibly hit that often or sustain impacts hard enough to affect the brain like older,
         stronger, faster players. It seems logical. The hits don’t look that bad. Kids aren’t
         tackling with the speed and ferocity of NFL or National Rugby League players. They
         aren’t entering open-ice collisions at NHL speeds. They aren’t vying for headers like
         the US Women’s National Soccer Team. It would make sense that youth athletes wouldn’t
         incur the same kind of trauma to the brain that the adults do.
      

      
      Unfortunately, that isn’t quite true. A child’s head grows rapidly in youth, making
         it disproportionately large compared to the rest of their body. This essentially makes
         a child somewhat like a bobblehead doll.[2]   Their weak necks have a harder time stabilizing their head, causing it to more
         easily whip around with any hit or a fall to the ground. Add the weight of a helmet
         and the situation is even worse.
      

      
      Our understanding of the number and magnitude of impacts experienced by athletes of
         all levels has grown immensely in recent decades. This chapter will describe technology
         that allows us to measure these hits and what we have learned about the number and
         magnitude of hits sustained by youth athletes compared to their older and more experienced
         counterparts. As you will see, they aren’t all that different.
      

      
      How Are Head Impacts Measured?

      
      I want to start by explaining how head impacts are measured in sports. Keep in mind
         that, although we often use the term “head impacts,” researchers aren’t just measuring
         the impacts directly to the head. They are measuring how the head moves. A blow to
         the body or falls to the ground can cause rapid head movements, a whiplash-like effect
         that can strain and damage the brain, even though the head was never actually touched.
      

      
      Special sensors, called accelerometers, are used to measure acceleration of an impact.[3]   Higher acceleration translates to greater force experienced by the athlete from
         the impact. The sensors also provide the total number of hits that exceed a minimum
         threshold of force. Why have a minimum threshold? Because every movement results in
         some degree of acceleration on our brain, but not all of these forces are dangerous.
         The minimum threshold helps to ensure the accelerations measured by the sensors are
         actually from impacts and not due to other movements like running or jumping.
      

      
      Accelerometers provide information about both linear and rotational acceleration of
         the head. Linear acceleration, measured in g-force, is essentially the strength of
         a head acceleration in one direction.[4]   If a player takes a 100 g impact, the impact is 100 times the force of gravity
         on that player. Even if the player isn’t moving very fast, the abruptness of a collision
         can lead to big head accelerations. Common activities, including walking, running,
         and jumping, typically fall under 6 g.[5]   Most studies in the field use a minimum threshold between 10 and 15 g to exclude
         these incidental forces.
      

      
      Rotational acceleration occurs along a rotational path around an axis, like a spinning
         top.[6]   Rotational forces can occur when you turn your head quickly from right to left
         or experience a whiplash effect from front to back or side to side, for example. Concussions
         are usually caused by a combination of linear and rotational acceleration, but rotational
         acceleration may be even more damaging due to the strain the brain is under as it
         twists and hits against prominent structures inside the skull.[7]   Boxers often target the mandible, or lower jawbone, when trying to knock out their
         opponent because a blow to that area can cause high rotational forces.[8]  
      

      
      In sports like hockey and football, accelerometers can be placed in the helmet. For
         nonhelmeted sports, companies have developed mouth guards or skin patches with accelerometers.
         The sensors transmit data wirelessly to a computer or device on the sidelines. No
         sensors are perfect, but mouth guard and patch sensors tend to have higher error rates
         than helmet systems, more often counting impacts that didn’t happen. Video analysis
         is typically used to verify impacts in research. Some companies are selling accelerometer
         systems commercially, claiming they can help to recognize concussions or track impacts.
         I will discuss these sensors in chapter 10. 
      

      
      How Many Hits Do Athletes Sustain Playing 
Their Sport?
      

      
      Research using accelerometers has given us valuable insight to what a typical practice,
         game, or season of impacts looks like in various sports and at different playing positions.
         I will focus more on football in this section simply because more research has been
         conducted on football players. However, in recent years, we have learned more about
         the impacts sustained by athletes in other contact sports too.
      

      
      Football is one of the most popular sports in America. It can also deal its players
         hundreds of impacts over the course of the average season. Both college and high school
         players average between 300 to 775 head impacts in just one season and nine to fifteen
         impacts per event, which includes practices and games.[9]   It is common for some players to experience over one thousand hits in a single
         season. The average high school season has sixty-five to seventy events over a few
         months of time. Shockingly, in just one season, one high school player sustained 2,235
         impacts,[10]   while a college football player sustained 2,492 impacts.[11]   In one study, a football player experienced 108 impacts on a single day.[12]  
      

      
      But those are older athletes. What about kids in youth football? Most research shows
         youth athletes ages nine to fourteen sustain an average of two to three hundred head
         impacts above 10 g in one season.[13]   Several studies had a number of players incur more than five hundred, or even eight
         hundred, impacts. A youth season typically includes fewer than half the events of
         a high school or college season, so the overall number will be a bit lower. Yet, similar
         to the high school and college players, youth players experience an average of eight
         to sixteen impacts per event. At the high end, an athlete in one study sustained 1,226
         impacts in one youth season, while another experienced fifty-four impacts in a single
         event.[14]  
      

      
      Even the youngest players, those ages six to nine, incur an average of 110 to 160
         impacts per season (typically about fifteen events) and six to eleven impacts per
         event. Some young players experience many more impacts than that. One eight-year-old
         player sustained 374 impacts in thirteen events, for an average of twenty-nine impacts
         per event.[15]  
      

      
      Those defending youth tackle football have cited a 2014 study of twelve- to thirteen-year-old
         players suggesting that kids playing Pop Warner football only sustain an average of
         sixty impacts each season.[16]   Let’s be clear, there is no evidence that sixty head impacts over several weeks
         is safe for kids. Aside from that, the study used a sensor system with a 30 g minimum
         threshold, compared to the 10 or 15 g threshold in most other studies, which means
         they likely missed a substantial number of impacts sustained by the youth players.
         It also only included six games and five practices, notably less than youth seasons
         in most other studies. One of the study authors, who is also the chairman of Pop Warner’s
         Medical Advisory Committee, referred to these findings when discussing youth football
         safety in the media.[17]   The organization would benefit from parents feeling comfortable with the current
         safety of youth football. But how are parents, guardians, or coaches supposed to fully
         understand the risk when the only information they are getting from a national youth
         football organization uses data from a study designed markedly differently than the
         rest of the field? No study is without limitations, but honesty about limitations
         and how a study compares to other similar research is key for those making decisions
         that affect a child’s safety.
      

      
      Two studies have examined impacts in flag football. In one study, youth and high school
         athletes experienced an average of 0.1 head impacts per player for every ten minutes
         of seven-on-seven flag football play.[18]   A conservative estimate from other research suggests about two head impacts occur
         per tackle football player in the same time frame. Head impacts increased slightly
         with age in flag football but still remained low. No head-to-head contact occurred
         in the flag football players in this study—the head impacts were primarily head to
         ground or head against another player’s body while attempting to catch a pass. In
         another study, youth tackle football players experienced nearly five times more impacts
         than youth flag football players per event, including seven times more impacts in
         games.[19]   The flag football players only sustained about one impact for every two events.
         This evidence suggests that head impacts are far less frequent in flag football than tackle football.
      

      
      While the number of impacts sustained by youth tackle football players tends to be
         lower over shorter youth seasons, the average number of impacts per practice or game
         are not far off from older players. Kids can still experience hundreds of hits in
         just one season, with some athletes sustaining numbers that well exceed the average
         impacts over a high school or college season. Far fewer impacts occur in flag football,
         though, and playing this version of the game in youth could greatly reduce the cumulative
         burden of impacts an athlete experiences over their playing career.
      

      
      How do head impacts in football compare to other sports? Male high-school- and college-age
         hockey players experience an average of 280 to nearly 500 impacts over a season, with
         maximum numbers ranging from 446 to 785.[20]   Female hockey players are not allowed to check at any level, yet they still average
         around 170–230 impacts per season. Overall, hockey players average between three to
         eight impacts per event. At the youth hockey level, boys sustain around 140–225 impacts
         per season, while one study found girls sustained only around thirteen per season.[21] We still have much to learn about hockey impacts, particularly for female players
         and those under age thirteen.
      

      
      In soccer, heading the ball is the most obvious cause of repetitive head impacts,
         but head-to-head impacts while attempting a header and head-to-ground impacts when
         falling are also common. High school and college soccer players experience approximately
         two to seven head impacts per event and fifty-five to 160 per season at the college
         level, far less than hockey and football.[22]   A study conducted in the early 2000s, long before rules were implemented banning
         or limiting heading in youth programs, found that youth soccer players ages ten to
         thirteen years old headed the ball an average of 186 times and up to 450 times over
         about sixty events.[23]  
      

      
      A few studies have looked at other sports. Youth rugby players in the under-eleven
         and under-nine age groups sustain an average of thirteen and ten impacts per match,
         respectively.[24]   The average youth Australian football player in one study sustained about five
         impacts per game.[25]   College men’s lacrosse players experience between three and twelve impacts per
         event, while high school girl’s lacrosse players sustain an average of just two impacts
         greater than 20 g per season.[26]   Overall, there is a substantial gap that needs to be filled with data on these
         sports at the youth level.
      

      
      How Powerful Are the Head Impacts 
Athletes Experience?
      

      
      Now let’s address the misconception that “they’re just kids, they don’t hit that hard.”
         In football, the average linear acceleration for impacts in high school and college
         is around 20 to 29 g, and the average rotational acceleration ranges from around 1200
         to 1700 rad/s2.[27]   What does this actually feel like? A force of about 25 g is comparable to that
         felt by a person crashing their car into a wall at thirty miles per hour.[28]   This is just the average though. Any football fan knows that big hits are part
         of the game. Hundreds of impacts exceeding 60 g can occur on a team each season, and
         several even exceed 100 g. The maximum accelerations in one study were 205.3 g linear
         and 10,484 rad/s2 rotational,[29]   nearly double that of a hard punch thrown by an Olympic boxer.[30]  
      

      
      You may be surprised to learn that the average force of impact at the youth level
         is similar to that of their college and high school counterparts.[31]   Across studies of nine- to fourteen-year-old tackle football players, the linear
         acceleration from most hits fell between 18 and 25 g, and rotational acceleration
         ranged from 850 to 1400 rad/s2. Players aged six- to nine-years-old sustained hits with a slightly lower average
         force, usually between 15 and 18 g. In most youth football studies, about one in twenty
         impacts exceeded 50 g, and several hits in each study exceeded 80 g. The highest linear
         acceleration experienced in each study ranged from 100 to 179 g. Even seven- to eight-year-old
         kids were capable of generating a hit with a linear acceleration of 111 g. These are
         extraordinary numbers that absolutely show even the youngest tackle football players
         are capable of experiencing high-acceleration impacts.
      

      
      Football isn’t the only sport that can deliver high-force impacts. Most impacts in
         men’s and women’s hockey range from 15 to 31 g at the college and high school levels.[32]   Around 85 percent of youth hockey impacts have a linear acceleration below 30 g.
         However, like football, accelerations in youth hockey can exceed 100 g.[33]  
      

      
      Most soccer impacts at the college level are between 15 and 25 g, while impacts at
         the youth level tend to have a linear acceleration around 18 g. Though far less frequent,
         several hits over 50 g do occur in soccer, with the highest recorded hit in one study
         being 115 g.[34]   In a youth soccer study, male players sustained more head impacts than female players,
         but the female players were more likely to experience high-magnitude impacts.[35]  
      

      
      Data is lacking at the youth level in other contact sports. Though a few studies show
         youth rugby and Australian football players experience average impacts around 15 g,[36]  we need more research to understand the force of impacts on these athletes.
      

      
      What Factors Influence Head Impact Exposure 
in Sports?
      

      
      Several factors influence the number of impacts an athlete sustains. These factors
         are important to understand because they can be targets of interventions aimed at
         decreasing repetitive brain trauma in sports.
      

      
      Player Position: In most contact sports, the number and force of impacts can vary greatly by the position
         the athlete plays. This is most evident in football. Offensive and defensive linemen
         consistently sustain the most impacts of any position on the field.[37]   Every play, with the exception of a kickoff, involves linemen crashing into each
         other at the line of scrimmage. It is common for linemen to experience more than a
         thousand impacts, or even two thousand impacts, in just one season. These hits tend
         to be of lower accelerations compared to players at other positions. They don’t have
         time to gain much speed before they collide with each other. Players at the “skill”
         positions tend to sustain fewer overall hits but more hits at higher accelerations
         than linemen because they have more space to generate speed before impacting their
         opponent. Multiple studies have suggested that, on average, running backs sustain
         the greatest number of high-acceleration hits. Despite the fact that quarterbacks
         are often protected in practice, a season at this position can lead to more than three
         hundred head impacts.
      

      
      Most players competing in high-level college football play only one position on either
         the offensive or defensive side of the ball. At the high school level, though, it
         is more common for an athlete to play both offense and defense. One player might play
         both wide receiver and cornerback, for example, while another might play both offensive
         and defensive lineman. Playing on both sides of the ball leaves the athlete vulnerable
         to taking significantly more hits in a season.
      

      
      Positional differences occur in other sports too. College midfielders in soccer tend
         to sustain the most impacts over a season, averaging more than ninety-five impacts,
         while goalies average just ten impacts.[38]   In youth hockey, defenders tend to experience slightly more impacts than forwards,
         and again, goalies experience the fewest impacts.[39]  
      

      
      Event Type and Timing: The intensity of the game setting tends to lead to a greater number of overall impacts
         and high-magnitude impacts. Yet, because there are far more practices than games,
         practices contribute the most to the overall number of hits over a season.[40]   Preseason can be a time for players to prove their skills and value to the team,
         and preseason practices tend to have more impacts than in-season practices.[41]  
      

      
      Type of Play: Across sports, certain plays leave athletes vulnerable to high-level impacts. A greater
         starting distance between players means they can gain more speed before hitting each
         other. In football, this is most common on kickoffs, punts, and passing plays.[42]   This is one reason for rule changes regarding the kickoff across all levels of
         football play over the last decade. Plays in which infractions, or penalties, occur
         can also result in more severe impacts. A youth hockey study found illegal plays resulted
         in higher linear and rotational accelerations not just for the person being hit but
         also for the player who delivered the hit. Rule enforcement can play a critical role
         in keeping players safe.
      

      
      Awareness of the Oncoming Hit: Tackles, checks, or other contact from behind or outside the view of the impacted
         player are more likely to result in high-acceleration impacts compared to impacts
         a player can anticipate.[43]   In soccer, for example, purposeful headers result in lower accelerations than unanticipated
         head impacts.[44]   When the athlete sees the impact coming, they can tense their body and neck and
         prepare for it, reducing the impact accelerations.
      

      
      Experience: More experienced athletes tend to incur more impacts than those who are new to a
         sport.[45]   With more experience, players gain confidence with tackling and hitting, and they
         may be more willing to engage more aggressively in plays they would have avoided before.
         More experience may also mean more playing time and more impacts.
      

      
      Individual Player Attributes: The talent an athlete has and the aggressiveness level he or she plays with can influence
         the number of impacts they sustain in a season.[46]   In a study of youth football players, those who demonstrated greater overall athletic
         ability generally sustained more head impacts over a season, especially in games,
         compared to their less-athletic teammates.[47]   Those with more athletic ability may reach greater speeds and may be involved in
         more plays, leaving them more vulnerable.
      

      
      More athletic and aggressive players may choose to expose themselves to the most headers,
         check more, or tackle more. Aggressive players may be more likely to use their head
         as a weapon in helmeted sports, which can lead to more high-acceleration impacts.[48]   Some play with a reckless abandon that makes them fantastic athletes but also makes
         them more likely to endure hundreds or even thousands of head impacts over a season.
         This isn’t just dangerous for that player; one overly aggressive player can increase
         the risk of injury for other players too.
      

      
      In a study of hockey players, more aggressive players sustained a greater number of
         severe impacts, particularly in practice, but had a similar number of overall impacts
         as less aggressive players.[49]   The less aggressive players rose to the intensity of their more aggressive teammates
         in games, but they knew when to back off in practice to keep themselves and their
         teammates healthy. The more aggressive players, however, carried those intense hits
         into practice, too, even though they were inflicting those impacts on their teammates.
      

      
      Coaching and Team Culture: Coaches dictate many aspects of a team that influence the impacts a player experiences.
         For example, football coaches determine the style of offense a team runs. In a 2013
         study, offensive players in a run-first offensive scheme incurred 50 percent more
         impacts than those in a pass-first offense over a season.[50]   However, the pass-first offense, with more open-field, higher-velocity plays, resulted
         in players sustaining impacts with higher average accelerations.
      

      
      Coaches determine the training drills players perform in practice, and in football,
         tackling drills leave players at substantially higher risk of sustaining impacts over
         40 g. Drills such as “king of the circle,” “Oklahoma,” and “bull in the ring,” where
         players run and hit another player from several yards away, result in the highest
         force of impact.[51]   Fortunately, these drills have been banned by most youth football leagues, though
         some teams continue to use them to “toughen up” their players. Scrimmages and game-situation
         drills with open-field plays can also lead to significant impacts. Lower-acceleration
         impacts are most common with drills focusing on passing and technique. The same goes
         for other sports. In soccer, coaches control the amount of practice time spent on
         heading. Tackling drills and scrimmages in rugby as well as hockey and lacrosse drills
         involving checking and full-speed play can leave those players at risk of a higher
         number and more severe head impacts.
      

      
      Coaches influence the culture and attitudes of the team regarding safety, and in turn,
         they can encourage the aggressive nature of play that some athletes bring to the game.
         As a result, rules and regulations that simply decrease the time teams are allowed
         to spend in full-contact practice may not make a substantial difference in the amount
         of impacts players sustain. Aggressive coaches and players alike will simply pack
         those hits into a shorter amount of time, making the effect of reducing contact practice
         time negligible.
      

      
      What Does It All Mean for Youth Athletes?

      
      While the data on head impacts in various sports isn’t perfect, it gives us a better
         sense of the kind of repetitive trauma to the brain athletes sustain on a regular
         basis. What does this mean for the future of athlete safety? The answer right now
         is we don’t know. Sure, sports can provide many benefits for those who participate,
         but experiencing that many hits over a few months provides nothing but harm. It is
         possible that some combination of hits at certain accelerations might increase your
         risk of sustaining a concussion during a given day, week, or season. It’s also possible
         that the right combination of hits along a spectrum may increase the risk for long-term
         issues, such as CTE. Maybe fewer hits at a higher magnitude and more hits at a lower
         magnitude carry similar risk for future impairment or disease. We just don’t understand
         this relationship yet.
      

      
      Someday it is likely that we will be able to use all of the information we have learned
         on repetitive brain trauma from accelerometer-based research to make better health
         decisions for our athletes on an individual basis, perhaps using some kind of hit
         count, similar to a pitch count in baseball. For now, we still have a lot to learn.
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      Chapter 5

      Why the Young Brain Is Vulnerable

      
         
         
      

      
      
         Youngsters, especially between the ages of ten and twelve, are developing connectivity
            networks. . . . If there is an injury, these pathways are going to be altered, and
            it can have a significant effect on what the personality of the individual is going
            to be. He may not have been programmed genetically to wind up with problems with depression
            or cognitive issues, but that can be the net result.
         

         
         —Robert Cantu, MD, medical director and director of clinical research, Cantu Concussion
            Center[1]  
         

      

      To understand the potential consequences of repetitive trauma to the developing brain
         from the hundreds or even thousands of impacts experienced in youth sports, we have
         to understand what typical development looks like. Brain development from childhood
         to young adulthood involves bursts of rapid maturation and an intricate pattern of
         processes that shape the person we become. These rapid periods of development are
         also windows during which the brain is most vulnerable to poor outcomes from trauma.
         This is important to consider when weighing the risks and benefits of contact sports
         for young athletes. Kids are not just little adults.
      

      
      This chapter will give a brief overview of childhood and adolescent brain development
         and explain why the brain is so vulnerable during the ages when many kids are playing
         youth sports. I will share examples of what can happen when development is disrupted
         in the brain and provide supporting evidence of disrupted development from other environmental
         causes in the brain and body.
      

      
      A Brief Introduction to Brain Development

      
      We are born with nearly all of the neurons we will ever have—more than 100 billion.[2]   The most rapid stages of brain growth occur before birth, with an average of 250,000
         neurons being created every minute. But after we are born, we make very few new neurons,
         so if we damage our neurons throughout life, we are not able to replace them.
      

      
      The brain reaches 90 percent of the size of an adult brain by age six.[3]   Clearly, a six-year-old child has a lot of growing to do, and their brain function
         is far from that of an adult. In fact, brain development and maturation continue well
         into early adulthood, but overall brain size stays about the same for most of that
         time. Instead, brain development occurs through the refinement and rearrangement of
         pathways and connections within specific brain structures.
      

      
      Myelination is the process of wrapping a fatty sheath around a neuron’s axon, the
         long tail-like structure that carries information from one neuron to another.[4]   The fatty layer gives the axon a whitish appearance, so pathways formed by myelinated
         axons make up the brain’s white matter. Due to ongoing myelination, the white matter
         volume increases from childhood through adulthood. Like the coating around a copper
         wire, myelin insulates the axon and allows electrical signals to travel more rapidly
         along it. The more myelin on an axon, the faster the signal speed, even up to 120
         meters per second. Though not all neurons have myelin (it depends on a neuron’s job),
         when myelin is present, it is critically important to the function of the neuron.
      

      
      Children have less myelin than adults. This can be problematic because myelin also
         helps protect the axon. Axons with little or no myelin are more exposed, making them
         more prone to damage with concussive and repetitive impacts and the chemical changes
         that occur in the following hours and days.[5]   They also don’t recover as well from injury as highly myelinated axons. This means
         a child’s axons are more vulnerable to damage with brain trauma in sports.
      

      
      Although we make very few new neurons after birth, we do form around 100 trillion
         new synapses, or connections, between neurons through childhood to allow more information
         to be shared between different parts of the brain.[6]   These synapses are located in the brain’s gray matter, along with the cell bodies
         that control the neuron’s function. Synapses take up space, so as we create more connections,
         our gray matter volume increases.[7]   We make synapses at a rapid pace from birth until a given structure reaches its
         peak in childhood or adolescence. But the brain actually makes too many synapses,
         which can affect how the brain functions. It’s like when two signals are competing
         for the same radio frequency, so you hear two songs at the same time. Likewise, having
         too many synapses causes excessive noise in the brain as too many neurons compete
         to send their signal to the same target. This makes it harder for a child’s brain
         to function efficiently, leading to subtle challenges like slower reaction time.[8]  
      

      
      The brain deals with this noise through a process called synaptic pruning.[9]   Imagine if by simply listening to your favorite radio station more, you could eliminate
         those other weak radio signals interfering with the frequency. With synaptic pruning,
         the strongest, most-used connections are retained, and the others are eliminated.[10]   This loss of synapses is a good thing that allows the brain to work better, and it is very different than the loss of connections
         that occurs with aging or conditions like Alzheimer’s disease. As we prune unnecessary
         synapses, the brain refines the structures and pathways needed to complete a given
         function.
      

      
      The pruning process begins shortly after a gray matter structure reaches its peak
         size and number of synapses, and it results in a decrease in the structure’s size
         over time.[11]   This is in large part why the brain doesn’t grow very much in size after age six.
         The exact timing of the peak differs by structure. Areas that process our senses,
         like vision, peak and begin pruning in early childhood.[12]   Other areas, such as those involved in complex functions like planning and reasoning,
         reach their peak around age twelve but continue pruning into the midtwenties.
      

      
      Myelination and synaptic pruning allow different parts of the brain to work together
         more quickly and efficiently.[13]   This contributes to better cognitive function and behavior control as children
         mature. For example, while children are capable of some high-level cognitive functions,
         they struggle as the task or situation becomes more complex.[14]   A child can control their impulses in some situations, but they gain the ability
         to do so consistently and in a variety of situations as they mature into adulthood.
         Our experiences in childhood and adolescence play a key role in how our connections
         are formed and pruned.[15]   For example, the brain of a child who is a skilled musician will produce and prune
         synapses differently than a child who is a star basketball player. These processes
         also play a role in how our emotions, personalities, and individuality develop.
      

       

      Brain structures go through specific time windows of rapid development called critical
         periods.[16]   Critical periods can involve surges in synapse formation, rapid rates of myelination,
         or substantial pruning and refinement of synapses. The timing of critical periods
         varies in different regions and structures of the brain, and a structure can go through
         multiple critical periods, with on-off cycles, at different points throughout childhood
         and adolescence. There seems to be a correlation between some critical periods and
         the onset of puberty, especially with synapse formation and pruning.[17]   In most cases the peak is reached earlier in females than males, as females tend
         to reach puberty at a younger age.
      

      
      Several gray matter structures and white matter pathways have a peak developmental
         stage between ages eight and twelve.[18]   The following paragraphs describe the development of a few important structures
         and processes I will discuss in upcoming chapters.
      

      
      Corpus Callosum: The largest white matter pathway is the corpus callosum, which allows communication
         between the right and left sides, or hemispheres, of the brain.[19]   It contains up to 250 million axons, and it plays an important role in coordinating
         attention, language, and other complex cognitive tasks. The corpus callosum has a
         critical period of rapid myelination between ages eight and twelve, with most of it
         reaching 90 percent of full myelination by age eleven.[20]   This pathway is frequently damaged by concussive trauma and brain trauma from repetitive
         impacts. As the brain moves and rotates with trauma, one hemisphere hits against supportive
         tissue within the skull, while the other hemisphere pulls away, stretching and damaging
         the axons in the corpus callosum as it continues to connect the hemispheres.[21]  
      

      
      Hippocampus: The hippocampus is vital for learning and forming memories. It is a key structure
         affected in Alzheimer’s disease, which is why those with the disease have a hard time
         remembering new things.[22]   This structure reaches peak volume between ages ten and twelve and decreases in
         size after that as a result of synaptic pruning.[23]  
      

      
      Amygdala: The amygdala plays a key role in processing emotions, understanding social interactions,
         and regulating fear and anxiety. This structure sees a critical period for connectivity
         around age ten and reaches its peak volume around age twelve.[24]  
      

      
      Prefrontal Cortex: The cortex is the layer of gray matter along the surface of the brain. Several cortical
         regions have a wave of growth in late childhood followed by pruning starting around
         age twelve.[25]   The prefrontal cortex, at the front of the brain, is responsible for many of our
         executive functions, or complex cognitive processes such as multitasking, problem
         solving, planning, inhibiting impulses, and decision making.[26]   These skills help us understand a situation, weigh potential responses, and choose
         the best one. Though the prefrontal cortex reaches a peak in synapses in early adolescence,
         it continues to remodel well into our twenties.
      

      
      Metabolism and Blood Flow: Myelination, synapse development, and pruning take a lot of energy. The resting metabolism
         of the brain, or the amount of fuel the brain uses at rest, is considerably higher
         in children than in adults.[27]   This fuel is carried in our blood, and a peak in blood flow to the brain occurs
         between ages ten and twelve.
      

      
      Critical Periods and Windows of Vulnerability

      
      It was once believed that the young brain could handle trauma better than the adult
         brain because of its plasticity, which is the ability to adapt and reorganize in response
         to its environment.[28]   While plasticity is far more limited in adulthood, scientists thought the young
         brain could simply reorganize and compensate for brain trauma without consequence
         because it was still being molded into its adult form. While the developing brain
         can compensate for some degree of damage, the natural plasticity and development process
         can be altered by trauma like concussions.[29]   Altered plasticity can actually disrupt the ability of other structures to fully
         develop their intended functions, as they may have to compensate for the damaged structure.
      

      
      Childhood brain development is like building a house: it has to be built on a solid
         foundation that will support the floors above.[30]   The connections made throughout childhood brain development form a critical foundation
         for the adult brain. If this foundation is not laid the proper way, it may lead to
         cognitive, emotional, or other deficits down the line, some more subtle, others more
         significant. The earlier this damage occurs, the worse the outcome may be because
         less of the solid foundation has been laid before the process was disrupted.
      

      
      The brain may be prepared to handle small disturbances and return to the normal path.[31]   In this case, a child would reach the expected adult structure and function. But
         after larger disturbances, the brain can change developmental paths, and the final
         outcome can differ from the original plan. Effects of a concussion or repetitive impacts
         could change how synapses are formed or pruned or inhibit normal myelination, altering
         the brain’s developmental trajectory.[32]   The adult brain has completed these processes, so the outcomes of brain trauma
         in childhood can look very different than the outcomes from the same trauma in an
         adult.
      

      
      Skills that are not mature yet or that are developing at the time of the injury are
         most vulnerable.[33]   Improvements in executive functions like information processing, impulse control,
         and attention between ages eight to twelve lay the foundation for gains in strategic
         thinking, planning, and other executive functions through adolescence. If typical
         development is disrupted, children can fall behind, resulting in delays in reaching
         normal function, or perhaps never reaching normal function at all. For example, learning
         is intended to follow a typical path for children throughout their school years. If
         executive functions are impaired early, it can result in difficulties learning new,
         more advanced skills later. A complex algebra problem requires strategic thinking,
         organization, and planning skills to solve. A typically developing high school student
         would have the skills needed to learn how to solve the problem. If a student incurred
         brain trauma several years earlier affecting the development of his executive functions,
         he may struggle to solve the problem. Such a student may seem to function well overall,
         but deficits can become apparent with increasingly complex tasks.
      

      
      Critical periods are a time when the experiences a child or adolescent has, both positive
         and negative, can have the most influence on brain structure and function.[34]   Critical periods can be windows of opportunity in which the brain can positively
         adapt to experiences.[35]   Unfortunately, critical periods can also be windows of vulnerability. Let’s say,
         for example, that a brain structure X undergoes rapid growth from ages eight to ten.
         If a child is exposed to brain trauma that affects structure X at age six or twelve,
         the effects may be less severe. However, if the same exposure occurs at age nine,
         the outcome may be much worse. If disruption occurs during a critical period, it can
         cause an even greater deviation from the intended path.
      

      
      Many cognitive difficulties from disrupted brain development have one crucial thing
         in common: the symptoms don’t show until the child is older, even into their early
         twenties.[36]   If language skills are impaired, it is evident in childhood because these skills
         develop early.[37]   But it’s hard to know if executive functions, which fully mature by the midtwenties,
         have been disrupted in an eight-year-old because those functions are supposed to be
         limited in children. If that eight-year-old grows up to be a twenty-eight-year-old
         who continues to struggle with things like planning, impulse control, and decision
         making, you might think something is wrong. If these skills don’t fully develop, the
         individual is often thought to have personality flaws, be a disorganized person, or
         have a “short fuse.” You likely wouldn’t attribute these behaviors to disrupted development
         that occurred twenty years earlier.
      

      
      Disrupted Development

      
      There has been some resistance to the idea that repetitive head impacts could damage
         the brain or alter the way the brain develops. However, this concept is well accepted
         by medical professionals and scientists regarding other body systems. Normal brain
         development can be disrupted by a number of outside factors, too, leading to lasting
         changes in brain structure. The specific age when the exposure occurs influences the
         outcome. To demonstrate this point, here are a few examples of disrupted development:
      

      
      Fractures: When a fracture occurs in a child’s growing bone, it is well accepted that the growth
         of that bone may be disrupted or altered. The growth plate is where the bone grows
         in length. A fracture that damages an active growth plate can cause it to close and
         stop growing prematurely, resulting in a bone that is shorter than it would have otherwise
         been.[38]   Fractures to the middle of the bone can also alter bone development. As the bone
         begins to mend, cells that make new bone go into overdrive, resulting in the injured
         limb being longer than it was meant to be.[39]   However, these outcomes would not happen if the fracture occurred in adulthood.
      

      
      The Developing Lungs and Smoking: Alveoli in our lungs are the balloon-like structures where oxygen and carbon dioxide
         are exchanged between our blood and the air.[40]   We are born with only about one-sixth of our alveoli. We develop more throughout
         childhood, but growth increases dramatically around the onset of puberty until we
         peak with at least 300 million alveoli by our early twenties. This makes adolescence
         a critical period for lung development. Any form of smoking in adolescence can disrupt
         the development of our alveoli, potentially resulting in a lower peak number of these
         critical sites of gas exchange and potentially a lower overall lung capacity.[41]   Smoking in adolescence also increases the risk of developing lung cancer because
         lung cells that were altered by smoking replicate as new alveoli develop.[42]  
      

      
      Childhood Obesity: Obesity can also alter the anatomy of a child’s heart by causing an increase in the
         size of the chambers on the left side of the heart, which pumps blood out to the body.[43]   These changes in the structure of the heart in childhood and adolescence can persist
         into adulthood, even in those who reach a healthy weight as an adult.
      

      
      Radiation Exposure in Children: Those who are exposed to radiation from X-rays and CT scans in childhood are at greater
         risk of developing cancer, including brain tumors, later in life compared to those
         not exposed or those exposed in adulthood.[44]  
      

      
      Lead Exposure: Children exposed to even low levels of lead can have significant cognitive impairments,
         including difficulties with attention, memory, and reaction time.[45]   Lead exposure in childhood is also associated with poor academic achievement as
         well as behavioral challenges, including poor impulse control, withdrawal, delinquency,
         and social difficulties. These symptoms often don’t show at the time of exposure;
         instead, they appear later in life, when certain skills are supposed to come online
         but never fully develop. Lead exposure in adulthood, especially at lower levels, does
         not typically have the same level of consequences.
      

      
      Alcohol Use: Alcohol is toxic for the developing brain, especially when consumed while binge drinking.
         This can disrupt myelination, synapse formation, and synaptic pruning.[46]   The prefrontal cortex is particularly vulnerable and tends to be thinner in those
         who consume alcohol regularly in their teen years. Frequent drinking also alters white
         matter development, resulting in smaller white matter volumes than expected. Functionally,
         those who start binge drinking in adolescence have a number of cognitive and behavioral
         issues, including memory issues, a lack of impulse control, and anxiety, that persist
         into adulthood even if they stop drinking.
      

      
      Cannabis Use: Adolescent cannabis use has been linked to low academic achievement and difficulties
         with memory, learning, and other cognitive functions that last into adulthood.[47]   Altered cortical thickness and disrupted white matter integrity have also been
         found in the brains of those who used cannabis regularly in adolescence. The risk
         of these negative outcomes is significantly lower if they start using cannabis later
         in life. Adolescence appears to be a window of vulnerability in which cannabis use
         can have particularly harmful effects.
      

      
      Childhood Adversity: There is concerning evidence that childhood adversity, including poverty, trauma,
         abuse, neglect, and maltreatment, can disrupt brain development. Exposure to childhood
         adversity changes the structure of the brain, leading to altered connectivity between
         brain regions and reduced volumes of the hippocampus, prefrontal cortex, amygdala,
         corpus callosum, and other structures.[48]   Like the other examples I’ve mentioned, the same outcomes are not seen when trauma
         or neglect is experienced in adulthood.[49]   The specific age of exposure to adversity influences which structures are affected
         in the brain. For example, females exposed to physical or sexual abuse from ages nine
         to ten had a smaller corpus callosum, while those exposed between ages eleven to thirteen
         had smaller hippocampal volume.[50]   I will talk about early childhood adversity and sport-related brain trauma in chapter
         13.
      

      
      How This Relates to Repetitive Brain Trauma in Youth Contact Sports

      
      Brain development is a complex dance involving multiple processes occurring at different
         rates and times over more than two decades. Whether good or bad, the choices, opportunities,
         trauma, or other events we experience during this time can permanently alter how our
         neurons and synapses develop and, ultimately, the form and function of our adult brain.[51]  
      

      
      The idea of disrupted development is not new. I gave several examples above, and countless
         others exist. It has been hypothesized that childhood may be a window of vulnerability
         during which concussions and repetitive brain trauma could significantly alter normal
         brain development, and I will discuss this in more detail in chapter 7. The many brain
         development processes happening, particularly between ages eight and twelve, may make
         it harder for the young brain to recover from injury.[52]  
      

      
      Though we still have a lot to learn, there is ample corroborating evidence to support
         the hypothesis that concussions and repetitive brain trauma can disrupt the brain
         development process. Disrupted development can occur throughout the body and in the
         brain from multiple causes. Even emotional trauma can alter development. Why would
         we think repetitive physical trauma to the brain would be any different?
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      Chapter 6

      Why It’s Not All about Concussions

      
         
         
      

      
      
         There must be a reduction in the number of head impacts. The continued focus on concussion
            and symptomatic recovery does not address the fundamental danger these activities
            pose to human health.
         

         
         —Ann McKee, MD, chief of neuropathology, Boston VA Healthcare System; neuropathology
            core director, CTE Center, Boston University School of Medicine[1]  
         

      

      Much of the attention around brain safety in youth sports has focused on concussions.
         Concussions are often categorized as a “mild” brain injury because they don’t immediately
         result in what we think of as life-threatening or even severe symptoms, like a coma,
         and the symptoms usually resolve within a few weeks. But a concussion is a serious
         injury to the brain that can significantly disrupt normal life and have lasting symptoms.
         Hiding or mistreating these injuries can result in life-altering consequences or even,
         in rare cases, death. Concussions need to be taken seriously, and the wealth of attention
         given to them in recent years is absolutely warranted.
      

      
      Yet concussions are just part of the story of brain trauma in sports. The focus on these injuries has overshadowed
         the consequences of the hundreds of impacts incurred in a season and thousands sustained
         over a career of contact sports. Since the late 2000s, growing research has shown
         that repetitive impacts that occur with every tackle, block, header, check, or collision
         are not without consequence, even though they don’t result in immediate symptoms.
         Changes have been seen in the brains of youth athletes, even over the course of one
         short season.
      

      
      This chapter will start with an overview of concussions, debunking myths and highlighting
         key points all athletes, families, and coaches should know. Then I will shift the
         focus to what we know about the consequences of repetitive brain trauma and what it
         means for youth athletes.
      

      
      Concussions in Youth Sports

      
      A concussion is a type of traumatic brain injury resulting from a blow to the head
         or a blow to the body that causes the head to move rapidly, like a whiplash effect.[2]   The brain is jostled and hits against prominent features within the skull. Axons
         connecting different parts of the brain are twisted and stretched, damaging neurons
         and leading to a cascade of chemical changes that disrupt normal transmission of signals
         in the brain.[3]  
      

      
      These concussive impacts can result in a variety of symptoms, such as blurred or double
         vision, headache, confusion, dizziness, balance issues, nausea, memory issues, sensitivity
         to light or noise, and difficulty concentrating.[4]   Getting your bell rung, having a ding, or seeing stars were thought to be a normal
         part of some sports for decades, but now most medical professionals and scientists
         consider these to be concussions as well. Fatigue, difficulty sleeping, anxiety, and
         difficulty controlling emotions are often-overlooked symptoms in concussed youth athletes.
         Concussed athletes use more areas of the brain both at rest and when completing a
         task than those who don’t have a concussion, in part due to damage to the white matter
         pathways in the brain.[5]   White matter damage isn’t visible on traditional brain imaging, but in research
         using special imaging techniques on concussed youth athletes, we can see damage in
         many brain pathways that can last for months after the injury.
      

      
      Concussion Risk in Youth Sports

      
      Concussion rates have risen across sports in recent years. Increased speed, roughness,
         and intensity of play even at young ages may be a factor, but it’s also likely that
         improved education and understanding of the seriousness of these injuries is leading
         to more athletes reporting their concussion than ever before. Concussion rates in
         different sports vary, and sometimes by coincidence one group of athletes may simply
         have more or fewer injuries in a given year. When several studies conducted over time
         using similar methods are reviewed together, we can gain a better idea of both overall
         concussion rates and how different sports compare to each other.
      

      
      In the United States, football is consistently the sport with the highest number and
         rate of concussions across all levels of play.[6]   Around one in twenty youth players ages five to fourteen sustains a concussion
         each season,[7]   and nearly 100,000 youth and 80,000 high school players suffer the injury each
         year.[8]   Hockey most often has the highest rate after football, but youth hockey concussions
         have decreased over the last decade in the United States and Canada as a result of
         bans on checking before age thirteen.[9]   For female athletes, soccer has the highest concussion rate at all levels of play.[10]   Despite what some have claimed, nearly all studies have found that concussion rates
         in girls’ and women’s soccer are consistently lower than football. Lacrosse, wrestling,
         and competitive cheerleading also have concerning concussion rates. In lacrosse, the
         rates are significantly higher at the youth level than at the high school and college
         levels.[11]   Rugby has concussion rates similar to football,[12]   while youth Australian football has rates similar to those in hockey.[13]  
      

      
      In the same sport or sports with similar rules, female athletes are at a greater risk
         of sustaining a concussion compared to male athletes across all levels of play.[14]   For example, despite experiencing fewer overall impacts at lower average accelerations,
         female hockey players tend to have similar concussion rates to their male counterparts.[15]   Female soccer players are at around double the risk of sustaining a concussion
         compared to male players.[16]   We don’t know why females are at higher risk, but it may be due to better reporting
         by female athletes, weaker necks leading to higher accelerations, physiological differences,
         or a combination of factors.[17]  
      

      
      Most concussions happen as a result of player-to-player contact. Contact with tackling
         in football and rugby and with checking in hockey and lacrosse causes the majority
         of concussions.[18]   In soccer, most concussions occur with head-to-head contact while attempting a
         header, followed by heading itself.[19]   A higher overall number of concussions happen in practices than games simply because
         more time is spent in practices during the season. But in all sports, like the risk
         of sustaining a high-force impact, the concussion risk is higher in games.[20]  
      

      
      Common Misconceptions: Causes and Diagnosis of Concussions

      
      “Concussions can only happen with high-force impacts.” There is no known acceleration threshold above which the force of an impact is certain
         to cause a concussion or below which is certain to be safe. Impact force doesn’t predict
         how bad the concussion symptoms will be either.[21]   In college and high school athletes, accelerations above around 4000 rad/s2 rotational and 102.5 g linear are likely to cause a concussion, but many brain injuries
         occur with forces much lower than that.[22]   For example, a player may incur a hit of 80 g early in practice without symptoms
         and then sustain a hit later in practice at 40 g that results in a concussion. Certain
         athletes may be prone to these brain injuries at lower thresholds. Nine- to fourteen-year-old
         football players in one study sustained concussions with impacts at an average of
         62.4 g linear and 2600 rad/s2 rotational acceleration, much lower than the predicted high-risk accelerations in
         older players.[23]   This suggests the developing brain of youth athletes may be at higher risk of sustaining
         a concussion with lower forces.
      

      
      “It’s not a concussion if you don’t lose consciousness.” It is a common misconception that you have to be knocked out, or lose consciousness,
         to have a concussion. That is not true, and, in fact, only about 10 percent of concussions
         actually result in a loss of consciousness.[24]  
      

      
      “All kids with concussions should have a brain scan.” Brain CT scans and MRIs look completely normal with the vast majority of concussions,
         so these imaging techniques are not helpful for diagnosing the injury. Doctors should
         only recommend imaging if they suspect the patient may have a brain bleed due to vomiting,
         prolonged loss of consciousness, severe headache, or worsening symptoms.[25]   The potential consequences of radiation exposure greatly outweigh the low likelihood
         of benefits of imaging for concussions. Advanced imaging methods are being developed
         in concussion research, but they aren’t ready for the clinical setting.
      

      
      “Blood tests can diagnose a concussion.” Scientists are studying potential markers to diagnose a concussion with a simple
         blood test, but none exist yet. The only approved test is for emergency room use in
         adults with a more severe injury to determine if they need a CT scan.[26]  
      

      
      Concussion Management and Recovery

      
      If an athlete is suspected of having a concussion, they should be immediately removed
         from the game or practice and evaluated by a medical professional with training in
         concussion diagnosis and management. Athletes who leave the game or practice immediately
         tend to return to their sport faster than those who keep playing, and continuing to
         play with a concussion raises the likelihood of having a prolonged recovery of over
         a month or more.[27]   Those who continue to play after suffering a concussion are also more likely to
         have a higher number of symptoms and more severe symptoms compared to those who stopped
         playing immediately after their injury.
      

      
      In the first twenty-four to forty-eight hours after sustaining a concussion, rest
         is best. After that, return to everyday life should be gradual.[28]   Academic accommodations help student-athletes manage school while their brain recovers,
         and full return to school should always happen before return to sports. Once symptoms
         have resolved, a gradual return to play should be guided by a trained medical professional,
         progressing from limited light activity to sport-specific, non-contact play, to full-contact
         practice and games. If symptoms return at any point, the athlete should return to
         the previous step until they can complete that step without symptoms.
      

      
      Nearly half of athletes are symptom-free within two weeks of the injury, and three-quarters
         have recovered by one month.[29]   This is longer than we once thought. Compared to college athletes who played their
         sport in 1999 to 2001, athletes who played in 2014 to 2017 were held out about ten
         days longer.[30]   This is actually a good thing. Returning to play too soon can increase the risk of sustaining a second concussion
         that often has more symptoms and a longer recovery.[31]   In the earlier study, the second concussion usually happened within a week of the
         first. Forty-one percent fewer athletes in 2014 to 2017 suffered a second brain injury,
         and the delayed return was likely a key factor. Athletes who return while still having
         symptoms may perform worse in their sport due to delayed reaction time, impaired coordination,
         and other lingering deficits.[32]   Of course, every athlete wants to get back into the game as soon as possible, but
         conservative management of these injuries is critically important to safe recovery,
         improved sport performance upon return, and prevention of future concussions.
      

      
      Several factors can influence recovery time after a concussion. The rapidly developing
         brains of children and adolescents tend to take longer to recover than the adult brain.[33]   Athletes with a previous concussion, especially multiple concussions, are also
         more likely to have a delayed recovery.[34]   Female athletes also tend to have a greater number of and more severe symptoms
         and take longer to recover than male athletes.[35]  
      

      
      Even after all noticeable symptoms resolve and an athlete returns to play, the chemical
         changes and impaired signal transmission that occur with concussions can linger.[36]   Changes in white matter, brain connectivity, and blood flow can persist a year
         or more after the injury.[37]   Our brain does a great job of working around damage to accomplish a task, but that
         capacity is limited. For example, an athlete might seem fine with simple tasks, but
         deficits show with more complex tasks, like the physical demands of sports combined
         with game-related decision making.[38]   This is likely a key reason why athletes are at greater risk of sustaining a lower
         extremity injury in the months or even years after a concussion.[39]  
      

      
      Common Misconceptions: Concussion Recovery and Return 
to Play
      

      
      “A player can safely return to play if their concussion symptoms last less than fifteen
            minutes.” This used to be common practice, but we now know that athletes should never return
         to play on the day of the injury. Youth athletes are far more likely than high school
         athletes to return to play less than twenty-four hours after a concussion,[40]   likely due in large part to a lack of trained medical personnel at youth events.
         Returning to play before symptoms resolve can have dire consequences. Though rare,
         second impact syndrome can occur if a young athlete sustains a second brain injury
         before they fully recover from the first.[41]   It is thought that the second impact ultimately causes unregulated blood flow and
         swelling in the brain that is fatal in around half of cases.
      

      
      “You should wake a concussed person up throughout the first night to make sure they’re
            okay.” This also used to be common practice, but it is no longer recommended. Sleep is critical
         for recovery in athletes of all ages, and a lack of sleep after a concussion can actually
         increase the severity of symptoms.[42]   If a concussed athlete is unusually drowsy or unable to stay awake, it may be cause
         for concern, and you should call a doctor.
      

      
      “Concussed athletes should stay in a dark room with little mental or physical stimulation.”
            Mild stimulation can actually be helpful following a concussion. The key is to avoid
         things that make the symptoms worse, which could include using computers and other
         devices or physical or mental overexertion. Growing research shows prolonged complete
         rest can actually increase symptoms and lengthen recovery from a concussion, while
         short bouts of very light exercise may actually help with recovery.[43]   However, this must be done the right way with the right progression under the guidance
         of a qualified medical professional.
      

      
      “Passing a computerized test means an athlete is ready to play.” Athletes and parents will often ask for a computerized neurocognitive test, like
         the ImPACT, thinking that, if they pass, they must be ready to return to play. But
         it doesn’t work that way. These tests often have lower reliability in young athletes
         than adults, so clinicians need to ensure they are using age-appropriate tests.[44]   Even if the athlete has a baseline test to compare to postconcussion performance,
         it may not be valid. Some athletes intentionally perform poorly on the baseline so
         they don’t have to score as high during recovery to reach preinjury levels.[45]   As a result, they may be allowed to return to play sooner than they should. While
         a computerized test can give useful information about the patient’s recovery, a good
         clinician will never rely solely on it, or any one test, to make a return to play
         decision. Instead, they will consider the entire clinical exam when making that decision.
      

      
      Special Considerations for Concussions in Children 
and Adolescents
      

      
      In sports, children and adolescents tend to be at higher risk of getting a concussion,
         taking longer to recover from the injury, and having poorer outcomes compared to adults.[46]   As discussed in the previous chapter, concussions in children and teens may disrupt
         the typical trajectory of brain development, potentially resulting in often subtle
         lasting consequences.[47]   Even if a concussed child has a full recovery and returns to preinjury levels,
         they may have fallen behind their peers who continued maturing over that time. Better
         concussion management can help youth athletes make a quicker and safer return to normal
         activity. Concussion management should be age appropriate and conservative in young
         athletes. An eight-year-old’s brain is different than that of a twelve-year-old or
         an eighteen-year-old.
      

      
      Consequences of Repetitive Subconcussive 
Brain Trauma
      

      
      It was long thought that the routine head impacts inherent to many contact sports
         were harmless if they didn’t result in immediate symptoms. We now know these repetitive
         impacts can have both immediate and lasting consequences for the brain. They are often
         referred to as subconcussive impacts because they don’t result in concussion symptoms.
         It isn’t the best term to describe these hits, given that there are no known lower
         thresholds of force for sustaining a concussion. Even so, it is a common descriptive
         term, and I will use it throughout this book.
      

      
      Short-Term Exposure to Repetitive Subconcussive Impacts

      
      Repetitive subconcussive impacts can change the brain over the course of just one
         season even if the athlete did not have a concussion. A variety of imaging methods
         and other tests have been used to study the effects of these impacts. The studies
         typically perform baseline tests on each athlete before the season begins and then
         compare them to tests after the season has ended.
      

      
      Diffusion tensor imaging, or DTI, is a type of MRI that gives information about the
         white matter pathways in the brain. At the high school and college level, a growing
         number of DTI studies have shown evidence of damage to white matter pathways after
         one season of play in several sports, including football, hockey, and soccer.[48]   In one study of college football players, the markers suggestive of white matter
         damage did not return to preseason levels even six months after the season.[49]   White matter changes are also evident in the brains of eight- to thirteen-year-old
         football players after one short season of youth football.[50]  
      

      
      Functional MRI, or fMRI, can be used to examine underlying physiology, connectivity,
         and blood flow in brain networks. Using this method, alterations in connectivity have
         been found in youth, high school, and college football players after one season.[51]   Researchers at the University of Texas Southwestern Medical Center reported that
         a single season of youth and high school football may disrupt the synaptic pruning
         process.[52]   This can lead to larger overall volumes and inefficient connectivity in the prefrontal
         region of the brain. Changes in blood flow have been detected using fMRI in the brains
         of female high school soccer players after one season, and the altered blood flow
         lingered until around five months after the season ended.[53]  
      

      
      Many other studies have shown changes in the brain after a single season of repetitive
         impacts. For example, changes in gray matter volumes have been shown to persist at
         least one month after a college football season.[54]   Altered levels of substances in the blood and chemical levels in the brain have
         been reported in high school and college football players, suggesting that a season
         of repetitive impacts can damage neurons in the brain.[55]   Repetitive subconcussive trauma may also disrupt the blood-brain barrier, which
         protects the brain by only allowing certain substances to leave blood vessels and
         enter the space around the neurons.[56]   Blood-brain barrier disruption may have implications for the development of CTE,
         but more on that in chapter 8.
      

      
      Repetitive impacts can also affect the brain over short time spans. Male and female
         college rugby players can have connectivity changes on fMRI after a single match,[57]   while disruptions in connectivity, physiology, and motor control have been observed
         after routine soccer heading.[58]  
      

      
      Despite physical changes observed in the brains of athletes after repetitive subconcussive
         impacts, functional deficits and symptoms from these impacts are less clear. Differences
         in reaction time, processing speed, memory, balance, impulse control, and attention
         have been observed in contact sport athletes at the high school and college level
         after one or two seasons.[59]   Yet many studies have found no deficits or even improvement in various functions
         after exposure to a season of repetitive subconcussive impacts.[60]  
      

      
      How can there be clear visible changes in the brain but no measurable changes in brain
         function? There are a few potential explanations. First, the tests used in the studies
         may not be capable of identifying subtle deficits from subconcussive impacts, but
         they may be observed with more complex tasks. It’s also possible that there are simply
         no deficits to observe. The brain may be able to compensate for slight alterations
         resulting from these impacts, raising the question of how concerning the changes observed
         in the brain really are. However, short-term compensation may also hide initial symptoms
         and deficits that won’t become evident until later in life, as normal aging or neurodegenerative
         disease takes its toll. Right now, we just don’t know.
      

      
      Expected improvement may also mask deficits from repetitive subconcussive trauma.
         Children and adolescents are supposed to be improving in their cognition and behavioral
         control due to typical development, and some improvements arise with greater athleticism
         from training. Not seeing a decline in performance doesn’t mean that deficits aren’t
         there. Research supports this. Multiple studies have shown less improvement in contact
         sport athletes preseason to postseason in several cognitive functions compared to
         non–contact sport athletes.[61]   A lack of typical improvement may be a sign that brain function is affected, and
         staying the same or improving less than other kids who didn’t sustain repetitive brain
         trauma could actually be a sign of slowed or impaired development.
      

      
      The total number of impacts a person sustains influences the changes observed in the
         brain as well as functional deficits and other symptoms. Greater alterations in blood
         flow, metabolism, and chemical levels in the brain as well as more evidence of white
         matter damage have been found in soccer and football players with the most exposure
         to repetitive impacts in the previous year or season.[62]   Poorer reaction time, memory, and attention were related to a higher number of
         headers performed by soccer players over time as well.[63]   Not surprisingly, a higher number of impacts seems to be worse for the brain.
      

      
      Repetitive Subconcussive Impacts over Years of Play

      
      Repetitive subconcussive impacts accumulated over a career cause lasting damage to
         the brain. Some of these consequences are visible while the athlete is still playing
         their sport, and others have been observed in former athletes years after their retirement.
         My colleagues and I at the Boston University (BU) CTE Center and the Psychiatry Neuroimaging
         Laboratory at Harvard Medical School observed poor executive functions in former college
         and NFL players as well as smaller volumes of the hippocampus and amygdala in NFL
         players.[64]   White matter damage, altered functional connectivity, thinning of the cortex, poorer
         cognitive performance, and depression have also been observed in professional soccer,
         rugby, and football players.[65]  
      

      
      We don’t know if a certain number of impacts leads to later-life functional deficits
         or brain degeneration. Dr. Philip Montenigro and colleagues at the BU CTE Center used
         reported playing history and position along with data from accelerometer studies to
         estimate the number of impacts sustained by former high school and college football
         players over their football career.[66]   The average player sustained an estimated 5,806 impacts. When players reached a
         threshold between 1,800 and 2,400 estimated impacts, their risk of having difficulties
         with executive functions, regulating behavior, depression, and apathy nearly doubled.
         To be clear, incurring a number of impacts below the threshold wasn’t necessarily
         safe, but the risk increased significantly after reaching that threshold. Above the
         threshold, the risk doubled again with an additional 2,800 hits. The more subconcussive
         impacts sustained over a career, the greater the risk of lasting consequences.
      

      
      Evidence of cumulative damage from years of repetitive impacts can even be seen in
         active high school athletes. Researchers observed that athletes who played high-contact
         sports had slower processing speed and reaction time, worse impulse control, and in
         some cases, memory issues when compared to low-contact sport athletes even before
         the season started.[67]   Football linemen, the position that tends to experience the most impacts over the
         course of a season, had greater difficulty with all of those functions than players
         at other positions.[68]   The repetitive impacts sustained over years of play may start to take a toll even
         in young athletes.
      

      
      Other research has found no negative consequences of repetitive impacts in high school
         sports. Unfortunately, some have used these findings to argue contact sports are safe
         for the brain, but these studies should be interpreted with caution. Two studies examined
         men who were in seventh through twelfth grade during the 1994 to 1995 school year.[69]   Their intention to play football, hockey, wrestling, or soccer that year was not related to cognition
         or depression almost fifteen years later. However, researchers didn’t verify if the
         men actually played the sport, and there was no information about the total number
         of years they played or the age they started playing the sport. These factors limit
         how meaningful the results might be for current or future high school athletes.
      

      
      In another study, high school football players in Wisconsin who graduated in 1957
         did not have an increased risk of depression or cognitive issues compared to nonathletes
         or non–contact sport athletes.[70]   The game has changed quite a bit since that time. Many of the athletes only played
         for one year in high school, and the study did not indicate whether they played football
         before high school, though fewer youth leagues existed at the time. The findings really
         suggest that playing a few years of high school football in the 1950s was not likely
         to lead to later-life cognitive difficulties and depression. This is a good thing,
         and it fits with the idea that experiencing fewer impacts means an athlete is at lower
         risk of having later-life difficulties. Yet the study says little about playing high
         school football today, especially combined with several years of youth play prior
         to high school.
      

      
      How Subconcussive Impacts May Increase Concussion Risk

      
      There is growing evidence that the subconcussive impacts sustained in the time leading
         up to a concussion may play a key role in causing the concussion. For example, college
         football and women’s hockey players who sustained a concussion had experienced significantly
         more impacts on the day they were injured compared to those who were not injured.[71]   Concussed athletes have also been shown to sustain more impacts in the week or
         season leading up to the injury compared to athletes who were not injured.[72]  
      

      
      Timing between individual subconcussive impacts may be another factor increasing concussion
         risk.[73]   It takes time for the brain to return to normal balance after trauma. The more
         damage an impact causes, the longer it will take for that balance to be restored.
         If the brain isn’t given enough time to recover before another hit occurs, the second
         impact could impede recovery from the first, and so on as hits continue. It might
         not lead to a concussion right away, but as more hits occur before full recovery is
         reached, it may eventually take less force with a later impact to get a concussion.
      

      
      Concern about Repetitive Subconcussive Impacts in Youth Sports

      
      Concussions are serious injuries, and it is critical that they are diagnosed and managed
         appropriately. However, the repetitive impacts that transmit forces to the brain with
         every hit, and nearly every play in some sports, can also cause lasting damage to
         the brain. We tend to focus on the immediate consequences of injuries in sport, but
         we often don’t think about consequences years down the road. And if there are no obvious
         signs of injury right after the impact, no damage is done, right? Wrong. We need to
         be just as concerned about repetitive subconcussive impacts in youth sports as we
         are about concussions. In the next chapter you will learn that, at the youth level,
         we have to worry about the consequences these impacts may have on brain development.
         And in chapter 8, you will see that starting at a younger age means more accumulated
         impacts over their careers, increasing the risk for developing CTE. Simply waiting
         until adolescence to start playing the full-contact version of a sport, along with
         substantially reducing impacts in practice, can go a long way toward minimizing negative
         consequences of repetitive subconcussive impacts.
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      Chapter 7

      Why Head Impacts in Youth Sports May Be Disrupting Brain Development

      
         
         
         
      

      
      
         The body, the brain, the skull is not developed in your teens and single digits. I
            cringe. I see these little kids get tackled, and the helmet is bigger than everything
            else on the kid combined. They look like they’re going to break in half.
         

         
         —Brett Favre, NFL Hall of Fame quarterback[1]  
         

      

      Every fall over two million youth boys (and a growing number of girls) put on football
         pads and helmets and hit the gridiron.[2]   Parents and grandparents cheer them on as they try to imitate the stars they watch
         play on television. But, behind the cheers, some parents worry about the brain trauma
         their child may sustain playing the sport.
      

      
      At this point in the book you have learned that incurring repetitive head impacts,
         whether over a season or a career, can create lasting changes in brain anatomy and
         function. You have learned that young boys and girls can incur hundreds of these hits
         in just one season of youth sports. You have also learned that the young brain is
         particularly vulnerable. What happens when all of these factors happen at once, when
         kids are hitting their heads repeatedly in youth contact sports at a time when their
         brain is rapidly developing?
      

      
      I became interested in studying brain trauma in sports during my time working with
         young athletes, and I wanted to understand how these repetitive impacts might uniquely
         affect a brain that is rapidly maturing. Studies had looked at concussions in youth
         athletes, but until I teamed up with my colleague Dr. Alex Bourlas and others at the
         CTE Center, no one had investigated the long-term consequences of repetitive subconcussive
         impacts in youth. We published our first study on this topic in 2015, and several
         have followed since then.
      

      
      The findings of these studies have significant implications for young athletes playing
         contact sports. That’s why it is critical that the studies are designed the right
         way. You could use a thousand different tests in an analysis, but if you aren’t using
         the right tests with the right methods, the findings may be meaningless. For example, if you want to test a person’s
         ability to do calculus, you don’t give them a simple addition or subtraction problem.
         You give them a calculus problem. When it comes to concussive and subconcussive brain
         trauma in youth sports, studies must be designed based on what we know about typical
         brain development trajectories.
      

      
      In this chapter I will explain what we have learned in our research on repetitive
         impacts to the developing brain. I will also discuss studies on younger athletes with
         differing findings and explain the picture that may be forming when all of this research
         is considered together.
      

      
      Long-Term Consequences of Repetitive Subconcussive Impacts to the Developing Brain

      
      My colleagues and I conducted three studies of the long-term consequences of repetitive
         impacts in youth football in a group of former NFL football players between the ages
         of forty and sixty-five. While these players were older at the time of the research,
         we examined their current function and brain structure with respect to their age when
         they started playing tackle football. That allowed us to investigate potential later-life
         consequences of the impacts they experienced when they were young. The former NFL
         players who started playing at a younger age usually played more years of football.
         We know that more years of play likely means more career impacts, which increases
         the likelihood of having a variety of symptoms later in life.[3]   We had to account for this in our research to ensure any differences we found between
         groups were due to age they started playing tackle football and not the number of
         years they played. We also accounted for the player’s age or decade they played in,
         as football has changed a lot over time.
      

      
      First, we examined whether or not the age that the former NFL players started playing
         influenced how well their brain was working to reason, inhibit impulses, problem solve,
         learn, and more.[4]   As I mentioned in chapter 5, there is a lot happening in a boy’s brain between
         ages eight and twelve, with many important structures and processes reaching a peak
         during that time. Because of this, we divided the former NFL players into two groups:
         those who started playing tackle football before age twelve and those who started
         playing at age twelve or later. The former NFL players who began playing football
         before age twelve had significantly more trouble with executive functions, greater
         difficulties learning and remembering a list of words, and scored lower on a measure
         of estimated IQ than those who waited until they were older to begin playing the game.
         This study provided the first evidence that repetitive hits to the head through youth
         football can have lasting consequences.
      

      
      Next, we wanted to know if repetitive impacts at a young age caused lasting physical
         changes to the brain.[5]   We started by studying the corpus callosum, the white matter pathway sending information
         between the left and right hemispheres of the brain. As I mentioned in chapter 5,
         this pathway is particularly vulnerable to brain trauma, and it undergoes a critical
         period of rapid development between ages eight and twelve, especially in the regions
         of the pathway closest to the front of the brain. Fitting with this developmental
         milestone, we found evidence of potential damage to axons in parts of the corpus callosum
         near the front of the brain in former NFL players who started playing before age twelve.
         Some of this evidence suggested that those who started tackling at a younger age may
         have had less myelin on their axons. It’s possible that repetitive subconcussive impacts
         from youth tackle football may have disrupted the myelination process, resulting in
         a permanently thinner layer of myelin than nature had intended. We also found that
         the portion of the corpus callosum near the front of the brain showed worse damage
         the older the former player was, but this was greater in the group that began playing
         before age twelve. Disrupted myelination or other effects from repetitive impacts
         in childhood may leave the pathway more vulnerable to the effects of aging or degeneration
         later in life.
      

      
      Next, we measured the size of the thalamus in the former NFL players.[6]   The thalamus is a structure deep in the brain that serves as an important relay
         station. It receives information from one part of the brain, processes it, and sends
         the information to other parts of the brain. The thalamus increases in volume into
         the late teen years.[7]   It doesn’t have a developmental peak around age twelve, so it didn’t make sense
         to use that cutoff in this study. Instead, we simply looked for an association between
         the age they started playing and the size of their thalamus. We found that the younger
         the person was when they began playing tackle football, the smaller their right thalamus
         was. In addition, the more years of football a former NFL athlete played, the smaller
         their thalamus was. More years played likely means the individual experienced more
         hits to the head, and consistent with other research, it seems that a greater number
         of hits is associated with reduced size of this important structure. Notably, the
         effect of the age they started playing was nearly double the effect of the number of years they played, meaning the age they started had a
         bigger influence on their thalamus size.
      

      
      Like all research, these studies have limitations, including the fact that all of
         these former NFL players were at high risk for having CTE based on their symptoms
         and their long football careers. Damage already present potentially due to CTE, or
         simply from years of repetitive impacts, could have made it impossible to detect subtle
         damage from playing football at a young age. But that wasn’t the case. Instead, we
         saw deficits in those who started playing at a younger age despite the fact that they were at high risk for having CTE.
      

      
      It’s important to remember that these types of studies must be designed based on what
         we know about typical peaks and timing in brain development. Another research group
         studied former NFL players and found no relationship between the number of years of
         football they played before high school and negative later-life consequences.[8]   However, they used measures I wouldn’t expect to differ by the age of first exposure
         to repetitive impacts. For example, they used a measure that combined all white matter
         of the brain together, despite the fact that some pathways peak in childhood and others
         continue developing past age thirty. This likely washed out any potential findings
         they could have seen had they focused on a specific pathway and designed the study
         based on its developmental path. Another structure they studied reaches its adult
         form by six months old, so there is no reason to expect differences in that structure
         based on the age the impacts began. We can’t expect a significant finding with every
         measure, and no study is perfect. Yet it is critical that any study examining the
         consequences of repetitive impacts in children be designed based on what we know about
         typical brain development.
      

       

      All of the above studies only included former NFL football players. We couldn’t say
         whether the findings applied to athletes who only play through the youth or high school
         levels. To address this limitation, we expanded our next study to include amateur
         players as well. Of the 214 former tackle football players we studied, around half
         played through college, and 20 percent only played through high school.[9]   We found that former tackle football players who started playing before age twelve
         reported more symptoms of depression and apathy and greater difficulties with executive
         functions than those who began playing at an older age. Cognition did not differ between
         groups, perhaps because the measure isn’t sensitive enough to detect subtle changes
         from exposure to repetitive head impacts or because there were simply no differences
         to find. Nevertheless, those who began playing before age twelve were at two times
         greater odds of reporting clinically impaired executive functioning and three times
         greater odds of reporting clinically meaningful depressive symptoms. That means the
         former players met a level of impairment that would be concerning to a doctor.
      

      
      We also looked at the whole group without the age cutoff and found that the younger
         they started playing football, the worse they scored on the measures of depressive
         symptoms, apathy symptoms, and behavioral aspects of executive function, like impulsivity
         and inhibition. But when using the age twelve cutoff, the results were stronger than
         when we looked at the specific age they started playing. This lines up with what we
         know about critical periods of brain development. For example, the amygdala reaches
         a peak volume around age twelve, and this structure is thought to be involved in depression
         and apathy.
      

      
      Notably, the findings held true regardless of the number of years played or the level
         of play reached. The difficulties associated with incurring repetitive impacts while
         playing football at a young age were the same whether the athletes reached the high
         school, college, or professional level.
      

       

      A few other studies have investigated potential consequences of exposure to repetitive
         subconcussive impacts through sports at a young age. Another study of former NFL players
         found no effect of age of first exposure on self-reported cognition-related quality
         of life, anxiety, or depression, though they only used a two-question initial screening
         tool for depression and anxiety, not a comprehensive assessment.[10]   Active and retired professional boxers or mixed martial arts fighters have also
         been studied based on the age they started fighting.[11]   Earlier exposure to fighting was related to smaller volumes of the hippocampus,
         corpus callosum, and, in some cases, the amygdala as well as worse processing speed,
         balance, impulsivity, and depression. Youth athletes can begin participating in organized
         combat sports training at a young age, but it is important to note that the authors
         did not provide ages that the athletes in the study began fighting. Though the study
         supports the idea that repetitive impacts at a younger age can have greater consequences,
         we should interpret the findings with caution.
      

      
      Other studies have examined the consequences of repetitive impacts in childhood and
         found no consequences in active high school and college athletes on cognitive, mood,
         behavior, balance, or other measures.[12]   It is very possible that repetitive impacts in youth had no negative effects in
         the groups examined in these studies. Yet there are a few important points to consider.
      

      
      Several studies used the computerized test ImPACT, but that may not be a useful measure.
         While the computerized test is valid and often used with concussions,[13]   we don’t know if it is sensitive enough to detect subtle differences in brain function
         from repetitive subconcussive impacts. Practice effects from having taken the test
         several times can also play a role. Athletes in contact sports with a higher risk
         of concussions are more likely than non–contact sport athletes to have taken one or
         more baseline ImPACT tests in high school and, as a result, more likely to have improved
         from practice.[14]   These are important factors to consider, and we need more research using thorough
         neuropsychological testing in current athletes with respect to the age they started
         playing contact sports.
      

      
      As I said before, the design of these studies needs to be rooted in what we know about
         typical brain development. Different functions measured by ImPACT and other measures
         used in two studies follow different developmental trajectories, some of which don’t
         have a critical period around age twelve. The researchers likely used the age twelve
         cutoff because that is what we used in our studies, which is a common and rational
         thing to do. But in this research, groupings should be based on the development of
         the specific structure or function being examined. Also, the average age of the subjects
         was between seventeen and nineteen years old, but the brain does not fully mature
         until the early to midtwenties. We may not be able to detect subtle differences due
         to youth exposure to repetitive subconcussive impacts in a function that isn’t fully
         developed yet. Ultimately, more research rooted in neurodevelopment is needed so that
         we can understand how repetitive head impacts in youth sports may be affecting our
         children throughout their lives.
      

      
      What Does This Mean for Kids Who Want to Play Contact Sports?

      
      Taking all of the research on repetitive subconcussive impacts in childhood together,
         an intriguing possibility is starting to emerge. We saw deficits in brain function
         and structure later in life in older individuals who started playing tackle football
         at a younger age. Yet studies of current high school and college contact sport athletes
         did not observe these deficits. Why would we see deficits from similar exposure in
         older former athletes and not in current teen and young adult athletes? It’s possible
         that repetitive impacts in youth may affect our brain’s reserve.
      

      
      Imagine two identical cars driving down the highway. Both started the trip at the
         same place, but one started with a full tank of gas while the other started with the
         tank only half full. Both vehicles can travel normally for many miles, but the second
         car will run out of gas first and won’t be able to travel as far. Now let’s say that
         gas tank is like our brain. In childhood and adolescence, we are in the process of
         filling the tank, laying down myelin and trying to refine connections in the best
         possible way. Repetitive subconcussive impacts may disrupt this process, hindering
         our ability to put as much neuronal “fuel in the tank” as possible. It may be like
         we are starting our trip into adulthood without a full tank of gas. We can still function
         well for many years, but our brain is at a disadvantage with degenerative changes
         from either normal aging or disease. If we start with more neuronal fuel in our brain’s
         tank, like myelin, synapses, and efficient connectivity, we can afford to lose more
         with degenerative changes before any symptoms begin to show. But if we have fewer
         connections to begin with, it takes less damage and pathology before we develop symptoms.
      

      
      The idea that something could put our brain at a disadvantage and reduce our reserved
         neuronal “fuel” is not new. Alcohol dependence, HIV-related inflammation, chemotherapy,
         and other environmental factors can have an effect on the brain, and they have been
         associated with accelerated brain aging and earlier onset of disease symptoms.[15]   Exposure to repetitive subconcussive brain trauma in childhood may be another factor
         that puts the brain at a disadvantage and accelerates the onset of symptoms from aging
         or disease.
      

      
      Childhood is a time when the brain is rapidly developing. If we disrupt that process,
         we may reduce the brain’s total reserve. It may not affect us through early or middle
         adulthood. However, as our reserve starts to decline with the normal aging process
         or disease, it takes less time before we reach a point where we have lost too much,
         and we start to have symptoms. This could explain why exposure to repetitive impacts
         in youth contact sports had no consequences in studies of younger athletes but related
         deficits were observed in older, retired athletes. A child who starts playing a contact
         sport today at age eight may not see the consequences of these head impacts for fifty
         years, but when they do arise, they can be devastating.
      

      
      In Summary, Don’t Hit Your Head a Lot 
as a Kid
      

      
      Some people don’t want to believe that repetitive impacts in youth sports could affect
         us when we are older. I often hear the argument: “I played at a young age and I’m
         fine.” I ask, are they fine? Yeah, they probably are. But isn’t it possible that some traits passed off as personality flaws may actually be related to repetitive
         brain trauma in youth? Maybe a man’s depression symptoms in his forties are related
         to repetitive impacts he took as a child in youth football, or a woman’s subtle cognitive
         issues in her fifties could be related to years of impacts in youth rugby. Sure, there
         are many different causes of depression and cognitive issues, and we have much to
         learn on this topic. But we shouldn’t ignore the possibility that repetitive subconcussive
         trauma in childhood could be a cause. We just don’t tend to think about it because
         the repetitive impacts happened a long time ago as a normal part of a fun activity.
      

      
      There is so much development and maturation happening in a child’s brain, and it makes
         sense that repetitive impacts could disrupt these processes, resulting in lasting
         consequences. We will never eliminate every hit and every concussion. Kids are kids.
         They will fall, they will run into things, and they will hit their head every once
         in a while. But we can greatly reduce the hits they experience by taking away unnecessary
         exposure in contact sports. It would be concerning if a child hit their head against
         a wall 250 times over twelve weeks. So why is it okay in sports?
      

      
      Yet this research is just in its infancy, and there is so much more that we need to
         learn. There may be factors that make one youth athlete more or less vulnerable to
         the effects of these impacts. Most work on this topic has been on football players.
         We need to study the effects of repetitive impacts in youth athletes that play other
         high-risk sports, especially females. While we need to continue working to discover
         the answers to these questions, we can take a collective look at the findings of these
         studies combined with the supporting data on disrupted development in the brain and
         other body systems and make a commonsense conclusion: repetitive hits to the head
         are not good for the developing brain.
      

      
      I want to make one final point very clear: this research does not suggest that it is safe to sustain repetitive impacts after age twelve. Childhood
         might be one critical period in which repetitive subconcussive trauma could have greater
         consequences. But different brain structures develop at different rates, and structures
         that continue to develop into adolescence and adulthood can still be vulnerable to
         repetitive trauma. Experiencing subconcussive impacts at any age, including in adulthood,
         could lead to CTE or other consequences. In general, it just isn’t a good idea to
         hit our heads over and over again. Our brain controls everything, from our ability
         to think and reason to our personality and mood to our ability to smile or walk. Having
         a healthy brain is an important component of living a healthy life. We should do everything
         we can to protect it.
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      Chapter 8

      Why CTE Is More Than an NFL Problem, and What It Means for Youth Sports

      
         
         
         
      

      
      
         The only common factor we have that links boxers with American footballers with ice
            hockey with soccer with rugby with wrestling with domestic violence with circus performers
            is exposure to head injury and head impacts. So it’s difficult to square that assumption
            that there is a lack of evidence to support this.
         

         
         —Dr. Willie Stewart, neuropathologist, University of Glasgow[1]  
         

      

      Much of the concern around brain injury in sports centers on the neurodegenerative
         disease chronic traumatic encephalopathy, or CTE. CTE is a neurodegenerative disease
         that may be caused, in part, by repetitive brain trauma, whether concussive or subconcussive.[2]   It was first described in boxers in 1928 by New Jersey pathologist Dr. Harrison
         Martland.[3]   It was referred to as “punch drunk” or “dementia pugilistica,” as it was originally
         diagnosed in boxers. The term chronic traumatic encephalopathy was first used in 1940.[4]   In 1933 the NCAA admitted that football players could become “punch drunk.”[5]   Yet it wasn’t until 2005 that CTE gained national attention, when Dr. Bennet Omalu
         published the first diagnosed case in a former NFL player, Mike Webster.[6]  
      

      
      There is a lot that could be said about CTE, and we still have a lot to learn. This
         chapter will provide an overview of what we know and don’t know about the disease,
         with a focus on the risk for youth athletes. CTE is not only a disease of former professional
         athletes. It has been diagnosed in teenagers and athletes who only played a few years
         of their sport at the high school level. How concerned should we be about young athletes
         getting CTE from youth contact sports?
      

      
      What Is CTE?

      
      CTE is what we call a tauopathy, which means a protein called tau plays a key role
         in the disease process.[7]   Tau is an important part of the healthy brain. Its job is to stabilize and support
         the part of the neuron responsible for carrying substances through the axon from one
         part of the brain to another.[8]   In CTE, and in other tauopathies like Alzheimer’s disease, the tau becomes tangled,
         clumped together, and essentially toxic, ultimately resulting in death of the neuron.
      

      
      If you were to look at the whole brain of an individual with advanced CTE and compare
         it to a typical, healthy brain of someone the same age, you would notice signs that
         neurons have died, including enlarged spaces in the brain and a decreased overall
         size of the brain.[9]   Structures in the brain that are affected by the disease, such as the hippocampus
         and amygdala, decrease in size, too, and loss of neurons may also be noticeable in
         the brainstem. However, in early, less advanced cases, the brain may appear relatively
         normal to the eye.
      

      
      Most changes in the brain from CTE can only be seen with a microscope. Dr. Ann McKee
         is the chief or neuropathology for the Boston VA Healthcare System and director of
         the Neuropathology Core at the BU CTE Center. Dr. McKee has examined more brains of
         individuals with CTE than anyone in the world, and she developed a four-stage system
         for describing the severity of the disease.[10]   In Stage I, the earliest stage, the tau is found in specific regions of the frontal
         lobes. It tends to surround blood vessels at the deepest parts of the grooves, or
         sulci, in the prefrontal cortex. Damage to axons can be seen in even the earliest
         cases of CTE, including a loss of myelin. In Stage II, tau is widespread in regions
         of the frontal lobe, and by Stage III it has infiltrated hippocampus and amygdala
         in the temporal lobe, near the ears. Other structures deep in the brain and areas
         of the brainstem are also increasingly affected with disease progression. In Stage
         IV, most of, if not the entire brain is teeming with toxic tau tangles.
      

      
      The development and distribution of the tau tangles may be related to the stresses
         on the brain that occur with impacts. Impact forces cause a great amount of strain
         at the deepest part of the sulci on the surface of the brain.[11]   These physical stresses might explain why the tau first accumulates in that location
         in CTE. Places where different types of tissue meet also feel high strain with impact
         forces, such as where the brain tissue meets the tissue that makes up blood vessels.
         As I mentioned in chapter 6, repetitive brain trauma can disrupt the blood-brain barrier.
         Though not proven yet, evidence suggests that damage to the blood-brain barrier may
         be involved in the processes leading to the development of CTE.[12]  
      

      
      Several other neurodegenerative diseases are tauopathies, including Alzheimer’s disease,
         and many of the changes in the brain I described for CTE occur in other diseases too.
         Despite these similarities, CTE is its own distinct disease.[13]   It differs from Alzheimer’s disease in many ways.[14]   For example, the tau protein in Alzheimer’s disease doesn’t surround small blood
         vessels as it does in CTE. Alzheimer’s disease also progresses differently, affecting
         parts of the brain in a different order than CTE. Another key difference is the presence
         of an additional protein called beta amyloid. While this protein is found in some
         CTE cases, it tends to be a different form of the protein and in older individuals.
         A person can also have both CTE and Alzheimer’s disease or another neurodegenerative
         disease at the same time.
      

      
      The earliest stage of CTE is usually asymptomatic, meaning the disease is present
         in the brain, but the individual doesn’t have any symptoms.[15]   In most neurodegenerative conditions, the loss of neurons in the brain starts years
         before symptoms arise.[16]   CTE is likely no exception. This is one reason we need to find a way to diagnose
         the disease during life. If we know someone might be at high risk and we can see the
         tau in their brain before they start having symptoms, we could potentially treat the
         disease early (if a treatment existed) and prevent it from ever progressing to the
         point of developing symptoms.
      

      
      When symptoms do arise, which usually occurs in middle age, they fall in the categories
         of behavior, mood, or cognitive function.[17]   Memory issues and difficulties with executive function, attention, and concentration
         are common cognitive symptoms. A lack of inhibition and impulse control, having a
         short fuse, verbal or physical violence, and aggression are common behavioral symptoms.
         Mood-related symptoms include depression, irritability, anxiety, and suicidality.
         Some patients also have motor symptoms that are similar to Parkinson’s disease, including
         difficulty with balance and slowed gait, while others have a variant similar to amyotrophic
         lateral sclerosis, also known as ALS or Lou Gehrig’s disease. Headaches are common,
         even in early stages of CTE. In some cases, it’s difficult to know if symptoms like
         headaches were actually from the disease or if they were lingering from a previous
         concussion or recent exposure to repetitive head impacts.
      

      
      Current or former athletes struggling with issues like headaches, depression, or anxiety
         should not assume that these are symptoms of CTE. In fact, they are probably more likely to
         be lingering symptoms of a previous concussion or simply the result of other causes.
         Anxiety and depression are common, and headaches can have many origins. Regardless
         of the cause of these symptoms, existing treatments can help. Although there are no
         treatments for CTE at this time, there are successful treatments for depression, anxiety,
         and other symptoms.
      

      
      Diagnosing CTE

      
      Despite what you may have heard in the news, at this time CTE can only be diagnosed
         by examining the brain after death.[18]   Not being able to diagnose the disease during life makes it difficult if not impossible
         to study certain aspects of the disease, like prevalence and risk factors. Most of
         what we know about CTE symptoms has come from interviews with loved ones of people
         who were diagnosed after death. No treatments exist at this time, but researchers
         can’t test a potential treatment if they don’t know for sure who has the disease.
      

      
      Scientists are making progress toward diagnosing CTE in the living. Early studies
         have found higher tau levels in the blood and cerebrospinal fluid, the fluid that
         surrounds the brain and spinal cord, in former NFL players with CTE-like symptoms.[19]   Tau could also be in the blood or cerebrospinal fluid in other tauopathies, but
         these relatively inexpensive tests along with the patient’s history and clinical examination
         could be used to diagnose CTE in the future.
      

      
      A new imaging method also has great potential.[20]   First, the patient receives an injection of a radioactive material, called a ligand,
         that binds to the tau protein in the brain. Then they undergo a positron emission
         tomography, or PET, scan. The radioactive ligand causes the tau in the brain to light
         up on the scan. Radioactive ligands also exist that bind to beta amyloid, the other
         protein in Alzheimer’s disease. If a patient with CTE symptoms received one scan that
         showed the presence of tau and another scan that showed no amyloid, it would strongly
         suggest a diagnosis of CTE. This would be the gold standard for diagnosing CTE in
         the living.
      

      
      It is important to be cautious with claims of an ability to diagnose CTE using these
         scans now. In 2013 several former NFL players said they were diagnosed with CTE based
         on a PET scan they had at UCLA.[21]   However, this small study used a ligand that binds not only to tau but also to
         beta amyloid, making it difficult to determine if the athlete had CTE or Alzheimer’s
         disease. It also included just five living former players. Researchers are investigating
         other ligands that bind only to tau. An early PET study found evidence of tau being
         visible in the brains of living former NFL players, with the amount of tau in the
         brain being correlated with the total number of years they played football.[22]   Yet, no matter what ligand is used, a large number of these scans have to be compared
         with the findings of an examination of the player’s brain after death before we can
         know for sure that the scan is right. It will still be quite a while before these
         scans will be proven to diagnose CTE and be available clinically.
      

      
      We Don’t Know How Common CTE Is

      
      The prevalence of CTE has been widely distorted in the media on both extremes, with
         some claiming it’s extremely rare and others claiming nearly every football player
         has it. At this time, all verified cases of CTE come from brain banks, where generous
         donors or families have chosen to donate their or their loved one’s brain for examination
         after their death. The brains can be examined at the group level to study features
         of the disease. However, we can’t learn actual prevalence from these studies because
         the sample is very biased toward a greater likelihood of finding CTE. Would you think
         to donate the brain of your loved one if they lived a healthy life and died of natural
         causes? Probably not. Most brain donations occur out of concern that the person had
         CTE, so it makes sense that the brain bank would find a high prevalence of CTE in
         their sample. That does not make the sample representative of all contact sport athletes.
      

      
      From what we know now, neither of the extremes are true. In 2017, a team led by Dr.
         McKee diagnosed CTE in 110 out of 111 former NFL players whose brains were donated
         to the Veterans Affairs–BU–
Concussion Legacy Foundation brain bank.[23]   This is striking, but despite how the media portrayed it, this does not mean nearly all NFL players will get CTE. The goal of the study, which the authors
         clearly explained, was to describe what CTE looks like in the brains of football players,
         not to give any information on prevalence of the disease.
      

      
      However, we can use that number to calculate an estimated prevalence. If only the
         110 diagnosed players had the disease out of all NFL players who died in the same
         years as the brain donors, the prevalence of the disease would be nearly 10 percent.[24]   This is quite high for a neurodegenerative disease.[25]   Another estimate using approximate numbers of total players over the last fifty
         years of NFL football (not just those who died), suggests a minimum of four to thirteen
         CTE cases per one thousand NFL players. The Occupational Safety and Health Administration
         regulates occupations with a risk of one in one thousand or higher.[26]   It is extremely unlikely that only the 110 players whose brains happened to be
         examined had the disease and all others who played over that time did not, suggesting
         these numbers likely underestimate the actual prevalence in the NFL population. Still,
         we are not able to make any meaningful estimates at this time regarding those who
         played amateur football or those who played other sports.
      

      
      Given that we cannot diagnose CTE in the living, it’s likely that some people who
         were diagnosed with Alzheimer’s disease, Parkinson’s disease, or other diseases during
         life actually had CTE. Former NFL players and professional soccer players are three
         times more likely to die of neurodegenerative causes than the general population and
         at least four times more likely to die of ALS, despite the fact that these athletes
         have a lower risk of dying from other causes.[27]  
      

      
      Who Is at Risk for Getting CTE?

      
      Most people have heard of CTE in the media, with high-profile deaths of former NFL
         players like Junior Seau and Aaron Hernandez or NHL players like Derek Boogaard. As
         a result, some people believe that, if their child only plays contact sports through
         the youth or high school level, they can’t get this disease. But CTE is not just a disease that affects professional athletes, and some of the saddest stories involve those who are not famous. The disease has
         been diagnosed in athletes who only played their sport at the youth level or for just
         a few years in high school.[28]   CTE has been diagnosed in several athletes under age twenty and many more athletes
         in their twenties or thirties. The youngest reported case was a seventeen-year-old
         boy.
      

      
      Exposure to repetitive brain trauma is at least a strong risk factor, if not the key
         factor, for developing CTE.[29]   Nearly all cases have a history of repetitive impacts. Very few CTE cases have
         been diagnosed in a person without a known history of repetitive impacts, though the
         researchers may not have been aware of impacts these individuals sustained in their
         lifetime.[30]   Even those studies found that individuals who played contact sports, especially
         football, were at greater odds of having CTE. Other reported CTE cases with no known
         history of repetitive impacts have been questioned by experts who believe the tau
         in the brain was actually from a different disease, not CTE. Even if repetitive brain
         trauma is not necessary to develop the disease, it seems to be a major risk factor.
      

      
      Anyone exposed to repetitive brain trauma could be at risk for getting CTE. Football
         is the sport that has been studied the most in recent years, and hundreds of football
         players have been diagnosed with the disease.[31]   As of 2018, 147 college football programs had at least one former player diagnosed
         with CTE, including each member of the power five conferences. But CTE is not just
         a disease of football players. Cases have been diagnosed in NHL and junior hockey
         players, soccer players, rugby players, Australian football players, a professional
         BMX rider, entertainment wrestlers, and boxers.[32]   CTE has also been diagnosed in nonathletes, including military veterans with blast
         exposure and a victim of domestic abuse.[33]   The brain doesn’t know what hits it; it just feels the force of the impact. So
         any source of repetitive brain trauma could cause the disease.
      

      
      The total amount of repetitive brain trauma matters. Though there is no known threshold
         of impacts needed to develop the disease, the likelihood of developing CTE has been
         correlated with the number of years football players played the game. A 2019 study
         found that for every additional year of football played, the odds of having CTE increased
         by 30 percent.[34]   Those who played the game for fifteen years or more were ten times more likely
         to be diagnosed with CTE, though some who played that long did not develop the disease.
         On the other end of the spectrum, those who played just four years or less were ten
         times less likely to be diagnosed with the disease, though it was diagnosed in some
         who played less than four years.
      

      
      There is no evidence that one or even a few concussions without additional exposure
         can lead to CTE.[35]   The risk may be influenced by a spectrum of impact intensity, frequency, and quantity.
         Sustaining a lower number of high-force, concussive impacts may have a similar risk
         to sustaining a high number of low-force impacts. Concussions alone shouldn’t be the
         sole worry. Up to 16 percent of individuals diagnosed with CTE had never been diagnosed
         with a concussion, but they typically played positions known to be exposed to a high
         number of impacts. It seems that sustaining repetitive brain trauma is enough to cause
         CTE without ever having a concussion, and this is supported by evidence of changes
         in the brain after one season of repetitive subconcussive impacts in contact sports.
         It’s important to keep in mind, though, that many athletes don’t report their concussions.
         It’s likely that some of the athletes with CTE but no diagnosed concussion had actually
         sustained concussions that went unreported and undiagnosed.
      

      
      While repetitive brain trauma can lead to CTE, not everyone exposed to these repeated
         hits goes on to develop the disease. There are likely other risk factors that make
         someone more or less susceptible. This could include substance abuse, inflammation,
         or other factors that cause stress to typical body physiological processes.[36]   Certain genes could affect the risk that someone may get the disease or hasten
         the onset of disease symptoms, and research is investigating several potential candidates.
         Some genes may be related to CTE risk, while different genetic factors may actually
         make a person less likely to develop the disease.
      

      
      At this time, the vast majority of CTE cases have been diagnosed in males. The number
         of cases diagnosed in females is in the single digits.[37]   Women are at risk of repetitive head impacts in soccer, hockey, rugby, competitive
         cheerleading, and many other sports. While it’s possible that females have some genetic
         or physiological resistance to developing the disease, there are other more likely
         explanations. First, it’s likely that the disease has sadly been overlooked in some
         women, such as victims of domestic violence. Far more research is needed on how CTE
         affects the millions of victims of domestic violence each year. A second factor is
         the historical lack of opportunity for females to play sports. Title IX was passed
         in 1972, which mandated that federally funded educational institutions provide females
         with the same opportunities as males, including in athletics.[38]   After this, options for girls and women in sports increased immensely, but it still
         took a long time for women’s sports to reach today’s levels. The first generation
         of women with more widespread participation in sports that regularly exposed them
         to repetitive impacts are just now reaching middle age, which is when symptoms of
         CTE most commonly begin to appear. It is possible that we will begin to see more females
         diagnosed with CTE within the coming decades.
      

      
      Based on our current knowledge, it is reasonable to say a ten-year NFL veteran has
         higher odds of getting CTE than someone who only played four years of youth football.
         Yet we can’t say for sure if either of these players will or won’t get the disease.
         We don’t know what exactly qualifies a person exposed to repetitive impacts as being
         at high or low risk, and I caution against making claims about risk in either direction
         about an individual or group. These claims have fueled arguments that the issue is
         being overblown and youth sports are completely safe, leaving some children exposed
         to repetitive brain trauma. These claims have also led some people to believe that
         their symptoms were absolutely from CTE and they had no hope for their future when
         that wasn’t true. In some devastating cases, it played a role in them taking their
         own lives. A survey of NCAA Division I football players found that one in ten predicted
         that they would develop dementia or CTE from concussions, despite the fact that we
         don’t know how common the disease is in college players.[39]   The truth is, repetitive brain trauma in contact sports at all levels of play,
         from youth and recreational levels to the pros, can lead to the development of this
         neurodegenerative disease, and we need to accept that the risk is real. Yet many athletes
         don’t get the disease, and we have a lot to learn about how common it is in contact
         sport athletes.
      

      
      CTE and Participation in Youth Sports

      
      Could playing a contact sport in youth put a child at risk of developing CTE, even
         if they don’t go on to play in high school or college? Should concern about CTE influence
         the decision about whether or not to let a child play a contact sport?
      

      
      CTE is a valid concern. In some people, the neurodegenerative process starts early,
         though we don’t know exactly why. CTE can happen even in teenagers or after only playing
         at the youth or high school levels.[40]   The risk seems very low if a youth athlete only plays the sport for a few years.
         Yet incurring repetitive impacts at a young age may hasten the onset of CTE symptoms
         in those who do develop the disease.
      

      
      A 2018 BU CTE Center study examined 246 former football players whose brains were
         donated for study, 211 of whom were diagnosed with CTE. Over 60 percent of the CTE
         cases were in former NFL players, but around one-third only played through the youth,
         high school, or college level.[41]   The age they started playing tackle football was related to the age at which their
         symptoms began to show even after accounting for the number of years and decade in
         which they played. Those who started tackling before age twelve had an onset of symptoms
         about thirteen years earlier than those who began playing at an older age. For every
         one year younger they began tackling, the average onset of symptoms was about two
         and a half years earlier.
      

      
      It is important to understand that this does not mean they were at a higher risk for getting CTE because they played at a younger
         age. Unfortunately, when this study came out, the media often interpreted it that
         way, but that is not the case. The amount of CTE pathology in the brain was not associated
         with the age they started playing football in this study, meaning that playing at
         a younger age did not make the disease worse. Another study found no increased odds
         of having CTE in those who started playing before age twelve.[42]   There is no evidence to suggest that exposure to repetitive impacts through contact
         sports at a young age, when the brain is rapidly maturing, increases the risk of developing
         CTE or the severity of the disease, only the onset of disease symptoms. From what
         we know now, it seems that a child who played tackle football from ages eight to twelve
         would have a similar risk for CTE as a child who played from ages fourteen to eighteen.
      

      
      However, those who start playing a sport at an earlier age tend to play for more years.
         Take two offensive linemen who both play football through their senior year of high
         school. One started playing in fifth grade while the other didn’t start playing until
         their freshman year of high school. Though they both played the four years in high
         school, the first player experienced four more years of hits prior to that, likely
         incurring hundreds if not thousands of additional impacts over that time. Having more
         years of exposure to repetitive impacts increases the likelihood of developing CTE.
         As a result, starting to play at a younger age likely increases the risk for developing
         CTE by increasing career exposure to repetitive subconcussive impacts.
      

      
      Taken together, it seems that sustaining repetitive brain trauma at a young age does
         not influence the development or level of disease of CTE, but it does affect how early
         symptoms show in someone who does get CTE. How is that possible? Our brain is incredibly
         resilient. Even with a remarkable amount of damage and neuron loss, the brain will
         do everything it can to compensate and function normally for as long as it can. Eventually
         there aren’t enough neurons left and connections in the brain to sustain normal function.
         Once the symptoms start to show, a great deal of disease is already present. As with
         accelerated aging, environmental factors such as alcohol dependence, cigarette smoking,
         and HIV-related inflammation have been linked to an onset of Alzheimer’s disease symptoms
         at a younger age.[43]   Similarly, disrupted development from repetitive impacts in childhood could leave
         a person who started early with less cognitive reserve, or having “less gas in the
         tank” in adulthood, compared to someone who started a contact sport at an older age.
         If they both go on to develop CTE anyway, the athlete who began playing, and incurring
         repetitive impacts, at an earlier age would likely be younger when their CTE symptoms
         began to show.
      

      
      In contrast, increasing cognitive reserve, or putting extra gas in the tank, can help
         stave off the onset of CTE symptoms. In one study of diagnosed CTE, only two individuals
         with stage II CTE had no symptoms, one in their forties and another in their eighties.
         Both were successful professionals with advanced graduate degrees.[44]   Another CTE Center study examined cognitive reserve and CTE symptoms onset in former
         NFL players who died at an average age of sixty-five.[45]   Those who had a higher cognitive reserve, based on having a professional, technical,
         or managerial job after their time in the league, had an onset of symptoms nearly
         eleven years later than those with a lower cognitive reserve. This is why it is so
         important to exercise both your brain and your body throughout life.
      

      
      The Skeptics, the Risk, and the Reality

      
      Despite all we have learned, there are some who are skeptical that CTE can be caused
         by repetitive subconcussive impacts. Though plausible theories exist, we don’t know
         the exact biological mechanisms that lead from repetitive brain trauma to the development
         of CTE pathology. Yet a lack of complete understanding doesn’t mean we don’t know
         enough now to say that exposure to repetitive impacts is at least a substantial risk
         factor for CTE. And with millions of young athletes exposed to these repetitive impacts,
         it is a public health concern.
      

      
      Some cite the few cases of CTE diagnosed in those with no known history of repetitive
         impacts as proof that the impacts do not cause the disease. Even if CTE can develop
         in a person who does not have exposure to repetitive brain trauma, it doesn’t make
         repetitive brain trauma any less of a risk factor for developing the disease.[46]   Other factors, such as alcohol abuse or performance enhancing drugs, very well
         could contribute to CTE development, but it seems unlikely they would be a primary
         cause given that teen athletes have been diagnosed with the disease. Even if those
         factors could cause the disease, that has no relevance for repetitive impacts being
         a risk factor. Lung cancer has many causes, including genetic factors, radon exposure,
         and exposure to asbestos. Of course, one of the biggest risk factors for developing
         lung cancer is smoking. The fact that those other causes exist doesn’t make smoking
         any safer or any less of a substantial risk factor. One thing being dangerous doesn’t
         automatically make something else safe. Yet not everyone will get the disease. Not
         all smokers get lung cancer, and not all NFL players get CTE. A lack of disease in
         someone exposed to decades of repetitive impacts doesn’t mean those impacts are safe
         either.
      

      
      What Does This Mean for Youth Contact 
Sport Athletes?
      

      
      The risk of developing CTE is likely low in a child who only plays a few years of
         youth contact sports, but the risk that these repetitive head impacts could disrupt
         normal brain development exists regardless of whether or not someone goes on to develop
         the disease. We should be at least equally if not more concerned about altering the
         trajectory of our children’s brain development as we are about children developing
         CTE from youth sports. Though impacts in youth do not seem to cause CTE, they do seem
         to influence how early the disease symptoms begin and progress if the disease develops.
         And playing at a younger age likely means more lifetime impacts and, in turn, a higher
         risk of developing CTE. I caution parents against holding a child out of sports in
         general simply out of fears of brain trauma and CTE. Though we still have much to
         learn, there are ways we can minimize the risk of any long-term consequences of repetitive
         head impacts in youth sports.
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      Bad Arguments for Maintaining the Status Quo in Youth Contact Sports

      
         
         
      

      
      
      
      Chapter 9

      Why the Argument That “Other Sports Are Dangerous Too” Is a Bad One

      
         
         
         
      

      
      
         Riding a bike or a skateboard are not known to cause hundreds of impacts to the head
            in a year.
         

         
         —Chris Nowinski, cofounder and CEO of the Concussion Legacy Foundation[1]  
         

      

      “Most concussions in kids happen while riding a bike.”

      
      “You can get in a car accident or fall and get a concussion.”

      
      “Girls’ soccer is really the most dangerous sport for the brain.”

      
      These are common arguments I hear from those defending youth contact sports in the
         discussion of brain trauma and potential long-term consequences. They are most commonly
         used with youth football in the United States, and with rugby, Australian football,
         and soccer in other countries around the world. I once heard a coach ask, when talking
         about the safety of organized youth football, “Would you rather they be playing a
         pickup game on the streets?” Okay, so maybe a neighborhood game of tackle football
         on concrete is dangerous, but that doesn’t make the organized version with helmets
         and coaches safe for the brain either.
      

      
      The arguments are centered around three main thoughts: other common childhood activities
         for kids can result in brain trauma, there is risk in everyday life, and other common
         sports are dangerous for the brain too. Supporters of youth contact sports often use
         these excuses to justify why their sport is safe to play. This chapter will address
         these arguments and discuss why, although they might seem reasonable, they say little
         about the actual risk of consequences for the brains of youth athletes.
      

      
      Two Things Can Be Dangerous at the Same Time

      
      Imagine you have an eight-year-old child who enjoys juggling. He comes to you one
         day and asks if he could juggle your butcher knives, like in a YouTube video he watched.
         When you say, “No, it’s too dangerous,” he replies, “But it’s safer than juggling
         chainsaws like they did in the other video!” Well, sure, he may be right, but that
         doesn’t make juggling butcher knives a safe activity for an eight-year-old (or anyone,
         for that matter). The point is, one activity being safer than another has no bearing
         on the safety of the other activity. Two things can be dangerous at the same time.
      

      
      One of the most common arguments I hear is that riding a bicycle is more dangerous
         and results in more concussions each year than youth contact sports. In 2016, over
         8.6 million children ages six to twelve reported riding a bike at least once per year,
         which is far more than the number of children reported to have played football, hockey,
         soccer, and rugby combined in the United States.[2]   With so many more kids riding bikes than playing football, it would make sense
         that the overall number of concussions from riding a bike would also be higher than
         the number of concussions from playing football. But the data simply doesn’t support
         this.
      

      
      From 2010 to 2016, about 26,000 children under the age of eighteen visited an emergency
         department each year for a traumatic brain injury, including concussions, that happened
         while riding a bike.[3]   That seems like a lot of kids, but the same report found that brain injuries occurred
         while playing football in over 53,000 children per year who visited the emergency
         department. The ten- to fourteen-year-old group had the highest number of reported
         traumatic brain injuries, with 32.6 percent occurring while playing football compared
         to just 9.4 percent while riding a bicycle. The brain-injury-related emergency department
         visits were similar between football and bicycling for five- to nine-year-old males,
         while the rate in fifteen- to seventeen-year-old males from football was more than
         four times that of bicycling per year. Not all kids who sustain a concussion go to
         the emergency department. Many of these injuries are managed by athletic trainers
         and team physicians in the sports setting. That is rarely the case for concussions
         from bike accidents. If cases managed by providers outside of the emergency department
         were included, the football rates would likely be much higher compared to those for
         riding a bike. This is just one study, but its massive scale, with an average of 283,000
         children per year across sixty-six hospitals nationwide, lends strong credibility
         to the findings.
      

      
      Even if we were to consider the risk of sustaining a concussion to be similar between
         riding a bike and playing football, there is a critical difference between these activities:
         how many times does your child hit their head on an average bike ride? I hope the answer is zero. Repetitive hits to the head are an inherent part of contact
         sports, and they are particularly high in sports like football and rugby. Hits like
         the ones that happen every play, with every tackle and every collision, are not part
         of a typical bike ride. And as you have learned, these subconcussive hits have consequences
         for the developing brain. When a concussion does happen on a bike ride, it is because
         of an accident. But concussions happen all the time in contact sports from routine
         plays that are a normal part of the game. Of course, no player is trying to get a
         concussion, but the plays that cause them are not accidents.
      

      
      This same idea is true for other activities of daily life. Some advocates for contact
         sports for young kids argue that life has risks, and the benefits outweigh the risks
         with these sports. Sure, we do risky things every day. Simply riding in a car is dangerous.
         You could slip and fall on an icy sidewalk or wet floor. But how many times do you
         hit your head on a typical car ride or while you are walking? My husband sustained
         a concussion emptying the dishwasher when he hit his head on a cupboard door. Does
         that mean he’s never going to empty the dishwasher again? Of course not. But he doesn’t
         hit his head multiple times every time he empties the dishwasher either. Repetitive
         brain trauma is not a typical part of everyday life.
      

      
      Riding in a car poses risks. But we have to get from point A to point B in our lives
         every day, and for most people that involves a car. The benefits outweigh the risks.
         Participation in sports in which repetitive impacts are built into the game will obviously
         greatly increase the chance that our brain will sustain damage as it is jostled around
         within our skull. We don’t have to play a specific form of a sport that involves ramming our heads into each other or
         a ball, especially in childhood when the brain is rapidly developing. That is optional,
         and the benefits of sports can be gained in different ways.
      

      
      Multiple Sports Carry a High Risk for 
Brain Trauma
      

      
      Supporters of a given contact sport often argue that concussions and repetitive impacts
         are common in other sports, too, as a way to draw attention away from the dangers
         of their sport. Those supporting football say we should be worried about hockey or
         soccer. Those supporting hockey and soccer say their sports are fine because football
         is far worse. This happens at different levels of play as well, with many saying that
         kids don’t hit that hard, so we should be more worried about the high school and college
         players. As you have read, that just isn’t true. Ultimately, this attempt to divert
         attention away from the dangers of a given sport ignores one important point: one
         sport being safer than another doesn’t make either sport safe for the brain.
      

      
       Soccer is the number one sport-related cause of concussions in girls.[4]   Those who support youth tackle football often cite research that found a higher
         concussion rate in girls’ soccer than in football as a reason we should be more worried
         about girls’ soccer.[5]   But that one study is in the minority. As described in chapter 5, the vast majority
         of studies show football has the highest concussion rate of all youth and high school
         organized sports in the United States. Still, other sports like hockey, lacrosse,
         wrestling, and even basketball, especially for girls, have relatively high concussion
         rates, and they deserve attention when it comes to concussion prevention and management
         as well. But it’s not all about concussions. Tackle football is the sport with the
         greatest number of impacts in an average season as well, though hockey is not far
         behind. Though the data is limited, rugby likely involves a high number of impacts
         too.
      

      
      But the risks of one sport have no bearing on how risky another sport is. Even if
         a few studies find hockey or girls’ soccer have a slightly higher concussion rate
         than football, it doesn’t somehow make the rate in football low. Even though football
         has the highest average impact exposure over a season at all levels, it doesn’t make
         the hundreds of impacts sustained in hockey any less concerning. All of these sports
         need to take meaningful steps to protect the developing brains of their young athletes.
      

      
      Many changes have been made to improve brain safety in sports, with several sports
         eliminating the primary source of brain trauma at youth levels. Football has introduced
         several changes, including reducing contact time in practice and emphasizing “proper”
         tackling technique, but leaders in the youth game haven’t gone so far as to eliminate
         the primary source of impacts and concussions in the youth game: tackling. Without
         tackling and with different blocking styles, the number of impacts sustained is substantially
         lower in the flag version of the game, and head-to-head contact is rare.[6]  
      

      
      Yet, when some have proposed flag football for all youth players, a version of the
         game that would eliminate the primary source of impacts, many proponents of tackle
         football like to cite a study out of Iowa that found higher injury rates in flag football
         than tackle football.[7]   But does this study really show that flag football is more dangerous? No, it does
         not. The study included 3,525 tackle football players who participated in a total
         of 44,164 individual events and sustained thirty concussions compared to just 219
         players, 2,252 total events, and three concussions on the flag football side. Those
         are substantial differences between groups, which can affect the outcomes. The difference
         in concussion rate between flag and tackle was not statistically meaningful, and we
         can’t draw any conclusions based on just three concussions. One accidental collision
         (and it would be an accident in flag football) could have caused two concussions,
         completely skewing the data. When compared to other studies, both the overall injury
         rate and concussion rate in the tackle football players in this study are substantially
         lower than the rates in other studies of youth tackle football,[8]   which may be due to a lack of recognition, lack of recording, or just a random
         lucky year. The flag football concussion rate was also lower than concussion rates
         in most other studies of youth tackle football. Of course, one study alone is never
         enough to draw conclusions, and future research will tell us more about injuries in
         flag football.
      

      
      Concussions and Subconcussive Impacts Are Concerning in Any Sport

      
      In the arguments for maintaining contact sports as they currently are, the comparisons
         of risk to other sports or activities just don’t hold water. We take small risks every
         day. Some are immediate risks, like riding in a car. Some are long-term risks, like
         smoking or consuming a poor diet that can lead to disease. I’ve even heard the argument
         from youth tackle football supporters that “Sugar is bad for kids. Does that mean
         we are going to ban sugar too?” Well, consuming too much sugar can have substantial
         negative impacts on our health, so we should be concerned about that as well. But
         what does that have to do with brain safety in football? Absolutely nothing. More
         than one thing can be bad for us at the same time.
      

      
      Concussions can happen in aspects of daily life and in other sports. Several contact
         sports can also subject kids to repetitive impacts. But the risks associated with
         one sport do not automatically imply that another sport is safe. We need to make all
         of these sports as safe as possible for our kids. They don’t have to sustain these
         impacts. We can provide opportunities and choose to have kids play versions of these
         sports that don’t involve inherent repetitive impacts than can damage their developing
         brain.
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      Chapter 10

      Why Helmets and Other Technology Won’t Solve the Problem

      
         
         
      

      
      
         We parents do everything possible to keep our kids healthy, to allow our kids to reach
            their full potential. . . . Then those same parents drop a kid off at a field, tell
            them to put this big helmet and mask on their head . . . those big plastic helmets
            make them kind of unsteady and at the same time think that they’re invincible; they
            don’t feel little hits over and over again.
         

         
         —Robert Stern, PhD, director of clinical research, CTE Center, Boston University School
            of Medicine[1]  
         

      

      It is widely thought that technology can help the sports world solve the concussion
         crisis.[2]   Parents want to do everything they can to protect their children, and some have
         spent hundreds or even thousands of dollars on new “state-of-the-art” helmets and
         products that claim to “prevent concussions” or speed recovery from the injury. Coaches
         and leagues invest a lot of money in cutting-edge safety equipment, often requiring
         their athletes to use it despite a lack of evidence to support the company’s claims.
         While this may make parents feel like the coaches or league care about their kids,
         these technologies often offer little, if any, real protection.
      

      
      Athletes may feel more confident and better protected when they use new helmets, headgear,
         or other products, but this can give them a false sense of security.[3]   Risk compensation happens when athletes think that equipment or other products
         are protecting them, so they take more risks and play more recklessly.[4]   As a result, they may actually expose themselves to more danger by using the product.
         This occurs even with products that offer some value, like helmets, but the perceived
         protection is more than the actual protection. Risk compensation can be seen throughout
         the history of sports. For example, players began using their helmets to spear-tackle
         after hard-shelled helmets became popular in the 1950s.[5]  
      

      
      This chapter will discuss why helmets and other technology won’t solve the problems
         associated with repetitive subconcussive impacts or concussions in youth sports. Advancements
         in sport safety technology have been filled with both beneficial innovations and pseudoscience.
         All stakeholders involved in youth sports should be cautious about buying into the
         hype.
      

      
      Helmets

      
      In helmeted contact sports, like football, hockey, and lacrosse, coaches and sports
         organizations often claim new helmets will protect the brains of young athletes. This
         is, at best, an overstatement. Helmets are critically important for preventing skull
         fractures, and they may be able to absorb some impact force that would otherwise be
         transmitted to the brain. Yet claims that any helmets are “concussion proof” or can
         substantially reduce the risk of sustaining a concussion are untrue, misleading, or
         exaggerated. Concussion-proof helmets do not, and will not ever, exist, and no helmet
         can prevent the effects of all subconcussive impacts. Remember, you don’t have to
         hit your head to get a concussion. A hit to the body can transmit damaging forces
         to the brain even if the head is not impacted. No helmet can prevent the brain from
         moving inside the skull.
      

      
      A Brief History of Helmets in Contact Sports

      
      Football: The first football helmet was worn in the 1893 Army–Navy game.[6]   Made of leather, these helmets provided very little protection, and many players
         chose not to wear them. A suspension system that separated the outer padded shell
         from the skull was first used in 1917 and did a better job of absorbing and distributing
         some impact forces. They were not made mandatory for NCAA players until 1939, with
         the NFL following suit one year later. The first plastic helmet was created in 1939,
         but they were not mass-produced until after World War II.[7]   Hard-shell helmets were originally designed with the goal of preventing potentially
         deadly skull fractures and brain bleeds.[8]   Players felt protected by these new helmets, and it became more common for athletes
         to use their head as a weapon.[9]   When face masks were introduced in the 1950s, players didn’t have to worry as much
         about broken noses or other facial injuries.[10]   Coaches encouraged aggressive behavior, as helmet-first impacts could produce crushing
         blows that would lead to a turnover. Helmets have continued to improve over the last
         several decades with new innovative designs and materials. With those improvements,
         risk compensation continues to be an issue as players feel their brains are more protected
         than they actually are.
      

      
      Hockey: The first hockey helmets were worn in the 1920s, but it wasn’t until the 1970s that
         their use rose substantially in the NHL.[11]   Even goalie masks were not worn in the league until 1959. Many players considered
         playing without a helmet or mask a sign of toughness.[12]   While few players wore helmets in 1970, nearly two-thirds wore them by 1980. Helmets
         became mandatory for all new players entering the NHL in 1979. Though some veterans
         also saw the value in this safety equipment, there were many holdouts. Craig MacTavish
         retired in 1997 as the last NHL player to play without a helmet.[13]  
      

      
      Lacrosse: The use of leather lacrosse helmets was first documented in the 1928 Olympics.[14]   The bucket-style helmet with a suspension system and hard outer shell grew in popularity
         in the 1980s. Lacrosse helmets have continued to evolve since then, with sleek designs
         and lighter materials.[15]   Helmets are not worn in women’s lacrosse, which is played with different rules
         than the men’s game.[16]   Female players at all levels are required to wear eye protection, while headgear
         (US Lacrosse does not call them helmets) is allowed but not required. Headgear made
         specifically for the women’s game was only first developed in the 2010s. Its effectiveness
         for injury prevention is currently being evaluated.
      

      
      Standards Organizations: Despite advancements in helmets, too many boys and young men, more than thirty per
         year, were still dying on the football field in the 1960s and early 1970s.[17]   In 1970 the National Operating Committee on Standards for Athletic Equipment (NOCSAE)
         was formed with a goal of reducing injuries in sport.[18]   NOCSAE worked to develop standards for laboratory testing that would evaluate the
         ability of a helmet to prevent catastrophic injuries like skull fractures by absorbing
         a sufficient amount of energy from an impact. In 1971 the American Society for Testing
         and Materials (ASTM) also began developing methods for testing football helmets, followed
         by hockey helmets and other headgear in the following years.[19]   After the development of NOCSAE and ASTM standards, the annual incidence of fatalities
         dropped substantially to about a quarter of what it had been in years before the standards
         were implemented.
      

      
      How Do Helmets Work?

      
      Hard-shell helmets, like those worn in football, hockey, lacrosse, and baseball or
         softball, can be very effective at protecting against skull fractures.[20]   They are also capable of absorbing and redistributing a limited amount of impact
         forces, having some influence on concussion risk. Still, no helmet can lessen these
         forces enough to prevent all concussions or consequences of subconcussive impacts.
         The hard shell and face mask of helmets deflect impacts, redistribute forces, and
         protect the skull.[21]   The padding underneath functions to absorb energy and slow the impact. When we
         slow the impact, we can slow the acceleration, which helps with linear acceleration.
         However, when the impact time is longer, the head will rotate more. Though rotational
         acceleration may be lower, rotating for more time means rotating a farther distance,
         which may result in more damage to the brain’s white matter.
      

      
      Most helmets have to meet standards set by either NOCSAE or ASTM. The NOCSAE standard
         is set based on a severity index. A helmet passes the test with a severity index less
         than 1200.[22]   The lower the score, the better. However, this does not consider rotational acceleration,
         only linear acceleration. The biomechanical firm Biokinetics found that helmets way
         below 1200, even below a score of 300, will still allow for at least a 50 percent
         chance of sustaining a concussion at the acceleration tested. These standards were
         never intended to evaluate concussion prevention, and their results should not be
         interpreted that way.
      

      
      How Well Do Helmets Work?

      
      A few studies have examined concussion rates among different helmets. While one study
         found a difference between two helmet models from the same company,[23]   other studies have found little or no difference in concussion rates between helmets
         from different companies.[24]   Even reconditioned helmets provide similar protection compared to new helmets,
         though older helmets that have not been reconditioned may increase the risk of concussions.
      

      
      Of course, helmet companies need to sell helmets to make money, and they sometimes
         interpret research in a way that benefits them. Riddell did just that with a 2006
         study.[25]   They claimed the study found that athletes who wore their Revolution helmet had
         a 31 percent lower risk of sustaining a concussion, but they misrepresented the results.
         The next paragraph is a little math heavy. If you’re not into that, feel free to skip
         to the last sentence for the conclusion.
      

      
      In the study, 7.6 percent of athletes wearing other helmets and 5.3 percent of athletes
         wearing the Revolution helmet sustained a concussion. Comparing these two percentages
         to each other, 5.3 is 69 percent of 7.6. This means the Revolution was 31 percent
         better than other helmets in the study. But over 92 percent of athletes in both groups
         did not sustain a concussion. The absolute risk in the study is 7.6 percent minus
         5.3 percent. This means the Revolution helmet only decreased the overall risk of sustaining
         a concussion by 2.3 percentage points, substantially smaller than what Riddell was
         claiming. The researchers voiced their disagreement publicly, warning Riddell that
         they were misinterpreting the results. The absolute value provides a more realistic
         view of the ability of the helmet to protect the brain, but Riddell continued to cite
         the exaggerated number.
      

      
      This wasn’t the first claim made by Riddell that their helmets could reduce concussions,
         and it wasn’t the first time they were called out for overstating the protective effect
         of a helmet. Multiple lawsuits, including one involving thousands of former NFL players,
         were filed against Riddell as a result of these claims, citing that the company had
         misled and inadequately warned users of the potential risk of concussion that came
         with wearing the Revolution helmet.[26]  
      

      
      Overstatements of protection don’t just happen with football helmets. For example,
         Reebok-CCM claimed its hockey helmets could prevent concussions.[27]   They had to abandon their marketing campaign due to a lack of evidence to back
         up their claims. When companies make these claims for helmets in any sport, many parents
         and athletes will rush out to buy them despite the cost and lack of evidence that
         they can actually prevent concussions.
      

       

      
      Engineers at Virginia Tech have developed ratings for helmets and headgear used in
         tackle and flag football, baseball, softball, bicycling, hockey, and soccer.[28]   They test the helmets and headgear based on the biomechanics of impacts known to
         be common in the sport the helmet is used for. You can find current ratings on their
         website: https://helmet.beam.vt.edu/index.html.
      

      
      Testing showed that most brands and styles of football helmets provide similar protection
         for the brain. In the 2020 ratings, only two helmets rated less than five stars. Despite
         similar ratings, cost differences can be staggering. For example, the fifth-ranked
         Xenith X2E+ helmet costs $289.00, while the sixth-ranked Riddell Precision-FIT helmet
         costs a whopping $1,700.00. Three of the top four helmets cost nearly $1,000. That’s
         $700 more than the $289.00 model for helmets that essentially provide the same level
         of protection. The researchers clearly state that any helmet with a five-star rating
         is recommended, regardless of the exact score. Any differences in safety provided
         between helmets of the same rating is minimal.
      

      
      Children experience different accelerations than older players due to their larger
         head compared to their body size, and more impacts happen with falls at the youth
         level.[29]   These factors influence the way helmets for children should be made and tested.
         Virginia Tech released helmet ratings for youth football in 2019. Their testing standards
         were the first designed based on the nature of impacts in ten- to fourteen-year-old
         football players, rather than adult impact biomechanics. The majority of youth football
         helmets receive a five-star rating, and like the helmets for older players, the cost
         is not an indication of quality. As of 2020, the third-ranked Xenith Youth X2E+ helmet receives
         a five-star rating and costs $199.00. The sixth-ranked Schutt Youth F7 helmet also
         has five stars but sells for $569.95.
      

      
      In contrast to football helmets, the Virginia Tech engineers found that most hockey
         helmets do a poor job of dissipating forces related to concussions. Only one helmet
         has a five-star rating, one has four stars, and three have three stars. The rest are
         rated from zero to two stars, suggesting they are, at best, adequate for preventing
         catastrophic injuries but do little if anything to dissipate potential concussive
         or subconcussive forces.
      

      
      Soft-shell helmets have come on the market in recent years. One type goes on top of
         hard-shell football helmets. They are made of a soft foam material, and their makers
         claim that they can dissipate and absorb more energy with impacts. However, research
         has shown that they do little to reduce impact accelerations, and they can’t stop
         the brain from moving in the skull.[30]   Soft-shell flag football helmets are becoming more popular as more kids are playing
         that version of the game. Virginia Tech has created ratings for these helmets as well,
         and several are rated four or five stars. However, the same cautions apply: though
         they may provide some benefit, they will not prevent all concussions or subconcussive
         forces.
      

      
      It’s important to point out that all of the helmets and headgear are tested in the
         laboratory setting, and sports aren’t played in a lab. Aspects of sport play, such
         as the exact impact location, anticipation of the impact, the strength and sizes of
         players in the collision, and more, make every hit unique. That means the lab setting
         cannot possibly predict and test for every impact. The lab can be incredibly valuable
         for learning about the biomechanical capabilities of different types of helmets and
         headgear. If the equipment doesn’t work well in the lab, it is unlikely that it will
         be effective on the field or ice. However, there is no guarantee that something that
         performs better in the lab will actually make a meaningful difference in the practice
         or game setting.
      

      
      Other Headgear

      
      The soccer community is eager to find ways to reduce the risk of concussions, especially
         in female athletes. Some soccer coaches and organizations are promoting padded headgear
         for their players, though data suggests these may not be effective and may lead to
         risk compensation.[31]   A 2019 study from the University of Wisconsin–Madison found that soccer headgear
         was not effective in reducing concussion rates, the severity of concussion symptoms,
         or the amount of time athletes were away from their sport after a concussion in high
         school players.[32]   While specific headgear brands showed a slight trend toward being more effective
         than others, none made a meaningful difference in concussion rates. More research
         is needed, but at this time there is no clear evidence to suggest the headgear in
         soccer provides much protection for the brain.
      

      
      Headgear use in rugby has had mixed results. While some studies have found that headgear
         may reduce concussions, other studies have shown no benefit.[33]   A study of nearly 3,700 youth and adolescent rugby players from the under-thirteen
         to under-twenty age groups found no reduction in concussion rates in those who wore
         headgear.[34]   Though the padding may be able to absorb some impact forces, it’s not enough to
         make a meaningful impact on concussion rates.
      

      
      Mouth Guards

      
      Some have proposed that mouth guards could dissipate forces with impacts to the jaw
         and, as a result, could be useful in reducing the risk of sustaining a concussion.
         Most studies have found no difference in concussion rates while wearing a mouth guard.[35]   There is some, albeit limited, evidence to suggest that the type of mouth guard
         worn can make a difference. One study found a higher concussion rate in those who
         wore custom mouth guards compared to generic moldable plastic mouth guards.[36]   While mouth guards are effective for preventing dental and some facial injuries,
         we should not rely on these to protect against concussions.
      

      
      Impact Sensors

      
      Several companies have made helmets, mouth guards, headbands, and patches with accelerometers
         available to consumers on the commercial market. Many have triggers that alert the
         sidelines, often through a phone app, when a player takes a hit over a given threshold.
         The goal is to alert coaches, athletic trainers, or team doctors when an athlete takes
         a high-force impact so that the athlete can be evaluated for a potential concussion.
         The companies don’t claim that these helmets can diagnose concussions, only that they
         can alert the coaches or medical staff when an athlete might be injured because they
         took a big hit. Some of these devices also record the overall number of impacts over
         a set threshold that a player sustains so that coaches and medical providers can monitor
         overall impacts.
      

      
      While this seems like a great idea, it’s not that simple. The threshold for alerting
         the sideline is supposed to mark the force at which the athlete is likely to have
         sustained a concussion.[37]   Yet we don’t know what hits do or don’t cause a concussion. A hit early in a game
         that triggers a sideline evaluation may not cause a concussion. But research suggests
         that, after accumulating more impacts during the game or practice, a lower-magnitude
         hit that does not alert the sideline may actually cause a concussion.[38]   If the sensors don’t alert the sidelines about this lower-magnitude impact, the
         concussion may go undiagnosed.
      

      
      These sensors aren’t perfect. Both helmet and nonhelmet accelerometers can have false
         positive errors, meaning that they measure an impact that didn’t actually happen.[39]   Some may also miss impacts that really did happen, or they may not record impacts
         because they measure the accelerations as lower than they actually are. Though all
         sensors have some degree of error, the error can be much higher in nonhelmeted sensors.
         Error rates can be adjusted for, impacts can be verified with video, and the sensors
         may be useful at the group level in the research setting. However, at this time it
         is difficult to use this technology for individual players or individual impacts,
         especially in a live game or practice setting. The Virginia Tech engineers are in
         the process of evaluating the accuracy of sensors on the market for commercial use.
      

      
      It’s also challenging to interpret what the output of these sensors really means when
         the companies hold the thresholds as proprietary information. It may seem like a player
         has not sustained many impacts over a season based on the sensor data, but if that
         sensor is using a threshold of 30 or 40 g, it may be missing the majority of impacts
         the athlete sustained. Even if we do know the acceleration threshold, we don’t know
         if there is a threshold of repetitive impacts in a game, season, or career over which
         the risk of long-term consequences is increased or under which is sure to be safe.
         Someday we may understand what that threshold is, and we may be able to implement
         a hit count, similar to a pitch count in baseball, where we monitor athletes and remove
         them if they sustained too many impacts in a practice or game. However, our knowledge
         and technology just aren’t there yet.
      

      
      While these helmets may give coaches and medical providers some information, the information
         may be misleading or may not be meaningful. This technology is important and constantly
         improving, and it is likely that someday these devices will be immensely useful. As
         we learn more about the biomechanics of concussions and the number of impacts over
         an event, season, or career that can lead to short- or long-term consequences, the
         sensors may become powerful tools for brain safety in sports. However, right now,
         even if we had accurate data, we don’t have the ability to interpret that data in
         a useful way for an individual athlete.
      

      
      Other Products: Science and Pseudoscience

      
      Nearly everyone involved in contact sports at all levels would like a quick fix that
         will appease fears and solve the problems associated with concussions and subconcussive
         impacts. Many companies claim their products will do just that, and they often target
         those involved in youth sports.[40]   From special chocolate milk, to concussion water, to special neck-strengthening
         equipment, companies claim their products protect against concussions and subconcussive
         impacts or speed recovery from the injury without much if any validated scientific
         evidence that they work. Though these companies might start with good intentions,
         they often overstate the effectiveness of their product. They convince professional
         athletes to promote and sometimes invest in their products, like Russel Wilson and
         the fortified water he claims (without scientific evidence) can prevent concussions.[41]   Youth athletes want to be like the superstars they watch on TV, so they often want
         to use the products that they see the superstars promoting.
      

      
      One device that has made claims to prevent concussions in recent years is the jugular
         compression collar. It is referred to as an anticoncussion product in studies sponsored
         by the company that makes it.[42]   The collar was inspired in part by the anatomy of woodpeckers, which use a muscle
         to put pressure on their jugular vein as they are pecking.[43]   This is thought to limit blood flow away from the brain, increasing the pressure
         inside the skull to prevent the brain from moving much within the cranium. The scientists
         became interested in woodpeckers because it was thought that they endure thousands
         of impacts without sustaining brain damage. However, these birds have developed many
         adaptations for hitting their heads repeatedly as a natural part of their existence.
         And, as it turns out, they may get CTE too. A 2018 study found tau around blood vessels
         and in the white matter pathways of the brains of woodpeckers.[44]  
      

      
      Even if the jugular compression method is helpful for woodpeckers, humans are not
         woodpeckers. We don’t have the additional adaptations that woodpeckers have in our
         skull. We have to consider if increasing pressure within our skull by increasing the
         blood in and around the brain is actually safe for a human, especially children or
         adolescents with a developing brain. This is literally changing the dynamics of blood
         flow in the brain. Parents, coaches, and athletes should be cautious and wait until
         much more independent research is conducted to conclude whether or not this is safe
         and more than minimally effective to use. Even if this device does have a small helpful
         effect, it cannot prevent all concussions, and subconcussive impacts could still take
         a toll over time.
      

      
      You may have heard of programs or athletes purchasing neck-strengthening equipment
         aimed at preventing concussions. In theory, this should be helpful, but the evidence
         is inconsistent. Some studies have found that athletes with lower neck strength or
         imbalance in their neck muscles are more prone to higher head accelerations and may
         be at greater risk for concussions.[45]   However, studies of hockey, soccer, and football players found no influence of
         neck strength on head accelerations.[46]   Other research found only a minimal relationship between neck strength and concussion
         risk in young female athletes.[47]   Neck strength alone is not enough to prevent high head accelerations, especially
         with unanticipated impacts when the athlete is unable to tense their neck and core
         muscles to prepare for contact.
      

      
      Coaches and youth sports organizations often promote products for their athletes as
         well, such as the omega-3 fatty acid supplement promoted by Pop Warner Little Scholars
         claiming to help keep the brain healthy. Promoting devices or products for children
         or adolescents to use with minimal if any research in that age group can be irresponsible
         and dangerous. Most products have little if any benefit. At best, they result in a
         loss of money. At worst, there could be other side effects. Parents, guardians, and
         coaches should be cautious and do their research before giving any of these products
         to youth athletes.
      

      
      Can Protective Equipment Be Improved to Help Prevent Concussions?

      
      In laboratory settings, researchers continue to study ways to improve helmets and
         other safety equipment. It’s possible that a helmet or headgear designed with padding
         targeted for vulnerable impact positions could better dissipate impact forces and
         increase safety. Many helmet companies are using innovative designs to try to dampen
         rotational accelerations.
      

      
      Though this safety equipment may help to some degree, no helmet, headgear, or device
         will prevent all concussions or subconcussive impacts. The brain will continue to
         move in the skull, even if the head itself is not impacted. The bottom line is this:
         do your research and understand the limitations before spending your hard-earned money
         on products claiming to protect the brain. The best way to protect the brain will
         always be to avoid these impacts altogether.
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      Chapter 11

      Why “Safer Than Ever” May Not Be Safe Enough

      
         
         
      

      
      
         We see euphemisms like, “Safer than ever,” and vague notions of safer tackling, whatever
            that means. I made 400-something tackles at Wisconsin and never discovered how to
            do it safely. Those are company lines. It’s PR.
         

         
         —Chris Borland, former linebacker, Wisconsin Badgers and 
San Francisco 49ers[1]  
         

      

      Over the past decade, rule changes have been made in contact sports with a goal of
         reducing concussions and overall head impacts. Some sports have implemented bans on
         aspects of their game before a certain age, and other sports have tweaked rules and
         emphasized “proper” techniques for high-risk maneuvers. Concussion education efforts
         have increased substantially over the last decade too. As a result of all of these
         changes, as well as both real and perceived advances in equipment, some people argue
         that contact sports are safer than they have ever been.
      

      
      While the primary goal of these rule changes has been to improve safety for athletes
         in these sports, another key goal has been to convince parents and athletes that the
         sports are safe to play. This has been particularly evident in football, where participation
         in the United States has declined considerably at both the youth and high school levels,
         in part due to fears of brain injuries.[2]   The NFL has gone to great lengths to convince parents, especially mothers, that
         the game is safe for their boys and girls to play.[3]   They air commercials touting the changes that have been made to the game and new
         safety equipment. Some commercials have mothers of NFL players talking about safety.
         NFL teams hold safety clinics for moms to show them the “safe” tackling technique.
         They have spun, selectively chosen, and misrepresented research in the process. Still,
         some parents rely on the NFL as a trusted source of information on safety in football.
         But is the game really safer than ever? And is safer than ever safe enough?
      

      
      In this chapter I will discuss changes that have been made to improve safety in contact
         sports as well as research on how effective those changes have been. It is important
         to look at this research with a critical eye. The headlines only tell a small part
         of the story, and it may only be the part of the story that a league or sport organization
         wants you to hear.
      

      
      Catastrophic Injuries and Fatalities in Sports

      
      Catastrophic injuries and fatalities have declined substantially over the past century,
         and in that regard, contact sports are safer than ever. In some sports, these incidents
         have never been high, but for football, there was a lot of room for improvement. By
         the early 1900s football had been abolished at several universities because too many
         boys were dying on the field.[4]   President Theodore Roosevelt was a football fan, and despite growing concern, he
         wanted the game to continue. He initiated a meeting with leadership from several universities
         that eventually resulted in the creation of the Intercollegiate Athletic Association,
         which became the NCAA in 1910. While the situation improved after the NCAA was established,
         football still had a long way to go. Helmet standards and the ban on spear tackles
         have helped fatalities per year fall into the single digits, and catastrophic spinal
         cord injuries have also declined. The lowest catastrophic injury rates in football
         occurred in the late 1990s, and they have risen slightly since that time.[5]  
      

      
      Though the rate of catastrophic injuries and fatalities is slightly higher in hockey
         at the high school level, the overall numbers are quite low, with only four fatal
         and fourteen nonfatal (like spinal cord injuries) incidents occurring from 1982 to
         2018.[6]   Football saw 137 fatalities and 411 nonfatal catastrophic injuries over the same
         time. More kids play football than hockey, but these are still high numbers. Rugby
         has the greatest risk of catastrophic and fatal injuries among popular sports internationally,
         with rates higher than football in most studies.[7]   Still, these injuries are rare in all sports. The risk is still present, but when
         it comes to fatalities and life-altering injuries, these sports are much safer than
         they were several decades ago.
      

      
      Why We Need to Study Any Safety-Related 
Rule Changes
      

      
      Rule changes are implemented with a specific outcome in mind, but things don’t always
         work out as intended. In 2017, the NCAA eliminated two-a-day practices in the preseason
         for all Division I Football Bowl Subdivision programs, which include the big football
         teams you see on TV.[8]   This change seemed to be aimed, at least in part, at reducing impacts. To allow
         for the same number of practices, teams could start a few days earlier, spreading
         the practices over more total days but maintaining a three-hour limit for each practice.
         At the same time, the NCAA and Department of Defense had partnered for a large study
         of college athletes. Researchers in this Concussion Assessment, Research, and Education
         (CARE) Consortium study examined the effects of the preseason practice changes across
         five teams. The results were unexpected.
      

      
      Compared to 2016, athletes sustained more impacts per hour and averaged 26 percent
         more overall impacts in the preseason in 2017. It’s possible that the intensity of
         practices may have been higher when they only occurred once per day. The players may
         have been more aggressive because they were well rested. The coaches may have had
         the perception that they had less practice time, so they fit more into practice. Either
         way, the athletes hit more when they had the same number of practices but only one
         practice per day.
      

      
      In 2018, the NCAA responded by decreasing the number of preseason on-field contact
         practices from twenty-nine to twenty-five. The CARE Consortium studied this change,
         too, and again, the results weren’t quite what they expected.[9]   The number of impacts remained roughly the same from the 2017 to the 2018 season,
         despite fewer practices. But this varied substantially by team, with some teams seeing
         large decreases in preseason impacts and one experiencing an average of 35 percent
         more impacts in the preseason. Longer practices and a greater practice intensity seemed
         to play a role in the increased hits for this team.
      

      
      These studies highlight how challenging it can be to implement broad policy changes
         that result in the intended outcomes in sport. It’s reasonable to think that reducing
         the number or amount of time of contact practices would result in fewer impacts. Unfortunately,
         it’s just not that simple. Coaches may respond to reduced contact time by simply packing
         in more contact per minute. Regulating the intensity of practice is challenging, as
         it typically falls on coaches to determine the type and number of drills and amount
         of live play in practice.
      

      
      Improving Safety in Hockey and Lacrosse

      
      The USA Hockey rulebook defines a legal body check as when a player hits an opposing
         player who has the puck with the goal of getting the puck away from the opposing player.[10]   Most fans, players, and coaches agree that this action can bring energy and excitement
         to the game. However, checking accounts for 45 to 86 percent of injuries in youth
         hockey players, and it is the most common cause of concussions in the sport.[11]  
      

      
      In 2011, USA Hockey delayed the introduction of checking until age thirteen.[12]   Checking had already been banned in Quebec, but Hockey Canada followed in 2013
         with a similar rule at the national level. In this case, the rule had the intended
         effect. Not only did the concussion rate decline significantly after it was implemented,
         but the overall injury rate fell too.[13]   It has been estimated that nearly five thousand concussions are prevented across
         Canada annually as a result of this rule. One study in the United States found a substantial
         decrease in the number of injuries after the checking rules were implemented, but
         concussions rose.[14]   However, the researchers suggest this rise was likely due to substantial increases
         in concussion education and awareness at the same time leading to improved concussion
         reporting and recognition.
      

      
      The rule change was accompanied by backlash and controversy. Some thought fewer boys
         would play the sport since they couldn’t play like the pros they idolize. But registration
         at the youth levels has actually increased.[15]   Players surveyed didn’t seem to mind either. Players who entered the peewee level
         after the rule was implemented did not feel as strongly about the importance of checking
         or were more likely to want to play in a league that did not have checking.[16]   In general, if they haven’t started checking yet, the young players don’t miss
         it, and they aren’t as likely to feel as if they want or need to check to have fun
         playing hockey.[17]   The game was not harmed by this new rule, and safety improved.
      

      
      US Lacrosse also implemented a ban on checking for boys at the under-twelve level
         and below in 2017.[18]   Players at the under-fourteen level are allowed to check, but checking with the
         intent to put the opposing player on the ground remains illegal. US Lacrosse also
         banned stick checking for girls at the under-eleven level and below.[19]   Player contact is the main source of injury in boys’ lacrosse, especially at the
         youth level, though checking-related injuries are low overall.[20]   Research is still needed to examine the outcomes of these rule changes.
      

      
      Improving Safety in Soccer

      
      In 2015, US Soccer delayed the introduction of heading at the youth level.[21]   Players are not allowed to head the ball until age eleven.[22]   Players ages eleven and twelve years old are limited to twenty-five headers per
         week. It’s common for soccer players to play in multiple seasons and on multiple teams,
         even at the same time. Twenty-five impacts per week can add up to hundreds of impacts
         on the developing brain each year. There has been little research into the outcomes
         of delaying and limiting heading in youth soccer thus far.
      

      
      Soccer associations in Scotland, England, and Northern Ireland announced a similar
         rule in early 2020, banning heading under age eleven, then gradually introducing the
         practice through age eighteen.[23]   Football (soccer) Federation Australia is also reviewing youth heading policies,
         and more countries will likely follow.[24]   These bans have not come without controversy, with some favoring teaching proper
         technique rather than banning the practice at young ages. Others argue that the brain
         is still affected even with “proper” technique, and kids can learn that aspect of
         soccer at an older age while focusing on other skills when they are younger.
      

      
      Improving Safety in Rugby and 
Australian Football
      

      
      Both rugby and Australian football have made rule changes in recent years to improve
         safety in their sport. Many efforts have been aimed at reducing head contact, but
         enforcement of these rules has sometimes been lacking, with light punishments doing
         little to deter players.[25]  
      

      
      A study of elite rugby players investigated the effect of rules forcing players to
         tackle below the level of the opposing player’s armpit.[26]   The rule change led to significantly fewer head impacts for ballcarriers, but the
         concussion rate doubled in tacklers. To make the tackle below the legal line, tacklers
         had to bend lower, causing them to lead more with their head compared to tackling
         in an upright position. This is another example of why it is so important to study
         the effects of these rule changes to make sure the intended goals are being met.
      

      
      At the youth level, rugby and Australian football have improved concussion education
         and management, but less has been done to prevent repetitive impacts. Both sports
         have touch or flag versions to introduce young athletes to the game, but the tackle
         version can start as young as age eight. Organizations claim that changes in these
         sports have greatly increased safety.[27]   USA Rugby’s development model touts “age appropriate development” in the game but
         doesn’t say at what age it is safe to tackle and incur repetitive impacts.[28]   Most safety measures have involved rule changes for the scrum and dangerous tackles,
         matching youth players by size, and education on proper tackles, scrums, and injury
         management. Future research will determine if these rule changes and programs have
         been effective.
      

      
      Improving Safety in Football

      
      Parents, medical providers, educators, and other stakeholders have been concerned
         about the safety of football since it was first played. In the 1950s, the American
         Academy of Pediatrics argued that the game was too dangerous for young boys to play,
         and doctors called for a ban on the sport for children ages twelve or younger.[29]   But those concerns became overshadowed by its growing popularity and a cultural
         need for a way to turn boys into men. Some believed proper supervision and medical
         care were the keys to safety in the sport, claiming the risks were low as long as
         coaches were there to oversee play and doctors were there to manage injuries. While
         this has been repeatedly proven untrue, that mindset continues today. Better training
         for coaches and supervision and training with “safe” tackling techniques have been
         touted as game changers in recent years, when in reality, this reliance on supervision
         will likely fall short again.
      

      
      In recent decades, changes have been made across all levels of football with a goal
         of improving safety and reducing concussions and subconcussive impacts. Targeting
         rules aim to protect defenseless players from forcible contact to the head or neck.
         The Ivy league has been at the forefront of positive changes in the NCAA. In 2016
         the league eliminated full contact from practices.[30]   They implemented new rules to increase touchbacks on kickoffs leading to an 81
         percent decline in concussions on kickoffs. The NFL has also enacted similar rules
         to encourage more touchbacks and decrease injury, including moving kickoffs up five
         yards and moving touchbacks from the twenty to the twenty-five yard line.[31]   These changes led to 35 percent fewer concussions on kickoffs during the 2018 NFL
         season.[32]  
      

      
      Changes have also been made at the youth and high school levels. USA Football has
         introduced rookie tackle football as a beginner’s version of the game.[33]   It involves fewer players on smaller fields, no punts or kickoffs, and no three-point
         stance. Yet players in rookie tackle are still tackling, and therefore still incurring
         repetitive brain trauma. No research exists yet to show whether or not this new form
         of the game is actually safer than traditional youth football.
      

      
      USA Football has also introduced their football development model.[34]   The program is designed to reduce contact, promote age- and skill-appropriate play,
         and slowly introduce and develop football skills. Much of this model is great. They
         emphasize development of the whole person, participating in multiple sports, and keeping
         the game fun. Coaches are taught to keep the mental and emotional development of the
         child based on their age in mind with their coaching strategies. It even provides
         some guidance for progressing athletes through different skills and describes non-contact,
         limited-contact, and contact versions of the game. However, nowhere in this model
         does it say at what age it is developmentally appropriate for a child to start tackling
         and sustaining repetitive brain trauma. In that regard, the development model falls
         short.
      

      
      Other changes have occurred in the youth and high school game. Some have been successful,
         while others haven’t made the substantial impact that leagues had hoped for. Researchers
         and sport-safety advocates have questioned whether the changes have gone far enough.
         What other changes have been made, and is football really safer than ever?
      

      
      Tackling Technique

      
      A big part of the claim that football is safer than ever comes from the focus on “proper
         tackling technique.”[35]   Some programs are promoting rugby-style tackling, which emphasizes “taking the
         head out of the game” and leading with the shoulder instead. Rugby players typically
         don’t wear helmets, so if they lead with their head, it hurts. It’s also common for
         players to be told to “see what you hit,” or to have their head up when colliding
         with another player. Hitting an opponent with the top of the head increases the risk
         of both concussions and spinal cord injuries. This isn’t a new concept though. Players
         have been told to “see what you hit” for decades.
      

      
      Supported by the NFL, USA Football implemented its Heads Up Football educational program
         in 2013 to improve safety in youth football and assure parents that it was safe to
         let their child play the game.[36]   Heads Up Tackling is a key feature of the program, but not everyone agrees that
         “proper” or “safe” tackling really exists. Former Wisconsin Badger and San Francisco
         49er linebacker Chris Borland, who retired after just one year in the league due to
         concerns over brain trauma, has stated that, despite having made hundreds of tackles
         in his career, he hasn’t learned how to tackle in a safe way.[37]   Other former college and NFL players emphasize that teaching technique may be fine
         in low-speed drills on the practice field, but it often goes out the window in the
         high-speed practice and game settings. It’s impossible to anticipate exactly what
         other players on the field will do, and a tackler will often do whatever it takes
         to get the ballcarrier to the ground. The program has been described as a PR stunt
         and marketing ploy by some. According to ESPN, former ten-year NFL quarterback Jake
         Plummer called it “propaganda to try to convince [kids and parents] it’s safe.”[38]  
      

      
      Researchers have studied the effects the Heads Up Football program has had on impacts
         and concussion rates in youth football, and that has added to the controversy. In
         February of 2015, USA Football used preliminary data showing significantly fewer injuries
         and concussions in leagues that used the Heads Up program to promote the program and
         the safety of youth football.[39]   However, this data was preliminary, and when the actual study was published, the
         outcomes were quite different.[40]   The study included leagues for players from five to fifteen years old. The only
         positive finding was that eleven- to fifteen-year-old players in both the Heads Up
         Football program and a Pop Warner program, which limits contact practice time, had a lower concussion
         rate than those in neither of these programs. The programs did not affect concussion
         rates in the five- to ten-year-old group, and involvement in only the Heads Up Football
         program did not influence concussion rates in any group.
      

      
      In another study, those who participated in the Heads Up Football program incurred
         fewer impacts in practice than those not in the program. The impacts sustained in
         games remained similar between groups.[41]   This is an important step in the right direction, but it’s not clear if a few less
         impacts per practice is enough to make a meaningful difference for the developing
         brain.
      

      
      Other research claimed that wearing soft-shell caps on helmets, implementing Heads
         Up Football, and using a Riddell helmet with sensors reduced impacts in youth football
         players over one season, but this study had several issues.[42]   First, the Riddell sensor system used in this study is proprietary, so the researchers
         were not able to say what accelerations qualified a hit as high, medium, or low impact.
         Given the low overall number of impacts reported, it seems likely that the sensors
         only triggered with impacts at relatively high accelerations, even for those labeled
         as low impact. But without knowing what accelerations the players were experiencing,
         the data can’t be compared to other accelerometer studies to suggest these methods
         improve safety. The only way to show that the Heads Up Football and soft-shell helmets
         together could actually reduce impacts would be to compare the data to a group that
         didn’t use the interventions. But the study didn’t have a comparison group. This study
         received some media attention claiming that these methods made youth football safer,
         but that is very misleading. In reality, the study had no data to show the interventions
         made any improvement in impacts sustained by players. Poor communication from scientists
         and the media on studies like this can make families think a sport is safer than it
         is. This is why it is so important to read about research with a critical eye, and
         never make a decision based on the findings of a single study.
      

      
      At this point, the jury is still out on Heads Up Football and other similar programs.
         The decline in practice impacts shown in one study, perhaps due to more dedicated
         time on low-speed skill training, is encouraging, but it remains unclear how well
         the skills transfer to full-speed play. The consistent game concussions and impacts
         across leagues, whether involved in a safety program or not, may back up the claims
         of former players who don’t believe there is such a thing as safe tackling in the
         full-speed game setting. A linemen incurs hundreds if not thousands of impacts in
         one season not from tackling but from the blocking that is a regular part of tackle
         football. They will still incur these impacts no matter what tackling technique is
         used. And even with “proper” tackling technique, the brain is still moving within
         the skull.
      

      
      Helmetless Tackling

      
      Another more drastic idea to improve safety in football has been proposed: remove
         the helmets altogether. It may seem counterintuitive, but this has roots in the efforts
         to move to a more rugby-style tackle in football. Helmets can give a false sense of
         security to athletes, even though their brain is still vulnerable as it moves within
         the skull.[43]   In football, it’s thought that players will adopt better hand placement and technical
         skills in tackling and blocking in part due to the need to better protect themselves
         without a helmet on.
      

      
      Limited research has investigated the effect of training without helmets in practice.
         One study followed high school football players in a helmetless tackling program developed
         at the University of New Hampshire.[44]   This program involves a progression of ten drills performed two to four times per
         week without helmets or shoulder pads. The drills teach players motor patterns to
         avoid leading with their head when tackling, and the goal is that they will carry
         those same motor patterns into helmeted full-contact play. Players in the program
         experienced around 30 percent fewer impacts in games at time points early and midseason,
         but the improvements disappeared by the end of the season. Reducing impacts is always
         a good thing, but it still isn’t clear if these helmetless drills can have enough
         of an effect to substantially reduce overall impacts as well as concussions in youth
         football. When they put the helmet back on, they may feel protected again and willing
         to engage in riskier play.
      

      
      Limited Contact Practice Time

      
      By 2020, over forty states had implemented rules regulating the amount of time a high
         school football team can spend in full-contact practice, tackling to the ground, and
         hitting at full speed.[45]   Though the amount of time varies by state, the rules usually limit the number of
         days or minutes per practice or week that can be spent on full-contact play, with
         some states allowing just fifteen minutes per week in the regular season. The states
         without any related rules simply allow coaches to decide on the amount of contact
         their athletes should endure.
      

      
      In 2014 the Wisconsin Interscholastic Athletic Association passed a rule limiting
         full-contact practice in high school football to seventy-five minutes in preseason
         and sixty minutes per week in the regular season.[46]   Researchers at the University of Wisconsin–Madison examined the effect of the contact
         practice limits on concussion rates. Compared to the two seasons before the limits
         were introduced, the concussion rates overall and in games stayed the same, but the
         concussion rate in practice dropped by 57 percent with the new rule.
      

      
      Reducing concussions is an important outcome, but does limited contact time result
         in fewer impacts? A few early studies suggest the answer may be yes. A youth football
         team with contact limited to a third of practice time each week had fewer overall
         impacts in practice compared to two teams without the limitations, though they did
         experience more impacts in games than the other two teams.[47]   Researchers at the University of Michigan studied twenty-six varsity football players
         from one high school after contact practice time was limited to thirty minutes.[48]   The total number of impacts declined an average of 42 percent across all players.
         It’s important to remember that this was only one team. Impact exposure can differ
         greatly from team to team, owing to coaching style, the culture, and other factors,
         so research involving more teams will paint a clearer picture. Still, these results
         are encouraging.
      

      
      Fewer overall impacts at both the youth and high school levels as a result of reduced
         full-contact practice time is, no doubt, a great improvement. But we also have to
         ask ourselves, how many hits are okay? In the Michigan study, the average player sustained
         345 impacts and the average lineman 670 impacts over the season after contact practice
         time was limited.[49]   In the youth football study, players on a team with reduced contact still sustained
         an average of 158 impacts over just fifteen total events, with several players incurring
         over 200 or even 300 impacts in that time.[50]   While these are improvements, players are still experiencing hundreds of impacts
         over just a few months. Earlier I told you about a study in which former football
         players saw almost double the risk for having difficulties with executive functions,
         depression, and apathy when they reached an estimated career threshold of between
         1,800 and 2,400 impacts.[51]   Using the average numbers of high school and youth impacts from these studies of
         limited-contact practice time, it would still only take four years of high school
         play and three years of youth football play to exceed 1,800 impacts. The average lineman
         would exceed the 2,400 mark with just four years of high school play, not even including
         impacts from youth football. So, yes, sustaining fewer overall impacts is important,
         and reduced contact practice time can help. But is it enough? How many impacts are
         okay for the developing brain, or even the mature brain?
      

      
      Supporters defending the safety of youth tackle football often argue that they have
         made more changes to improve safety than any other sport. Sure, they may have made
         more individual rule changes, but the game still looks pretty similar to what it looked
         like at the turn of the century. While some changes have had a small positive effect
         on concussions and subconcussive impacts, other changes have had no effect. Other
         sports have eliminated the primary source of impacts, but the primary source of impacts,
         the tackle, is still part of football. More impacts from blocking happen in tackle
         football as well. Kids are still sustaining hundreds of impacts in a season. We have
         to keep in mind that better does not necessarily mean safe. It’s not clear if the changes that have been made to practices make a meaningful
         difference for the developing brain.
      

      
      Concussion Education

      
      The education and awareness surrounding concussions and repetitive subconcussive impacts
         has grown immensely since the late 2000s. In the United States, every state has passed
         a concussion law, and the vast majority require concussion education for coaches,
         parents, or athletes.[52]   Some of these laws only apply to the high school level, while others apply to all
         youth sports.[53]   Internationally, concussion education seems to be growing as well.[54]  
      

      
      Unfortunately, more education doesn’t necessarily mean more knowledge and better attitudes
         and behaviors. While a large majority of athletes, parents, and coaches know most
         symptoms, they often don’t know that trouble sleeping, anxiety, nausea, difficulty
         in school, and being more emotional are symptoms of a concussion.[55]   Studies of both athletes and coaches have found that between 13 and 19 percent
         still believe you have to lose consciousness to have a concussion.[56]   While this is a relatively low number, the belief could cause many concussions
         to go undiagnosed. Education alone is also not enough to cause changes in attitudes
         and behaviors for many athletes. Once they get on the field, athletes don’t want to
         let their team down by reporting symptoms and having to leave the game. If the game
         is on the line, athletes are even less likely to report.[57]  
      

      
      Still, awareness of concussions and potential long-term consequences has grown in
         the twenty-first century. Extensive media coverage and discussion of concussions as
         well as CTE has occurred worldwide, having both positive and negative outcomes. While
         this has contributed to increased awareness of the seriousness of these injuries and
         the need for proper management, it has also led to misconceptions regarding both concussions
         and CTE. For example, in a survey of more than 1,000 parents, over 55 percent thought
         that more than one-quarter of athletes would sustain a concussion in high school football
         each season, and nearly 28 percent thought more than half of all players would sustain
         a concussion.[58]   In reality, the percentage of players who sustain a concussion on a team each season
         is usually in the single digits. Of course, repetitive subconcussive impacts take
         a toll, too, and some concussions go undiagnosed, but parents’ perception of concussion
         risk is often far higher than the actual risk.
      

      
      Whether from the media attention or simply more education bringing more awareness
         to the injury, the number of concussions diagnosed in sports has increased significantly
         in the 2010s.[59]   Some athletes may be reporting injuries that they didn’t realize were concussions
         before. Others may be reporting their concussions because they now understand how
         serious the injury can be. Coaches and parents are more aware and may be more likely
         to notice symptoms in an athlete than before. No matter what the cause, this improved
         recognition is an important, positive step forward in protecting the brains of our
         youth athletes.
      

      
      Important Considerations with Safety-Related Rule Changes in Youth Sports

      
      In many sports, concussions and other serious injuries only happen when something
         goes wrong: players colliding while diving for a volleyball, a ball to the face in
         baseball, or a basketball player’s head hitting the floor. But in sports like football,
         rugby, soccer, and hockey, any routine play could cause a concussion or subconcussive
         impact. Throughout the history of contact sports, changes were made to reduce the
         incidence of these “freak” injuries and lessen fears of parents, athletes, and fans.[60]   When concerns increased, sport organizations and leaders tweaked rules and equipment
         and claimed that the game was safer than ever. History has repeated itself yet again.
      

      
      Are youth sports really safer than ever? We have evidence to suggest the answer is
         yes with youth hockey as a result of the ban on checking at younger ages. However,
         that is really the only sport with enough evidence to make that claim. Soccer has
         also eliminated a major source of repetitive impacts and concussions at a young age,
         but no research has been conducted to tell us whether or not overall impacts or concussions
         have declined as a result.
      

      
      While soccer and hockey have made more drastic changes to their game, the idea that
         the sport of football has been dramatically changed is just untrue. Leagues and organizations
         have used claims of new techniques, equipment, and education to wrap the sport in
         a prettier bow, but it is still tackle football. The aspect of the game that is most
         inherently dangerous is still there. Though tackling techniques are supposedly taught
         in a “new” way, those techniques are hard to maintain in the chaos of a game. Even
         if they are effective in reducing impact forces, it may not be enough to make a significant
         impact on player health in both the short and the long term.
      

      
      In the debate around the safety of youth sports, there has been a willingness to deny
         reasonable evidence that makes logical sense in a quest for indisputable proof. The
         people who are quick to say we don’t know everything about CTE or disrupted development
         from repetitive brain trauma are often the same people who are quick to say that the
         game is safer than ever, without proof to back up that statement. The changes made
         in football and some other contact sports may be more like a Band-Aid on a broken
         leg. It may not be enough to save the players from long-term consequences. Is “safer
         than ever” safe enough?
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      Chapter 12

      Why You Don’t Have to Hit at a Young Age to Be a Superstar

      
         
         
      

      
      
         I’m not entirely sure that tackling in third grade makes you a better junior in high
            school. You can play flag football.
         

         
         —Tony Romo, former NFL quarterback, Dallas Cowboys[1]  
         

      

      There is a myth prevalent in youth sports today. This myth is driven by the $17 billion
         youth sports industry.[2]   It’s driven by parents who think it’s the only shot their child has to be successful
         in a sport and by coaches saying it will increase the likelihood that a child will
         get a college scholarship. It’s driven by companies who want parents and teams to
         purchase their protective equipment. It’s the illusion that an athlete has to focus
         on one sport and play it by the same rules as the older players at a young age to
         become great at it, get a college scholarship, or go pro. But this is a myth. There is no evidence that a child is more likely to have great success at higher
         levels if they start playing the full-contact version of a sport in elementary school.
      

      
      In this chapter I will bust the myth that you have to start young and hit young in
         order to become a great athlete in a given sport. There are many examples of great
         athletes who didn’t start playing their sport until they were in high school. And
         there are other things a child can do to increase their chances of becoming a great
         athlete when they are older.
      

      
      Many Superstars Didn’t Play Their Sport at a Young Age

      
      There are many star athletes who didn’t play the full-contact version of their sport,
         and in some cases any version of the sport, at a young age. I’ll start with football.
         Some of the greatest players in NFL history didn’t play the tackle version of the
         game until high school. The Concussion Legacy Foundation created an “All-Time Greatest
         Flag Under 14 Team” to highlight NFL stars who didn’t play the game until at least
         ninth grade.[3]   Here are a few examples:
      

      
      
         
         	
            Walter Peyton, the thirteen-year Chicago Bear whom many consider to be the best running back of
               all time, didn’t start playing tackle football until the tenth grade.
            

         

         
         	
            Lawrence Taylor, who played thirteen years with the New York Giants and is known as one of the best
               linebackers of all time, started playing football in eleventh grade.
            

         

         
         	
            Jerry Rice, the former San Francisco 49er, often considered the best wide receiver of all time,
               started playing tackle football in tenth grade. He played twenty seasons in the NFL.
            

         

         
         	
            Matt Birk, the offensive lineman who won a Super Bowl with the Baltimore Ravens, started playing
               tackle football in the tenth grade. He played fourteen seasons in the NFL.
            

         

         
         	
            Julius Peppers, the nine-time Pro Bowl defensive end who played seventeen years in the NFL, started
               playing tackle football in ninth grade.
            

         

         
         	
            Michael Strahan, the fifteen-year New York Giant defensive end, didn’t start playing tackle football
               until he was a senior in high school. He grew up in a military family in Germany and
               worked to develop his fitness and athleticism.[4]   He spent his senior year with his uncle in Houston, where he first played football.
            

         

         
         	
            Warren Sapp, the thirteen-year NFL veteran and seven-time Pro Bowl defensive tackle, began playing
               tackle football in tenth grade.
            

         

         
         	
            Jerome Bettis, the Pittsburgh Steelers Hall of Fame running back, was an all-city bowler in middle
               school.[5]   He didn’t start playing organized tackle football until high school.
            

         

         
         	
            Tom Brady, longtime New England Patriots quarterback, seven-time Super Bowl champion, three-time
               NFL Most Valuable Player, and arguably the best quarterback of all time, played flag
               football until ninth grade. Would anyone say that Tom Brady’s play has suffered because
               he didn’t start playing the tackle version of the game until high school? Would he
               be better than the best of all time if he had started earlier?
            

         

      

      
      These are just a few examples of the many great players who waited to tackle until
         their bodies and brains were more developed. What do they all have in common? They
         are great athletes. You can learn a lot about the game of football and gain athleticism by playing flag
         football, without the risk of repetitive impacts and other injuries from tackling.
      

      
      Internationally, there are many examples of rugby stars who didn’t play the sport
         at a young age.[6]   Four-time Australian Super Rugby Player of the Year Chris Latham played soccer
         when he was young. He didn’t play his first game of rugby until age eighteen. Tom
         Court was an Australian university shot put champion before he started playing rugby
         at age twenty-four. Sixteen months later he made the second national rugby union team
         of Ireland. Thierry Dusautoir started playing rugby at age sixteen and went on to
         captain the French national team. In the United States, many rugby national team players
         didn’t play until high school, college, or even after college.[7]   Alev Kelter was a rare Division I two-sport athlete, playing both hockey and soccer
         at the University of Wisconsin–Madison.[8]   She started playing rugby after graduating from college. She has since represented
         the United States in the Olympics and helped the Women’s National Rugby Sevens team
         to its first world championship, gaining MVP honors along the way.
      

      
      Again, these are just a few examples of successful athletes who started playing their
         sport in high school or later. And again, the key to their success was their athleticism.
         They were able to start a new sport and quickly become great at it because they were
         great overall athletes. Though most players tend to start sports like hockey and soccer
         young, the aspects of these sports that result in the most repetitive impacts don’t
         have to start at a young age for these athletes to be successful.
      

      
      In fact, waiting to introduce full-contact play in youth sports could improve the
         quality of play in contact sports. A focus on skill and athletic ability rather than
         force in youth could help some players develop more as athletes.[9]   Since banning checking before age thirteen in 2011, USA Hockey youth participation
         has grown substantially, adding over 30,000 new players and countering a decline in
         athletes from the preceding years.[10]   Flag football has grown considerably in recent years too.[11]   That growth is introducing more athletes to the game who may stick with it through
         the high school level.
      

      
      Tackling, Checking, or Heading Young Is Not the Key to Success

      
      How likely is it that a youth athlete will get a college scholarship? Despite the
         beliefs of some parents and athletes, the odds are pretty slim. Most full college
         scholarships are available at the NCAA Division I level, with very few available through
         Division II athletics or other college athletic associations. In 2019, 2.9 percent
         of high school football players went on to play at the Division I level. Only about
         1.8 percent earned a scholarship.[12]   That equates to a scholarship for less than 1 percent of youth football players.
         Hockey has the highest likelihood for high school athletes to reach the Division I
         college level at 4.8 percent of boys and 8.9 percent of girls. About one-quarter to
         one-third will not receive a scholarship. In soccer, roughly 1.3 percent of male athletes
         and 2.4 percent of female athletes who played in high school will go on to play for
         a Division I college, but less than half of those athletes are on scholarship.
      

      
      The odds of reaching the professional level are far lower.[13]   With fewer than two thousand athletes in the NFL and 254 new players drafted each
         year, only about 1.6 percent of college football players will go pro. That translates
         to about 0.02 percent of high school players and less than 0.01 percent of youth players.
         In hockey, 7.4 percent of college players, or 1.8 percent of high school players,
         will reach the NHL. The odds are just as small or smaller for other sports.
      

      
      It is incredibly challenging to predict how talented an athlete is by their performance
         as a child. Among youth Australian football players, prediction of long-term success
         was poor for athletes who matured at earlier ages.[14]   Being better at a sport than peers when a child is young doesn’t mean they will
         stay that way as everyone else matures. Some parents or coaches think that, if a child
         doesn’t seem talented in a sport at a young age, they have little promise. In most
         cases, this just isn’t true. The Australian football coaches thought later-maturing
         athletes had less long-term potential than early-maturing athletes. Sadly, this led
         to fewer opportunities and higher dropout rates for later-maturing athletes. Those
         that stuck with it had to develop other techniques to be successful and, as a result,
         often outperformed early-maturing athletes later in their careers.
      

      
      Being great at tackling, heading, or checking as an eight-year-old does not mean that
         you will be a successful high school player, earn a college scholarship, or go pro.
         The odds of the latter two are incredibly low in any sport. Introducing contact at
         an early age doesn’t make those odds any better, but it does increase the likelihood
         of disrupting brain development or even developing a neurodegenerative disease. Even
         if the risk of developing CTE is very low, is it worth it to subject a child to years
         of repetitive impacts for a goal they have a 2 percent chance of obtaining, especially
         when sustaining those impacts doesn’t make those chances any higher?
      

      
      Delaying Contact Does Not Increase the 
Risk of Injury
      

      
      Some people worry that kids who haven’t been exposed to tackling, checking, or heading
         may be at greater risk for injury when they start, especially if they are playing
         with kids who have already been tackling or checking for several years. What does
         the science actually tell us?
      

      
      In hockey, players in most leagues can begin checking when they reach the bantam level,
         at age thirteen. After the rules delaying checking were put in place, both concussions
         and overall injuries declined significantly in players under age thirteen. Yet some
         feared that injury risks would increase at the bantam level, when these athletes started
         checking, because they had less experience but were bigger and stronger. That was
         not the case. The majority of studies found either a decrease in injury rates or similar
         injury rates in bantam-level players with less checking experience.[15]   One study actually found lower injury rates in bantam players who were new to checking
         compared to those who had been checking for two years, and concussions rates were
         the same between groups.[16]   Introducing checking at a younger age has no protective effect, and there are no
         additional dangers with delaying checking until age thirteen.
      

      
      Initial evidence suggests that delaying tackling in football does not lead to more
         injuries either. In a study of high school football players, there was no difference
         in concussion rates in players who were new to the game compared to those who had
         been tackling for several years.[17]   The inexperienced players had no problem learning contact skills and were at no
         greater risk of experiencing a concussion in games or contact practices.
      

      
      Some proponents of youth contact sports have argued that waiting to teach players
         how to check, tackle, or head the ball will result in them learning bad habits that
         will increase injuries later. Even if that is a concern, why not just teach good fundamental
         habits in the first place as a foundation for more advanced skills later? Coaches
         can emphasize the factors of most concern at the youth level to prepare athletes for
         play at higher levels.
      

      
      When it comes to safety, we should be more concerned about that damage that can come
         from tackling, checking, and heading at young ages. Playing the non-contact version
         of these sports will ultimately result in fewer career impacts and less overall brain
         trauma.
      

      
      Kids Can Become Great Players If They Become Great Athletes First

      
      Childhood and early adolescence aren’t just important times for brain development.
         They can also be critical times for building overall athleticism. Rapid brain maturation
         can provide a window of opportunity for developing coordination, motor skills, and
         motor control that benefit young athletes not only in their sports careers but throughout
         their lives.[18]   This does not mean kids should do high-level training or focused sport-specific training. Athletes
         who specialize in one sport in youth are more likely to get injured, burn out, and
         drop out of sports at an early age.[19]   Neither sport specialization nor high-level training in childhood increase the
         likelihood that an athlete will be a star. Playing a variety of sports and doing different
         kinds of physical activity, including free play, is the best way for a child or adolescent
         to develop athleticism.[20]  
      

      
      Coaches are looking for overall athleticism in their recruits. Former NFL player and
         University of Michigan football coach Jim Harbaugh has encouraged young athletes to
         play soccer instead of football until they reach high school.[21]   He believes soccer helps young athletes learn important skills such as footwork,
         coordination, and spatial awareness as well as develop their endurance and conditioning.
         As he told the Wall Street Journal, when evaluating potential recruits, he looks for athleticism in sports or activities
         outside of football.
      

      
      It Is Possible to Protect the Brain and Become a Great Athlete

      
      The myth that youth athletes need to endure repetitive impacts to become great in
         their sport is simply that, a myth. It doesn’t even increase the likelihood of making
         a high school varsity team. Developing athleticism in children is far more important
         for long-term success than developing sport-specific skills at a young age. You can
         teach a child to make a tackle, deliver a check, or head a soccer ball when they are
         older, but skills like agility, spatial awareness, quickness, and complex footwork
         can be taught young to help kids develop into athletes. Even if a child does not go
         on to play higher-level organized sports, developing overall athleticism, including
         flexibility and endurance, sets children up to build fitness and wellness habits into
         their routines throughout their lives.
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      Chapter 13

      Why the Benefits of Sports Can Be Gained without Repetitive Brain Trauma

      
         
         
         
      

      
      
         Does the psychosocial environment of American football for youth, including parents,
            coaches, and the sport system, reward massiveness (overweight and obesity, specifically
            for linemen) in a manner similar to that attributed to the psychosocial environment
            of gymnastics and figure skating that fosters limited weight gain in girls?
         

         
         —Robert M. Malina, PhD, and colleagues, 2007[1]  
         

      

      As I mentioned in chapter 2, sports can have enormous benefits for kids, including
         physical and psychological health outcomes, socialization, and learning life skills.
         These are often cited in the arguments I hear advocating to keep high-contact sports
         for kids. However, there is absolutely no evidence that says you have to incur repetitive
         brain trauma in order to gain those benefits. What the research does show is that
         participating in any sport, especially a team sport, can have exceptional positive outcomes for children.
         This chapter will discuss why the many benefits of sports are not a legitimate argument
         for allowing children to sustain the repetitive brain trauma that comes with hundreds
         of impacts in a season.
      

      
      Life Skills, Socialization, and Psychological Benefits of Sports without Repetitive
         Impacts
      

      
      Contact sports like football, hockey, rugby, and lacrosse are team sports that can
         provide the many great benefits that all sports have to offer. Some say these benefits
         are a key reason why kids need to tackle, check, or head the ball at a young age.
         Often this reasoning is aimed at male athletes, arguing that tackling or checking
         at a young age helps boys develop into young men.[2]   They say tackling and checking build positive character traits like doing the right
         thing, accountability, confidence, self-esteem, learning how to expend maximum effort,
         facing and overcoming fears, and self-sacrifice for the good of the team. These are
         all wonderful takeaways from playing a sport. Not one of them requires a child to
         sustain repetitive brain trauma.
      

      
      Some supporters of tackle football say the sport is important for building future
         members of a productive workforce and society. One supporter said that the players
         carry the work ethic, self-discipline, determination, teamwork, and leadership skills
         learned on the field into the workforce to “build a better America.” Players learn
         to continually analyze, grow, outsmart opponents, and make quick decisions in pressure
         situations. Another supporter of tackling said that the violence was an important
         factor for his success in the business world. (I wonder how many times he has tackled
         someone in the boardroom!) It’s true, the life skills learned in football have value
         for a career and in life. But these lessons can be learned in other sports and in
         non-tackle forms of the game too. Violence doesn’t have to be part of that. This logic
         suggests that athletes in high-contact sports are the only people with the skills
         needed to excel in life. Clearly that isn’t the case. There are very successful people
         who have played sports like football or rugby, and many, many successful people didn’t
         play these, or any, sports.
      

      
      Athletes can develop lifelong friendships with their teammates, and those relationships
         can lead to reduced stress, anxiety, and depression as well as better self-image and
         a sense of belonging with the team.[3]   Coaches can become mentors, sharing stories of their own perseverance in difficult
         times, providing guidance and encouragement for college, and more. These relationships
         aren’t unique to contact sports. The environment fostered by the coach, the team atmosphere,
         and the attitude carried into it by the athlete have a critical effect on what the
         athlete gets out of the sport experience. But you don’t have to hit your head to make
         friends or receive mentorship.
      

      
      Some say the bond of brotherhood is different in sports like football and rugby because,
         if you mess up, your teammate could get seriously hurt. They argue that this leads
         to more player accountability and builds stronger bonds with teammates. But reliance
         on teammates and accountability are key in many other sports, too, including flag
         football and flag rugby, without the high risk of concussions or repetitive brain
         trauma. We have to ask ourselves, does an eight-year-old need to play a sport in which
         they are at risk of serious injury if their teammate screws up? (And you know they
         will screw up at some point; they’re just eight years old.)
      

      
      I will end this section with an aspect of youth sports that is too often overlooked:
         they should be fun. Every person will probably find some sports more fun than others, but that doesn’t
         mean they can’t have fun playing more than one sport. Fun can, and should, be part
         of any sport. And this seems obvious, but kids don’t have to sustain repetitive impacts
         to have fun.
      

      
      Kids Don’t Have to Hit Their Head Repeatedly to Be Tough

      
      I often hear the argument that kids these days are too “soft,” and they need to hit
         each other and experience a little pain to learn to be tough. Toughness involves grit,
         perseverance, determination, and the drive to push through difficult situations. Kids
         do need to learn how to get back up when they fall, both literally and metaphorically.
         Toughness is certainly an important character trait that can be developed and honed
         through youth sports.
      

      
      Some people seem to think that toughness can’t be learned if you aren’t laying your
         body on the line, smashing into someone on every play. Some conflate toughness with
         a misconstrued concept of masculinity, believing boys must learn to hit hard and take
         a hit in order to become men. This antiquated view puts children and their brains
         at risk. What is the benefit of telling kids that the only way they can show they’re
         tough is to hit another person as hard as they can or to play through a brain injury
         because they need to sacrifice for the team? While the benefits they gain from sports
         can help them throughout their life, the damage they can incur from misguided and
         unnecessary methods to gain toughness could last a lifetime too.
      

      
      About one million athletes play high school football each year. That represents about
         13 percent of all high school-aged boys.[4]   Given that girls make up roughly half of the population of high school-aged kids,
         and less than 1 percent of girls play football, we can estimate that about 93 percent
         of high school students don’t play football. Does this mean that more than 90 percent
         of the population, including nearly all women, are mentally weak, unable to deal with
         pain, and lacking grit and perseverance? Of course not.
      

      
      Actually, I find it quite insulting when people insinuate that tackling, checking,
         or other impacts from sports are the only way to learn toughness. My parents raised
         me to be tough. I honed my toughness as a three-sport athlete in non-contact sports.
         I am not a great runner, and I never thought I would run a marathon. But I did. When
         my legs were burning by mile fourteen and I had 12.2 miles to go, including big hills,
         it took some serious mental and physical toughness to continue. These attributes carry
         over into other aspects of my life. There were times over the three years I was writing
         this book, while working full-time, that I wanted to quit. But I kept going (obviously,
         you’re reading this). That perseverance to push through and do something hard and
         out of my comfort zone was developed through my experience in sports. Yet I didn’t
         have to hit my head repeatedly in any of my athletic pursuits to learn that toughness
         and perseverance. Athletes can develop grit, perseverance, and toughness in any sport,
         and in many other activities.
      

      
      Repetitive Brain Trauma, the Benefits of Youth Sports, and Childhood Adversity

      
      There is a common narrative that sports are a way out of negative circumstances for
         some kids. Unfortunately, too many kids have to deal with unthinkable tragedy and
         unimaginable stresses at a young age, like the death or incarceration of a loved one,
         growing up in a home with substance abuse, experiencing or witnessing violence, experiencing
         abuse in some form, or living in poverty.[5]   As I discussed earlier, exposure to trauma and adversity in childhood can cause
         physical changes to the brain. Children who experience adversity have been shown to
         have smaller volumes in the corpus callosum, hippocampus, and amygdala, as well as
         more activity in their amygdala.[6]   The smaller hippocampus volume is associated with having more depression symptoms.
         Exposure to early life abuse or violence can even accelerate aging and development
         in the brain. Structures and networks that process fear and emotions, like the amygdala,
         may mature faster to process what is happening in their environment. Chemicals released
         in response to stress can cause critical periods to begin early or end early, potentially
         shortening the amount of time that important structures have to grow.
      

      
      Participation in youth sports can positively change the brain.[7]   But how does repetitive brain trauma through youth contact sports interact with
         the consequences of childhood adversity? Right now, we don’t know. Only one study,
         with significant limitations, has looked at how participating in middle school and
         high school sports influenced mental health in young adulthood in those who experienced
         childhood adversity.[8]   Those who stated that they intended to participate in sports when they were in
         middle or high school were significantly less likely to have been diagnosed with depression
         or anxiety around fifteen years later. These findings were true for all sports in
         the study, including football, but no single sport was any more beneficial to mental
         health in young adulthood than any other. However, this is the only study of its kind.
      

      
      It’s possible that the benefits of playing a team sport provide some protection against
         the consequences of childhood adversity. It’s also possible that repetitive impacts
         add to the cumulative burden already on the brain from childhood adversity, potentially
         leading to worse outcomes later in life. Right now, we don’t know how all of these
         factors interact with each other in the developing brain. This is a topic that desperately
         needs more research.
      

      
      The Physical Health Benefits of Sports Are Not Gained by All Athletes

      
      We encourage kids to participate in sports, in part, to increase their physical activity
         and fitness levels. Supporters of tackle rugby for children have argued that delaying
         tackling will turn young players into “couch potatoes.”[9]   But removing tackling from the youth level does not remove the running, cutting,
         jumping, or other physical activity in the sport. It does remove the most dangerous
         part of the sport for young athletes with rapidly developing brains.
      

      
      Physical activity levels and the associated fitness benefits can vary greatly from
         sport to sport. Football is a sport that involves intermittent bursts of activity,
         and little aerobic endurance activity. On average, players are only on the field in
         active play for about five to ten minutes of an entire football game.[10]   Only 10 percent of football practice time focuses on fitness, while over half of
         the time is spent on skills.[11]   About 37 percent of all practice time is spent sedentary, such as standing on the
         sideline or in line waiting to do a drill. While male athletes across other sports
         spend nearly 50 percent of practice time doing vigorous activity, only about 39 percent
         of football practice reaches that intensity. As a result, football players are unlikely
         to meet the amount of moderate or vigorous physical activity, nor aerobic activity,
         necessary to have a significant impact on weight.
      

      
      For some positions, the bigger you are, the better. An ideal offensive lineman is
         a large, immovable force. An effective defensive lineman can use his weight and strength
         to power forward through the offensive line. I have heard the argument that football
         provides a home for the “big kids,” meaning the kids who are overweight and may not
         be comfortable playing other sports. Some say that football is the only opportunity
         for these kids to get physical activity. But for kids entering the sport overweight
         or obese, football may do little to help their weight, and it could even make it worse.
      

      
      It is common for linemen to be encouraged to gain weight for both their own success
         and the success of the team.[12]   They may feel the need to gain weight to increase their chances of reaching the
         next level, either college or professional play. If they get there, they may need
         to gain more weight to compete with their new peers. This weight gain needs to be
         done in a safe way that emphasizes gaining lean mass rather than fat mass and should
         be guided by someone with proper training, especially with children and teens.[13]   Even athletes who attempt to gain weight in a healthier way, increasing their lean
         mass, often have to resort to taking in excessive calories to reach or maintain their
         goal weight. Former All-Pro lineman Joe Thomas told the New York Times he ate often and anything he could, including high-fat foods, to gain the weight
         he needed to play.[14]   Weight loss may be frowned upon because of its potential impact on performance,
         even if for the sake of the health of the athlete.
      

      
      Weight can be part of football culture, and the largest players are often revered.
         An average NFL offensive lineman weighed around 250 pounds in the 1970s. In the 2000s,
         that weight swelled up to an average of 315 pounds.[15]   Gilbert Brown played for the Green Bay Packers in the 1990s. This 350-plus-pound
         defensive lineman (some say he weighed much more) played ten seasons in Green Bay.[16]   I remember seeing ads for Burger King’s “Gilbertburger,” a Double Whopper with
         extra everything, but hold the pickles. This burger was wildly popular in Wisconsin
         in 1997. Brown was loved by fans, including kids. As kids do, they try to emulate
         the stars, in part by eating his burger.
      

      
      Research has shown a higher prevalence of obesity in football players at the youth
         and high school levels as well. Before I describe this research, I need to say that
         much of it uses the athlete’s body mass index, or BMI, which is an estimate of a person’s
         amount of body fat. Muscle weighs more than fat, and athletes tend to have more muscle
         mass. Because BMI is calculated using only height and weight, a person with more muscle
         mass has a higher BMI, even though they have a lower and healthier body fat percentage.
         As a result, BMI may overestimate body fat in an athletic person. That being said,
         the higher the BMI, the greater the likelihood that it accurately represents higher
         body fat levels.[17]  
      

      
      High school football players are also more likely to be overweight or obese than the
         general population of boys the same age, including boys in other sports. Around 18
         percent of boys ages twelve to eighteen, on average, are overweight.[18]   In comparison, research has found that more than one-third of high school football
         players are overweight, and 14 percent are obese.[19]   Around 45 to 55 percent of linemen are overweight or obese, with 9 to 21 percent
         being morbidly obese. Notably, the BMI of the linemen was not related to the team’s
         success.[20]   These athletes being bigger didn’t make the team any better.
      

      
      The situation is similar at the youth level. In one study, boys who played youth football
         were twice as likely to be obese compared to boys in the average population of the
         same age, eight to fourteen years old.[21]   Forty-five percent of football players were overweight, with 25 percent being obese.
         If we conservatively estimate that two million youth athletes play football each year,
         the results of this study would suggest that roughly half a million boys playing youth
         football in the United States are obese.
      

      
      While some activity is better than no activity, claiming the tackle form of football
         is necessary to fight obesity and provide significant physical activity opportunities
         for children is an overstatement. A sport that glorifies some athletes being overweight
         and obese is not setting a good example of health and physical activity for kids.
         Instead, sports should be teaching children healthy lifestyle habits and safe ways
         to reach a healthy weight that they can carry with them throughout their lives. There
         is nothing about tackling that makes a young athlete more likely to reach a healthy
         weight, and for some, it may have the opposite effect.
      

      
      Repetitive Brain Trauma Is Not Necessary to Gain the Benefits of Sports

      
      As adults, many people look back on their time playing competitive sports as one of
         the best in their lives. Many parents want their kids to have the same wonderful experiences
         that they did. I know it’s hard to imagine life without the sport or sports that helped
         shape who you are. Basketball, volleyball, and softball played a huge role in my life.
         I learned many important life lessons through these sports. However, I’m quite aware
         that I probably would have learned all of those lessons and gained all of the benefits
         I did had I played soccer or participated in track and field instead. That wasn’t
         my path, and I loved the sports that I did play. But it’s likely that my experience
         could have been just as fulfilling had the sports I loved been different.
      

      
      In those non-contact sports, I learned grit and the ability to push myself and put
         in the extra effort it took to win. I learned how to win graciously and, as much as
         I hated losing, I learned how to lose with class. I learned that, even when I thought
         I had nothing left, there was always a little more in me. I learned how to set goals
         and work hard to achieve them. And while learning how to be tough, I was never exposed
         to repetitive brain trauma.
      

      
      Sports can provide an avenue for the formation of lifetime friendships and a place
         where people of many different backgrounds work together toward a common goal. They
         can give kids a safe and caring community, mentorship from coaches, a place to forget
         about their hardships for a little while, and many positive skills that help them
         navigate challenging experiences throughout life. Sports can help children build lifetime
         physical activity habits. These benefits are some of the many reasons we should not
         be talking about abolishing any sports for kids. But no benefit from sports is dependent
         on incurring repetitive impacts. Keeping our contact sports but implementing meaningful
         changes to minimize, not just reduce, impacts may be the key to helping all children
         get the greatest lifelong value from being an athlete.
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      The Future of Youth Contact Sports

      
         
         
      

      
      
      
      Chapter 14

      How We Can Change Contact Sports to Protect Children’s Brains

      
         
         
      

      
      
         I’m a firm believer that there’s no way that a six-year-old should have a helmet on
            and learn a tackling drill. . . . Or a seven-year-old or an eight-year-old. They’re
            not ready for it . . . with flag football you can get all the techniques. We’ll eventually
            get to tackling.
         

         
         —John Madden, Hall of Fame coach and former NFL commentator[1]  
         

      

      Contact sports have a long history deeply ingrained in our culture. Yet change has
         always been a part of sports. We have adapted our sports in some cases to increase
         excitement. In other cases, with new knowledge, we have adapted sports to promote
         the health of athletes.
      

      
      Changes have been made throughout the history of football. The forward pass was once
         illegal. When it was first allowed in the 1906 season, many said it would “sissify”
         the game.[2]   Can you imagine football today without quarterbacks? The wedge was eliminated to
         reduce injuries and improve player safety. The goalposts and hash marks were moved.
         Spearing was made illegal.[3]   More recent changes have been made with the kickoff and penalties for lowering
         the head to make contact. There are many more examples. For all of these changes,
         there were concerns at first. Some people said they would ruin the game, but they
         got used to it and we moved on. The same would happen if tackling was eliminated in
         youth football today.
      

      
      Changes have been a part of the history of other sports too. Helmets and face masks
         were introduced in hockey, and some thought that was a sign of weakness.[4]   Now we can’t imagine the game without them. Checking was eliminated for young players,
         and contrary to what the skeptics feared, it helped the game grow.[5]   The rule making back passes illegal in soccer in 1992 had many upset, including
         goalies who now had to use their feet instead of their hands to manage passes back
         to them from their teammates.[6]   Yet this prevented stalling, sped up the game, and increased excitement in the
         sport. All of our favorite sports have evolved over time.
      

      
      It’s hard to see something we love change, even if it is for the best. If we make
         changes to the game now that are necessary for the survival of the sport, children
         years from now won’t know the difference; they will just love to play the game. In
         fact, years from now people will probably look back on the way football and rugby
         are played today and say they can’t believe we let kids tackle. We say the same thing
         now about how different sports were played in the past.
      

      
      Now that you know the science behind repetitive brain trauma in youth contact sports
         and the counters to the bad arguments to maintain the status quo, where do we go from
         here? Kids are still hitting their heads repeatedly as an inherent part of many sports.
         This chapter will present realistic changes that could be made to reduce or eliminate
         the inherent repetitive brain trauma and concussions while maintaining opportunities
         for kids to play youth sports.
      

      
      Without Change, the Future Looks Grim

      
      Participation in youth tackle football has dropped substantially over the past decade,
         including more than 17 percent from 2013 to 2017, and that trend continued through
         the end of the decade.[7]   At the high school level, eleven-player football declined by nearly 80,000 players,
         or 7.3 percent, from 2015 to 2018.[8]   Since 2009 the sport has lost players in nearly every state.[9]   Even nationally recognized high school football powerhouses, including several
         in recruiting hotbeds like Texas, Ohio, and Southern California, have not been immune
         to the decline. Participation in Ohio dropped over 25 percent. Eight- and six-player
         programs are growing around the country as schools struggle to field eleven-player
         teams. Other schools have been forced to shut down their programs due to a lack of
         players and safety concerns.
      

      
      Fewer players in youth “feeder” systems means there are fewer players being groomed
         for high school and higher levels of play. The decline in players can make the game
         more dangerous for those who remain. With fewer substitutes, athletes are playing
         more downs, in some cases on both offense and defense, leading to even more impacts
         over a season.
      

      
      There are several potential reasons for the decline in tackle football participation.
         Many blame it on sport specialization or the decline in the actual number of high-school-age
         boys in recent years.[10]   Concerns about concussions and repetitive impacts are likely playing a considerable
         role in the decline. In one survey, 63 percent of people said that tackle football
         was probably or certainly not safe for kids.[11]   Nearly half felt the same way about high school football. Around 40 percent of
         parents in Arizona said they would not allow their child to play tackle football.[12]   In another survey, 85 percent of parents would or might support age restrictions
         on tackling in football, with 37 percent saying athletes should wait until high school
         to tackle.[13]  
      

      
      Even NFL stars are starting to question if the repetitive impacts and wear and tear
         on the body are worth it. In recent years, athletes have retired at younger-than-expected
         ages, such as Andrew Luck, Chris Borland, and Calvin Johnson, over concerns about
         their health.[14]   The stigma of caring about health being a sign of weakness is slowly starting to
         fade even at the highest levels of the game, which may lead young players to draw
         the same conclusions.
      

      
      Other signs are troubling for the future of football. Leagues at all levels are having
         a hard time finding companies that will insure them because of concerns about potential
         costs related to concussions and CTE.[15]   Some have suggested that public schools at all levels should not offer football.
         They argue that it is unethical for institutions to promote education and development
         of young minds while at the same time offering sports that can have a detrimental
         effect on the brain.[16]   Fewer people are watching NFL games. For example, 12.5 million Super Bowl viewers
         were lost from 2011 to 2019, which is a 6 percent decline.[17]   A person who participates in a sport is more likely to become an avid fan. As a
         result, a drop in participation in youth leagues can have a downstream effect on elite
         leagues, media ratings, advertising, and more. Things will need to change if football
         is going to stay a core part of American sports culture.
      

      
      Unlike tackle football, participation in flag football has jumped by 38 percent in
         recent years.[18]   Some athletes and their families are making the choice to play this alternative
         version of football, at least until they are older. Programs all over the country
         are adding teams as demand for the sport has skyrocketed. There is a hope that the
         expansion of flag programs will draw children into the game and those kids will continue
         into tackle football in high school.
      

      
      Though the decline in football has been greater than in other sports, football is
         not alone in losing young athletes. Participation in sports overall is down by over
         two million kids in the last five years.[19]   The number of parents in Arizona who are willing to let their children play any
         contact sport declined by 17 percent from 2017 to 2019, and nearly one-third of athletes
         said they decided not to participate in a sport because of concerns about concussions.[20]   Participation in soccer is also down in recent years,[21]   and a survey found that 60 percent of people felt it was probably or certainly
         not safe for kids to head a soccer ball.[22]   The drop in participation is concerning given the many positive outcomes that can
         come from youth sports, including football. What can be done to maximize brain safety
         in sports?
      

      
      Eliminate Inherent Repetitive 
Subconcussive Impacts
      

      
      We will never get rid of all impacts in sports. While the risk is minimal in many
         sports, people will fall, elbows will accidentally contact heads, and unintended collisions
         will occur. However, we can prevent young athletes from incurring hundreds or even thousands of repetitive subconcussive
         impacts in a season. Those impacts are optional. We may choose to keep them as part of the game for older players, but they don’t
         need to be part of the game for children. We need to continue to adapt our sports
         at the youth levels to protect their developing brains.
      

      
      As I have discussed, several sports have already eliminated the primary source of
         repetitive impacts at the youth level, with bans on checking in hockey and lacrosse
         and heading in soccer. Injuries in hockey fell substantially after checking was eliminated
         from the youth game,[23]   and participation in the sport has also skyrocketed.[24]   Some medical professionals believe hockey could go further to reduce repetitive
         impacts. The American Academy of Pediatrics recommends that the ban on checking in
         hockey should be through age fifteen due to the broad physical maturity and size differences
         of players in the thirteen- to fourteen-year-old bantam age group.[25]   Research supports the recommendation. In a 2019 study, bantam leagues without checking
         saw 56 percent fewer injuries.[26]   Delaying the introduction of checking does not increase the risk of injury once
         players begin checking at older ages.[27]   Together this suggests that the health of youth hockey players would benefit if
         the delayed introduction to checking was extended until age fifteen.
      

      
      Minimizing Impacts in Football at the High School and 
Higher Levels
      

      
      As I discussed in chapter 11, football has made several changes with the goal of improving
         safety, including increasing education, a focus on tackling technique, and, in some
         cases, reduced contact practice time. Of course, “safe” tackling technique may be
         forgotten in the heat of a game. This combination of changes may help to some degree
         to improve the safety at the high school and higher levels, but more can be done.
      

      
      Abolishing the three-point stance could greatly reduce repetitive brain trauma for
         linemen. Most linemen start every play with one hand on the ground, head down, then
         explode forward off the line, often colliding with each other helmet first. By starting
         in an upright athletic position rather than in the three-point stance, one study found
         linemen could experience 40 percent fewer head impacts.[28]   Pop Warner youth football was the first organization to eliminate the three-point
         stance in 2019.[29]   Leagues at all levels of play should follow suit.
      

      
      The sport could also go further to eliminate, or nearly eliminate, repetitive impacts
         in practice. Many states have limited full-contact practice time, but in most cases,
         this could be taken even further. Removing or substantially limiting tackling in practice
         to only a few times per year or fifteen minutes per week at most does not reduce the
         quality of game play. There are many examples of teams that have largely removed tackling
         or hard contact from practice and been very successful. The American Heritage School
         in Plantation, Florida, has removed tackling from nearly all practices, tackling in
         no more than four practices per year.[30]   The non-contact practices have more than prepared them for game play. They have
         won four Florida state championships in recent years. Ramapo High School in New Jersey
         followed a similar model, not tackling each other to the ground at all over the season.[31]   They won a state title in 2018.
      

      
      Dartmouth hasn’t tackled players to the ground in practice since 2009. Yet they finished
         at or near the top of the Ivy League standings for most of the 2010s, including two
         Ivy League championships.[32]   Dartmouth coach Buddy Teevens and his staff analyzed tackling for the most effective
         technique to reduce missed tackles, and they focus on those details when practicing
         with robotic tackling dummies. They cut their missed tackles in games by two-thirds,
         despite never tackling each other in practice. Coach John Gagliardi of St. John’s
         University eliminated tackling and hard contact from practice in the 1950s.[33]   He led his team to forty-four winning seasons, twenty-seven conference championships,
         and four national championships over his coaching career. All of this goes to show
         that you don’t have to hit hard in practice to win games. Instead, eliminating tackling
         in practice can keep players healthy and ready for game day.
      

      
      Some have argued that the lack of practice tackling will lead to more injuries in
         games. However, a study of high school football players found that concussions in
         games remained the same as previous years after contact practice was limited to sixty
         minutes per week.[34]   This early evidence indicates that players can to learn to tackle without regularly
         tackling each other in practice and without raising the risk of concussions in games.
         In fact, it could lead to fewer game concussions. Athletes who sustain concussions
         often tend to have more impacts in the day or week leading up to the injury, suggesting
         that eliminating impacts during the week in practice might reduce concussions in games.[35]   Time, and future research, will tell.
      

      
      Eliminating tackling in practices costs little to no money and takes few if any resources.
         Players can practice technique by approaching and wrapping up other players without
         taking them to the ground. For little money, coaches can get creative with things
         like mattresses to create tackling dummies. It costs the team nothing, not money or
         quality of play, to eliminate repetitive impacts in practice and benefit the health
         of players.
      

      
      Eliminate Repetitive Impacts from Tackling in Youth Football

      
      While reducing contact practice might be enough at older levels, we have to ask ourselves
         if it is okay for the rapidly developing brain of a child to sustain any repetitive
         brain trauma inherent to a sport. As you have read, repetitive impacts can have negative
         consequences for the developing brain. The only way to eliminate repetitive brain
         trauma in youth football is to eliminate tackling. We can’t eliminate every accidental
         impact, but we can eliminate those that we know happen as part of every routine tackle
         football play.
      

      
      Non-tackle options like flag, TackleBar, or flex football can be great ways to introduce
         the game of football to kids without repetitive impacts that can affect the brain.
         In flag football, play ends by pulling a flag from a belt around the athlete’s waist.
         Flex football includes blocking, but no head or shoulder contact or tackling.[36]   The ball is called down by two-hand touch. Flex football is promoted as a high-speed
         environment where athletes can learn the physical game without repetitive impacts.
         TackleBar football is played nearly the same way as tackle football, with the same
         pads and helmets.[37]   Each player wears a harness with two foam bars on their back. Instead of tackling,
         the “tackler” is taught to wrap their arms around the ballcarrier and rip at least
         one bar from their back. One study found that injury rates were lower in TackleBar
         compared to tackle football, and it could be a great bridge between flag and tackle.
      

      
      In these non-tackle forms of football, kids can develop and sharpen important skills
         like throwing, catching, and footwork. Coaches can teach the rules of the game, and
         players can learn how to run plays. Non-tackle football could get more kids interested
         in the game, and those kids may love it and want to play tackle football as they get
         older. Tackling technique could be gradually introduced through skills camps or limited
         only to minimal impacts through controlled practice drills, similar to soccer heading,
         until the age that full-contact play begins.
      

      
      The Concussion Legacy Foundation is promoting “Flag Football Under 14,” or essentially
         non-tackle football before high school.[38]   This would allow even later-maturing athletes to get through a peak time of brain
         development before being exposed to repetitive brain trauma. Delaying tackling not
         only gives the brain more time to develop without disruption, but it also decreases
         the total number of impacts they will incur over their career. Playing a non-tackle
         form of football until high school doesn’t mean that the quality of play will suffer
         at higher levels, either. For example, the youth football program in Middlebury, Vermont,
         has been a flag program for years, and their high school program has been one of the
         best in the state for a decade.[39]   Many successful players waited to tackle until high school, and you can learn nearly
         all football skills without sustaining hundreds of impacts. So why not wait?
      

      
      As with reducing contact in practice, some have argued that games could be more dangerous
         when children are older if they don’t learn to tackle when they are young. There is
         absolutely no evidence to support this. In one study, high school football players
         with less prior experience had no greater risk of sustaining a concussion compared
         to those with more prior experience.[40]   This was on teams in a state where contact practice was limited to just sixty minutes
         per week, but the less experienced players were still able to learn to tackle without
         an increased injury risk. Supporting evidence also comes from hockey. When players
         reached the bantam level at age thirteen, those who had played in a league without
         checking at the peewee level had the same injury and concussion rates as those who
         had played in a peewee league that allowed checking. Delaying contact does not make
         the game more dangerous at older levels.
      

      
      Puberty is less a factor if tackling is delayed until high school, or at least late
         middle school. Later-maturing athletes would have more time to meet the physical levels
         of their early-maturing peers before they start tackling. Players would have more
         time to develop athleticism and motor control. Young children often don’t have the
         motor skills and coordination to master the complex motor requirements of tackling.
         As players get older, stronger, and more athletic, they have the motor control necessary
         to effectively learn so-called proper tackling skills.
      

      
      Many NFL greats spanning decades of play have come out in support of flag football
         before high school, including tight end Zach Ertz, wide receiver Jordy Nelson, linebacker
         DeAndre Levy, NFL coach Mike Ditka, and Hall of Fame coach and NFL commentator John
         Madden.[41]   Quarterbacks Tony Romo, Jim McMahon, Kurt Warner, Ben Roethlisberger, and Brett
         Favre have also voiced support for flag football for youth athletes. Drew Brees, who
         played flag football until high school, cofounded Football ‘N’ America, a non-contact
         youth coed football league that is open to students in kindergarten through tenth
         grade.[42]  
      

      
      While the American Academy of Pediatrics agrees that hockey should delay checking
         until age fifteen, they refuse to take a similar stand on tackling in football.[43]   Yet they concede that “repetitive trauma has no clear benefit.” It is unclear why
         they support banning the act that causes the most injuries and concussions in one
         sport but not in another.[44]   Unfortunately, this medical group that should be providing guidance for parents
         is only adding to confusion.
      

      
      As of 2020, six states have introduced legislation attempting to ban tackle football
         before a certain age: Illinois, Maryland, California, New York, New Jersey, and Massachusetts.[45]   While several have failed, other bills are still under review. This change won’t
         likely be driven by youth leagues without government intervention. Bans on checking
         and heading happened, in part, because hockey, lacrosse, and soccer have a single
         national governing body (USA Hockey, US Lacrosse, and US Youth Soccer). Nearly all
         leagues and teams, and in some cases players, are registered with their sport’s national
         organization. With one governing body overseeing nearly all programs in the country,
         they could implement these changes in the best interest of the athlete without worrying
         about competition from other groups willing to allow these behaviors.
      

      
      In youth football, USA Football and Pop Warner football are both popular nationwide
         organizations that sponsor youth football leagues, and other independent leagues exist
         as well. Leagues fear that dropping tackle football will cause them to lose players
         and money. If USA Football decided to offer only flag football before middle school
         or high school, a Pop Warner league could swoop in and offer a new tackle football
         league. Even if it’s in the best interest of young athletes, these organizations won’t
         likely make a significant change like this on their own.
      

      
      Some parents say that they wouldn’t let their child play tackle football anyway, but
         they want it to be their decision, not a government mandate. While that is understandable,
         there are many laws that protect children’s safety when parents or other adults might
         not, even though they might be acting with the best of intentions. For example, if
         we didn’t have laws for infants using car seats, how many parents would hold their
         baby on a car ride? Maybe the child is sick, and they want to comfort her. Maybe the
         child cries when he’s in the car seat and it’s just a short trip. Maybe they want
         to feed the baby without pausing the trip. There are many reasonable motivations why
         a parent might make that decision. The odds are low that anything bad will happen,
         right? But what if an accident did happen? The law is there to keep the child safe.
      

      
      I want to emphasize that a ban on tackling for young players is not a ban on football. It is a ban on tackling. They use the same type of ball. There
         is still a line of scrimmage and a battle for field position. Touchdowns are worth
         the same number of points. Players still pass and run the ball. The difference is
         that plays don’t end with a tackle. A child is not pulled to the ground, linemen aren’t
         running into each other the same way on every play, and head impacts aren’t an inherent
         part of the game. All of the good that comes from the sport can happen without tackling
         and repetitive impacts. It is still football even if kids aren’t tackling.
      

      
      Other countries are having similar debates about tackling. A ban on contact before
         age twelve has been called for in Australian football.[46]   In England, rugby players can typically start tackling at age eight, and some feel
         that is far too young.[47]   Removing tackling from these sports at young ages would, like in football, reduce
         repetitive impacts and protect the maturing brain.
      

      
      While we will never eliminate every single impact in sports, repetitive hits to the head are optional. We should be taking every step possible to eliminate
         unnecessary head impacts that are inherent to different youth sports. Soccer has survived
         without heading at the youth levels. Hockey and lacrosse have survived without checking
         at youth levels. Football, rugby, and Australian football could eliminate tackling
         at the younger ages and survive that change too.
      

      
      Enforce Rules to Protect Players

      
      Officials can play an important role in creating a safe culture on the field, court,
         or ice. Most sports have rules banning dangerous contact. When officials enforce rules,
         players are less likely to play in an overly aggressive or dangerous way.[48]   High school football players surveyed knew that helmet-first tackles could result
         in a penalty and potentially an ejection from the game, but they did it anyway, likely
         because they didn’t believe the rule would be enforced.[49]   In rugby, illegal tackles, such as high tackles, are far more likely to result
         in injuries.[50]   Officials need to enforce rules banning these tackles, and the penalties need to
         be sufficient to discourage athletes from using these tackle techniques anyway. If
         players know the rules aren’t being enforced, why would they bother following them?
      

      
      I once had a mother tell me that she let her son play tackle football because she
         was concerned about the direction that flag football was heading as her son got older.
         The players had become more aggressive, diving for flags and running into each other.
         Over time, she felt like they were tackling anyway, and she was more comfortable if
         her son was wearing a helmet and pads. I can completely understand this concern. While
         I support flag football at younger ages, rules need to be enforced. Injuries in flag
         football happen most often in out-of-control plays and poorly regulated practices.
         Players should stay on their feet, and illegal contact should be strictly penalized.
      

      
      Enforcing rules extends beyond games. States and youth organizations often provide
         very little oversight to ensure rules outlawing specific drills or limiting contact
         practice time are being followed. Some coaches go above and beyond to ensure they
         follow these rules. Other coaches feel that they can get away with ignoring these
         rules, so they do.[51]   Increased oversight to hold coaches accountable is critical to the safety of kids
         playing contact sports.
      

      
      Rule enforcement is also needed at the highest levels of all sports so that kids don’t
         normalize these behaviors. For example, the NFL should enforce rules designed to discourage
         leading with the head and enforce greater penalties on those who do, such as an automatic
         one-game suspension. These infractions will happen less if the penalty is more severe.
         If kids watch their idols make these plays on Sundays, many will want to play like
         that in their own games.
      

      
      Effective Concussion Education and 
Informed Consent
      

      
      All athletes and parents should be well informed of the potential risks of a sport
         before they agree to participate. Parents and athletes often sign consent forms, but
         it doesn’t mean that they actually know the risks.[52]   There are no guidelines on what is required for informed consent with concussions
         and repetitive impacts in sports. Ideally, the process should include written and in-person education. Young athletes can’t consent to play on their own, but they
         should be informed of the risks and involved in the process. If the duty to become
         informed is solely placed on the parent or athlete, it is easy for the leagues or
         organizations to claim that they have no liability, even if they don’t provide all
         relevant information. Parents and athletes can only give informed consent if they are actually informed.[53]  
      

      
      While concussions aren’t the only concern, they are serious injuries that must be
         identified and managed correctly. To improve reporting by athletes, concussion education
         and the culture of sports go hand in hand. Education will not be effective if the
         culture that considers leaving the game a sign of weakness persists. Yet we cannot
         change the culture without effective education that focuses on changing attitudes
         and behaviors. Education focusing on the potential short- and long-term consequences
         of not reporting may have a greater positive effect on attitudes and beliefs about
         reporting.[54]   The culture shift away from the warrior mentality and effective concussion education
         need to include not only the individuals involved but also the system of sports as
         a whole.[55]   Athletes, coaches, parents, officials, teammates, fans, teachers, schools, sports
         organizations, and community members all interact, and their attitudes and behaviors
         influence each other. They all play a critical role in creating the culture that promotes
         the health of athletes above all else.
      

      
      Concussion education is not “one size fits all.” It needs to be tailored to the audience
         based on the sport and the individual or group’s role in the sport. Officials are
         in a prime position to notice concussed athletes on the field or ice, but they need
         to know what to look for. Medical providers must stay up to date with the best practices
         for concussion diagnosis and management. Concussion education for athletes should
         be specific to the sport and include steps for what to do if they suspect that their
         teammate has a concussion. If teammates encourage reporting and support these athletes,
         more concussions may be reported.
      

      
      Many young athletes receive information about concussions from their parents. Concussion
         education should teach parents what signs and symptoms to look for in their child,
         how to overcome barriers to reporting, how to seek care, potential consequences, and
         potential benefits that come from reporting the concussion.[56]   It should also provide guidance for how to talk with their child about concussions.
         If the parents know what a concussion is but don’t know how to discuss it with their
         child, the education may not be effective.
      

      
      Most athletes want coaches to be engaged in concussion education because they want
         to know where their coach stands on the issue.[57]   In one study, just 10 percent of coaches discussed concussions with their players
         before the season.[58]   Athletes may perceive this as a sign that reporting is discouraged. The coach should
         be explicit with their team about their feelings on safety and the value of reporting
         concussions. Coach concussion education should include tips for talking about the
         injury with their athletes and encouraging a safe reporting environment. Coach education
         also needs to be low cost and accessible. Coaches from areas with lower average incomes
         often do not receive the education that coaches from higher income areas do.[59]  
      

      
      We should not assume that athletes are always deliberately hiding concussions based
         on rational decision making. The intention to report may be there in most cases, but
         in an important game, that rational thinking can be lost with the roar of the crowd
         and the intensity of the situation. Rational thinking may also be impaired by the
         concussion itself. A child may not understand their injury, and we can’t give them
         the entire burden to report. Coaches, teammates, officials, parents, and medical providers
         can play a crucial role by noticing potential signs of a concussion and removing the
         athlete from play or encouraging them to report their symptoms.
      

      
      Several steps can be taken to improve concussion education in sports:

      
      A Clear Definition: Given the many misconceptions still held about the injury, it is crucial that concussion
         education provides a clear and thorough concussion definition. Research has found
         that athletes at all levels of play report more previous concussions when they are
         given a definition of what a concussion is.[60]   Education should provide all potential symptoms, including having a “ding,” seeing
         stars, or having their bell rung. We can’t expect athletes at any age to give an accurate
         concussion history or report new injuries unless they know that what they’re feeling
         is actually a concussion.
      

      
      Reporting Skill: One goal of concussion education should be to enhance reporting skill, which is the
         understanding of how to report or knowing how to learn how to report a concussion
         in a variety of situations. In a study from the University of Wisconsin–Madison, athletes
         with better reporting skill had better intentions to report their concussion.[61]  
      

      
      Educate Early and Often: Concussion education often only happens at the beginning of the season and then is
         forgotten about as the season moves on.[62]   Coaches and athletic trainers can give their teams regular reminders of key points
         about reporting, and parents can talk to their children about concussions throughout
         the season.
      

      
      Start Young and Make It Age Appropriate: Children learn attitudes toward injuries early in their sport experience, and age-appropriate
         concussion education has to start before negative attitudes about reporting concussions
         become ingrained.[63]   Children should be given tangible examples set in the sports they are playing.
         High school athletes need education delivered with the understanding that teens are
         more prone to risk-taking behaviors. Many youth and high school athletes aren’t familiar
         with medical language, and they need the concussion-related terms put in words and
         phrases they can understand.
      

      
      Get Creative with Concussion Education: As a professor, I know that standing up in front of my classroom and lecturing for
         an hour is not the best way for my students to learn. The same goes for concussion
         education. Athletes aren’t likely to be engaged in the process or learn very much
         if they are just given a piece of paper with some symptoms on it or sit through a
         lecture about it. A combination of methods, including videos, games, discussions,
         and interactive demonstrations, will be far more effective. If they learn about concussions
         in a fast-paced gamelike setting, they may be more apt to remember what to do when
         a concussion happens in the same setting. Parents can incorporate such education while
         playing catch outside or watching a game on TV. Getting athletes involved and engaged
         is one key factor in making the information stick.
      

      
      Improving the Culture of Sports

      
      Improving the safety of youth sports in the community involves not only the rules
         of the sport itself but also the culture and attitudes surrounding the sport. The
         culture of sport can become part of our identity, and changing that culture can feel
         like changing part of ourselves. I grew up watching football, but it’s hard for me
         to watch the game now. I’ve seen how the trauma sustained in the culture of the sport
         can give its heroes a brain disease that can take their mind, their work, their family,
         and eventually their life. It’s also hard for me not to watch football because it’s something that I have enjoyed for so much of my life.
         It feels a bit like a part of me is missing on Saturdays and Sundays in the fall.
         I want to feel good about watching again, and there are many others out there who
         feel the same way I do. But the culture needs to change.
      

      
      Professional leagues should lead by example. Athletes can set an example by reporting
         concussions and encouraging youth in the sport to do the same. Illegal impacts should
         be denounced by all involved. Instead, coaches, players, and fans often voice their
         anger and yell at officials. Kids see that and think the officials are just being
         unfair and those hits are okay. In hockey, the NHL is in denial that the game can
         put some players at risk of long-term brain damage.[64]   The league will not condemn fighting, though it adds nothing to the game but injuries.
         It’s not part of international play, and those games are great entertainment. Most
         importantly, they are setting an example for younger athletes who see the pros fight
         and think it is a normal part of the game.[65]   Support from the highest levels of all sports is crucial for promoting a culture
         of safety at younger levels.
      

      
      Youth and high school coaches, leagues, and organizations should work to counter the
         culture that requires aggression to prove dedication to the team. Removing checking
         at the youth level has both reduced injuries and shifted the culture of aggression.
         When hockey players start checking, coaches should devote time to promoting the intent
         of separating the puck from the opposing player rather than inflicting a bruising
         hit.[66]   When football or rugby players start tackling, coaches should emphasize wrapping
         up the athlete, not inflicting a big impact on the opponent. Coaches who promote unsafe
         play, such as encouraging dangerous contact drills, extending contact time in practice
         beyond allowed limits, encouraging aggression, or demeaning players for reporting
         concussions, should be held accountable.[67]  
      

      
      Fair-play leagues in hockey have helped to change the culture. Teams receive points
         for having minimal penalties, and those points factor, along with wins and losses,
         in their league standings at the end of the season.[68]   Therefore, teams who minimize aggression are rewarded, and the focus remains on
         speed and skill in games rather than force. Other sports could create similar leagues
         that discourage illegal and harmful play and encourage a culture of safety.
      

      
      There is a difference between being an assertive, aggressive player and playing with
         aggression. An aggressive player is willing to play hard at all times to help the
         team while maintaining sportsmanship. Aggression carries more risk of harm to themselves
         or other players. Athletes who play with more aggression tend to sustain more impacts
         and may be more likely to injure another player. Coaches should recognize players
         with higher aggression and take steps to intervene to maintain the safety of all their
         players.
      

      
      Mental toughness is, at least in part, a learned skill that can be shaped in childhood
         and adolescence. If a parent or coach is constantly criticizing a kid’s skills or
         the play of the team, young athletes may only see criticism as a negative and may
         never understand the value of constrictive criticism.[69]   On the flip side, setting too low of expectations and avoiding situations that
         require athletes to show grit and perseverance won’t develop mental toughness either.
         Fostering a culture of toughness that is measured with ample support and promotion
         of safety can create an environment in which a young athlete can thrive athletically
         and personally. Like many things in life, it’s all about balance.
      

      
      Some people believe kids aren’t playing certain sports because they just don’t want
         to work hard. Many kids have the grit and determination needed for success, but some
         channel that into a sport or activity that carries fewer risks. The transformation
         from “boy to man” is happening in different venues, but it’s still happening. Not
         wanting to develop a brain disease or have a concussion disrupt school and social
         life, and not wanting to inflict that possibility on other humans, doesn’t mean an
         athlete is soft or lacking in character. Parents not wanting that for their kids aren’t
         just helicopter parents. Valuing health is not weakness.
      

      
      Meaningful Change Can Help Save Youth Sports

      
      No sport comes without risk. Concussions and head impacts will happen, but they are
         far more common in some sports than others. It’s true that flag or other non-tackle
         forms of football still carry a risk of injury, but well-structured practices and
         rule enforcement may minimize that risk. Still, eliminating the repetitive subconcussive
         impacts at the youth level will go a long way to protect the brains of our youth athletes.
      

      
      Everyone involved in sports, including athletes, parents, coaches, leagues, schools,
         medical providers, fans, and other stakeholders, need to take an active role in helping
         the culture and play of youth sports evolve. There is fear that some sports will look
         different in the future, at least at the youth levels. It’s true, they might look
         a little different. But they look different today than they did a century ago, and
         they are still great sports. Rule changes and culture shifts for the sake of safety
         won’t ruin the game. They will allow the game to survive and evolve in a way that
         improves safety for youth and, hopefully, draws more kids to play sports.
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      Chapter 15

      What Families and Athletes Can Do to Stay Safe in Youth Sports

      
         
         
      

      
      
         If the current debate about concussions is to yield a safer outcome for kids than
            more than a century of similar conversations has, it must involve a much deeper acknowledgment
            of what researchers—and, really, everyone else—have already known for decades: Repeated
            collisions are not safe for human bodies or brains.
         

         
         —Kathleen Bachynski, PhD, assistant professor of public health, 
Muhlenberg College[1]  
         

      

      The choice of whether or not a child should play a sport isn’t always easy. Many factors
         can sway a young athlete and their family one way or another, including community
         pressure, availability of other sports, socioeconomic status, a child’s desire to
         play, and so much more. Both the parent and the child might lose their own social
         circle if the child doesn’t play a sport. The decision of if and when it is right
         for each child to start playing a sport that has a higher risk of injury to both the
         brain and the body can be a difficult one. And if families decide to let their child
         play a full-contact sport, what do they need to do to keep young athletes safe?
      

      
      Although this chapter is geared toward families with young athletes, it has important
         information for coaches and others who are committed to keeping young athletes safe.
         I will discuss important considerations when deciding whether or not to play a sport,
         as well as key steps to take to ensure a child is playing in the safest environment
         possible, no matter what sport they are playing.
      

      
      Considerations in the Decision to Play a Sport

      
      There are many factors families need to consider when deciding whether or not a child
         should play a given sport, especially when the sport has a high risk for concussions
         or repetitive subconcussive brain trauma. Here are a few things to consider:
      

      
      Focus on the Best Interest of the Child

      
      Many parents want their children to have the same great experiences that helped shape
         them into the people they are. I absolutely understand that, and I would want the
         same for my child. But ultimately, parents need to be able to push those feelings
         aside to act in the best interest of their child. It is hard to be objective when
         certain sports are so ingrained in our personal story and our culture. Families have
         to think about what is best for the child over the love of a specific sport.
      

      
      I’ve heard some people say that just a few years of youth play isn’t that bad for
         the brain. As you have read, repetitive impacts in youth can potentially interfere
         with brain development. Aside from that, the risk of getting CTE probably is very
         low with just a few years of youth contact-sport play. But there is no guarantee the
         child will only play for a few years. What if they love it and they are talented?
         It’s unlikely that a child would want to give it up, which means more cumulative years
         and more cumulative head impacts. By simply delaying the start of tackling, checking,
         or heading, they will experience fewer lifetime impacts.
      

      
      A Child Is Not Capable of Making This Decision by Themselves

      
      Some children really want to play a certain sport, like football. Families want their
         child to be happy, so they let them play. But this argument implies that a child’s
         brain is capable of weighing the pros and cons, which simply isn’t the case. Child
         and adolescent brains aren’t developed enough to fully understand the potential short-
         and long-term risks of playing sports with a high risk of repetitive brain trauma
         and truly make an informed decision.
      

      
      The parts of the brain involved in processing emotions mature before the parts of
         the brain involved in reasoning, judgment, and decision making. Children and teens
         are focused on the present. The fear of missing out can greatly influence their choices.
         They want to play a sport with their friends, and they will focus on that short-term
         outcome. Even if they know that there could be long-term consequences, it is hard
         for them to understand what that would really mean for their lives. Can a ten-year-old
         fully understand what life could be like in their forties, fifties, or sixties because
         they hit their head a lot as a child? Of course not. It’s even harder for a child
         to comprehend the risks when they have parents, coaches, and others in the community
         pressuring them to choose the team over their own health. Whether the child ultimately
         ends up playing a contact sport or not, they shouldn’t be the only ones in charge
         of making that decision.
      

      
      Some families are afraid to keep their child out of something that they want to do.
         But the truth is, parents make decisions kids don’t like every day because it is in
         the child’s best interest. Parents limit the amount of soda and candy their child
         consumes or how much screen time they have. Many parents make their child wear a bike
         helmet. If a parent decides not to let their child play a sport because they want
         to protect their brain, it would be just another decision they make for their child’s
         health, even though the child may not like it or understand it at the time.
      

      
      Talk to a Child about the Decision to Play a Sport

      
      Although parents or caregivers need to be the primary decision makers, kids should
         be involved in the conversation. Parents should talk about the science in simple terms
         with concrete examples, and the child should be encouraged to ask questions along
         the way. Parents should be honest that they don’t know all of the risks but they care
         about the child’s brain, now and when they grow up. The child might decide they want
         to protect their brain too. This can also show kids how to advocate for their health,
         and it may empower them to do the same in the future.
      

      
      Let the child know that playing sports is a great thing, but their brain is important.
         They can try a variety of other sports, build their athleticism, and maybe transition
         into the sport of interest when they are older. It’s also important to sympathize
         with the pressures they may be feeling from other kids and discuss ways to deal with
         those pressures. This is not a one-and-done conversation. It’s something that needs
         to be revisited season to season.
      

      
      Make Sure Kids Are Still Involved in Sports or Other 
Physical Activity
      

      
      Physical activity and team interaction can have so many great benefits. If your child
         doesn’t play one sport out of concern for their health, make sure their health is
         still benefiting from playing another sport or participating in some form of regular
         physical activity. Although all sports carry some risks, the risks are higher in some
         sports than others. Deciding not to play a high-risk sport only to choose another
         high-risk sport might not be the best answer. Yet leaving a sport altogether may not
         be the best option either. Playing a non-contact or limited-contact version of a high-risk
         sport may be a great compromise.
      

      
      It’s also crucial to make sure kids aren’t quitting a high-risk sport to focus on
         only one sport. At least eleven medical and health organizations have advised against
         specializing in one sport at least in childhood if not through high school.[2]   Contrary to popular belief, specializing early does not increase a kid’s chances
         of success, getting a scholarship, or going pro. It does increase the chances that
         they will burn out early or develop an overuse injury and quit at a young age.[3]   Giving a child the chance to play multiple sports will help them find sports that
         they really enjoy and want to play not only as a kid but also throughout their lives.
      

      
      Respect a Family’s Decision Not to Have Their Child Play

      
      If you decide to let your child play a contact sport at any level, that is your decision
         for your child. A friend of mine has a thirteen-year-old son who is a very talented athlete.
         When he was younger, she discussed the potential consequences of playing youth tackle
         football with her husband and son. Together they decided that flag football was the
         best choice for him, which he excelled at. This was the right decision for her family
         and her son. Then came the pressure from all angles. The child’s friends at school
         pressured him to play tackle football. Other parents pressured his parents as well,
         saying that the team needed their son. This was particularly hard for the boy’s father,
         who was getting pressure from other dads.
      

      
      This is wrong. No one should pressure other parents to let their children play a certain
         sport. Think about the message being sent, that a sixth-grade football team is more
         important than a child’s health. What if he had a heart condition that may not cause
         any problems but came with a very small risk of a heart attack if he raised his heart
         rate too high? If the family decided it was not a risk worth taking, would other parents
         question that? If the team wasn’t doing well, would they say, “But the risk is so
         low, why don’t you let him play?” Of course not. Yet some people don’t think about
         the potential risks of repetitive brain trauma this way, likely because consequences
         may not show until years later. Yes, these risks might be low, but they are real.
         Is the potential success of the team more important than the future health of someone
         else’s child? Does a coach or another parent have the right to make that decision
         about someone else’s child when that decision could impact their long-term health
         and cognitive function? The answer is a resounding no. Parents should also talk to their children about the importance of respecting the
         decision of another family and not putting pressure on their friends.
      

      
      If you are a parent receiving this pressure, stand your ground. If you choose not
         to let your child play a sport because of legitimate concerns about safety, you are
         not in the wrong. Don’t let others pressure you into a decision you are not comfortable
         with. You are the one concerned with the best interest of your child and their future,
         while the priorities of others are likely far from that. Your child is the one who
         has to live with any consequences.
      

      
      What Families Should Do When Their Child Plays a Sport

      
      There are several things to keep in mind when a child starts playing a sport. They
         apply to all sports, but some are even more important when it comes to sports with
         a high risk of concussions or repetitive subconcussive brain trauma. Parents should
         take these steps any time their child starts a new sport or at the beginning of a
         new season with a new coach.
      

      
      Get to Know the Coaches

      
      Whether the child is playing a contact or a non-contact sport at the youth or the
         high school level, parents should be comfortable with the coaching staff and confident
         that coaches do all they can to keep their players safe. Injuries will happen in any
         sport, but coaches can choose drills and create a culture on the team that can help
         limit serious injuries. Talk to other parents about the culture the coach fosters
         on the team. A coach who fosters a negative culture, whether that is demeaning players
         or disregarding safety, is not a coach a child should be playing for. There are many
         great coaches out there who are wonderful mentors and role models for athletes. These
         coaches use positive coaching and constructive methods to encourage athletes.
      

      
      Find out if all coaches have had proper training not just on concussions but also
         on other safety issues like heat exposure and CPR. The coach-to-athlete ratio should
         be low enough that coaches can interact with each athlete and maintain safety in all
         drills. Ensure the coach follows safety rules, such as limiting contact time in practice
         or avoiding certain drills. Ideally football and rugby coaches will choose not to
         have athletes tackle to the ground often or at all.
      

      
      It’s okay to watch part of practice at the beginning of the season. This is not permission
         to be that parent, the one who harasses coaches or tells them what to do. Remember, youth coaches
         are often volunteers, and they usually have the best of intentions. However, it’s
         permission to observe the environment a coach creates and the way they run their practices.
         It is okay to kindly ask the coach about their training, coaching style, and motivation
         methods. If you aren’t comfortable with what you see and hear, it’s okay to choose
         not to have your child play on that team.
      

      
      Make Sure Equipment Fits Correctly

      
      Though equipment will never fully prevent concussions, the equipment that is worn
         must fit properly. All brands and types of helmets need to fit correctly to protect
         against catastrophic injuries. Football helmets should fit snugly around the head
         without gaps between the cheek and face.[4]   The head should be covered from a point two finger widths above the eyes to the
         base of the skull. The chin strap should be tight, and the ear holes should align
         with the ear canal. The helmet should not slide or move easily on the head, and the
         face mask should not get in the way of the player’s vision. Helmets and headgear in
         any sport should fit based on the manufacturer guidelines.
      

      
      Educate Yourself

      
      Though most sports programs provide some concussion education, it is often limited.
         Go above and beyond that and learn more. You are already off to a good start reading
         this book. The CDC also has helpful resources for parents.[5]   Concussions can happen in any sport or other activities, like playing in the backyard
         with friends. Kids spend the most time around their family, and family members should
         know how to recognize if a child might have a concussion and what to do if they suspect
         a concussion.
      

      
      Talk to Your Child about Brain Trauma in Sports

      
      Parents play an important role in educating kids about concussions and repetitive
         impacts in sports. This should be a topic of discussion at the beginning of the season,
         with reminders sprinkled throughout the season. The conversation should be age appropriate
         and include scenarios that the child will understand when talking about what a concussion
         is, how to report it, and who to report it to. For example, if a player is injured
         in a game on TV, parents can talk to their child about what they could do in that
         situation in their own game. Children and early adolescents tend to be more concrete
         thinkers, and they may not understand why they need to follow certain steps after
         their injury in order to play their sport again.[6]   Keep reinforcing the importance of reporting concussion symptoms for their health
         and their performance in sports.
      

      
      Some parents are concerned that they will instill fear into their child by having
         these conversations. But the same could be said for telling a child that they need
         to wear a bike helmet or their seatbelt. If it is handled in a fearful way, then it
         might instill fear. But if that conversation is rooted in the benefits of sports and
         the benefits of health for the brain, it doesn’t have to be fearful at all. They should
         do their best to play as safely as possible and minimize impacts for both their sake
         and the sake of the kids they are playing with. And they should tell an adult if they
         don’t feel right after an impact.
      

      
      What to Do If You Suspect a Child Might Have 
a Concussion
      

      
      A child with a concussion may not be able to explain what they are feeling. A parent
         or caregiver knows their child’s normal mannerisms and behaviors. If something seems
         off, that’s probably because it is. If you are concerned they may have a concussion,
         ask them to explain how they feel, in their own words. A child’s report of their symptoms
         often doesn’t match a parent’s report initially after a concussion. Parents may miss
         symptoms that the child hasn’t thought to tell them about. You can find a symptom
         list on the CDC website mentioned in note 5 above. Ask about those symptoms in words
         they will understand. The more you know about what they are experiencing, the better
         you and their health care provider can monitor their symptoms and progress them back
         into academics, sports, and life.
      

      
      It’s important to seek help from a health care provider who has up-to-date training
         in concussions. Simply being a doctor doesn’t mean a person knows how to manage the
         injury. Research has shown that many physicians have at least some gaps in concussion
         knowledge or don’t use recommended guidelines for managing the injury.[7]   They may be excellent health care providers, and some are very knowledgeable about
         concussions. However, concussion knowledge and best practices are rapidly evolving,
         and it can be hard to keep up when they have so much to know about many aspects of
         medicine. We ask so much of primary care and emergency health care providers. We can’t
         expect them all to be experts on everything. Athletic trainers spend more time in
         their professional training learning about concussions and often manage these injuries
         more frequently than most physicians. Though not all athletic trainers have up-to-date
         training either, many are very knowledgeable about concussions.
      

      
      If you aren’t sure if the clinician has up-to-date concussion education, it’s okay
         to ask. If a clinician is upset that you are asking about their qualifications and
         training with regard to the injury, that’s probably not someone you want caring for
         your child anyway. Concussion clinics that specialize in the injury may be a great
         option if you have one in your area. (Of course, it is important to check with insurance
         carriers to see if they cover those clinics.)
      

      
      Advocating for Health Can Be a Skill Learned through Sports

      
      Parents play a critical role in advocating for the health of their children. By educating
         themselves and having important discussions with their children about brain safety
         in sports, they can create a culture in their home that both values sports and values
         health. External pressures from coaches and others in the community can make this
         advocacy mentally and emotionally challenging. However, parents can use this experience
         to teach their children how to stand up for themselves, withstand peer pressure, and
         advocate for their own health. This can be just another way that sports can teach
         children important life skills.
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      Chapter 16

      What You Can Do to Improve the Safety of Youth Sports in Your Community

      
         
         
         
      

      
      
         The most important thing for parents is establishing an element of fun and imagination.
            I think that’s really key.
         

         
         —Kobe Bryant, eighteen-time NBA All-Star[1]  
         

      

      
      Protecting and supporting brain health in youth sports involves many community-level
         factors. Teachers and school staff can help concussed student-athletes return to learning.
         Athletic trainers provide medical care for youth athletes. Organizations that offer
         youth sports can provide non-contact or limited-contact sports for children. Most
         importantly, all stakeholders play a role in ensuring that sports stay fun for kids
         to play. This chapter will discuss what you can do in your community to ensure both
         safety and opportunity for all kids in youth sports.
      

      
      Ensure All Kids Have Access to Safe Sports

      
      All children should have the opportunity not only to play sports but to play sports
         that don’t involve repetitive subconcussive brain trauma. Unfortunately, several factors
         are keeping more and more kids out of sports today. As youth sports becomes more commercialized,
         many kids are being priced out of participation.[2]   Middle- or high-income families that live in larger communities often have more
         options to choose sports that are safer for their children. Those that live in smaller
         rural areas or low-income communities may not have those same options or enough kids
         to form leagues for some sports.
      

      
      You can play a role in creating opportunities for children to play non-tackle sports
         in your community. Talk to other parents about creating flag football or touch rugby
         programs, for example. You could help to create leagues in different non-contact sports
         too. If there isn’t enough support or there aren’t enough players, try working with
         nearby towns or neighborhoods to start a league. It’s so important for children to
         have affordable and safe opportunities to obtain the many benefits of sports.
      

      
      Advocate for Athletic Trainers in Youth Sports

      
      Athletic trainers are medical providers for physically active people, and you will
         commonly find them in the sports setting. They don’t help people lift weights. They
         are well educated on the medical recognition and care of injuries that can come from
         physical activity, including the proper recognition and management of concussions.
         In fact, athletic trainers in sports settings often manage concussions on a regular
         basis. Compared to athletes with little or no access to athletic trainers, athletes
         who attend high schools at which athletic trainers are regularly available are more
         likely to have their concussions diagnosed and to undergo the medically recommended
         return-to-play protocol.[3]  
      

      
      Leagues should also ensure that athletic trainers are available to provide medical
         care at youth sporting events. It can be hard for coaches to determine if an eight-year-old
         has a concussion or if they just forgot a play because they’re eight years old. Many
         coaches appreciate having athletic trainers on the sidelines. They can take the burden
         off of coaches and ensure that concussions are diagnosed in youth athletes. But when
         the athletic trainer is only at games, the player may not receive proper follow-up
         care. If the athletic trainer is regularly available to the team, concussed athletes
         are more likely to go through the appropriate return-to-play protocol. You can advocate
         and fundraise to have athletic trainers on the sidelines of youth games, and even
         at practices, in your community. You may be able to partner with a local hospital
         or clinic or hire an athletic trainer for per diem work.
      

      
      Ensure Your Local Leagues Have Concussion Education and Mandatory Protocols

      
      All youth leagues, schools, and sports organizations should provide concussion education
         and have a protocol describing what to do if they suspect an athlete may have a concussion.
         It should include a concussion definition with all possible signs and symptoms and
         instruct coaches, officials, or parents who suspect an athlete has a concussion to
         remove the athlete from play and seek care from a qualified medical provider. You
         can encourage your school or sports organization to create a protocol that is in line
         with current medical recommendations.
      

      
      Advocate for Concussion Training for Educators and School Staff

      
      Learning and schoolwork can worsen concussion symptoms. It is critical for school
         districts to develop a “return to learn” policy for concussed students and ensure
         all educators and staff understand how to help students with concussions. Educators
         with no concussion training may not believe the student-athlete has an injury that
         they can’t see. Teachers and school staff with concussion training may be better prepared
         to provide academic accommodations that will keep concussed athletes learning on pace
         without worsening their symptoms.
      

      
      Communication is key. Families should communicate with teachers about the athlete’s
         injury and limitations. Teachers should keep open communication with families to discuss
         their progress and any setbacks with symptoms. Communication between teachers and
         athletes is also key to putting the athlete at ease in an already stressful situation.
      

      
      The goal in returning to school is to help the athlete learn without making their
         symptoms worse. The concussed athlete should rest their brain for at least a day after
         the injury. However, prolonged cognitive rest can actually worsen symptoms. Within
         a few days the student-athlete can slowly begin school activity for short periods
         of time. They can gradually increase academic activities, modified at first, and then
         moving toward normal activity, as long as no activity aggravates symptoms.[4]   You can advocate for concussion training for all educators and staff and the creation
         of a “return to learn” policy in your local school or district.
      

      
      Make Sports Fun

      
      The pressure and culture created by parents, coaches, and other adults has been blamed
         as one reason why the average child stops enjoying a sport and drops out by age eleven.[5]   If playing a sport isn’t fun, they are less likely to stick with it. Having fun
         doesn’t mean kids aren’t striving to do their best and learning toughness, grit, perseverance,
         and other lessons along the way. Yes, winning is more fun than losing, but that isn’t
         the primary concern for most kids. With good coaching and the right support, children
         can thrive in sports and be happy while doing it.
      

      
      We also should not be recruiting kids for college based on how they play in fifth
         or sixth grade. Yes, some kids that age already have recruiting pages online. Talent
         prediction is poor for young kids. When they hit puberty, a lot can change. Think
         about what it can do to a child to have so much hype around them only to have others
         mature and catch up. The pressure to succeed would be immense, and it can be devastating
         to them if they don’t meet or exceed the expectations adults put on them at such a
         young age. Is it fair for adults to set such high expectations and put so much pressure
         on a child based on their abilities as a ten-year-old?
      

      
      Physical activity shouldn’t feel like a chore. It should be something that they enjoy.
         Of course, it may not be enjoyable all of the time. Conditioning is part of sports
         and often a part that athletes would say is their least favorite. But keeping conditioning
         and sport activities age appropriate is key.[6]   What is appropriate for a teenager may not be right for a child. Training that
         is too physically or emotionally intense can lead to injury or burnout, and neither
         are fun for the young athlete. Kids also need rest. They should do a different activity
         at least two or three days each week instead of playing their sport. This variety
         and time away from a sport allows recovery, reduces the risk of overuse injury, and
         keeps sports fun. Overall, they should enjoy the sport, despite the tough parts. The
         benefits of sports aren’t seen if children drop out early.
      

      
      Be an Advocate for Change in Your Community

      
      When fighting for change, focusing on what can be gained or maintained can be more
         influential than what would be lost. For example, focusing on how the benefits of
         sports can occur in a non-contact version of football and how many successful athletes
         played flag football may be more effective than focusing on the elimination of tackling.
         Discussing a reduction in repetitive brain trauma may not convince those fighting
         to keep these sports as they are, but discussing the potential benefits for the brain
         and body, including fewer injuries that would keep a child out of the sport, could
         potentially carry more sway.[7]  
      

      
      You have the power to advocate for brain safety in youth sports as well as proper
         concussion management in your community. You can create opportunities for children
         from all backgrounds to play sports without the risk of repetitive subconcussive impacts.
         In the process, you can set a great example for children of how they, too, can get
         involved and make positive changes in their community in their future.
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      Conclusion

      
         
         How Much Do We Have to Know and How Bad Do the Risks Have to Be?

         
      

      
      
         But while I applaud that concern for impacts to the head is now acknowledged more
            widely, I’m conscious that many still prioritise the “look of the game” over player
            safety, lamenting that the game has become “dull” or “soft” since it was “cleaned
            up.”
         

         
         —Alan Pearce, PhD, associate professor, La Trobe University[1]  
         

      

      The “show me the data” standard has been used by industries for nearly a century to
         claim that something should be proven unsafe before it is regulated or changed.[2]   Companies claimed there was no definitive proof that leaded gas was a health hazard,
         so it shouldn’t be banned because it benefited consumers. Tobacco companies denied
         the dangers of smoking. In a 2018 Revisionist History podcast, Malcolm Gladwell gives the example of miners’ asthma, the breathing issues
         that coal miners suffered from after working in the mines.[3]   Coal companies denied the dangers and even went so far as to say it was protective
         because the miners had a slightly lower prevalence of tuberculosis, a claim that was
         based on poor and biased research. Gladwell asks, “What level of proof do we need
         about the harmfulness of some activity before we act?”
      

      
      Data is never perfect, and every study has limitations. Even a topic with a wealth
         of data supporting one side will have a few studies with contradicting findings. Industries
         use such contradictions to create uncertainty and claim scientists are overreacting.
         But the public health burden should not be on scientists to prove something is unsafe.
         It should be on the industry to prove it is safe.
      

      
      Sports organizations have taken a similar road. When a study comes out that supports
         their stance, they promote it without acknowledging the limitations of the research.
         Yet, when a study comes out that goes against the organization’s interests, they focus
         only on the limitations as a way to discredit it. This creates uncertainty in the
         eyes of parents and athletes alike, encouraging them to conform to community and social
         standards that could be putting young athletes at risk of both short- and long-term
         consequences.
      

      
      We have known for decades that contact sports carry danger for athletes, but the risks
         were largely ignored. When former athletes in sports like football, rugby, and hockey
         have spoken out about the consequences of brain injuries, some fans have said they
         knew what they were getting into. Yet CTE was only diagnosed in athletes in these
         sports in the twenty-first century. Most former players didn’t know the true risks.
         For current players, leagues are still minimizing the risks and making claims that
         the game is safer than ever. Saying that athletes know what they’re getting into and
         it’s an easy choice simply allows fans to feel better about celebrating brutality
         for the sake of entertainment.
      

      
      At the youth level, medical and educational organizations in the 1950s said football
         was “no game for boys to play.”[4]   Yet here we are, continuing to have this conversation. Some campaigns are fighting
         to “protect the game” and show parents it is safe. They should be more concerned about
         protecting the developing brains of young players than the act of tackling. The American
         Academy of Pediatrics, which stood against youth tackle football in the 1950s, has
         not supported a ban on tackling in youth football today. Yet they are willing to support
         a ban on checking in youth hockey until age fifteen. Inaction or inadequate action
         can have consequences.[5]   But what is the harm in delaying the age a child starts sustaining repetitive impacts
         in any sport?
      

      
      Common sense tells us that hitting our heads is bad for the brain. If repetitive brain
         trauma occurred in the classroom, on a field trip, or even in gym class, parents would
         be irate. Why is it okay on the field, ice, or pitch? The fact that these sports are
         so ingrained in our culture and our lives makes it hard to change them, even for the
         sake of safety.
      

      
      There is precedent for promoting caution and change without definitive proof. In public
         health, we must make decisions based on the best available evidence, despite uncertainty,
         while we are waiting for more definitive proof. When people, especially children,
         could be harmed in the meantime, we have to act on what we know now.
      

      
      Though we don’t understand every aspect of the long-term consequences of repetitive
         concussive and subconcussive brain trauma, there is growing evidence to suggest that
         these impacts are bad for our brain, especially when they happen in childhood and
         adolescence. We have a lot to learn, but we know enough now to warrant eliminating
         repetitive impacts at the youth level and limiting those impacts as much as possible
         at older levels. Banning certain sports as a whole or deciding not to let a child
         play sports in general due to the potential risks takes away critical opportunities
         for kids to be physically active, improve mental health, make friendships, learn life
         lessons, and more. If we make meaningful changes now, millions of innocent kids can
         play sports without repetitive impacts while we wait for definitive answers.
      

      
      I’ve seen what CTE can do to a person. I’ve seen the fear in the eyes of former athletes
         of all ages who are concerned their symptoms are from repetitive impacts in sports
         and are fearful of what their future holds. I’ve heard the stories of desperation
         from families who don’t know how to help their loved ones. I don’t want that to happen
         to any child who just wants to play a sport they love with their friends.
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