CONCUSSION EDUCATION AND PERCEPTION OF INJURY RISK AMONG
HIGH SCHOOL FOOTBALL PLAYERS

A DISSERTATION
SUBMITTED ON THE NINETEENTH DAY OF MARCH 2013
TO THE DEPARTMENT OF HEALTH SYSTEMS MANAGEMENT
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
OF THE SCHOOL OF PUBLIC HEALTH AND TROPICAL MEDICINE
OF TULANE UNIVERSITY
FOR THE DEGREE
OF DOCTOR OF PHILOSOPHY

Alicia J. Whittington, MPH

- - - - - - · ---- ----------··----·----------

-----··----

··-

-

..

ABSTRACT
Background: A concussion is a traumatic brain injury, resulting from forces to the brain,

that can range from mild to severe and lead to long-term disability. Most concussions
result in short-term functional differences, and diagnostic imaging usually does not
indicate any brain abnormalities. An estimated 1.6 to 3.8 million individuals in the U.S.
sustain a traumatic brain injury every year as a result of playing sports. Football, a highly
competitive contact sport, has the highest rate of concussions. There has been widespread
concern about the increasing rates of concussions in football, especially due to increased
aggressiveness, pressure to perform and player size in the sport.
Youth athletes who experience concussions are more likely to have longer
concussion recovery times and are at a higher risk of sustaining long-term injuries. There
are more athletes playing youth football than at any other level. Therefore, it is essential
that research is conducted to better understand factors influencing concussion rates in this
demographic. In addition to concussion management programs and enforcing strict
policies, education and awareness are key factors in reducing the number of concussions
in the sport.
Purpose: The purpose of this study was to use data from the Louisiana High School

Athletic Association's cross-sectional survey, which was collected after the Youth
Concussion Act was passed, to determine if being taught proper technique and
perceptions of protective equipment influenced the rate of concussio1;1 experience. The
second aim of this study was to determine_if concussion experience influenced an
athlete's perception of future health. The third aim was to determine ifthere was an atrisk group that may have sustained concussions that went undiagnosed.
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Methods: Logistic regression models were used to determine if perceptions of protective

equipment and being taught proper technique were significant predictors of concussion
experience and to determine if concussion experience was a significant predictor of
perceptions of future health. The frequencies of athletes who experienced concussion
symptoms, continued to play, and indicated no concussion experience were calculated
and an additional logistic regression was utilized to determine if the number of
concussion symptoms and continuing to play with symptoms were significant predictors
of concussion experience.
Results: The athletes widely recognized concussion symptoms (57.69-88.43%), but

several continued to play football while experiencing concussion symptoms (1.7449.60%). There were potentially between 2 and 258 undiagnosed concussions, and the
number of concussion symptoms was a significant predictor of having experienced a
concussion (p<0.0001). However, the greater the number of concussion symptoms
reported, the less likely the athlete was to have experienced a concussion (OR=0.45; 95%
CI: 0.33-0.61). Perceptions of protective equipment and being taught proper technique
were not significant predictors of concussion experience, and concussion experience was
not a significant predictor of perceptions of future health.
Conclusion: These fmdings suggest that there is a disconnect between concussion

knowledge and putting concussion safety recommendations into practice. Concussion
education initiatives that focus on the importance of discontinuing playing after
sustaining a concussion are needed as a means of reducing the number of athletes that
continue to play while experiencing symptoms.

3

·~~~~~~~~~~~~~~---~~

This dissertation is dedicated to my grandparents,

Willie G. Bledsoe
(December 20, 1896- May 18, 1946),
Mozella Bledsoe
(December 26, 1905-November 13, 1975),
Sulm Whittington
(October 1, 1899- January 11, 1946),
And Nettie Whittington
(October 31, 1899- November 24, 2012),
Who passed away before this body of work was completed.
May their legacies live on in all that I set forth to do.

4

---

Acknowledgements
Many thanks to the Department of Global Health Systems Development at the
Tulane School of Public Health and Tropical Medicine for this opportunity to learn and
develop the skills necessary to complete this body of work.
I would like to thank my dissertation committee for guidance and input. Also, I
am very appreciative of Dr. Larry Webber's input regarding statistical analyses.
Thank you to the Louisiana High School Athletic Association for allowing me to
use this data.
Thank you, Vanessa J. Bailey, for your assistance with everything and for
answering all of my questions.
Thank you, Alan Czaplicki, for helping me with administrative matters and being
an extra layer of support for doctoral students.
My parents, Mr. & Mrs. Whittington, inspired me to continue my education, and I
could not have completed this program without their unconditional support. To my
siblings, Kevin B., Corby, Kevin Alan, Darlene, Bernard, Daryl and Aaron, you are
simply the best. Thank you for your support and for aiding my creativity. I would
especially like to thank Bernard, Daryl and Aaron. Your athleticism is to be admired.
To my friends and colleagues, you have been great! Thank you, Liya, Jinan,
Rieza, Siobhan, Caron, Amanda, Tiffanie, April, Shelby, Trina, Jacqueline, Bobbie,
Erica, Chris, Kevin, Carolanda, Amanda, Rachel, Karlo, Natasha, Lindsey, Kimberly,
Kenya, Gwendolyn, Chris, Anita, Diowanni, Connie, Bettye, Carlotta, Melissa,
Tauchiana, Lillian, Lori, Kim, Leslie, Curtis, Hollee, Crystal, Amber, Brooke, Yvens,
Mark, Angela, & Pastor Brown and Family.

5

TABLE OF CONTENTS
CHAPTER 1: Background and Significance .................................................................... 16
CHAPTER 2: Literature Review ...................................................................................... 23
2.1

Football ............................................................................................................... 23

2.1.1

History ......................................................................................................... 23

2.1.2

Participation ................................................................................................ 24

2.1.3

Advantages of Youth Sports ....................................................................... 24

2.1.4

Rules of the Game, Positions and Specifications ofPositions .................... 25

2.1.4.1

Offense ....................................................................... ;............................ 26

2.1.4.2

Defense .....................................'............................................................... 27

2.1.4.3

Special Teams ......................................................................................... 27

2.1.5

Changes in Athlete Composition ................................................................ 28

2.1.6

Football Equipment ..................................................................................... 29

:2.2

2.1.6.1

Helmet ..................................................................................................... 30

2.1.6.2

Mouthpieces··························································································'· 32

2.1.6.3

Neck Rolls .................... ~ .......................................................................... 33

2.1.6.4

Other Protective Equipment.. .................................................................. 34

Concussions .. ~ ..................................................................................................... 34

2.2.1

History ......................................................................................................... 34

2.2.2

Causes ......................................................................................................... 35

2.2.3

Sympto1ns ................................................................................................... 36

2.2.4

Healing & Resolution of Concussion Symptoms ....................................... 3 7

2.2.5

Risk Factors ...................................................................................... :......... 38

2.2.5.1

Positions, Speed & Style ofPlay ............................................................. 38

2.2.5.2

Weather ................................................................................................... 39

6

2.2.5.3

Protective Equipment .............................................................................. 39

2.2.5.4 History of Concussions ........................................................................... 39
2.2.5 .5 Age .......................................................................................................... 40
2.2.6
2.2.6.1

Potential Risk Factors ................................................................................. 41
Gender ..................................................................................................... 41

2.2.6.2 Genetics ................................................................................................... 42
2.2.6.3

History ofMigraines ............................................................................... 42

2.2.6.4 Mood Disorders .................................................................................. :.... 43
2.2.6.5 Learning Disabilities ............................................................................... 43
2.2. 7

Concussion Rates ........................................................................................ 44

2.2.8

Diagnosis and Recommended Treatment ................................................... 45

2.2.8.1

Brain Imaging .......................................................................................... 47

2.2.8.2 Concussion Screening Tools ................. ;................................................. 47
2.2.8.2.1 Maddocks Questions .......................................................................... 48
2.2.8.2.2 Standardized Assessment of Concussion (SAC) ...... ,........................ 48
2.2.8.2.3 Balance Error Scoring System (BESS) .............................................. 48
2.2.8.2.4 Sport Concussion Assessment 2 (SCAT2) ........................................ 49
2.2.8.2.5 NFL Sideline Concussion Tool ......................................................... 49
2.2.9

Unreported Concussions ............................................................................. 50

2.2.1 0

Concussion Prevention................................................................................ 51

2.3

Lasting Effects of Concussions & Future Health of Football Players ............... 52

2.3.1

Future Health ofFootball Players: Chronic Traumatic Encephalopathy .... 53

2.3.2

Tau Protein .................................................................................................. 55

2.4

Concussion Education ........................................................................................ 55

2.4.1

Tackling Technique .................................................................................... 56
7

~--

- - - ---------

2.4.2

Centers for Disease Control and Prevention- Heads Up: Concussion in

Youth Sports .............................................................................................................. 57
Regulatory Organizations.,. ................................................................................. 58

2.5

2.5.1

Louisiana High School Athletic Association (LHSAA) ............................. 58

2.5.2

National Federation of State High School Athletic Associations ............... 59

Concussion Legislation ........ ~ ............................................................................. 59

2.6

2.6.1

History of Concussion Legislation.............................................................. 59

2.6.2

History of Sports Injury Initiatives in Louisiana ........................................ 62

2.6.2.1

Louisiana Spinal Cord Injury Initiatives ................................................. 62

2.6.3

Legislation in Louisiana- Act 314 "Louisiana Youth Concussion Act"

(2011)

........................ :.. .............................................................. 64

2.6.3.1

Youth Concussion Initiative in Louisiana ............................................... 65

2.7

Purpose ............................................................................................................... 65

2.8

Theoretical Model .............................................................................................. 66

CHAPTER 3: Hypotheses & Research Questions ............................................................ 68
3.1

Research Question 1: .......................................................................................... 68

3.2

Hypothesis1A: ..................................................................................................... 68

3.3

Hypothesis1B:·······················································································~·············· 68

3.4

Research Question 2: .......................................................................................... 70

3.5

Hypothesis2: ................ :...................................................................................... 70

3.6

Research Question 3: .......................................................................................... 71

3.7

Hypothesis3: ....................................................................................................... 71

CHAPTER 4: Methods ..................................................................................................... 73
4.1

Study Design ...................................................................................................... 73

4.1.1

Data Collection ........................................................................................... 73

4.1.2

Louisiana High School Athletic Association Survey .................................. 74
8

-------------

-j

4.2

-·-·

-·-----~

Study Population: Inclusion Criteria for Secondary Data Analysis ................... 75

i

4.2.1
4.3

Sample Size (N=631) .................................................................................. 75

Data Analysis ...................................·.................................................................. 76

4.3.1

Creating New Variables .............................................................................. 77

4.3.2

Descriptive Statistics ................................................................................... 80

4.3.3

Research Question 1 ................................................................................... 81

4.3.4

Research Question 2 ................................................................................... 84

4.3.5

Research Question 3 ................................................................................... 85

CHAPTER 5: Results- Descriptive Statistics .................................................................. 88
CHAPTER 6: Results- Research Question 1 ................................................................. 108
CHAPTER 7: Results- Research Question 2 ................................................................ 128
CHAPTER 8: Results- Question 3 .................................................................................. 139
CHAPTER 9: Discussion .......... ~ .. ;.................................................................................. 161
9.1

Descriptive Statistics ........................................................................................ .161

9.2

Research Question 1.......................................................................................... 163

9.3

Research Question 2 ......................................................................................... 166

9.4

Research Question 3 ......................................................................................... 167

I

CHAPTER 10: Conclusion ............................................................................................. 169
10.1

Recommendations ............................................................................................ 169

10.1.1

Concussion Education Initiatives .............................................................. 170

10.1.2

Evaluating the Effectiveness of the Youth Concussion Act. .................... 171

10.1.3

Conducting a Qualitative Study ................................................................ 171

10.2

Strengths ....................................................... ~ ................................................... 172

10.3

Limitations ....................................................................................................... 172

10.3 .1

Missing Data ............................................................................................. 172
9

10.3 .2

Dataset Limitations ................................................................................... 173

10.3.3

Study Design ............................................................................................. 173

10.4 Future Research ................................................................................................ 174
10.5 Implications ...................................................................................................... 175

10

LIST OF TABLES AND FIGURES

Figures:
Figure 2-1. Football Lineup and Positions ........................................................................ 26
Figure 2-2. Football Injury Pathway.·············'·································································· 29
Figure 2-3. Concussion Symptoms ................................................................................... 37
Figure 2-4. Theoretical Model .......................................................................................... 67
Figure 4-1. Flow c~art to determine sample size (N=631) ............................................... 76
Figure 4-2. Logistic regression model to determine how attitudes about required
protective equipment and education influence concussion incidence .............................. 83
Figure 4-3. Logistic regression model to determine if previous concussion experience
influences perceptions of future health............................................................................. 84
Figure 4-4. Defining an at-risk population....................................................................... 85
Figure 4-5. Logistic regression model with number of symptoms & continuing to play
with those symptoms added .............................................................................................. 87
Figure 5-1. Histogram of Age ......................................................................................... 104
Figure 5-2. Histogram ofYears ofExperience Playing Organized Tackle Football.. .... 104
Figure 5-3. Proportion of Concussion Experience by Age ............................................. 105
Figure 5-4. Proportion of Concussion Experience by Race ............................................ 105
Figure 5-5. Proportion of Concussion Experience by Years of Experience Playing
Organized Tackle Football .............................................................................................. 106
Figure 5-6. Proportion of Concussion Experience by Grade .......................................... 106
Figure 5-7. Proportion of Concussion Experience by ~ootball Position ........................ 107

11

Tables
Table 5-1. Descriptive Statistics ....................................................................................... 92
Table 5-2. Years ofExperience Playing Organized Tackle Football. .............................. 93
Table 5-3. LHSAA School Classifications ....................................................................... 93
Table 5-4. Number of Positions Played ........................................................ ~ ................... 94
Table 5-5. Team Unit ........................................................................................................ 94
Table 5-6. Football Positions ............................................................................................ 95
Table 5-7. Experienced a Concussion While Playing Football ........................................ 96
Table 5-8. Age & Concussion Experience ........................................................................ 96
Table 5-9. Race & Experienced a Concussion While Playing Football ........................... 97
Table 5-10. Years ofExperience Playing Organized Football & Experienced a
Concussion While Playing Football. ................................................................................. 98
Table 5-11. Grade & Experienced a Concussion While Playing Football ....................... 99
Table 5-12. LHSAA Classification & Experienced a Concussion While Playing Football
··········································································································································· 99
Table 5-13. Number ofPositions Played & Experienced a Concussion While Playing
Football .............. .-....................................................................................... ·..................... 100
Table 5-14. Team Unit & Experienced a Concussion While Playing Football .............. 100
Table 5-15. Position & Experienced a Concussion While Playing Football .................. 101
Table 5-16. Perceptions of Concussion Symptoms ........................................................ 102
Table 5-17. Perceptions of Concussion Symptoms & Experienced a Concussion While
Playing Football ..................................................................... ,........................................ 103

12

Table 6-1. Perceptions of Equipment Protection & Education ....................................... 113
Table 6-2. Perceptions of Equipment Protection, Education & Concussion Experience 114
Table 6-3. Correlation Matrix of Predictor Variables ..................................................... 115
Table 6-4. Logistic Regression Model Without Controls ............................................... 116
Table 6-5. Odds Ratios for the Logistic Regression Model Without Controls ............... 116
Table 6-6. Logistic Regression Model Including All Risk Factors (Controls) ............... 117
Table 6-7. Odds Ratios for Model Including All Risk Factors ....................................... 118
Table 6-8. Logistic Regression Model Including Age & Risk Factors (Controls) ......... 119
Table 6-9. Odds Ratios for Model Including Age & Risk Factors ................................. 120
Table 6-10. Logistic Regression Model Including Grade & Risk Factors (Controls) .... 121
Table 6-11. Odds Ratio for Model Including Grade & Risk Factors .............................. 122
Table 6-12. Number of Participants by School.. ............................................................. 123
Table 6-13. Demographic Variables by School.. ............................................................ 124
Table 6-14. Answers by School (Part 1) ......................................................................... 126
Table 7-1. Perception of Future Health ........................................................................... 130
Table 7-2. Perception of Future Health and Concussion Experience ............................. 130
Table 7-3. Correlation Matrix of Predictors ............................................................. :..... 131
Table 7-4. Logistic Regression Model Without Controls ............................................... 131
Table 7-5. Odds Ratios for Model Without Controls ..................................................... 131
Table 7-6. Logistic Regression Model Including All Risk Factors (Controls) ............... 132
Table 7-7. Odds Ratios for the Model Including All Risk Factors ................................. 133
Table 7-8. Logistic Regression Model With Age and Risk Factors ............................... 134
Table 7-9. Odds Ratios for the Model with Age and Risk Factors ................................. 135

13

~---------

Table 7-10. Logistic Regression Model with Grade and Risk Factors ........................... 136
Table 7-11. Odds Ratios for the Model with Grade and Risk Factors ............................ 137
Table 7-12. Answers by Schools .................................................................................... 138
Table 8-1. Experienced Concussion Syinptoms While Playing Football ....................... 144
Table 8-2. Experienced Concussion Symptoms and Continuing to Play Football ......... 144
Table 8-3. Concussion Symptoms & Concussion Experience ........................................ 145
Table 8-4. Concussion Symptoms, Continuing to Play & Concussion Experience ....... 146
Table 8-5. Continued to Play with Concussion Symptoms & Concussion Experience .. 147
Table 8-6. Continued to Play with Concussion Symptoms & No Concussion Experience
...................................................................................... ·................................................... 147
Table 8-7. Number of Concussion Symptoms ................................................................ 148
Table 8-8. Continued to Play with Concussion Symptoms ............................................ 148
Table 8-9. Concussion Symptoms, Continuing to Play with Symptoms and Concussion
Experience ......................................................................... ,............................................. 149
Table 8-10. Logistic Regression Model of Number of Symptoms and Continuing to Play
with Symptoms as Predictors ofExperiencing a Concussion......................................... 150
Table 8-11. Odds Ratios for the Logistic Regression Model of Number of Symptoms and
Continuing to Play with Symptoms as Predictors ofExperiencing a Concussion......... 150
Table 8-12. Full Logistic Regression Model with All Controls ..................................... 151
Table 8-13. Odds Ratios for the Full Logistic Regression Model with All Controls ..... 152
Table 8-14. Full Logistic Regression Model (Without Grade) ....................................... 153
Table 8-15. Odds Ratios for the Full Logistic Regression Model (Without Grade) ....... 154
Table 8-16. Full Logistic Regression Model (Without Age) .......................................... 155

14

-----------

------

Table 8-17. Odds Ratios for the Full Logistic Regression Model (Without Age) .......... 156
Table 8-18. Restricted Logistic Regression Model with Age and Other Risk Factors ... 157
Table 8-19. Odds Ratios for the Restricted Logistic Regression Model with Age and
Other Risk Factors .......................................................................................................... 15 8
Table 8-20. Restricted Logistic Regression Model with Grade and Other Risk Factors 159
Table 8-21. Odds·Ratios for the Restricted Logistic Regression Model with Grade and
Other Risk Factors .......................................................................................................... 160

Appendices
Appendix 1: Institutional Review Board Approval Letter .................................... 195
Appendix 2: Louisiana High School Athletic Association Survey .......................... 198

15

CHAPTER 1: BACKGROUND AND SIGNIFICANCE
A concussion is a mild traumatic brain injury (TBI) that results from hits to the
head and can interrupt the normal functions of the brain [1, 2]. It is commonly referred to
as a "ding" or "getting your bell rung"[3]. Several concussion symptoms, such as nausea,
dizziness, headaches, difficulty with balance, vomiting, confusion, disorientation and
light sensitivity, have been well documented [4-8]. In the United States, at least 1.7
million people suffer a TBI each year [9]. TBI' s range from mild to severe and result in
275,000 hospitalizations and 52,000 deaths annually. More than a decade ago, annual
costs associated with TBI hospitalizations were $60 billion[10]. A mild TBI is noted by
short-lived differences in brain function. As many as 90% of traumatic brain injuries are
mild[11]. In severe cases, the individual may suffer from loss of consciousness or
amnesia, and the most serious cases may result in long-term disability [12]. Males
. experience TBI at higher rates than females in each age group.
Traumatic brain injuries can result from various activities, such as falls, accidents,
military service and participating in sports [13]. Football is a sport with one of the highest
incidence rates of concussions [14, 15]. It is a highly competitive contact sport that was
established in the nineteenth century[16]. Each year, millions of athletes play football at
various levels of competition- Pee Wee and Pop Warner leagues, junior football leagues,
junior high school leagues, intramural and recreational leagues, high school, college and
professional.
Over time, football has become very popular, but the increasing rate of
concussion injuries has drawn attention to safety concerns about the sport[17]. Football
players wear protective equipment that is designed to provide protection to the body,
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absorb, energy from hits and assist in making the game safer to play[ 18]. Helmets, neck
rolls, mouth guards, and shoulder pads are examples of protective equipment to be worn
during practice and games. The helmet receives more attention than other pieces of
equipment because its purpose is to protect the head. Helmets have evolved since first
being used, but they do not keep athletes.from sustaining head injuries[19]. In fact, no
piece of equipment is 100% protective against injuries, and equipment comes with a
disclaimer to reinforce that injuries can still occur[20].
It is clear that football injuries, especially concussions, have become a public

health concern, particularly for younger athletes. Most football players are under the age
of eighteen (>95%)[21]. Throughout the country, more boys play high school football
than any other sport. Out of every eight high school boys, at least one of them plays
football. Collectively, between 1982 and 2008, 35.6 million athletes played high school
football[lO]. During the 2010-2011 football season, 1.1 million high school athletes
participated in the sport [22].
Concussion rates are inconsistent in the literature. At the high school level,
concussions are 8.9% of all sports injuries; it is estimated that between 136,000 and
almost 500,000 occur each year [23, 24]. One source mentioned that sports account for at
least 300,000 concussions each year[25]. Other estimates in the literature reach as high as
3.8 million per year[26]. One of the common incidence rates is approximately 0.47 per
1000 athlete exposures[27].
Even though various rates are reported throughout the literature, a large number
of concussions, as many as 90%, are undiagnosed and unreported [21, 28]. One of the
major causes of unreported concussions is that athletes fail to report concussion
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symptoms, which may be directly linked to the lack of knowledge or education regarding
concussion symptoms and injuries.
Awareness of concussion signs and symptoms and proper diagnosis and
management are essential in order to prevent further injury to the brain. Athletes may not
take their injuries seriously, or they are not aware of the deleterious effects on their future
health that can occur as a result of untreated concussions [1 0]. Some may want to
continue to play and not disappoint their supporters. So they will conceal concussion
symptoms just to continue competing.
It is important for an athlete to receive proper and timely treatment because a

concussed athlete who returns to play too soon is at risk for second impact syndrome[29].
Second impact syndrome, which can be fatal, occurs when an athlete experiences an
additional concussion before healing from the previous one [30]. Athletes who have
sustained a concussion are at a greater risk of experiencing additional concussions than
individuals without a history of them [31]. Research has also shown that minor or
subconcussive hits can also have .a negative cumulative effect on the brain[32].
It is more detrimental for a young athlete to experience concussions due to the

brain not being fully developed, and the skull of a younger athlete is thinner than for an
adult [10, 33]. A brain that is not fully developed is more vulnerable to a concussion and
oftentimes takes longer to recover from a brain injury [7, 34]. In addition to hindering the
athlete's ability to play the sport, concussions have been shown to affect concentration
and school performance [3 5]. A younger athlete also has weaker neck muscles in
comparison to those playing at the college or professional levels. Developed neck
muscles help to absorb energy when a player is hit, reducing the risk of injury.
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While most concussion symptoms subside within a week, concussions can have
lingering health effects on an athlete [7, 10]. Long-term exposure to repeated concussions
may lead to chronic traumatic encephalopathy (CTE), also known as "gridiron dementia,"
the only preventable form of dementia[33]. Suffering from CTE involves failing memory,
depression, suicidal thoughts and behavior, and physical symptoms that mirror those qf a
person suffering from Parkinson's disease [36, 37]. CTE has been diagnosed in autopsies
of professional and collegiate football players, and current and former players are
concerned about developing the disease [21].
Despite there being risks of injury, there are benefits to youth sports participation.
Sports promote healthy lifestyles, and the athletes reap the benefits of increased physical
activity[38]. Also, youth athletes learn leadership and team-building.
The positive attributes of football are sometimes overshadowed by less than
favorable opinions about football. Safety advocates have suggested that increased
concussion education and awareness is necessary in order for football players, coaches
and parents to fully understand the risks associated with repeated concussions and other
dangers of football [33]. Concussion education is essential, especially since diagnosing
and treating a concussion is heavily reliant on an athlete to report the symptoms [23].
Increased knowledge and awareness is one of the suggested strategies to reduce the
number of unreported concussions, and this strategy would increase the likelihood of an
athlete to receive proper diagnoses and treatment [39]. A football player that is properly
educated may be more likely to report concussion symptoms so that he will not return to
active status before properly healing, and thus, decrease the risk of second impact
syndrome.
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Social movements have aided in the passing of concussion laws at the state level
[40]. Removing athletes from play after sustaining a concussion was recommended long
before youth sports concussion laws were put in place[41]. When Zackery Lystedt, an
adolescent football player, was hospitalized after continuing to play in a football game
with a concussion, the momentum to pass laws amplified. Washington State passed the
first law in 2009. An additional forty-two states and the District of Columbia have since
passed legislation[42]. Louisiana passed the Youth Concussion Act in 2011 [43]. Youth
concussion laws were designed to protect youth athletes, requiring them to be removed
from a game or practice if they have sustained a concussion. The laws also highlight the
importance of concussion education as a means of prevention and contain a mandatory
concussion education requirement for parents, athletes and coaches.
Concussions in football have become known as a ''silent epidemic" for a few
reasons. Brain imaging scans typically show no abnormalities after an athlete has
sustained a concussion[ 5]. In most cases, an athlete will experience functional
irregularities rather than changes to brain structure. Health professionals do not uniformly
agree on how to define, diagnose and treat a concussion [44-46]. However, most agree
that an athlete should be removed from a game or practice and that resting the brain is the
proper course of treatment.
Currently, the following information has been consistent about concussions[2]:
1. A concussion results from a force to the brain.
2. Returning to football before the brain has healed has been shown to have negative
health effects in both animals and humans.
3. The highest rates of concussions are in football.
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4. More concussions happen during games than in practices.
Even though concussions have been defined in the medical literature for centuries,
there is much to be learned about them. Therefore, it is important to figure out how
certain factors may influence concussion rates, such as an athlete's perceptions of the role
of protective equipment and being educated on the techniques of how to safely play the
game. Since there are more football players in high school than at any other level, it is
critical that research projects address alleviating the burden of concussions in high school
football players.
This research, a secondary data analysis, utilized data from the Louisiana High
School Athletic Association's cross-sectional survey of high school football players, ages
thirteen to eighteen to determine:
1. If perceptions of protective equipment and being taught proper techniques are
significant predictors of experiencing a concussion.
2. If experiencing a concussion influences an athlete's perception of future health
as a result of playing football.
3. If there is an identifiable "at-risk" group that reported no previous concussion
experience but experienced concussion symptoms while continuing to play
football? Since many concussions go unreported, this question will determine if,
potentially, there were undetected concussions in the sample. If athletes continue
to play football with concussion symptoms, they are at a higher risk of a
catastrophic injury.
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These research questions will make significant contributions to the field of
concussion research, especially since there is limited literature assessing football players'
perceptions of factors that may affect concussion risk. Also, exploring these questions
may indicate the need for increased education and awareness in high school football.
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CHAPTER 2: LITERATURE REVIEW

2.1

Football
A concussion is a type of traumatic brain injury that is common to athletes in

contact sports, and injuries have taken place in football since its inception[47]. Studies
have shown that as many as 80% of athletes sustain an injury while playing football[ 48].
The trends over the past ten years indicate an increase in sports-related concussions,
which could be due to increasing awareness and education. However, it is estimated that
many are still unreported [2, 49]. Throughout the history of football, most fatalities were .
a result of brain injuries, and although it is very popular, football has a history of being a
brutal sport [50].

2.1.1

History
Football is a high collision sport where athletes sustain more concussions than any

other sport, especially at the high school level [7, 8]. Football has a few predecessors,
such as soccer and rugby. Historically, football referred to various games involving a ball
and the foot[16]. American Football began to evolve in the nineteenth century. The first
game of football took place in 1869 between Princeton and Rutgers[ 50]. The athletes
(

played the game in regular clothing, without any form of protective equipment, including
a helmet.
After many football players sustained catastrophic and sometimes fatal injuries,
developing protective equipment and making the game safer became a priority. In 1905,
eighteen players died, and 159 were seriously injured[50]. At that time, President
Theodore Roosevelt and administrators :from various colleges with football programs had
to decide whether or not to discontinue football or to make the game safer. The following
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year, rules were put in place to make football safer. The rules and regulations have
evolved since then and continue to do so.
Walter Camp, who coached at Yale University between 1880 and 1883, made
major contributions to the game offootball[16]. He was instrumental in changing the
game to where eleven players from each team are on the field at one time.

2.1.2

Participation
Football is the most popular high school sport, marked by increased participation

the past several decades and its popularity abroad. It is played in over fifty countries[51].
Approximately 1,095,993 boys play high school football at 14,241 participating
schools[52]. In Louisiana, 293 schools offer eleven-man football programs, and 20,293
athletes compete, comprising less than two percent of high school football players in the
United States.

2.1.3

Advantages of Youth Sports
The dangers of football are given much media attention, but there are several

advantages to playing youth sports. Sports provide educational opportunities that would
not be achieved otherwise, and sometimes, they present the opportunity to travel [53].
Sports also promote healthy lifestyles, and athletes benefit from physical activity. Current
recommendations for physical activity are sixty minutes of daily exercise for youth ages
6-17 [54]. A high school football program more than satisfies the current
recommendations for physical activity. Sports also promote togetherness and create a
means for many athletes to earn college scholarships [51]. Since football is a popular
sport, athletes may play because of social acceptance. Another positive attribute is that
football builds memory because the game requires learning, focus and decision-making.
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Football builds character and can be used as an educational tool to teach leadership and
togetherness as well as encourage students to stay in school, possibly decreasing dropout
rates and crime.

2.1.4

Rules of the Game, Positions and Specifications of Positions
In a game of football, there are two eleven-man team units competing against one

another- offense and defense[ 55]. During a game, the offense uses different techniques,
such as running, passing and blocking, to move the football down a 100-yard field to
score. The defense aims to keep the offense from scoring a touchdown, which is worth
six points, by tackling the player with the ball. A tackle involves using a physical means
of bringing the offensive player possessing the ball to the ground. During a tackle is when
the largest portion of football players become injured[46].
Before a play, football players line up according to their positions (Figure 2-1)
[56]. Referees are the officials that oversee the game so that it is fair [57]. They strictly
enforce rules that apply to player behavior and regulations of the game.
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Figure 2-1. Football Lineup and Positions[ 56]

2.1.4.1 Offense
An offense is usually comprised of a quarterback, center, two offensive guards,

two offensive tackles, wide receivers, running backs and tight ends[55]. The number of
wide receivers, running backs and tight ends in the game varies, depends on the coaching
strategy. During a game of football, the center starts the play, and the quarterback is
responsible for throwing or handing the ball to another teammate. The offensive guards
and tacldes are responsible for blocking their defensive counterparts, in an effort to help
the offense proceed down the field. To block an opponent, a player uses his body,
oftentimes the shoulders or hands, to prevent another player from completing his job [58].
In this case, the offensive guards and tackles would block to keep the defensive ends and
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tackles from making a tackle. Running backs are the players that the quarterback can
hand the ball to run down the field. The quarterback can also throw the ball to either a
wide receiver or tight end. Tight ends help their offensive teammates by blocking
defensive players. There will always be eleven players on offense. So, the number of
wide receivers, tight ends and running backs on the field is determined by the coaching
staff.

2.1.4.2 Defense
The defensive unit consists of linebackers, the defensive line, cornerbacks and
safeties. Linebackers can either be on the inside, middle, or outside. Their primary
responsibility is to stop the play by either tackling an offensive player that has the ball or
tackling the quarterback. The defensive line is comprised of defensive ends and tackles.
During a play, they compete with the offensive line in order to stop the offense.
Cornerbacks and safeties are the defensive counterparts to the wide receivers, running
down the field at high speeds in order to keep the receiver from catching the ball or
possibly catch the ball, which is an interception.

2.1.4.3 Special Teams
In addition to offense and defense, there is a third component of a football team
called special teams[ 55]. The role of special teams involves the plays where kickoffs,
punts or field goals take place. Kickoff is when the game begins, and the kicker kicks the
ball to the offense. The offense has four chances, which are called downs, to move the
ball ten yards. Depending on where the team is positioned on the field, they will either
punt or kick a field goal. A punt occurs when the offense is not close enough to the end
zone to score and must kick to the ball to the opposing team. If the offense is close
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enough to the end zone, they may opt to kick a field goal. In the end zone, there is a
goalpost, and to successfully complete a field goal, the kicker must kick the ball within
the confines of the goalpost. Field goals are worth three points. Also, after a touchdown,
special teams are on the field for when the kicker tries for an extra point. Depending on
the score, the offense may attempt a two-point conversion instead. The two-point
conversion is similar to a touchdown in that the team can either run or throw the ball into
the end zone, which results in two points.

2.1.5

Changes in Athlete Composition
In sports such as football, an athlete's size is important because it determines the

position(s) to which an athlete will be assigned to play [59]. The physical composition of
football players has changed since the beginning of football. Rates of overweight and
obesity have increased in the United States. Those trends have been noted in the size of
youth athletes, which has many worried about the future health of football players [59,
60].
Professional football players have also increased in size over time [18, 33].
Professional athletes are influential to youth athletes, who oftentimes emulate their
favorite professionals when playing a sport. A consequence of the increased size of
football players is that football has evolved into a more physical game, with stronger and
more aggressive styles ofplay (Figure 2-2)[18]. The intensified levels of aggressiveness,
violence and pressure to perform in the sport have been noted. A mor~ physical game
increases the risk of injuries, such as concussions, and when those collisions occur, the
force is much strongeL
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Figure 2-2. Football Injury Pathway.
This is a schematic representation of the implications of changes that have occurred in
American football. An increase in player size, pressure to perform and aggressiveness
increase the risk of a football-related injury. As a player suffers more concussions or
subconcussive hits, there is an increased risk of developing Chronic Traumatic
Encephalopathy, a neurodegenerative disease.

2.1.6

Football Equipment
The American Association ofNeurological Surgeons recommends that athletes

participating in contact sports wear protective equipment[30]. When football began, it
was a very violent sport. In the first game of football, none of the participants wore
uniforms or protective gear[ 50]. In 1905, eighteen football players suffered fatal injuries
[16, 61]. This predated most forms of protective equipment, and even after establishing
new rules, thirty-three players died just three years later. Shortly thereafter,
improvements in protective equipment were made, which helped to reduce the number of
injuries and fatalities.
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Protective equipment in the game of football includes helmets, shoulder pads,
neck rolls or neck pads, mouth guards, compression garments, gloves and a variety of
arm, rib, thigh, and knee pads [62].

2.1.6.1 Helmet
The football helmet is the piece of protective given the most attention because of
its role in player safety. The purpose of a helmet is to absorb energy when a player makes
contact with another [19]. It is designed to cover and protect the head, but it is incapable
of preventing all head and neck injuries. However, it has been shown to be protective
against skull fractures and some catastrophic injuries[18]. Even while the football helmet
evolved into a better piece of protective equipment, football players assumed it was
protective against head injuries and spearing became more prevalent, therefore increasing
the rate of fatal injuries and paralyzing injuries [50].
One of the most important rules of helmet safety, is to make sure that it fits
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properly, which is determined by head size. A concern for younger athletes is that they
are not properly fitted for helmets, and in some cases, young athletes not properly fitted
for helmets have used socks to fill in spaces between the head and helmet [33]. Helmets
should also be well-ventilated, allow the player to see ahead and peripherally, be
lightweight, comfortable and sturdy enough to withstand contact and temperature and
weather changes. Helmets are made of hard plastic on the outside and padding on the
inside. Jaw pads, chin straps and face guards are helmet accessories that help to
customize the helmet to each athlete. Jaw pads are inflatable and fit inside the helmet on
each side of the jaw[63]. Chin straps are made of various combinations of plastic,
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padding and steel. They are attached to the sides of the helmet, and the inside rests on the
chin. The face guard, also called a face mask, is the part of the helmet that protects the
face. There are several types, and face mask recommendations are made by the position
played by the athlete. For example, one company has a lightweight face mask that is
recommended specifically for linebackers and fullbacks.
Helmets have evolved from the leather cap to m9re sophisticated polycarbonate,
plastic h~lmets. The first helmet was used in 1893 when the Army and Navy teams
competed against each other[19]. It resembled a leather cap and provided minimal
protection against injury. The first helmets focused more on ear protection and did not
begin to focus on protecting the skull until at least 1915 [64]. Helmets did not become a
required piece of equipment until1939 and 1940 when the National Collegiate Athletic
Association and the National Football league mandated that they be used. More than
thirty years later, safety standards for helmets were created[l9].
Since the hard plastic helmets were first introduced, research has been devoted to
improving the helmet's capability of absorbing energy from a hit [50]. The National
Operating Committee on Standards for Athletic Equipment (NOCSAE) was founded in
1969, and its purpose was to oversee studies to make equipment safer[19]. When first
testing helmets for durability, hits were simulated for impact from every direction- the
front, sides and rear. Also, the helmets were tested to endure multiple hits on various
surfaces and in different weather conditions. Researchers found that the helmets were
better than a bare head and that padding on the inside helped with absorbing energy from
hits. As the helmet evolved, the parts of the head that are more susceptible to injury, such
as the cranium, were improved in order to reduce the risk of injury.
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Helmet technology has become sophisticated. Companies are focusing on
designing helmets to decrease the risk of concussion[18] Today, there are helmets, such
as the Riddell Revolution IQ HITS helmet, that can measure the impact and severity of
hits [20]. Not every high school football player wears this helmet. It is expensive and
costs $1030.99. Many youth athletes wear other helmets from the Revolution line. The
prices start at $201.99, and they come with a disclaimer that the helmet will not prevent
severe football injuries.

2.1.6.2 Mouthpieces
Mouthpieces, also called mouth guards, are used to protect the mouth[65]. They
attached to the facemask on the helmet. Mouth pieces are mandatory in high school
football, and professional dental organizations recommend that they be used in
sports[66]. There are three types. Custom mouthpieces are the most expensive. They
require a professional, such as a dentist, to create and may be the most protective against
injuries to the mouth A popular mouth piece is the boil and bite. Fitting the boil and bite
mouth piece involves dipping the mouth piece in boiling water for thirty seconds[67].
Once it cools, the athlete bites down on it, creating a custom fit, and rinses the guard with
cold water. An advantage of using this mouthpiece is that it is inexpensive. It can be
purchased for approximately two dollars but may need to be replaced regularly[63].
Stock mouth guards can fit over braces but usually do not fit well. Studies have shown
that mouth guards reduce the force to the teeth by as much as 40.8-63.9%[65]. To date,
no research has concluded that mouth guards are protective against concussions [2, 18,
41, 68].
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2.1.6.3 Neck Rolls
Neck rolls, also called shoulder rolls, football collars, cowboy collar, butterfly
restrictor, or neck pads, offer an extra layer of protection by absorbing energy from
hits[19, 69]. Neck rolls also reduce motion of the neck when football players come in
contact, usually during a block or tackle[70]. They attach to the shoulder pads and help
keep the helmet in place. They are fairly inexpensive, ranging from less than ten dollars
to sixty dollars[71, 72]. They were widely used in professional football between 1970
and the 1990's, but they lost their popularity.
There is limited literature regarding the role of neck rolls in football safety.
However, one study tested three different neck rolls and found that all three were more
effective in reducing injury than just wearing a helmet and shoulder pads without it.
Without the neck roll, the neck could be extended over a ninety degree angle. In this
study, neck rolls were effective in reducing movement of the neck by more than twentyfive degrees, but they still allow for movement, not completely preventing injury. A
limitation of this study was that it was conducted in a laboratory-controlled setting, and
no other studies have been able to conclude that neck rolls were effective during a game
or practice[69]. When surveyed for the perceptions of protective equipment in the mid1990's, 40% of Louisiana high school football players thought that neck rolls were
protective against spinal cord injuries [73]. Neck rolls are not protective against spinal
cord injuries. Neck rolls are still believed to be of cosmetic value and not necessarily
protective in football. Some have even indicated that neck rolls were more of a football
fashion trend than a piece of protective equipment[ 69].
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2.1.6.4 Other Protective Equipment
Shoulder pads are used to protect the upper torso[74]. In young athletes, sizing is
determined by the athlete's weight. In older players, sizing depends on shoulder width
and chest size. Knee, thigh and hip pads add extra protection to the knees, thighs and
hips[75]. Knee and thigh pads come in pairs, and there are three hip pads. Compression
garments are worn under the uniform and serve the purpose of absorbing sweat from the
body[76]. They are available in shirt form or girdles. Some have padding sewn into the
garment.

2.2
2.2.1

Concussions
llisto~

Traumatic brain injuries were documented throughout history, with some cases
dating back millions of years ago[77]. Head injuries were mentioned in the work of
Hippocrates and in an ancient Egyptian papyrus paper[78]. Although a concussion is a
mild traumatic brain injury, the first concussion definition in medical literature was by
Rhazes in 900 A.D .. The definition of a concussion has evolved since then, and several
centuries later, there is much to learn about concussions, especially in sports. More
research has been dedicated to concussions have become an increasingly researched
topic[79].
The first international conference on sports concussion took place in 2001, where
experts discussed the importance of protective equipment and suggested that more
research needed to be conducted to determine if there are genetic risk factors and imaging
techniques to detect concussions[41]. Since the first meeting, there have been three
additional international meetings. The 4th International Consensus Conference on
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Concussion in Sport took place in November 2012, but the results have not yet been
published[80].
The medical community is not on the same page with identification, treatment and
diagnosis concussions are still not fully understood [46]. Before more extensive research
was conducted and compelling data were collected, concussions were not a serious issue
to the medical community[81]. There are professionals who are still not convinced that
the science is valid. It has been suggested that physicians need to be properly educated on
the dangers of concussions and by doing so, this knowledge will be applied when they are
treating patients who have sustained concussions[82].

2.2.2

Causes
In contact sports, such as football, concussions most commonly occur when there

is physical contact with another athlete, usually during a tackle [83, 84]. A concussion
can be caused when an athlete is hit in the head, but the head can receive residual force
when an athlete is hit in places besides the head[ 46]. The second most common means of
sustaining a concussion occurs when an athlete falls or when an athlete comes in contact
with a piece of equipment not worn by another player. In one study of high school
athletes, more than half of the concussions occurred when the players' heads
collided[85]. Also, a large number of concussions were the result of head-to-body
collisions, and the least number of concussions occurred when the athlete hit the ground.
In another study, more than twenty percent of concussions took place when the player
was tackling a football player on the opposite team [83]. Almost seventeen percent of
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concussions occurred when the player was being tackled, and almost fifteen percent
occurred when blocking a tackle.
Originally, it was thought that the effects of concussions were short-lived because
recovery times for most athletes were estimated to be one week[85]. However, further
investigation has revealed that there may be long-term effects of hits to the head.

2.2.3

Symptoms
There are several concussion symptoms. The Centers for Disease Control and

Prevention (CDC) has classified concussion symptoms into four categories
(Figure 2-3)[86]. After sustaining a concussion, a person may experience trouble with
short term memory and concentrating. They may also experience physical symptoms or
difficulty sleeping. The most commonly reported symptoms include headache and

,_
dizziness [31, 85]. In addition to the symptoms classified by the CDC, studies have
reported symptoms such as hyper activity, ringing in the ears, fatigue, drowsiness,
nervousness, seeing stars [31, 46, 85]. An athlete may experience a seizure after
sustaining a concussion, which could indicate a serious injury, and in that case, the
athlete should be taken to the emergency room[87].
Between 2005 and 2010, concussion symptom reporting for high schools was
consistent with the literature. In general, the most commonly reported concussion
symptom is a headache [8]. High schools athletes most commonly reported experiencing
a headache (85.8%)[88]. Dizziness was the second most commonly reported symptom,
which accompanied two-thirds of concussions. Feeling confused was also a common
symptom and was present in almost half of the concussions experienced by high school
athletes. The least common concussion symptom was loss of consciousness. Even though
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loss of consciousness is the rarest of concussion symptoms, in some cases, athletes have
experienced loss of consciousness for up to a minute and amnesia for more than an hour
after being hit in a game[31].

Physical

-Headache
-Dizziness
-Nausea, Vomiting
-Balance Problems
-Blurry vision
-Lethargy
-Light and noise
sensitivity

I

Memory

-Difficulty thinking
clearly
-Feeling slowed down
-Concentration problems
-Difficulty retaining new
information

I

Mood

-Irritable
-Sadness
-More Emotional
-Nervousness or anxiety

I

Sleep Disturbance

-Difficulty falling
asleep
-Less sleep than
usual
-More sleep than
usual

Figure 2-3. Concussion Symptoms.
(Note: this is an adaptation of the CDC's table of concussion symptoms)

2.2.4

Healing & Resolution of Concussion Symptoms
There is no standard healing rate for each case, and symptom onset may vary as

well. Athletes may heal in less than three days, in a week, or more than a month[31].
Symptoms are usually most persistent during the first couple of days of experiencing a
concussion[89]. In a study of high school students with a total of 544 concussions, most
of the athletes were able to return to football within a week, but there were athletes that
experienced the effects of the concussion for at least a month after injury[85]. It has been
noted that within ten days of injury, an athlete may be more prone to re-injury[31]. This
underscores why it is imperative that athletes receive proper treatment, especially since a
repeat injury before an athlete completely heals can be catastrophic.
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2.2.5

Risk Factors
When playing football, position, speed, style of play, weather, protective

equipment, previous injuries, and age are risk factors for a concussion [46, 61].

2.2.5.1 Positions, Speed & Style of Play
The rate of concussions varies by football position. Athletes in the positions that
require high speed are at a higher risk of sustaining a concussion. Cornerbacks, safeties
and wide receivers run down the field at such high rates of speed. Athletes in these
positions experience a higher rate of concussions due to collisions that occur when they
are running at full speed[2]. It is believed that most concussions occur during rotational
acceleration, where athletes collide at full speed [18, 81].
Almost a fourth of injuries experienced by cornerbacks are concussions[?].
Running backs account for almost half (46.0%) of concussions on offense. Almost twenty
percent of injuries to tight ends are concussions. It is estimated that they are three times
more likely Quarterbacks, running backs. Most concussions happen as the result of a
player being tackled[?]. On defense, high school linebackers sustain more than half of all
concussions at the high school level.
Other study results are not consistent with the previously mentioned statistics.
One study reported that, out of 196 concussions in a season, the most concussions were
experienced by offensive lineman and the least by players on special teams [31]. On
offense, offensive linemen experienced 20.9% of the concussions, followed by running
backs (9.2%), receivers (7.7%), quarterbacks (5.6%) and tight ends (5.1%). On defense,
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the linebackers and defensive backs both sustained the most concussions (16.3%),
followed by the defensive linemen (14.3%).
As previously mentioned, athletes are more prone to injury when they collide with
each other. Aggressive playing combined with improper technique will put a player at a
higher risk of sustaining a concussion[90]. Also, athletes with higher masses at higher
speeds will increase the force of a hit. Historically, tackling with the head down caused
several permanent injuries and deaths. Between 1977 and 1998, two-hundred football
players sustained permanent brain damage from spinal cord injuries. Eighty-two percent
were high school football players, and most of the injured were involved in blocking or
breaking a tackle. A large number of them were using improper technique.

2.2.5.2 Weather
Weather conditions such as rain and snow will make a game slower-paced, but
hot, humid conditions increase the likelihood of fatigue, which could make an athlete
more susceptible to an injury[87].

2.2.5.3 Protective Equipment
As previously mentioned, properly fitted protective equipment is essential.
Otherwise, an athlete may be more prone to an injury[46]. Also, there is an association
between equipment and style of play. An athlete that thinks protective equipment will
provide complete protection from injury may play more dangerously.

2.2.5.4 History of Concussions
Having a history of a concussion is considered the strongest risk factor for a
concussion. Studies have shown that athletes who experience a concussion are likely to
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sustain another concussive event [7, 91]. Oftentimes, recurring concussions occur in the
same football season, sometimes within a week ofthe first concussion [31, 83]. A repeat
injury before the brain has healed can be harmful.
Studies have shown that various rates of concussion history at the high school
level. One study reported than 6.5% (n=184) had previously experienced a
concussion[31]. Ten and twelve percent of all high school athletes that sustained a
concussion had previously sustained a concussion [7, 85]. When compared to athletes
with no history of concussions, those with a history of at least three concussions were
more than nine times more likely to have more severe symptoms, such as losing
consciousness and amnesia during a football game [2, 92]. Having a history of more than
three concussions has also been shown to prolong recovery. High school athletes with
recurrent concussions are more likely to be removed from a sport or take more than three
weeks to recover than an athlete experiencing a concussion for the first time[88].

2.2.5.5 Age
Younger athletes are more susceptible to concussions and longer recovery
times[46]. A younger athlete's brain and central nervous system has not fully
developed[88]. The skull, the bone that protects the brain, is thinner than an older
athlete[93]. Both characteristics may explain why younger athletes have longer recovery
times. Also, during high school, an athlete may experience a growth spurt, which may
increase the force of a hit during a play. Force is equal to mass (weight) times
acceleration (speed) [81]. So, when colliding with a bigger athlete the force is greater.
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2.2.6 Potential Risk Factors
Researchers have theorized that there are other risk factors for concussions.
However, not enough studies have been conducted or the science has not definitively
concluded that they are risk factors. Those potential risk factors include gender, genetics
and history of migraines, the presence of mood disorders, and learning disabilities.

2.2.6.1 Gender
Males, by sheer numbers, experience more concussions than females. While
women experience the same concussion symptoms as men, they experience more severe
symptoms and take longer for symptoms to resolve [2, 88]. Girls are more likely to be
removed from sports as a result of concussions. However, boys are more likely to have
experienced amnesia than girls[88].
Concussion causes differ between boys and girls, which could be due to the
differences in boys and girls sports. Boys are more likely to sustain a concussion when
colliding with another player[88]. Girls are more likely than boys to sustain a concussion
when they come in contact with a surface.
Physical composition is also cited as a reason for gender as a risk factor for
concussion. As previously mentioned, neck muscle development is protective, and males
tend to have stronger neck muscles. Also, it is theorized that there may be hormone
differences to explain why males and females have different concussion experiences and
outcomes. Hormones are chemicals in cells that send messages to other cells [94]. When
released into the bloodstream, hormones may have an effect on the blood flow around the
brain when a concussion occurs. Although sex is listed a potential risk factor for
concussions, more conclusive research is needed.
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2.2.6.2 Genetics
It has been suggested that a variation within Apolipoprotein E (APOE) may be
associated with worse outcomes when experiencing a concussion[46]. APOE plays an
important role in transporting cholesterol and lipids throughout the body[95]. Both fats
and proteins are needed forthe human body to function properly[96]. APOE combines
fats, which are not soluble in aqueous solutions (e.g. -blood), and proteins to form
lipoproteins that move cholesterol through the blood. APOE helps the body to maintain
proper levels of cholesterol in order to prevent conditions such as heart disease.
Cholesterol is important because it is used for constructing parts of the body such as cells
and tissues[97]. Too much cholesterol in the blood can have deleterious effects on health.
Cholesterol buildup can restrict blood flow, thereby causing an event such as a heart
attack.
APOE has been linked to Alzheimer's, which is a disease of aging characterized
by memory loss and difficulty with activities of daily living[98]. In addition to age, risk
factors for Alzheimer's, such as a history ofhead trauma and being a female, are similar
to those of concussions. Genetic studies are limited in demonstrating a genetic
predisposition to sustaining concussions, which is why it is deemed a potential risk
factor[2].

2.2.6.3 History of Migraines
It has been suggested that a history of migraine headaches is a risk factor and
possibly linked to prolonging the duration of the injury[2]. A migraine is a severe
headache [99]. A migraine can be accompanied by symptoms such as light sensitivity,
sound sensitivity, nausea, and vomiting, which are also concussion symptoms. Millions
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in the U.S. suffer from migraines, and there are several causes, such as allergies, stress,
and sleep deprivation. An athlete may experience a migraine after sustaining a
concussion, but there is no definitive association between migraine history and
concussions. Results of one retrospective study found an association between migraine
history and concussions, but more studies are needed to investigate this association.

2.2.6.4 Mood Disorders
Existing mood disorders make concussion treatment a bit more complex, but they
have not been established as a risk factor[2]. Determining the presence of mood disorders
is important because some disorders share similar traits to concussions[46]. Also, studies
have shown that athletes who experience head trauma are more likely to suffer from
depression[2]. Anxiety and depression are common mood disorders. Depression is an
illness where a person experiences extended periods of sadness that may keep a person
from leading a normal life [1 00]. Anxiety is characterized by nervousness and fear [1 01].
More than 40 million adults in the U.S. suffer from anxiety disorders. There are several
anxiety disorders such as social phobias and post-traumatic stress disorder.

2.2.6.5 Learning Disabilities
Individuals that are diagnosed with learning disabilities have problems related to
learning [102]. Oftentimes, those problems are related to activities such as reading,
writing and comprehension. Learning disabilities are considered a potential risk factor for
concussion because the presence of a learning disability may delay recovery time from
concussion[2]. Also, a person with a learning disability may experience problems
concentrating and remembering, which are both concussion symptoms.
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2.2. 7

Concussion Rates
Concussion rates are difficult to estimate due to underreporting, unreported

concussions and lack of proper diagnosis, but concussion incidence is presented in
various ways in the literature. The rates have been reported as 5.6% but as high as 15%
when taking into account unreported concussions at the high school level [46]. The
highest rates of traumatic brain injuries occur in 10,..19 year olds[47]. Studies have shown
that football accounts for more than half of sports-related concussions at the high school
level [85].
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Concussion rates have increased over time. In the mid-1990's concussion
incidence was estimated to be as low as 0.33 concussions per 1000 athlete exposures and
less than ten years later were 0.64 concussions per athlete exposures[2].
Rates are reported in actually numbers, percentages, the number of concussions
per athlete exposure and ranges. The following rates were reported in various
publications:
•

1 out of every 5 football players[34].

•

3.8 million sports concussions per year.

•

Between 1.6 and 3.8 million sports concussions per year [103, 104].

•

2.5 sports concussions per 100,000 athlete exposures.

•

76.8 football concussions per 100,000 athlete exposures [84, 103].

•

64 football concussions per 100,000 athlete exposures [7, 103].

•

High school athletes sustain 136,000 concussions every year[85].

•

2417 concussions at the 100 high schools between 2005 and 2010. Approximately
87.3% were incident concussions and 12.1% were recurrent[88].
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•

732,805 in high school sports between 2005 and 2010.
During a game of football, the most concussions are sustained during play where

the athletes were running at high speeds[7]. Given that football is a high contact and high
collision sport, it is not surprising that almost 90% of concussions occur as a result of
contact.

2.2.8

Diagnosis and Recommended Treatment
Diagnosing and treating concussions in athletes has been the subject of much

discussion in recent years. Diagnosing a concussion relies heavily on the athlete to report
symptoms[23, 33]. An effective concussion management program is the foundation of
concussion prevention[50]. Not receiving proper treatment can lead to deleterious
outcomes, such as post-concussion syndrome [18]. Post-concussion syndrome is a
condition where concussion symptoms last for months or years.

It is essential that a person who sustains a mild traumatic brain injury receives
treatment. Professionals recommend that players should not return to the sport until
symptoms have cleared[2]. Before these recommendations were made, football players
would continue to play with symptoms, increasing the risk of second impact syndrome.
Second impact syndrome is marked by brain swelling [50]. Second impact syndrome can
also cause a potentially fatal disruption in the blood-brain barrier [61]. The blood-brain
barrier protects the brain, and during an event such as traumatic brain injury, a
disturbance can cause the brain and spinal cord to become compromised[105].
Most concussions resolve within three days, and most athletes return to the sport
within seven to nine days[8]. A major concern is an athlete reinjuring the brain. The
recommended treatment for a concussion is to rest the brain.
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Since there are a wide range of concussion symptoms, it is recommended that
treatment focuses solely on the patient's individual needs[106]. Baseline testing, or
testing for an athlete's mental status before the football season, is recommended. In the
event an athlete experiences a concussion during the season, the post-concussive
assessment can be compared to the baseline test to observe differences. The baseline
assessment should ask the student about past concussion experience because previous
concussion experience is a risk factor for sustaining another concussion[2]. Gathering this
information may be limited by an athlete's ability to recall experiencing a concussion,
and many are unaware that they experienced a concussion in the past. Several tests have
been developed that allow health professionals to quickly diagnose concussions.
Irrespective of the level of competition, it is recommended that all athletes follow
the same guidelines regarding treatment and returning to play[107]. Resting the brain is
an important part of concussion management [107]. Even at the first International
Conference on Concussion in Sport, it was suggested that athletes who sustain a
concussion should be removed from play[41]. A team of health professionals is needed to
have a solid concussion management program, but not all high schools throughout the
country have the resources for a certified athletic trainer [50, 106]. The athlete should be
evaluated by a medical professional, but concussion management also depends on a
parent or other relative that would take care of the athlete at home [106, 107]. There is no
standard return-to-play recommendation because each concussion case will be different.
However, it is recommended to follow a stepwise process when considering return-toplay. The first step is to completely rest the brain and body. The athlete should not
exercise. The other steps are for the athlete to slowly reintroduce physical activity before

46

resuming activities for the sport. For contact sports, the next step would be to incorporate
exercise with no contact involved. This step focuses on coordination and estimating how
the brain is functioning. The last two steps are to resume regular practice and fully return
to the sport, but the athlete must be medically cleared.

2.2.8.1 Brain Imaging
Brain scans are a standard routine, after a suspected concussion, to see if there are
lesions on the brain[l07]. However, imaging techniques such as Magnetic resonance
imaging (MRI), Computer Tomography (CT), and positron emission tomography (PET)
scans are more reliable for diagnosing severe brain trauma, but do not provide an
adequate means of detecting a concussion [2, 108]. An MRI scan uses magnetic fields to
view internal organs, tumors, and infections throughout the human body [109]. ACT
scan is an imaging technique that involves several x-rays to create images of the
body[llO]. Like an MRI, aCT scan can look for diseases and abnormalities within the
body but it exposes the patient to radiation. A PET scan is used to take images of tissues
and organs [111]. Radioactive dye is injected in the vein. The tissues and organs of
interest absorb the dye within an hour so that doctors can view the tissues and organs.
The scan can take an addition hour. An advantage to using a PET scan is that it can detect
changes taking place within tissues and organs, which may point out disease formation.

2.2.8.2 Concussion Screening Tools
There are several commonly used concussion screening tools, such as the
Maddocks Questions, Standardized assessment of concussion (SAC), Balance Error
Scoring System, Sport Concussion Assessment 2, and the NFL Concussion Tool.
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2.2.8.2.1 Maddocks Questions
The Maddocks Questions are a series of questions that athletes answer on the
sidelines. These questions specifically ask about the location, score, opposing team and
. simple information about the game being played[112]. These questions have been
modified and incorporated into the NFL Sideline Concussion Tool and the Sport
Concussion AssessmeJ;J.t.

2.2.8.2.2 Standardized Assessment of Concussion (SAC)
The Standardized Assessment of Concussion is used to detect sports concussions
and brain function after sustaining concussions [113, 114]. The SAC takes approximately
five minutes. It asks questions about the month, day and time as well as reciting numbers
and words. There is a physical portion of the test that involves activities such as jumping
jacks and push-ups. For the neurological screening part of this test, the health
professional administering the test makes comments regarding loss of consciousness,
memory problems, strength, sensation and coordination. A summary score is calculated
for orientation, immediate memory, concentration and delayed recall. This assessment
has also been incorporated into other concussion screening tools.

2.2.8.2.3 Balance Error Scoring System (BESS)
The Balance Error Scoring System is a quick test that takes between five and
seven minutes[2]. BESS tests for the_effect a concussion has on balance. Oftentimes,
balance is affected after sustaining a concussion, and balance is usually restored between
three and seven days after the injury. This test is performed using two surfaces, usually a
firm floor and foam. The athlete performs a few twenty-second tests on both surfaces.
The athlete is asked to stand with both feet on the ground and the foam, stand on one leg
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and other stances[115]. This test has been shown to be reliable for detecting balance ,
problems resulting from concussions. However, professionals have questioned its validity
with slight changes in balance.

2.2.8.2.4 Sport Concussion Assessment 2 (SCAT2)
The Sport Concussion Assessment 2 (SCAT2) is a comprehensive sideline
assessment that can be used to evaluate concussions. It can be used on athletes that are at
least ten years of age and is to be used by health professionals. There are eight
components to this assessment. Firstly, it evaluates concussion symptoms, based on how
the athlete feels. A symptom score is created based on the number of symptoms. The
second component of the test assesses physical symptoms. A score is tabulated and each
negative symptom receives one point. The third portion is the Glasgow coma scale,
which is a tool used to asses brain injuries [116]. This scale measures eye movement and
responses as well as verbal and motor responses (e.g. -understanding simple
instructions). The fourth section incorporates the Maddocks Score where the athlete is
asked specific questions about the game (e.g. - "At what venue are we today?"). The fifth
section is the cognitive assessment which has a couple of components. They athlete is
asked about the present month, date and year. Then the athlete is asked to repeat a series
ofwords and numbers. SCAT2 also gauges balance, cooniination, and additional
cognitive testing to see if the athlete is able to recall items from the previous portion of
the cognitive assessment.

2.2.8.2.5 NFL Sideline Concussion Tool
The NFL Concussion Tool is the sideline assessment used to evaluate
professional athletes in the National Football League. The athlete is asked to complete the
49

first portion of the assessment which asks questions about concussion history and risk
factors. It also asks the athlete how he feels on a scale of zero to six. Zero means that the
athlete is not experiencing the symptom, and six means that the symptom is severe. This
question is asked for twenty-four concussion symptoms.
The second portion of the tool is completed by the medical professional
administering the test, such as an athletic trainer or physician. Items from the
standardized assessment of concussion (SAC) tool and the balance error scoring system
(BESS) are incorporated into this portion of the assessment. From the BESS tool, it asks
the player to perform a series of functions involving balance of the arms, legs and feet. A
higher score indicates that the athlete is having balance problems. Items from the SAC
tool include the athlete to indicate the present month, day, and year and to also recall a
series of words and numbers.

2.2.9

Unreported Concussions
It is believed that many concussions, between 50% and 90% are not reported, and

a large number of individuals who sustain traumatic brain injuries are not treated by
medical professionals[18]. The literature cites three primary reasons for underreported
and unreported concussions, such as the athletes not lmowing they are experiencing a
concussion or purposely not reporting a concussion to remain in the game or the coach
and staff may not be familiar with identifying a concussive event[47]. Not reporting
concussions is an issue that is not limited to football. It happens in other sports, like
Rugby, which has strict regulations regarding concussion and concussion
management[117]. In fact, athletes have reported steam pressure as a means of not
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reporting concussions, and there are athletes that believe that even in cases of
championship games, that an athlete should still compete.
In one study of 1532 high school football players that were given a confidential
survey, 30% had experienced a concussion, but only half of them reported the concussion
to their coaches, athletic trainers, parents, teammates or other individuals. [28]. Most of
them felt that the injury was not serious enough to report it. Other athletes did not want to
sit out the rest of the game or disappoint the team, which is an indicator of how
competitive of a sport football has become. In addition to the athletes who purposely did
not report experiencing concussive symptoms, more than a third of the respondents that
experienced a concussion did not what they experienced was a concussion.

2.2.10 Concussion Prevention
There are no surefire ways of completely preventing concussions. However,
creating concussion management programs to actively identify the signs and symptoms,
creating policies and raising awareness and education have been identified as effective
strategies to potentially reduce the risk and burden of concussions in sports[118].
Concussion prevention is linked to education, awareness and an effective treatment
program[ 50].
Many youth coaches are not required to be certified[39]. Although many coaches
do not receive concussion education, educating coaches has been a worthwhile
endeavor[39]. Many coaches understand that a concussion is a brain injury, but the depth
of their understanding varies. Coach education is significantly associated with correctly
identifying concussion symptoms[39]. In one study, coaches were able to identify
common concussion symptoms. Among those symptoms were headaches, confusion,
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dizziness and sleep disturbances[39]. Lesser known-symptoms, such as sleep
disturbances, are not readily recognized [39]. Inconsistencies in education do exist. Even
some ofthe most experienced coaches are not well-educated on concussions[39]. Many
coaches do not consider themselves to be well-educated on concussions[119].
Concussion knowledge and education is important. In one study, more than half of the
participating schools did not have an athletic trainer on staff1120]. Even coaches have felt
that athletes do not report concussions[120]. Others would seek medical advice before
allowing a student to return to play[120]. Even when guidelines are in place and widely
publicized, athletes may not be knowledgeable[117].

2.3

Lasting Effects of Concussions & Future Health of Football Players
While the effects of concussions have been thought to be temporary, they may be

long lasting[4 7]. Some professionals recommend that athletes experiencing repeat
concussions within a brief period oftime should be removed from competition for
months and possibly stop playing the sport altogether[4 7]. Research studies on the
effects of multiple concussions have not been conclusive. However, a meta-analysis of
eight studies showed that delayed memory and decision-making were associated with
having sustained multiple concussions, but the overall effects of multiple concussions
were inconclusive [121]. Another study demonstrated long-term effects to verbal memory
in athletes with a history of three or more concussions[122]. However, this study had a
small sample size (N=26), relied on self-report and did not show statistically significant
impairments in visual memory, reaction time and processing speed, all of which are
elements of cognitive function. Studying the effects of multiple concussions is a
relatively new undertaking in concussion research.
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Studies suggest that former football players suffer from a number of health
ailments, including cardiovascular disease, knee problems, memory loss, sleep apnea,
diabetes, high cholesterol, high blood pressure, concussions and joint pain [123 -126].
Researchers found an association between concussion experience and depression [124,
127]. Football players with previous concussion experience are more likely to be
diagnosed with depression, and that risk triples when an athlete has experienced three or
more concussions. These health issues have received extensive media coverage,
generating concern about the future health of football players. Chronic traumatic
encephalopathy is the outcome that many athletes are very concerned about because it
has been diagnosed in former athletes that had no previous history of concussions[128].

2.3.1

Future Health of Football Players: Chronic Traumatic Encephalopathy
Chronic traumatic encephalopathy (CTE) is a major concern for many athletes

because it is a disease characterized by brain deterioration. It is unlike other diseases of
an aged brain because there is no particular age of onset[129]. It can occur in young
individuals as well as older ones. CTE was identified in boxers, long before football
players. The first confirmed case of CTE in a football player was less than a decade
ago[128]. CTE has also been observed in athletes with no history of concussions[51].
Currently, CTE can only be diagnosed post-mortem, by tissue staining of brain
samples and interviewing family members of the deceased athletes.

Sin~e

the only

reliable means of confirming the disease is post-mortem, rates of CTE are unknown. This
method of diagnosis is subject to bias, due to increased awareness of CTE in popular
media. Since the diagnosed persons are deceased, sometimes by means of suicide, the
family members may overreport symptoms or conditions related to the deceased athlete's
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case. Also, this method does not allow the athlete to report the symptoms that he
experienced with the disease.
Today, there are several initiatives in motion to study this disease. Deceased
athletes have contributed their brains to research [130, 131]. Other athletes have even
committed to donating their brains before showing any signs of the disease, simply to
help advance the research[132].
Researchers are actively searching for means of diagnosing CTE in living
persons. One group found that CTE forms long before physical symptoms manifest. The
Professional Brain Health Study prospectively studied 109 boxers using MRI scans[133].
They found that, in boxers who participated in the sport for six years, the hippocampus,
the part of the brain responsible for memory, and thalamus, the part of the brain
responsible for alertness, were reduced in size. However, the athletes did not display any
physical signs of dementia such as memory loss. After twelve years of boxing, the
athletes did display physical signs of dementia. Those findings were considered
preliminary but important, especially since after a concussion, most brain imaging
techniques usually show no structural changes to the brain[134]. It was suggested that
this could possibly be used in 0-e future to advise athletes on when to discontinue playing
football.
Most recently, a research group detected signs of CTE in living athletes in a small
pilot study of five former NFL athletes between the ages of 45 and 73[135]. All ofthe
former athletes had various previous diagnoses of head injuries, with a wide range of
symptoms such as memory loss after experiencing concussions. They created a new
technology, 2-(1-ethylidene) malononitrile-positron emission tomography (FDDNP-PET)
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scan. The injectable dye binds to tau protein, which is considered to have a major role in
the progression of CTE, allowing for them to look for signs of an aging brain. Each
athlete's scan revealed tau protein in the area ofthe hippocampus. This research is in its
early stages and is ongoing.

2.3.2

Tau Protein
As previously mentioned, CTE has been diagnosed postmortem by staining brain

tissues for the tau protein. The theory behind the progression of the disease is that, where
the head trauma occurs, this protein accumulates and spreads to other parts of the
brain[l29]. The tau protein is found in brain cells [136, 137]. Its role is to act as a
stabilizer of microtubules, which are responsible for cell shape, movement and
division[138].
Not all professionals agree about the role of tau in the disease. There are two
schools of thought regarding the tau protein and chronic traumatic encephalopathy. There
are experts who ascribe to the theory that when the brain experiences trauma, buildup of
the tau protein causes the brain to deteriorate[33]. Others believe that it is too soon to
conclude that tau protein buildup causes CTE. Although the tau protein is present, a
causal relationship between concussions and the tau protein bundles has not been
established. Some have even said that the link between football and chronic traumatic
encephalopathy has not been established[44]. It is believed that tau buildup is due to less
traumatic incidents to the brain, which are not deemed as concussive events[47].

2.4

Concussion Education
Several publications note that, in order to decrease the concussion rate in youth

sports, parents, coaches and the athletes should receive proper education [46]. Younger
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athletes may not be familiar with concussion symptoms. Therefore, they may not report
them to their coaches and athletic trainers.
Not many studies assess concussion education after legislation has been passed.
However, one study found that even though the legislation mandated concussion
education for athletes, parents and coaches, that there was still room for
improvement[139]. This study took place a year after the legislation was passed. They
were unable to collect a baseline data to $ee if the law was effective in increasing
concussion knowledge. Medical professionals treating concussed athletes were wellaware of the state laws, but almost half of them responded that the laws did not affect
their concussion management programs.

2.4.1

Tackling Technique
Since football is a high collision sport, injuries are quite common. One study

followed football players for a year and reported that 80% of the athletes experience
injuries[48]. Not being taught proper technique was cited as one of the possible reasons
for the high number of injuries. Foul play was also cited as a cause for injuries.
Learning proper tackling technique is essential for athletes. Usually, coaches
teach their athletes how to tackle and block tackles. Tackling technique has been linked
to an increased risk of serious injury for decades[19]. When developing helmet safety
standards, the Director of Sports Medicine at Temple University Joseph Torg noted that
tackling methods were an essential part of injuries sustained while playing football[19].
Tackling techniques have evolved. Spearing came about in the 1950's as a result
of players being instructed to taclde by holding up the head while aiming for an
opponent's chest before hitting his shoulder[50]. The shoulder was supposed to be the
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primary point of making contact with the other player, but it progressed into spearing,
thus increasing the number of fatalities. Spearing is a technique where the football player
uses the head as the primary point of contact with another player. It is unsafe, and can
lead to very serious injuries. It was not until the mid-1960's that spearing became a
prevalent tackling technique in which the player used the front of the head to tackle.
Spearing was prohibited in 1976, after spearing caused numerous injuries.
Today, spearing is outlawed in football. Even though it was first banned in 1976
at the high school level, it still happened[90]. The National Federation of High School
Associations banned all forms of spearing, and blatant blows to the head are illegal[140].
If a player is caught spearing, he will penalized. The proper and safest way to tackle and
block a tackle is to use a technique called "head-up" where the head is up but not the first
part to contact the opponent[50]. Researchers recommend that coaches teach athletes to
not use the head as a means of confronting another player on the field and to keep their
heads up when they are approaching another athlete to make contact [90].

2.4.2

Centers for Disease Control and Prevention -Heads Up: Concussion in
Youth Sports
The National Federation of High School Associations collaborated with the

Centers for Disease Control and Prevention (CDC) to offer a free concussion course that
specifically addresses . concussions in all seventeen high school sports[141]. By the
beginning August 2011, more than 200,000 had taken this course. This course was
adapted from the Heads Up: Concussion in Youth Sports course.
A large number of individuals receive their information about concussions
through various news media outlets, but the CDC has a wealth of information available.
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Heads Up is a free course available on the CDC website[142]. The purpose of this course
is to increase concussion awareness and education. In addition to emphasizing safety, the
training course stresses that it is the coach's responsibility to intervene when an athlete
ha:s sustained a concussion. The course consists of an eight page document with five
lessons and a summary and considers all concussions to be serious. The course also
covers signs and symptoms and stresses the importance of resting the brain before
continuing playing the sport. It even includes pre- mid- and post-season checklists and
emphasizes the slogan, "When in Doubt, Sit them Out."

2.5
2.5.1

Regulatory Organizations
Louisiana High School Athletic Association (LHSAA)
The Louisiana High School Athletic Association is the organization that regulates

high school sports in the state of Louisiana [143]. It currently oversees 27 sports
programs. There are fourteen boy sports and thirteen girl sports. There are 390 member
schools in the state of Louisiana. Each year, the LHSAA verifies over 90,000 student
athletes, 5,000 officials and 8,000 coaches. Founded in 1920, it originally began with just
one classification and has grown to accommodate seven classes, which are determined by
student enrollment- Class 1A (240 students and below); Class 2A (241-418 students),
Class 3A (419-646 students), Class 4A (647-1101 students), Class SA (at least 1102
students), Class B (89-240 students) and Class C (88 and below). Class Band Class C
schools do not have football programs.
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2.5.2

National Federation of State High School Athletic Associations
The National Federation of State High School Athletic Associations (NFHS) is

the national organization responsible for the rules that regulat~ high school sports across
the country[144]. It was also founded in 1920 and provides many services to all fifty
states' high school athletic associations and the District of Columbia. Its policies affect
approximately 18,500 high schools and more than 11 million high school athletes. The
NFHS provides education and awareness for sports related activities and offers courses
on various topics such as coaching and first aid. Coaches can obtain certifications through
the NFHS. The NFHS teamed up with the CDC to create a free concussion course. The
NFHS has a history of facilitating initiatives to make sports safer. The NFHS was one of
the organizations that supported collecting football injury data[50].

2.6

Concussion Legislation
Concussions occur in sports that are played with and without helmets[2].

Concussion rates have increased over time but the number of severe and fatal injuries
have not increased, mostly due to policy changes[2]. Laws addressing concussions and
local initiatives are important to address the gaps in knowledge for anyone involved in
the sport.

2.6.1

History of Concussion Legislation
Changing rules in football is credited with decreasing the number of catastrophic

injuries as well as preventing injuries[ 50]. Changing the rules of football dates back to
1905, when President Theodore Roosevelt intervened after there were eighteen football
fatalities[ 50]. He and other figures of authority were adamant about changing football to
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make it safer and had even considered discontinuing it. Football was removed from
institutions, such as Columbia University and later reinstated.
Throughout history, policy changes have reduced injury rates, even though
protective equipment has become more sophisticated[2]. Some have even argued that
implementing policy changes has been a more effective means of decreasing injury rates
than improving protective equipment, particularly because equipment cannot prevent all
serious injuries [1 03]. It was not until1931 that football injury data were collected so that
trends could be studied in order to find ways to make football safer [50].
Between 1945 and 1999, there were 718 deaths resulting from playing football.
More than two-thirds were brain injury deaths, and the rest were spine injuries. Most of
the injuries happened during a game, and seventy-five percent of the catastrophic brain
injuries happened in high school football. When spearing was most popular, between the
late 1960's and the mid-1970's, severe injuries were at their highest. After spearing was
prohibited, the rates of catastrophic injuries decreased. Between 1965 and 1969 there
were more than a hundred football deaths, and in the subsequent five years, there were
more than sixty deaths. After spearing was outlawed, there were less than forty football
fatalities between 1975 and 1979. The rates continued to decline after then, especially
after helmet safety standards were developed.
When the first international conference on concussion in sports met in 2001,
experts recommended removing an athlete from competition if suspecting of having a
concussion [41]. Even with the professional recommendations in place, removing
potentially concussed players from play was not a widespread practice, and laws
mandating removing youth athletes from play were not passed until 2009.
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Washington state was the first state to pass youth concussion legislation in 2009
[42, 145]. This law, House Bi111824, was named after Zackery Lystedt, who sustained
permanent injuries after continuing to play in a middle school game in which he suffered
a concussion. He rested his brain for approximately fifteen minutes before returning to
play and then sustained an additional injury that resulted in a brain hemorrhage and a
two-year hospitalization[40]. Zackery's story gained social momentum. Professional
sports and community organizations supported passing a law to protect youth athletes.
Richard Adler, an attorney and former president of the Brain Injury Association, drafted
the bill[40]. He had been in support of youth concussion laws prior to Zackery's injury,
but Zackery's case highlighted the urgency of creating the law.
Under this law, if an athlete under the age of eighteen has sustained a concussion
or displays signs of experiencing one, the athlete must be removed from competition. The
athlete must then be cleared by a health professional with proper credentialing to treat
concussions in order to return to the sport. There is also an education component of this
law. Parents, coaches and athletes must receive annual concussion education.
After the Zackery Lystedt Law was passed, it prompted two hospitals in Seattle to
create a sports concussion management program for athletes of all ages. This program
focuses on evaluation, treatment and clearing athletes to return to sports. The Zackery
Lystedt law also started a national movement for other states to pass concussion laws. By
2012, thirty-four states and Washington, D.C. had passed youth concussion laws[40]. To
date, forty-three states, Louisiana included, and the District of Columbia have passed
youth concussion legislation [42]. Michigan, Ohio, South Carolina, and West Virginia are
in the process of passing legislation. Montana, Maine and Mississippi do not have
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concussion laws. Each piece of legislation varies, and it is recommended that additional
researchers conduct additional studies to determine the effectiveness of these laws.
Concussions have even prompted Congressional hearings[21]. Chris Nowinski, a
former collegiate football player, former professional wrestler, and current Co-director of
the Center for the Study of Traumatic Encephalopathy at the Boston University School of
Medicine, has given two testimonies to the United States House ofRepresentatives[21,
146]. In both testimonies he outlined why concussions in sports are of great public health
importance.
One of the more recent policy changes occurred in 2012 when the National
Federation of High School Associations established the rule that a'football player is
required to sit out one play if his helmet comes off during a play[22]. This rule was
created because many states reported_ that helmets were coming off players' heads during
games. In addition to this rule, the NFHS highlighted the importance of proper helmetfitting.

2.6.2

History of Sports Injury Initiatives in Louisiana
In Louisiana, increasing rates of concussions caught the attention of legislators,

and in 2011, the state legislature passed youth concussion laws. The state of Louisiana
has a history of legislative efforts to increase awareness of sports-related injuries.

2.6.2.1 Louisiana Spinal Cord Injury Initiatives
In the 1980's, there were high rates of cervical spinal cord injuries sustained by
high school football players in Louisiana[73]. Excessive force when playing football was
the main cause of these injuries. To mitigate this issue, the Louisiana Sports Medicine
and Safety Advisory Council enlisted the help of various health agencies to create an
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eight-minute video to,bring awareness to the dangers of dangerous tackling techniques.
Wide distribution of the video did not result in a decrease in the number of spinal cord
injuries. The U.S. Centers for Disease Control and Prevention, the Louisiana Office of
Public Health and the Tulane Institute of Sports Medicine hosted a conference as another
effort to decrease the rate of spinal cord injuries. However, there was no decrease in the
rate of spinal cord injuries. Therefore, they conducted a study to gauge the perceptions
and knowledge of safe tackling techniques in high school football players in Louisiana.
Many of the players thought that protective equipment would prevent injuries.
Approximately 40% believed that the neck roll was protective, and 18% thought the
helmet would protect them against a spinal cord injury. Also, high percentages of the
respondents were using improper tackling techniques during games.
Lawrence et. al suggested that coaches and team physicians take a more active
role in injury prevention, especially since the high number of players that engaged in
dangerous tackling methods reported that their coaches taught those techniques[73].
There were also several other recommendations, such as the school districts to ensure that
coaches, referees, parents, and student-athletes are educated on the dangers of improper
tackling. Also, they mentioned that teaching proper tackling techniques as early as
possible is important because it allows for players to adopt good practices at an early age.
Other suggestions included increased strengthening of neck muscles, properly
implementing rules against improper and illegal tackling, ensuring that the appropriate
emergency medical personnel, such as a physician or athletic trainer, are on hand for
games.
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2.6.3

Legislation in Louisiana- Act 314 "Louisiana Youth Concussion Act" (2011)
The Louisiana legislature recognized the dangers of concussions and that

premature return-to-play was detrimental to youth sports participants. Senate Bill No.
189, also known as the Louisiana Youth Concussion Act, outlined concussion education
requirements in the state ofLouisiana [43]. This Act was passed in 2011. Its primary foci
were awareness, education and prevention. This law applies to public and private
elementary, middle, junior high, and high schools. In accordance with professional
recommendations, this law requires all youth athletes who sustain a concussion to be
removed from a game. It also touches upon return-to-play guidelines. Coaches are
required to remove an athlete from competition if he displays any signs of a concussion,
regardless of whether or not it is reported by the athlete, athletic trainer, official or a
certified health care provider. Upon removal from play, it is the coach's responsibility to
inform the parent or legal guardian, and the athlete cannot return to play until evaluated
and cleared to return by a medical professional. If the football programs comply with
these regulations, the program and school are not held liable for concussions sustained by
athletes.
This bill also requires concussion education for everyone involved in youth
sports, such as parents, coaches, and athletes. Coaches and officials are required to take a
course on recognizing concussions every year. The concussion education course
addresses identifying the signs and symptoms of concussions, proper post-concussive
medical assessments, and proper return-to-play protocol, which are covered in the CDC's
Head's Up: Concussion in Youth Sports training course and material from the National
Federation of State High School Athletic Associations. All youth athletes, parents and
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legal guardians are required to sign a waiver, recognizing that they have read information
pertaining to concussions and the state's return-to-play guidelines.

2.6.3.1 Youth Concussion Initiative in Louisiana
After the Louisiana Youth Concussion Act was passed, the Louisiana High
School Athletic Association's Sports Medicine Committee collected baseline data to gain
a better understanding of Louisiana high school athletes' concussion knowledge and
perceptions of injury risk.
2.7

Purpose
Making football a safer game takes a multifaceted approach that requires athletes

to be taught proper techniques and safety, proper protective equipment, and rules
designed to protect players. As previously mentioned, the major tenets of concussion
prevention involve protective equipment, organizational and legislative policy
changes[ 50].
In order to gain a better understanding of the gaps in knowledge of athletes, it is
important to gauge the extent of their concussion knowledge and education. This study
aims to answer critical questions regarding concussion knowledge and education and
attitudes regarding the effects of football on future health in a subset of high school
football players in the state of Louisiana. For this study, data from the Louisiana High
School Athletic Association's cross-sectional concussion knowledge survey will be used.
While experts in the field consider concussion education to be vital to the effort of
decreasing concussion risk, there are only a small number of studies that have aimed to
capture concussion knowledge and education of high school football players. The
majority of the studies focus on the medical professionals treating players, such as
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certified athletic trainers, or coach education [120, 147-150]. Those studies are important,
but it is imperative to gauge the education levels of athletes, especially since concussion
reporting heavily relies on the athlete to report concussion symptoms to coaches and
trainers.
2.8

Theoretical Model
Figure 2-4 represents the theory behind this research. Concussion education and

being taught proper technique may influence concussion rates by decreasing the number
of concussions. Perceptions of protective equipment could have a positive or negative
relationship with concussion incidence. It is possible that athletes who believe helmets
are 100% protective will play more dangerously, but an athlete may play more cautiously
instead. The presence of factors such as age, race, grade, football position and years of
experience may modify these relationships.
Since the data were from a cross-sectional survey it is possible that experiencing a
concussion may have an effect on the answers to the questions regarding perceptions of
protective equipment and being taught proper techniques. Experiencing a concussion may
have a negative effect on perceptions of future health. There may be an at-risk group
within the study sample that experienced concussion symptoms but did not report having
experienced a concussion.
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Figure 2-4. Theoretical Model
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CHAPTER 3: HYPOTHESES & RESEARCH QUESTIONS
3.1

Research Question 1:

How do attitudes about required protective equipment and tackling education influence
the rate of concussions?
3.2

Hypothesis1A:

Football players who are taught proper ways to block, tackle and break a tackle are less
likely to have experienced a concussion.
3.3

Hypothesism:

Football players who think that required equipment (helmets, neck rolls, mouthpieces)
can protect them from a concussion could be more or less likely to have experienced a
concussion.
I

As previously mentioned, educating athletes on proper technique is vital to injury
prevention. Blocking, tackling and breaking tackles involve contact with other athletes on
the field. This contact can be dangerous if athletes are not taught proper techniques[33].
So, the premise behind the hypothesis is that athletes who are taught the proper
techniques will be less likely to experience a concussion injury.
Helmets and other required protective covering were introduced to the sport after
several players suffered injuries, which were sometimes fatal. Protective equipment has
evolved over the years, and professionals recommend that helmets are properly fitted for
each athlete[106]. Concussions still occur while athlete wears protective equipment, but
the equipment is designed to maximize player safety. The current policies for Louisiana
'

state that high school athletes are to always wear protective equipment [106]. It is
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possible that an athlete may play recklessly because of the notion that protective
equipment will prevent all injuries. Therefore, an athlete could be more or less likely to
have experienced a concussion. Also, an athlete's experience may have influenced the
answer to the questions. An athlete that sustains an injury while wearing protective
equipment may change his opinion of the equipment's role in player safety.
For this question, a logistic regression model will be used, where having
experienced a concussion is the outcome. The independent variables are whether or not
the athletes were taught the proper ways to block, tackle and break a tackle by their
coaches and their perceptions of protective equipment, helmets, neck rolls and mouth
pieces. Other variables to be included in the model are age, race, grade, positions and
years of experience. All of these variables have been listed as concussion risk factors or
potential risk factors that may modify the relationships between the independent variables
and the outcome. Studies suggest that more years of experience playing football is
associated with an increase risk of injury, due to increased exposure[19]. So, the more
years of experience playing football, the more likely an athlete is to have experienced a
concussion. Also, responses to the questions may be influenced by the amount of time he
has been participating in the sport. Age is a risk factor for concussion experience. A
younger athlete who experiences a concussion may have longer recovery times. Certain
football positions put an athlete at a higher risk of experiencing a concussion. Therefore,
football positions will be included in the analysis.

69

3.4

Research Question 2:

How does previous concussion experience influence perceptions of future health?

3.5

Hypothesis2:

Football players who have been previously diagnosed with a concussion are more likely
to believe that football will negatively affect their future health.
Increasing awareness of the lingering effects of football injuries and developing
chronic traumatic encephalopathy may affect an athlete's perception of future health.
Athletes who have experienced a concussion may fear possible long-term effects related
to injuries, especially since an individual who has experienced a ~oncussion is more
likely to experience another concussion. There are no questions in the survey that address
why the athletes gave their responses regarding football's effect on future health.
This question will be explored using a logistic regression model where perception
of future health is the outcome. The independent variable is concussion experience. Age,
race, grade, position, and years of experience will also be included in the model as
controls.
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3.6

Research Question 3: .

Is there an identifiable "at-risk" group reported no previous concussion experience but
experienced symptoms while continuing to play?
3. 7

Hypothesis3:

There is a difference between the following groups athletes that experienced a concussion
and reported having experiencing the symptoms, athletes that did not experience a
concussion or any of the symptoms, and athletes that indicated that they did not
experience a concussion but had experienced symptoms.
Within the data, there are three groups to be explored:
•

Athletes who experienced concussion symptoms and continued to play.

•

Athletes that experienced concussion symptoms, continued to play, and reported
having experienced a concussion while playing football.

•

Athletes that experienced concussion symptoms, continued to play, and reported
not having experienced a concussion while playing football.

Identifying an at-risk group serves the purpose of determining if, potentially, there
were athletes in this sample that sustained an undiagnosed concussion. Not only is it
dangerous for an athlete to continue playing football while experiencing a concussion
symptom, but they are also at risk for second impact syndrome.
Finding potential unreported concussions may be linked to deficiencies in
concussion education. The legislative efforts were designed to increase concussion
education and awareness. Continuing to play with concussion symptoms and not
reporting the injuries or seeking treatment undermines the purpose of the legislation. If
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there are potential unreported concussions, the LHSAA and key stakeholders may need to
create education initiatives so that the number of unreported concussions will decrease.
Athletes that experienced concussion symptoms, continued to play, and reported
having experienced a concussion while playing football may represent a group of athletes
that intentionally play with concussion symptoms.
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CHAPTER 4: METHODS

4.1

Study Design
This study was a secondary analysis of data from a cross-sectional survey of high

school football players from twelve high schools in the state of Louisiana. The data were
collected as a convenience sample, not randomized.

4.1.1

Data Collection
The Louisiana High School Athletic Association (LHSAA) established

concussion policies in 2010. In 2011, the Louisiana legislature passed the Louisiana
Youth Concussion Act in 2011, and subsequently, the LHSAA Sports Medicine
Committee began an initiative to focus on the education portion of the Act. To gain a
better understanding of concussion knowledge and perceptions of injury risk among high
school athletes, the committee designed a survey instrument based on a similar initiative
for spinal cord injuries in the mid-1990's[73]. The survey was customized in order to
gauge concussion knowledge and attitudes toward injury risk and was worded in a way so
that the individuals participating in the study could understand the questionnaire with
little to no difficulty.
The survey was pilot tested at a New Orleans sports medicine clinic. The pilot test
consisted of approximately a dozen high school athletes who came to the clinic for
treatment. After completing the survey, the athletes were asked for feedback regarding
the length of the survey, the amount oftime to complete the survey and comprehension of
the questions asked in the survey. The survey was tweaked to accommodate the
suggestions from the pilot test.
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After adjusting the original survey to incorporate suggestions from the pilot test,
certified athletic trainers on the Louisiana High School Athletic Association's Sports
Medicine Committee administered the survey to high school athletes in their service
areas, which included twelve high schools in Central Louisiana, the North Shore and
New Orleans. The surveys were administered at the beginning ofthe 2011 football
season, between August 1 and September 15, 2011.

4.1.2

Louisiana High School Athletic Association Survey
The survey contained twenty-five questions and measured attitudes and

perceptions of various aspects of playing football (Appendix 2). There were questions
regarding knowledge of concussion symptoms, perceptions of football eqUipment safety,
safe tackling education, previous concussion experience, penalties and perceptions of the
effect of football on future health. Answers to all twenty-five questions were
dichotomous responses (Yes or No). Seven of the twenty-five questions had multiple
parts.
Demographic variables were also collected. The questionnaire allowed·
respondents to fill in the blanks for those variables, which were age, sex, race, school,
sport, position, years of experience playing organized tackle football, and grade. Names
were collected but were removed before the dataset was disseminated for analysis. Race
was collapsed into three categories- white, black/AA, and mixed/other. The twelve
participating schools were assigned numbers 1 through 12 in the dataset. The number
assignment did not indicate order or rank. The sample represented all five classifications
within the Louisiana High School Athletic Association- Class 1A (two schools), Class 2A
(three schools), Class 3A (one school), Class 4A (four schools), and Class SA (two
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schools). Sports were reported as football, track, basketball, baseball, and soccer.
Respondents reported a total of twenty-five football positions- Guard, Tight End,
Defense, Left Guard/Line Backer, Free Safety/Tail Back, Offensive Line, Fullback,
Receiver, Running Back, Linebacker, Safety, Defensive End, Quarterback, Defensive
Line, Cornerback, Tackle, Defensive Back, Line, Center, Halfback, and Kicker.

4.2

Study Population: Inclusion Criteria for Secondary Data Analysis
Male high school football players ages 13-18 were the focus of this study.

Females make up a little over a tenth of a percent of all high school football players[52].
The dataset did not include any females, but to confirm that all study participants were
male, respondents that did not fill in the blank for sex, indicated as a missing value, were
excluded from the analysis. The final study population was comprised of male football
players, ages 13-18, from the twelve Louisiana High School Athletic Association
member high schools in Louisiana.

4.2.1

Sample Size (N=631)
There were 659 respondents who completed the survey. A preliminary analysis to

observe the grade and age distribution revealed that there were four seventh graders in the
sample (Figure 4-1). These respondents were removed from the sample. There were
thirteen eighth graders in the sample. Two reported having experienced a concussion.
Therefore, they were kept in the sample. One respondent indicated grade 3 and was
removed. Four did not indicate sex and were removed from the sample as well. An
additional eleven did not indicate their age on the survey. However, each respondent was
between eighth and twelfth grade, and one had previously experienced a concussion.
They were kept in the sample.
75

I

N=659

Removed:
-i 11 Graders (4)
-Grade "3" (1)

N=654

-Missing Value for Sex
(4) Removed

I
Removed:
-No sport or football position (7)
-Baseball (11)
-Basketball (1)

I
_,

N=650

I

N=631

I

Figure 4-1. Flow chart to determine sample size (N=631).

An additional nineteen respondents were removed from the study. Seven did not
indicate any sport or football position played when filling out the questionnaire. One did
not report playing football, but reported playing as a lineman and thus, was not removed
from the study. Eleven baseball players and one basketball player were excluded, leaving
a total sample size of 631 (95.75%) male high school football players in the study.

4.3

Data Analysis
All data were analyzed using SAS Version 9 .2. Several variables were

constructed in order to begin data analysis.
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4.3.1

Creating New Variables
The original dataset contained 63 variables. Five variables were created to

indicate the number of positions played, team unit, positions on offense, positions on
defense and the five LHSAA classifications. The respondents listed their positions as
guard, tight end, defense, left guard/linebacker, free safety, tail back, offensive line, full
back, receiver, running back, linebacker, safety, defensive end, quarterback, defensive
line, cornerback, tackle, defensive back, line, center, halfback, and kicker. "Tackle" and
"line" were the two responses that could not be differentiated as offensive or defensive
positions. There are offensive tackles and defensive tackles as well as offensive linemen
and defensive linemen. Positions on offense in this sample were guard, tight end, left
guard, tail back, offensive line, full back, receiver, running back, quarterback, center and
halfback. Defensive positions were defense, linebacker, free safety, linebacker, safety,
defensive end, defensive line, cornerback, and defensive back.
A variable for the number of positions played was created because several of the

respondents reported playing more than one position. An increased number of positions
could indicate increased playing time and possibly an increased risk of sustaining a
concussion[7]. However, there was no way of capturing that information because the
survey did not ask the players to indicate how long, on average, they practiced or
competed in games. Essentially, this variable provides more information about the
dataset.

A variable called "side" was created to specify the unit of the team to which the
player belonged - offense, defense or special teams. This variable also took into account
the various combinations, such as when an athlete played offense and defense, offense
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and special teams, defense and special teams, and a combination of all teams, offense,
defense and special teams. The positions that could not be distinguished (tackle and line)
'

were classified as "undetermined." The respondents that played more than one position,
where one of the positions could not be determined, were placed in the appropriate
categories that applied to the other position(s). For example, if an athlete responded that
he played guard and tackle, he was categorized as an offensive player. If an athlete
played on defense and also reported an indistinguishable position, he was categorized as a
defensive player.
Defensive positions were collapsed into three categories - Defensive Line,
Middle, and Secondary. These categories were created according to the positions'
functions on the team, which are determined by where the players line up to begin a play
and their positions on the field during a play. The Defensive Line included the defensive
tackles and defensive ends. In a defensive formation, the defensive line is in the front.
Their job is to stop the offensive run, by making sure there are no gaps[152]. Usually,
they do not run at high speeds. The Middle included the outside linebackers and inside
linebackers. In a defensive lineup, they are in the middle. Linebackers stop offensive
players and depending on the play, can run at high speeds. Secondary included the
positions listed as defensive back, safety, free safety and cornerback. They seek control
of the offensive passing game, defending against the offensive players that catch passes.
Their predominant job is to keep the quarterback from successfully passing the ball to
offensive players, mainly the receivers and tight ends. In these positions, the athletes run
at high speeds. In a defensive lineup, they are in the back, behind the players that are
classified as middle in this sample. While these positions have specific roles on defense,
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there were a couple of combinations. For example, there were athletes classified as both
middle and secondary and both middle and defensive line. It was important to create
these variables because playing a particular position may put a player at a higher risk of
sustaining a concussion[2].
Offensive positions were collapsed into four categories ~ Quarterback, Offensive
Line, Receiver/Tight End and Running Back. Quarterbacks were named to their own
category due to the specialization of that particular position[! 52]. Quarterbacks
essentially lead the offense, by calling plays, passing the ball, handing off the ball, or
running with the ball. Offensive Line included the centers, left guards, right guards, left
tackles and right tackles. In an offensive lineup, the offensive line is in the front. They
compete against the defensive line. The center is in the middle. The receivers and tight
ends were placed in the Receiver/Tight End group. Receivers and tight ends are usually
on the sides of the rest of the offensive lineup. They run at high speeds in order to catch
the football when the quarterback passes it to them. Running Backs included the running
backs, tailbacks, halfbacks and fullbacks. In an offensive formation, the running backs
are usually positioned near the quarterback so that the quarterback can hand the ball to
them. Then, they run with the ball to advance down the field. Some respondents played
more than one position. So there are combinations of receiver and running back,
quarterback and receiver, and quarterback and running back.
The Louisiana High School Athletic Association classifies schools according to
size[143]. So a new variable was created to determine the number of respondents in each
classification. Class lA schools were assigned 1. Class 2A schools were assigned "2" and
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so forth. So, the smallest schools were assigned "1," and "5" indicated the largest
schools.

4.3.2

Descriptive Statistics
Since 631 high school football players were included in the sample, the next step

was to gain a better understanding of the dataset. Descr!ptive statistics were computed for
demographic variables in the dataset. The survey collected age, sex, race, school, sport,
position, years of experience and grade in school. Sex and sport were used as inclusion
criteria for the study and were not variables of interest for descriptive statistics.
Frequencies and percents were calculated for age, race, grade, and years of experience
playing organized tackle football. Age and years of experience playing football were
continuous variables. Means and standard deviations were calculated in addition to
frequencies. Age and education have been used in data analyses for other concussion
studies[122]. Histograms for age and years of experience were also created to observe the
distribution of the data.
Frequencies were then computed for tht? LHSAA classifications, the number of
positions played, the team on which the player participates, and positions on offense and
defense. Frequencies were also calculated for concussion experience while playing
football.
All of the previously mentioned variables were cross-tabulated with concussion
experience to better understand how concussion experience within those variables - age,
race, years of experience playing organized tackle football, grade, LHSAA classification,
number of positions played, side, and position.
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The athletes were asked about their perceptions of concussion symptoms. The
question specifically asked if a concussion could cause a person to have headaches, lose
consciousness, have blurry vision, suffer memory loss, dizziness, ringing in the ears,
nausea and vomiting, poor balance, mood changes, lack of energy, light and sound
sensitivity, and permanent brain damage. Frequencies and percents were calculated. Also,
this multipart question was cross-tabulated with concussion experience. Chi-square
analyses were performed to see if there were any associations between perceptions of
concussion symptoms and concussion experience.

4.3.3

Research Question 1
Before building a logistic regression model to understand how attitudes about

required protective equipment and education influence the concussion rate, frequencies
and percents for the predictor variables were calculated and arranged in tables. Those
predictors included the answers to the following questions.
•

Do you think that requited equipment will keep you safe while playing football
(YIN)?

•

Can helmets protect you from concussions (YIN)?

•

Can neck rolls protect you from concussions (YIN)?

•

Can mouthpieces protect you from concussions (YIN)?

•

Have you ever been taught by coaches any of the following:
Proper ways to tackle (YIN)?
Proper ways to block (YIN)?
Proper ways to break a tackle (YIN)?
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Those answers were cross-tabulated with concussion experience. Chi-square analyses
were utilized to determine if there is an association between the predictor variables and
the outcome, concussion experience.
To address potential issues with multicollinearity, the correlation procedure was
used to determine if any of the predictor variables or controls variables (age, grade, race
and years of experience playing organized football) were correlated with each other.
A logistic regression model with concussion as the outcome and the perceptions
of protective equipment and tackling education as explanatory variables was run (Figure
4-2). The purpose of this regression is to determine ifthe independent variables were
significant predictors of concussion experience. An additional logistic regression model
including all control variables was also performed. Due to age and grade being highly
correlated, additional regression analyses were conducted. One model included age, and
the other included grade. All variables were treated as categorical variables, except for
age and years of experience, which were both continuous. To create a multilevel variable
for football positions, the quarterback variable was not included in the analysis. In
addition to the parameters of the logistic regression model, odds ratios were also
computed for each model.
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1

Outcome

Independent (Explanatory) Variables

Experienced a
Concussion

•Do you think that required equipment will keep
you safe while playing football?
• Can helmets protect you from concussions?
• Can neck rolls protect you from concussions?
• Can mouthpieces protect you from
concussions?
•Taught the proper ways to tackle?
•Taught the proper ways to block?
•Taught the proper ways to break a tackle?

Controls (Risk
Factors)
Age
Race
Grade
Years of Experience
Football Positions

Figure 4-2. Logistic regression model to determine how attitudes about required
protective equipment and education influence concussion incidence.

83

4.3.4

Research Question 2
To understand how previous concussion experience influences perceptions of

future ]lealth, a table describing the answer to the question "Do you think that football
will have a negative effect on your future health?" was created. Then, those answers were
cross-tabulated with concussion experience. A chi-square analysis was performed to
determine if there is an association between concussion experience and perception of
future health.
A logistic regression model with perception of future health as the outcome and
concussion experience as the explanatory variable was run (Figure 4-3). That logistic
regression model was re-run, including all ofthe control variables. Additional models
were run where one model included age but excluded grade, and the other model
included grade but excluded age. All variables were treated as categorical variables,
except for age and years of experience, which were both continuous. To create a
multilevel variable for football positions, the quarterback variable was not included in the
analysis. Odds ratios were calculated for each model.

Independent Variable
Outcome
Perception of Future Health Concussion Experience

Controls (Risk
Factors)
Age
Race
Grade
Years of
Experience
Football Positions

Figure 4-3. Logistic regression model to determine if previous concussion experience
influences perceptions of future health.
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4.3.5

Research Question 3
To determine if there is an at-risk population that could benefit from an

educational initiative, there were three items of interest from the survey - experiencing
concussion symptoms, whether or not the athlete continued to play in the game or
practice, and their concussion experience (Figure 4-4). The first step was to determine
the number of athletes that experienced headaches, dizziness, and other concussion
symptoms while playing football. Frequencies and percentages were calculated.

While playing football
did you experience:
Headaches
Dizziness
Blurry Vision
Ringing in your ears
Loss of memory

Playing status after
Experiencing the
Symptom
Continued to play
Did not continue to play

Concussion Experience
Experienced a concussion
Did not experience a concussion

Figure 4-4. Defining an at-risk population.

Experiencing concussion symptoms and playing status after experiencing those
symptoms were cross-tabulated. Chi-square analyses were used to determine ifthere was
an association between the two variables. Experiencing concussion symptoms and
concussion experience were also cross-tabulated. Chi-square analyses were utilized to
determine if there was a significant association between experiencing concussion
symptoms and reporting experiencing a concussion.
Another table, cross-tabulating experiencing concussion symptoms, playing status
after experiencing the symptom and concussion experience was created. The purpose of
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this table was to identify two groups. The first group is comprised of the athletes who
experienced concussion symptoms, continued to play, and experienced a concussion.
This group may be purposely continuing to play with concussion symptoms, despite
having experienced a concussion. The second group is comprised of athletes who
experience symptoms, continued to play in a game or practice, but reporting not
experience a concussion. This is an at-risk group because they may have experienced a
concussion that went undiagnosed.
When experiencing a concussion, athletes may report experiencing more than one
symptom. Sideline concussion assessments allow the health professional administering
the test to record symptoms experienced by the athlete. For example, the SCAT2 tests for
more than twenty concussion symptoms[153]. A variable for the number of symptoms
was created to determine the number of symptoms each athlete experienced while playing
football. An additional variable was created for whether or not they continued to play
with symptoms. A logistic regression model was run where concussion experience was
the outcome and both number of symptoms and continuing to play with symptoms were
predictor variables. Number of symptoms was treated as a continuous variable, ranging
from zero to five. Both variables were added to the regression equation including all
control variables for Research Question 1 (Figure 4-5). Two additional models were run
including age but excluding grade and the other including grade but excluding age. Also,
a regression model was run where the number of symptoms, continuing to play with
symptoms, and all control variables except for grade were predictor variables. Another
regression model was run with the number of symptoms, continuing to play with
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symptoms, and all control variables except for age as predictors. Odds ratios were
calculated for each logistic regression model.

Outcome

Independent (Explanatory) Variables

Experienced a
Concussion

•Do you thinkthat required equipment will keep
you safe while playing football?
• Can helmets protect you from concussions?
• Can neck rolls protect you from concussions?
• Can mouthpieces protect you from
concussions?
•Taught the proper ways to taclde?
•Taught the proper ways to block?
•Taught the proper ways to break a tackle?
•Number of Symptoms
•Continue to play with symptoms (YIN).

Controls (Risk
Factors)
Age
Race
Grade
Years ofExperience
Football Positions

Figure 4-5. Logistic regression model with number of symptoms & continuing to
play with those symptoms added.
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CHAPTER 5: RESULTS- DESCRIPTIVE STATISTICS
The final sample included 631 male high school football players, ages thirteen
through eighteen. The average age for 620 participants (missing n=11) was 15.59 years
(Table 5-1). Fifteen and sixteen year olds comprised over half (50.88%) of the sample.
Figure 5-1 illustrates the age distribution of the study participants. The highest
frequencies are in the middle of the age range, and the lowest frequencies are the
youngest and oldest in the sample.
The majority of the study participants were white males (57.69%), and there were
more tenth grade respondents than other grades (n=170, 26.94%). There were only
thirteen eighth graders in the sample. On average, the respondents had been playing
football for a little over five years. Eighty-eight (13.95%) had five years of playing
experience (Table 5-2). After five years of experience, the number of respondents with
more experience decreases considerably; thirty-nine (6.18%) had more than ten years of
experience (Figure 5-2). Twenty-two (3.49%) had no experience playing organized tackle
football, and only one (0 .16) had been playing football for fifteen years.
There were more participants from the largest schools (Table 5-3). There were
199 (31.54%) participants from Class SA schools, and the smallest representation was
from Class 3A, which only had ten (1.58%) participants.
The majority of the sample only played one football position (Table 5-4, n=531,
84.15%), and seven participants played three or more positions (1.11 %). More
respondents only played on offense (Table 5-5, n=257. 40.73%). A small percentage of
respondents played various combinations of positions, such as offense and special teams.
Almost ten percent of the sample played on both offense and defense only (n=63). Fifty-
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seven (9.03%) respondents' football positions could not be specified due to ambiguity of
answers to the survey.
Football positions were not mutually exclusive, due to 88 (13.31 %) of the
respondents having played more than one position. More respondents were receivers and
tight ends than any other position (Table 5-6, n=142, 22.50%). Quarterbacks comprised
the smallest group on offense, with thirty-four (5.39%) respondents. On defense, there
were more defensive backs and safeties than any other position (n=117, 18.54%). Only
fifteen (2.38%) were kickers on special teams.
Of the 626 (99 .21%) that answered the concussion experience question on the
survey, 71 (11.25%) reported having experienced a concussion while playing football
(Table 5-7). Sixteen and seventeen year olds had the highest incidence of concussions;
each age group reported 21 (29.58%) concussions (Table 5-8). Thirteen .and eighteen year
olds had the lowest number of concussions, but these age groups had lowest number of
participants in the study. With an increase in age, the proportions of concussion
experience increases but declines after age seventeen (Figure 5-3).
White males, while making. up the largest demographic in the study, experienced
more concussions (n=46, 64.79%) than the other race groups (Table 5-9). Of the white
males in the sample, 12.64% had experienced a concussion, whereas 8.19% of the black
respondents had experienced a concussion (Figure 5-4).
The most concussions were experienced by football players with four years of
experience playing organized tackle football (Table 5-10, n=12, 16.90%). Eleven (12.5%)
athletes with five years of experience sustained a concussion. The number of respondents
that experienced a concussion decreased after five years of experience playing football.
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However, that is reflected by the trend that there were fewer respondents with the most
years of experience. When observing the proportions by years of experience, it is
important to note that approximately 16.22% of those with four years of experience
sustained a concussion while playing football. Those with five years of experience had
one less concussion than those with four years of experience, which was 12.5% of that
group (Figure 5-5). With increasing years of experience, there are some groups with high
proportion ofthe respondents with concussion experience. For example, of those with
eleven years of experience playing football, 31.25% had experienced a concussion, but
there were only sixteen respondents in that group.
Tenth graders had experienced the most concussions (Table 5-11, n=25), and
twenty-two (30.99%) twelfth graders had experienced a concussion. A larger proportion
of twelfth graders had experienced concussions, but there were less twelfth graders in the
sample (Figure 5-6). Eighth and ninth graders experienced the least number of
concussions (n=10, 14.08%).
Participants from Class 2A schools had the highest number of concussions (Table
5-12, n=26, 36.62%). Most concussions (n=62, 87.32) were experienced by football
players that reported playing only one position (Table 5-13), which is consistent with
most of the sample (84.15%) playing one position. Thirty-one (43.66) concussions were
experienced by respondents that only played on offense (Table 5-14). On offense,
receivers and tight ends reported twenty (28.17%) concussions, which was the highest
rate (Table 5-15). Quarterbacks and offensive linemen reported the same number of
concussions. However, there were more offensive linemen in the sample (n=87).
Approximately 5.75% offensive linemen reported previous concussion experience
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whereas 14.71% of the quarterbacks in the sample reported experiencing a concussion
(Figure 5-7). On defense, secondary positions reported the highest number of
concussions (n=16, 22.54%). No concussions were reported for special teams players.
When asked if a concussion could cause a variety of symptoms, more than half of
'

the sample answered "yes" to each symptom (Table 5-16). Headaches and dizziness, the
most common concussion symptoms, were the most highly-recognized symptoms. Mood
changes were the least recognized symptom, with 57.69% of the sample reporting that a
concussion can cause changes in mood. Most of the respondents that experienced a
concussion indicated that each symptom could be caused by a concussion (Table 5-17).
However, chi-square analyses were not significant, meaning that there is no significant
relationship between perceptions of concussion symptoms and concussion experience.
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Table 5-1. Descriptive Statistics

18
116
160
161
133
32
11
631

N=631
(%)
Mean SD
15.59 1.24
(2.85)
(18.38)
(25.36)
(25.52)
(21.08)
(5.07)
(1.74)
(100.00)

364
232
23
12
631

(57.69)
(36.77)
(3.65)
(1.90)
(100.00)

13
162
170
153
121
12
631

(2.06)
(25.67)
(26.94)
(24.25)
(19.18)
(1.90))
(100.00)

608
23
631

(96.35)
(3.65)
(100.00)

Frequency

Variable
Age (years)
Thirteen
Fourteen
Fifteen
Sixteen
Seventeen
Eighteen
Missing
Total
Race
White
Black/AA
Mixed/Other
Missing
Total
Grade (as reported)
Eight
Nine
Ten
Eleven
Twelve
Missing
Total
Years ofExperience
Playing Organized
Taclde Football (as
reported)
Missing
Total

5.06 3.10

Minimum
13

Maximum
18

0

15
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Table 5-2. Years of Experience Playing Organized Tackle Football.

N=631
Years of Experience
Playing Organized Football
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Missing
Total

Frequency
22
42
73
80
74
88
55
41
38
25
31
16
18
4
0
1
23
631

(%)
(3.49)
(6.66)
(11.57)
(12.68)
(11.73)
(13.95)
(8.72)
(6.50)
(6.02)
(3.96)
(4.91)
(2.54)
(2.85)
(0.63)
(0.00)
(0.16)
(3.65)
(100.00)

Table 5-3. LHSAA School Classifications
N=631
Classification Frequency
67
1A
179
2A
10
3A
176
4A
199
SA
631
Total

(%)
(10.62)
(28.37)
(1.58)
(27.89)
(31.54)
(100.00)
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Table 5-4. Number of Positions Played

N=631
Number of Positions Played
1
2
3
4
Missing
Total

Frequency
531
77
5
2
16
631

(%)
(84.15)
(12.20)
(0.79)
(0.32)
(2.54)
(100.00)

Table 5-5. Team Unit

N=631
Team Unit
Freguency (%)
Offense Only
257 (40.73)
Defense Only
223 (35.34)
Both Offense & Defense
63 (9.98)
Special Teams
10 (1.58)
Offense & Special Teams
2 (0.32)
Defense & Special Teams
1 (0.16)
2 (0.32)
Offense, Defense, & Special Teams
Could Not Be Determined
57 (9.03)
Missing
16 (2.54)
631 (100.00)
Total
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Table 5-6. Football Positions

N=631
Position
Offense*
Quarterback
Offensive Line (Center, Left GuaTd, Right Guard, Left Tackle, Right Tackle)
Receiver/Tight End
Running Back
Defense*
Secondary (Defensive Back, Safety)
Defensive Line (Defensive Tackle, Defensive End)
Middle (Outside Linebacker, Inside Linebacker
Special Teams*
Kicker
*Positions are not mutually exclusive
**Percentages were calculated based on sample size totals

Frequency

34
87
142
73

(~2**

(5.39)
(13.79)
(22.50)
(11.57)

117 (18.54)
56 (8.87)
114 (18.07)
15 (2.38)

Table 5-7. Experienced a Concussion While Playing Football
N=631
Experienced a Concussion Frequency
Yes
71
No
555
5
Missing
Total
631

Percent(%)
(11.25)
(87.96)
(0.79)
(100.00)

Table 5-8. Age & Concussion Experience
Experienced a Concussion While Playing
Football
N=626
N=71
N=555
Total (%)***
Age
Yes (%)*
No (%)**
18 (2.88)
1 (1.41)
17 (3.06)
13
115 (18.37)
14
9 (12.68) 106 (19.10)
160 (25.56)
15 (21.13) 145 (26.13)
15
159 (25.40)
21 (29.58) 138 (24.86)
16
. 133 (21.25)
21 (29.58) 112 (20.18)
17
,.)
(4.23)
30 (4.79)
27 (4.86)
18
615 (98.24)
Total
70 (98.59) 545 (98.20)
*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.
***Percentages based on the total that reported concussion experience or no concussion
experience.

Table 5-9. Race & Experienced a Concussion While Playing Football

Experienced a Concussion While Playing Football
N=71
N=555
N=626
Race
Yes (%)*
Total (%)***
No (%)**
46 (64.79) 316 (56.94)
362 (57.83)
White
19 (26.76) 210 (37.84)
229 (36.58)
Black/AA
4 (5.63)
Mixed/Other
19 (3.42)
23 (3.67)
69 (97.18)
Total
545 (98.20)
614 (98.08)
*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.
***Percentages based on the total that reported concussion experience or no concussion
experience.
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Table 5-10. Years of Experience Playing Organized Football & Experienced a
Concussion While Playing Football

Experienced a Concussion While Playing
Football
N=555
N=71
N=626
\
No (%)**
Total (%)***
Yes (%)*
0 (0.00)
22 (3.96)
22 (3.51)
0
2 (2.82)
40 (7.21)
42 (6.71)
1
5 (7.04)
68 (12.25)
73 (11.66)
2
(13.51)
4 (5.63)
75
79 (12.62)
3
12 (16.90)
61 (10.99)
73 (11.66)
4
11 (15.49)
77 (13.87)
5
88 (14.06)
46 (8.29)
7 (9.86)
53 (8.47)
6
4 (5.63)
37 (6.67)
41 (6.55)
7
38 (6.07)
7 (9.86)
31 (5.59)
8
25 (3.99)
5 (7.04)
20 (3.60)
9
3 (4.23)
27 (4.86)
30 (4.79)
10
5 (7.04)
11 (1.98)
16 (2.56)
11
0 (0.00)
18 (3.24)
18 (2.88)
12
1 (1.41)
4 (0.64)
13
3 (0.54)
0 (0.00)
0 (0.00)
0 (0.00)
14
1 (1.41)
1 (0.16)
15
0 (0.00)
(96.58)
67 (94.37) 536
603 (96.33)
Total
*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.
***Percentages based on the total that reported concussion experience or no concussion
experience.
Years of
Experience
Playing Organized
Football
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Table 5-11. Grade & Experienced a Concussion While Playing Football

Experienced a Concussion While Playing
Football
N=555
N=71
N=626
Grade (as
re_Qorted)
Eight
Nine
Ten
Eleven
Twelve

No (%)**
Yes (%)*
Total (%)***
11 (1.98)
2 (2.82)
13 (2.08)
8 (11.27) 153 (27.57)
161 (25.72)
25 (35.21) 144 (25.95)
169 (27.00)
.13 (18.31) 139 (25.05)
152 (24.28)
22 (30.99)
97 (17.48)
119 (19.01)
70 (98.59) 544 (98.02)
Total
614 (98.08)
*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.
***Percentages based on the total that reported concussion experience or no concussion
experience.

Table 5-12. LHSAA Classification & Experienced a Concussion While Playing
Football

Experienced a Concussion While Playing Football
N=71
N=555
N=626
Classification Yes (%)
No (%)
Total (%)
6 (8.45)
61 (10.99)
1A
67 (10.70)
26 (36.62)
152 (27.39)
2A
178 (28.43)
1 (1.41)
9 (1.62)
3A
10 (1.60)
155 (27.93)
4A
18 (25.35)
173 (27.64)
20 (28.17)
178 (32.07)
SA
198 (31.63)
Total
71 (100.00) 555 (100.00)
626 (100.00)
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Table 5-13. Number of Positions Played & Experienced a Concussion While Playing
Football

Experienced a Concussion While Playing Football
N=71
N=555
N=626
Number of
Positions Played

Yes (%)*
No (%)**
Total (%)***
62 (87.32) 465 (83.78)
1
527 (84.19)
(12.61)
(8.45)
2
6
70
76 (12.14)
2
(0.54)
(2.82)
3
3
5 (0.80)
0 (0.00)
4
2 (0.36)
2 (0.32)
70 (98.59) 540 (97.30)
Total
610 (97.44)
*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.
***Percentages based on the total that reported concussion experience or no concussion
experience.

Table 5-14. Team Unit & Experienced a Concussion While Playing Football

Experienced a Concussion
N=71
N=555
N=626
Total (%)***
Yes (%)*
No (%)**
Types of Positions Played
256 (40.89)
31 (43.66)
225 (40.54)
Offense
220 (35.14)
Defense
28 (39.44)
192 (34.59)
62 (9.90)
6 (8.45)
56 (10.09)
Offense & Defense
0 (0.00)
10 (1.80)
10 (1.60)
Special Teams
2 (0.32)
Offense & Special Teams
0 (0.00)
2 (0.36)
1 (0.16)
Defense & Special Teams
0 (0.00)
1 (0.18)
2 (0.32)
Offense, Defense & Special Teams
2 (0.36)
0 (0.00)
5 (7.04)
52 (9.37)
57 (9.11)
Undetermined
540 (97.30)
610 (97.44)
Total
70 (98.59)
*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.
***Percentages based on the total that reported concussion experience or no concussion
experience.
100

Table 5-15. Position & Experienced a Concussion While Playing Football

Experienced a Concussion
N=71
N=555
N=626
Yes (%)*
No (%)**
Total (%)***

Position
Offense
34 (5.43)
Quarterback
5 (7.04)
29 (5.23)
82 (14.77)
87 (13.90)
Offensive Line
5 (7.04)
Receiver/Tight End
20 (28.17)
121 (21.80)
141 (22.52)
Running Back
10 (14.08)
62 (11.17)
72 (11.50)
Defense
Secondary (Defensive Back; Safety)
16 (22.54)
115 (18.37)
99 (17.84)
Defensive Line (Defensive Tackle, Defensive End)
5 (7.04)
51 (9.19)
56 (8.95)
13 (18.31)
112 (17.89)
Middle (Outside Linebacker, Inside Linebacker
99 (17.84)
Special Teams
0 (0.00)
15 (2.70)
15 (2.40)
Kicker
*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.
***Percentages based on the total that reported concussion experience or no concussion experience.

Table 5-16. Perceptions of Concussion Symptoms

Can a concussion cause you to have:
Headaches
Dizziness
Lose Consciousness
Have Blurry Vision
Suffer Memory Loss
Poor Balance
Ringing in the Ears
Light and Sound Sensitivity
Permanent Brain Damage
Lack of Energy
N ausea!Vomiting
Mood Changes

Yes
558
552
545
542
540
522
520
507
500
488
461
364

N=631
(%)
No
(88.43)
22
(87.48)
28
(86.37)
35
(85.90)
38
(85.58)
40
(82.73)
58
(82.41)
60
(80.35)
73
(79.24)
80
(77.34)
92
(73.06)
119
(57.69)
216

(%)
(3.49)
(4.44)
(5.55)
(6.02)
(6.34)
(9.19)
(9.51)
(11.57)
(12.68)
(14.58)
(18.86)
(34.23)

Table 5-17. Perceptions of Concussion Symptoms & Experienced a Concussion
While Playing Football

Experienced a Concussion
N=71*
N=555**
Can a concussion cause you to
have:
Headaches

Yes (%)
No (%)
i
Yes
63 (88.73) 522 (94.05) 0.0625
No
2 (2.82)
20 (3.60)
Dizziness
Yes
61 (85.92) 514 (92.61) 0.2915
No
4 (5.63)
25 (4.50)
Yes
Lose Consciousness
61 (85.92) 505 (90.99) 0.2667
No
5 (7.04)
32 (5.77)
Have Blurry Vision
Yes
59 (83.10) 504 (90.81) 0.5904
No
6 (8.45)
36 (6.49)
Suffer Memory Loss
Yes
61 (85.92) 496 (89.37) 0.0011
No
5 (7.04)
40 (7.21)
Yes
Poor Balance
59 (83.10) 483 (87.03) 2.8571
55 (9.91)
No
12 (16.90)
Ringing in the Ears
Yes
57 (80.28) 482 (86.85) 0.6376
No
56 (10.09)
9 (12.68)
Light and Sound Sensitivity
Yes
56 (78.87) 467 (84.14) 3.2522
71 (12.79)
15 (21.13)
No
0.596
Permanent Brain Damage
Yes
57 (80.28) 458 (82.52)
81 (14.59)
13 (18.31)
No
Yes
57 (80.28) 447 (80.54) 0.0786
Lack of Energy
93 (16.76)
No
13 (18.31)
50 (70.42) 427 (76.94) 0.5451
Nausea!V omiting
Yes
No
16 (22.54) 109 (19.64)
40 (56.34) 339 (61.08) 0.9845
Mood Changes
Yes
No
30 (42.25) 197 (35.50)
*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.

(p-value)
(0.8026)
(0.5893)
(0.6055)
(0.4422)
(0.9737)
(0.0910)
(0.4246)
(0.0713)
.(0.4401)
(0.7792)
(0.4603)
(0.3211)
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Figure 5-1. Histogram of Age
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Figure 5-2. Histogram of Years of Experience Playing Organized Tackle Football
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Figure 5-3. Proportion of Concussion Experience by Age
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Figure 5-4. Proportion of Concussion Experience by Race
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Figure 5-5. Proportion of Concussion Experience by Years of Experience Playing
Organized Tackle Football
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Figure 5-6. Proportion of Concussion Experience by Grade
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Figure 5-7. Proportion of Concussion Experience by Football Position
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CHAPTER 6: RESULTS- RESEARCH QUESTION 1

How do attitudes about required protective equipment and education influence the
rate of concussions?

When asked their perceptions of required equipment, 84.15% thought that
required equipment would keep them safe whereas 70 (11.09%) thought required
equipment would not keep them safe (Table 6-1). More than two-thirds thought that
helmets were protective from concussions. However, more than half of the sample did
not think that neck rolls and mouth pieces were protective.
Most of the respondents indicated that they were taught the proper way to tackle
(89.38%) and block (88.91 %) by their coaches. However, almost twenty percent said they
were not taught the proper way to break a tackle by their coaches.
Ofthe respondents that experienced a concussion, 95.77% were taught the proper
way to tackle. The majority of individuals with no history of concussions were taught
proper techniques by their coaches. Four hundred and thirty (77.48%) were taught the
proper way to break a tackle and 513 (92.43%) were taught the proper way to tackle.
Despite thinking that required equipment will keep them safe, 63 experienced a
concussion. That is 88.73% of the respondents that experienced a concussion. The
majority of respondents that felt that required equipment, helmets and neck rolls were
protective did not experience a concussion. More than half of the sample did not feel that
mouthpieces were protective, and those individuals comprise 58.56% of those with no

.

.

concussiOn expenence.
The results of the chi-square analyses showed that there were no significant
associations between perceptions of equipment protection and concussion experience.
108

Also, there were no associations between being taught proper technique and experiencing
a concussion.
Several of the variables included in the logistic negression models were correlated.
For example, being taught the proper ways to tackle, blm~k and break a tackle were all
significantly correlated (Table 6-2). Being taught the proper way to block was
significantly correlated with thinking that required equipment was protective from injury
(p<0.0001). Perceptions of protective equipment were correlated except for required
equipment and mouthpieces (p=0.3865). All control variables were significantly
correlated except for race and years of experience playing football (Table 6-3). Age and
grade had the highest correlation coefficient (r=0.89,p<0.001). Perceptions of all forms
of tackling technique were significantly and positively correlated with each other.
Perceptions of helmets were significantly correlated with perceptions of neck rolls, mouth
pieces and protective equipment. Perceptions of mouthpieces and required equipment
were not significantly correlated.
There were no significant predictors of concussion experience in the logistic
regression model without the control variables (Table 6-4). Being taught the proper way
to break a tackle was the closest parameter to being significant (p=0.06). Even though all
of the odds ratios included 1. 00, an athlete that is taught the proper way to tackle is 31%
less likely to have experienced a concussion (Table 6-5). An athlete that was taught the
proper way to block was more than two times as likely to have experienced a concussion.
An athlete taught the proper way to break a tackle was 55% less likely to have

experienced a concussion. Those who thought helmets were protective were 12% more
likely to have experienced a concussion. Those who thought neck rolls were protective
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were 51% more likely to have experienced a concussion. Athletes who thought
mouthpieces were protective were 10% less likely to have experienced a concussion.
Those who thought required equipment would keep them safe were 12% less likely to
have experienced a concussion. The regression equation was:
Logit (concussion)= 2.1947- 0.3650(tackle) + 0.8496(block)- 0.8080(break
tackle)+ 0.1112(helmets) + 0.4095(neck rolls)- 0.1053(mouthpiece)0.1282(required equipment)

After adding the control variables to the logistic regression equation (Table 6-6),
the only significant predictors were years of experience (p=0.02) and the race category
for African-Americans (p=O.OOl). In this sample, with each year of experience, an athlete
was 10% less likely to have experienced a concussion (Table 6-7). African Americans
were 2.4 times as likely to have experienced a concussion as white athletes. The logistic
regression equation is:
Logit (concussion)= -2.0056 + 0.13 78(tackle) + 0.4011 (block) - 0.4954(break
tackle)- 0.0674(helmets) + 0.4859(neck rolls)+ 0.2408(mouthpiece)0.1320(required) + 0.2628(age) + 1.3436(grade 9)- 0.0200 (grade 10) +
0.1424(grade 11) -1.1616(grade 12) + 0.8700 (black/AA)- 0.1367(mixed/other)0.1070(years of experience)+ 0.9556 (offensive line) - 0.4170(receivers)0.1088(running backs)- 0.0229(secondary) + 0.0805(defensive line)+
0.1810(middle) + 13.5646(kicker)

In the regression model that included all of the risk factors except for grade (Table
6-8), age, being African American and years of experience were significant predictors of
concussion experience. Sixty-five observations were excluded from the analysis due to
missing values. With a year increase in age the likelihood of experiencing a concussion
decreased by 23% (Table 6-9). African-Americans were 2.3 times more likely to have
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experienced a concussion than the white respondents. With each year of experience, the
likelihood of experiencing a concussion decreases by ten percent.
In the regression model excluding age but including the other risk factors, being
African-American and years of experience were the only significant predictors (Table 610). Sixty observations were excluded from the analysis due to missing values. AfricanAmerican's were two times more likely to have experienced a concussion than white
respondents (Table 6-11). With each year of experience, the likelihood of experiencing a
concussion decreased by ten percent.
Each school had different numbers of study participants. School one had the least
with 10 participants (Table 6-12). School9 had the most participants (n=115, 18.23%).
Demographic information varied amongst the schools. School 8 had the lowest average
age, and School 6 had the highest average age (Table 6-13 a, Table 6-13 b). The schools
also had different racial distributions. Participants from schools 1, 4, 7, 8, 9, 10, 11 and
12 were predominantly white. Schools 3, 5, 6 were predominantly black. Fifty percent
of the participants from School 2 were white, and the other half were black. The schools
varied in average years of experience, ranging from 3.40 to 6.77 years. Also, the schools
varied with regard to the number of athletes that experienced concussions. Only one
school reported no concussions, and as many as seventeen were reported from one
school.
The schools also varied by how they answered the questions that were
independent variables in the logistic regression equation. In some cases, 100% of the
athletes from schools reported proper technique, and in one case, as low as 68.75%
reported being taught proper technique (Table 6-14 a. & Table 6-14 b.). The answers for
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perceptions of protective equipment were as high as 100% believing that particular pieces
of equipment were protective and as low as 18.75%.
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Table 6-1. Perceptions of Equipment Protection & Education

Survey Questions
Perceptions of Equipment
Do you think required equipment will keep you safe?
Can helmets protect from a concussion?
Can neck rolls protect you from concussions?
Can mouthpieces protect you from concussions?
Education
Taught the proper way to tackle by coaches.
Taught the proper way to block by coaches.
Taught the proper way to break a tackle by coaches.

Yes (%)

N=631
No

(%)

531 (84.15)
418 (66.24)
265 (42.00)
243 (38.51)

70
183
336
358

564 (89.38)
561 (88.91)
478 (75.75)

37 (5.86)
40 (6.34)
123 (19.49)

(11.09)
(29.00)
(53.25)
(56.74)

Table 6-2. Perceptions of Equipment Protection, Education & Concussion Experience

Experienced a Concussion
N=71
N=555
Survey Questions
Education
Taught the proper way to tackle by coaches.
I.

Taught the proper way to block by coaches.
Taught the proper way to break a tackle by coaches.
Perceptions ofEquipment
Do you think required equipment will keep you
safe?

Yes (%)*
Yes
No
Yes
No
Yes
No

68
3
65
6
62
9

(95.77)
(4.23)
(9L55)
(8.45)
(87.32)
(12.68)

Yes
63 (88.73)
No
8 (11.27)
Can helmets protect from a concussion?
Yes
46 (64.79)
No
25 (35.21)
Can neck rolls protect you from concussions?
25 (35.21)
Yes
No
44 (61.97)
Can mouthpieces protect you from concussions?
Yes
27 (38.03)
No
44 (61.97)
*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.

''i

No

(%)**

513
40
514
39
430
120

(92.43)
(7.21)
(92.61)
(7.03)
(77.48)
(2L62)

0.89 (0.35)

487
66
385
166
247
304
223
325

(87.75)
(11.89)
(69.37)
(29.91)
(44.50)
(54.77)
(40.18)
(58.56)

0.03

(p-value)

0.18 (0.67)
3.19 (0.07)

(0.87)

0.76 (0.38)
L84 (0.18)
0.19 (0.67)

-------------------------

Table 6-3. Correlation Matrix of Predictor Variables

Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required
Equipment
Age
Grade
Race
Years of
Experience
**p <0.01
*p <0.05

Tackle
___

Block
0.43**
___

Break
Tackle
0.39**
0.40**

Helmets
0.05
0.06
0.06

Neck
Rolls
0.04
0.04
0.08*
0.48**

Required
Mouthpiece Equipment Age
0.04
0.11 **
0.08*
0.01
0.20**
0.07
0.10*
0.05
0.08*
-0.04
0.42**
0.13**
0.10*
0.04
0.44**
0.11 **
0.03
-0.02

Grade
0.09*
0.07

Race
-0.06
0.01

Years of
Experience
0.23**
0.18**

0.06
-0.03
0.05
0.10*
-0.004

-0.06
-0.10*
-0.09*
-0.16**
-0.05

0.20**
-0.02
0.01
0.11 **
-0.001

0.89**

0.17**
0.14**

0.26**
0.28**
0.02

Table 6-4. Logistic Regression Model without Controls

Variable
Intercept
Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required
Egui2ment

~
2.19
-0.37
0.85
-0.81
0.11
0.41
-0.11
-0.13

SE~

0.71
0.69
0.54
0.43
0.32
0.32
0.31
0.42

2-value
0.002
0.60
0.12
0.06
0.73
0.20
0.73
0.76

Table 6-5. Odds Ratios for the Logistic Regression Model Without Controls

Variable
Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required

Odds Ratio
0.69
2.34
0.45
1.12
1.51
0.90
0.88

95% Confidence
Interval
0.18-2.68
0.80-6.80
0.19-1.03
. 0.59-2.10
0.81-2.81
0.49-1.65
. 0.39-1.99

Table 6-6. Logistic Regression Model InCluding All Risk Factors (Controls)

~
-2.01
0.14
0.40
-0.50
-0.07
0.49
0.24
-0.13

SE~

3.85
0.74
0.75
0.46
0.36
0.36
0.35
0.48

,e-value
0.60
0.85
0.59
0.29
0.85
0.18
0.50
0.78

0.26

0.28

0.35

1.34
-0.02
0.14
-1.16

0.97
1.06
1.23
1.44

0.16
0.98
0.91
0.42

0.87

0.34

0.01

Mixed/Other
Years of
Experience

-0.14
-0.11

0.70
0.05

0.84
0.02

Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker

0.96
-0.42
-0.11
-0.02
0.08
0.18
13.56

0.55
0.37
0.47
0.41
0.55
0.43
505.90

0.08
0.25
0.82
0.96
0.88
0.68
0.98

Variable
Intercept
Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required
Equipment
Age
Grade
9
10
11
12
Race
Black/African
American
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Table 6-7. Odds Ratios for Model Including All Risk Factors

Variable
Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required Equipment
Age
Grade
8
9
10
11
12
Race
White
Black/African
American
Mixed/Other
Years ofExperience
Position
Quarterback
Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker

1.15
1.49
0.61
0.94
1.63
1.27
0.88
1.30

95% Confidence
Interval
0.27-4.86
0.35.-6.47
0.25-1.52
0.46-1.88
0.80-3.29
0.64-2.54
0.34-2.24
0.75-2.26

1.00
3.83
0.98
1.15
0.31

0.58-25.46
0.12-7.75
0.10-12.93
0.02-5.23

Odds
Ratio

1.00
2.39
0.87
0.90
1.00
2.60
0.66
0.90
0.98
1.08
1.20
>999.999

1.23-4.62
0.22-3.42
0.82-0.99

0.89-7.64
0.32-1.35
0.36-2.26
0.44-2.16
0.37-3.19
0.51-2.80
<0.000 1->999 .999
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Table 6-8. Logistic Regression Model Including Age & Risk Factors (Controls)*

Variable
SE~ 2-value
~
2.03
Intercept
6.22
0.00
0.08
0.70
Tackle
0.91
Block
0.40
0.72
0.58
0.45
Break Tackle
-0.48
0.29
Helmets
-0.02
0.35
0.94
Neck Rolls
0.45
0.35
0.20
Mouthpiece
0.21
0.35
0.55
Required
-0.16
0.48
0.74
Equipment
Age
-0.26
0.12
0.04
Race
0.83
0.33
0.01
African American
Mixed/Other
0.04
0.68
0.96
0.02
Years of
-0.10
0.05
Experience
Offensive Line
0.54
0.11
0.86
0.31
Receiver
-0.36
0.36
0.86
Running Back
-0.08
0.47
Secondary
-0.07
0.40
0.86
0.54
0.82
Defensive Line
0.12
Middle
0.20
0.43
0.64
Kicker
529.80
0.98
13.50
* 65 observations not included due to missing values.
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Table 6-9. Odds Ratios for Model Including Age & Risk Factors

Variable
Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required Equipment
Age
Race
White
Black/African American
Mixed/Other
Years of Experience
Position
Quarterback
Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker

Odds
Ratio
1.09
1.49
0.62
0.98
1.56
1.23
0.85
0.77

95% Confidence
Interval
(0.27-4.32)
(0.36-6.16)
(0.26-1.50)
(0.49-1.93)
(0.79-3.10
(0.62-2.44)
(0.34-2.17)
(0.605-0.99)

1.00
2.30 (1.21-4.40)
1.04 (0.28-3.91)
0.90 (0.82-0.99)
1.00
2.37
0.70
0.92
0.93
1.13
1.22
>999.999

(0.82-.85)
(0.35-1.39)
(0.37-2.30)
(0.43-2.04)
(0.39-3.28)
(0.53-2.84)
(<0.001->999.999)
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Table 6-10. Logistic Regression Model Including Grade & Risk Factors (Controls)*

Variable
SE~ .2-value
~
1.12
Intercept
1.58
0.16
Tackle
0.16
0.73
0.83
0.64
Block
0.34
0.73
Break Tackle
-0.45
0.46
0.32
0.35.
Helmets
0.83
-0.08
0.36
0.19
Neck Rolls
0.47
Mouthpiece
0.21
0.35
0.55
Required Equipment
-0.09
0.48
0.85
Grade
0.91
0.11
1.46
9
10
0.38
0.86
0.66
0.75
0.89
0.40
11
12
-0.31
0.72
0.88
Race
0.33
0.01
Black/African
0.91
American
Mixed/Other
-0.13
0.69
0.85
0.05
0.03
Years of Experience
-0.10
Offensive Line
0.96
0.55
0.08
Receiver
-0.44
0.35
0.21
Running Back
-0.03
0.94
0.47
Secondary
-0.06
0.39
0.88
Defensive Line
0.18
0.54
0.74
0.54
Middle
0.26
0.43
Kicker
502.60
0.98
13.62
* 60 observations not included due to missing values
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Table 6-11. Odds Ratio for Model Including Grade & Risk Factors

Variable
Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required Equipment
Grade
8
9
10
11
12
Race
White
Black/African
American
Mixed/Other
Years ofExperience
Position
Quarterback
Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker

1.17
1.41
0.64
0.93
1.60
1.23
0.91

95% Confidence
Interval
(0.28-4.90)
(0.34-5.87)
(0.26-1.56)
(0.46-1.85)
(0.80-:3.21)
(0.62-2.44)
(0.36-2.33)

1.00
4.29
1.47
2.12
0.73

(0.73-25.34)
(0.27-7.97)
(0.37-12.12)
(0.13-4.14)

Odds
Ratio

1.00
2.48
(1.29-4.77)
0.88 (0.23-3.42)
0.90 (0.82-0.99)
1.00
2.60
0.65
0.97
0.94
1.20
1.30
>999.999

(0.89-7.63)
(0.32-1.29)
(0.39-2.42)
(0.44-2.03)
(0.41-3.48)
(0.56-3.03)
(<0.001->999.999)
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Table 6-12. Number of Participants by School

School Freguency (%)
.1
10 (1.58)
14 (2.22)
2
32 (5.07)
3
28 (4.44)
4
58 (9.19)
5
45 (7.13)
6
23 (3.65)
7
39 (6.18)
8
115 (18.23)
9
84 (13.31)
10
85 (13.47)
11
98 (15.53)
12
631 (1_00.00)
Total

123

Table 6-13. Demographic Variables by School

SCHOOLS
1

Mean Age
Race
White
Black/AA
Mixed/Other
Mean Years
of
Experience
Concussion
Yes
No

N=10 (%)
15.30

2
N=14 (%)
16.00

3
N=32 (%)
16.13

4

N=28 (%)
15.07

5
N=58 (%)
16.07

6
N=45 (%)
16.69

10 (100.00)
0 (0.00)

7 (50.00)
7 (50.00)

0 (0.00)
32 (100.00)

24 (85.71)
2 (7.14)

17 (29.31)
39 (67.24)

16 (35.56)
24 (53.33)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

2 (3.45)

3 '(6.67)

5.20
1 (10.00)
9 (90.00)

5.15
3 (21.43)
11 (78.57)

3.97
0 (0.00)
32 (100.00)

3.40
3 (10.71)
25 (89.29)

4.67
8 (13.79)
49 (84.48)

6.24
6 (13.33)
39 (86.67)

------

-------.

----·--

Table 6-13.b. Demographic Variables by School (Continued)

SCHOOLS

Mean Age
Race
White
B1ack/AA
Mixed/Other
Mean Years
of
Experience
Concussion
Yes
No

7
N=23 (%)
15.57

8
N=39 (%)

14.46

10

9

N=115 (%)
15.27

N=84 (%)
15.40

12

11

N=85 (%)
15.39

N=98 (%)
15.96

22 (95.65)
1 (4.35)

35 (89.74)
1 (2.56)

68 (59.13)
40 (34.78)

73 (86.90)
7 (8.33)

42 (49.41)
39 (45.88)

50 (51.02)
40 (40.82)

0 (0.00)

2 (5.13)

5 (4.35)

4 (4.76)

1 (1.18)

6 (6.12)

4.09
1 (4.35)
22 (95.65)

5.14
3 (7.69)
36 (92.31)

4.26
8 (6.96)
106 (92.17)

5.52
12 (14.29)
71 (84.52)

4.44
9 (10.59)
73 (85.88)

6.77
17 (17.35)
81 (82.65)
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Table 6-14. Answers by School (Part 1)
SCHOOLS
1
N=10

(%)

2
N=14

4
N=28 ___(Yo)

3

(%)

N=32

(%)

5
N=58

6

(%)

N=45

(%)

Concussion
Yes

1

(10.00)

3

(21.43)

0

No

9

(90.00)

11

(78.57)

32

(0.00)
(100.00)

3

(10.71)

8

(13.79)

6

(13.33)

25

(89.29)

49

(84.48)

39

(86.67)

Taught Proper way to tackle
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No

0

Taught Proper way to bl()cl<:

0

(0.00)

.

..

4
... .. ...

(12.50)

0

..

(0:00)
_

2

...

(3.45)

1

.. .....

(2.22)

..

.
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No

0

(0.00)

0

(0.00)

4

(12.50)

0

(0.00)

3

(5.17)

1

(2.22)

Taught the proper way to break a Tackle

L:.:;~§~L.c:Ei;:;L~"-JQ. .·-'"-(_1J)]~.9JD1CLJ••···.•••l~Li:JS5L·'Z.!2fEk\~ir~Ei(£1l~~~L(68,7_§)LL.;:;;. :....2~~··• @2,.MJ!LGb~;t:;,L4.§lt:",@~~~~L.~LA2];;J]};J
No

0

(0.00)

2

(14.29)

10

(31.25)

Do you think required equipment will keep you safe?

3

(10.71)

10

(17.24)

3

(6.67)

.

.
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No

0

(0.00)

2

(14.29)

10

(31.25)

6

(21.43)

3

(5.17)

7

(15.56)

. Can helmets protect from a concussion?
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No

1

(10.00)

4

(28.57)

.. (;an neck rolls protect you from a co11cussion?

18

(56.25)

..... .... ........... ... ...

.

5

(17.86)

20

.... .... .... .. .... .

(34.48)
.

14

(31.11)

.

.
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No

6

(60.00)

10

(71.43)

19

(59.38)

15

(53.57)

40

(68.97)

24

(53.33)

26

(81.25)

19

(67.86)

37

(63.79)

22

(48.89)

Can mouthpieces protect you from concussions?
No

5

(50.00)

9

(64.29)
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Table 6-14.b. Answers by School (Part 2)
SCHOOLS
N=23

8

7
(%)

N=39

11

10

9
N=115

(%2

N=84

C%2

N=85

C%2

N=98

C%2

12
(%)

Concussion
Yes
No

1 (4.35)

22

3
36

(95.65)

. Taught Proper way to tackle

(7.69)
(92.31)

...

8
106

.

(6.96)

12

(14.29)

(92.17)

71

(84.52)

9
73

(10.59)
(85.88)

.

17
81

... .

(17.35)
(82.65)
.

.
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No

0

(0.00)

Taught Proper way to block

7
.. .

(17.95)
.

.

14

(12.17)

1

(1.19)

14

(16.47)

.

1

..

(1.02)
. ..

.
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No

1

(4.35)

7

Taught the proper way to break a Tackle

(17.95)

11

.

(9.57)
....

4

(4.76)

.

.

12
.

(14.12)

3

.. . . . ... . . . . .. . ..

(3.06)
.

.
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No
4 (17.39)
11 (28.21)
Do you think required equipment will keep you
safe?
..

28

(24.35)

15

.

(17.86)
.

25

.

(29.41)

20

(20.41)

.
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No
0 (0.00)
2
Can helmets protect from a concussion?

(5.13)

11

11

(9.57)

(13.10)

15

(17.65)

8

(8.16)
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No
6 (26.09)
11 (28.21)
Can neck rolls protect you from a concussion?

36

(31.30)

22

(26.19)

21

(24.71)

33

(33.67)
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No

8

(34.78)

27

(69.23)

. <:;an mouthpieces protect :yol1 fron1 concussions? . . . .· .

60

(52.17)

42

.

(50.00)
. . ..· .

41

(48.24)

.. . .· . . . . .·

58

(59.18)

.

.
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No

2

(8.70)

21

(53.85)

78 · (67.83)

43

(51.19)

54

(63.53)

54

(55.10)
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CHAPTER 7: RESULTS- RESEARCH QUESTION 2
How does previous concussion experience influence perceptions of future health?

When asked about perception of future health, 77.02% of the sample responded
that football would not have a negative effect on their future health (Table 7-1). Of those
who experienced a concussion, 20 (28 .17%) thought that football would have a negative
effect on their future health (Table 7-2). Of the respondents who said that football would
not have a negative effect on their future health, 434 (89.30%) did not experience a
concussion. Also, more than two-thirds of those who experienced a concussion did not
think that football would negatively affect their future health. There was no significant
association between perception of future health and experiencing a concussion (x2=2.26,
p=0.1329).
In the logistic regression model without,controls, concussion experience was not a
significant predictor of perceptions of future health (Table 7-4). The odds ratio included
1.00 (Table 7-5). Athletes that experienced a concussion were 35% less likely to believe
that football would have a negative effect on their future health. The regression equation
was:
Logit(future health)=l.3024- 0.4272(concussion)
When adding all controls to the model, there were no significant predictors of
perceptions of future health (Table 7-6). The logistic regression model was:
Logit(future health)= -0.00285- 0.4034(concussion)- 0.2318(offensive line)+
0.1224(receivers) -0.0302(running back)+ 0.3741(secondary) + 0.9070(defensive
line)- 0.3263(middle) + 1.0419(kicker) + 0.1344(age) -0.2746(grade 9)0.5509(grade 10) - 0.9064(grade 11) - 0. 7213(grade 12) -0.3266(black/AfricanAmerican) -0.5739(mixed/other) -0.0228(years of experience)

Even though all of the odds ratios included 1.00, athletes that experienced a
concussion were 33% less likely to believe that football had a negative effect on their
future health (Table 7-7). Offensive linemen were 21% less likely to believe that football
would have a negative effect on future health. Receivers and tight ends were 13% more
likely. Kickers were almost three times more likely to believe football would have a
negative effect on future health than quarterbacks. With each year of age, the athletes
were 14% more likely to believe football would have a negative effect on future health.
Grades 9 through 12 were all less likely (24-60%) to believe that football would have a
negative effect on future health. African Americans and mixed race participants were less
likely than white participants to believe football would have a negative effect on future
health. With each year of experience playing football, the likelihood of believing football
would have a negative effect on future health decreases two percent.
In the regression model with all of the risk factors except for grade, being on the
defensive line was the only significant predictor (p=0.04) (Table 7-8). Fifty-three
observations were excluded from the analysis due to missing values. Defensive linemen
were 2.62 times more likely to believe that football would have a negative effect on their
future health (Table 7-9).
In the regression model with all of the risk factors except for age, being on the
defensive line was the only significant predictor (p=0.04) (Table 7-10). Forty-eight
observations were excluded from the analysis due to missing values. Defensive linemen
were 2.61 times more likely to believe that football would have a negative effect on their
future health (Table 7-11).
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Responses to the questions varied by school (Table 7-12). For School1, none of
the athletes felt that football would have a negative effect on their future health. School
10 had the highest percentage of respondents that felt that football would have a negative
effect on their future health (36.90%). This school also had the most concussions in the
sample. None of the respondents from School3 reported experiencing a concussion, but
34.38% of them felt that football would have a negative effect on future health. School 7
had one person to report experiencing a concussion and a low rate of respondents that felt
that football would negatively affect their future health (4.35%).

Table 7-1. Perception of Future Health
N=631
Survey Question
Perception of Future Health
Do you think football will negatively affect future
health?

Yes

No (%)

(%)

139 (22.03)

486 (77.02)

Table 7-2. Perception of Future Health and Concussion Experience
Experienced a Concussion
N=71
N=555
Survey Question
Perception of Future
Health
Do you think football
will negatively affect
future health?

Yes

Yes
No

20
48

(%)*

No (%)**

(28.17)
(67.61)

118 (21.26)
434 (78.20)

-l

(p-value)

2.26 (0.1329)

*Percentages calculated based on total that experienced a concussion.
**Percentages calculated based on the total that did not experience a concussion.
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Table 7-3. Correlation Matrix of Predictors
Concussion
Concussion
Age
Grade
Race
Years of
Experience
** p <0.01
*p <0.05

Age
0.08*

Grade
0.10*
0.89*

Race
-0.04
0.17**
0.14**

Years of Experience
0.12**
0.26**
0.28**
0.01857

Table 7-4. Logistic Regression Model without Controls
SE ~ p-value

Variable

1.30

0.10

<.0001

Concussion -0.43

0.29

0.13

Intercept

Table 7-5. Odds Ratios for Model without Controls
Variable

, Odds Ratio

Concussion 0.65

95% Confidence Interval
(0.37-1.14)
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Table 7-6. Logistic Regression Model Including All Risk Factors (Controls)
Variable
Intercept
Concussion
Offensive line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker
Age
Grade
9
10
11
12
Race
African American
Mixed/Other
Years of
Ex2erience

Q
-0.003
-0.40
-0.23
0.12
-0.03
0.37
0.91
-0.33
1.04
0.13

2.58
0.32
0.33
0.28
0.35
0.32
0.47
0.29
1.07
0.19

p-value
1.00
0.20
0.48
0.67
0.93
0.24
0.06
0.25
0.33
0.47

-0.27
-0.55
-0.91
-0.72

0.84
0.91
1.00
1.12

0.74
0.54
0.36
0.52

-0.33
-0.57
-0.02

0.23
0.52
0.03

0.15
0.27
0.51

SEQ
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Table 7-7. Odds Ratios for the Model Including All Risk Factors
Variable
Concussion
Position
Quarterback
Offensive Line
Receiver
Running Back
· Secondary
Defensive Line
Middle
Kicker
Age
Grade
8
9
10
11
12
Race
White
Black/African
American
Mixed/Other
Years of Experience

95%
Odds
Ratio
Confidence Interval
(0.35-1.24)
0.67
1.00
0.79
1.13
0.97
1.45
2.48
0.72
2.84
1.14

(0.42-1.50)
(0.65-1.97)
(0.49-1.92)
(0.78-2.72)
(0.98-6.27)
(0.41-1.27)
(0.35-22.89)
(0.80-1.65)

1.00
0.76
0.58
0.40
0.49

(0.15-3.97)
(0.10-3.42)
(0.06-2.86)
(0.05-4.35)

1.00
0.72 (0.46-1.12)
0.56 (0.20-1.57)
0.98 (0.91-1.05)
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Table 7-8. Logistic Regression Model with Age and Risk Factors*
Variable
~
Intercept
1.75
Concussion
-0.37
Offensive Line
-0.21
0.09
Receiver
Running Back
0.06
Secondary
0.40
Defensive Line
0.96
Middle
-0.27
Kicker
1.06
Age
-0.02
Race
Black/African American
-0.32
Mixed/Other
-0.61
Years of Experience
-0.03
*53 observations were excluded
due to missing values.

SE~

1.32
0.31
0.32
0.28
0.34
0.32
0.47
0.28
1.06
0.09

p-value
0.18
0.23
0.51
0.75
0.86
0.20
0.04
0.35
0.32
0.85

0.22
0.52
0.03

0.15
0.24
0.37
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Table 7-9. Odds Ratios for the Model with Age and Risk Factors
Variable
Concussion
Position
Quarterback

Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker
Age

Odds
Ratio
0.69
1.00
0.81
1.09
1.06
1.50
2.62
0.77
2.88
0.98

95% Confidence
Interval
(0.38-1.27)

(0.43-1.52)
(0.63-1.88)
(0.54-2.07)
(0.81-2.78)
(1.05-6.59)
(0.44-1.33)
(0.36-23.09)
(0.83-1.17)

Race
White

Black/African American
Mixed/Other
Years of Experience

1.00
0.73 (0.47-1.12)
0.54 (0.20-1.51)
0.97 (0.91-1.041
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Table 7-10. Logistic Regression Model with Grade and Risk Factors*
Variable
~
Intercept
1.85
Concussion
-0.45
Offensive Line
-0.21
Receiver
0.10
Running Back
0.01
Secondary
0.26
Defensive Line
0.96
Middle
-0.35
Kicker
1.11
Grade
-0.:21
9
10
-0.33
-0.60
11
12'
-0.40
Race
Black/African American
-0.29
Mixed/Other
-0.52
Years ofExperience
-0.02
* 48 observations excluded due to missing values

SE~

0.81
0.31
0.32
0.28
0.34
0.31
0.47
0.28
1.06

E-value
0.02
0.15
0.51
0.73
0.99
0.40
0.04
0.21
0.30

0.82
0.82
0.82
0.83

0.80
0.68
0.46
0.63

0.22
0.52
0.03

0.19
0.32
0.61
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Table 7-11. Odds Ratios for the Model with Grade and Risk Factors
'

Variable
Concussion
Position
Quarterback
Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker
Grade
8
9
10
11

12
Race
White
Black/African American
Mixed/Other
Years of Experience

Odds
Ratio

95% Confidence
Interval
0.64 (0.35-1.17)
1.00
0.81
1.10
1.01
1.30
2.61
0.70
3.04

(0.43-1.52)
(0.64-1.90)
(0.51-1.97)
(0.71-2.38)
(1.04-6.57)
(0.40-1.23)
(9.38-24.43)

1.00
0.81
0.72
0.55
0.67

(0.16-4.01)
(0.15-3 .54)
(0.11-2.74)
(0.13-3 .42)

1.00
0.75 (0.48-1.16)
0.59 (0.21-1.65)
0.98 (0.92-1.05)
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Table 7-12. Answers by Schools
SCHOOLS

2

1

N=10

(%)

N=14

4

3
(%)

N=32

(%)

N=28

5
(%)

N=58

6

(%)

N=45

(%)

Concussion

No

9

(90.00)

11

(78.57)

32

(100.00)

25

(89.29)

49

(84.48)

39

(86.67)

21

(65.63)

23

(82.14)

46

(79.31)

38

(84.44)

. Do you think football will negatively affect future health?

No

10

(100.00)

10

(71.43)

SCHOOLS

7

N=23

(%)

8

N=39

(%)

10

9

N=115

(%)

N=84

(%)

11
N=85

12

(%)

N=98

(%)

Concussion

i:."""Xt::.s..".~2;c: __"";_;_;_L~.·-~--··1·. ··,~~;_1~1Li-:I.0i:::i22i.LCZ;&~-L..L•.~~:L:iJiz:J~.t2i2:§)jl_~c:i2ik:i:.Ll:~i;_(!tb2Q)i~L~.-·• .•-•. R".1..CH1::~.2L.;,,L;JI.•.:,(l1.1~lJ
No

22

(95.65)

36

(92.31)

106

(92.17)

71

(84.52)

73

. Do you think football will negatively affect future health?

(85.88)

81

(82.65)

.

.
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No

21

(91.30)

32

(82.05)

93

(80.87)

51

(60.71)

66

(77.65)

75

(76.53)

CHAPTER 8: RESULTS- QUESTION 3
Is there an identifiable "at-risk" group reported no previous concussion experience
but experienced symptoms while continuing to play?
A substantial number of participants experienced the most common concussion
symptoms while playing football. More than half of the respondents experienced a
headache while playing (Table 8-1 ). Almost a third of the sample reported experiencing
dizziness. Most ofthe sample did not experience memory loss (90.02%).
Table 8-2 displays the cross-tabulations of experiencing concussion symptoms
and whether or not the athlete continued to play in a game or practice. Almost half
(n=313, 49.60%) of the respondents experienced a headache and continued to play
football. Essentially, 93.15% of all that reported experiencing a headache continued to
play. Over seventy-nine percent of the athletes that experienced a headache, continued to
play in a game. The least number of athletes experienced memory loss, but 42.31% of
them continued to play.
According to the results of the chi-square analyses, there was a significant
association between experiencing headaches, dizziness, blurry vision, and ringing in the
ears. and continuing to play in a game or practice. There was no significant association
between experiencing memory loss and continuing to play (p=0.1347).
Approximately 77.46% of those who experienced a concussion had experienced a
headache while playing football (Table 8-3). Twenty (28.17%) ofthose who had
experienced a concussion experienced memory loss while playing football. More than
half of the participants who did not experience a concussion had experienced a headache

(n=279). Six that experienced memory loss reported no concussion experience, and no
concussion experience was reported by 98 that experienced ringing in the ears, 70 that
experienced blurry vision, and 164 that experienced dizziness. Chi-square analyses
revealed a significant association between experiencing concussion symptoms and having
experienced a concussion.
Of the individuals that continued to play after experiencing a concussion
symptom and experienced a concussion, 53(74.65%) experienced headaches, 30
(42.25%) experienced dizziness, 20 (28.17%) experienced blurry vision, 29 (40.85%)
experienced ringing in the ears, and 9 (12.68%) experienced memory loss (Table 8-4).
These are large percentages within the subgroup of individuals that experienced a
concussion but encompass between 1.43-8.40% ofthe entire sample (Table 8-5).
Almost half of the individuals that did not experience a concussion, had a
headache during a game or practice and continued to play (n=258). Also, 129 reported
dizziness and continued to play, 61 reported blurry vision, 91 reported ringing in the ears
and 2 reported memory loss. These represent 0.32-40.89% of the entire sample (Table 86).

Since there were five concussion symptoms assessed in this sample. More than a
third of the participants did not experience any concussion symptom while playing
football (Table 8-7). Of the respondents that player with symptoms, the highest
percentage played withjust one symptom (23.93%). Ten (1.59%) experienced five
symptoms while playing football, and almost half of the sample continued to play with at
least one concussion symptom. From this sample, almost forty percent of the values were
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missing for whether or not they continued to play with concussion symptoms (Table 8-8).
More than sixty percent (n=314) continued to play with symptoms.
Of the respondents that experienced concussion symptoms and continued to play
with them, most did not experience a concussion (Table 8-9). Eighty-seven (15.68%)
continued to play football with one concussion symptom but reported no concussion
experience. More than half (60.56%) of the athletes that experienced a concussion
continued to play with at least one symptom. Three (4.23%) athletes that reported having
experienced a concussion while playing football reported no concussion symptoms.
When adding number of concussion symptoms and whether or not the athletes
continued to play with the symptoms to the logistic regression model for research
question 1, the full model, 304 observations were removed due to missing values (Table
8-1 0). Number of symptoms, being African American, and perceptions of mouthpieces
were significant (p<0.05). Continuing to play with symptoms was not a significant
predictor of concussion experience (p=0.51). Participants who thought mouthpieces were
protective, were 2.81 times as likely to have experienced a concussion (Table 8-11).
African Americans were almost three times as likely to have experienced a concussion.
Experiencing an additional concussion symptom decreases the likelihood of experiencing
a concussion by 55%. Those who continued to play with concussion symptoms were 61%
more likely to have experienced a concussion.
Even when running a separate logistic regression model with only number of
symptoms and continuing to play with symptoms as independent variables, number of
symptoms was the only significant parameter estimate (p<0.0001) (Table 8-12).
Reporting more concussion symptoms decreases the likelihood of having experienced a
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concussion. The number of concussion symptoms decreases the odds of having
experienced a concussion by 51% (Table 8-13). Continuing to play with symptoms
decreases the odds of having experienced a concussion by 6%.
For the full logistic regression model excluding grade, being African American
(p=0.03) and the number of symptoms (p<O.OOOl) were the only significant predictors of
concussion experience (Table 8-14). Three hundred observations were excluded due to
missing values. African-Americans were 2.54 times more likely to have experienced a
concussion than white respondents (Table 8-15). With an increase in the number of
symptoms, the likelihood of having experienced a concussion decreases by 55%.
When running the full regression model with grade but
excluding
age, the
'
.
.
perception of required equipment (p=0.04), being Mrican-American (p=0.02) and the
number of symptoms (p<O.OOOl) were significant parameters (Table 8-16). There were
298 observations excluded from the analysis due to missing values. Those who thought
required protective equipment was protective were 44% less likely to have experienced a
concussion (Table 8-17). African Aniericans were 2.92 times as likely to have
experienced a concussion as white respondents. An increase in the number of symptoms
decreases the likelihood of having experienced a concussion by 56%.
In the restricted model with number of concussion symptoms, continuing to play
with symptoms, and risk factors (excluding grade), three hundred observations were
excluded due to missing values (Table 8-18). Number of symptoms (p<O.OOOl) and being
African American (p=0.02) were the only significant parameters. An increase in
concussion symptoms decreases the likelihood of experiencing a concussion by 53%
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(Table 8-19). African Americans were 2.58 times more likely to have experienced a
concussion than the white respondents.
In the restricted model where the number of concussion symptoms, continuing to
play with symptoms, and risk factors (excluding age), there were 298 observations
excluded from the analysis due to missing values (Table 8-20). The number of symptoms
(p<0.0001) and being African American (p=0.01) were the only significant parameters.

An increase in concussion symptoms decreases the likelihood of experiencing a
concussion by 54% (Table 8-21). African Americans were 2.94 times as likely to have
experienced a concussion as the white respondents.
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Table 8-1. Experienced Concussion Symptoms While Playing Football
While playing football, have you
ever ex2erienced:
Headaches
Dizziness
Blurry vision
Ringing in your ears
Loss of memory

Yes
336
201
96
132
26

N=631
(%)
No
(53.25)
271
(31.85)
402
(15.21)
502
(20.92)
468
(4.12)
568

(%)
(42.95)
(63.71)
(79.56)
(74.17)
(90.02)

Total
607
603
598
600
594

(%)
(96.20)
(95.56)
(94.77)
(95.09)
(94.14)

Table 8-2. Experienced Concussion Symptoms and Continuing to Play Football
While playing
football, have you
ever ex2erienced:
Headaches

Did you continue to play in the game or practice?
N=631
Yes (%)
Yes 313 (49.60)
No
76 (12.04)

x2

No (%)
17 (2.69)
63 (9.98)

(p-value1
11.56 (<0.0001)

21.30

Dizziness

Yes
No

159 (25.20)
134 (21.24)

39 . (6.18)
91 (14.42)

Blurry vision

Yes
No

81 (12.84)
179 (28.37)

14 (2.22)
120 (19.02)

20.72 (<0.0001)

Ringing in your ears

Yes
No

120 (19.02)
155 (24.56)

7 (1.11)
117 (18.54)

56.85

Loss of memory

Yes
No

11 (1.74)
202 (32.01)

15 (2.38)
150 (23.77)

(<0.0001)

(<0.0001)

2.24 (0.1347)
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Table 8-3. Concussion Symptoms & Concussion Experience

While playing
football, have you
ever ex2erienced:
Headaches

Yes
No

Experienced a Concussion
N=555
N=71
Yes (%)*
No (%)**
55 (77.46)
279 (50.27)
(21.13)
254 (45.77)
15

y}

(p-value)
17.22 (<0.0001)

Dizziness

Yes
No

37 (52.11)
33 (46.48)

164 (29.55)
365 (65.77)

13.24 (0.0003)

Blurry vision

Yes
No

26 (36.62)
42 (59.15)

70 (12.61)
456 (82.16)

27.61

Ringing in your ears

Yes
No

34 (47.89)
36 (50.70)

98 (17.66)
428 (77.12)

32.12 (<0.0001)

(<0.0001)

114.08 . (<0.0001)
Yes
20 (28.17)
6 (1.08)
48 (67.61)
516 (92.97)
No
*Percentages calculated based on the total number of individuals that experienced a
concussion.
**Percentages calculated based on the total with no concussion experience.
Loss of memory
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Table 8-4. Concussion Symptoms, Continuing to Play & Concussion Experience

While Playing
Football,
Experienced:
Headaches
No Headaches

Continued to Play
Did Not Continue to Play
Continued to Play
Did Not Continue to Play

N=71
Experienced
a
Concussion
53
2
4
3

(%)*
(74.65)
(2.82)
(5.63)
(4.23)

N=555
Did Not
Experience
a
Concussion
258
15
72
60

(%)**
(46.49)
(2.70)
(12.97)
(10.81)

Continued to Play
Did Not Continue to Play
Continued to Play
Did Not Continue to Play

30
7
11
11

(42.25)
(9.86)
(15.49)
(15.49)

129
32
122
79

(23.24)
(5.77)
(21.98)
(14.23)

Continued to Play
Did Not Continue to Play
Continued to Play
Did Not Continue to Play

20
6
17
11

(28.17)
(8.45)
(23.94)
(15.49)

61
8
161
108

(10.99)
(1.44)
(29.01)
(19.46)

Continued to Play
Did Not Continue to Play
Continued to Play
Did Not Continue to Play

29
3
14
10

(40.85)
(4.23)
(19.72)
(14.08)

91
4
140
106

(16.40)
(0.72)
(25.23)
(19.10)

2
Continued to Play
9 (12.68)
4
11 (15.49)
Did NotContinue to Play
17 (23.94)
184
Continued to Play
No Memory
Loss
16 (22.54)
133
Did Not Continue to Play
*Percentages calculated based on the total number of individuals that experienced a
concussion.
**Percentages calculated based on the total with no concussion experience.

(0.36)
(0.72)
(33.15)
(23.96)

Dizziness
No Dizziness

Blurry Vision
No Blurry
Vision
Ringing in Ears
No Ringing in
Ears
Memory Loss
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Table 8-5. Continued to Play with Concussion Symptoms & Concussion Experience

Experienced a Concussion
N=71
N=631
(%)*
(%)**
Symptom & Playing Status
Headaches & Continued to Play
53 (74.65)
(8.40)
Dizziness & Continued to Play
30 (42.25)
(4.75)
Blurry Vision & Continued to Play
20 (28.17)
(3.17)
Ringing in Ears & Continued to Play 29 (40.85)
(4.60)
Memory Loss & Continued to Play
9 (12.68)
(1.43)
*Percentages calculated based on the total number of individuals that experienced a
concussiOn.
**Percentages calculated based on the total sample size.

Table 8-6. Continued to Play with Concussion Symptoms & No Concussion
Experience

Did Not Experienced a
Concussion
N=555
N=631
(%)**
(%)*
(40.89)
258 (46.49)
(20.44)
129 (23.24)

Symptom & Playing Status
Headaches & Continued to Play
Dizziness & Continued to Play
Blurry Vision & Continued to
'Play
(9.67)
61 (10.99)
Ringing in Ears & Continued to
(14.42)
91 (16.40)
Play
Memory Loss & Continued to
· Play
2 (0.36)
(0.32)
*Percentages calculated based on the total number of individuals that did not experience
a concussion.
**Percentages calculated based on the total sample size.

147

Table 8-7. Number of Concussion Symptoms

Number of
Sym:Qtoms
0
1
2
3
4
5
Total

N=631
Freguency
214
151
128
54
32
10

(%)
(33.91)
(23.93)
(20.29)
(8.56)
(5.07)
(1.59)

589 (93.34)

Table 8-8. Continued to Play with Concussion Symptoms

Continued to Play
with Symptoms Freguency (%)
No
66 (10.46)
Yes
314 (49.76)
380 (60.22)
Total
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Table 8-9. Concussion Symptoms, Continuing to Play with Symptoms and Concussion Experience

Did Not Experience a Concussion (N=555)
Experienced a Concussion (N=71)
Number
Continued to Play with Symptoms*
Continued to Play with Symptoms**
of
Symptoms Yes (%)
Total (%)
No (%)
Yes (%)
No (%)
Total (%)
47
(8.47)
0
. 42 (7.57)
3 (4.23)
89 (16.04)
2 (2.82)
5 (7.04)
8 (11.27)
1 (1.41)
1 87 (15.68)
3 (0.54)
90 (16.22)
9 (12.68)
2 79 (14.23)
5 (0.90)
7 (9.86)
84 (15.14)
0 (0.00)
7 (9.86)
2 (0.36)
12 (16.90)
3 24 (4.32)
26 (4.68)
0 (0.00)
12 (16.90)
0 (0.00)
17 (3.06)
4
8
(11.27)
17 (3.06)
0 (0.00)
8 (11.27)
8 (11.27)
0 (0.00)
2 (0.36)
5
2 (0.36)
0 (0.00)
8 (11.27)
46 (64.79)
Total 256 (46.13) 52 (9.37)
308 (55.50)
3 (4.23)
49 (69.01)
*Missing 24 7 observations.
**Missing 22 observations.

Table 8-10. Logistic Regression Model of Number of Symptoms and Continuing to
Play with Symptoms as Predictors of Experiencing a Concussion.*
Variable
SE ~ p-value
0.62 <0.0001
Intercept
3.30
Number of Symptoms
-0.71
0.13 <0.0001
Continued to Play with
Symptoms
-0.06
0.66 0.93
* 304 observations were removed from the model due to missing values.

Table 8-11. Odds Ratios for the Logistic Regression Model of Number of Symptoms
and Continuing to Play with Symptoms as Predictors of Experiencing a Concussion.
Variable
Number of Symptoms
Continued to Play with
Symptoms

Odds Ratio
95% Confidence Interval
0.49 0.38-0.63
0.94 0.26-3.44

Table 8-12. Full Logistic Regression Model with All Controls*
Variable
Intercept
Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required
Equipment

~
0.87
0.91
-0.83
-0.59
-0.22
0.24
1.03
-0.64

SE~

5.41
0.97
1.41
0.63
0.48
0.48
0.50
0.66

p-value
0.87
0.35
0.56
0.35
0.64
0.62
0.04
0.33

Age
Grade
9
10
11
12
Race
Black/AA
Mixed/Other
Years of
Experience

0.22

0.39

0.57

1.35
-0.20
0.65
-1.06

1.34
1.48
1.71
1.98

0.31
0.89
0.70
0.59

1.07
0.05
-0.13

0.46
0.91
0.07

0.02
0.95
0.08

Symptoms
-0.81
0.16 <.0001
0.71
0.51
Continued to
0.47
play with
symptoms
0.20
0.77
.Offensive Line
0.67
0.54
-0.95
0.08
Receiver
Running Back
-0.72
0.68
0.29
-0.53
0.56
0.35
Secondary
-0.40
Defensive Line
0.73
0.58
0.29
0.63
0.64
Middle
Kicker
13.24
589.80
0.98
* 304 observations were removed from the regression model due to missing values.
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Table 8-13. Odds Ratios for the Full Logistic Regression Model with All Controls
Variable
Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required Equipment
Age
Grade

8
9
10
11
12
Race
White
Black/African
American
Mixed/Other
Years of Experience
Number of Symptoms
Continued to Play w/
Symptoms
Positions
Quarterback
Offensive Line
Receiver
RUnning Back
Secondary
Defensive Line
Middle
Kicker

Odds
Ratio
2.48
0.44
0.55
0.80
1.27
2.81
0.53
1.25

95% Confidence
Interval
0.37-16.77
0.03-6.90
0.16-1.91
0.32-2.03
0.49-3.28
1.05-7.56
0.15-1.92
0.59-2.67

1.00
3.88
0.82
1.92
0.35

0.28-53.61
0.05-14.91
0.07-54.68
0.01-16.79

1.00
2.91

1.19-7.13

1.06
0.88
0.45
1.61

0.18-6.24
0.77-1.01
0.33-0.61
0.40-6.52

1.00
1.22
0.39
0.49
0.59
0.67
1.34
>999.999

0.33-4.51
0.13-1.12
0.13-1.85
0.20-1.77
0.16-2.80
0.39-4.55
<0.001->999.99
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Table 8-14. Full Logistic Regression Model (Without Grade)*
p-

Variable
Intercept
Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required Equipment
Age
Race
African American
Mixed/Other
Years of Experience
Number of Symptoms
Continuing to Play w/
Symptoms
Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker
* 300 observations removed due to

SE~

~
8.37
0.71
-0.42
-0.66
-0.21
0.16
1.00
-0.54
-0.25

3.11
0.96
1.30
0.63
0.46
0.46
0.49
0.63
0.17

value
0.01
0.46
0.75
0.29
0.64
0.73
0.04
0.40
0.14

0.93
0.35
-0.11
-0.80

0.43
0.86
0.07
0.15

0.03
0.69
0.09
<.0001

0.16

0.70

0.82

0.28
0.66
-0.80
0.53
-0.74
0.68
-0.47
0.54
-0.32
0.71
0.41
0.61
13.19
606.30
missing values.

0.67
0.13
0.28
0.39
0.66
0.50
0.98
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Table 8-15. Odds Ratios for the Full Logistic Regression Model (Without Grade)
Variable

Odds Ratio

95% Confidence
Interval
(0.31-13.30)
(0.05-8.4 7)
(0.15-1.78)
(0.33-1.99)
(0.47-2.90)
(1.04-7 .11)
(0.17-2.02)
(0.56-1.09)

Tackle
Block
Break Tackle
Helmets
Neck Rolls
Mouthpiece
Required Equipment
Age
Race

2.03
0.66
0.51
0.81
1.17
2.72
0.59
0.78

White

1.00
2.54 (1.09-5.93)
1.42 (0.26-7.59)
0.89 (0.78-1.02)
0.45 (0.33-0.61)

Black/African American
Mixed/Other
Years of Experience
Number of Symptoms
Continuing to Play w/
Symptoms
Position
Quarterback

Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker

1.17 (0.30-4.62)
1.00
1.32
0.45
0.48
0.63
0.73
1.51
>999.999

(0.36-4.78)
(0.16-1.26)
(0.13-1.83)
(0.22-1.81)
(0.18-2.95)
(0.45-5.03)
(<0.00 1->999 .999)
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Table 8-16. Full Logistic Regression Model (Without Age)*
p-

Variable
SE~ value
~
Intercept
3.85
0.04
1.90
Tackle
0.95
0.97
0.33
Block
-1.13
1.30
0.39
Breaktackle
-0.59
0.62
0.34
Helmets
-0.17
0.47
0.72
Neck Rolls
0.21
0.48
0.66
Mouthpiece
1.01
Required Equipment
-0.59
0.50
0.04
Grade
0.66
0.37
9
1.58
1.30
0.22
10
0.34
1.24
0.78
11
1.31
12
-0.15
1.30
0.31
Race
1.26
0.91
Black/African American
0.02
1.07
0.45
Mixed/Other
0.05
0.89
0.95
Years of Experience
0.07
0.10
-0.11
Number of Symptoms
-0.83
0.16 <.0001
Continuing to Play w/
0.55
0.71
0.44
Symptoms
Offensive Line
0.20
0.67
0.76
0.10
Receiver
-0.87
0.52
Running Back
-0.64
0.68
0.35
Secondary
-0.50
0.56
0.37
Defensive Line
-0.28
0.71
0.69
Middle
0.47
0.61
0.44
Kicker
13.26
588.50
0.98
*298 observations were excluded due to missing values.
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Table 8-17. Odds Ratios for the Full Logistic Regression Model (Without Age)*
Variable
Tackle
Block
Breaktackle
Helmets
Neck Rolls
Mouthpiece
Required Equipment
Grade
8
9
10

11
12
Race
White
Black/African American
Mixed/Other
Years ofExperience
Number of Symptoms
Continuing to Play w/
Symptoms
Position
Quarterback

Offensive Line .
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker

Odds Ratio
2.58
0.32
0.55
0.84
1.23
2.74
0.56

95% Confidence
Interval
(0.38-17.38)
(0.03-4.17)
(0.17-1.86)
(0.34-2.11)
(0.48-3.14)
(1.04-7.28)
(0.15-2.03)

1.00
4.85
1.41
3.69
0.86

(0.38-61.69)
(0.12-16.11)
(0.29-46. 78)
(0.07-10.25)

1.00
2.92
1.05
0.89
0.44

(1.20-7.1 0)
(0.19-5.97)
(0.78-1.02)
(0.32-0.60)

1.73

(0.43-7.00)

. 1.00
1.23
0.42
0.53
0.61
0.75
1.60
>999.999

(0.33-4.54)
(0.15-1.17)
(0.14-1.99)
(0.21-1.81)
(0.19-3.03)
(0.48-5.33)
(<0.00 1->999 .999)
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Table 8-18. Restricted Logistic Regression Model with Age and Other Risk Factors*

p
Variable
7.30
Intercept
-0.75
Number of Symptoms
Continuing to Play w/
0.21
Symptoms
-0.23
Age
Race
African American
0.95
Mixed/Other
-0.06
Years of Experience
-0.09
Position
Offensive Line
0.44
Receiver
-0.81
Running Back
-0.67
Secondary
-0.44
Defensive Line
-0.24
Middle
0.38
Kicker
13.67
*300 observations excluded due to missing values.

SEP p-value
2.54
0.00
0.15 <.0001
0.69

0.76

0.16

0.15

0.42
0.80
0.06

0.02
0.94
0.13

0.65
0.49
0.64
0.52
0.68
0.59
594.40

0.50
0.10
0.29
0.41
0.72
0.52
0.98
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Table 8-19. Odds Ratios for the Restricted Logistic Regression Model with Age and
Other Risk Factors
Variable
Number of Symptoms
Continuing to Play w/
Symptoms
Age
Race
White
African American
Mixed/Other
Years ofExperience
Position
Quarterback
Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker

Odds 95% Confidence
Ratio Interval
0.47 (0.36-0.63)
1.23

(0.32-4.73)

0.79 (0.57 -1.09)
1.00
2.58 (1.14-5.87)
0.94 (0.20-4.49)
0.91 (0.81-1.03)
1.00
1.55
0.44
0.51
0.65
0.78
1.46
>999.999

(0.43-5.51)
(0.17-1.16)
(0.15-1.78)
(0.23-1.81)
(0.21-2.98)
(0.46-4.64)
(<0.001->999.999)
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Table 8-20. Restricted Logistic Regression Model with Grade and Other Risk
Factors*
Variable
~
Intercept
2.97
-0.78
Number of Symptoms
Continuing to Play w/
0.55
Symptoms
Grade
1.26
9
10
0.09
0.93
11
12
-0.35
Race
African American
1.08
-Q.35
Mixed/Other
Years ofExperience
-0.09
Position
Offensive Line
0.36
-0.89
Receiver
Running Back
-0.63
Secondary
-0.39
Defensive Line
-0.18
Middle
0.48
Kicker
13.84
* 298 observations excluded due to missing values.

SE ~ p-value
1.28
0.02
0.15 <.0001
0.70

0.44

1.26
1.21
1.25
1.23

0.32
0.94
0.45
0.78

0.44
0.82
0.06

0.01
0.67
0.15

0.66
0.50
0.64
0.54
0.68
0.59
600.30

0.58
0.07
0.33
0.46
0.79
0.42
0.98
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Table 8-21. Odds Ratios for the Restricted Logistic Regression Model with Grade
and Other Risk Factors
Variable
Number of Symptoms
Continuing to Play w/
Symptoms
Grade
8
9
10
11
12
Race
White
African American
Mixed/Other
Years ofExperience
Position
Quarterback
Offensive Line
Receiver
Running Back
Secondary
Defensive Line
Middle
Kicker

Odds 95% Confidence
Ratio Interval
0.46 (0.34-0.62)
1.73

(0.44-6.82)

1.00
3.53
1.10
2.54
0.71

(0.30-41.99)
(0.10-11.74)
(0.22-29.25)
(0.06-7 .88)

1.00
2.94 (1.25-6.93)
0.71 (0.14-3.52)
0.91 (0.80-1.03)
1.00
1.44
0.41
0.54
0.67
0.84
1.62
>999.999

(0.40-5.19)
(0.16-1.09)
(0.15-1.87)
(0.24-1.94)
(0.22-3.16)
(0.51-5.17)
(<0.00 1->999 .999)
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CHAPTER 9: DISCUSSION
9.1

Descriptive Statistics
The rate of concussion experience in this sample is lower than the 15% that is

reported in the literature. However, when looking at the age strata, 15% of the seventeen
year olds had experienced a concussion. Approximately 7.83% of fourteen year olds and
9.38% of the fifteen year olds had experienced a concussion. While these percentages are
lower, having experienced a concussion at this age is more detrimental and younger
athletes experience longer recovery times. More injuries have been found in 14-16 year
old football players [48].
Even though this was not a random sample, the race distribution in this sample
was similar to the distribution in Louisiana. Around 57.69% in this study were white and
36.77% were black. In Louisiana, 63.8% ofthe population is white; 32.4% is black[154].
While the average amount of experience throughout the sample was 5.06 years,
the most respondents that had experienced a concussion had between four (n=12) and
five (n=11) years of experience. Years of experienced playing football peaked around 5
years. There are fewer athletes with experience beyond five years, which explains why
the!e are fewer concussions towards ten years of experience. However, for those with
eleven years of experience 31.25% (n=5) of them had experienced a concussion. Seven
(18.42%) with eight years of experience had sustained a concussion. These results reflect
the notion that years of experience increase the possibility of sustaining a concussion.
More tenth graders experienced concussions, but there were also more tenth
graders in the sample than the other grades. Almost fifteen percent of the tenth graders
I

had experienced a concussion. However, 18.49% of twelfth graders had experienced a
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concussion. It is not clear when these athletes sustained a concussion. So, they could have
sustained a concussion in the ninth grade. It is unclear.
Most of the concussions were experienced by athletes that played one position.
This is to be expected since most of the sample (84.15%) only reported playing one
position. 7.89% of those who played two positions had experienced a concussion. The
number of positions could also indicate increased exposure, especially ifthey are playing
offence and defense. However, the number of positions played does not appear to affect
concussion rates, especially since 92.11% of those who played two positions did not
experience a concussion. There were more concussions on offense, but offense only and
defense only had similar rates of concussion (12.11% and 12.73%, respectively). There
are so many factors affecting concussion risk. These rates could be explained by a
number of factors such as style of play or position.
It appears that quarterbacks and the offensive lineman have the same number of
concussions, but there were more linemen in the sample. Almost fifteen percent of
quarterbacks had experienced a concussion. Quarterbacks are at risk of injury from many
directions. Receivers and tight ends had the most concussions in this sample (n=20,
14.18%). This is to be expected because receivers and tight ends are highly skilled
positions that require high speed. Approximately 13.89% of the running backs
experienced concussions, which is also to be expected. Previous studies have shown that
running backs are oftentimes more likely to be injured in games. Footpall players in
secondary positions experienced the highest rate of concussions on defense (n=16,
13.91 %). Defensive back and safety positions require higher rates of speed than a
defensive lineman. So, higher concussion rates are to be expected. Depending on the
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play, linebackers can also run at high speeds down the field. So it is not surprising that
they had the second highest rate of concussions ( 11.61%) on defense. While there were
no concussions on special teams, kicker only position that clearly identified a special
teams player. It is possible that the other concussions were experienced on special teams,
but it cannot be determined from this sample.
Recognizing concussion symptoms were consistent with the literature. Headaches
and dizziness were the most highly recognized concussion symptoms. For perceptions of
concussion symptoms, the majority of those who experienced concussions answered that
a concussion could cause the symptom. It is possible that these answers were influenced
by concussion experience. However, only 56.34% (n=40) felt that concussions could
cause mood changes, which could reflect that the athletes were not as familiar with all
concussion symptoms. After all, mood change was the least recognized symptom.

9.2

Research Question 1
High school football players may use inadequate technique[! 0]. Interestingly,

most of the sample felt that required protective equipment would keep them safe, but
when asked about the individual pieces of equipment protecting them from concussions,
they did not feel that helmets, neck rolls and mouthpieces offered as much protection. It
could be that the participants felt that protective equipment would keep them safe from
other types of injuries, aside from concussions. Football helmets have received more
attention than other pieces of protective equipment, which could explain why more
participants felt that helmets were protective than neck rolls and mouthpieces. Although
the majority of the sample was correct in their perceptions that neck rolls and
mouthpieces are not protective, those perceptions could be driven by the roles of the
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equipment. Since the helmet covers the head, the athletes may believe it is more
protective than other pieces of equipment.
Collectively, the athletes seemed confident that their coaches taught them proper
techniques for tackling, blocking and breaking tackles. Even if they were confident in
their coaches' teaching, it is possible that they still did not learn the proper technique.
Perhaps in a future study would measure the athletes' depth of understanding regarding
tackling techniques. There were no significant associations between being educated on
the proper tackling techniques and experiencing a concussion. However, it is important to
note that the majority of the participants that experienced a concussion were taught the
proper techniques, even though they made up a small percentage of the sample (9.8310.78%). While education is a key factor in injury prevention, it could be that execution
of those techniques has more of an effect on rates of injury. This survey did not capture
whether or not the athletes were using the suggested techniques. Also, it is possible that
the athletes sustained concussions before being taught the proper techniques. Based on
this sample, there is no way to determine when they were taught the proper techniques.
As previously mentioned, current recommendations are for athletes to be taught proper
techniques as early as possible.
On the other hand, the portion of the sample with no concussion experience
supports the idea that proper education plays a major role in concussion prevention.
Between 68.15 and 81.46% (77.48-92.53% ofthe total with no concussion experience) of
the sample who were taught proper techniques did not report any concussion experience.
It is disconcerting that athletes reported not being taught tackling techniques and some
still experienced concussions.
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For the first logistic regression model, only years of experience and being African
American were significant predictors of concussion. Years of experience is a risk factor
for experiencing a concussion and is also a marker of exposure. The more exposure to
football, the more likely an athlete is to sustain a concussion. The literature does not
support any theories on why racial differences exist with regard to concussion
experience. This result is best explained by the variation of the data in the sample. Since
this was a convenience sample, the differences in race and other demographic variables is
mostly due to the different schools. The respondents from School 1 were 100%
Caucasian (Table 6-9 a). All of the respondents from School3 were African American
and none of them had experienced a concussion. Respondents from eight schools in the
study were predominantly Caucasian (Tables 6-9 a & b). Two of the schools with mostly
African American respondents had the second highest and second lowest average years of
experience playing organized football (3.97 and 6.24 years).
There appear to be differences among the schools with regard to tackling
education, too. For example, 31.25% ofthe respondents from school3 said they were not
taught the proper way to break a tackle (Table 6-10 a). Schools 8, 9, 10, 11 and 12 also
had quite a few respondents indicate they were not taught the proper way to break a
tackle (Table 6-10 b). Every football program is different, which could explain the
variations in education. School12 had the most concussions (n=17) but also the most
years of experience on average. This can be explained by exposure to football. However,
98.98% were taught how to tackle, and 96.94% were taught the proper way to block a
tackle. Approximately 79.59% were taught the proper way to break a tackle. While these
respondents had one of the highest proportions of respondents to believe that protective .
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equipment would keep them safe, the percentages were much lower for perceptions of
helmet (65.31 %) and neck rolls (40.82%) being protective. These responses may be a
reflection of longer exposure to football as well as concussion experience. An athlete who
experiences a concussion may think different about protective equipment after having
sustained a concussion.
Having more experience playing football and experiencing a concussion may
explain some respondents' answers, but not others. For example, school3 had no
respondents that had experienced a concussion while playing football, and less than half
of them (43.75%) did not believe that helmets were protective. This was much lower than
the percentage that thought required protective equipment would keep them safe
(68.75%). Given the variations amongst the schools, it is challenging to explain what
could have influenced the answers to the survey.

9.3

Research Question 2

Experiencing a concussion appears to not have had a significant effect on
perceptions of football on future health, even when considering demographic variables.
However, there were variations amongst the twelve schools in the responses for
perceptions of football on future health that could explain these results. For example,
none of the respondents from School 1 felt that football would have a negative effect on
their future health, and the highest percentage of respondents that felt football would have
a negative effect on future health were from School10. School10 also had the most
concussions. Their perceptions of future health could be explained by concussion
experience. However, the answers for School 3 do not support this explanation. School 3
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had the second highest percentage of athletes that felt that football would have a negative
(

effect on future health, and no one from School 3 reported experiencing a concussion.

9.4

Research Question 3
There are two things that are clear with this analysis. There may be players who

are continuing to play with concussions, some of which may be deliberately doing so.
Secondly, several players may be experiencing concussions and are unaware of it. The
majority of the sample reported no previous concussion experience. However, the
number of athletes that could have been playing with an undetected concussion would
increase the rate of concussions in this sample from 11.25% to 52.14%.
While there were 25 8 athletes that reported no concussion experience but
continued to play football after experiencing a headache, the presence of a headache does
not indicate that the athletes sustained a concussion. Headaches are prevalent outside of
sports, but they are the most commonly reported concussion symptom[104].
These results also indicate that there is a divide between recognizing concussion
symptoms and abiding by the recommendations that athletes be removed from play after
experiencing these symptoms; These are the athletes that will benefit from the Youth
Concussion Act. These athletes should have been removed from play and received a
concussion evaluation by a health professional. Of the athletes that reported no
concussion experience, most of them that continued to play with a symptom reported
experiencing one (n=87, 15.68%) or two (n=79, 14.23%) symptoms. It is also
disconcerting that most of the athletes with concussion experience continued to play with
symptoms (n=46, 64.79%). Twenty-eight (39.44%) respondents that reported concussion
experienced continued to play with at least three or more symptoms.
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When added to the regression models, number of symptoms is a significant
predictor of concussion experience but not in the direction that is expected. According to
the regression models, experiencing more concussion symptoms reduces the likelihood of
having experienced a concussion. When athletes are evaluated for concussions using
common screening tools, a symptom score is computed by tallying the number of
concussion symptoms. This symptom score helps the health professional determine
whether or not the athlete is experiencing a concussion. In theory, it is expected that, with
an increase in the number of symptoms, the likelihood of having experienced a
concussion will also increase. Undetected concussions in this sample may be affecting
the direction of the relationship between number of symptoms and concussion
experience.
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CHAPTER 10: CONCLUSION
Analyzing factors that may influence concussion rates, such as perceptions of
protective equipment and being taught proper tackling techniques did not appear to have
a significant effect on the likelihood of experiencing a concussion. Even though the
results showed those two factors, did not influence concussion rates, perceptions of
protective equipment and being taught proper technique are both key aspects of injury
prevention.

10.1 Recommendations
Three recommendations are to:
1. Expand equipment safety and tackling technique education.
2. Collect follow-up data to evaluate the effectiveness of the Youth Concussion Act with
regard to compliance, and how effective the law has been in reducing rates of concussion
in Louisiana.
3. To conduct a qualitative study to gain a better understanding ofthe behaviors.
It would be worthwhile for Louisiana to follow Washington's lead as far as

creating a prospective and comprehensive concussion management program. Since
Washington passed the Zackery Lystedt Law, no youth athletes have suffered subdural
/

hematomas requiring surgery[40]. Before the law was passed, athletes were sustaining
catastrophic injuries every year. So, it would also be meaningful for key stakeholders to
design a comprehensive evaluation ofthe Louisiana Youth Concussion Act. The law
covers important pieces of legislation, such as coach, parent and athlete education,
defining the health care professionals that are qualified to diagnose and treat a
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concussion, removal-from-play guidelines and incentives. However, it does not require
baseline testing. A component of this evaluation should include compliance to the law
and its effect on concussion rates.

10.1.1 Concussion Education Initiatives
Education and awareness are essential for injury prevention. In addition to
reviewing the dangers of concussions each year, it would be worthwhile for coaches and
athletes to revisit the essentials of proper tackling techniques and protective equipment
and how they play a role in player safety.
The Youth Concussion Act requires that coaches remove potentially concussed
(

athletes from competition. It is important for coaches, medical staff, parents and athletes
to receive concussion education. However, the major challenge is that reporting
concussion symptoms is highly dependent on the athlete's reporting concussion
symptoms. Not reporting concussion symptoms increases an athlete's risk ofinjury[155],
which is why it is of the utmost importance that education initiatives are put in place. The
Youth Concussion Act addresses these issues, but more focus needs to be given to the
athletes.
One of the techniques suggested is peer-assisted learning (PAL), which is a
method where athletes serve as the teacher and student [156]. Traditionally, in football,
the coaches are the teachers. However, the athletes can also serve in the capacity of a
teacher. The high school athletes in this sample range from ages 13-18. The older
students may have more experience playing football, and are probably in the position to
teach the younger athletes. They could share their experiences with younger athletes, who
would benefit from their expertise.
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10.1.2 Evaluating the Effectiveness of the Youth Concussion Act.
Youth concussion laws are relatively new throughout the country, and it has been
suggested that states conduct more studies to better understand the effectiveness of the
laws[42]. In this sample there were differences among the schools with regard to race,
education and concussion experience. A study in Washington State showed that there
were differences in concussion management between urban and rural schools [149].
Athletic trainers in urban schools were more likely to use the SCAT2 concussion
screening tool, and were using different concussion screening tools. When evaluating the
effectiveness of the Youth Concussion Act, it is also important to determine if schools are
compliant with the law and how concussion management programs are affected. In
Washington State, all of the respondents in the study acknowledged that they understood
the youth concussion law, but almost half of them responded that passing the laws did not
change how they ran their concussion management programs [149].

10.1.3 Conducting a Qualitative Study
Conducting a qualitative study would be beneficial for understanding the root
cause of the behaviors in question. For example, it would be useful to understand why
athletes are continuing to play with concussion symptoms and the factors that influence
perceptions of protective equipment. From this study, it is not pos.sible to understand
what drives these perceptions. If an athlete feels as though a piece of equipment protects
them from injury, they may play more recklessly. Athletes should be aware of the study
findings and the disclaimers on their equipment because protective equipment does not
prevent severe injuries.
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10.2 Strengths
There are several strengths to these analyses. The data were collected at baseline,
after the Louisiana Youth Concussion Act was passed. This study was able to gauge
concussion education in athletes in the same year the legislation was passed, unlike the
study in Washington State[139]. This baseline data collection allowed for understanding
the depth of athletes' concussion knowledge and perceptions. If data are collected in the
future, changes in trends and progress can be tracked. These analyses also provided
useful information that can be used to determine the best means of proceeding with future
initiatives. Also, the sample size is a strength of this study. This study had more
participants than other studies of this nature.

10.3 Limitations
This study was limited by missing data, dataset limitations, and study design.

10.3.1 Missing Data
Missing data was one of the major challenges in working with this sample. Fof
the first logistic regression model4.12% (n=26) observations were removed due to
missing values. That was prior to adding the control variables to the model. After adding
the control variables to the regression model 70 (11.09%) observations were excluded
due to missing values. For the logistic regression model to predict perceptions of football
on future health, 11 (1.74%) were excluded because of missing values. When adding the
controls, 58 (9.19%) were excluded.
In the demographic data, there were missing values. However, when given the
choice of circling yes or no, for some questions the respondents did not give an answer.
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In the two-part questions, the athletes were asked if they had experienced concussion
symptoms, and the second part asked if they continued to play. For part 1, there were
between 24 and 37 missing values, and there were between 142 and 233 missing values
for the second part of each question. For memory loss, one of the more severe but less
common symptoms, 233 did not answer whether or not they continued to play. That is
36.93% of the entire study population. Thirty-seven (5.86%) did not answer the question
if they had experienced memory loss while playing football. This is critical information
that could help researchers understand is happening in this population.

10.3.2 Dataset Limitations
There were no anthropometric variables, such as height and weight, to determine
body-mass index. This would have been a useful variable, due to the literature stating the
effects of having extra body-mass when playing football. Initial data collection of
football injuries included age, height, weight, playing experience and previous injury[50].
Respondents were allowed to fill in their positions. A future study should include
specific boxes to check for the specific positions, as well as offense, defense and special
teams. For this sample, only the kickers were assigned to special teams. Other
respondents likely played special teams, but the survey was designed in such a way that
this could not be captured.

10.3.3 Study Design
The data were not collected as a random sample, but all five classes within the
LHSAA structure were represented. This study is a subset of high school football players
in the state of Louisiana. Therefore, it cannot be used to infer about the entire state of
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Louisiana, region of the country, or general population. However, this study is still
significant because it was used to answer very important questions.
New and recurrent concussions could not be distinguished based on the survey
design. Having experienced a concussion puts an athlete at risk of sustaining additional
concussions. Most concussions are incident concussions, but recurrent concussions are
associated with longer recovery times. Also, more severe symptoms such as loss of
consciousness are more common with recurrent concussions.
The survey captured previous concussion experience, but it did not indicate when
the athlete sustained the concussion. For example, the twelfth graders had the highest
proportion of concussions in the sample, but they could have experienced them at any
time during their football careers.
The survey relied heavily on the high school athletes' ability to recall events such
as concussion diagnoses, the extent of concussion education and knowledge of
concussion signs and symptoms. No medical records were used to verify concussion
cases. So, ascertaining whether or not the player had sustained a concussion was solely
dependent on the player's memory of the event. This means of data collection is subject
to recall bias.

10.4 Future Research
If there are any plans for follow-up data collection minor changes to the survey would
be helpful. Instead of allowing the respondents to fill in the blanks for demographic data,.
ranges of answers should be provided for variables such as age, education, and especially
for positions. Categorizing positions was most challenging because two of the positions,
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"Tackle" and "Line," could not be classified as offense or defense due to the ambiguity of
the survey responses. Also, kickers are not the only positions that play special teams. So,
an additional question allows respondents to check or circle offense, defense and special
teams would allow researchers to better understand the positions and team units to with
the athletes belong. In this study, none of the special teams players had experienced a
concussion, and this is likely due to the complications with reporting positions. In other
studies, special teams players reported experiencing concussions. It is possible that
special teams players within this sample had experienced a concussion, but not knowing
all of the players that belonged to special teams was a limiting factor.
Follow-up data collection with a modified survey would also be compelling because
athletes' perceptions of protective equipment, future health, and tackling technique may
have changed due to maturation. Although the Youth Concussion Act requires annual
concussion education, the media has given a considerable amount of attention to this
topic.

10.5 Implications
The results of this research indicate the need to develop initiatives to increase
education and awareness. The purpose of conducting this type of research is not to
change football or make it a boring sport. It is to make the game safer, and similar
initiatives for spinal cord injuries were successful. High school spinal and brain injury
deaths were reduced from 36 in 1968 to zero in 1990[108]. With increased awareness,
there will likely be increased rates of reporting concussion symptoms and concussions
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being diagnosed. An increased concussion rate would indicate that the youth concussion
laws are successful in reaching more athletes.
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