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Tolbert, Timothy. Exposure to Injury in Sport: High School Football Surveillance System 
(2009). Directed by Dr. Helen Binkley. 

Twenty years ago infectious diseases were the major cause of mortality and 

morbidity in the world's adolescent population. In this decade, children die worldwide 

due to unintentional injury more than any other cause. This increase in injury related 

deaths is also seen in the United States. Recreational and sport related accidents are often 

reported as the major risk of unintentional injury. 

The purpose of this investigation is to answer the following question: What effect 

does the amount of time spent practicing or participating in competition have on the 

occurrence of injury to varsity high school football athletes? 

The injury surveillance system collected data on 11 varsity high school football 

injuries during the 2008 football season. The injury surveillance system did not collect 

data on junior varsity activities, club activities, any in-season individual conditioning or 

weight-lifting sessions, or most out-of-season or nontraditional season practice, 

competition, or conditioning activities. 

The results suggest that, when controlling for all other variables, the school an 

athlete attends and the week during which a practice occurs influences the possibility of 

an injury event. The results suggest that, when controlling for all other variables, the 

school an athlete attends, classification in school of the athlete, and the week during 

which a competition occurs influences the possibility of an injury event. 

During practice, the school an athlete attends and the week during which the 

practice occurs are shown to influence the occurrence of injury among varsity high 
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school football athletes. During competition, the school an athlete attends, the week 

during which the competition occurs, and the classification of the athlete are shown to 

influence the occurrence of injury among varsity high school football athletes. 
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CHAPTER I 

INTRODUCTION 

Statement of the Problem 

Infectious diseases were the major cause of mortality and morbidity in the world's 

adolescent population twenty years ago (Blum & Nelson-MMari, 2004). In this decade, 

children die worldwide due to unintentional injury more than any other cause (Blum & 

Nelson-MMari, 2004; Danesco, Miller, & Spicer, 2000; Kaplan & Thacker, 2000). 

During the adolescent years, which are defined by the World Health Organization 

(WHO) as being between the ages of 10 and 19, an increase in the occurrence of injury 

related traumas are observed (Pickett et al., 2005). 

This increase in injury related deaths is also seen in the United States. Three-

fourths of all adolescent deaths are due to unintentional injury, homicide, and suicide 

(Park, Mulye, Adams, Brindis, & Irwin, 2006). Runyan and Gerken (1989) reported that 

at least one adolescent dies of unintentional injury every hour of every day in the United 

States. Recreational and sports related accidents are often reported as the major risk of 

unintentional injury (Blum & Nelson-MMari, 2004). 

The Significance of the Study 

The development of surveillance systems to prevent unintentional adolescent 

injuries is crucial in promoting a safe, injury free environment. The data produced by a 

surveillance system describes the size and characteristic of the health problem, the 
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population at risk, the risk factors, and the trends (Holder et al., 2001). Once this 

information is gathered and analyzed, it is possible to develop interventions that address 

the health problem and monitor results of the interventions. 

Performing injury surveillance is important because of major health problems that 

unintentional injury causes. The leading cause of death in children between the newborn 

and age 18 is unintentional injury (Blum & Nelson-MMari, 2004; Danesco, Miller, & 

Spicer, 2000; Kaplan & Thacker, 2000). For every child who dies, there are many more 

who are seriously and permanently disabled, whether the disability is short-term or long 

term. The knowledge gained form injury surveillance systems allow planners to develop 

interventions that could significantly reduce the incidence of injury (Holder et al., 2001). 

Injuries can be characterized by point epidemics, seasonal variations, long-term 

trends, and various other distributions (Gordon, 1949). Point epidemics refer to 

epidemics that indicate single sources of the pathogen. Differences in types of injuries 

can be observed for due to the season in which they occur (preseason, in-season, post­

season, offseason). These differences are known as seasonal variations. Observing 

injuries over the long-term will possibly show differences when compared to short-term 

surveillance. Haddon (1980) suggested that injury distributions are highly nonrandom in 

time, place, and person. This argument suggests that injuries are just mere accidents that 

can occur at any time. Increasing various stresses can cause an increase in the frequency 

of injury (King, 1949). 

Although unintentional injuries to adolescents are discussed throughout literature, 

few researchers have placed these injuries within the context of a framework (Pryor & 
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Caruth, 2002). Haddon's Injury Model is one framework based upon the epidemiologic 

model of host, agent and environment (Haddon, 1968). Injuries, according to Haddon, 

occur because of an uncontrolled interaction between a host, an agent, and the 

environment. Forms of energy (energy delivered by an opposing player) serve as the 

agents of injury transferred to a host (athlete) by a vector (opposing athlete) or vehicle 

(playing surface). 

Haddon stated that factors contributing to injury could be present pre-event, 

during the injury event, and postevent. All of the factors that increase the likelihood of 

exposure of a child to a particular environmental hazard are addressed during the pre-

event phase. The event phase includes the interaction of the person with the etiologic 

agent. The postevent phase focuses on whether the severity of the injury consequences 

can be reduced. Haddon's Injury Model addresses the host, agent, and environmental 

factors in all three phases. Interactions between the host, agent, and environment during 

high school athletics is unique because another person, usually a coach, has the 

responsibility for controlling or supervising the interaction between the host (athlete) and 

the agent (collision) as transferred by the vector (opposing athlete) or vehicle (playing 

surface). 

Participation in high school athletics is an important factor in developing a 

healthy lifestyle in adolescents. Although the benefits in participating in high school 

athletics are undeniable, participation in any sport carries a potential injury risk. As 

involvement in high school athletics continues to increase, the incidence of sports related 

injury will also increase. 
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Currently there are over one million high school male athletes playing football, 

with a 12.2% increase in the last 10 years (National Federation of State High School 

Associations, 2006). It is estimated that between 30,000 and 1.2 million high school 

football athletes sustain a football related injury annually (Shankar, Fields, Collins, Dick, 

& Comstock, 2007). 

The Purpose of the Study 

The research problems examined in this investigation were determination of 

factors causing injuries in varsity football. Although several studies have been conducted 

(Powell & Barber-Foss, 2000; Agel, Arendt, & Bershadsky, 2005; Cooper, Ferrara, & 

Broglio, 2006; Dompier, Powell, Barron, & Moore, 2007; Emery, Meeuwisse, & 

Hartmann, 2005; Mueller, 2001; Nelson, Collins, Yard, Fields, & Comstock, 2007; 

Shankar, Fields, Collins, Dick, & Comstock, 2007; Weaver, Mueller, Kalsbeek, & 

Bowling, 1999; Rechel, Yard, & Comstock, 2008) that track injuries that occur to a 

specific body site, specific diagnosis, and comparisons of competition and practice 

injuries, few have examined the effect of time on injury occurrence. Rarely examined are 

the patterns of time distribution in injury settings and how these patterns influence overall 

risk of injury (Rivara, 2002). Investigating how time distribution between settings 

influences overall risk differs from questions focusing on how exposure time and other 

factors influence this occurrence of injury (Breslin, Karmakar, Smith, Etches, & Mustard 

2007). The purpose of this investigation is to determine the following: the amount of 

time spent practicing or participating in competition has an effect on the occurrence of 

injury in varsity high school football. 
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Research Questions and Hypotheses 

This investigation is based on the following questions and hypotheses: 

1. What effect does the amount of time spent practicing have on the 

occurrence of injury to varsity high school football athletes? 

2. What effect does the amount of time spent participating in competition have 

on the occurrence of injury to varsity high school football athletes? 

3. Hoi-Varsity high school football athletes are more likely to experience an 

injury event in the final segment of a varsity high school football practice 

than in all other segments of a varsity high school football practice. 

4. Ho2-Varsity high school football athletes are more likely to experience an 

injury event in the final quarter of a varsity high school football competition 

than in all other quarters of a varsity high school football competition. 

Assumptions 

High school football is a sport that requires contact between athletes, contact 

between the athlete and the playing surface, and time dedication that can lead to fatigue. 

Therefore, it is assumed that athletes in this study represent typical athletes in football. It 

is assumed that injuries will occur to athletes during high school football participation. It 

is assumed that when injuries are reported to the athletic trainer, these injuries will be 

properly documented. To properly track the injuries and injury rates the injury 

surveillance system must be maintained accurately. The information reported by the 

athletic trainers should be properly entered into the computer. The information entered 

will correctly correspond to the injury event reported by the athletic trainer. 
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Operational Definitions of the Study 

The injury surveillance system collected data on injuries and exposures that occur 

in organized practices and competitions from the first day of preseason to the final 

postseason competition. The injury and exposure variables will be combined to calculate 

an injury rate. Definitions for reportable injuries, reportable exposures, injury rates, 

season, time loss, and time of occurrence of injury were used consistently by all 

participating high schools. Each of these definitions will be examined further in the 

following paragraphs. 

Injury. A reportable injury in the injury surveillance system was defined as one 

that: 

(1) occurred as a result of participation in an organized high school practice or 

competition, 

(2) required medical attention by a team certified athletic trainer or physician, and 

(3) resulted in restriction of the student-athlete's participation or performance for one or 

more calendar days beyond the day of injury (Dick, Agel, & Marshall, 2007). 

Exposure. A reportable athlete-exposure (A-E) was defined as one student-athlete 

participating in one practice or competition in which the athlete was exposed to the 

possibility of an athletic injury, regardless of the amount of time associated with the 

participation. Competition exposure was counted for participants who actually 

participated in the competition. Preseason intrasquad scrimmages were classified as 

practice, not competition. In some instances multiple teams came together to participate 

in a joint practice. These joint practices were classified as practice, not competition. 
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Injury Rate. An injury rate is an assessment of the incidence of injury, defined as 

the number of injuries in practice or competition divided by the number of A-Es in that 

category. In the injury surveillance system, this value was expressed in injuries per 1000 

A-Es. 

Seasons. The traditional high school sport season was used for data collection 

and was divided into three subcategories: Preseason, In (or regular) season, and 

postseason. Preseason was defined as all formal team practices and competitions before 

the first regular season contest. In (or regular) season was defined as all formal team 

practices and competitions through the last regular season competition. Postseason was 

defined as all practices and competitions after the last regular season competition through 

the last postseason competition. 

Time Loss. Time loss was defined as the time between the original injury and 

return to participation at a level that would allow competition participation. This variable 

is subjective due to the variability that exists among athletic trainers in measuring time 

loss due to injury. The variable, although susceptible to variability, was used as a basic 

marker to help isolate the most severe injuries. 

Time of Occurrence of Injury. Time occurrence of injury was used to evaluate the 

time frames during practice and competitions where injuries were more likely to occur. 

There were five time frames used during both practices and competitions. During the 

practices, time frames were defined as 0-30 minutes, 31-60 minutes, 61-90 minutes, 91-

120 minutes, and greater than 120 minutes. During competition, time frames were 

defined as first quarter, second quarter, third quarter, fourth quarter, and overtime. 
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The Limitations of the Study 

This investigation has three limitations as follows: 

1. The reporting was done by athletic trainers working with participating high 

schools. 

2. The athletic trainers may not properly report all injuries. 

3. The athletic trainers may not consistently report injuries to the researcher. 

Coaches and athletes may be hesitant to report injuries to the athletic trainer in 

fear that the athlete will be forced to miss time from practice or competition. 

The Delimitations of the Study 

This investigation has five delimitations as follows: 

1. This research only examined varsity high school football. 

2. Other interscholastic sports were not investigated. 

3. This research used a sample of convenience. 

4. The injury data were collected over one sports season. 

5. Data was not collected for out-of-season activities. 
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Chapter II 

REVIEW OF LITERATURE 

Introduction 

A review of the health status of adolescents will show that unintentional injury is 

a major health concern to children throughout the world (Blum & Nelson-MMari, 2004; 

Danesco, Miller, & Spicer, 2000; Kaplan & Thacker, 2000). Adolescents often put 

themselves in a position that may lead to injury due to their increased incidence of risk 

taking. For injury to occur to an adolescent, an exposure to an injury agent and a vehicle 

or vector must take place. 

The increased risk taking of adolescents and the major health concern of 

unintentional injury has led to the development of injury surveillance systems (Holder, et 

al., 2001). For an injury surveillance system to be successful, the researcher must know 

what is being examining. For this to be possible, certain aspects of the injury 

surveillance must be defined. Among these definitions are what constitutes an injury, 

what A-E is, what the injury rate and rate ratio are, specific time of season examined, and 

time loss due to injuries. 

Previous athletic injury surveillance systems have examined many different 

aspects of injury events. Most often the time of season in which an injury occurs is 

examined. Other routinely reported data concerns a comparison of competition injuries 

and practice injuries. Athletic injury surveillance systems often report the descriptive 
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information of injuries, including the position of the injured athlete, the body site and 

body part injured, characteristic of the injury event, and the time loss due to the injury. 

Rarely reported is the time of occurrence of an injury. 

Finally the review of literature will examine the potential causes of time related 

injuries. It is widely reported that adolescents do not acquire the needed amount of sleep. 

Lack of sleep has been shown to increase injuries among adolescents. Participating in 

athletic competition and practice will cause an athlete to become fatigued over time. 

Fatigue has been shown to increase the potential for an injury event. 

Health Status of Adolescents 

The theory of epidemiologic transition developed by Omran (1971) focuses on the 

complex change in patterns of health and disease. Omran examined the interactions 

between these patterns and their demographic, economic, and sociologic determinants 

and consequences. Omran theorized that degenerative and man-made diseases displaced 

pandemics of infections as the primary cause of morbidity and mortality. 

Omran (1971) theorized that there are three different stages in the epidemiologic 

transition. The first stage is the age of pestilence when mortality is high and fluctuating. 

This stage saw an average life expectancy at birth as being very low and variable, usually 

between 20 and 40 years of age. The second stage is the age of receding pandemics. 

Mortality declines with time, and the rate of decline accelerates as the epidemic peaks 

become less common or disappear. The average life expectancy increases from about 30 

years to approximately 50 years. During this time, population growth is sustained. The 

final stage is the age of degenerative and man-made diseases. During this stage, 
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mortality continues to decline and eventually approaches a level of stability at a relatively 

low level. The average life expectancy gradually rises at birth until it exceeds 50 years. 

The crucial factor in population growth becomes fertility. 

The past century has seen a shift in the sources of mortality and morbidity in the 

world's population, which has been observed in all age groups (Blum & Nelson-MMari, 

2004). A generation ago, infectious diseases were the major cause of morbidity and 

mortality globally; today social, behavioral, and environmental factors are greater 

contributors to morbidity and mortality (Blum & Nelson-MMari, 2004). Worldwide, 

unintentional injury is the leading cause of death to children between birth and age 18 

(Blum & Nelson-MMari, 2004; Danesco, Miller, & Spicer, 2000; Kaplan & Thacker, 

2000). The adolescent years observed peaks in the occurrence of injury related traumas 

(Pickett et al., 2005). Adolescents comprise twenty percent of the world's population 

(Blum & Nelson-MMari, 2004). 

Injury kills more adolescents in the United States than all diseases combined. 

Unintentional injury, homicide, and suicide account for three-fourths of all deaths, with 

the male mortality rate being three times higher than that of females (Park, Mulye, 

Adams, Brindis, & Irwin, 2006). Major risk of unintentional injury include recreational 

and sports accidents (Blum & Nelson-MMari, 2004). Sport related injuries are the 

leading cause of injury among adolescents (Emery, Meeuwisse, & Hartmann, 2005). 

Injuries during adolescence may have long term effects. Adolescents who are injured 

may respond to an injury with a reduction in present and future physical activity. 
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Unintentional injury is recognized as a major public health problem for children, 

not only as the leading cause of death, but also as the cause of 30,000 permanent 

disabilities annually (Guyer & Ellers, 1990). Permanent disability due to injury is rare, 

with most adolescents fully recovering within one year of injury. Of all adolescents 

injured, a limitation was reported in 26% after 2.5 months, 18% after 5 months, and 8% 

after nine months (Polinder et al., 2005). Before an adolescent fully recovers, these 

injuries have the potential for causing a decrease in the quality of life. A reduction in the 

quality of life can be seen when adolescents are unable to perform routine activities of 

daily living (ADL). Examples of these tasks are bathing, dressing, or ambulating. 

Aitken et al. (2002) studied the effects of unintentional injury on the health status 

of children ages one to 19 who have been admitted to the hospital. They found that after 

discharge, 86% of children reported problems with bathing and 82% reported problems 

with climbing stairs. After one month, 59% of children reported that a disability of some 

kind still existed. After six months, 37% still reported that disability limited their quality 

of life. 

Aitken, Jaffe, DiScala, and Rivara (1999) studied the functional outcomes in 

children with multiple traumas. The children were examined after discharge from the 

hospital. Fractures made up 30% of the injuries. Mild disability was found in 11.2% of 

the children and 14.5% were found to have had a moderate disability. Fractures to the 

lower extremity were more likely to have a functional limitation. A rehabilitation 

evaluation referral was made for 50% of the moderately disabled children and less than 
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25% for physical therapy. The authors showed that rehabilitation and other services were 

underused in this population. 

Serious injury has been associated with both short and long-term reductions in the 

quality of life and health status of adolescents (Davey et al., 2005; Aitken et al., 1999; 

Ding et al., 2006). Holbrook et al. (2007) examined the long-tern deficits in quality of 

life in adolescents who have been injured. They used the Quality of Well-Being scale to 

assess the extent to which quality of life was affected by injury. This scale bases the 

quality of life on three levels of function: mobility, physical activity, and social activity. 

The most common mechanism of injury was motor vehicle accident (22%) followed by 

recreational injuries (16%). Recreational injuries include those that occurred while 

playing sports. Injured adolescents had a significantly lower quality of life outcome after 

24 months when compared to uninjured adolescents. They also found that older 

adolescents (16-19) had a quality of life post injury that was lower than the quality of life 

to younger adolescents (12-15) who had been injured. 

Davey et al. (2005) studied the quality of life of injured children in Australia after 

two years. A majority of injuries (81%) were categorized as minor, consisting of mainly 

fractures (47%) and intracranial injury (14%). The injuries were predominately the result 

of falls (28%o) and cycling accidents (14%o). Using the Child Health Questionnaire, the 

researchers found that children who had sustained an injury two years previously had a 

reduced quality of life when compared to a population of the same age. The reductions in 

quality of life were seen in increased bodily pain and decreased mental health. 
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Adolescent Risk Taking 

Injuries that are the result of risky behavior are usually preceded by a series of 

psychologically motivated decisions and behaviors (Schwebel, & Gaines, 2007). 

Psychologically motivated decisions and behaviors, whether they are emotional, 

cognitive, or both, can be used to predict the engagement of children in risky behavior 

(Morrongiello & Matheis, 2004). The cognitive aspects of risk taking are complex. The 

emotional factors are influenced by social factors, development of cognitive skills, and 

temperament (Schwebel, & Gaines, 2007). Peterson, Farmer, and Mori (1987) advocated 

the importance of considering the antecedents, behaviors, and consequences of an injury 

event to understand the process that causes an injury. 

Boys are injured more than girls across all regions and demographics (Matheny, 

1991; Rosen & Peterson, 1990; Singh & Yu, 1996). Instinctive differences in the 

expression of temperament may lead boys to take more risks, to behave more 

impulsively, and to enjoy sensation seeking to a greater degree (Schwebel, & Gaines, 

2007). Boys are more likely to engage in outdoor play, athletics, and agricultural 

equipment. These activities are more dangerous than the activities that girls participate 

in, such as indoor play and household chores (Schwebel, & Gaines, 2007). Gender 

socialization also plays a role in boys being injured more often than girls. Parents 

encourage boys to take more risks than girls. When boys are injured they are often told 

to "shake it off where girls are treated very delicately (Rosen & Peterson, 1990; 

Morrongiello & Dawber, 1998; Morrongiello & Hogg, 2004). 
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Haddon 's Injury Model 

The science of epidemiology is taught and viewed as a collection of methods to be 

applied to particular problems involving human diseases and health (Krieger, 1994). 

Contemporary epidemiology has seen an increasing gap develop between its scientific 

foundations and its contribution to public health (Runyan, 2003). An increased value of 

using theory and conceptual models to guide research and practice has been argued. 

Relatively little work has been done to develop the concepts and frameworks of what 

might be termed epidemiologic theory (Krieger, 1994). 

This argument was first started by William Haddon, Jr., over 35 years ago 

(Runyan, 2003). Haddon argued for a more scientifically driven approach to injury 

control. Theory helps us structure our ideas so we can explain causal connections 

between specific phenomena within and across particular domains by using 

interconnected sets of ideas whose plausibility can be tested by human action and thought 

(Krieger, 2001). 

Multiple causation is the standard of contemporary epidemiology, and its 

metaphor and model is the web of causation (Krieger, 1994). The web of causation is a 

visual representation of the belief that population patterns of health and disease can be 

explained by a complex web of numerous interconnected risks. One step toward 

developing an ecosocial metaphor would be augmenting the metaphor of the "web" with 

two spiders: one social, one biologic (Krieger, 1994). 

The social ecologic framework created by Urie Bronfenbrenner in the context of 

understanding human development is very compatible with a broader view of public 
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health (Runyan, 2003). Bronfenbrenner's social ecological theory defines various levels 

of social environments. These environments depict the nested roles of intrapersonal 

factors, interpersonal factors, institutional elements, and cultural elements. This theory 

enhances the standard public health model of agent-host-environment (Runyan, 2003). 

The intrapersonal factors include the developmental and socio-behavioral features of the 

host. The results of the interactions between two persons are examples of interpersonal 

factors. Institutional elements are those that imitate the multiple organizations in which 

individuals function (e.g., schools, sports teams) and how these institutions encourage or 

manage activities and environments. Cultural elements include expansive social values 

and norms as well as the governmental policies that direct or order behaviors of 

individuals or organizations. The central question to the social ecological theory is who 

and what is responsible for population patterns of health, disease, and well-being, as 

manifested in present, past, and changing social inequalities in health (Krieger, 2001). 

Haddon (1968) stated that injuries occur because of an uncontrolled interaction 

between a host, an agent, and the environment. In an athletic setting, these interactions 

are unique. A coach has the responsibility for controlling and supervising the interaction 

between host and the agent of injury as transferred by a vector or vehicle. Supervision has 

been identified as a variable affecting the risk of injury in adolescents in all aspects of 

their lives, including sport (Laraque, Barlow, & Durkin, 1999). 

Injury Surveillance 

According to the International Statistical Classification of Diseases and Related 

Health Problems (1994), the term surveillance, as used in the public health field, refers to 



17 
the ongoing and systematic collection, analysis, interpretation, and dissemination of 

health information. Surveillance produces data that describe the size and characteristic of 

the health problem, the population at risk, the risk factors, and the trends (Holder et al., 

2001). When this information has been obtained, it is possible to design and apply 

appropriate interventions and monitor the results and assess the impacts of the 

interventions (Holder et al., 2001). 

Performing injury surveillance is important for many reasons. The cost of injury 

mortality and morbidity are vast. The costs are measured in the terms of lost economic 

opportunity and demands on national health budgets, but also in terms of personal 

suffering (Holder et al., 2001). Without the information obtained by injury surveillance 

systems, healthcare workers are severely limited. This knowledge would allow planners 

to allocate resources that could potentially prevent injuries, reducing the harm they do, 

and treating and rehabilitating injured persons (Holder et al., 2001). 

According to the Holder, et al (2001), there are several attributes that a good 

surveillance system must possess. The attributes are simplicity, flexibility, acceptability, 

reliability, utility, sustainability, and timeliness. The system will produce the data 

needed, but in the most simple and straightforward way possible (simplicity). The 

system should be easy to change (flexible). The system will only work if people are 

willing to take part in it (accept). People using the data produced by the system should 

have confidence in the accuracy of that data (reliability). The system should be practical 

and affordable (utility). The system should function with very little effort and be easy to 
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maintain and update (sustainability). The system should be able to generate current 

information whenever that information is needed (timeliness). 

Definitions 

Injury. The review of literature yielded many definitions of what actually 

constitutes a reportable injury. These definitions are either very broad or very detailed. 

In one of the first injury surveillance studies conducted, Garrick and Requa (1978) 

defined a reportable injury as a medical problem resulting from athletic participation 

necessitating removing the athlete from a practice or competitive event and/or resulting in 

missing a subsequent practice or competitive event. 

Most recent definitions are based on the National Collegiate Athletic Association 

(NCAA) Injury Surveillance System which has been collecting injury information since 

1982 (Dick, Agel, & Marshall, 2007). According to Dick et al, a reportable injury must 

meet three criteria. First, the injury must have occurred as a result of participation in an 

organized intercollegiate practice or competition. Second, the injury must have required 

medical attention by a team athletic trainer or physician. Third, the injury must have 

resulted in restriction of the student-athlete's participation or performance for one or 

calendar days beyond the day of injury. Researchers often cite the NCAA Injury 

Surveillance system when defining an injury. The researchers who use the NCAA Injury 

Surveillance System definition or definitions which are essentially the same are Rechel, 

Yard, and Comstock (2008), Nelson, Collins, Yard, Fields, and Comstock (2007), 

Shankar, Fields, Collins, Dick, and Comstock (2007), Agel, Arendt, and Bershadsky 



19 
(2005), Powell and Barber-Foss (2000), and Weaver, Mueller, Kalsbeek, and Bowling 

(1999). 

Dompier, Powell, Barron, and Moore (2007) used a similar definition as the one 

used by the NCAA Injury Surveillance System. The difference is that Dompier, Powell, 

Barron, and Moore (2007) lack an exact time loss component to their definition. Their 

definition was any injury evaluated by the athletic trainer that required removal from the 

current sessions or subsequent session, or any fracture, dental injury, or other injury 

requiring physician referral or diagnostic procedures. This definition was similar to the 

one used previously by Emery, Meeuwisse, and Hartmann (2005). Their definition was 

the inability of an athlete to complete a full session, missing a subsequent session, or 

needing to seek medical attention. 

In a survey of the injury rate for children, Radelet, Lephart, Rubinstein, and 

Myers (2002) purposely had a broad injury definition in order to get more detailed 

information. They defined a reportable injury as an injury that brought a coach onto the 

field to check the condition of a player, or one in which a player was removed from 

participation, or one in which a player needed any type of first aid during an event. 

There have been several studies conducted through emergency department (ED) 

visits. The central part of the definition in these studies was that each injured person 

would have been seen by a physician in an ED (Abernathy & MacAuley, 2003; Cassell, 

Finch, & Stathakis, 2003; & Conn, Annest, Bossarte, & Gilchrist, 2006). Abernathy and 

MacAuley (2003) also included that injury could occur at any supervised school sporting 
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event, including school games, physical education classes, and competitive school 

matches. 

Athlete-Exposure. In the review of literature there has been a consensus on the 

definition of athlete-exposure (A-E). A reportable A-E is defined as one student-athlete 

participating in one practice or competition in which he or she was exposed to the 

possibility of athletic injury regardless of the time associated with that participation (Dick 

et al., 2007; Dompier, Powell, Barron, & Moore, 2007; Nelson, Collins, Yard, Fields, & 

Comstock, 2007; Rechel, Yard, & Comstock, 2008; & Shankar, Fields, Collins, Dick, & 

Comstock, 2007). Dick, Agel, and Marshall (2007) included a competition A-E in their 

definition. A reportable A-E in a competition was only participants with actual playing 

time in that competition. 

Injury rate and rate ratio. Injury rate was defined by Dick, Agel, and Marshall 

(2007) in the NCAA Injury Surveillance System as a measure of the incidence of injury, 

defined as the number of injuries in a particular category divided by the number of A-E's 

in that category. This value was expressed as injuries per 1000 A-Es. 

The rate ratios (RR) and proportion ratios (PR) were calculated by Nelson, 

Collins, Yard, Fields, and Comstock, 2007; Rechel, Yard, and Comstock, 2008; and 

Shankar, Fields, Collins, Dick, and Comstock, 2007. They calculated RR as [(number of 

competition injuries / number of competition A-Es) x 1000] + [(number of practice 

injuries/ number of practice A-Es) x 1000]. 

Seasons. Dick, Agel, and Marshall (2007) defined the season of athletic 

participation. They divided the season of athletic participation into three categories; 
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preseason, in (regular) season, and postseason. Preseason was defined as all formal 

practices and exhibition games conducted before the first regular season contest. In 

(regular) season was defined as all practices and competitions from the first regular 

season competition through the last regular season competition. Postseason was defines 

as all practices and competitions after the last regular season competition until the last 

postseason competition. 

Time-loss. Dick, Agel, and Marshall (2007) defined time-loss as the time 

between the original injury and the return to participation at a level that would allow 

competitive participation. They categorized the injuries into six specific categories; one 

to two days, three to six days, seven to nine days, 10 days or more, catastrophic 

(nonfatal), and fatal. Cantu and Mueller (1999) defined catastrophic (nonfatal) as 

resulting in permanent severe functional brain or spinal cord injury/disability, and 

catastrophic (serious) as involving transient brain or spinal cord disability. They went on 

to state that fatalities are either direct or indirect. Direct fatalities are fatalities that result 

directly from performing the specific activities of a sport. Indirect fatalities are fatalities 

caused by systemic failure as a result of exertion while participating in a sport. 

Dompier, Powell, Barron, and Moore (2007) categorized time loss into three 

broad categories in their study on youth football injuries. An injury with a time-loss of 

less than eight days was considered minor. A moderate injury resulted in a time-loss of 

eight to twenty-one days. Any injury with a time-loss of more than twenty-one days was 

considered severe. 
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Descriptive Epidemiology 

Season. As defined previously, an athletic season is often divided into three 

categories; preseason, in (regular) season, or postseason. Dividing the season into these 

three categories allows researchers the ability to compare injury rates between each 

category. The NCAA published the findings of their Injury Surveillance System in the 

Journal of Athletic Training (2007) for all collegiate sports. Across all sports preseason 

injury rates were higher than both in (regular) season and postseason practice injury rates 

(Hootman, Dick, & Agel, 2007). 

There are differences in injury rates for the seasons for collegiate men's sports are 

as follows. The fall preseason practice injury rates in men's football were three times as 

high as in (regular) season or postseason practice injury rates (Dick, Ferrara, Agel, 

Courson, Marshall, Hanley, & Reifsteck, 2007). The in (regular) season game injury 

rates were approximately 50% higher than postseason game injury rates (Dick, Ferrara, 

Agel, Courson, Marshall, Hanley, & Reifsteck, 2007). The preseason practice injury 

rates were almost twice as high in the preseason as in the in (regular) season in men's 

baseball (Dick, Sauers, Agel, Keuter, Marshall, McCarty, & McFarland, 2007). In men's 

basketball, the preseason practice injury rates were three times higher than the in 

(regular) season practice injury rates (Dick, Hertl, Agel, Grossman, & Marshall, 2007). 

The preseason practice injury rates in men's ice hockey were twice as high as those in the 

in (regular) season (Agel, Dopier, et al, 2007). The preseason practice injury rates were 

more than two times as high than in (regular) season men's lacrosse (Dick, Romani, 

Agel, Case, & Marshall, 2007). Men's soccer had a higher preseason injury rate than did 
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in (regular) season (Agel, Evans, Dick, Putukian, & Marshall, 2007). The preseason 

practice injury rates for men's wrestling were almost twice as high as in (regular) season 

practices and preseason match injury rates were higher than in the in (regular) season 

(Agel, Ransone, Dick, Oppliger, & Marshall, 2007). 

The differences in the injury rates between the seasons for women's collegiate 

sports are as follows. Women's field hockey reported a preseason injury rate three times 

higher in preseason practice as in regular season practice and four times higher than post 

season practice (Dick, Hootman, et al, 2007). The preseason injury rates for women's 

Softball were three times higher than the in (regular) season practice injury rates 

(Marshall, Hamstra-Wright, Dick, Grove, & Agel, 2007). In women's volleyball practice 

injury rates were three times higher in the preseason when compared to the in (regular) 

season (Agel, Palmeiri-Smith, Dick, Wojtys, & Marshall, 2007). Women's basketball 

saw preseason practice injury rates that were twice as high as those reported during 

regular season practices (Agel, et al, 2007). The preseason practice injury rates for 

women's ice hockey were almost twice as high as the in (regular) season (Agel, Dick, 

Nelson, Marshall, & Dompier, 2007). The women's soccer preseason practice injury 

rates were more than three times greater than the rates for in (regular) season practices 

(Dick, Putukian, Agel, Evans, & Marshall, 2007). 

Competition injuries versus practice injuries. Hootman, Dick, and Agel (2007) 

reported that among all NCAA sponsored sports; injury rates were significantly higher in 

competitions than in practices. In football, the injury rate in competitions was nine times 

higher than in practice (Dick, Ferrara, et al, 2007). In baseball, the injury rate was three 
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times higher in competitions than in practices (Dick, Sauers, et al, 2007). In hockey, the 

injury rate in competitions was eight times higher than in practice (Agel, Dopier, Dick, & 

Marshall, 2007). In men's lacrosse, the injury rate in competitions was four times higher 

than in practice (Dick, Romani, Agel, Case, & Marshall, 2007). In men's soccer, the 

injury rate in competitions was four times higher than in practice (Agel, Evans, Dick, 

Putukian, & Marshall, 2007). In men's wrestling, the injury rate for competition was four 

times higher than the injury rate for practice (Agel, Ransone, Dick, Oppliger, & Marshall, 

2007). 

In women's volleyball, the injury rate for competitions was slightly higher than in 

practice (Agel, Palmeiri-Smith, Dick, Wojtys, & Marshall, 2007). In women's 

basketball, the injury rate was two times higher in competitions than in practice (Agel, 

Olson, et al, 2007). In gymnastics, the injury rate was two times higher in competitions 

than in practice (Marshall, Covassin, Dick, Nassar, & Agel, 2007). In women's hockey, 

the injury rate was five times higher in competitions than in practice (Agel, Dick, Nelson, 

Marshall, & Dompier, 2007). In women's lacrosse, the injury rate during competition 

was twice the rate of practice injury rates (Dick, Lincoln, et al, 2007). In women's 

soccer, the injury rate for competitions was three times higher than the injury rate for 

practices (Dick, Putukian, Agel, Evans, & Marshall, 2007). In women's field hockey, the 

injury rate for games was two times higher than the injury rate for practices (Dick, 

Hootman, et al, 2007). 

The higher rate of injury in competition is not only seen in collegiate sporting 

events, but also in high school sporting events (Shankar, Fields, Collins, Dick, & 
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Comstock, 2007). Rechel, Yard, and Comstock (2008) compared the high school injury 

rates of practice to competition. The rate of injury per 1000 A-Es was higher in 

competition (4.63) than in practice (1.69). When comparing all sports, football had the 

highest competition and practice injury rates. Nelson, Collins, Yard, Fields, and 

Comstock (2007) in an epidemiological study of ankle injuries among high school 

athletes found that the rate of injury to an ankle was higher in competition than in 

practice. 

Injuries by position. To establish which collegiate football positions suffered the 

most injuries, Dick, Ferrara, et al (2007), weighted the results by position. The 

percentage of injury by position were calculated, and then divided by the number of 

players at each position. The number of players at each position used was six offensive 

linemen, four defensive linemen, four defensive backs, three linebackers, two wide 

receivers, two running backs, and one quarterback. Dick, Ferrara, et al (2007) found that 

the running back position was the most injured (20%), followed by the quarterback 

position (18%). 

Shankar, Fields, Collins, Dick, and Comstock (2007) examined the high school 

football position that is the most common to sustain an injury. Offensive players most 

likely to sustain an injury were linemen and running backs. Defensively, linebackers 

were more likely to sustain an injury than other defensive players. Overall, offensive 

linemen sustain a greater number of injuries; however, running backs sustained the 

highest percentage of injuries for any one position. In a study of high school ankle 
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injuries, Nelson, Collins, Yard, Fields, and Comstock (2007) also found that running 

backs suffered ankle injuries more often than any other position. 

Body site/part injured. In collegiate athletics, the lower extremity is the most 

injured area of the body with the ankle ligament sprain being the most common injury 

(Hootman, Dick, & Agel, 2007). Fifty percent of all injuries were to the lower extremity 

in collegiate football (Dick, Ferrara, et al, 2007). The most common injuries in 

competition were knee internal derangement (17.8%), followed by ankle ligament sprain 

(15.6%), and concussions (6.8%) (Dick, Ferrara, et al, 2007). In practices, knee internal 

derangement (12.0%) and ankle ligament sprain (11.8%) were the most common injuries, 

but upper leg muscle tendon strain (10.7%), concussion (5.5%), and heat illness (3.9%) 

were also very significant injuries (Dick, Ferrara, et al, 2007). The shoulder was another 

body part injured often in competition and practices. The most common injuries were 

acromioclavicular joint injuries, ligament sprains, dislocation/subluxations, contusions, 

muscle tendon strains, and nerve injuries (Dick, Ferrara, et al, 2007). 

In a study of high school football injuries, Shankar, Fields, Collins, Dick, and 

Comstock (2007), saw results similar to the ones found by Dick, Sauers, et al, 2007. Of 

the injuries reported, 88.2% were newly acquired injuries. The most common injury 

diagnoses were ligament sprains (31.2%) and muscle/tendon strains (16.5%) The lower 

extremity was the most common injury site. The knee and the lower leg/ankle/foot were 

the most injured body parts. The ankle made up 67.9% of all injuries to the lower 

leg/ankle/foot. Accounting for 96.1% of all injuries to the head, concussions were the 

most common injury to the head. When comparing high school and collegiate football 
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injuries, Shankar, Fields, Collins, Dick, and Comstock (2007) found that high school 

athletes sustained a higher proportion of fractures and concussions. 

During the 2005-2006 high school academic year, Nelson, Collins, Yard, Fields, 

& Comstock (2007) reported there was an ankle injury rate of 5.23 injuries per 10,000 A-

Es. The rate of injury was higher in competition than in practice. Ligament sprains with 

incomplete tears accounted for 83.4% of diagnoses, followed by fracture (5.2%), 

ligament sprains with complete tears (4.0%), and contusions (2.0%). 24.1% of all high 

school ankle injuries occurred in football. 

Head trauma results in more fatalities than any other athletic injury and is the 

cause of most football fatalities (Mueller, 2001). Traumatic brain injury (TBI) is 

common in contact sports (Gerberich, Priest, Straub, & Maxwell, 1983). Repeated 

concussions that occur within a short period can be fatal (Saunders & Harbaugh, 1984). 

Fatal head injuries include subdural heatomas, brain injury, fractures, and aneurysms. 

Mueller (2001) examined catastrophic head injuries in high school and collegiate 

football. Mueller looked at data from the 1945 through 1999 football seasons. During 

this time there were 712 football fatalities. Head injuries accounted for 491 (69%) of all 

of these fatal injuries. Seventy five percent of the head injuries were subdural 

hematomas (SDH). When compared to college football, high school football produced 

the greatest number of fatal head injuries. Most often the mechanism of injury was 

tackling or being tackled. Between 1984 and 1999 there were 69 catastrophic (nonfatal) 

head injuries. Sixty-three occurred in high school football and 6 occurred in college 
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football. All 69 resulted in incomplete recovery. Incomplete recovery is defined as an 

inability to return to a pre-injury state. 

Concussions represent 8.9% of all high school athletic injuries and 5.8% of all 

collegiate injuries in a study conducted by Gessel, Fields, Collins, Dick, and Comstock 

(2007). The sports with the highest incidence were football and soccer. 65.4% of 

concussions occurred during competition and 34.6% occurred during practice. In 

football, most concussions occurred during running plays and were the result of contact 

between players. A majority of concussions (67.6%) occurred while tackling or being 

tackled. 

With the exception of collegiate baseball, all other NCAA sanctioned sports 

reported lower extremity injuries were more prevalent (Hootman, Dick, & Agel, 2007). 

As expected, upper extremity injuries accounted for 45% of all injuries in collegiate 

baseball (Dick, Sauers, et al, 2007). Although the upper extremity was the most often 

injured area of the body during competition, most collegiate baseball injuries were 

muscle-tendon strains to the upper leg (11.0%) and ankle ligament sprains (7.4%). 

During practice, shoulder muscle-tendon sprains were the most frequent injury, 

accounting for 10.0% of all practice injuries (Dick, Sauers, et al, 2007). 

Exertional heat illnesses are a very serious threat to athletes participating in 

athletic activities during the summer months. Traditionally, heat illness defines three 

categories: heat cramps, heat exhaustion, and heat stroke (Armstrong, De Luca, & 

Hubbard, 1990; & Casa, 1999). Binkley, Beckett, Casa, Kleiner, and Plummer (2002) 
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added to this definition by including heat syncope and exertional hyponatremia and other 

heat and activity related illnesses. 

Cooper, Ferrara, and Broglio (2006) in their study of exertional heat illness during 

a football season found that 88% of all exertional heat illnesses occurred during the 

month of August. 70% were due to cramps, 23% were due to heat exhaustion, and 7% 

were due to heat syncope. They concluded that the highest risk of exertional heat illness 

was during the first three weeks of practice. 

Characteristics of injury events. Mechanism of injury is often cited as the cause 

of an injury. The mechanism of injury may be due to player contact, the playing surface, 

no contact with rotation about a planted foot, overuse, or many other possibilities. In 

collegiate athletics, player contact is the leading injury mechanism. Player contact results 

in 58% of the injuries during competition and 41.6% of the injuries during practice 

(Hootman, Dick, & Agel, 2007). Athlete contact is a common part of some sports, such 

as football, thus the reason for the high rate of injury due to this specific mechanism. 

During collegiate athletic practices 36.8% of injuries are due to noncontact (Hootman, 

Dick, & Agel, 2007). Most of these noncontact practice injuries would best addressed by 

identification and modification of risk factors. 

In collegiate football, player contact is the reported mechanism of injury for 78% 

of all game injuries and 57% of all practice injuries (Dick, Ferrara, et al, 2007). Player 

contact was the primary mechanism of injury for all NCAA sponsored athletics (Dick, 

Sauers, et al, 2007; Dick, Hertl, Agel, Grossman, & Marshall, 2007; Agel, Dopier, Dick, 

& Marshall, 2007; Dick, Romani, Agel, Case, & Marshall, 2007; Agel, Evans, Dick, 
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Putukian, & Marshall, 2007; Agel, Ransone, Dick, Oppliger, & Marshall, 2007; Dick, 

Hootman, et al, 2007; Marshall, Hamstra-Wright, Dick, Grove, & Agel, 2007; Agel, 

Palmeiri-Smith, Dick, Wojtys, & Marshall, 2007; Agel, Olsonet al, 2007; Agel, Dick, 

Nelson, Marshall, & Dompier, 2007; & Dick, Putukian, Agel, Evans, & Marshall, 2007). 

Shankar, Fields, Collins, Dick, and Comstock (2007) in studying high school 

football injury patterns, found that the mechanism of injury 67.7% of the time was due to 

contact with another player. Of these contacts, 28.2% of the mechanisms were contact 

with another player due to being tackled and 21.8% are due to tackling. The same 

contact with another player mechanisms are often the cause of ankle injuries (Nelson, 

Collins, Yard, Fields, & Comstock, 2007). The contact is usually in the form of tackling 

or blocking. 

Anterior cruciate ligament (ACL) strains are often the result of noncontact 

(rotation about a planted foot). Dick, Ferrara, et al (2007) found that in competitions, 

28.6% of ACL strains were due to this mechanism. Being tackled was the mechanism of 

injury reported for 16.8% of ACL injuries and being blocked was the mechanism of 

injury reported for 15% of anterior cruciate ligament injuries. In practice, these numbers 

were very similar; 34.8% noncontact (rotation about a planted foot), 13.2 %> blocking, 

12.6% being blocked, and 10.7% being tackled). 

Time-loss due to injury. Dompier, Powell, Barron, and Moore (2007) examined 

the time-loss and non-time-loss injuries in youth football. The researchers found that 

94.7% of all injuries were classified as either non-time-loss or minor time-loss injuries. 
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Severe injuries accounted for only 2.7% of all injuries. 63.6% of moderate injuries were 

sprains. 

In collegiate football, 27% of competition injuries and 25% of practice injuries 

resulted in at least 10 days of time loss (Dick, Ferrara, et al, 2007). Almost half (48.6%) 

of high school football athletes who sustained an injury were able to return to the team in 

one to six days with only 9.7% of injuries reported as season ending (Shankar, Fields, 

Collins, Dick, & Comstock, 2007). Similar time-loss percentages can be observed in 

ankle injuries. The athletes who sustained an ankle injury, 51.7% missed less than seven 

days of activity and 33.9% missed between seven and twenty-one days of activity 

(Nelson, Collins, Yard, Fields, & Comstock, 2007). 

Time of injury. Rarely explored are the patterns of time distribution in injury 

settings and how these patterns influence overall risk of injury (Rivara, 2002). Exploring 

how time allowance between settings influences overall injury risk differs from questions 

focusing on how exposure time and other factors control the probability of injury in a 

single setting (Breslin, Karmakar, Smith, Etches, & Mustard 2007). Time has a zero sum 

property. Due to the factors that limit time spent in one injury setting lead to time spent 

somewhere else, with a different injury risk (Robinson & Godbey, 1999). Breslin, 

Karmakar, Smith, Etches, and Mustard (2007) suggested that injury risk was not a simple 

function of fatigue and cumulative exposure time. Instead they suggested the importance 

of considering time of exposure when assessing injury potential. 

One area that has seen research into the effects of time on injury is the industrial 

setting. Most often, researchers are looking how to reduce injury events without 
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production levels decreasing. Researchers have looked at how increasing the amount of 

time during rest breaks can reduce injuries. It is a consistent view that the repetitive work 

in the industrial setting fatigues the workers, which predisposes them to injury (Knauth, 

2007). 

When work hours are increased beyond the typical eight hour work shift 

significant increases in injury events are noticed. Increasing work shifts to 10 hour shifts 

were associated with a 13% increased risk and increasing work shifts to 12 hour shifts 

were associated with a 27% increase in risk (Caruso, 2006; Folkard, Lombardi, & 

Tucker, 2005; Knauth, 2007). 

Many industrial jobs require that employees work beyond a typical 40 hour work 

week. When the number of hours worked are reduced by between seven and 20 hours 

per week (down to 50-55 hours per week) an improvement in the quality and quantity of 

units produced was observed (Harrington, 2001). This reduction of work hours also has a 

positive effect on the incidence of injuries. Extended hours at work increase the 

possibility of an injury (Savery & Luks, 2000). 

Injury rates have been shown to increase during longer periods of work. Tucker, 

Folkard, and Macdonald (2003) examined the impact of rest breaks and accident risks in 

a United Kingdom automotive plant. They divided the work day into two hour blocks. 

Each block was separated by a break. They found that the risk of accident rose 

significantly over the four half-hour segments that made up each two hour period of 

continuous work. When comparing different two hour segments, they found that the risk 
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immediately after a break was reduced to a rate close to that recorded at the start of a 

preceding period of work. 

Dababneh, Swanson, and Shell (2001) examined the impact of added rest breaks 

on the productivity and well being of workers in a meat processing plant. They increased 

the amount of rest time given to the workers. They compared two different rest break 

schedules to see how the discomfort and production rates were affected. Both rest break 

schedule increased the rest time by 36 minutes. The first did so by given nine, three 

minute breaks. The second gave four, nine minute breaks. Neither rest break schedule 

negatively effected production. When comparing the two break schedules, the nine 

minute break schedule improved the discomfort rating among the workers are a higher 

level. One interesting note on production levels was that when given the frequent rest 

breaks, production rates improved in the latter hours of the work day. Breaks of 10 

minutes have been shown in other studies to increase production by between five and 

12% (Harrington, 2001). 

In a study conducted in transport operations (truck drivers, bus operators, etc.), 

conclusions were made that contradicted current theories of time on task (Folkard, 1997). 

Current theories of time on task effects would predict a straightforward trend over time in 

performance capabilities or relative risk. The researcher found that accident risk in 

transport operations vary over time. The greatest risk occurred during the first four hours 

of a shift, unless the driver had been worker for greater than 12 hours. A reduction of 

30% was seen from the first four hours of a shift to the second four hours of a shift. 
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The findings of research in the industrial setting could possibly parallel that of 

research done in the athletic setting. This is especially true when time on task is 

compared between the two settings. It is easy to forget that athletes have been in the 

school setting for up to eight hours before they begin their athletic practice. It is very 

probable that when athletes begin practice, they are already physically and mentally 

fatigued. 

Causes of Time Related Injuries 

The purpose of this investigation is to study the effects of time on injury events. 

As described previously, there are many mechanisms that may cause an injury, but none 

are related to time. Instead, they are single episodes that can cause an injury without 

regard to time. Since this study will look at time of occurrence, it is proper to examine 

factors that may increase an athlete's susceptibility to injury over time. 

There are many causes of injury, but all potential causes can be categorized into 

two groups; either intrinsic or extrinsic. Intrinsic is person related. The individual 

genetic or psychosocial characteristics of a person, such as joint flexibility, functional 

instability, previous injuries, and insufficient rehabilitation are all examples of intrinsic 

causes of injury (Dvorak, et al, 2000). Extrinsic is environment related. Examples of 

extrinsic related causes of injury are the amount of training and number of games played, 

climatic factors, surface, playing field conditions, and equipment (Dvorak, et al, 2000). 

Intrinsic risk factors are predisposing factors that act from within, and that may be 

necessary, but rarely sufficient, to produce injury (Bahr & Holme, 2003). Extrinsic risk 

factors act on the predisposed athlete from the outside and are classified as enabling 



35 
factors in that they facilitate the manifestation of injury (Meeuwisse, 1994). The 

presence of both intrinsic and extrinsic risk factors makes the athlete susceptible to 

injury. According to Meeuwisse (1994), an inciting event (usually termed the mechanism 

of injury) is the final link in the chain that causes an injury. 

Sleep patterns. Sleep problems in children and adolescents are common (Stein, 

Mendelsohn, Obermeyer, Amromin, & Benca, 2001). Megdal and Schernhammer (2007) 

in a study of adolescents in Los Angeles found that 69% of girls and 58% of boys are 

poor sleepers. Poor sleep is measure by the total amount of sleep, the degree of 

awakening during the night, and most importantly, how long it takes to get to sleep. 

Circadian rhythms and biological sleep patterns among adolescents are thought to be 

different from those of preadolescents or adults (Carskadon, 1990). Adolescents have a 

predisposition to go to sleep later at night and also wake up later in the morning 

(Carskadon, 1990). This is the result of several factors, including social factors that may 

promote and perpetuate the delayed bedtime and wakening (Carskadon, Wolfson, Acebo, 

Tzischinsky, & Seifer, 1998). The combination of postponed circadian sleep phase and 

early start times at high schools in the United States causes adolescents to lose sleep 

during the school week (Carskadon, 1990; Wolfson & Carskadon, 1998). This loss of 

sleep by adolescents exhibits sleep habits that are in line with an unhealthy pattern 

(Megdal and Schernhammer, 2007). 

Hansen, Janssen, Schiff, Zee, and Dubocovich (2005) studied high school 

students' sleep patterns over a forty five day period. The forty five day period began 

while school was on summer break and concluded while school was in session. This was 
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done to compare the sleep an adolescent obtains while school is not in session and the 

sleep obtained while school is in session. They found that the mean sleep on weekdays 

while school was not in session was 8.7 hours of sleep a night. When school started this 

amount decreased to seven hours of sleep per night. This loss of sleep was highly 

significant, (p<.0001). Also highly significant (p<.0001) was that on weekends, 

adolescents slept 30 minutes longer during the school year than they did during the 

summer. What Hansen, Janssen, Schiff, Zee, and Dubocovich (2005) were able to show 

was that adolescents lost up to two hours of sleep per night on the weekdays during the 

school year as compared to the summer. The increase amount of sleep during the 

weekends of the school year was due to this loss during the week. 

Daytime sleepiness may affect several factors, including mood, behavior, and 

academic performance, and even put adolescents at risk for accidents and injury (Hansen, 

Janssen, Schiff, & Dubocovich, 2005). Several studies have shown that sleep deprivation 

impairs physical functioning and emotional well-being (Tynjala, Kannas, Levalahti, & 

Valimaa, 1999; Chen, Wang, & Jeng, 2006). 

Sleep disturbances have been studied as a risk factor for injuries because it may 

compromise daytime performance due to sleepiness, fatigue, and cognitive impairment. 

Choi et al (2006) studied the effects of sleep deprivation on injuries in a rural population 

in Iowa. During their study they found that 316 injuries occurred during the 2677.6 

person-years. The overall injury rate was 11.8 cases per 100 person-years. They were 

able to conclude that sleeping less than seven and a half hours increases the risk for 
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injuries 1.61 times that of sleeping for seven and a half to eight and a half hours (95% CI, 

1.21-2.15). 

The same conclusions were made by Lam and Yang (2007) and Edmonds and 

Vinson (2007). Lam and Yang (2007) studied adolescents in China between the ages of 

13 and 17. They found a significant association between nightly duration of sleep and 

injury, particularly with multiple injuries (OR=2.4, 95% CI, 1.2-4.9). Adolescents who 

slept less than seven hours per night during a normal school week were approximately 

two times more likely to have experiences multiple episodes of unintentional injury when 

compared to adolescents who slept seven hours or more. Edmonds and Vinson (2007), 

through ED interviews, were able to show that better sleep quality during the past seven 

days was associated with a lower risk of injury (OR=0.88, 95% CI 0.80-0.97). 

As shown previously, insufficient sleep can lead to the occurrence of injury. This 

is due to the impairment of reaction time, vigilance, and alertness (Carskadon, 2005). 

Adolescents generally perform better early in the day than late in the afternoon and 

evening. Performance in adolescents benefits from adequate sleep obtained routinely on 

a regular basis (Carskadon, 2005). Significant performance improvements in speed and 

accuracy can be caused by a nigh of sleep. This was supported by research done by 

Walker, Brakefield, Morgan, Hobson, and Stickgold (2002). 

Walker, Brakefield, Morgan, Hobson, and Stickgold (2002) conducted a study 

where participants were taught a finger tapping exercise. After sleeping, participants 

were able to improve their speed and average of 20% and their accuracy by 39%. This is 

significant for the athletic world in that it is not unusual to train athletes consistently 
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across the day, only to return the athlete to practice early the next morning. Based on the 

current evidence of how the brain consolidates task, such a schedule could be potentially 

harmful (Walker & Stickgold, 2005). Building sufficient sleep patterns into training 

programs may offer the biologically necessary periods of sleep required to maximize skill 

potential (Walker & Stickgold, 2005). 

Morad, et al (2007) found that sleep deprivation causes a reduction in stability. 

Postural stability shows a significant peak of destabilization between 5:00 p.m. and 8:00 

a.m. (p<.05). This is significant to athletics due to the fact that practices are within their 

second hour or competitions are either about to begin or have already begun. A decrease 

in stability and proprioception has been shown to be a risk factor for injury (Nyland, 

Shapiro, Stine, Horn, & Ireland, 1994; Nyland, Shapiro, Carbon, Nitz & Malone, 1997). 

During a 24-hour period, cognitive and metabolic processes that affect mental and 

physical activities vary. Morad, et al examined the relationship that sleep deprivation has 

on postural stability throughout the day. Barenboim (2007), Gribble, Tucker, and White 

(2007), in the only study of its kind, examined the influences of time-of-day on static and 

dynamic postural control. They were able to show that the time of day seems to 

influence measure of postural control. The subjects in their study had more postural 

control in the morning than they did in the afternoon and evening. This is of importance 

to athletics due to the fact that many athletic practices and competitions take place in the 

afternoon and evening hours. 

In one of the only studies of its kind, Samuels (2008) examined the relationship 

between sleep, recovery, and performance in athletics. Samuels states that critical 
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metabolic, immunologic, and restorative physiologic processes are negatively affected by 

sleep restriction, sleep disturbances, and forced desynchrony of the human circadian 

(rhythm) sleep/wake phase. Sleep deprivation directly affects cognitive performance. He 

was able to show that a casual relationship exists among sleep, memory, and 

performance. These results validate the importance of adequate sleep for athletes to 

ensure optimal performance when cognitive tasks and psychomotor vigilance are 

required. 

Fatigue. Fatigue is an extrinsic factor affecting the musculoskeletal systems 

(Chappell, et al, 2005). There have been many studies published that examined the effect 

of fatigue on muscle strain injury, knee kinetics and kinematics, neuromuscular function, 

joint laxity, and sport specific techniques. Sports medicine personnel widely agree that 

fatigue may be a predisposing factor in the occurrence of injury (Heiser, Weber, Sullivan, 

Clare, & Jacobs, 1984). Dornan (1971) stated that muscle strains usually occurred early 

or in the latter stages of practices or matches. The early injuries were more commonly 

due to improper warm-up, where the latter injuries were more commonly due to fatigue. 

In two epidemiological studies of injuries that occurred in rugby league matches, 

Gabbett (2000; 2002) found that muscular injuries are more often sustained in the latter 

stages of the season and during the second half of matches. These finding suggest that 

fatigue or accumulative microtrauma, or both, may contribute to injuries in amateur 

rugby league players (Gabbett, 2000). In his epidemiological study of rugby league 

sevens tournaments, Gabbett (2002) was able to make the same conclusions. He 

observed an increasing incidence of injury over the first (99.2 injuries per 1000 hours), 
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second (198.4 injuries per 1000 hours), third (347.2 injuries per 1000 hours), and fourth 

(694.4 injuries per 1000 hours) matches played during the tournament. The results of his 

study suggest that amateur rugby league sevens tournaments, which require players to 

compete repeatedly on the same day, may hasten the onset of fatigue and predispose 

athletes to injury. 

In a study using rabbit models, Mair, Seaber, Glisson, and Garrett (1996) 

examined the role of fatigue in susceptibility to acute muscle strain. The researchers 

chose to use the extensor digitorum longus muscle of a rabbit because the characteristics 

of that muscle are very similar to muscles athletes commonly strain in athletic 

participation. After fatiguing muscle through electrical stimulation, the researchers found 

that muscles are injured at the same length of stretch, regardless of the effects of fatigue. 

However, the fatigued muscles are able to absorb less energy before reaching the degree 

of stretch that causes injury. 

The maintenance and control of posture and balance, whether under static or 

dynamic conditions, are essential requirements for physical and daily activities. Lepers, 

Bigard, Diard, Gouteyron, and Guezennec (1997) conducted a study in order to evaluate 

and quantify the equilibrium performance before and after long distance (24 km) running 

on well-trained athletes. The equilibrium score, which reflected the subjects' ability to 

maintain his balance, decreased after the run. These results show that the ability to 

maintain balance in a dynamic environment was altered by prolonged exercise. 

The effects of fatigue has been associated with decreases in knee proprioception 

and increased joint laxity compared to baseline values (Nyland, Shapiro, Stine, Horn, & 
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Ireland, 1994; Nyland, Shapiro, Carbon, Nitz & Malone, 1997). Athletes exhibit 

decreases in proprioceptive ability and changes in muscular activity following muscular 

fatigue. Rozzi, Lephart, and Fu (1999) showed that subjects demonstrated an overall 

decrease in the ability to detect joint motion moving into the direction of extension, an 

increase in the onset of contraction time for the medial hamstring, lateral gastrocnemius 

muscles, and an increase in the first contraction area of the vastus medialis and vastus 

lateralis muscles. 

Mechanomyography is a new technique that records and quantifies the low-

frequency lateral oscillations produced by active skeletal muscles fibers (Beck, et al, 

2004). Using mechanomyography, Ebersole and Malek (2008), examined the 

electromechanical efficiency of the vastus medialis and vastus lateralis muscles when 

fatigued. They were able to report a linear decrease in torque, vastus medialis 

electromechanical efficiency, and vastus lateralis electromechanical efficiency across 75 

repetitions at 180° per second. A 58% decrease in the electromechanical efficiency of the 

vastus medialis and a 66% decrease in the electromechanical efficiency of the vastus 

lateralis occurred concurrently with a 47% decline in torque production when the 

participants were fatigued. The researchers feel that the electromechanical efficiency 

measurements may provide a unique insight into the influence of fatigue on the 

contractile properties of skeletal muscle, including alterations that occur to the intrinsic 

electric and mechanical components. 

Wilkins, Valovich McLeod, Perrin, and Gansneder (2004) used the Balance Error 

Scoring System to measure the effects of fatigue on balance. The Balance Error scoring 
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System measures the athlete's postural stability through a clinical assessment battery and 

is scored by counting the number of errors the athlete commits during the test. In the 

study conducted by Wilkins, Valovich McLeod, Perrin, and Gansneder (2004), the 

fatigue group scored significantly more total errors on the posttest than on the pretest. 

They also scored significantly more errors than the control group at the posttest. 

Although the Balance Error Scoring System is designed to study mild brain injury, the 

results from this research strengthens the argument that fatigue decreases postural 

stability. 

Chappell, et al (2005) examined the effect of fatigue on knee kinetics and 

kinematics in stop-jump tasks. There subjects were 20 recreational athletes. The 

recreational athletes showed a significant decrease in jumping height after fatigued. An 

increase of 21% peak proximal tibial anterior shear force was found when the 

recreational athletes were fatigued. Knee flexion angle at the peak proximal tibial 

anterior shear force in the post-fatigue exercise test was significantly decreased in 

comparison to that in the pre-fatigued exercise test. These results show that when 

fatigued, an athlete is more susceptible to the mechanisms that may cause a knee injury. 

The results of Chappell, et al (2005) were similar to the results of Wojtys, Wylie, 

and Huston (1996). Wojtys, Wylie, and Huston (1996) studied the effects of muscle 

fatigue on neuromuscular function and anterior tibial translation in healthy knees. The 

researchers were able to show an increase of 32.5% in the anterior tibial translation after 

fatigue. The researchers believed that muscle fatigue affected the dynamic stability of the 

knee, which caused an alteration in the neuromuscular response to anterior tibial 
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translation. Fatigue may play a significant role in the pathomechanics of knee injuries in 

physically challenging sports. 

In a recent study, Gabbett (2008) examined the effect of fatigue on tackling 

technique in rugby league players. His research is one of the first to examine the effects 

of fatigue on tackling technique. Gabbett found that fatigue resulted in progressive 

reductions in tackling technique. The greatest decrease in tackling technique under 

fatigued conditions was seen among players with the best form in a non-fatigued state. 

In a pilot study conducted prior to this dissertation, injury events were shown to 

increase as time increased during practice (Tolbert, Binkley, Miller, Weatherby, 2008). 

A majority of injuries occurred in the final quarter of practice. This study used the 

NCAA Injury Surveillance System as a guide, but expanded the questionnaire to include 

specific time sensitive information concerning the injury event. 

Unintentional injury is a growing health concern throughout the world. An 

increase in the occurrence of injury related traumas are observed in adolescents (Pickett, 

et al, 2005). Injury, in the United States, results in death to more adolescents than all 

diseases combined (Park, Mulye, Adams, Brindis, & Irwin, 2006). Not only is 

unintentional injury a major health problem due to the fact that it is the leading cause of 

death, but also due to the fact that unintentional injury causes 30,000 permanent 

disabilities annually (CDC, 1990; Guyer & Ellers, 1990). Participating in sports has been 

shown to be a major risk for unintentional injury (Blum & Nelson-MMari, 2004). 

Data produced by injury surveillance systems describe the size and characteristic 

of the health problem, the population at risk, the risk factors, and the trends (Holder, et al, 
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2001). The information obtained by injury surveillance systems makes it possible to 

design and apply appropriate interventions and monitor the results and assess the impacts 

of the interventions (Holder, et al, 2001). 

To develop interventions to combat the growing concern of unintentional injury, 

injury surveillance systems must be developed that can report appropriate, useful 

information. Current injury surveillance systems report almost identical information. 

Injury events are reported due to the injury site, mechanism, and whether they occur 

during a competition or practice. This information, although very useful, does not show 

the entire picture of an injury event. Seldom examined are the specific time frames in 

which an injury occurs. The pilot study for this dissertation showed that athletes are 

more likely to be injured later in practice. The ability to show when, specifically, athletes 

are injured will be a valuable asset in developing interventions to reduce the occurrence 

of injuries. 
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CHAPTER III 

METHODOLOGY 

Sampling and Data Collection 

Sport Sampled. The injury surveillance system collected data on 11 varsity high 

school football teams during the 2008 football season. The injury surveillance system did 

not collect data on junior varsity activities, club activities, any in-season individual 

conditioning or weight-lifting sessions, or most out-of-season or nontraditional season 

practice, competition, or conditioning activities. 

Data Collection. During the 2008 varsity football season, twelve different 

schools were invited to participate in the injury surveillance system data collection 

through their certified athletic trainer. Participation in the injury surveillance system was 

voluntary. During the summer prior to the football season, a letter was sent requesting 

participation and approval to conduct research to the superintendent of the selected 

school systems and the principal of the selected schools. A letter requesting participation 

was sent to the head athletic trainer of the selected schools. Attached to the letters were 

the instruments that were used. 

Athletic trainers at participating schools were provided data collection 

instructions and a packet of injury and exposure forms. The instructions defined 

reportable injuries and exposure and specifically described each exposure and injury 
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question. Participating athletic trainers were asked to submit data from the first day of 

official preseason practice to the final day of any postseason competition. 

Protection of Human Subjects 

All information collected during the research is stored on a password protected 

computer. The researcher is the only individual with access to the information obtained 

during the research. A coding system was used to differentiate between schools. Only 

the researcher has access to the codes. The athletic trainer submitting information 

included their individual school code on all submitted injury forms and exposure forms. 

Power Analysis 

Two models were examined using Cox regression. The first model tested whether 

the amount of time exposure during a varsity football practice increased the risk of an 

injury event. The second model tested whether the amount of time exposure during a 

varsity football competition increased the risk of an injury event. The a for the test of 

these models was set at .05. To achieve power of .85 and a medium effect size (f2=. 15), 

96 injury events are required to detect a significant model. 

Instrumentation 

Injwy Form. A two page injury form, based on the NCAA Injury Surveillance 

System injury form, was completed for each reportable injury. This form contains twelve 

questions relating to basic injury mechanism, when the injury occurred, body part 

injured, type of injury, measure of severity (time loss), sport-specific questions (e.g. 

position played and specific injury mechanism), and the type of surface the injury 

occurred on. The difference between the NCAA Injury Surveillance injury form and the 
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one used in this research is that the form used in this research asked an additional 

question regarding the time in which an injury occurred during a practice or competition. 

Practice injuries were categorized as injuries occurring between 0 and 30 minutes, 31 and 

60 minutes, 61 and 90 minutes, 91 and 120 minutes, and greater that 120 minutes. 

Competition injuries were categorized as injuries occurring during the 1st quarter, 2nd 

quarter, 3rd quarter, or 4th quarter. If more than one body part was injured in the same 

injury event, a separate form was completed for each injury. No name or personal 

identification was collected by the researcher. Each week a spreadsheet, which contains 

all reportable injuries that occurred that week, was sent electronically to the researcher. 

The researcher sent emails to participating athletic trainers every Thursday reminding the 

participating athletic trainer to submit their data. A second email was sent every Sunday 

to remind the participating athletic trainers who had not yet submitted their data to do so. 

Exposure Form. A one page exposure form was submitted electronically weekly 

to the researcher by each participating athletic trainer. This form summarized the number 

of practices and/or competitions; the number of participants for each activity; the season 

(preseason, regular season, or postseason); the types of playing surface for each activity; 

the day the activity occurred; and the length of the practice. As discussed before, 

competition participants were counted only if they officially participated in some part of 

the competition. Exposure forms were submitted weekly, even if there were no 

reportable injuries that occurred during that time period. This participation information 

was used to analyze the injury rates. 



48 
Pilot Study 

IRB exempt approval (08-294) was obtained to use the test instruments in a pilot 

study. The pilot study was conducted during spring football practices with four high 

schools in Rutherford County, TN. During the fifteen day spring football practices there 

were sixteen injury events. The fourth segment of practice (91-120 minutes) saw the 

greatest occurrence of injuries (50%). The third segment of practice (61-90 minutes) 

contained 18.8% of the injuries. Both the first segment of practice (0-30 minutes) and the 

second segment of practice (31-60 minutes) contained 12.5% of the injuries. One injury 

occurred during the fifth segment of practice. Based on the results of the pilot study, 

injury events increased over time during a high school football practice. 

Data Aggregation and Participation Incentive 

Forms received by the researcher were entered into a database via hand entry by 

the investigator. Other than the unique school code number, no identifiers were present 

on either the injury or exposure forms. Each participating school received a hard copy of 

its own data. 

Inclusion Criteria 

Following the guidelines set by Dick et al. (2007) in the NCAA Injury 

Surveillance System, for a school's data to be included in the injury surveillance system, 

the athletic trainer was required to send data covering 70% of the possible weeks. If 70% 

of a school's information was not submitted, then the school was eliminated before the 

statistical analysis takes place. 
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Eliminated School. One school was eliminated from the injury surveillance 

system due to not submitting the required information. This school was a large 

classification school with approximately 95 varsity football athletes at the beginning of 

the season. 

Data Analysis and Presentation 

Statistical Analysis. Injury rates (number of injuries divided by number of A-Es) 

were computed per 1000 A-Es. Rates were reported using competition and practice 

exposures. Rate ratios comparing the competition rate to the practice rates were 

computed by dividing the competitions rate by the practice rate. Rate ratios indicate the 

increased rate of injury associated with competition participation relative to practice 

participation. Rate differences were also used. 

Ninety-five percent confidence intervals (95% CIs) were computed for all rates, 

rate ratios, and rate differences. The 95% CIs provide information about the accuracy of 

each rate and can be used to conclude if two rates differ statistically from one another. 

Cox Regression was used to evaluate trends in the injury rates over time. The 

dependent variable in a Cox Regression is made up of two parts: an event indicator and a 

measure of time from baseline to the event. In this investigation, an event indicator is 

defined as the occurrence of an injury. A measure of time in this investigation is the 

specific time of the practice or competition during which the injury occurred. Hazard 

rates measure the risk of event occurrence within a specified time interval. This measure 

is conditional on survival to the beginning of that time interval. Survival is defined as not 

yet having experiences the injury event. Specifically, Cox Regression was used to 
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predict an injury event based on the predictor variables. The time variable measures time 

to the event as defined by the status variable. Since time was measured by a counter 

variable in units of time, the Cox model assumed that the hazard rate increases linearly 

with time. Analysis time was a time variable where t=0 is the time of onset of risk. 

Onset of risk is defined as the time when injury first becomes possible. All data was 

processed using SPSS statistical software (Version 16.0, SPSS Inc., Chicago, Illinois). 
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Chapter IV 

RESULTS 

The purpose of this dissertation was to examine the effect of the amount of time 

spent practicing or competing in varsity football on the incidence of injury. The first 

hypothesis stated that varsity high school football athletes are more likely to experience 

an injury event in the final segment of a varsity football practice than in all other 

segments of a varsity high school practice. The second hypothesis stated that varsity high 

school football athletes are more likely to experience an injury event in the final quarter 

of a varsity high school football competition than in all other quarters of a varsity high 

school football competition. 

The participants who took part in this investigation were taken from a sample of 

convenience. The schools selected were done so because of their previous relationship 

with the investigator. The fact that the participating schools were not randomly assigned 

causes the investigator to believe that these results may not be generalizable. 

Descriptive Statistics 

Practice. There were a total of 732 varsity football athletes from 11 participating 

schools who participated in the injury surveillance system. This number differs from the 

total number of participants in competitions due to the fact that when athletes were 
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injured multiple times, they were counted as a new athlete to better achieve an 

understanding of when athletes are injured. Table 1 shows the descriptive statistics for 

the participating schools, player positions, classification of the participants, and the 

number of injuries by week of practice. These variables were entered into the Cox 

regression as possible predictors of injury. TR-5 was the school with the fewest 

participants (n=34). TR-8 was the school with the most participants (n=96). The average 

number of participants per school was 67. 

A large percentage of varsity football athletes reported playing more than one 

position during practice (49.45%). Table 1 shows the descriptive statistics for each 

position as well as the combination of positions that athletes play. Most of the 

participants were offensive linemen (n=122). Other positions reporting high levels of 

participants were the combination of offensive linemen and defensive linemen (n=109) 

and flanker/wide receiver and defensive back (n=l 17). Two groups were combined into 

one group due to the low numbers in the respective groups. Running backs and defensive 

linemen were combined with flanker/wide receivers and linebackers to give a total of 11 

participants in that group. 

Table 2 shows the descriptive statistics for the number injures based on position. 

An overall percentage as well as a weighted percentage is reported. Overall, offensive 

linemen sustained the greatest percentage of injuries in practice (23.89%). Other 

positions sustaining high percentages of injury events were defensive linemen (21.24%), 

linebackers (15.04%), defensive backs (13.27%), and running backs (12.39%). 
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To achieve a proper understanding of injuries by position, positions were 

weighted according to the number of athletes playing that position at one time. The 

percentages of injury by position were calculated and then divided by the number of 

players at each position as follows: offensive line=6, wide receiver/flanker=2, 

quarterback=l, running back=2, defensive line=4, linebacker=3 and defensive back=4. 

The offensive players with the highest number of injuries by weighted position were 

running backs (6.19%), wide receivers/flankers (5.31%), and offensive linemen (3.98%). 

The defensive players with the highest number of injuries by weighted position were 

defensive linemen (5.31%), linebackers (5.01%), and defensive backs (3.32%). 

Table 1 shows the descriptive statistics for the classification of the participating 

athletes. A majority of participants (n=252) were sophomores. The classification with 

the smallest amount of participants were freshmen (n=75). This is due to the fact that 

freshmen often do not participate on varsity football teams at larger schools. Instead, 

they participate in freshmen football. Smaller schools, where the overall number of 

participants is limited, see increased numbers of freshmen on the varsity football team. 

Table 1 also shows the week of injury. A majority of the injuries occurred within 

the first 6 weeks of practice (n=94). The number of injuries during practice steadily 

declined from week 1 through week 15. 

The characteristics of injury times during practice are shown in Table 3. The 

third section of practice (61-90 minutes) reported the highest number of injury event 

(n=36). This time frame saw 31.86% of all injuries. The first time frame (0-30 minutes) 
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saw the least amount of injuries. This time frame accounted for only 6.19% of all 

injuries. 



Table 1 

Participant Characteristics (Practice), Exposure to Injury in Sport (N= 732) 

Characteristic 

Participating Schools 
TR-1 
TR-2 
AE-1 
AE-2 
AE-3 
TR-3 
TR-5 
TR-6 
TR-7 
TR-8 
AE-4 

72 
49 
50 
76 
47 
81 
34 
91 
74 
96 
62 

9.84 

6.69 

6.83 

10.38 

6.42 

11.07 

4.64 

12.43 

10.11 

13.11 

8.47 

Total 732 100.00 

Player Position 
Players with Multiple Positions 

Offensive Lineman and Defensive Lineman 
Quarterback and Defensive Back 
Running Back and Linebacker 
Flanker/Wide Receiver and Defensive Back 
Offensive Lineman and Linebacker 
Running Back and Defensive Back 

Running Back and Defensive Lineman or 
Flanker/Wide Receiver & Linebacker 

Players with Single Positions 
Offensive Lineman 
Quarterback 
Running Back 

109 
24 
49 
117 
20 
32 

14.89 

3.28 

6.69 

15.98 

2.73 

4.37 

11 1.50 

22 
15 
45 

16.67 

2.05 

6.15 
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Flanker/Wide Receiver 
Defensive Lineman 
Linebacker 
Defensive Back 
Kicker 

Total 

Classification 
Freshman 
Sophomore 
Junior 
Senior 

Total 

Week of Injury 
Weekl 
Week 2 
Week 3 
Week 4 
Week 5 
Week 6 
Week 7 
Week 8 
Week 9 
Week 10 
Week 11 
Week 12 
Week 13 
Week 14 
Week 15 

Total 

60 
63 
24 
32 

9 

732 

75 
252 
230 
175 

732 

31 
17 
15 
11 
10 
10 
4 
3 
3 
2 
2 
0 
1 
2 
1 

112 

8.20 
8.61 
3.28 
4.37 
1.23 

100.00 

10.25 
34.43 
31.42 
23.91 

100.00 

27.68 
15.18 
13.39 
9.82 
8.93 
8.93 
3.57 
2.68 
2.68 
1.79 
1.79 
0.00 
0.89 
1.79 
0.89 

100.00 
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Table 3 

Injury Time Characteristics (Practice), Exposure to 

Characteristic 

Injury Time Frames 
0-30 minutes 
31-60 minutes 
61-90 minutes 
91-120 minutes 
Greater than 120 minutes 

Total 

Injury in Sport (N =113) 

n 

7 
30 
36 
26 
14 

113 

% 

6.19 
26.55 
31.86 
23.01 
12.39 

100.00 

Competitions. There were a total of 749 varsity football athletes who participated 

in the injury surveillance system. This number differs from the total number of 

participants in practice due to the fact that when athletes were injured multiple times, 

they were counted as a new athlete to better achieve an understanding of when athletes 

are injured. Table 4 shows the descriptive statistics for the participating schools, player 

positions, classification of the participants, and the number of injuries by week. These 

variables were entered into the Cox regression as possible predictors of injury. TR-5 was 

the school with the fewest participants (n=34). TR-8 was the school with the most 

participants (n=104). The average number of participants per school was 68. 
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A large percentage of athletes reported playing more than one position during 

competitions. Table 4 shows the descriptive statistics for each position as well as the 

combination of positions that athletes play. Most of the participants were offensive 

linemen (n=127). Other positions reporting high levels of participants were flanker/wide 

receiver and defensive back (n=l 18) and offensive linemen and defensive linemen 

(n=l 14). Two groups were combined into one group due to the low numbers in the 

respective groups. Running backs and defensive linemen were combined with 

flanker/wide receivers and linebackers to give a total of 9 participants in that group. 

Table 5 shows the descriptive statistics for the number of injuries based on 

position. An overall percentage as well as a weighted percentage is reported. Overall, 

defensive backs sustained the greatest percentage of injuries during competition 

(23.08%). Other positions sustaining high percentages of injury events were linebackers 

(17.09%), defensive linemen (16.24%), and running backs (16.24%). 

To achieve a proper understanding of injuries by position, positions were 

weighted according to the number of athletes playing that position at one time. The 

percentages of injury by position were calculated and then divided by the number of 

players at each position as follows: offensive line=6, wide receiver/flanker=2, 

quarterback=l, running back=2, defensive line=4, linebacker=3 and defensive back=4. 

The offensive players with the highest number of injuries by weighted position were 

quarterbacks (8.55%) and running backs (8.12%). The defensive players with the highest 

number of injuries by weighted position were defensive backs (5.77%) and linebackers 

(5.70%). 
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Table 4 shows the descriptive statistics for the classification of the participating 

athletes. A majority of participants (n=250) were sophomores. The classification with 

the smallest amount of participants were freshmen (n=76). This is due to the fact that 

freshmen often do not participate on varsity football teams at larger schools. Instead, 

they participate in freshmen football. Smaller schools, where the overall number of 

participants is limited, see increased numbers of freshmen on the varsity football team. 

Table 4 also shows the week of injury. A majority of injuries occurred between 

preseason and week 5 of the season (59.83%). Week 8 saw the highest total of injuries 

during any one week. A majority of the participating teams were off during week 7, 

which is a possible reason for the low numbers. 

The characteristics of injury times during competitions are shown in Table 6. The 

fourth quarter of the competition saw the greatest number of injuries (n=34). This quarter 

saw 29.06% of all injuries. Injuries during warm ups were relatively few (n=3). This 

time frame saw only 2.56% of all injuries. 



Table 4 

Participant Characteristics (Competition), Exposure to Injury in Sport (N 

Characteristic 

Participating Schools 
TR-1 
TR-2 
AE-1 
AE-2 
AE-3 
TR-3 
TR-5 
TR-6 
TR-7 
TR-8 
AE-4 

71 
50 
50 
76 
48 
81 
34 
91 
76 
104 
68 

9.48 

6.68 

6.68 

10.15 

6.41 

10.81 

4.54 

12.15 

10.15 

13.89 

9.08 

Total 749 100.00 

Player Position 
Players with Multiple Positions 

Offensive Lineman and Defensive Lineman 
Quarterback and Defensive Back 
Running Back and Linebacker 
Flanker/Wide Receiver and Defensive Back 
Offensive Lineman and Linebacker 
Running Back and Defensive Back 

Running Back and Defensive Lineman or 
Flanker/Wide Receiver & Linebacker 

Players with Single Positions 
Offensive Lineman 
Quarterback 
Running Back 

14 
24 
55 
18 
23 
34 

15.22 

3.20 

7.34 

15.75 

3.07 

4.54 

1.20 

27 
18 
44 

16.96 

2.40 

5.87 
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Flanker/Wide Receiver 
Defensive Lineman 
Linebacker 
Defensive Back 
Kicker 

Total 

Classification 
Freshman 
Sophomore 
Junior 
Senior 

Total 

Week of Injury 
Preseason 
WeekO 
Weekl 
Week 2 
Week 3 
Week 4 
Week 5 
Week 6 
Week 7 
Week 8 
Week 9 
Week 10 
Week 11 

Total 

62 
58 
23 
31 

9 

749 

76 
250 
236 
187 

749 

3 
14 
5 

14 
12 
12 
10 
8 
2 

16 
7 
7 
7 

117 

8.28 
7.74 
3.07 
4.14 
1.20 

100.00 

10.15 
33.38 
31.51 
24.97 

100.00 

2.56 
11.97 
4.27 

11.97 
10.26 
10.26 
8.55 
6.84 
1.71 

13.68 
5.98 
5.98 
5.98 

100.00 
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Table 6 

Injury Time Characteristics (Competition), Exposure to 

Characteristic 

Injury Time Frames 
Warm-up 
First Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Total 

Injury 

n 

3 
22 
28 
30 
34 

117 

in Sport (TV =177) 

% 

2.56 
18.80 
23.93 
25.64 
29.06 

100.00 

Injury Rates and Athlete Exposures 

Practice. There were a total of 113 practice injury events during 42,328 athlete 

exposures, for an injury rate of 2.67 injury events per 1000 athlete exposures. 

Competitions. There were a total of 117 competition injury events during 4,595 

athlete exposures, for an injury rate of 25.46 injury events per 1000 athlete exposures. 

Rate Ratio. The rate ratio was 9.54 (95% CI 7.36 to 12.35, p<.001). Overall 

injury rates were higher in competitions than in practices. 

Survival Analysis 

Practice. The original Cox regression model (Table 7) included the following 

main effects: school attended, position of athlete, classification in school of the athlete, 

and the week of practice that the injury occurred. The position of athlete and 

classification in school of the athlete were removed from the model due to the fact that 
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each category lacked any significance. The model was analyzed again with the following 

main effects: school attended and the week of practice that the injury occurred. 

Cox regression results (Table 8) suggest that, when controlling for all other 

variables, the school an athlete attends and the week during which a practice occurs 

influences the possibility of an injury event. Athletes at school TR-1 are less likely to 

sustain an injury than athletes at school AE-4 (Odds Ratio 0.31, 95% CI 0.12 to 0.78, 

p=.012). As the weeks of the season progress, the odds of an athlete sustaining an injury 

decrease (Odds Ratio 0.95, 95% CI 0.95 to 0.96, p<.001). 
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Figure 1 shows the survival function as it changes during the course of the 

practice. During the first two time segments of practice there is very little change in the 

survival function. During the third segment (61-90 minutes), the survival function is 

0.99. The likelihood of not sustaining and injury continues to decrease throughout the 

practice. The chance of survival during the final segment of practice (greater than 120 

minutes) is 0.95. This figure shows that as practice times are increased, the likelihood of 

survival decreases. 

1.00-1 

Figure 1 : Injury Survival During Practice 

Survival Funct ion at mean of covariates 

0.00 ZS.D0 S0.D0 7S.D0 10D.00 125.00 

Time that injury occurred during practice 

i r 
150.00 175.00 
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Competition. The original Cox regression model (Table 9) included the 

following main effects: school attended, position of athlete, classification in school of the 

athlete, and the week of competition that the injury occurred. The position of athlete was 

removed from the model due to the fact that each category lacked any significance. The 

model was analyzed again with the following main effects: school attended, classification 

in school of the athlete, and the week of competition that the injury occurred. 

Cox regression results (Table 10) suggest that, when controlling for all other 

variables, the school an athlete attends, classification in school of the athlete, and the 

week during which a competition occurs influences the possibility of an injury event. 

Athletes at school TR-6 are less likely to sustain an injury than athletes at school AE-4 

(Odds Ratio 0.11, 95% CI 0.01 to 0.84, p=.034). Sophomores were less likely to sustain 

an injury than seniors (Odds Ratio 0.48, 95% CI 0.25 to 0.83, p=.008). As the weeks of 

the season progress, the odds of an athlete sustaining an injury decrease (Odds Ratio 

0.71, 95% CI 0.68 to 0.74, p< 001). 



72 

n \ 

bl
e( 

C3 

—. 

74
9 

ll 
^ 
R 

•2 

§ 
o 

U 
SP 
•S £! 
a 

a 
§ 
^ 
w 
S 
K 
bo 
• 5 

• » - ^ 

,o 

re
d 

a. 
y* 
CO 

"£N 
Q 
K 

^ 
K 
O 
<>5 
O) 
<U 
!< &0 
Hi 

fe; 
* 
o 

m
m

ar
y 

of
C

 

£ 

er
va

 

(D 
o 

de
n 

« 

C
on

 

i n 
O N 

Si, 

2 
13 

</3 

-d 
-d 
O 

o 
CO 

-4-> 
(33 
on 

ft 
=3 

£ 
o 

_o 
'+-> 

c3 
s-c 

fej 
£o 

."£> 

0) 

3 «S 
S-i 
cS 

> 
is 

ai
n 

E
ff

ec
 

s 

ON m 
r~ ro 
O ^H 

o o 

^a 
S <N 

m 
co 
^ 

( N 
- — i 

O 

O 
"* 
o 

( N 
NO 

o 

<N 
ON 

o 
1 

^^ CD 
O 

c 
<D 

fe
r 

CD 
>-H i 1 

f Pi 

< 

m 
O N 

O 

, — ( 
O 

o 

i n 
i n 

( N 

NO 
c i 

O 

NO 
ON 
O 

o 
i n 

o 

^r 
o 
o 

' 

R
-2

 

H 

0 0 
NO 

o 

o 
1—1 

o 

o 
oo 
CN 

<N 

© 

NO 
r-
© 

o 
NO 

o 

t~-
CN 
O 

1 

E
-l

 

< 

ON 
(^ 
t > 

o 

0 0 
o 
o 

oo 
oo 
<m 

NO 
CO 

© 

ON 
^ H 

<-* 

* 1 
NO 
© 

r-
^ H 

O 

.E
-2

 

< 

^ 
IT) 
m 
© 

NO 
m 
© 

r-~ 
NO 

en 

o 
i n 

© 

NO 
en 
-< 

,—1 
i n 
© 

o 
m 
o 

£-
3 

< 

NO 
NO 
r-
© 

ON 
O 

© 

^ H 

i n 
( N 

ON 
<N 

O 

i n 
0 0 
© 

i n 
i n 
© 

t ^ 
,—i 

o 
1 

R
-3

 

H 

NO 
i n 
o 

• * 

m 
© 

m 
>—i 

( N 

i n 
<N 
© 

m 
r-
o 

i n 
i n 

o 

<N 
ro 
O 

1 

R
-5

 

H 

m 
i—i 

o 
o 

^r 
( N 

NO 

1^-
i n 

o 

,—1 

o 
o 

r-
o 
o 

NO 
o 
I—I 

• * 
NO 
<N 

1 

R
-6

 

H 

OO NO 

oS 
o 

NO - H 

o r̂ 
o ^-

O N i n 
ON ON 
- H O 

, | 

r̂ (N 
o o 

o in 
ON r f 
o o 

o oo -st" ro 
o o 

O - H 
>—i OO 

o o 
1 ' 

r-~- oo 
i i 

Pi & 
H H 



O
ff

en
si

ve
 L

in
em

an
 

an
d 

D
ef

en
si

ve
 L

in
em

an
 

Q
ua

rt
er

ba
ck

 a
nd

 
D

ef
en

si
ve

 B
ac

k 
R

un
ni

ng
 B

ac
k 

an
d 

L
in

eb
ac

ke
r 

Fl
an

ke
r/

W
id

e 
R

ec
ei

ve
r 

an
d 

D
ef

en
si

ve
 B

ac
k 

O
ff

en
si

ve
 L

in
em

an
 

an
d 

L
in

eb
ac

ke
r 

R
un

ni
ng

 B
ac

k 
an

d 
D

ef
en

si
ve

 B
ac

k 
R

un
ni

ng
 B

ac
k 

an
d 

D
ef

en
si

ve
 L

in
em

an
 o

r 
Fl

an
ke

r/
W

id
e 

R
ec

ei
ve

r 
&

 
L

in
eb

ac
ke

r 
O

ff
en

si
ve

 L
in

em
an

 
Q

ua
rt

er
ba

ck
 

R
un

ni
ng

 B
ac

k 
Fl

an
ke

r/
W

id
e 

R
ec

ei
ve

r 
D

ef
en

si
ve

 L
in

em
an

 
L

in
eb

ac
ke

r 
D

ef
en

si
ve

 B
ac

k 

0.
25

 

0.
81

 

0.
54

 

0.
51

 

1.
51

 

0.
31

 

1.
23

 
-0

.9
9 

-0
.1

7 
-0

.3
6 

-0
.4

4 
0.

47
 

-0
.3

3 
-0

.3
8 

1.
11

 

1.
15

 

1.
12

 

1.
11

 

1.
23

 

1.
13

 

1.
48

 
1.

16
 

1.
20

 
1.

07
 

1.
14

 
1.

10
 

1.
24

 
1.

18
 

13
.9

4 
0.

45
4 

1.
28

 

2.
25

 

1.
72

 

0.
15

 

0.
24

 

0.
19

 

11
.2

9 

21
.4

5 

15
.3

0 

0.
05

 

0.
50

 

0.
24

 

0.
82

3 

0.
48

 

0.
62

7 

1.
66

 
0.

19
 

14
.6

6 
0.

21
 

0.
64

8 

4.
52

 

1.
36

 

0.
41

 

0.
15

 

50
.3

1 

12
.5

0 

1.
51

 

0.
08

 

0.
22

 

0.
78

4 

3.
42

 
0.

37
 

0.
84

 
0.

70
 

0.
65

 
1.

59
 

0.
72

 
0.

68
 

0.
19

 
0.

04
 

0.
08

 
0.

09
 

0.
07

 
0.

19
 

0.
06

 
0.

07
 

61
.7

0 
3.

59
 

8.
85

 
5.

73
 

6.
01

 
13

.7
4 

8.
23

 
6.

89
 

0.
70

 
0.

74
 

0.
02

 
0.

11
 

0.
15

 
0.

18
 

0.
07

 
0.

10
 

0.
40

4 
0.

39
1 

0.
88

6 
0.

73
7 

0.
70

2 
0.

67
2 

0.
79

4 
0.

74
7 



V£> 
VO 
o 
o 

G\ 
> — ; 
r-° 

•"a? 
o 
LH 
,<U 
tin <U 
VH 
s—' 
O 

'3 
in 

00 
r-«T) 
o 

^H 
CO 

o 

t̂-
CN 
(N 

*3" 
CN 
O 

CO 
l> 

o 

r-
>n 
o 

<N 
CO 
O 

a 
CS 

S 
-a 

re
s 

PH 

00 
o 
o 
o 

CN 

' ' 
r-' 

<N 
00 

o 

r-
<N 

o 

r-
r̂ 
o 

00 
(N 

o 

VO 
t--
o 

i 

u 
s-l 

o 
s o JZ 
o 
CO 

t̂-
io 
CO 
© 

VO 
oo 
© 

CO 

r-
t̂ 

© 

00 
r~ 
© 

VO 
<N 
© 

in 

rN 
© 

>-. o 1 
>—i 

o 
© 
o 

r<"> 
(N 
00 

(N 

IT) 

r-
© 

oo 
>o 
o 

CN 
r-~ 
© 

CN 
O 
© 

• * 

ro o 
i 

£ _2 
5"1 HH 

<4-H 
O 

M 
(D 

£ 

74 

© 

o 

II 

O 
O 

M 

o 

. - I 

o 
o 

V 

oo" 
CN 

OO 
r~-
o\ 
I! 
<u 
• — 

cS 

CT 
CO 

U 
"3 
O 

I 



T
ab

le
 1

0 

Su
m

m
ar

y 
of

 C
ox

 R
eg

re
ss

io
n 

V
ar

ia
bl

e 

M
ai

n 
E

ff
ec

ts
: 

A
E

-4
 (

re
fe

re
nc

e)
 

T
R

-1
 

T
R

-2
 

A
E

-1
 

A
E

-2
 

A
E

-3
 

T
R

-3
 

T
R

-5
 

T
R

-6
 

T
R

-7
 

T
R

-8
 

Se
ni

or
 (

re
fe

re
nc

e)
 

Fr
es

hm
an

 
So

ph
om

or
e 

Ju
ni

or
 

W
ee

k 
of

 I
nj

ur
y 

A
na

ly
si

s 
P

re
di

ct
in

g 

b 

-0
.3

2 
0.

29
 

-0
.9

5 
-0

.2
6 

0.
03

 
-0

.6
3 

0.
11

 
-2

.2
1 

0.
07

 
-0

.5
6 

-0
.4

5 
-0

.7
3 

-0
.0

9 

-0
.3

4 

T
im

e 
<

 

SE
 

0.
55

 
0.

48
 

0.
58

 
0.

49
 

0.
44

 
0.

41
 

0.
51

 
1.

04
 

0.
37

 
0.

36
 

0.
56

 
0.

28
 

0.
24

 

0.
02

 of
 In

ju
ry

 D
ur

in
g 

C
om

pe
ti

ti
on

 (
N

 =
 

O
dd

s 
ra

tio
 

0.
73

 
1.

34
 

0.
39

 
0.

77
 

1.
03

 
0.

53
 

1.
12

 
0.

11
 

1.
08

 
0.

57
 

0.
64

 
0.

48
 

0.
92

 

0.
71

 

=
 7

49
) 

95
%

 C
on

fi
de

nc
e 

In
te

rv
al

 
L

ow
er

 

0.
25

 
0.

53
 

0.
13

 
0.

30
 

0.
44

 
0.

24
 

0.
41

 
0.

01
 

0.
52

 
0.

28
 

0.
21

 
0.

28
 

0.
58

 

0.
68

 

U
pp

er
 

2.
12

 
3.

39
 

1.
19

 
2.

02
 

2.
43

 
1.

20
 

3.
04

 
0.

84
 

2.
22

 
1.

15
 

1.
92

 
0.

83
 

1.
46

 

0.
74

 

W
al

d 
st

at
is

tic
 

15
.6

3 
0.

34
 

0.
37

 
2.

75
 

0.
28

 
0.

00
 

2.
33

 
0.

05
 

4.
51

 
0.

04
 

2.
46

 

7.
31

 
0.

64
 

6.
93

 
0.

14
 

26
1.

94
 

P
 

0.
11

1 
0.

56
2 

0.
54

3 
0.

09
7 

0.
60

0 
0.

94
7 

0.
12

7 
0.

83
0 

0.
03

4 
0.

84
5 

0.
11

7 

0.
06

3 
0.

42
5 

0.
00

8 
0.

71
2 

0.
00

0 

N
ot

e:
 M

od
el

 C
hi

 S
qu

ar
e 

=
 9

71
.8

4,
 d

f=
 1

4,
 (

p 
<

 .0
01

);
 -

2 
L

og
 L

ik
el

ih
oo

d 
=

 1
12

1.
91

3 

-
j 

u
i 



76 
Figure 2 shows the survival function as it changes during the course of a 

competition. During the warm-ups, first quarter, and second quarter, the survival 

function decreases very slightly. During the third quarter, the survival function is 0.97. 

The likelihood of not sustaining and injury continues to decrease throughout the 

competition. The chance of survival during the fourth quarter of competition is 0.92. 

This figure shows that as competition progresses over time, the likelihood of survival 

decreases. 

Figure 2 : In jury Surv iva l Du r i ng Compet i t i on 

Surv iva l F u n c t i o n at mean of covar ia tes 
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Chapter V 

DISCUSSION 

The major findings of this dissertation were the possible isolation of some of the 

variables that contribute to the incidence of injury among varsity high school football 

athletes. During practice, the school an athlete attends and the week during which the 

practice occurs are shown to influence the occurrence of injury among varsity high 

school football athletes. During competition, the school an athlete attends, the week 

during which the competition occurs, and the classification of the athlete are shown to 

influence the occurrence of injury among varsity high school football athletes. There are 

several possible explanations why each of these variables may influence injury. 

When putting the findings of this investigation in the context of Haddon's Injury 

Model (Haddon, 1968), it becomes evident that injury is a result of an uncontrolled 

interact between host, agent, and environment. The varsity athlete lacks control over the 

circumstances of a football practice or competition. But athletics tend to be defined 

differently. Although the athlete lacks control, the coaching staff exerts almost complete 

control during the practice. The coaching staff controls the length of practice, the drills 

performed, and the intensity level at which athletes perform (Dick, Ferrara, et al, 2007). 

Injuries are due to both intrinsic and extrinsic factors (Dvorak, et al, 2000). The 

extrinsic causes of injury are influenced by the coaching staff at a high school. The 

coaching staff controls the amount and type of training, the surface that the practice 
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occurs on, and the equipment the athletes use. Due to this control of the coaching staff 

over a varsity high school football practice, the argument can be made that they may 

influence the potential for injury among their athletes. This partially explains the reason 

that the school an athlete attends predicts their probability of injury. Another reason for 

the school as a predictor of injury is the athletic trainer. 

Injury evaluation and the return to play standards after injury differ among 

athletic trainers. This could be due to the differences in education or differences in the 

mentality of the various athletic trainers. The participating athletic trainers were given a 

very strict injury definition. But there are variations among what athletic trainers 

consider a reportable injury. It is possible that some athletic trainers are very radical in 

their treatment of injuries as compared to others, who may be more conservative. What 

one constitutes as an injury another athletic trainer may not. 

There were several factors not taken into account when analyzing the results of 

this investigation. Among these results are environment, playing surface, and number of 

practices within one day. In a study conducted by Cooper, Ferrara, and Broglio (2006), it 

was observed that during the first three weeks of preseason practice, athletes are more 

likely to sustain an exertional heat illness. A majority of the extertional heat illness 

occurred during this time (88%). 

Participating schools in this investigation practiced and competed on multiple 

surfaces. Only one of the participating schools had artificial turf on their home field. 

Research conducted on elite soccer athletes has shown that there is no increase in injury 

rates between athletes who compete and artificial turf when compared to athletes who 

compete on natural turf (Ekstrand, Timpka, & Hagglund, 2006). Although Ekstrand, 
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Timpka, and Hagglund were able to show there is no difference in injury rates between 

the surfaces, surface should be considered when evaluating causes of injury to athletes. 

The causes of injury in football are multifactorial with many confounding variables to be 

considered when designing future research. 

The NCAA has strict rules when it comes to the number and length of practices 

collegiate teams can require an athlete to participate in. These rules are not seen in high 

school athletics. The NCAA has a five day acclimatization period for preseason football. 

During this time, athletes can not engage in more than one on field practice per day, not 

to exceed three hours in length (Dick, Ferrara, et al, 2007). This rule change went into 

effect during the 2002-2003 season. The limited data has not allowed the NCAA to 

compare injury rates before and after the rule change (Dick, Ferrara, et al, 2007). 

The major goal of this dissertation was to evaluate how exposure influenced 

injury in sport. This is a task that is seldom undertaken in the realm of sport. Exposure 

can be examined as something that occurs during a single practice or over the course of a 

season. It was suggested by Breslin, Karmakar, Smith, Etches, and Mustard (2007) that 

time of exposure be considered when assessing injury potential. One area that has seen 

research into the time of exposure is industry. It is a consistent view that the continuous 

work in the industrial setting fatigues the workers, which predisposes them to injury 

(Knauth, 2007). 

When examining the number of injuries per time frame in a varsity football 

practice, it becomes evident that injuries increase over time for the first three time frames. 

The fourth and fifth time frames saw a decline in injuries. Most practices ended during 

the fourth time frame, which explains the decreased number of injuries during the fifth 
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time frame. The low numbers of injuries during the first time frame are explained by the 

fact that this segment is often focused on individual drills. The intensity of the practice 

increases through the second and third time frames. Conditioning often occurs during the 

fourth time frame, which results in fewer injuries as compared to other drills which may 

include player-to-player contact. 

It is widely agreed by sports medicine personnel that fatigue may be a 

predisposing factor in the occurrence of injury (Heiser, Weber, Sullivan, Clare, & Jacobs, 

1984). Muscle strains that occur later in practice are often the result of fatigue while 

muscle strain injuries early in practice are often the result improper warm-up (Dornan, 

1971). When a muscle becomes fatigued, the proprioceptive ability of the athlete is 

diminished, which in turn can lead to injury (Rozzi, Lephart, & Fu, 1999). 

Fatigue in the later stages of practice has been shown to effect tackling technique 

in rugby league players (Gabbett, 2008). Tackling technique progressively reduced over 

time. The same assumption can be made about varsity high school football athletes. 

Contact drills that occur in the later stages of practice may predispose an athlete to injury 

due to improper form in tackling as well as other essential functions that a football player 

must be able to perform. 

As reported earlier, Figure 1 shows the survival function as it changes throughout 

a practice. The probability of sustaining an injury continually increases throughout a 

practice. The first two time frames of practice, which saw very few injuries, had a very 

high survival function. But as the practice progressed, the survival function steadily 

decreased. As athletes continue to practice, the possibility of them sustaining an injury 

increases until practice is terminated. 



81 
The injury events were very high the first week of the season, but steadily 

decreased throughout the first six weeks. One possible explanation for this is that 

athletes are beginning the season unconditioned for the sport which they are participating 

in. This lack of conditioning results in numerous injuries during the first several weeks 

of practice. 

Another explanation is the intensity of the practices as dictated by the coaching 

staff. It is generally accepted that most contact between players occurs during preseason 

practices (Dick, Ferrara, et al, 2007). In seeing large numbers of injuries during the first 

several weeks of practice and the fear of losing other athletes at the end of the season, 

many coaches make the conscious effort to reduce the intensity of the practices. Instead 

of focusing on the physical aspect of the competition (i.e., blocking), they focus on the 

mental aspect of the competition (i.e., performing plays correctly). 

These findings contradict findings made in other research which showed an 

increase in injuries as the season progresses (Gabbett, 2000). Although this research was 

performed on amateur rugby league athletes, the results could also pertain to varsity high 

school football. Gabbett suggested that the increase of injury throughout the season may 

be due to fatigue and accumulative microtrauma. 

The variables that influence injury during competition, the school an athlete 

attends, the week during which the competition occurs, and the classification of the 

athlete are very similar to the variables that influence injury during practice. The 

exception is the classification of the athlete. 

Less control is exerted by the coaching staff during competition as compared to 

practice (Dick, Ferrara, et al, 2007). The coaching staff can not control the intensity level 
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of a competition they way they control the intensity level of a practice. The control of the 

coaching staff instead focuses on who plays and for how long. 

The relationship between an athletic trainer and coach may also have an effect on 

an injured athlete. It has been shown that coaches have limited knowledge on the 

training, preparation, and experience of athletic trainers (Mensch, Crews, & Mitchell, 

2005). This limited knowledge of the coaching staff towards athletic trainers may result 

in injured athletes being allowed play. Mensch, Crews, and Mitchell were able to show 

that coaches expected the athletic trainers to compliment the role of the coaching staff. 

The results of this study have shown that sophomores have a decreased chance of 

sustaining an injury when compared to seniors. The starting positions on a varsity 

football team are often filled by upper-classmen (juniors and seniors). Under-classmen 

are often placed in reserve roles, which see very little playing time. This limited 

exposure is the reason sophomores have a decreased chance of sustaining an injury when 

compared to seniors. 

As seen with practice, the school an athlete attends may influence the occurrence 

of injury. This result could be due to several factors including coaching staff, athletic 

trainer, and physical condition of the athletes. Coaching staffs tend to keep the same 

players in the competition regardless of the score. Schools whose records are below .500 

will often keep the better athletes in the competition in hopes of remaining competitive. 

When athletes are left in competitions for extended periods, often playing 

offensive and defensive positions, fatigue will develop. Fatigue has been shown to lead 

to injury among athletes in competition (Gabbett, 2002). To reduce the occurrence of 

injury, the advisement could be made that increasing rest time of fatigued athletes during 
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competition would be beneficial. Athletic trainers and coaches should pay careful 

attention to athletes showing increased signs of fatigue. To reduce the risk of injury to 

these athletes, they should be removed from the competition. Removing an athlete from 

competition for a short period of time would be more beneficial than losing the athlete for 

extended periods due to injury. 

The athletic trainer is the person who is responsible for deciding if an injured 

athlete is able to continue participating. Part of the definition of a reportable injury of 

this dissertation was that the injury resulted in restriction of the student-athlete's 

participation or performance for one or more calendar days beyond the day of injury. If 

the athletic trainer decides an athlete is able to return to the competition, even if an injury 

has occurred, they may not report the injury based on this part of the definition. Other 

athletic trainers may manage the same injury in a different way and not allow the athlete 

to return to competition. This athletic trainer would then report the injury. This 

difference in the management of injury may have influenced the perception that athletes 

attending certain schools were less likely to be injured than athletes attending other 

schools. 

The week of the season during which a competition occurred was shown to be an 

influence on the occurrence of injury. More injuries occurred during the first have of the 

season as compared to the second half. These findings contradicted findings made by 

Gabbett (2000, 2002) when he examined the injury rates of amateur rugby athletes. In 

his research, Gabbett found that the number of injuries were higher in the second half of 

the season as compared to the first half. He suggested that fatigue or accumulative 

microtrauma, or both, may contribute to injury. 
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The number of injuries tends to decrease throughout the season. Although this 

was the overall tendency, there were two weeks where this was not evident. Week seven 

being an off week for all of the participating schools in Tennessee, saw the fewest 

number of injuries. With only four Alabama school competing during week 7; it is only 

logical that the overall number of injuries would decrease. 

The other abnormality in the data occurred in week 8. Week 8 saw the largest 

number of injuries when compared to all other weeks. Week 8 was the week following 

the off week of the Tennessee schools. Practice during the off week was reduced to only 

a couple of sessions. While this is often done to allow injured athletes the time to 

recuperate, it appears that it may have a negative impact on the occurrence of injury in 

the following week. Following week 8, the number of injuries decreased dramatically, 

which fell within the tendencies that had been observed. 

When examining the Survival Function in figure 2, it is obvious that as the 

competition progresses the likelihood of sustaining an injury increases. There is very 

little change in the survival function from the start of warm-ups until the end of the 

second quarter. The third quarter and the fourth quarter saw the most dramatic drops in 

the survival function. This information shows that the chances of sustaining an injury 

increase as the competition progresses. 

Conclusions and Recommendations 

The main focus of this dissertation was to examine the relationship between time 

of exposure and the incidence of injury among varsity high school football athletes. This 

research has shown the patterns of injuries that occur during both practice and 
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competition. Additionally, other variables that may influence the incidence of injury 

have been identified. 

The authors would like to make several recommendations to persons associated 

with varsity high school football based on this investigation. 

1. Governing bodies should allow for a longer conditioning phase to be included in 

preseason. 

2. The intensity of practices should be slowly increased over the first several weeks 

to accommodate the changing conditioning level of the athlete. 

3. Injured athletes should be withheld from practice and competition until they are 

physically able to return to play as determined by a certified athletic trainer. 

4. Additional attention should be paid to the positions that see higher incidences of 

injury. 

5. Athletic trainers should pay additional attention to their athletes during the final 

stages of both practice and competition. 

6. Further epidemiological research should be undertaken that not only focuses on 

the type and cause of injury, but also the time during practice and competition 

these injuries are occurring. 

The results of this dissertation have shown the trends of injury events across both 

practice and competition. A thorough review of literature revealed very few studies that 

examined athletic injury in the context that it has been examined here. A deeper 

understanding of athletic injury can be made by examining the relationship between 
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exposure and injury. This understanding can lead to the development of preventative 

strategies that may decrease the occurrence of injury among athletes. 
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Exposure to Injury in Sport: High School Football Surveillance System 

Injury Definition: A reportable injury in the HSFSS is defined as one that: 
1. Occurs as a result of participation in an organized practice or contest; 
2. Requires medical attention by a team athletic trainer or physician; and 
3. Results in any restriction of the athlete's participation or performance for one or more days beyond 

the day of injury. 

Name: 

1. Yearly Classification: (circle one) 
Fr So Jr Sr 

Athlete 
ID: 

School 
ID: 

2. Date of 
Injury: 

3. Position: (circle one) 
1) Offensive Lineman 
2) Quarterback 
3) Running Back 
4) Flanker/Wide Receiver 
5) Defensive Lineman 
6) Linebacker 
7) Defensive Back 

4. The injury occurred during: (circle one) 
Practice (circle one): 
1) 0-30 minutes 
2) 31-60 minutes 
3) 61-90 minutes 
4) 91-120 minutes 
5) More than 120 minutes 

Game (circle one): 
6) warm-up 
7) 1st quarter 
8) 2nd quarter 
9) 3rd quarter 
10) 4th quarter 
11) Overtime 

5. Injury occurred during: 
1) 

2) 
3) 

Preseason (before first 
game) 

Regular season 
Postseason (after final 
game) 

99) Other: 

(circle 
regular 

regular-

one) 
-season 

season 

6. This injury is: (circle one) 
1) 
2) 

3) 

New injury 
Recurrence of injury to the 
part from this season 
Recurrence of injury to the 
part from prior history 

same 

same 

body 

body 

7. How long did this injury restrict the student-
athlete from participating in the sport? (If end 
of season, give best estimate.) 

1) Number of days out: 

2) Date of return: 

3) Catastrophic, non 
fatal: 

4) Fatal 

8. Injury occurred during: 
(circle one) 

1) 
2) 
3) 
4) 
5) 

Offensive play 
Defensive play 
Special teams 
Individual drills 
Conditioning during 
practice 

9. Type of surface: (circle one) 
1) Grass 
2) Artificial turf 
3) Indoor (gymnasium) 

Continue on next page 



10. Principal body part 
injured: (Circle One) 

1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4V 
41 
42, 
43, 
44 
45, 
99̂  

Ankle 
Buttocks 
Cervical Spine 
Cheek 
Chin 
Clavicle 
Coccyx 
Ears 
Elbow 
External genitalia 
Eyes 
Finger(s) 
Foot 

) Forearm 
) Hand 
) Head 

Heel/Achilles' tendon 
Jaw 
Kidney 
Knee 
Liver 
Lower back 
Lower leg 
Lumbar Spine 

) Mouth 
) Neck 

Nose 
) Patella 
i Pelvis, hips, groin 
) Ribs 

Scalp 
) Scapula 
) Shoulder 
) Spleen 
) Sternum 
) Stomach 

Teeth 
) Thoracic Spine 

Thumb 
Toe(s) 
Tongue 

) Upper arm 
Upper back 
Upper leg 
Wrist 
Other: 

106 

11. Primary type of injury: (circle one) 

1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

Abrasion 
AC separation 
Avulsion (tooth) 
Blisters 
Boil(s) 
Burn 
Bursitis 
Concussion 
Contusion 

10) Dislocation (complete) 
11) Dislocation (partial) 
12) 
13) 
14) 
15) 
16) 
17) 
18) 

Foreign object in body orifice 
Fracture 
Heat Cramps 
Heat exhaustion 
Heatstroke 
Hemorrhage 
Hernia 

19) Hyperextension 
20) 
21) 
22) 
23) 
24) 
25) 
26) 

Infection 
Inflammation 
Internal Injury (nonhemorrhage) 
Laceration 
Ligament sprain (complete tear) 
Ligament sprain (incomplete tear) 
Muscle-tendon strain (complete tear) 

27) Muscle-tendon strain (incomplete tear) 
28) 
29) 
30) 
31) 
32) 

Nerve Injury 
Puncture wound 
Stress Fracture 
Tendonitis 
Torn cartilage 

99) Other: 

12. This injury involved: (circle one) 
1) Blocked below waist 
2) Being blocked 
3) Being tackled 
4) Blocking 
5) Blocking a kick/punt 
6) Catching/blocking pass 
7) Clipped 
8) Clipped by an offensive lineman in legal clip zone 
9) Impact with padded cast 
10) Impact with playing surface 
11) Noncontact (rotation about a planted foot) 
12) Noncontact other 
13) Overuse 
14) Sprints/running 
15) Stepped on/fallen on/kicked 
16) Tackling 
99) Other: 
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School Code: 

Time Specific Athletic Injuries Surveillance System 

Week of: 

Number of Practices this 
Week: 

Season (Circle one): Preseason Regular Season Post Season 

Practice 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Day of Practice 
(Circle One): 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

M, T, W, Th, F, Sa, Su 

Length of Practice 
(Circle One): 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

0-30,31-60,61-90,91-120, 
Greater than 120 min. 

Number of 
Participants: 

Was a varsity contest played (circle one)? Yes No 

If yes, total number of participants with actual playing 
time. 

Type of surface during game (circle one). Grass Artificial 
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July 15, 2008 

Timothy A. Tolbert 
Protocol Title: Time Component of Athletic Injuries 
Protocol Number: 09-006 

Dear Investigators, 

The MTSU Institutional Review Board, or a representative of the IRB, has reviewed the research 
proposal identified above, and has determined that the study poses minimal risk to participants 
and qualifies for an exempt review under 45 CFR 46.101(b)(4). This is based on the fact that the 
research is involving the collection or study of existing data, documents, records, or specimens 
and information will be recorded in such a manner that the subjects cannot be identified directly 
or through identifiers linked to the subjects. 

Approval is granted, pending permission letters from the principals and superintendents of 
all schools data will be collected from. Approval will expire three (3) years from the date of 
this letter. 

According to MTSU Policy, a researcher is defined as anyone who works with data or has contact 
with participants. Anyone meeting this definition needs to be listed on the protocol and needs to 
provide a certificate of training to the Office of Compliance. If you add researchers to an 
approved project, please forward an updated list of researchers and their certificates of training to 
the Office of Compliance (c/o Tara Prairie, Box 134) before they begin to work on the project. 
Any change to the protocol must be submitted to the IRB before implementing this change. 

You will need to submit an end-of-project report to the Office of Compliance upon completion of 
your research. Complete research means that you have finished collecting and analyzing data. 
Should you not finish your research within the three (3) year period, you must submit a Progress 
Report and request a continuation prior to the expiration date. Please allow time for review and 
requested revisions. Your study will expire on July 15, 2011. 

Please note that any unanticipated harms to participants or adverse events must be reported to the 
Office of Compliance at (615) 494-8918. 

Sincerely, 

Lisa Pritchett, Assistant to 
Tara Prairie, Compliance Officer 
MTSU Institutional Review Board 


