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Musculoskeletal injuries (MSI) are a frequent occurrence in lower extremity (LE) dominant
sports. The serious and persistent nature of these MSI affects an athlete’s ability to compete,
compromises their health, and has long-term impacts on their wellbeing and ability to maintain
an active lifestyle. The purpose of this study was to identify the incidence of LE MSI in athletes,
describe the musculoskeletal characteristics of the LE, and identify the association between
musculoskeletal characteristics of the LE and the rate of LE MSI. A total of 131 NCAA Division
I athletes participating in LE dominant sports at the University of Pittsburgh participated in this
study (48 soccer athletes, 43 football athletes, 16 volleyball athletes, 24 basketball athletes).
Each subject completed an assessment of LE musculoskeletal characteristics including, range of
motion, flexibility, isometric strength, as well as static and dynamic postural stability.
Descriptive statistics were calculated for all variables and used to describe musculoskeletal
characteristics of the LE in athletes. Data was tested for normality utilizing a Shapiro Wilk test.
Statistical significance was set a priori at alpha = 0.05, two-sided. Injury incidence rate, injury
incidence rate ratios, and corresponding 95% confidence intervals were calculated in order to
describe the incidence of LE MSI. Separate simple Poison regression analysis were conducted to
assess the association between the predictor variables and LE MSI rates in athletes. Football
demonstrated the highest rate of LE MSI, followed by women’s soccer and men’s soccer, as well
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as women’s basketball and men’s basketball. Women’s volleyball had the lowest rate of LE MSI.
Range of motion, flexibility, isometric strength, and eye-closed static balance were determined to
be modifiable risk factors for LE MSI in all sport types, excluding men’s soccer. Each sport type
displayed a different profile of modifiable risk factors for LE MSI. Therefore, it is important that
clinicians focus on sport type specific modifiable risk factors for LE MSI. By targeting the
specific differences in modifiable risk factors for LE MSI identified in the present study,
clinicians can provide more comprehensive and targeted care; potentially decreasing the duration
of missed participation and risk of re-injury.
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1.0

INTRODUCTION

Lower extremity musculoskeletal injury is a serious and persistent concern for athletes who
participate in lower extremity dominant sports.3-5, 28, 29, 31, 47 The complex, high-intensity, multidirectional nature of these sports make the risk of lower extremity musculoskeletal injuries
exceedingly greater than sports of a more passive nature. Musculoskeletal characteristics
including range of motion, flexibility, isometric strength, static postural stability, and dynamic
postural stability have all been linked to lower extremity musculoskeletal injury. However, a lack
of prospective data proves there is an extensive knowledge gap in understanding the relative
contribution of these modifiable risk factors to lower extremity musculoskeletal injury.72 This
confounds the ability to provide effective injury prevention initiatives and post-injury
rehabilitation programs. These issues can severely stunt an athlete’s short-term playing status, as
well as long-term well-being and ability to sustain an active, healthy lifestyle following
completion of their athletic career. To address this knowledge gap an examination of the
underlying risk factors for lower extremity musculoskeletal injury in addition to musculoskeletal
injury surveillance is necessary. This will allow for the identification of each risk factor’s
specific role in musculoskeletal injury, as well as the potential for modification prior to injury.
Establishing modifiable risk factors for lower extremity musculoskeletal injury will promote
effective injury prevention initiatives aimed at addressing modifiable risk factors for injury,
increasing the likelihood of both short-term and long-term athlete success.
1

1.1

LOWER EXTREMITY MUSCULOSKELETAL INJURY IN COLLEGIATE
ATHLETES

Lower extremity musculoskeletal injury is a significant and consequential part of all lower
extremity dominant sports.47 However, the demands of each sport are different, leading to
differences in type, location, and severity of injury.47 It is important to understand the
epidemiology of lower extremity musculoskeletal injury in each sport individually in order to
understand how to effectively treat as well as understand the long-term impact of injury.
Examining each lower extremity dominant sport individually leads to focused, evidence driven
injury prevention initiatives, addressing the injuries specific to each sport. This provides more
effective prevention and treatment options for lower extremity musculoskeletal injury.
Participation in a lower extremity dominant sport increases an athlete’s likelihood of sustaining a
lower extremity musculoskeletal injury compared to participation in an upper extremity
dominant sport.47 In order to address this increased risk of lower extremity musculoskeletal
injury, this study will only focus on lower extremity dominant sports. By narrowing the
population to just athletes participating in lower extremity sports, the demands the athletes face
are similar. These demands would include running and jumping in lower extremity dominant
sports, whereas in upper extremity dominant sports these demands would include throwing or
repetitive overhead motion. Although all lower extremity dominant sports will be discussed in
this section, the focus of this study will be limited to soccer, football, volleyball, and basketball.
Data for this study were obtained from NCAA Division I athletes participating in lower
extremity dominant sports at the University of Pittsburgh. The reason for focusing on these
sports is that the University of Pittsburgh Athletic Department does not field varsity teams for
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lacrosse, ice hockey, or field hockey. Therefore, the sample for this study will include athletes
who participate in soccer, football, volleyball, or basketball.
The Public Health Model is a science-based approach to prevention of diseases and
injuries, including musculoskeletal injury.60 The model is a four step system rooted in a broad
range of disciplines, including medicine, epidemiology, sociology, psychology, criminology,
education and economics.60 The first step of the process is defining and monitoring the
problem.60 This includes understanding the who, what, when, where and how of the problem.60
The current study will focus on defining and monitoring lower extremity musculoskeletal
injuries in NCAA Division I athletes participating in lower extremity dominant sports. The
second step of the process is identifying the risk and protective factors.60 The current study will
include understanding the modifiable risk factors associated with lower extremity
musculoskeletal injury.60 The third and fourth steps of this model include developing and testing
prevention strategies and assuring widespread adoption of these prevention strategies.60
Although, the third and fourth steps are important, this study will focus on the first two steps. 60
By focusing on injury surveillance and risk factor identification, a strong foundation based in
scientific evidence can guide the development and implementation of effective lower extremity
musculoskeletal injury prevention strategies.60
Information on injuries involving NCAA athletes participating in lower extremity
dominant sports is now readily available due to the NCAA Injury Surveillance System. The
NCAA Injury Surveillance System has been put in place to support the cause of injury tracking
in college-age athletes.27 Sustaining an injury is an inherent risk of participating in a sport;
understanding the epidemiology helps to minimize this risk.27 Injury and exposure data has been
collected from a total of 17 sports during the 1988-1989 through 2003-2004 athletic seasons.27
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An injury must meet the following criteria defined by the NCAA Injury Surveillance System to
be counted as a reportable injury: 1) injury occurred as a result of participation in an organized
intercollegiate practice or contest, 2) injury required medical attention by a team certified athletic
trainer or physician, and 3) injury resulted in restriction of the athlete’s participation or
performance for one or more days beyond the day of injury.27 The NCAA Injury Surveillance
System defines athlete-exposures as a combination of both games and practices.27

1.1.1 Soccer

According to the NCAA Injury Surveillance System, men’s soccer has an overall injury rate of
7.7 injuries per 1,000 athlete-exposures, while women’s soccer has an overall injury rate of 7.3
injuries per 1,000 athlete-exposures.3, 31 The injury rate during game play for men’s soccer has
been reported as 18.75 injuries per 1,000 athlete-exposures and the injury rate during practice has
been reported as 4.34 injuries per 1,000 athlete-exposures (rate ratio = 4.3, 95% CI = 4.2, 4.5).
The injury rate during game play for women’s soccer has been reported as 16.4 injuries per 1,000
athlete-exposures and the injury rate during practice has been reported as 5.2 injuries per 1,000
athlete-exposures (rate ratio = 3.2, 95% CI = 3.1, 3.4). The most common type of injury suffered
by men’s soccer athletes is muscle strain (25.8%) with ligament sprains being the second most
common injury (25.3%).3 The most common injury suffered by women’s soccer athletes is
ligament sprain (25.7%) followed by muscle strain (21.5%).31 Both men’s and women’s soccer
athletes share the most common injury, ligament sprain of the lateral ankle (Men: 12.2%,
Women 12.8%).3,

31

Hamstring strains are the second most common injury in men’s soccer

(7.5%).3 Although the second most common injury in women’s soccer is concussion, quadriceps
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strains are comparable to the amount of hamstring strains in men’s soccer, accounting for 7.0%
of all injuries.31

1.1.2 Football

The NCAA Injury Surveillance System illustrated an overall injury rate in collegiate football of
8.1 injuries per 1,000 athlete-exposures.28 The injury rate for game play has been reported as
35.90 injuries per 1,000 athlete-exposures and the injury rate during practices has been reported
as 3.80 injuries during 1,000 athlete-exposures (rate ratio = 9.4, 95% CI = 9.3, 9.5). Overall,
more than 50 percent of all injuries suffered during football participation are at the lower
extremity.28 The most common injury reported in football is ligament sprain, accounting for
more than 30 percent of all injuries reported.28 The most common types of ligament sprains
occur to the lateral ankle ligaments and the medial collateral ligament of the knee.28 Although the
ankle accounts for a number of the reported ligament sprains the knee is the most common
location of injury (17.1%); following knee injury a median of seven days is lost from
participation in football overall.28 The most common mechanism for injury is acute noncontact,
accounting for 24.1 percent of all injuries.28

1.1.3 Volleyball

Collegiate volleyball has an overall injury rate of 4.58 injuries per 1,000 athlete-exposures
during games and 4.10 injuries per 1,000 athlete-exposures during practices according to the
NCAA Injury Surveillance System (rate ratio = 1.1, 95% CI = 1.0, 1.2).5 During the 16-year data
collection period, the NCAA Injury Surveillance System reported 2,216 injuries during 50,000
5

games and 4,725 injuries during 90,000 practices.5 Ligament sprains are the most common type
of injury, accounting for 28.2 percent of all injuries.5 Muscle strains are the second most
common type of injury, accounting for 21.7 percent of all injuries, followed by tendinosis,
making up 7.5 percent of all injuries.5 The most common injury suffered during volleyball
participation is ligament sprain of the lateral ankle (15.6%).5 Quadriceps muscle strains account
for 4.0 percent of all injuries suffered during volleyball participation, followed closely by
abdominal strains making up 3.0 percent of all injuries.5 ACL sprains account for just 0.6 percent
of all injuries during volleyball participation.5 The most common mechanism of injury during
volleyball participation is acute non-contact (39.1%).5

1.1.4 Basketball

The NCAA Injury Surveillance System has identified an overall injury rate for men’s basketball
of 9.9 injuries per 1,000 athlete-exposures during game play while the overall injury rate is 4.3
injuries per 1,000 athlete-exposures during practice (rate ratio = 2.3, 95% CI = 2.2, 2.4).29
Women’s basketball has a game overall injury rate of 7.68 injuries per 1,000 athlete-exposures
and an injury rate of 3.99 injuries per 1,000 athlete-exposures during practice (rate ratio = 1.9,
95% CI = 1.9, 2.0).4 In both men’s and women’s basketball more than 60% of all injuries
occurring during practice and game play are at the lower extremity.4, 29 During game play, men’s
basketball athletes suffered ankle ligament sprains the most (26.2%), followed by knee internal
derangements accounting for the second most common injury suffered (7.4%).29 During game
play, women’s basketball athletes sustain ankle ligaments sprains the most (24.6%) followed by
knee internal derangements accounting for 15.9% of all injuries.4
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1.1.5 Field Hockey

Game injury rates for collegiate field hockey have been reported by the NCAA Injury
Surveillance System as 7.87 injuries per 1,000 athlete-exposures; more than 40% of these
injuries are to the lower extremity.30 Practice injury rates are 3.70 injuries for 1,000 athleteexposures at the same level of field hockey; more than 60% of these injuries are to the lower
extremity (rate ratio = 2.1, 95% CI = 2.0, 2.3).30 Over the 15-year period of data collection for
the NCAA Injury Surveillance System 1,220 injuries were collected during 10,358 games and
2,066 injuries were collected from 26,740 practices.30 During game play the most common type
of injury was ankle ligament sprain (13.7%), followed by knee internal derangement (10.2%).30
During practice 26.9% of all injuries were upper leg muscle strains, followed by ankle ligament
sprains (15.0%), pelvis-hip muscle strains (9.9%), and knee internal derangements (7.8%).30

1.1.6 Ice Hockey

Collegiate men’s ice hockey has a game injury rate of 16.27 injuries per 1,000 athlete-exposures
and a practice injury rate of 1.96 injuries per 1,000 athlete-exposures (rate ratio = 8.3, 95% CI =
7.9, 8.8).2 Collegiate women’s ice hockey has an injury rate of 12.6 injuries per 1,000 athleteexposures during game play and 2.5 injuries per 1,000 athlete-exposures during practice
situations (rate ratio = 5.0, 95% CI = 4.2, 6.1).1 34.3% of all game play injuries and 35.9% of all
practice injuries occur at the lower extremity in men’s ice hockey.2 Over the 16-year period of
data collection with men’s ice hockey, the NCAA Injury Surveillance System reported 4,673
injuries during 14,000 games and 1,966 injuries during 38,000 practices.2 In women’s ice
hockey, 31.8% of all game injuries and 31.1% of all practice injuries are to the lower extremity.1
7

Over the 4-year period of data collection for women’s ice hockey, the NCAA Injury Surveillance
System reported 264 injuries during 1,100 games and 167 injuries during 3,200 practices.1 In
game play the most common type of injury is knee internal derangements, accounting for 13.5%
of all injuries in men’s ice hockey.2 During women’s ice hockey, game play the second most
common injury following concussion is knee internal derangement (12.9%).1 In men’s ice
hockey practice situations pelvis and hip muscle strains account for 13.1% of all injuries, second
most common is knee internal derangements (10.1%), followed by ankle ligament sprains
(5.5%).2 The most common women’s ice hockey injury during practice situations was
concussion, followed by pelvis or hip muscle-tendon strains (12.0%), and foot contusion
(7.2%).1

1.1.7 Lacrosse

Collegiate men’s lacrosse has a game injury rate of 12.58 injuries per 1,000 athlete-exposures,
while the practice injury rate is 3.24 injuries per 1,000 athlete-exposures according to the NCAA
Injury Surveillance System (rate ratio = 3.9, 95% CI = 3.7, 4.1).32 Over the 16-year period of
data collection for the NCAA Injury Surveillance System, 1,921 injuries were collected during
6,800 games and 2,924 injuries were collected during 29,000 practices. 48.1% of all game
injuries and 58.7% of all practice injuries occur at the lower extremity.32 In game play the most
common type of injury is ankle ligament sprain (11.3%), followed by knee internal
derangements (9.1%).32 In practice the most common type of injury is ankle ligament sprain
(16.4%), followed by upper leg muscle-tendon strains (11.4%), and knee internal derangements
(7.1%).32
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1.2

RISK FACTORS FOR LOWER EXTREMITY MUSCULOSKELETAL INJURY

The identification of potentially modifiable risk factors for lower extremity musculoskeletal
injury is guided by previous research. This previous research is based on comparisons of
populations of injured athletes vs. uninjured athletes.72 Risk factors for lower extremity
musculoskeletal injury have been previously identified with these studies.72 However, the
evidence for these risk factors has not been studied on a wide variety of sports.72 Other issues
with these studies include a lack of focus on the modifiable nature of these risk factors.72 If a risk
factor is not modifiable, the usefulness of measuring the risk factors is unknown because an
intervention will have no direct effect on the risk factor. Sex, previous injury, and limb
dominance are non-modifiable risk factors for lower extremity musculoskeletal injury.72
Although an intervention cannot change these risk factors, they may compound the negative
impact that modifiable risk factors have on lower extremity musculoskeletal injury. The
identification of non-modifiable intrinsic risk factors can assist in the identification of
populations that should be receiving injury prevention initiatives.72 Modifiable risk factors for
lower extremity musculoskeletal injury include body size, flexibility, strength, and postural
stability.72 Regardless of the modifiable nature, the more risk factors identified in athletes prior
to injury, the more effective intervention and clinical care can be. The focus of this study will be
the intrinsic risk factors for musculoskeletal injury; each of the risk factors mentioned in this
section are intrinsic in nature. Extrinsic risk factors will not be included in this study because this
study is focused on human optimization. Extrinsic risk factors include training parameters,
environmental conditions, and equipment. Changes to extrinsic risk factors are typically a
product of engineering or rules and regulations set forth by an overseeing organization, such as
the NCAA. Trends of musculoskeletal injury rates during game play indicate that over the 169

year collection period of the NCAA Injury Surveillance System, the rate of musculoskeletal
injury has decreased in recent years, although this is not statistically significant. 47 This decrease
in the rate of musculoskeletal injury may be attributed to modification of NCAA policy and
procedures.47 Although not the focus of this study, changes in the rules and regulations of sport
are effective in reducing the rate of musculoskeletal injury.47

1.2.1 Sex (Non-modifiable)

Sex, although non-modifiable, is a well-documented intrinsic risk factor for lower extremity
musculoskeletal injury at both the knee and ankle in athletes participating in lower extremity
dominant sports.42, 49, 70, 73, 103 A strong link between female sex and knee injuries, specifically
ACL injuries, has been identified over various ages, sports, and levels of competition. Female
collegiate soccer athletes have demonstrated a likelihood of ACL injury between seven and nine
times greater than male soccer athletes under the same conditions.42, 73 Basketball athletes have
demonstrated a significant risk of lower extremity musculoskeletal injury regardless of sex due
to the constant jumping and cutting associated with the sport. Similar to soccer athletes,
compared to their male counterpart female basketball athletes suffer from 60% more injuries
than male basketball athletes at the professional level. The dynamic nature of basketball leads to
more injuries primarily at the knee and thigh. In high school and college basketball, female
athletes have been identified as being at greater risk for grade one ankle sprains compared to
male athletes competing at the same level.49 The identification of sex as an intrinsic risk factor
for lower extremity musculoskeletal injury is important, but as a non-modifiable risk factor for
injury, it lacks ability to be changed through intervention.
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1.2.2 Limb Dominance (Non-modifiable)

Limb dominance is an important intrinsic risk factor for lower extremity musculoskeletal injury
with strong links to increased risk of lower extremity musculoskeletal injury in athletes
participating in lower extremity dominant sports.12,

24, 35, 76

The nature of lower extremity

dominant sports including, soccer, football, volleyball, and basketball, is heavily reliant on
movements of the dominant leg including kicking, pushing off, jumping, and landing. All of
these tasks are generally linked to lower extremity musculoskeletal injury due to the nature of the
tasks being dynamic and multi-planar. Athletes who are left leg dominant participating in soccer,
field hockey, and lacrosse have demonstrated an increase likelihood of suffering an ankle sprain
compared to athletes of the same sport who are right leg dominant.12 In soccer athletes, more
ankle sprains occur on the dominant leg in comparison to the non-dominant leg.35 This same
injury risk is present in strains of the quadriceps muscle which occur more often in the dominant
lower extremity than the non-dominant lower extremity in soccer athletes (RR = 2.13, 95% CI =
1.59 to 2.86).76

1.2.3

Previous Lower Extremity Musculoskeletal Injury (Non-modifiable)

One of the most significant intrinsic risk factors for lower extremity musculoskeletal injury is
previous lower extremity musculoskeletal injury and lack of adequate rehabilitation following
lower extremity musculoskeletal injury in athletes participating in all types of sports. 10, 11, 67, 72, 95
Lower extremity musculoskeletal injury significantly compromises the anatomical structures of
the lower extremity, including both the static and dynamic stabilizers surrounding the joints
distal and proximal to the injured joint in addition to the injured joint.72 A lack of proper and
11

adequate rehabilitation for these lower extremity musculoskeletal injuries prevents the
restoration of the static and dynamic stabilizers to their original form lending to significant
damage of the integrity of these structures.72 This puts athletes at increased risk of re-injury. The
ankle and knee joints demonstrate the highest risk for re-injury following previous joint injury,
but re-injury is also seen at the muscles that surround and stabilize these two joints. In a
population of Australian football athletes, a lower extremity musculoskeletal injury placed the
athlete at significant risk for re-injury of the same type.76 Specifically, the chance for re-injury
has been demonstrated in muscles strains in the same anatomical location within eight weeks of
initial injury.76 The most significant chance for re-injury is at the hamstring (RR = 6.33),
quadriceps (RR = 15.61), and gastrocnemius (8.94). Injury risk is still present following the eight
weeks, although the risk is decreased.76 The threat of muscle strain and subsequent re-injury is
most significant in the hamstring (RR = 2.42), quadriceps (RR = 3.67), and gastrocnemius
muscles (RR = 4.28) after the 8-week time frame.76 Much of the link between lower extremity
musculoskeletal injury and the risk of re-injury is grounded in a foundation of proprioceptive
deficits (functional instability), muscle strength impairments or imbalances, persistent
ligamentous laxity (mechanical instability, diminished muscle flexibility and joint movement,
and the presence of localized scar tissue which produces discomfort within the compromised
muscle or joint structures.72 With proper identification of these foundational elements prior to
lower extremity musculoskeletal injury, successful intervention may be possible, preventing the
initial lower extremity musculoskeletal injury and reducing risk of re-injury.
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1.2.4 Body Size (Modifiable)

The Body Mass Index has been previously linked to lower extremity musculoskeletal injury in
athletes participating in all types of sports and military recruits. These links are most prominent
at the extreme ends of Body Mass Index, defined as low and high Body Mass Index categories
outside of the normal range..9, 54, 71, 76 Male military recruits at extreme ends of Body Mass Index
demonstrate an increase in incidence of all lower extremity musculoskeletal injuries three times
greater than the incidence associated with male athletes who are in the moderate range of Body
Mass Index.54 Male military recruits in the higher ranges of Body Mass Index have demonstrated
an incidence of all lower extremity musculoskeletal injuries two times greater than male athletes
who are in the remaining ranges of the Body Mass Index.54 In addition, an overall increase in
body fat and height have been identified as risk factors for lower extremity musculoskeletal
injury in both male and female athletic populations.16, 48 Shorter height in female athletes has
been previously linked to lower extremity musculoskeletal injury. It is hypothesized that this link
is due to the shift in how overall body mass is carried compared to taller female athletes.54 A
more specific link between shorter height and quadriceps muscle injury in Australian football
athletes has also been identified (RR = 1.48).76

1.2.5 Flexibility (Modifiable)

Flexibility describes numerous unique issues surrounding joint laxity and muscle stiffness.
Although these issues all fall under the umbrella of flexibility, each level and gradation of
flexibility effects risk of lower extremity musculoskeletal injury differently. Generalized joint
laxity is the most common and all encompassing, but its association with risk of lower extremity
13

musculoskeletal injury is unclear.77, 94 In a prospective study of female soccer athletes, those who
demonstrated greater generalized joint laxity were five times more likely to sustain an injury
compared to those athletes who demonstrated less generalized joint laxity. 77 Similar studies have
reiterated these results, with athletes who demonstrate increased generalized joint laxity having a
three times greater risk of traumatic leg injury than athletes who demonstrate decreased
generalized joint laxity (95% CI = 1.19 to 8.01).94 A strong association between generalized joint
laxity and increased risk for specific lower extremity musculoskeletal injuries, specifically acute
injuries exists, but there is no demonstrated link between generalized joint laxity and overuse leg
injuries.72
Joint laxity at the knee and ankle, has demonstrated a strong link to risk of lower
extremity musculoskeletal injury in previous studies in athletes participating in lower extremity
dominant sports.6, 16, 24, 35, 39 At the knee, athletes who demonstrate increased medial joint laxity
have a significant increase in knee injuries.35 In a population of male soccer athletes, increased
knee laxity diagnosed during varus/valgus and anterior/posterior clinical examinations were
proven to be at significantly increased risk of lower extremity musculoskeletal injury.24 A
population of soccer athletes who exhibited increased laxity score at the knee as yielded during
an anterior draw test, also demonstrated a significant risk of musculoskeletal injury at both the
knee and ankle.6
Muscle tightness has been previously linked to increased risk of musculoskeletal injury in
both male and female athletes participating in lower extremity dominant sports, including soccer
and basketball. Increased iliopsoas tightness has been linked to overuse lower extremity injuries
in a population of male soccer athletes.58 General stretching prior to participation in sport has
also been associated with lower extremity musculoskeletal injury.67 In a population of elite and
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recreationally active basketball athletes, athletes who did not stretch during their warm up were
at a significantly increased risk of injury when compared to those athletes who did stretch during
their warm up (OR = 2.62, 95% CI = 1.01 to 12.68).67
Range of motion has been associated with muscle tightness and generalized joint laxity;
both significantly influence the amount of range of motion allowed by a joint. Range of motion,
in its own right, has been previously associated with ankle injury and general lower extremity
injury.16,

55, 94

Both extremes of range of motion have been associated with risk of lower

extremity musculoskeletal injury. Knee hyperextension greater than ten degrees has been
demonstrated as a risk factor for lower extremity musculoskeletal injury in a population of
female soccer athletes (OR = 2.50, 95% CI = 1.11 to 5.61).94 Additionally, the same population
of athletes demonstrated no links between increases and decreases in ankle dorsiflexion range of
motion and hamstring flexibility and risk of lower extremity musculoskeletal injury. 94 In
opposition, side to side differences in ankle dorsiflexion range of motion (OR = 7.06) and
hamstring (OR = 3.56) flexibility have been linked to increased risk of overuse leg injury.94

1.2.6 Strength (Modifiable)

A highly modifiable intrinsic risk factor for lower extremity musculoskeletal injury is strength.
Both overall muscle strength and strength imbalances in muscles acting as agonist antagonist
pairs are important risk factors in athletes participating in all types of sports.12,

35, 94

The link

between strength as an intrinsic risk factor for lower extremity musculoskeletal injury has been
demonstrated at the ankle, knee, as well as for overuse injuries of the leg.12,

35, 94

Previous

research in a population of college age athletes attributes ankle sprains to imbalances in ankle
strength.12 Athletes who demonstrated lower ratios of dorsiflexion to plantarflexion (0.373 in the
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injured group vs. 0.3488 in the uninjured group) along with higher ratios of eversion to inversion
strength (1.0 in the injured group vs. 0.8 in the uninjured group) suffered from ankle injuries
compared to those who did not demonstrate these musculoskeletal characteristics.12 Hamstring to
quadriceps strength ratio is also a significant factor in injury of the lower extremity.94 A
decreased ratio of hamstring to quadriceps strength has been demonstrated as a risk factor for
traumatic leg injury while the opposite, an increased hamstring to quadriceps ratio, has been
demonstrated as a risk factor for overuse leg injury in a population of female soccer athletes (OR
= 1.13).94 In a population of male soccer athletes, significantly reduced quadriceps strength was
measured in the injured leg compared to the non-injured leg in athletes who had previously
suffered a non-contact knee injury.35

1.2.7 Postural Stability (Modifiable)

Postural stability has been identified as an intrinsic risk factor for lower extremity
musculoskeletal injury in athletes participating in lower extremity dominant sports.66,
Diminished postural stability

94, 96

is associated with altered neuromuscular control strategies,

increased intersegmental joint forces, and increased forces developed about the articular,
ligamentous, and muscular structures of the lower extremity.72 All of these altered
musculoskeletal characteristics are strong contributors to lower extremity musculoskeletal injury.
Increased postural sway, movement away from the center of mass, measured by the NeuroCom
Balance Master, in a population of 210 high school aged basketball athletes is linked to ankle
sprains. A seven times greater risk of lower extremity musculoskeletal injury has been
demonstrated in athletes with diminished postural stability compared to athletes with normal
postural stability.66 The same risk of injury associated with increased postural sway has been
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demonstrated in male soccer athletes; increased postural sway, measured by a force plate,
increases the risk of ankle injury in athletes with decreased postural stability compared to
athletes with normal postural stability.96 Out of the 29 athletes with increased postural sway, 12
developed an ankle sprain.96 Eleven of the 98 athletes with normal postural sway suffered an
ankle sprain.96 In a population of female soccer athletes, increased postural sway and diminished
postural stability, measured by the Kinesthetic Ability Trainer 2000, has been linked to increased
risk of sustaining a leg injury (OR = 0.31).94

1.2.8 Fatigue and Deconditioning (Modifiable)

Another significant risk factor for lower extremity musculoskeletal injury is fatigue. Fatigue is a
regularly occurring obstacle as well as an unfortunate consequence of athletic competition.
Fatigue is related to the intensity and duration of participation; fatigue typically sets in closer to
the end of a practice or game or the end of a competitive season.18, 62 Although fatigue in itself is
a risk factor for lower extremity injury, in the context of athletic competition fatigue is
unavoidable. This means that the focus must shift from fatigue as a risk factor itself to how
fatigue affects previously identified risk factors for lower extremity musculoskeletal injury,
which can be modified with success.
Understanding the impact of fatigue on postural stability during periods of two-legged
stance and simplistic movement is paramount in understanding how fatigue will impact athletes
during dynamic athletic competition. Simple two-legged stance tasks require the synchronized
functioning of multiple sensory systems as well as motor components of the nervous system. 64
Correct and accurate ankle proprioception is essential to the stabilization of the body as the most
distal portion of the kinetic chain; the most basic of organization and pre-planning of motor
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actions occurs at the ankle.25 Proper ankle proprioception requires only low levels of muscle
force, necessary for stabilization of the center of mass over a quiet uninterrupted base of
support.33,

88

With any minor perturbation, proper ankle proprioception should counteract the

extreme movements of the center of mass away from the equilibrium. 33, 88 33, 88 33, 88 33, 88 33, 88 33, 88
33, 88 33, 88 33, 88

The sensory motor system and the proprioceptive capabilities of the ankle alter

muscle activity concurrently in order to maintain the joint stability and more proximally the
functional stability of the entire kinetic chain.25
Deconditioning also significantly impacts an athlete’s risk of lower extremity
musculoskeletal injury.72 Deconditioning and decreased levels of aerobic fitness lead to altered
muscular recruitment patterns.72 When an athlete experiences altered muscular recruitment
patterns the forces that act on the articular, ligamentous, and muscular structures are significantly
impacted, adversely impacting the distribution of forces.72 Alterations in the distribution of
forces surrounding the joints of the lower extremity increases an athlete’s risk of lower extremity
musculoskeletal injury.72 Male soccer athletes who demonstrated poor physical conditioning and
subsequently suffered from a musculoskeletal injury demonstrated slower reaction times
following a 12-minute run compared to athletes who did not suffer a musculoskeletal injury.24
Male and female military recruits who performed less pushups and demonstrated slower run
times had a higher likelihood of suffering a musculoskeletal injury.57 A similar risk of
musculoskeletal injury has been demonstrated in military recruits who had slower one mile run
times compared to their peers.54

18

1.3

LOWER EXTREMITY MUSCULOSKELETAL INJURY SURVELLIANCE

Despite attempts to measure the magnitude and scope of lower extremity musculoskeletal
injuries and subsequently initiate injury prevention initiatives to mitigate these injuries, athletes
are still at grave risk of suffering these injuries. The frequent occurrence of lower extremity
musculoskeletal injuries and the harmful impact they have on both the short-term and long-term
well-being of the athlete increases the need to understand why these injuries persist despite
previous attempts to understand them. Musculoskeletal characteristics including range of motion,
flexibility, and strength have previously been evaluated in athletes.72 However, there is a lack of
injury surveillance following evaluation of these musculoskeletal characteristics. By including
all of these aspects in the injury surveillance process, the evidence for effective injury prevention
and treatment increases. Previous attempts at the identification of modifiable risk factors for
lower extremity musculoskeletal injury have yielded results indicating further research is
necessary.72 Understanding the modifiable risk factors for lower extremity musculoskeletal
injury allows for primary prevention of injury, mitigating the future implications of these
injuries.

1.4

DEFINITION OF THE PROBLEM

Musculoskeletal injuries are a frequent occurrence in lower extremity dominant sports. The
serious and persistent nature of these musculoskeletal injuries affects an athlete’s ability to
compete, compromises their health, and can have a long-term impact on their wellbeing and
ability to maintain an active lifestyle. The prevention of these musculoskeletal injuries requires
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an examination of the scope and magnitude of the problem. This would include the identification
of modifiable intrinsic risk factors for musculoskeletal injury. Musculoskeletal characteristics,
including range of motion, flexibility, isometric strength, static postural stability, and dynamic
postural stability are theorized to be modifiable intrinsic risk factors for lower extremity
musculoskeletal injury.

1.5

PURPOSE

This study includes an evaluation of lower extremity musculoskeletal injury and the modifiable
intrinsic risk factors for these injuries in NCAA Division I athletes participating in lower
extremity dominant sports at the University of Pittsburgh. The public health model was used as
the model for the design of this study. One purpose of this study was to identify the incidence of
lower extremity musculoskeletal injury in NCAA Division I athletes participating in lower
extremity dominant sports at the University of Pittsburgh. The second purpose of this study was
to describe the musculoskeletal characteristics of the lower extremity, including range of motion,
flexibility, strength, and postural stability in NCAA Division I athletes participating in lower
extremity dominant sports at the University of Pittsburgh. An evaluation of the association
between musculoskeletal characteristics of the lower extremity, including range of motion,
flexibility, strength, and postural stability, and the rate of lower extremity musculoskeletal injury
in NCAA Division I athletes at the University of Pittsburgh was also included in this study.
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1.6

SPECIFIC AIMS AND HYPOTHESIS

Specific Aim 1: To describe musculoskeletal characteristics of the lower extremity including
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability in NCAA Division I University of Pittsburgh male and female athletes participating in
lower extremity dominant sports.
Specific Aim 2: To identify the incidence of lower extremity musculoskeletal injury in NCAA
Division I University of Pittsburgh male and female athletes participating in lower extremity
dominant sports.
Specific Aim 3: To evaluate the association between lower extremity musculoskeletal
characteristics including range of motion, flexibility, isometric strength, static postural stability,
and dynamic postural stability and the rate of lower extremity musculoskeletal injury in NCAA
Division I University of Pittsburgh male and female athletes.
Hypothesis 3a: The rate of lower extremity musculoskeletal injury will be higher among
NCAA Division I University of Pittsburgh male and female athletes who demonstrate
decreased lower extremity range of motion, flexibility, and isometric strength, as well as
deficits in static and dynamic postural stability compared to NCAA Division I University
of Pittsburgh male and female athletes who do not demonstrate decreases in these
musculoskeletal characteristics.
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1.7

STUDY SIGNIFICANCE

The results of this study include a description of the burden of lower extremity musculoskeletal
injury in NCAA Division I athletes participating in lower extremity dominant sports at the
University of Pittsburgh. The relative distribution of lower extremity musculoskeletal injury was
identified according to sport, location, and type. The identification of modifiable intrinsic risk
factors for these lower extremity musculoskeletal injuries will inform clinicians on appropriate
injury prevention strategies. If significant differences in these modifiable intrinsic risk factors
exist between athletes who sustain a musculoskeletal injury and those who do not, injury
prevention initiatives can be developed to target the identified risk factors for injury. By
targeting these specific differences, clinicians may be able to provide more comprehensive care
for lower extremity musculoskeletal injuries, potentially decreasing the duration of missed
participation and risk of re-injury. These results may provide information that can be employed
for the improvement of overall musculoskeletal heath, longevity of an athlete’s career, and
success of an athlete living a healthy lifestyle following the end of their athletic career.
Clinicians, coaches, and policy makers can all benefit from targeted strategies for prevention of
lower extremity musculoskeletal injuries, focused on modifiable intrinsic risk factors.
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2.0

REVIEW OF LITERATURE

This chapter will provide a review of the literature about the descriptive epidemiology of lower
extremity musculoskeletal injuries in collegiate athletes and the intrinsic risk factors associated
with these injuries. The first section of this literature review will provide an in depth overview of
the descriptive epidemiology of lower extremity musculoskeletal injuries in NCAA collegiate
athletes. A discussion of the intrinsic risk factors for lower extremity musculoskeletal injury will
follow the review of the descriptive epidemiology of lower extremity musculoskeletal injury.
Current injury surveillance systems will be discussed, focusing on the methodology specific to
each surveillance system. Lastly, the methodology of the current study will be presented in a way
that compares and contrasts the chosen methodology to similar methodology utilized in other
related research studies.

2.1

LOWER EXTREMITY MUSCULOSKELETAL INJURY IN COLLEGIATE
ATHLETES

The National Collegiate Athletic Association (NCAA) encompasses more than 375,000 studentathletes who participate in sports that offer a national championship, the minimum criteria to be
recognized by the NCAA.7 The number of athletes participating in NCAA sports is rapidly
expanding. Men’s sports are gaining athletes at a rate of over 28% per year and women’s sports
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are gaining athletes at a rate of over 120% per year.27 Data gathered from NCAA participating
schools, demonstrates that on average there are 366 athletes per school, making these athletes an
important part of these schools.27 Information on injuries involving NCAA athletes is available
through the NCAA Injury Surveillance System. The NCAA Injury Surveillance System has been
developed to conduct injury surveillance in collegiate athletes. The overall goal of the NCAA
Injury Surveillance System is to collect injury and exposure data from a wide variety of sports in
a representative sample of NCAA schools.27 The secondary goal of the NCAA Injury
Surveillance system is to provide each NCAA school with injury information, which may assist
them in making informed decisions and lay a foundation for risk management decision making.27
Sustaining an injury is an inherent risk of participating in sport; understanding the epidemiology
is the first step in minimizing this risk.
As a part of the NCAA Injury Surveillance System, injury and exposure data has been
collected from a total of 17 sports during the 1988-1989 through 2003-2004 athletic seasons.27
An injury must meet the following criteria defined by the NCAA Injury Surveillance System to
be a reportable injury: 1) injury occurred as a result of participation in an organized
intercollegiate practice or contest, 2) injury required medical attention by a team certified athletic
trainer or physician, and 3) injury resulted in restriction of the athlete’s participation or
performance for one or more days beyond the day of injury.27 The NCAA Injury Surveillance
System injury rates are expressed as the number of injuries per 1,000 athlete-exposures.27
According to the NCAA Injury Surveillance System an athlete exposure is defined as one athlete
participating in one practice and/or one competition.27 During participation in this one practice
and/or one competition each athlete is exposed to the possibility of injury without regard to the
amount of time associated with that instance of participation.27 Participation in competition is
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only counted if the athlete has playing time during the duration of the competition. 27 Any games
played within the team are counted as practices as opposed to competitions for the purposes of
exposure tracking.27
Across all 17 sports surveyed by the NCAA Injury Surveillance System, more than 50%
of all musculoskeletal injuries occurred at the lower extremity; a majority of these injuries
occurred at the knee and ankle.47 With a majority of these lower extremity injuries occurring at
the knee and ankle in this population of athletes, there is an increased emphasis on injury
prevention and education specific to knee and ankle injuries.47 Anterior cruciate ligament (ACL)
injuries have been the focus of injury prevention initiatives in more recent research and clinical
care.47 However, with increased focus of injury prevention on ACL injuries, there is decreased
focus on more broad, general lower extremity musculoskeletal injury prevention. Focusing on
more broad, general lower extremity musculoskeletal injury prevention will require an extensive
examination of the risk factors for general lower extremity musculoskeletal injury, as opposed to
specific injuries at the knee and ankle. By identifying risk factors for broad, general lower
extremity musculoskeletal injury a reduction in occurance is possible, as well as a vast reduction
in the medical costs associated with these injuries.47 Specific lower extremity musculoskeletal
injuries at the knee and ankle, including ACL injuries, are relatively rare compared to other
lower extremity musculoskeletal injuries.47 With these injuries having a relatively low incidence
rate research becomes more difficult because it requires large sample sizes and have extended
durations for intervention and follow up.47 By looking more broadly at general lower extremity
musculoskeletal injuries these studies have more statistical power because the incidence rate of
these injuries is high.47 These studies can provide strong evidence for the use of injury
prevention initiatives in the clinical setting.
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14.8% of all injuries reported during the data collection period of the NCAA Injury
Surveillance System were ankle ligament sprains.47 Over a 16-year reporting period, 27,000
ankle ligament injuries were reported; this averages out to approximately 1,700 ankle ligament
injuries per year.47 Ankle ligament injuries accounted for more than one quarter of all injuries in
men’s and women’s basketball, as well as women’s volleyball, however spring football and
men’s basketball had the highest rates of ankle ligament sprains (1.34 per 1000 athlete-exposures
and 1.30 per 1000 athlete-exposures, respectively).47 The second and third most common injuries
reported were concussion and ACL injuries.47 5,000 ACL injuries were reported over the 16-year
period of data collection for the NCAA Injury Surveillance System; averaging out to
approximately 313 ACL injuries per year.47 Football demonstrated the highest number of
reported ACL injuries, but women’s gymnastics had the highest rate of ACL injuries when
averaged across the number of athletes participating in each sport.47 Three of the four sports with
the highest ACL injury rates were women’s sports, including gymnastics, basketball, and
soccer.47 Although these ACL injuries are less frequent than ankle ligament sprains, they often
get more attention due to the fiscal cost in addition to the significant time loss and treatment
requirements.47 During the reporting period of the NCAA Injury Surveillance System, ACL and
concussion rates steadily increased.47 This is likely due to the notoriety of these injuries and how
the awareness of these injuries has increased significantly in recent years.47 This has led to
increased reporting of these specific injuries because of the growing awareness of the signs and
symptoms associated with these injuries.
Across the 17 different sports surveyed by the NCAA Injury Surveillance System the
most common mechanism of injury is direct player contact. 58.0% of all injuries sustained
during game play have been reported as a result of direct player contact, while 41.6% of injuries
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suffered during practice are a result of direct player contact.47 The rate of non-contact injuries
during game play is 17.7%, while 36.8% of practice injuries are attributed to non-contact
mechanisms.47 Lower extremity dominant sports have an increased rate of direct player contact
in contrast to upper extremity dominant sports.47 During lower extremity dominant sports, player
contact is inherent; during football, direct player contact occurs during every play. The low rate
of injuries due to direct player contact during practice, in addition to the high rate of non-contact
injuries highlights the importance of sport rules and regulation. The interpretation and
enforcement of rules and regulations are likely to be significantly different during game play
compared to practice. Traditionally, to avoid athlete injury, excessive direct player contact is
controlled during practice. During game play, the likelihood of becoming injured due to direct
player contact is increased, likely due to the intensity of the playing situation. Sports that frown
upon direct player contact, including soccer and volleyball, still demonstrate that a majority of
injuries during game play are a result of direct player contact.47 Compared to direct player
contact injuries, the most common non-contact injuries that occur during practice are muscle
strains and joint sprains.47 These injuries, unlike direct player contact injuries, cannot be
mitigated through enforcement of rules and regulations.47 Thus, these non-contact injuries should
be the focus of risk factor identification and subsequently injury prevention initiatives because
they are more amenable to risk factor modification prior to injury.

2.1.1 Soccer

Men’s and women’s collegiate soccer share similar demands, making the injury mechanism
profile for each sport similar. The three primary mechanism of injury for both men’s and
women’s soccer are: 1) direct player contact, 2) other contact (EX: balls, goals, ground), and 3)
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no contact. 61% of game injuries in men’s soccer are attributed to direct player contact, while
54% of game play injuries in women’s soccer are attributed to direct player contact. 3, 31, 47 Other
injuries associated with game play in women’s soccer have been attributed to other contact
22.0% and no contact 22.0%.31 During practice the primary mechanism of injury for both men’s
and women’s soccer is no contact.3, 31 In men’s soccer specifically, 47.0% of all injuries during
practice result from non-contact mechanisms.3 Receiving and performing slide tackles during
soccer play is a unique aspect of the game, in men’s soccer particularly, 16% of all game play
injuries attribute the mechanism to attempting or receiving a slide tackle.3 ACL injuries are of
concern for male and female soccer athletes but previous research has demonstrated that these
injuries might be more concerning for the female soccer population.3, 31 ACL injuries in male
soccer athletes during game play are attributed to direct player contact 46.2% of the time, while
non-contact mechanism account for 35.6% of all ACL injuries.3 During game play in women’s
soccer 35.6% of all ACL injuries are attributed to direct player contact while 52.7% are
attributed to non-contact mechanism.31 The opposite is true of women’s soccer practice where
19.5% of ACL injuries are attributed to direct player contact and 64.6% are attributed to noncontact mechanism.31
Men’s soccer has demonstrated an injury rate four times higher during game play in
comparison to practice.3 During game play the injury rate was 18.75 injuries per 1,000 athleteexposures, while during practice the injury rate was 4.34 injuries per 1,000 athlete-exposures.3
Over the 15-year period in which the NCAA Injury Surveillance System collected data on men’s
soccer, 6,693 total injuries were reported.3 These injuries were spread across different times
during the soccer season, a majority of which occurred during pre-season practice.3 Pre-season
practice placed athletes at a three times higher injury risk than competitive season practice (7.98
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injuries per 1,000 athlete-exposures vs. 2.43 injuries per 1,000 athlete-exposures; p <0.01) or
post-season practice (7.98 injuries per 1,000 athlete-exposures vs. 1.62 injuries per 1,000 athleteexposures; p < 0.01).3 Similar patterns were noted during game play, where competitive season
injury rates were significantly higher than post-season injury rates (18.91 injuries per 1,000
athlete-exposures vs. 14.58 injuries per 1,000 athlete-exposures; p < 0.01).3 Being that soccer is
primarily a lower extremity dominant sport, it is not surprising that at least two thirds of the
injuries that occur during men’s soccer are to the lower extremity.3 28.0% of all injuries that
occurred during game play were a combination of ankle ligament sprains and knee internal
derangement.3 Practices were slightly different than game play, with ankle ligament sprains and
upper leg muscle strains totaling 34.0% of all injuries.3 Interestingly, game play placed men’s
soccer athletes at an increased risk for a significant amount of lower extremity injuries. 3 Men’s
soccer athletes participating in games were at 4 times the likelihood of suffering an ankle
ligament sprain (3.19 injuries per 1,000 athlete-exposures vs. 0.76 injuries per 1,000 athleteexposures) and six times the likelihood of suffering a knee internal derangement injury compared
to practice situations (2.07 injuries per 1,000 athlete-exposures vs. 0.33 injuries per 1,000
athlete-exposures).3 It is well known that the leading risk factor for ankle ligament sprain is prior
incidence of ankle ligament sprain; in men’s soccer this is very apparent with 24% of all ankle
ligament sprains being recurrent sprains.3
Women’s soccer is very similar to men’s soccer when comparing injury rates. Over the
15-year period in which women’s soccer was surveyed by the NCAA Injury Surveillance
System, the injury rates during game play were three times higher than the injury rate during
practice.31 Game injury rates were 16.4 injuries per 1,000 athlete-exposures, while practice injury
rates were 5.2 injuries per 1,000 athlete-exposures.31 5,373 injures were recorded over the survey
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period of the NCAA Injury Surveillance System for women’s soccer.31 Pre-season injury rates
were higher than competitive season injury rates (19.65 injuries per 1,000 athlete-exposures vs.
16.56 injuries per 1,000 athlete-exposures; p = 0.01), while competitive season injury rates were
higher than post season for games (16.56 injuries per 1,000 athlete-exposures vs. 11.67 injuries
per 1,000 athlete-exposures; p < 0.01).31 For practices, the same trend was noted with pre-season
injury rates being the highest (p < 0.01).31 Approximately 70% of all injuries recorded in
women’s soccer occurred at the lower extremity.31 In game play 18.3% of all injuries were ankle
ligament sprains, while knee internal derangements accounted for 15.9% of all injuries.31 In
practices, a different trend was noted with upper leg muscle-tendon strains accounting for 21.3%
of injuries and ankle ligament sprains accounting for 15.3% of injuries.31 Women’s soccer
athletes were six times more likely to sustain a knee internal derangement in game play than in
practice (2.61 injuries per 1,000 athlete-exposures vs. 0.4 injuries per 1,000 athlete-exposures),
as well as being four times more likely to sustain an ankle ligament sprain in game play than in
practice (3.01 injuries per 1,000 athlete-exposures vs. 0.80 injuries per 1,000 athleteexposures).31 Women’s soccer athletes were equally as likely to suffer an upper leg muscletendon strain in game play or practice (1.14 injuries per 1,000 athlete-exposures vs. 1.11 injuries
per 1,000 athlete-exposures).31

2.1.2 Football

Collegiate football athletes have demonstrated three primary mechanisms for injury: 1) direct
player contact, 2) other contact (EX: balls, blocking dummies, ground), and 3) no contact.28, 47
Collegiate football encompasses a number of different practice and game seasons, including the
competitive fall practice and game season as well as a less competitive spring practice and game
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season.28, 47 During fall practices direct player contact accounts for 56.5% of all injuries, while
during fall games direct player contact accounts for 77.9% of all injuries.28,

47

Non-contact

mechanisms account for 28.8% of all injuries during fall game play and 8.9% of all injuries
during practice play.28,

47

Non-contact mechanisms for injury account for the second highest

mechanism of injury during all season of collegiate football.28, 47
Football has the highest injury rates out of all lower extremity dominant sports. Game
injury rates have been reported as being nine times higher than practice injury rates (35.90
injuries per 1,000 athlete-exposures and 3.80 injuries per 1,000 athlete-exposures,
respectively).28 During the NCAA Injury Surveillance System 16 year reporting period, 42,355
total injuries were reported during football play.28 The fall competitive football season game and
practice injury rates did not differ significantly.28 Fall pre-season practice injury rates were more
than three times higher than competitive season practice or post-season practice injury rates
(36.11 injuries per 1,000 athlete-exposures vs. 23.71 injuries per 1,000 athlete-exposures; p <
0.01).28 Competitive season game injury rates were 50% higher than post-season game injury
rates. Like all other lower extremity dominant sports, a majority of all reported injuries were to
the lower extremity; in the case of football, 50% of all reported injuries were to the lower
extremity.28 During competitive season games, 17.8% of all injuries were knee internal
derangements, while ankle ligament sprains accounted for 15.8% of all injuries.28 In competitive
season practices, knee internal derangements accounted for 12.0% of all injuries, ankle ligament
sprains accounted for 11.8% of all injuries, and upper leg muscle-ligament strains accounted for
10.7% of all injuries.28
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2.1.3 Volleyball

The primary mechanisms of injury in collegiate volleyball are identical to that of both football
and soccer. Volleyball game play demonstrates an equal distribution of injuries across the three
primary mechanisms of injury with other contact accounting for 35.4%, direct player contact
accounting for 30.4%, and no contact accounting for 32.7% of all injuries.5, 47 The mechanism of
injury has a larger spread during practice with 54.0% attributing the mechanism of injury to no
contact, 27.0% attributing the mechanism of injury to other contact, and 15.0% attributing the
mechanism of injury to direct player contact.5, 47
Women’s volleyball follows similar trends to all other lower extremity dominant sports,
with a majority of injuries occurring during game play as opposed to practice.5 Game injury rates
were just slightly higher during volleyball, with an injury rate of 4.58 injuries per 1,000 athleteexposures while practice injury rates have been reported as 4.10 injuries per 1,000 athleteexposures.5 More than 2,216 injuries were reported in women’s volleyball over the 16 year
reporting period of the NCAA Injury Surveillance System.5 Pre-season injury rates were two
times higher than competitive season injury rates for practices (6.19 injuries per 1,000 athleteexposures vs. 2.82 injuries per 1,000 athlete-exposures; p < 0.01), while competitive season
injury rates were higher than post-season injury rates (4.52 injuries per 1,000 athlete-exposures
vs. 2.67 injuries per 1,000 athlete-exposures; p < 0.01).5 More than 55% of all injuries in
women’s volleyball have been reported as injuries to the lower extremity.5 Ankle ligament
sprains accounted for 44.1% of all injuries, while knee internal derangements accounted for
14.1% of all injuries reported during game play.5 During practice, the injuries were similar with
ankle ligament sprains accounting for 29.4% of all injuries and upper leg muscle-tendon strains
accounting for 12.3% of all injuries.5 Athletes were twice as likely to sustain knee internal
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derangements in game play compared to practice (1.44 injuries per 1,000 athlete-exposures vs.
0.83 injuries per 1,000 athlete-exposures). The same results were demonstrated for knee internal
derangements (0.46 injuries per 1,000 athlete-exposures vs. 0.22 injuries per 1,000 athlete
exposures).5

2.1.4 Basketball

The primary mechanisms for injuries in women’s basketball are player contact, other contact
(balls, standard, floor), and no contact in both games and practices.4,
injuries, 46%, resulted from player contact.4,

29, 47

29, 47

Most of the game

All remaining game injuries were

approximately evenly distributed between contact with 29% of injuries and other contact with
24% of injuries.4, 29, 47 A majority of all practice injuries, 47%, were no contact. Men’s basketball
has a primary mechanism of player contact, other contact (balls, standards, ground), and no
contact in both games and practices.4, 29, 47 Most games and practices injuries, 52.3% and 43.6%,
respectively, resulted from player contact.4,

29, 47

The remaining game injuries were equally

distributed between no contact at 22.3% and other contact at 24.3%. No contact was the second
highest injury mechanism in practices at 36.3%.4, 29, 47
Men’s basketball demonstrates an injury rate two times higher in game play compared to
practice situations; game play has a reported injury rate of 9.9 injuries per 1,000 athleteexposures, while practice has an injury rate of 4.3 injuries per 1,000 athlete-exposures.29 Over
the entirety of the NCAA Injury Surveillance System data collection period, 16 years, a total of
4,211 injuries were reported as a result of men’s basketball participation.29 One of the major
factors that plays into the risk of injury for men’s basketball athletes is timing during the
season.29 Pre-season injury rates tend to be three times higher than injury rates during the
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competitive season (7.5 injuries per 1,000 athlete-exposures vs. 2.8 injuries per 1,000 athleteexposures; p <0.01).29 In contrast practice injury rates have been reported as being higher during
the competitive season compared to the post-season (2.8 injuries per 1,000 athlete-exposures vs.
1.5 injuries per 1,000 athlete-exposures; p < 0.01).29 This trend has also been noted during game
play (10.1 injuries per 1,000 athlete-exposures vs. 6.4 injuries per 1,000 athlete-exposures). Of
all injuries reported during men’s basketball 60% are injuries occurring at the lower extremity.29
In game play, ankle ligament sprains account for a majority of reported injuries (26.2%), while
knee internal derangements followed second, accounting for 7.4%.29 Patellar injuries and upper
leg contusions account for the third and fourth most common injuries during game situations,
3.9% and 2.4%, respectively.29 The same trend has been noted during practice with ankle
ligament sprains accounting for 26.8% of injuries reported, followed by knee internal
derangements and patellar injuries (6.2% and 3.7%, respectively).29 Game play presents athletes
with a higher likelihood of lower extremity injury compared to practice situations. In game play
athletes are 2 times more likely to sustain an ankle ligament sprain (2.33 injuries per 1,000
athlete-exposures vs. 1.06 injuries per 1,000 athlete-exposures) or knee internal derangement
(0.66 injuries per 1,000 athlete-exposures vs. 0.25 injuries per 1,000 athlete exposures) compared
to practice.29
Women’s basketball follows similar trends to men’s basketball in that the injury rate
during game play is two times higher than that of practice. The game injury rate for women’s
basketball is 7.68 injuries per 1,000 athlete-exposures while the practice injury rate is 3.99
injuries per 1,000 athlete-exposures.4 Over the 16-year period that the NCAA Injury Surveillance
System was collecting data, 3,556 injuries were collected in women’s basketball.4 Pre-season
practice injury rates were consistently higher than that of competitive season injury rates (6.75
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injuries per 1,000 athlete exposures compared to 2.84 injuries per 1,000 athlete exposures).4
Competitive season games demonstrated an increased injury rate at 7.74 injuries per 1,000
athlete exposures compared to post-season injury rates at 5.52 injuries per 1,000 athlete
exposures.4 Of all injuries reported in women’s basketball, more than 60% occurred at the lower
extremity.4 The most common type and location of injury during women’s basketball was ankle
ligament sprains, accounting for 24.6% of all injuries, followed by knee internal derangements at
15.9% of all injuries.4 As with many of the other lower extremity dominant sports, 30% of all
ankle ligament sprains are re-injuries, a common issue surrounding ankle ligament sprains.4

2.1.5 Field Hockey

The primary mechanisms of injury in women’s field hockey is direct player contact, other
contact (balls, sticks, ground), and no contact.30 During game play, 60% of all injuries are a
result of other contact. This means that the injury was a result of contact with either a stick or
ball.30 26.0% of injuries during game play are a result of no contact, while 13% of all injuries are
a result of direct player contact.30 During practice, approximately 64% of all injuries are a result
of non-contact mechanisms.30
During women’s field hockey participation, injury rates associated with game play are
twice as high as injury rates associated with practice (7.87 injuries per 1,000 athlete-exposures
vs. 3.70 injuries per 1,000 athlete-exposures).30 Game injury rates do not differ based on timing
of the season (pre-season, competitive season, post-season) (p = 0.34).30 However, practice
injury rates during the pre-season are three times higher than during the competitive season (6.37
injuries per 1,000 athlete-exposures vs. 2.21 injuries per 1,000 athlete-exposures; p < 0.01).30
Pre-season practice injury rates are almost four times higher than post-season practice injury
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rates (6.37 injuries per 1,000 athlete-exposures vs. 1.63 injuries per 1,000 athlete-exposures; p <
0.01).30 Of all game injuries, 40.0% occur at the lower extremity, while 60.0% of all practice
injuries occur at the lower extremity.30 During game play, 13.7% of all injuries associated with
women’s field hockey are ankle ligament sprains, while knee internal derangements account for
10.2% of all injuries.30 26.9% of all practice injuries suffered during women’s field hockey are
upper leg muscle strains, ankle ligament sprains account for 15.0% of all injuries, and pelvis-hip
muscle strains account for 9.9% of all injuries.30 The risk of sustaining a knee internal
derangement and/or ankle ligament sprain is greater during game play compared to practice. 30
Game rates of knee internal derangements are three times greater than practice rates (0.57
injuries per 1,000 athlete-exposures vs. 0.20 injuries per 1,000 athlete-exposures).30 Ankle
ligament sprains are twice as likely during game play compared to practice (0.76 injuries per
1,000 athlete-exposures vs. 0.37 injuries per 1,000 athlete-exposures).30

2.1.6 Ice Hockey

The primary mechanisms of injury for both men’s and women’s ice hockey are the same, direct
player contact, other contact (pucks, boards, ice), and no contact.1, 2 During game play, half of all
injuries that occur are a result of direct player contact while participating in men’s ice hockey.2
40.0% of the other injuries that occur during men’s hockey game play are a result of other
contact with either the boards, a stick, or the puck.2 In women’s ice hockey, a majority of the
game injuries (48.1%) are a result of direct player contact.1 40.9% of all other women’s ice
hockey game injuries are a result of other contact.1 During men’s ice hockey, the injuries that
occur during practice are equally distributed between direct player contact, other contact, and
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non-contact mechanisms.2 In women’s ice hockey, the primary mechanisms of injury during
practice is non-contact and other contact.1
The injury rate during game play for men’s ice hockey is 16.27 injuries per 1,000 athleteexposures, while the practice injury rate is 1.96 injuries per 1,000 athlete-exposures.2 The injury
rate during game play for men’s ice hockey is eight times greater than during practice.2 Preseason practice injury rates are two times greater than competitive season practice injury rates
(5.05 injuries per 1,000 athlete-exposures vs. 1.94 injuries per 1,000 athlete-exposures; p <
0.01).2 Competitive season game injury rates are just slightly higher than post-season game
injury rates during participation in men’s ice hockey (16.27 injuries per 1,000 athlete-exposures
vs. 11.91 injuries per 1,000 athlete-exposures; p < 0.01).2 34.3% of all game injuries occur at the
lower extremity, while 35.9% of all injuries during practice occur at the lower extremity.2 In
men’s ice hockey game play, 13.5% of all injuries are knee internal derangements. 2 During
practice, 13.1% of all injuries are pelvis and hip muscle strains, followed by knee internal
derangements accounting for 10.1% of all injuries, and ankle ligament sprains accounting for
5.5% of all injuries.2 The likelihood of suffering a knee internal derangement during men’s ice
hockey is 11 times more likely in game play than at practice (2.20 injuries per 1,000 athleteexposures vs. 0.20 injuries per 1,000 athlete-exposures).2 The risk of suffering a pelvis or hip
muscle strain is three times greater in men’s ice hockey game play than practice (0.73 injuries
per 1,000 athlete-exposures vs. 0.26 injuries per 1,000 athlete-exposures).2
Women’s ice hockey has a game injury rate of 12.6 injuries per 1,000 athlete-exposures.1
The practice injury rate for women’s ice hockey is 2.5 injuries per 1,000 athlete-exposures.1 The
rate of injury during game play is on average five times greater than the rate of injury during
practice (p < 0.01).1 Pre-season women’s ice hockey practice injury rates are two times greater
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than competitive season practice injury rates (4.2 injuries per 1,000 athlete-exposures vs. 2.3
injuries per 1,000 athlete-exposures; p < 0.01).1 There are no differences noted in injury rates
between different times of the season (pre-season, competitive season, post-season) for game
play.1 Lower extremity injuries account for 31.8% of all game injuries and 31.1% of all practice
injuries during participation in women’s ice hockey.1 In game play, knee internal derangements
account for 12.9% of all injuries.1 During practice, 12.0% of all injuries are pelvis or hip muscletendon strains, while foot contusions account for 7.2% of all injuries.1 Women’s ice hockey
game play has an 11 times greater risk of knee internal derangement during game play compared
to practice (1.63 injuries per 1,000 athlete-exposures vs. 0.15 injuries per 1,000 athleteexposures).1

2.1.7 Lacrosse

The primary mechanisms of injury for men’s lacrosse are similar to those of football, which has
similar sport demands; direct player contact, other contact (balls, sticks, ground), and no
contact.32 During game play, 45.9% of all men’s lacrosse injuries are a result of direct player
contact.32 The remainder of the injuries associated with men’s lacrosse, occurring during game
play, are a result of other contact, specifically contact with a stick, or non-contact mechanisms.32
The primary mechanism of injury during practice is non-contact mechanism, accounting for
50.0% of all injuries.32
The overall injury rate for men’s lacrosse is 12.58 injuries per 1,000 athlete-exposures
during game play and 3.24 injuries per 1,000 athlete-exposures during practice.32 The game play
injury rate for men’s lacrosse is almost four times greater than the practice injury rate. 32 Over the
course of the data collection period for the NCAA Injury Surveillance System pre-season
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practice injury rate were two times greater than competitive season practice injury rates (4.84
injuries per 1,000 athlete-exposures vs. 1.99 injuries per 1,000 athlete-exposures; p = 0.01).32
Injury rates during competitive season games are two times greater than injury rates during postseason games (12.60 injuries per 1,000 athlete-exposures vs. 7.54 injuries per 1,000 athleteexposures; p <0.01).32 Lower extremity injuries account for 48.1% of all game injuries and
58.7% of all practice injuries during participation in men’s lacrosse.32 During game play a
majority of these injuries are ankle ligament sprains (11.3%), followed by knee internal
derangements (9.1%). 16.4% of all practice injuries during men’s lacrosse participation are ankle
ligament sprains, followed by upper leg muscle-tendon strains (11.4%), and knee internal
derangements accounting for 7.1% of all injuries.32 During men’s lacrosse participation, knee
internal derangements are five times more common in game play than practice (1.14 injuries per
1,000 athlete-exposures vs. 0.23 injuries per 1,000 athlete-exposures).32 Game play ankle
ligament sprain rates are three times higher in game play compared to practice (1.43 injuries per
1,000 athlete-exposures vs. 0.53 injuries per 1,000 athlete-exposures).32

2.2

RISK FACTORS FOR LOWER EXTREMITY MUSCULOSKELETAL INJURY

2.2.1 Sex (Non-modifiable)

Sex is a well-documented risk factor for lower extremity musculoskeletal injury.72 Female
athletes have demonstrated an increased risk of lower extremity musculoskeletal injury,
specifically ACL sprain, compared to male athletes.72 Female handball athletes have
demonstrated a five times greater risk of suffering an ACL injury compared to male handball
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athletes.73 A relative risk of 2.44 has been demonstrated in female military recruits participating
in intercollegiate sports, coed intramural sports, and military training compared to male military
recruits.42 Collegiate female soccer athletes have demonstrated a nine times greater risk of
sustaining an ACL tear compared to collegiate male soccer athletes.42 Although this is true in
soccer athletes, the same risk of ACL tear is not present in female basketball and rugby
athletes.42 Coed intramural college soccer demonstrates similar risk of ACL tear with female
athletes having a seven times greater risk of injury compared to male athletes.42 The relative risk
of ACL injury within military training for females is 9.74 compared to males.42
Sex also has links to other injuries, although these links are less understood.72 Female
athletes participating in professional basketball suffer 60% more knee and thigh injuries than
male athletes participating in professional basketball.103 In a population of youth soccer athletes,
females demonstrate a greater overall injury incidence compared to males.9 The overall injury
incidence for female youth athletes is 10.6 injuries per 1,000 hours of exposure, compared to the
overall injury incidence for male athletes which is 7.3 injuries per 1,000 hours of exposure. 9 In
military recruits, the incidence of all injuries in women was two times greater than in men
participating in basic combat training.57 In this instance, the risk of all injuries for women was
1.16 injuries per 1,000 person days of exposure, compared to the risk of all injuries for men at
0.56 injuries per 1,000 person days of exposure.57 In a similar population of military recruits, it
has been determined that the relative risk of injury for women is 2.1 (CI = 1.78 to 2.5).13 Female
high school and collegiate basketball athletes also demonstrate a greater risk of musculoskeletal
injury compared to male high school and collegiate basketball athletes.49 Female basketball
athletes demonstrated a relative risk of 1.26 (RR = 1.00 for male basketball athletes) of
sustaining a grade I ankle sprain compared to male basketball athletes.49
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2.2.2 Limb Dominance (Non-modifiable)

Limb dominance has been demonstrated to be associated with the risk of musculoskeletal injury
in certain sports. Typically, the sports that involve kicking, pushing off, jumping, and/or
landing.12 The reason limb dominance is important is because these movements predominantly
occur on the dominant leg as opposed to the non-dominant leg.12 College athletes have
demonstrated an increased risk of musculoskeletal injury when they are right leg dominant as
opposed to left leg dominant participating in soccer, field hockey, and lacrosse.12 These right leg
dominant athletes have an increased risk of ankle injury compared to the left leg dominant
athletes.12 In male soccer athletes more ankle injuries occur in the dominant leg compared to the
non-dominant leg (92.3%).35 Male soccer athletes also suffer more contact knee injuries in the
dominant knee compared to the non-dominant knee.24 The risk of sustaining a quadriceps strain
in the dominant leg of a netball athlete is higher than in the non-dominant leg of a netball
athlete.76 The relative risk of sustaining a quadriceps strain in the dominant leg is 2.13 (95% CI =
1.59 to 2.86) in female netball players.76
There is evidence that limb dominance affects side-to-side differences, including
flexibility, strength, and dynamic tasks like jump landing.20, 36 These differences are attributed to
the greater demand that athletes place on their dominant limb compared to their non-dominant
limb.
tasks.

16, 28

16, 28

Limb dominance is often linked to lower extremity kinematics during jump landing
The demand that the dominant limb must meet often increases the frequency and

magnitude of the moments at the knee and ankle, subsequently increasing the risk of injury.15, 19
During tasks that require increased shock absorption and force production, such as jump landing
or running, limb dominance negatively affects the dominant limb compared to the non-dominant
limb.

17

The dominant limb often experiences increased forces compared to the non-dominant
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limb, placing the dominant limb at increased risk of injury compared to the non-dominant limb.
17

2.2.3 Previous Lower Extremity Musculoskeletal Injury (Non-modifiable)

The evidence that previous lower extremity musculoskeletal injury increases the risk of suffering
another lower extremity musculoskeletal injury is strong.72 Injury at the knee and ankle are
common after suffering an injury that is followed by inadequate rehabilitation, compromising the
neuroreceptors that innervate the joints.16 In a population of Australian football athletes, those
athletes with a history of lower extremity muscle strain sustained a second strain within eight
weeks of the first injury.76 The risk of re-injury at the hamstring is 6.33, at the quadriceps it is
15.61, and at the calf it is 8.94.76 This risk also occurs beyond the eight-week time frame with the
risk of hamstring strain being 2.42, the risk of quadriceps strain being 3.67, and the risk of calf
strain being 4.28.76
The reason re-injury is common in athletes is that inadequate rehabilitation leads to
compromised neuromuscular characteristics in the lower extremity.72 These compromised
neuromuscular characteristics include proprioceptive defects (functional instability), muscle
strength impairment and imbalances, persistent ligamentous laxity (mechanical instability),
diminished muscle flexibility and joint movement, and localized scar tissue which leads to
constant discomfort.72 Inadequate rehabilitation and the presence of these negative
neuromuscular characteristics have been linked to lower extremity musculoskeletal injury.72 In a
population of male soccer athletes who had inadequate rehabilitation following injury the risk of
re-injury was greater than those who had proper rehabilitation.34 Within 2 months of initial injury
32 out of 124 athletes (25.8%) suffered a minor injury.34 13 of these 32 athletes (10.5%) suffered
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an injury of the same type and location as the initial injury. In Australian football athletes, the
risk of ACL injury in those who had previously sustained an ACL injury and were not physically
ready to return to the former level of competition in a 12-month period was 4.44 injuries per
1,000 athlete exposures (CI = 2.46 to 8.01).75

2.2.4 Body Size (Modifiable)

Body size has been theorized to be a modifiable risk factor for lower extremity musculoskeletal
injury.9,

54, 71, 76

Significant risk of lower extremity musculoskeletal injury has also been

attributed to the Body Mass Index, total body mass, body fat percentage, lean muscle mass,
Quetelet index, mass moment of inertia (weight x height2), and height.9,

16, 48, 54, 71, 76

These

variables are all theorized to produce increases in forces that the articular, ligamentous, and
muscular structures must resist. The extreme ends of the Body Mass Index, outside of the healthy
range, have demonstrated increased risk of lower extremity musculoskeletal injury.54 Male
military recruits at the extreme ends of the Body Mass Index, above and below the healthy range,
demonstrate an increased incidence of lower extremity musculoskeletal injuries three times
greater than male military recruits who fall within the healthy range (middle 50%) of the Body
Mass Index.54 Those military recruits who fall in the overweight and obese range of the Body
Mass Index demonstrate an incidence in lower extremity musculoskeletal injuries two times
greater than military recruits within the remaining ranges of the Body Mass Index.54
This same risk of lower extremity musculoskeletal injury has been demonstrated with
overall increases in body fat percentages.54 Both the Body Mass Index and calculations of body
fat percentage are dependent on height, but height alone has also been linked to additional risk of
lower extremity musculoskeletal injury. Increased total body mass is a desirable trait for
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participation in sports such as football, more specifically the football linemen (offensive or
defensive).41 Success as a lineman is directly related to having an increased body size, although
this does not mean excessive body fat percentages.41 Increased body fat percentages have been
linked to lower physical activity levels, agility, and flexibility.41 Each of these performance
indicators, if negatively affected by increased body fat percentages can negatively affect athletic
performance.41 Increased body fat percentages also increase joint loading, which has been linked
to decreased physical activity levels.41 Youth football athletes at heavier weights have more
musculoskeletal injuries than youth football athletes at normal weights.41 Higher levels of both
body fat and Body Mass Index are associated with increased risk of musculoskeletal injury in
youth football lineman.41
Height affects the position of body mass and body fat on an individual’s body, leading to
changes in center of mass and subsequently an individual’s postural stability.54 Female military
recruits of shorter height have demonstrated a more significant risk of sustaining a lower
extremity musculoskeletal injury compared to female military recruits of taller height.54 Male
youth soccer athletes have an increased incidence of injury when the athletes are taller than 165
cm. Shorter height, less than 182 cm, in Australian football athletes has also been associated with
quadriceps muscle injury (RR = 1.48).76 Male military recruits who demonstrate a larger mass
moment of inertia have a significantly increased risk of sustaining a lateral ankle sprain
compared to male military recruits who do not demonstrate this mass moment of inertia.71

2.2.5 Flexibility (Modifiable)

Flexibility generally describes a number of unique issues surrounding joint laxity and muscle
stiffness. The varying gradation of flexibility significantly affect risk of lower extremity
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musculoskeletal injury. Generalized joint laxity is the most commonly referred to gradation of
flexibility. Prospective data describing a population of women’s soccer athletes illustrated
athletes who demonstrated greater generalized joint laxity were five times more likely to sustain
an injury compared to athletes who demonstrated less generalized joint laxity.77 A similar
population demonstrated that athletes with increased generalized joint laxity were at three times
greater risk of traumatic lower leg musculoskeletal injury than athletes with decreased
generalized joint laxity.94 Beyond generalized joint laxity, more localized joint laxity may occur
at specific joints. Joint laxity associated with the ankle is typically diagnosed with an anterior
drawer or talar tilt test.6 Increased ankle joint laxity as assessed by either of these tests has been
associated with increased risk of injury in a comparison of athletes who demonstrate this specific
joint laxity pattern compared to those who do not.6 At the knee joint laxity has been associated
with lower extremity musculoskeletal injury.35 Athletes who demonstrate increased medial joint
laxity have exhibited a significant increase in knee injuries compared to those who do not
demonstrate these characteristics.35 Knee joint laxity diagnosed during varus/valgus and
anterior/posterior clinical examination in male soccer athletes has been associated with a
significant risk of lower extremity musculoskeletal injury.24 A similar population has
demonstrated a significant risk of musculoskeletal injury at both the knee and ankle when
clinical tests of laxity, including the anterior draw test, demonstrate increased laxity.6
Other components of flexibility, beyond generalized joint laxity and specific joint laxity,
include muscle tightness and range of motion.16, 54, 58, 67, 94 Both muscle tightness and range of
motion have previously been associated with risk of lower extremity musculoskeletal injury.16, 54,
58, 67, 94

Increased iliopsoas tightness has been linked to overuse lower extremity injuries in male

soccer athletes.58 General stretching, a modality utilized to decrease muscle tightness, prior to
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participation in sport has been linked to changes in lower extremity musculoskeletal injury risk.67
In a population of elite and recreationally active basketball athletes, athletes who did not stretch
during their warm up were at significantly increased risk of lower extremity musculoskeletal
injury compared to athletes who did stretch during their warm up.67 Range of motion is impacted
by both joint laxity and muscle tightness.94 Range of motion has been previously linked to both
ankle injury and general lower extremity musculoskeletal injury. In a population of female
soccer athletes, knee hyperextension beyond ten degrees has been demonstrated as a risk factor
for lower extremity musculoskeletal injury. Side to side differences in ankle dorsiflexion range
of motion and hamstring flexibility have links to risk of overuse lower leg injuries.94
More specifically tightness of the soft tissues surrounding the lower extremity has a
significant impact on risk of lower extremity musculoskeletal injury.81 Patellofemoral pain
syndrome has been previously linked to tightness of the gastrocnemius, quadriceps, and
hamstring muscles, in addition to the iliotibial band and tensor fasciae latae.53,

59, 63, 93

Issues

surrounding tightness in any of these musculoskeletal structures causes maltracking of the
patella, which is a main component of patellofemoral pain syndrome.81 At the quadriceps,
limited flexibility, has been demonstrated as being associated with poor biomechanical
outcomes, including pulling the patella superiorly.93 With the patella being pulled superiorly
there is an increase in the compression of the patellofemoral joint during both static and dynamic
movements.93 At the ankle, when flexibility is lacking in the gastrocnemius, soleus muscle
complex there is limited ankle dorsiflexion mobility.81 During dynamic movements such as gait,
this lack of dorsiflexion mobility results in excessive subtalar joint pronation and tibial internal
rotation.59 The reason these two compensations occur during dynamic movements, such as gait,
is because they allow for increased range of motion during the terminal stance phase of gait.59
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Although these two compensations may be a way to increase range of motion they also lead to
increased femoral internal rotation, as well as an increased Q-angle.59 Both increased femoral
internal rotation and increased Q-angle have been linked to increased stress at the patellofemoral
joint.

2.2.6 Strength (Modifiable)

Strength, defined as overall muscle strength and strength ratios, comparing the dominant to nondominant lower extremity and agonist to antagonist pairs, is a highly modifiable risk factor for
lower extremity musculoskeletal injury.12, 35, 94 Muscle contraction, measured as muscle strength,
imbalance of extensor muscles compared to flexor muscle and reaction time may all be linked to
risk of lower extremity musculoskeletal injury. Risk of injury, specifically at the ankle and knee,
as well as injuries characterized by overuse, has been associated with deficits in overall strength
and strength imbalances.12, 35, 94 Ankle sprains have been attributed to strength imbalances at the
ankle joint in college-age athletes.12 Athletes who demonstrated lower ratios of dorsiflexion to
plantarflexion (0.373 vs. 0.348) along with higher ratios of eversion to inversion (1.000 vs.
0.800) strength suffer an increased number of ankle injuries compared to those athletes who did
not demonstrate these imbalances.12 Hamstring to quadriceps strength ratio is also a significant
factor in musculoskeletal injury of the lower extremity.94 A decreased ratio of hamstring to
quadriceps strength has been demonstrated as a risk factor for traumatic leg injury (OR = 0.95)
while the opposite, an increased hamstring to quadriceps ratio have been demonstrated as a risk
factor for overuse leg injury (OR = 1.13) in a population of female soccer athletes.94
Significantly reduced quadriceps strength in a population of male soccer athletes, has been
demonstrated in the injured lower extremity compared to the non-injured lower extremity in
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athletes who suffered a non-contact knee injury, demonstrating the significance of dominant to
non-dominant strength imbalances.35
Muscle strength in itself has been demonstrated to be a risk factor for lower extremity
musculoskeletal injury, but diminished strength may also affect other risk factors for lower
extremity musculoskeletal injury, including dynamic postural stability.74 Weaknesses at the hip
are of specific importance.77 Hip external rotation and hip adduction are important contributors
to pelvic stability and lower extremity boney alignment.77 Weaknesses in the hip external
rotators and hip adductors increase medial femoral rotation, valgus knee moments, and gluteus
medius gait.77 All of these biomechanical abnormalities are detrimental to proper function during
both static and dynamic movements as well as increase an athlete’s risk of lower extremity
musculoskeletal injury.81

2.2.7 Postural Stability (Modifiable)

The motor control system is made up of subcomponents of which the sensorimotor system is
one. The sensorimotor system is the integration of the sensory, motor, and central integration and
processing components involved in maintaining functional joint stability.92 Functional joint
stability is the process by which homeostasis is maintained at the level of the joint during both
static and dynamic movements.85 In its most simplistic form, the sensorimotor system has been
described as the activation of dynamic restraints which maintain functional joint stability. 85 This
activation requires the entire motor control system, as opposed to specific individual pathways
that are responsible for simplistic input-output actions.85 When musculoskeletal injury occurs,
the sensorimotor system is impacted negatively, drastically changing the function of the
sensorimotor system and its ability to maintain functional joint stability effectively.85 Loss of
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mechanical stability is associated with musculoskeletal injury; this loss requires compensatory
mechanisms to be developed in order to regain pre-injury levels of functional joint stability.85
The development of compensatory mechanisms suggests that the dynamic restrains are a major
factor in maintaining functional joint stability prior to and following musculoskeletal injury. The
dynamic restrains necessary for these processes are mediated by neuromuscular control.
Neuromuscular control is defined as any aspect surrounding the nervous system control over
muscle activation and static and dynamic task performance.85 Neuromuscular control is
responsible for the unconscious activation of these dynamic restrains which maintain and return
to functional joint stability.85 The maintenance of these dynamic restrains is essential to proper
function and avoidance of musculoskeletal injury.85
Another foundation of functional joint stability is proprioception. Proprioception is
defined as contributing to postural control, functional joint stability, and other conscious
sensations through afferent information, which arise from internal peripheral areas of the body.85,
86

All dynamic tasks encompass specific functions allowing the body to prepare, maintain, and

restore stability at the level of the body and at the level of the joint.85, 86 In order for these tasks to
be executed correctly, proprioceptive information must be moved from joint and muscle
mechanoreceptors to a central repository within the sensorimotor system.85,

86

Proper joint

stability is necessary for lower extremity musculoskeletal injury prevention. Without proper joint
stability, the ability for the joint to maintain functional joint stability is compromised, placing the
joint in a position of poor and improper functioning.

85, 86

From a clinical injury standpoint, the

peripheral mechanoreceptors are the most significant factor in proprioception and subsequently
functional joint stability and the sensorimotor system.

80, 81

Peripheral mechanoreceptors are

housed in cutaneous, muscular, joint, and ligamentous tissues.37, 43, 85, 86 Activation of any motor
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neuron can cause a reaction in the form of a direct response from the peripheral
mechanoreceptors through sensory input or reflexes or motor commands descending from motor
neurons to peripheral mechanoreceptors.78, 85, 86
Postural stability has been identified as bring a significant predictor of lower extremity
musculoskeletal injury.66,

94, 96

Diminished postural stability is associated with altered

neuromuscular control strategies, increased intersegmental joint forces, and increased forces
developed about the articular, ligamentous, and muscular structures of the lower extremity.72
Alterations in any of these musculoskeletal characteristics are strong contributors to
musculoskeletal injury. Increased postural sway or movement away from the center of mass
characterizes poor or diminished postural stability. In a population of high school age basketball
athletes, a seven times greater risk of ankle sprain is associated with athletes who demonstrated
poor postural stability and increase sway compared to athletes who demonstrate normal postural
stability and sway.66 A similar risk of lower extremity musculoskeletal injury has been
demonstrated in male soccer athletes; poor postural stability, increased postural sway, placed
athletes at increased risk of injury.96 Increased risk of general lower leg musculoskeletal injury in
female soccer athletes is characterized by diminished postural stability, and increased sway (OR
= 0.31).94
Performance of lower extremity dominant sports requires proper dynamic balance and
control of the lower extremity throughout the duration of both static and dynamic movements. It
has been previously assumed that increased postural stability leads to decreased risk of lower
extremity musculoskeletal injury.74 A study on female athletes has demonstrated the opposite.
Female athletes who demonstrated decreased postural sway during a single-legged stance task
have a higher risk of lower extremity musculoskeletal injury.94 This may be of importance
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because it demonstrates that although dynamic postural stability as a whole is important, it is a
complex function that is influenced by multiple factors that are all being challenged at once.
Because there are so many factors involved, this means one test may not actually look at all the
components and may not actually give an accurate picture of lower extremity musculoskeletal
injury risk. Proper functional balance and control of the lower extremity are essential for both
technical and tactical performance as a soccer player, and one would assume that such attributes
contribute to being less prone to injuries.74 Several studies that have demonstrated that poor
dynamic postural stability is a risk factors for lower extremity musculoskeletal injury. In a study
of high school basketball athletes, those who had lower levels of dynamic postural stability were
at increased risk for lower extremity musculoskeletal injury.21 More specifically, issues with
dynamic postural stability have been shown to be associated with ankle sprain in recreationally
active adults.65 When comparing injured populations to uninjured populations, individuals with a
history of chronic ankle instability demonstrate diminished dynamic postural stability in
comparison to those who do not have chronic ankle instability.45,
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The same holds true for

individuals with a history of ACL tear compared to those who do not have a history of ACL
tear.44

2.2.8 Fatigue and Deconditioning (Modifiable)

Central and peripheral fatigue have a significant impact on the risk of injury during athletic
competition. Fatigue is associated with general decrease in performance, but neuromuscular
adaptations and the ability to overcome fatigue are dependent on the intensity and duration of
athletic competition.18, 26 A clear example of this is athletes who are injured early in game or
practice play are typically playing at a higher level of intensity over a shorter duration than those
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who become injured later in game or practice play.18, 26 Approximately 70.0% of all ACL tears
are attributed to non-contact mechanisms of injury, which occur toward the later stages of game
or practice play when the impact of central and peripheral fatigue is a significant factor.18, 62 The
role of fatigue in biomechanical control is of specific importance, because changes in
biomechanical control shift the athlete’s movement patterns toward risky movement patterns,
increasing risk of lower extremity musculoskeletal injury.26 Fatigue allows unanticipated stimuli
to interrupt otherwise natural movement patterns, pushing them in a direction of stress.26
Following a fatigue protocol including patterns of repeat vertical jumps and sprints, there was a
significant increase in proximal anterior tibial sheer force, knee valgus moment, as well as a
decrease in knee flexion angle in collegiate athletes.23 Additional studies examining the role of
fatigue on risk factors for lower extremity musculoskeletal injury in collegiate athletes,
demonstrated differences in frontal plane knee kinematics and kinetics.68 These kinematic and
kinetic changes have been attributed to both central and peripheral fatigue.26
Localized muscle fatigue, specifically at the lower extremity has previously been
demonstrated to result in subsequent loss of stability while attempting to maintain center of mass
over the base of support.52 The control of posture is significantly impacted by the presence and
persistence of localized muscle fatigue.98 In its most simplistic form muscle fatigue is a reduction
in the force generating capacity without regard to the task being performed.17 At a global level,
central fatigue, impacting the entire kinetic chain, induces a failure of motor neurons limiting
their excitation, all due to overall changes in the nervous system.38 These overall changes in the
excitation levels of the motor neurons is theorized to be caused by changes in intrinsic properties
of the motor neuron itself, recurrent and regular inhabition, and dysfunction of the descending
motor neurons which work to protect the peripheral level of function.61, 87, 100 The basic impact of
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fatigue at the peripheral level of the lower extremity joints is that fatigue forces a failure of the
transmission of any and all neural signals, leading to a failure of the muscles to respond to any
neural excitation.17
Altered landing kinematics have been theorized to be a strong predictor of lower
extremity musculoskeletal injury.18,

62

Altered landing kinematic patterns include changes in

knee rotation and knee flexion, each of which have been demonstrated under fatigue situations. 26
In addition, changes in hip flexion and posterior ground reaction forces have also been
demonstrated under fatigue situations. Positions of extension, including at the knee and hip
during landing are associated with increases in proximal anterior tibial sheer force, a strong
predictor of ACL injury due to the load the ACL must bear during landing when these positions
are present.23, 51, 79 This extended position places the hamstring in a mechanical disadvantage due
to its inability to contract strongly enough at smaller angles to produce a large posterior force. 13,
30, 43

This posterior force is necessary to counteract the proximal anterior tibial sheer force at the

knee.79 Altered movement patterns following periods of fatigue have also demonstrated increase
in knee abduction and internal rotation ankles, increased hip rotation angles, hip internal rotation
moments, and decreased knee flexion angles.23

2.3

LOWER EXTREMITY MUSCULOSKELETAL INJURY SURVEILLANCE

Prior to developing injury prevention initiatives for lower extremity musculoskeletal injuries in
athletes, it is important to understand the descriptive epidemiology of these musculoskeletal
injuries, as well as the intrinsic risk factors that are potentially modifiable. Identifying risk
factors includes ascertaining the temporal sequence of events, so that a causal association can be
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proven. Assessment of injuries in an athletic population should be scientifically driven, culturally
specific, and population-specific.91 By formulating research questions in this manner, the
relevance to the population is significantly improved, improving the effectiveness of injury
prevention initiatives. Furthermore, musculoskeletal injury evaluation should be comprehensive.
Traditionally, the focus has been on one type of injury or one joint, but this limits the usefulness
of the prospective data collection. A successful prospective identification of injuries will
accommodate many injuries and many types of athletes. Lastly, identifying and understanding
the unique demands of the athletes, how they must prepare, and the demands they must meet,
allows for the optimal injury prevention initiative to be produced.91
In order to address the unique demands of athletes and understand how injury prevention
initiatives should be designed, injury surveillance should be the first step. Injury surveillance is
defined as the systematic and continuous collection, analysis, and interpretation of
musculoskeletal injury data which is integrated with both timely and coherent dissemination of
results.82 Following the initial step of injury surveillance should be an understanding of the
predictors of injury and optimal performance unique to this population.91 The injury surveillance
portion of the process allows for an understanding of the scope and magnitude of
musculoskeletal injuries.91 Injury surveillance can determine the most common injuries specific
to the population of interest.91 Previous research utilizing injury surveillance systems has
demonstrated an increased need for both strategies and injury prevention initiatives focused on
common preventable injuries within the unique population of interest.91 Despite previous
attempts to do this in athletic populations, there are still a significant amount of injuries
occurring in athletic populations, consistently affecting both the short-term and long-term wellbeing of the athletes. Predictors of injury and optimal performance include an understanding of
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modifiable neuromuscular, biomechanical, physiological, musculoskeletal, and nutritional
characteristics. Information gathered during the injury surveillance period should include the
type of injuries (anatomical location, tissues involved, acute, overuse), where injuries occur,
activity performed when injury occurred, and the mechanism of injury.91 Traditionally, these
data are collected by self-report or through chart reviews of existing medical data.91 Assessing
the predictors of injury and optimal performance requires task-specific assessments of
musculoskeletal characteristics.91 This attempts to identify the specific demands of the target
population and how these musculoskeletal characteristics specifically affect the unique demands
of the athlete and their sport.91 The true goal of the task and demand analysis is to identify
modifiable risk factors that predict injury and performance that can be targeted with specific
interventions and injury prevention initiatives.91
Task and demand analysis has been completed previously as a part of the University of
Pittsburgh Injury Prevention Initiative in combination with clinical knowledge of the
investigators conducting testing for the University of Pittsburgh Injury Prevention Initiative. All
athletes need a certain level of range of motion, flexibility, strength, and postural stability in
order to perform the tasks necessary for successful athletic participation. Athletes participating in
lower extremity dominant sports are subjected to repeated running and jumping. This requires
increased flexibility and strength for the purposes of acceleration and deceleration, as well as
increased levels of postural stability in order to maintain functional joint stability following
landings from repeated jumps. Successful completion of these tasks is paramount to athletic
performance.
The NCAA Injury Surveillance System was developed for the purpose of collecting
injury and exposure data from a representative sample of NCAA institutions, encompassing a
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variety of sports.27 250 different institutions participate annually with data collection being
performed by the certified athletic trainers at the institutions.27 Participation in this program is
voluntary and each participating school was only asked to collect data from two sports. 27 The
data collection targeted 15% of schools with varsity sports from each NCAA division. 27 This
sampling method was chosen because it allows for a representative cross-section of the NCAA
institutions that field varsity sports.27 The data collection period began on the first day of official
pre-season practices and terminated on the final day of any post-season competition.27 Athletic
trainers from each of the participating NCAA institutions were instructed on how to submit
reportable injuries and exposures. For each reportable injury, the athletic trainers were asked to
fill out a form that contained 30-questions related to injury mechanism, site, type of injury,
severity, and sport-specific questions.27 Exposure forms were submitted weekly, the form
included the weekly number of practices and competitions, the average number of participants,
the season, playing surface, and location of competition.27 Compliance with all methods was
ensured within two weeks of the termination of the sports post-season competition.27 Compliance
was defined as having submitted exposure data for at least 70% of all possible participation
weeks.27 All sports that met this criteria were included in the sample.27 Each of the participating
institutions received a copy of their injury and exposure data, as well as the injury and exposure
data for the corresponding NCAA division.27 The NCAA Injury Surveillance System is the
largest ongoing collegiate sports injury database in the world.27 The data is used by the NCAA
sports rules and sports medicine committee to inform rules and regulations, as well as sports
medicine care.27
The University of Pittsburgh Injury Prevention Initiative was developed in 2010 as a joint
initiative between the Neuromuscular Research Laboratory and the University of Pittsburgh,
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Department of Athletics.22 The goal of this initiative was to combine the research capabilities,
experience, and expertise of the Neuromuscular Research Laboratory with the current level of
clinical care provided by the sports medicine staff at the University of Pittsburgh.22 The idea is to
improve the overall health of collegiate athletes, through decreasing the incidence of preventable
musculoskeletal injuries.22 To date the University of Pittsburgh Injury Prevention Initiative has
tested over 300 athletes, encompassing six different University of Pittsburgh athletic teams. Like
the NCAA Injury Surveillance System, the University of Pittsburgh Injury Prevention Initiative
collects musculoskeletal injury data over the duration of each athletic season.22 In addition, the
University of Pittsburgh Injury Prevention Initiative collects pre-season measures of range of
motion, flexibility, strength, and postural stability.22 Collecting these musculoskeletal
characteristics plus musculoskeletal injuries makes this initiative unique.22
The University of Pittsburgh Injury Prevention Initiative was built from the framework
for developing and maintaining an injury surveillance system.69 The first step in developing and
maintaining an injury surveillance system is understanding the conceptual frame work of injury
prevention.69 This step includes defining and developing the typology of preventable
musculoskeletal injuries.69 During the development of the University of Pittsburgh Injury
Prevention Initiative it was important that the definitions for both injury and exposure match the
NCAA Injury Surveillance System definitions.27 By utilizing the same definitions for injury and
exposure, comparisons can be made across populations. For the University of Pittsburgh Injury
Prevention Initiative an injury must meet the following criteria to be reportable: 1) injury
occurred as a result of participation in an organized intercollegiate practice or contest, 2) injury
required medical attention by a team certified athletic trainer or physician, and 3) injury resulted
in restriction of the athlete’s participation or performance for one or more days beyond the day of
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injury.27 All injury rates for the University of Pittsburgh Injury Prevention Initiative are
expressed as the number of injuries per 1,000 athlete-exposures.27 Athlete exposure is defined as
one athlete participating in one practice and/or one competition for the purposes of the
University of Pittsburgh Injury Prevention Initiative.27
The second step in developing and maintaining an injury surveillance system is assessing
injury data sources and describing the injury problem.69 This step includes the identification of
strengths and weakness of injury data sources and the size of the problem.69 During the
development of the University of Pittsburgh Injury Prevention Initiative, the NCAA Injury
Surveillance System was used as a template for development of the new surveillance system.27
The NCAA Injury Surveillance System has been successful at identifying injury incidence
among collegiate athletes, for over 25 years.27 The information gathered includes injury type,
location, mechanism, and time loss for each injury.27 The high injury incidence rates demonstrate
a continued need for injury surveillance and subsequent injury prevention initiatives. Although
there has been success in identifying the injury incidence in collegiate athletes and identifying
the magnitude of the issue, the identification of risk factors for these injuries is missing. The
NCAA Injury Surveillance System is lacking any measurement of risk factors prior to injury.27
This was identified as a weakness prior to the development of the University of Pittsburgh Injury
Prevention Initiative. During the development of the University of Pittsburgh Injury Prevention
Initiative, investigators included measurement of known risk factors for musculoskeletal injury.
This makes the University of Pittsburgh Injury Prevention Initiative unique, differentiating it
from the NCAA Injury Surveillance System.27
Following identification of the strengths and weaknesses of current injury surveillance
systems and understanding the magnitude of the problem, the stakeholders must be identified for
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the development of a new injury surveillance system.69 Identifying the stakeholders includes
building a coalition to support the injury surveillance system and prevention activities.69 This
step includes identifying the partners to include in a coalition to support the injury surveillance
system.69 The University of Pittsburgh Injury Prevention Initiative was initially developed as a
collaboration between the researchers at the Neuromuscular Research Laboratory and the athletic
trainers at the University of Pittsburgh.22 The investment of the University of Pittsburgh Injury
Prevention Initiative is with the NCAA Division I athletes at the University of Pittsburgh.22 The
initiative is set up to provide these athletes with information that assists in the mitigation of
future musculoskeletal injuries and performance enhancement.22 Athletes are the largest
stakeholder in the University of Pittsburgh Injury Prevention Initiative. The coalition set up to
support this initiative is the researchers from the Neuromuscular Research Laboratory, as well as
the University of Pittsburgh athletic trainers, team coaches, strength and conditioning coaches,
and administration. A partnership between these groups has made it possible for injury
surveillance data to be collected over a 5 year time period, benefiting the athletes by promoting
both short-term and long-term health and wellbeing.22
Developing and maintaining an injury surveillance system requires proper methodology,
appropriate for the injury surveillance system being developed.69 Developing appropriate
methodology includes determining events, data elements, type of surveillance, and data
collection instruments.69 The University of Pittsburgh Injury Prevention Initiative was developed
using elements of the NCAA Injury Surveillance System as a template.27 Data collection
methods were developed from testing strategies typical of the sports medicine clinical care
received by collegiate athletes, including flexibility and range of motion measurements
traditionally used in a clinical setting and handheld dynamometry for isometric strength. 22 These
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measures are both portable and easy to implement.22 Each test was chosen by examining the
mechanisms of common injuries in a population of NCAA Division I collegiate athletes.22 In
order to maintain an appropriate data collection timeframe per athletes, only tests that have been
theorized to predict the musculoskeletal injuries that the University of Pittsburgh Injury
Prevention Initiative was interested in collecting were included.22 Previous research was utilized
to determine which tests are theorized to predict these specific musculoskeletal injuries.22
The University of Pittsburgh Injury Prevention Initiative focuses on collecting only the
most common injuries for each sport. For lower extremity dominant sports, including soccer,
football, and volleyball, only lower extremity musculoskeletal injuries are collected.22 The same
is true for upper extremity dominant sports, including baseball and softball, where only upper
extremity musculoskeletal injuries are collected.22 By limiting the types of injuries collected, the
surveillance system is more focused. How and what musculoskeletal injury data is collected is
based on the NCAA Injury Surveillance System.27 Both surveillances systems collection injury
type, mechanisms of injury, injury location, and days missed due to injury. The University of
Pittsburgh Injury Prevention Initiative also collects data relative to treatment of each injury. All
injury data for both surveillances systems is collected for the duration of one competitive season,
beginning the first day of pre-season and ending on the final day of competition (regular
competitive season if no championship reached or post-season championship).22 The athletic
trainer assigned to each team reports on all injury data, which is confirmed by an investigator
who is a trained clinician (athletic trainer or physical therapist).22 Both the NCAA Injury
Surveillance System and the University of Pittsburgh Injury Prevention Initiative also collect
exposure data.27 For both surveillance systems, exposures are collected as one athlete
participating in one practice and/or one competition.27 Collecting exposures allows for the
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calculation of injury incidence rate, described as the number of injuries per 1,000 athleteexposures.27
The last steps in developing and maintaining and injury surveillance system are related to
the analysis and dissemination of the results.69 Defining and developing an analysis plan for the
surveillance data includes a calculation of the indicators, demographics, and environmental
characteristics.69 Once this analysis plan is put into action the data should inform injury
prevention.69 By identifying the preventable musculoskeletal injuries, interventions can be
developed for the groups deemed high-risk and most appropriate to receive the intervention.69
Maintaining appropriate intervention initiatives requires an evaluation of the both the plan used
for injury surveillance and all of the prevention activities.69 This step is important for future
mitigation of injuries and the continued success of injury prevention initiatives.69 The University
of Pittsburgh Injury Prevention Initiative is currently focused on the analysis portion of
development and maintenance, with continued data collection, injury prevention initiatives will
be developed and implemented as a means to mitigate musculoskeletal injury.22

2.4

METHODOLOGICAL CONSIDERATIONS

This methodological consideration section will review methodology previously utilized to
evaluate similar parameters compared to those chosen for this study. This section will also
provide a rationale for each of the methodologies chosen for this study. A detailed description of
the protocol and methodologies specific to this study is provided in chapter 3.
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2.4.1 Injury Surveillance and Exposure Tracking

Injury surveillance and exposure tracking for the present study is based on the University of
Pittsburgh Injury Prevention Initiative.22 Lower extremity musculoskeletal injury history was
collected utilizing self-report.22 Each athlete was responsible for disclosing their lower extremity
musculoskeletal injury history, spanning the course of their lifetime.22 Self-report has been
utilized successfully by the Neuromuscular Research Laboratory for the purposes of collecting
musculoskeletal injury history from Special Operations Forces Operators.22 Injury surveillance
occurred over the course of one athletic season. At the completion of each athletic season, the
athletic trainer responsible for the care of teams included in the study will reported on all lower
extremity musculoskeletal injuries suffered over the course of the season. These methods for
injury surveillance have been utilized by the NCAA Injury Surveillance System with success. 27
By collecting musculoskeletal injury data from each of the athletic trainers responsible for the
treatment and care of the teams included in the study, there is an increased likelihood of
receiving valid and reliable injury data. Both the University of Pittsburgh Injury Initiative and
the NCAA Injury Surveillance System collect musculoskeletal injury data that includes injury
type, location, sublocation, mechanism of injury, onset, and time lost.27 Exposures were collected
on a weekly basis, with email surveys sent to each athletic trainer responsible for the care of the
teams included in the study. Athlete exposures were collected as either a “yes” or “no” for each
potential day of participation for each athlete. If an athlete participated for any amount of time
during a potential day of participation it will be counted as a “yes” or one exposure.

27

If an

athlete did not participation, for any amount of time during a potential day of participation, it will
be counted as a “no” or zero exposure. 27 Athlete exposures are collected in this way as opposed
to hours of participation because this method has been proven both reliable and valid through the
62

NCAA Injury Surveillance System. Collecting hours of athlete participation leads to increased
reporting error.

27

These methods have been utilized successfully over the course of five years

with the University of Pittsburgh Injury Prevention Initiative.22

2.4.2 Range of Motion and Flexibility Assessment

Assessment of lower extremity range of motion and flexibility allows for an establishment of the
individual range of motion and flexibility of the muscles of the ankle, knee, and hip. The range
of motion and flexibility tests chosen for this study include active ankle joint dorsiflexion
mobility, ankle dorsiflexion, straight leg raise, and active knee extension. The range of motion
and flexibility tests chosen for this study isolate the specific lower extremity muscles theorized to
be related to lower extremity musculoskeletal injury. The flexibility and range of motion tests
chosen for this study are also typical of the tests utilized by clinicians when caring for athletes.
All lower extremity range of motion and flexibility testing procedures, chosen for this particular
study, are based on pre-established procedures. 14, 97 61, 62, 64 8, 83 36, 61, 62, 82, 83 Intra-rater and interrater reliability has been conducted within the Neuromuscular Research Laboratory and the ICCs
are between 0.51-0.99 with SEMs between 0.97-13.00. The testing positions for each specific
lower extremity muscle have been chosen based on previous research that has established that
these specific testing positions provide the most valid measurements of lower extremity range of
motion and strength. 14, 97 61, 62, 64 8, 83 36, 61, 62, 82, 83
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2.4.3 Isometric Strength Assessment

Assessment of lower extremity isometric strength allows for an establishment of the individual
strength of the muscles of the lower extremity including the muscles of the ankle, knee, and hip.
The isometric strength tests chosen for this study include, ankle dorsiflexion, ankle
plantarflexion, ankle eversion/inversion, knee flexion/extension, hip abduction/adduction, and
hip internal/external rotation.46 Isometric strength is a better choice to isolate these specific
muscles when compared to isokinetic strength, because of the inability of isokinetic strength to
differentiate between the strength of the individual lower extremity muscles and gross lower
extremity strength.46 Traditionally, the equipment associated with isokinetic strength testing is
non-movable, expensive, and requires extensive tester training in order to utilize the equipment
appropriately to assess the strength of the lower extremity. Using the handheld dynamometer,
which has been chosen for this particular study, allows for the measures of isometric strength to
be portable, as well as being more applicable to a clinical assessment of an athlete. The handheld
dynamometer, as alluded to earlier, is also a better choice for isolating the lower extremity
muscles as opposed to the Biodex which is better for large gross lower extremity movement
strength assessment.46 All lower extremity isometric strength testing procedures, chosen for this
particular study, are based on grade five manual muscle testing pre-established procedures.46
Intra-rater and inter-rater reliability has been conducted within the Neuromuscular Research
Laboratory and the ICCs are between 0.20-0.98 with SEMs between 1.53-9.75. The testing
positions for each specific lower extremity muscle have been chosen based on previous research
that has established that these specific testing positions provide the greatest isometric contraction
and isolate the individual lower extremity muscles appropriately.46
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2.4.4 Postural Stability Assessment

Single leg balance performed on a force plate is a commonly accepted measure of static postural
stability.40 This protocol is both reliable and valid, as well as being sensitive enough to detect the
standard deviation of ground reaction forces in three planes (anterior/posterior, medial/lateral,
and vertical) during the 10 second trial.40 This test is performed in a single-leg position
(barefooted) under eyes-open and eyes-closed conditions. During the duration of the test the
subject is asked to remain as still as possible with non-test leg raised to about the level of the
tested ankle without touching the tested limb and while maintaining hands on hips.40 The static
postural stability protocol, chosen for this particular study, has established reliability (ICC =
0.71-0.94; SEM = 0.19-3.40 Newtons).40
Several methods have been proposed for use in determining dynamic postural stability,
including the Star Excursion Balance Test and Y-Balance Test.90, 99 Dynamic postural stability as
measured by the Dynamic Postural Stability Index is both a reliable and valid measure of
dynamic postural stability.90, 99 The Dynamic Postural Stability Index is a jump task in which the
sensitivity and objectivity of the test is strong enough to appropriately calculate three separate
component scores in the anterior/posterior, medial/lateral, and vertical directions, as well as a
composite score of these three component scores.90,

99

The jump task associated with the

Dynamic Postural Stability Index is an anterior/posterior jump off two-feet, terminating with a
single leg balance and subsequent stabilization maintained for a total of five seconds. 90, 99 The
jump is normalized to body height in order to standardize across subjects.90,

99

The dynamic

postural stability protocol, chosen for this particular study, has established reliability previously
tested within the Neuromuscular Research Laboratory (ICC = 0.86; SEM = 0.01).90, 99
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3.0

METHODOLOGY

3.1.1 EXPERIMENTAL DESIGN

This study utilized a prospective cohort design. A prospective cohort design was chosen in order
to ascertain temporal association between risk factors for lower extremity musculoskeletal injury
including range of motion, flexibility, strength, static postural stability, and dynamic postural
stability measured at baseline and subsequent lower extremity musculoskeletal injury in NCAA
division I male and female athletes at the University of Pittsburgh. The subject flow diagram in
Figure 1 illustrates the study design, subject recruitment, enrollment, and procedures.
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Figure 1. Subject Flow Diagram
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3.2

SUBJECT RECRUITMENT

This study was approved by the Institutional Review Board at the University of Pittsburgh prior
to initiation of any and all research procedures. All athletes participating in lower extremity
dominant sports were recruited from the University of Pittsburgh area and beyond. All interested
athletes contacted the Neuromuscular Research Laboratory for further information regarding the
details of this study. At that time, interested athletes participated in a phone screen to determine
eligibility.

3.3

SUBJECT CHARACTERISTICS

3.3.1 Inclusion Criteria

Athletes were included in the study if they meet the following inclusion criteria:
1) Male or female between the ages of 18-40 years old, inclusive
2) Currently rostered and competing in a lower extremity dominant sport, including
soccer, football, volleyball, and/or basketball at the University of Pittsburgh
3) Currently cleared for full physical activity
4) Have not sustained a lower extremity injury in the 4 weeks prior to enrolling in the
study
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3.3.2 Exclusion Criteria

Athletes were excluded from the study if they do not meet the inclusion criteria specified.
Specific exclusion criteria are as follows:
1) Not currently rostered and competing in a lower extremity dominant sport
2) Not currently cleared for full physical activity
3) Having sustained a lower extremity injury in the four weeks prior to enrolling in the
study

3.4

POWER ANALYSIS

A Poisson regression on normally distributed independent variable (knee extension strength)
with mean = 58.4 and standard deviation = 17.1 using a sample of 93 observations achieves 80%
power at a 0.05 significance level to detect a response rate ratio of at least 0.97 due to a one-unit
change in the independent variable. The baseline rate is 0.005 and the mean exposure time is
120. To account for data loss and attrition, data on all available 111 subjects will be collected.

3.5

INSTRUMENTATION

3.5.1 Lower Extremity Injury Questionnaire

The lower extremity injury questionnaire documented the self-reported injury history in addition
to prospective lower extremity injury for each participating subject.
69

3.5.2 Stadiometer and Scale

A wall mounted stadiometer (Seca, Hanover, MD) and an electronic scale (Life Measurements
Instrument, Concord, CA) was utilized to measure standing height and body weight. Height was
measured in centimeters. Body weight was measured in kilograms.

3.5.3 Bod Pod Body Composition Tracking System

The Bod Pod Body Composition Tracking System (Cosmed, Chicago, IL) was utilized to
measure body composition, including percent body mass and percent fat free body mass. The
Bod Pod utilizes air displacement plethysmography to calculate all body composition
percentages through the measurement of body volume.

3.5.4 Goniometer

A universal goniometer (Aircast, Summit, NJ) was utilized to assess lower extremity range of
motion and flexibility. For all lower extremity measurements, maximum range of motion and
flexibility was measured to the nearest one degree.

3.5.5 Digital Inclinometer

A digital inclinometer (Baseline Evaluation Instruments, White Plains, NY) was utilized to
assess lower extremity joint range of motion and flexibility. The digital inclinometer was
calibrated according to recommended manufacturer procedures prior to the initiation of any
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testing procedures. All measures of lower extremity range of motion and flexibility were
measured to the nearest one degree.

3.5.6 Handheld Dynamometer

A handheld dynamometer (Lafayette Instrument Co., Lafayette, IN) was utilized to assess
isometric muscle force. The manufacture’s data, specific to the handheld dynamometer used in
this study, states the device was factory calibrated to a sensitivity of 0.1% and a range of 0-500
N. For all measures, peak force was measured in kilograms to the nearest 0.1 kilogram.

3.5.7 Force Plate

A Kistler force plate (Kistler 9286A, Amherst, NY) was utilized to collect ground reaction force
data in order to assess both static postural stability and dynamic postural stability. The force plate
was calibrated according to manufacturer’s recommendations prior to the initiation of any testing
procedures. A sampling frequency of 200Hz and 1200Hz was utilized for static postural stability
and dynamic postural stability, respectively. All force plate data was passed through an amplifier
followed by an analogy digital board (DT3010, Digital Translation, Marlboro, MA) and lastly
stored on a personal computer. A custom MATLAB (MathWorks, v7.0.4, Natick, MA) script
was utilized to process all ground reaction force data gathered from both the static postural
stability and dynamic postural stability tasks.
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3.6

OPERATIONAL DEFINITIONS

3.6.1 Lower Extremity Musculoskeletal Injury

For the purposes of this study lower extremity musculoskeletal injury was defined as any
occurrence of pain in the lower extremity, acute or chronic, that required medical attention by an
athletic trainer, physical therapist, or team physician, in addition to an assessment or diagnosis
and treatment. The lower extremity musculoskeletal injury must result in restriction of the
athlete’s participation beyond the day of injury for one or more days.56

3.6.2 Exposure

Exposure was defined as one athlete participating in one practice or one competition, placing the
athlete at risk of suffering a lower extremity musculoskeletal injury. For the purposes of this
study the amount of time associated with the participation was not collected.

3.6.3 Athletic Season

All risk factors data and injury data was collected over the course of one athletic season. Each
athletic season is composed of a pre-season, competitive season, and post-season. Pre-season is
defined as any formal team practice or scrimmage that takes place prior to the first competitive
season game. The competitive season is defined as all team practices and games that occur
following the first competitive season game and end with the last competitive season game. Postseason is defined as all team practices and games that occur following the last competitive
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season game and end with the last post-season game. If a team does qualify for competition in
the post-season, all data collection, including both lower extremity musculoskeletal injury and
exposure data, will end with the last competitive season game.

3.7

TESTING PROCEDURES

All subjects reported to the Neuromuscular Research Laboratory in order to complete all testing
procedures. Over a period of one test session, each subject was asked to complete a multitude of
different tests to assess specific lower extremity musculoskeletal characteristics. These tests
included, range of motion, flexibility, isometric strength, static postural stability, and dynamic
postural stability. Prior to the initiation of any testing procedures subject was guided through the
informed consent process. The principal investigator explained all contents of the informed
consent and following completion the subject was allowed to questions, to which they were
answered to the subjects’ complete understanding.
As a part of the University of Pittsburgh Injury Prevention Initiative the author has
collected risk factors for lower extremity musculoskeletal injury over the course of four athletic
seasons.22 The risk factors previously measured include, flexibility, range of motion, strength,
and dynamic balance.22 Lower extremity musculoskeletal injuries have been collected for four
consecutive athletic seasons.22 Injuries are collected for the duration of the pre-season,
competitive season, and post-season for each respective University of Pittsburgh team.22
Exposure data, regarding participation in both games and practices, has been recently
implemented, with one athletic season of exposures collected.22 The current study includes all of

73

the previously mentioned procedures with the addition of static postural stability. All data
collected was performed during the 2016-2017 athletic seasons.

3.7.1 Injury Surveillance and Exposure Tracking

3.7.1.1 Lower Extremity Injury History
Subjects provided a self-report of all lower extremity injuries sustained over the course of their
lifetime. When possible, if the athlete was under the treatment of the athletic training staff during
the time of injury, individual medical records maintained by the healthcare provider were
reviewed to confirm all lower extremity musculoskeletal injuries. Subjects provided a HIPPA
authorization to access their individual medical records to analyze lower extremity
musculoskeletal injury history.

3.7.1.2 Lower Extremity Prospective Injury
Subjects provided a self-report of all lower extremity injuries sustain during the competitive
season following their initial test session. When possible, if the athlete was under the treatment
of the athletic training staff during the time of injury, individual medical records maintained by
the healthcare provider were reviewed to confirm all lower extremity musculoskeletal injuries.
Subjects provided a HIPPA authorization to access their individual medical records to analyze
prospective lower extremity musculoskeletal injury.

3.7.1.3 Exposure Tracking
The athletic trainer associated with each athletic team who participated in this study provided a
report of all participation immediately following each athlete’s initial test session, ending with
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the completion of the competitive season, including participation in championship tournaments if
applicable. Secure e-mail surveys were sent out over the course of each athletic teams 2016-2017
season to collect participation data. After one failed response, the investigator called the subject
to collect participation data. The investigator reviewed all participation data in order to ensure
accuracy and completeness. When possible, if the athlete was under the treatment of the athletic
training staff during the time period following the initial test session, individual medical records
maintained by the healthcare provider were reviewed to confirm all participation. Subjects
provided a HIPPA authorization to access their individual medical records to analyze
participation. The secure e-mail survey instructed the subject to select “yes” or “no” to
participation on the dates listed in the survey. A “yes” was defined as any participation in the
athlete’s designated sport, including both practice and competition. A “no” was defined as no
participation in the athlete’s designated sport, including both practice and competition. A “no”
was recorded regardless of the reason the subject is not participating, including but not limited
to, injury, coach’s designation, and/or conflicting schedules. Each instance of participation in
practice and/or competition was counted as one exposure; not limited to one exposure per day.

3.7.2 Anthropometrics

3.7.2.1 Height and Weight
A wall-mounted stadiometer (Seca, Hanover, MD) was utilized to capture each subject’s height.
Height was measured in centimeters. An electronic scale (Life Measurements Instrument,
Concord, CA) was utilized to capture body weight. Body weight was taken with minimum
clothing (males=spandex shorts; females=spandex+sports bra OR swimsuit). Body weight was
recorded in kilograms.
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3.7.2.2 Body Composition
The Bod Pod Body Composition Tracking System (Cosmed, Chicago, IL) was utilized to assess
body composition. The Bod Pod was calibrated according to manufactures’ guidelines and all
testing followed the protocol outlined by the manufacturers.

3.7.3 Range of Motion and Flexibility

Table 1. Intra-rater and Inter-rater Reliability of Range of Motion and Flexibility Tests

Range of Motion and Flexibility

Right Ankle Joint Dorsiflexion Mobility
Left Ankle Joint Dorsiflexion Mobility
Right Active Ankle Joint Dorsiflexion
Left Active Ankle Joint Dorsiflexion
Right Active Knee Extension
Left Active Knee Extension
Right Passive Straight Leg Raise
Left Passive Straight Leg Raise

Intra-rater
Reliability
SEM
ICC MDC
(º)
2.0
0.97
2.02*
1.0
0.99
0.97
4.5
0.95
4.55
9.0
0.86
9.02
†
-0.93
-†
-0.93
-13.0
0.76
13.00
11.9
0.83
11.92

Inter-rater Reliability
ICC

MDC

0.92
0.73
0.68
0.90
--0.51
0.86

3.4
7.9
9.3
6.4
--13.8
9.7

*Indicates SEM in centimeters
†Indicates ICC calculated from different data than remainder of flexibility measurements8
SEM calculated as the square root of the mean squared error

Figure 2. Ankle Joint Dorsiflexion Mobility
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SEM
(º)
1.24*
2.86
3.36
2.32
--4.97
3.48

Ankle joint dorsiflexion mobility was measured through the use of the weight-bearing lunge
test.14,
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This test demonstrates excellent inter-rater reliability and has been used in previous

research successfully.14 In order to perform the test a tape measure was placed on the ground
with the zero point at the point where the wall meets the ground. To perform the test subjects
were placed in a lunge position facing the wall. The subject’s body weight was supported by
outstretching the arms and leaning against the wall. Before the beginning of the test, the back leg
was positioned in a place where the subject feels comfortable and is fully supported. The front
foot was to remain flat against the floor throughout the entire test and the knee must stay flexed
and touching the wall. By simultaneously flexing the knee further and dorsiflexing the ankle,
lunging, the subject moved the front foot away from the wall as far as possible. The
measurement was taken from the tip of the first toe prior to the point in which the subject heel
was going to raise off of the floor or the knee is going to leave the wall. Three measurements
were taken on both the dominant and non-dominant lower extremity and subsequently averaged
for analysis. Intra-rater and inter-rater reliability for all range of motion and flexibility tests
derived from unpublished data from our laboratory are provided in Table 1. Visual representation
of this test is provided in Figure 2.
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Figure 3. Active Ankle Joint Dorsiflexion

Active ankle joint dorsiflexion was utilized in order assess the length of the
gastrocnemius, using an established protocol that has proven to be reliable with similar
methods.80, 81, 84 In order to perform the test subjects were positioned prone on the treatment table
with their knees straight and feet hanging off the end of the treatment table. The subjects were
asked to dorsiflex their foot, actively, as far as they possibly can while the examiner maintained a
neutral position at the subtalar joint throughout the entire test. A goniometer was utilized to
measure the angle formed by the line of the lateral midline of the leg, on the line from the head
of the fibula to the tip of the lateral malleolus and the lateral midline of the foot, in line with the
border of the rear foot (calcaneus). Each of these measurements was completed three times and
averaged for data analysis. The measurements was completed on both the dominant and nondominant lower extremity. Intra-rater and inter-rater reliability for all range of motion and
flexibility tests derived from unpublished data from our laboratory are provided in Table 1.
Visual representation of this test is provided in Figure 3.

Figure 4. Active Knee Extension
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Active knee extension was utilized to assess the length of the hamstring in hip flexion,
this protocol has been previously established and has been shown to be reliable.8, 83 The subject
was asked to lay supine on the treatment table with one leg straight and the test leg bent to ninety
degrees of hip flexion. One examiner stabilized the femur to prevent any rotation, abduction, or
adduction of the hip while the subject actively extended their knee as far as possible. To measure
the degree of extension at the knee, a digital inclinometer was utilized and aligned with the
lateral midline of the fibula, between the lateral epicondyle of the femur and the lateral
malleolus. Three measures was completed and averaged for data analysis. The measurements
were completed on both the dominant and non-dominant lower extremity. Intra-rater and interrater reliability for all range of motion and flexibility tests derived from unpublished data from
our laboratory are provided in Table 1. Visual representation of this test is provided in Figure 4.

Figure 5. Passive Straight Leg Raise

Passive straight leg raise was utilized to assess the hamstring length, which has been used
previously with an established protocol and established reliability.50, 80, 81, 101, 102 Subjects were
asked to lay supine on a treatment table with both leg extended. Subjects were asked to relax as
much as possible while the examiner raised the subject’s straight leg from the table to the end
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range of motion ensuring to avoid excessive posterior pelvic tilt, changes in lumbar curve, and
the opposite leg raising from the table. The degree of straight leg raise were measured with a
digital inclinometer aligned with the lateral midline of the femur between the grater trochanter
and the lateral epicondyle of the femur. Three measures were performed on both the dominant
and non-dominant lower extremity. The average of these three measures was utilized for data
analysis. Intra-rater and inter-rater reliability for all range of motion and flexibility tests derived
from unpublished data from our laboratory are provided in Table 1. Visual representation of this
test is provided in Figure 5.

3.7.4 Isometric Strength

A handheld dynamometer (Lafayette Instrument Co., Lafayette, IN) was utilized for all isometric
strength testing of the lower extremity. All isometric strength testing procedures have been
successfully utilized in previous studies based on manual muscle testing procedure instructions
developed by Hislop and Montgomery.46 For all measures of isometric strength, peak force was
measured with the dynamometer to the nearest 0.1 kg on both the dominant and non-dominant
lower extremity. All testing procedures was carried out by asking the subject to exert as much
force as possible against an unmoving resistance, this is otherwise known as a “make test”. One
practice trial at 50% of maximum effort was provided for each testing position in order to ensure
proper performance of each test. A thirty-second rest period was provided between trials in order
to avoid fatigue. The average of three measured trials was utilized for data analysis. Intra-rater
and inter-rater reliability for all isometric strength tests are provided in Table 2.22
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Table 2. Intra-rater and Inter-rater Reliability of Isometric Strength

HHD Isometric Strength

Intra-rater Reliability
SEM
ICC MDC
(kg/body mass)
Right Ankle Dorsiflexion
0.87 14.3
5.17
Left Ankle Dorsiflexion
0.91 11.9
4.29
Right Ankle Plantarflexion 0.98* 8.90*
3.20*
Left Ankle Plantarflexion
0.98* 8.90*
3.20*
9.9
Right Ankle Inversion
0.94
3.57
9.9
Left Ankle Inversion
0.91
3.59
Right Ankle Eversion
0.66 14.7
5.31
Left Ankle Eversion
0.79 11.8
4.25
76
Right Knee Flexion
0.95
2.73
7.1
Left Knee Flexion
0.94
2.56
Right Knee Extension
0.97 15.7
5.65
Left Knee Extension
0.96 22.0
7.94
5.1
Right Hip Abduction
0.91
1.84
8.4
Left Hip Abduction
0.84
3.06
6.6
Right Hip Adduction
0.87
2.38
4.2
Left Hip Adduction
0.95
1.53
5.2
Right Hip Internal Rotation 0.60
1.87
5.9
Left Hip Internal Rotation
0.74
2.12
6.1
Right Hip External Rotation 0.71
2.20
4.4
Left Hip External Rotation
0.86
1.58

Inter-rater Reliability
SEM
ICC MDC
(kg/body mass)
0.35 15.4
5.54
0.29 18.7
6.75
------16.4
0.25
5.93
18.9
0.34
6.82
0.25 13.0
4.70
0.20 13.2
4.76
0.66 13.7
4.94
0.62 13.8
5.00
0.95 27.0
9.75
0.98 16.8
6.05
11.0
0.60
3.95
6.0
0.91
2.18
7.7
0.76
2.79
6.0
0.87
2.18
6.9
0.48
2.50
6.6
0.77
2.40
6.7
0.77
2.42
5.9
0.82
2.14

* Indicates ICC, MDC, and SEM calculated from different data than remainder of strength measurements
SEM calculated as the square root of the mean squared error

Figure 6. Ankle Dorsiflexion Isometric Strength
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Ankle dorsiflexion strength was measured with the subject in upright-seated position while the
hips and knees are extended and the foot to be tested is off the end of the table. The examiner
stabilized the lower limb of the foot to be tested just proximal to the ankle joint. The handheld
dynamometer was placed on the dorsal aspect of the foot just proximal to the metatarsal heads.
The examiner passively moved the limb to the starting position, which is in midrange ankle
dorsiflexion. Each subject was instructed to exert a maximal force against the handheld
dynamometer while the examiner maintained a stationary position with the handheld
dynamometer. Visual representation of this test is provided in Figure 6.

Figure 7. Ankle Plantarflexion Isometric Strength

Ankle plantarflexion strength as measured with the subject in prone position while the
hips and knees are extended and the foot to be tested is off the end of the table. The examiner
stabilized the lower limb of the foot to be tested just proximal to the ankle joint. The handheld
dynamometer was placed on the plantar aspect of the foot just proximal to the metatarsal heads.
The examiner passively moved the limb to the starting position, which is in midrange ankle
plantarflexion. Each subject was instructed to exert a maximal force against the handheld
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dynamometer while the examiner maintained a stationary position with the handheld
dynamometer. Visual representation of this test is provided in Figure 7.

Figure 8. Ankle Inversion Isometric Strength

Ankle inversion strength was tested with the subject positioned in the supine position
with the hips and knees extended and the foot to be test off the end of the table. The examiner
stabilized the lower limb of the foot to be tested just proximal to the ankle joint. The handheld
dynamometer was positioned on the medial border of the foot at the midpoint of the shaft of the
first metatarsal. The examiner passively moved the limb to the starting position, which is
midrange ankle inversion. Each subject was instructed to exert a maximal force against the
handheld dynamometer while the examiner maintained a stationary position with the handheld
dynamometer. Visual representation of this test is provided in Figure 8.
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Figure 9. Ankle Eversion Isometric Strength

Ankle eversion strength was tested with the subject positioned in a supine position with
the hips and knees extended and the foot to be tested off the end of the table. The examiner
stabilized the lower limb to be tested just proximal to the ankle joint. The handheld dynamometer
was positioned on the lateral border of the foot at the midpoint of the fifth metatarsal. The
examiner passively moved the limb to the starting position, which is midrange ankle eversion.
Each subject was instructed to exert a maximal force against the handheld dynamometer while
the examiner maintained a stationary position with the handheld dynamometer. Visual
representation of this test is provided in Figure 9.

Figure 10. Knee Flexion Isometric Strength
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Knee flexion strength was tested with the subject in a prone position with the leg being
tested bent to 45° of knee flexion. This initial test position acted as the starting positon for the
test. The handheld dynamometer was placed just distal to the calcaneous of the leg to be tested.
The subject was instructed to exert a maximal force against the handheld dynamometer while the
examiner maintained a stationary position with the handheld dynamometer. Visual representation
of this test is provided in Figure 10.

Figure 11. Knee Extension Isometric Strength

Knee extension strength was tested with the subject positioned in an upright-seated
position with both the lower legs off the edge of the table. Due to the strength of this muscle, a
therapy belt provided resistance during this isometric strength test. The therapy belt was attached
to the handheld dynamometer, which was positioned on the most distal aspect of the tibia and
anchored to the leg of the treatment table. The subject was instructed to exert a maximal force
against the handheld dynamometer while the examiner maintained a stationary position with the
handheld dynamometer. Visual representation of this test is provided in Figure 11.
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Figure 12. Hip Abduction Isometric Strength

Hip abduction strength was tested with the subject positioned side lying with the leg to be
tested on top. The test leg was supported by a pillow under the lower limb in order to support a
neutral spine throughout the duration of the test. The bottom leg was positioned in 90 degrees of
knee flexion. The handheld dynamometer was placed just superior to the lateral malleolus. The
subject was instructed to exert a maximal force against the handheld dynamometer while the
examiner maintained a stationary position with the handheld dynamometer. Visual representation
of this test is provided in Figure 12.

Figure 13. Hip Adduction Isometric Strength
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Hip adduction strength was tested with the subject positioned side lying with the leg to be
tested on the bottom. The top leg was positioned in 90 degrees of knee flexion with a pillow at
the knee in order to support a neutral spine throughout the duration of the test. The handheld
dynamometer was placed just superior to the medial malleolus. The subject was instructed to
exert a maximal force against the handheld dynamometer while the examiner maintained a
stationary position with the handheld dynamometer. Visual representation is provided in Figure
13.

Figure 14. Hip Internal Rotation Isometric Strength

Hip internal rotation strength was tested with the subject positioned prone on a treatment
table with the knee of the test leg flexed to 90 degrees. The examiner passively positioned the
test leg into a neutral hip internal-external rotation prior to the initiation of the test. The handheld
dynamometer was placed just distal to the lateral malleolus. The subject was instructed to exert a
maximal force against the handheld dynamometer while the examiner maintained a stationary
position with the handheld dynamometer. Visual representation is provided in Figure 14.
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Figure 15. Hip External Rotation Isometric Strength

Hip external rotation strength was tested with the subject positioned prone on a treatment
table with the knee of the test leg flexed to 90 degrees. The examiner passively positioned the
test leg into a neutral hip internal-external rotation prior to the initiation of the test. The handheld
dynamometer was placed just distal to the medial malleolus. The subject was instructed to exert a
maximal force against the handheld dynamometer while the examiner maintained a stationary
positon with the handheld dynamometer. Visual representation is provided in Figure 15.
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3.7.5 Static Postural Stability

Figure 16. Static Postural Stability

Subjects performed a test of static single-leg postural stability while ground reaction forces were
assessed throughout the duration of the test.40 Subjects performed three trials lasting 10 second
each, of a static single-leg postural stability test (barefooted) under eyes-open and eyes-closed
conditions. Testing was completed on both the dominant and non-dominant lower extremity.
During the duration of the test the subject was asked to remain as still as possible with non-test
leg raised to about the level of the tested ankle without touching the tested limb and while
maintaining hands on hips. Trials were discarded if the subject touches down outside of the force
plate at any time during the duration of the test. All discarded trials were recollected. Data
analysis was completed using the standard deviation of ground reaction forces in three planes
(anterior/posterior, medial/lateral, and vertical) and the center of pressure in two planes
(anterior/posterior and medial/lateral) during the 10-second trial. Reliability and precision of
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single-leg balance testing was previously established utilizing an identical protocol (ICC = 0.710.94; SEM = 0.19-3.40 Newtons).40 Visual Representation is provided in Figure 16.

3.7.6 Dynamic Postural Stability

Figure 17. Dynamic Proprioception

Subjects was tested on a single-leg jump landing test that previously has been previously utilized
demonstrating good inter-session reliability (ICC = 0.86; SEM = 0.01).90 The single-leg jump
landing protocol is a modification of the protocol used by Ross and Wikstrom.99 The protocol
that was used in this study normalizes the jump distance according to body height, whereas Ross
and Wikstrom normalized the vertical jump height according to the subjects maximum vertical
jump heights.90,99 The single-leg jump landing test required subjects to complete a jump in the
anterior/posterior direction.90 Subjects were positioned 40% of their body height away from the
edge of a force plate. A 30 cm hurdle was placed at the midpoint of this distance. Subjects were
instructed to jump in the anterior direction using a two-footed jump take-off, over the 30 cm
hurdle, and land on the force plate on only the test leg, stabilize as quickly as possible, place
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their hands on their hips, and balance for 5 seconds while looking straight ahead. Five successful
trials were collected and averaged for analyses on both the dominant and non-dominant lower
extremity. Subjects were given three practice trials with a one-minute rest period between
practice trials and test trials to prevent fatigue. Visual representation is provided in Figure 17.
Trials were discarded and repeated if subjects fail to jump over or come in contact with
the hurdle, hop on the test leg after landing, the non-weight-bearing leg touches down off of the
force place, or if subjects remove their hands from hips for longer than three seconds. Trials
were not be discarded if a subject touches down with the non-weight-bearing leg so long as the
touchdown occurred on the force plate, they resume the one-legged stance as quickly as possible,
and none of the aforementioned trial exclusion criteria occur.

3.8

DATA REDUCTION

3.8.1 Lower Extremity Musculoskeletal Injury Rate

Injury rate was utilized as a measure of lower extremity musculoskeletal injury incidence. Lower
extremity musculoskeletal injury rate was defined as the number of lower extremity
musculoskeletal injuries per 1,000 athlete exposures. Injury rates was calculated for overall
number of injuries as well as particular categories including, game vs. practice situations, sport
type (soccer, football, volleyball, etc.), sex, and point in athletic season (pre-season, competitive
season, post-season). These injury rates were calculated by dividing the number of
musculoskeletal injuries that occur during each of the particular categories by the total number of
athlete-exposures associated with that category and multiplying by 1,000.
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3.8.2 Isometric Strength

For all measures of isometric strength, average peak force across three successful trials was
captured in kilograms and normalized to body weight for comparison across subjects (%BW =
(average (kg)/subject body weight (kg))*100). Isometric strength measurements normalized to
body weight was utilized to calculate strength ratios between each subject’s dominant and nondominant lower extremity. Isometric strength measurements normalized to body weight was also
be utilized to calculate strength ratios between opposing muscle groups on each subject’s
dominant and non-dominant lower extremity including: ankle eversion/inversion, knee
flexion/extension, hip adduction/abduction, and hip external/internal rotation.

3.8.3 Static Postural Stability

Static postural stability is expressed as the standard deviation of ground reaction forces. 40
Following the completion of data collection, a custom Matlab (MathWorks, v7.0.4, Natick, MA)
script was used to processes and filter the data. All ground reaction force data was passed
through a low-pass Butterworth filter with a cut off frequency of 20 Hz. The ground reaction
forces from each successful trial are normalized to body weight (%BW). The standard deviation
of the ground reaction forces in the anterior/posterior, medial/lateral, and vertical directions, as
well as center of pressure in the anterior/posterior and medial/lateral directions are calculated
across three successful trials for all conditions. An average of the ground reaction forces in each
direction for each condition was calculated in order to explain the subject’s overall static
proprioception under each condition.
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3.8.4 Dynamic Postural Stability

Dynamic postural stability is expressed through the use of the Dynamic Postural Stability
Index.99 The Dynamic Postural Stability Index calculation creates a stability index for each
anatomical direction as well as a composite of all three direction utilizing the first three seconds
of ground reaction force data following initial contact with the force plate.99 For the purposes of
this study, initial contact is defined as the point in which the vertical ground reaction force
exceeds five percent of the subject’s body weight.90 Following the completion of data collection,
a custom Matlab (MathWorks, v7.0.4, Natick, MA) script processes and filters the data. All
ground reaction force data is passed through a low-pass Butterworth filter with a cut off
frequency of 20 Hz. An individual Dynamic Postural Stability Index score is calculated for each
of the five successful trials. An average of the Dynamic Postural Stability Index scores from the
five successful trials is calculated in order to explain a subject’s overall dynamic postural
stability.99 The DPSI equation is illustrated in Figure 18.

DPSI = (([(0-x)2 + (0-y)2 + (Body Weight-z)2/Number of Data Points])/Body Weight))
Figure 18. Dynamic Postural Stability Index Equation

3.9

DATA ANALYSIS

All data was analyzed using IBM SPSS Statistics 22 (IBM Corp., Armonk, NY) and STATA 13
(STATA Corp LP, College Station, Texas). Descriptive statistics were calculated for all variables
(mean and standard deviation, or median and interquartile range, or proportions, as applicable).
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Data was tested for normality utilizing a Shapiro Wilk test. Statistical significance was set a
priori at alpha = 0.05, two-sided.
Specific Aim 1: Descriptive statistics were used to describe musculoskeletal
characteristics of the lower extremity including range of motion, flexibility, strength, static
postural stability, and dynamic postural stability in NCAA Division I male and female athletes
participating in lower extremity dominant sports at the University of Pittsburgh. Data was also
stratified by sport type (soccer, football, volleyball, etc.), and sex. Mean, standard deviation, and
95% confidence intervals, or median and interquartile range, dependent upon the normality
assessment, were calculated for all variables. Fisher’s exact tests were utilized to compare
proportion of subjects with history of injury between groups based on sport type and sex. All
descriptive statistics can serve as normative data for these musculoskeletal characteristics in
NCAA Division I male and female athletes participating in lower extremity dominant sports at
the University of Pittsburgh.
Specific Aim 2: Injury incidence rate, injury incidence rate ratios, and corresponding
95% confidence intervals were calculated in order to describe the incidence of lower extremity
musculoskeletal injury in NCAA Division I University of Pittsburgh male and female athletes
participating in lower extremity dominant sports. The proportion of lower extremity
musculoskeletal injuries in each category was described. All data was analyzed in groups
including, all subjects, game vs. practice situations, sport type (soccer, football, volleyball, etc.),
sex, and point in athletic season (pre-season, competitive season, post-season). Injury incidence
was also calculated according to limb dominance, injury sublocation, injury type, cause of injury,
mechanism of injury, and injury onset.
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Specific Aim 3: Simple Poisson regression analyses were performed using STATA 13
(STATA Corp LP, College Station, Texas). Separate simple Poisson regression analysis was
conducted to assess the association between the predictor variables including, range of motion,
flexibility, strength, static postural stability, and dynamic postural stability, and lower extremity
musculoskeletal injury rates in NCAA Division I male and female athletes participating in lower
extremity dominant sports at the University of Pittsburgh. The risk factor analysis was performed
for the following groups, all subjects, sport type (soccer, football, volleyball, etc.), and sex.
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4.0

RESULTS

The first purpose of this study was to describe the musculoskeletal characteristics of the lower
extremity, including range of motion, flexibility, strength, static postural stability, and dynamic
postural stability in NCAA Division I athletes participating in lower extremity dominant sports at
the University of Pittsburgh. The second purpose of this study was to estimate the incidence of
lower extremity musculoskeletal injury in NCAA Division I athletes participating in lower
extremity dominant sports at the University of Pittsburgh. An evaluation of the association
between musculoskeletal characteristics of the lower extremity, including range of motion,
flexibility, strength, static postural stability, and dynamic postural stability, and the rate of lower
extremity musculoskeletal injury in NCAA Division I athletes participating in lower extremity
dominant sports at the University of Pittsburgh was also included in this study.

96

4.1

SUBJECTS

4.1.1 Demographic Data

Figure 19 represents the study design, subject recruitment, subject enrollment, and study
procedures. All men’s and women’s athletes participating in lower extremity dominant sports at
the University of Pittsburgh who expressed interest in participating in this study and met the
eligibility criteria for subject enrollment were invited to participate in the present study. A total
of 131 NCAA Division I athletes participating in lower extremity dominant sports at the
University of Pittsburgh volunteered for this study. The breakdown of participation by sport is as
follows: 48 soccer athletes (Men: 24, Women: 24), 43 football athletes, 16 volleyball athletes, 24
basketball athletes (Men: 11, Women: 13).
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Figure 19. Subject Flow Diagram

Subject characteristics are presented in Table 3 and Table 4. Table 3 represents overall
subject characteristics, and stratified by sex. Table 4 represents subject characteristics by sport
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type, and stratified by sex, if applicable. Overall, for the men’s and women’s lower extremity
dominant sport athletes the mean ± standard deviation for age, height, and weight were 19.5 ±
1.3 years, 180.3 ± 10.5 cm, and 80.1 ± 18.5 kg. Overall, for the men’s lower extremity dominant
sport athletes the mean ± standard deviation for age, height, and weight were 19.7 ± 1.4 years,
185.2 ± 8.5 cm, and 88.6 ± 18.1 kg. Overall, for the women’s lower extremity dominant sport
athletes the mean ± standard deviation for age, height, and weight were 19.3 ± 1.2 years, 173.1 ±
8.9 cm, and 67.5 ± 10.0 kg.

Table 3. Subject Characteristics Overall and Stratified by Sex
Overall

Men

Women

n Mean (SD)
Median (IQR)
n Mean (SD)
Median (IQR)
n Mean (SD)
Median (IQR)
Age (yrs)
131 19.5 (1.3)
19.0 (18.0, 20.0)
78 19.7 (1.4) 19.0 (18.8, 21.0)
53 19.3 (1.2) 19.2 (18.0, 20.0)
Height (cm) 131 180.3 (10.5) 180.3 (173.5, 185.9) 78 185.2 (8.5) 184.2 (179.7, 190.6) 53 173.1 (8.9) 172.7 (166.2, 180.3)
Weight (kg) 131 80.1 (18.5)
76.9 (66.5, 89.3)
78 88.6 (18.1) 85.3 (76.7, 94.9)
53 67.5 (10.0) 65.4 (62.0, 74.1)

Table 4. Subject Characteristics Stratified by Sex and Sport Type
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Body composition is presented in Table 5 and Table 6. Table 5 represents overall body
composition, and stratified by sex. Table 6 represents body composition by sport type, and
stratified by sex, if applicable. Overall, for the men’s and women’s lower extremity dominant
sport athletes the percent fat mass and percent fat free mass (mean ± standard deviation) were
15.9 ± 7.6 percent and 83.4 ± 10.4 percent. Overall, for the men’s lower extremity dominant
sport athletes the percent fat mass and percent fat free mass (mean ± standard deviation) were
11.5 ± 5.8 percent and 87.3 ± 11.5 percent. Overall, for the women’s lower extremity dominant
sport athletes the percent fat mass and percent fat free mass (mean ± standard deviation) were
22.1 ± 5.1 percent and 77.9 ± 5.1 percent.

Table 5. Body Composition Overall and Stratified by Sex

n
Fat Mass (kg)
129
Fat Free Mass (kg)
129
Total Body Mass (kg)
129
Percent Fat Mass (%)
129
Percent Fat Free Mass (%) 129

Overall
Mean (SD)
Median (IQR)
12.8 (7.7)
11.7 (7.2, 15.5)
67.3 (15.8) 145.2 (54.3, 79.4)
80.1 (18.5)
76.9 (66.5, 89.3)
15.9 (7.6)
15.1 (8.8, 21.3)
83.4 (10.4)
84.3 (78.4, 91.1)

n
76
76
76
76
76

Mean (SD)
10.9 (8.5)
77.1 (12.7)
88.6 (18.1)
11.5 (5.8)
87.3 (11.5)
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Men
Median (IQR)
8.2 (5.9, 13.1)
77.4 (69.5, 83.5)
85.3 (76.7, 94.9)
10.2 (7.2, 14.8)
89.8 (85.0, 92.8)

Women
n Mean (SD)
Median (IQR)
53 15.5 (5.3)
14.5 (12.0, 17.4)
53 53.3 (6.4)
53.1 (47.8, 57.9)
53 67.5 (10.0) 65.4 (62.0, 74.1)
53 22.1 (5.1)
21.0 (18.9, 26.0)
53 77.9 (5.1)
79.0 (74.1, 81.1)

Table 6. Body Composition Stratified by Sex and Sport Type

4.2

MUSCULOSKELETAL CHARACTERISTICS OF THE LOWER EXTREMITY

The first specific aim of this study was to describe musculoskeletal characteristics of the lower
extremity including range of motion, flexibility, isometric strength, static postural stability, and
dynamic postural stability in NCAA Division I University of Pittsburgh male and female athletes
participating in lower extremity dominant sports. Descriptive statistics were used to describe
musculoskeletal characteristics of the lower extremity including range of motion, flexibility,
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strength, static postural stability, and dynamic postural stability in NCAA Division I male and
female athletes participating in lower extremity dominant sports at the University of Pittsburgh.
Data were stratified by sport type (soccer, football, volleyball, basketball) and sex. Mean and
standard deviation, and median and interquartile range were calculated for all variables. Fisher’s
exact tests were utilized to compare proportion of subjects with a history of lower extremity
musculoskeletal injury between groups based on sport type and sex. All descriptive statistic
calculations serve as normative data for these musculoskeletal characteristics in NCAA Division
I male and female athletes participating in lower extremity dominant sports at the University of
Pittsburgh.

4.2.1 Lower Extremity Range of Motion and Flexibility

Lower extremity range of motion and flexibility is presented in Table 7, Table 8, Table 9, and
Table 10. Table 7 represents overall lower extremity range of motion and flexibility, and
stratified by sex, if applicable. Table 8 represents lower extremity range of motion and flexibility
by sport type. Table 9 and Table 10 represent soccer and basketball lower extremity range of
motion and flexibility, stratified by sex, respectively. In men’s and women’s soccer athletes,
significant differences were noted in both weight-bearing ankle dorsiflexion and active ankle
dorsiflexion; women’s soccer athletes demonstrated greater weight-bearing ankle dorsiflexion
(Non-Dominant: Men’s – 5.7 ± 1.8, Women’s – 6.8 ± 2.1) and active ankle dorsiflexion
(Dominant: Men’s – 6.8 ± 3.4, Women’s – 8.9 ± 3.6). No significant differences were noted in
any flexibility variables when comparing men’s and women’s basketball athletes.
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Table 7. Lower Extremity Range of Motion and Flexibility Overall and Stratified by Sex

n
Overall
Weight-Bearing Ankle Dorsiflexion (cm)
Active Ankle Dorsiflexion (º)
Active Knee Extension (º)
Straight Leg Raise (º)
Men
Weight-Bearing Ankle Dorsiflexion (cm)
Active Ankle Dorsiflexion (º)
Active Knee Extension (º)
Straight Leg Raise (º)
Women
Weight-Bearing Ankle Dorsiflexion (cm)
Active Ankle Dorsiflexion (º)
Active Knee Extension (º)
Straight Leg Raise (º)

Dominant
Mean (SD)
Median (IQR)

n

Non-Dominant
Mean (SD)
Median (IQR)

130
131
131
131

6.8 (2.6)
6.8 (2.6)
14.3 (9.0)
82.8 (6.0)

7.0 (4.8, 8.2)
7.3 (4.3, 10.0)
13.3 (7.0, 20.7)
82.3 (79.3, 87.0)

131
131
131
131

7.3 (7.6)
7.3 (3.4)
13.4 (8.6)
82.5 (6.7)

6.5 (4.8, 8.3)
7.7 (4.3, 9.7)
12.0 (6.7, 18.7)
82.7 (79.3, 86.0)

77
78
78
78

6.4 (2.9)
6.8 (3.5)
13.9 (8.8)
83.1 (5.9)

6.0 (4.3, 7.8)
7.3 (3.3, 9.7)
12.9 (6.8, 19.8)
83.2 (79.2, 87.3)

78
78
78
78

6.3 (2.9)
7.1 (3.3)
13.2 (8.7)
82.4 (6.1)

5.9 (4.5, 7.6)
7.7 (4.0, 9.5)
11.7 (6.3, 19.8)
82.9 (79.5, 86.7)

53
53
53
53

7.4 (2.1)
7.4 (4.0)
14.9 (9.5)
82.4 (6.2)

7.6 (5.9, 8.6)
6.7 (5.7, 10.2)
13.7 (6.7, 21.9)
82.0 (80.0, 86.3)

53
53
53
53

8.8 (11.3)
7.5 (3.7)
13.8 (8.6)
82.6 (5.0)

7.4 (5.9, 8.6)
8.0 (4.8, 9.7)
12.3 (7.0, 18.0)
82.0 (79.0, 85.9)

Table 8. Lower Extremity Range of Motion and Flexibility Stratified by Sport Type
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Table 9. Lower Extremity Range of Motion and Flexibility for Soccer Overall and Stratified by Sex
Dominant
n Mean (SD)
Men's Soccer
Weight-Bearing Ankle Dorsiflexion (cm)
Active Ankle Dorsiflexion (º)
Active Knee Extension (º)
Straight Leg Raise (º)
Women's Soccer
Weight-Bearing Ankle Dorsiflexion (cm)
Active Ankle Dorsiflexion (º)
Active Knee Extension (º)
Straight Leg Raise (º)

Median (IQR)

Non-Dominant
n Mean (SD)

Median (IQR)

24 5.7 (1.7)
5.7 (4.6, 7.1)
24 6.8 (3.4)
5.7 (3.4, 9.9)
24 14.4 (9.4) 13.3 (5.8, 20.4)
24 82.1 (5.4) 83.3 (77.7, 86.2)

24 5.7 (1.8)
5.5 (4.4, 6.9)
24 7.7 (2.8)
8.3 (5.7, 10.2)
24 14.3 (10.1) 12.7 (6.4, 21.9)
24 83.7 (6.1) 84.0 (80.3, 86.9)

24 6.6 (1.9)
7.0 (4.9, 7.7)
24 8.9 (3.6)
9.4 (6.0, 11.0)
24 14.1 (8.2) 14.4 (6.7, 20.6)
24 83.0 (6.6) 82.0 (80.4, 87.1)

24 6.8 (2.1)
24 8.2 (2.9)
24 12.4 (9.5)
24 83.5 (5.5)

7.0 (5.1, 7.5)
8.7 (5.7, 10.2)
9.8 (6.0, 17.6)
82.9 (79.5, 88.0)

Table 10. Lower Extremity Range of Motion and Flexibility for Basketball Overall and Stratified by Sex
Dominant
n Mean (SD)
Men's Basketball
Weight-Bearing Ankle Dorsiflexion (cm)
Active Ankle Dorsiflexion (º)
Active Knee Extension (º)
Straight Leg Raise (º)
Women's Basketball
Weight-Bearing Ankle Dorsiflexion (cm)
Active Ankle Dorsiflexion (º)
Active Knee Extension (º)
Straight Leg Raise (º)

Median (IQR)

Non-Dominant
n Mean (SD)

Median (IQR)

11 8.2 (2.3)
7.8 (3.7, 12.2)
11 6.4 (3.7)
4.7 (3.0, 7.7)
11 14.1 (10.1) 17.7 (7.0, 24.0)
11 83.0 (4.6) 83.3 (81.7, 88.3)

11 14.3 (22.3) 8.9 (3.1, 12.3)
11 7.1 (4.0)
6.3 (3.7, 9.0)
11 14.3 (9.1) 22.3 (3.7, 23.3)
11 82.4 (4.0) 80.3 (79.0, 83.3)

13 8.3 (4.9)
8.1 (6.9, 9.2)
13 5.7 (3.3)
4.5 (4.2, 8.5)
13 16.2 (8.1) 13.0 (5.3, 22.7)
13 86.1 (7.2) 84.3 (79.0, 86.7)

13 8.7 (4.7)
8.2 (6.9, 10.8)
13 6.5 (2.9)
5.3 (3.7, 9.5)
13 17.4 (11.0) 13.8 (7.2, 19.0)
13 82.4 (6.5) 82.9 (80.4, 85.5)

Lower extremity range of motion and flexibility ratios are presented in Table 11 and
Table 12. Table 11 represents overall lower extremity range of motion and flexibility, and
stratified by sex. Table 12 represents lower extremity range of motion and flexibility by sport
type, and stratified by sex, if applicable. Sport types that encompass men’s athletes (soccer,
football, and basketball) demonstrate significant differences in dominant/non-dominant straight
leg raise ratios. Football athletes have the highest ratio of dominant/non-dominant straight leg
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raise ratio (mean ± standard deviation) at 1.02 ± 0.08, followed by men’s basketball at 1.00 ±
0.07, and finally, soccer at 0.98 ± 0.05.

Table 11. Lower Extremity Range of Motion and Flexibility Ratios Overall

Table 12. Lower Extremity Range of Motion and Flexibility Ratios Stratified by Sex and Sport Type

4.2.2 Lower Extremity Isometric Strength

Lower extremity isometric strength is presented in Table 13, Table 14, Table 15, and Table 16.
Table 13 represents overall lower extremity isometric strength, and stratified by sex. Table 14
represents lower extremity isometric strength by sport type. Table 15 and Table 16 represent
soccer and basketball lower extremity isometric strength, stratified by sex, respectively.
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Significant differences in normalized lower extremity strength were noted for all variables when
comparing men’s sport types (soccer, football, and basketball). Women’s sport types (soccer,
volleyball, and basketball) demonstrated significant differences in all normalized lower
extremity strength variables, excluding hip external rotation. Men’s and women’s soccer athletes
demonstrate no significant differences in normalized lower extremity strength. Men’s and
women’s basketball athletes demonstrate significant differences in normalized strength at the
ankle and hip, excluding hip external rotation. Women’s basketball athletes demonstrated greater
normalized strength than men’s basketball athletes.
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Table 13. Lower Extremity Isometric Strength Overall and Stratified by Sex

Dominant
Overall
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)
Men
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)
Women
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)

Non-Dominant

n

Mean (SD)

Median (IQR)

n

Mean (SD)

Median (IQR)

130
128
130
130
130
130
131
131
131
130

26.3 (9.0)
25.1 (8.7)
21.2 (8.2)
20.4 (7.5)
19.7 (5.6)
20.4 (5.2)
17.1 (4.4)
18.7 (4.8)
33.5 (11.2)
48.4 (18.1)

23.7 (19.3, 33.7)
23.9 (18.7, 29.1)
19.4 (15.4, 27.2)
18.1 (15.2, 26.4)
18.2 (16.1, 22.8)
19.9 (16.7, 23.5)
17.2 (14.2, 20.5)
18.9 (14.4, 22.3)
30.5 (25.7, 40.4)
45.2 (36.3, 58.5)

130
127
130
130
131
130
131
131
130
131

25.6 (9.0)
24.9 (8.6)
20.8 (7.9)
20.1 (7.5)
19.2 (4.9)
20.2 (5.6)
16.4 (4.5)
19.2 (4.9)
32.4 (11.5)
48.2 (18.2)

23.3 (19.3, 32.3)
23.3 (18.6, 28.8)
19.1 (14.5, 27.4)
18.5 (14.8, 24.9)
18.2 (16.1, 21.9)
19.7 (16.9, 23.3)
16.5 (13.0, 19.7)
19.1 (15.4, 22.2)
29.7 (24.8, 39.0)
46.1 (36.0, 58.8)

77 26.0(9.0)
75 23.6 (8.8)
77 21.2 (8.5)
77 20.3 (7.8)
77 19.4 (6.1)
77 20.3 (5.7)
78 16.8 (4.7)
78 18.9 (5.0)
78 35.0 (12.2)
77 50.3 (20.3)

23.7 (19.8, 32.1)
21.8 (17.7, 26.5)
19.2 (14.7, 27.2)
17.7 (14.0, 26.6)
17.7 (15.5, 22.8)
19.8 (16.2, 23.1)
16.3 (13.4, 19.7)
19.2 (14.2, 22.6)
33.6 (26.4, 43.2)
47.4 (35.5, 63.2)

77 25. (9.5)
75 23.7 (8.6)
77 20.7 (8.3)
77 20.1 (7.8)
78 18.9 (5.3)
77 20.1 (6.1)
78 15.9 (4.6)
78 19.8 (5.5)
77 33.9 (12.5)
78 50.2 (20.2)

23.2 (17.7, 31.4)
21.7 (17.7, 27.0)
18.2 (14.2, 27.4)
17.8 (14.9, 25.6)
17.5 (15.7, 22.0)
19.3 (15.5, 23.3)
15.7 (12.5, 19.3)
19.5 (15.1, 23.4)
31.4 (25.7, 40.8)
48.3 (35.5, 62.6)

53 26.8 (9.2)
53 27.3 (8.2)
53 21.2 (7.7)
53 20.4 (7.1)
53 20.1 (4.8)
53 20.4 (4.3)
53 17.7 (4.0)
53 18.3 (4.5)
53 31.2 (9.3)
53 45.6 (14.0)

23.8 (20.1, 35.3)
26.2 (22.6, 30.5)
19.6 (15.8, 26.8)
19.2 (16.2, 25.1)
19.4 (16.9, 23.1)
19.9 (17.5, 24.1)
17.8 (14.7, 20.6)
18.8 (15.3, 21.7)
29.0 (24.6, 36.4)
41.8 (36.4, 55.5)

53 25.8 (8.2)
52 26.5 (8.5)
53 21.0 (7.5)
53 20.1 (7.0)
53 19.5 (4.4)
53 20.5 (4.7)
53 17.1 (4.1)
53 18.4 (3.7)
53 30.2 (9.5)
53 45.2 (14.5)

23.7 (20.1, 32.7)
25.7 (21.7, 30.0)
20.6 (14.9, 28.3)
19.7 (14.7, 24.2)
19.6 (16.7, 21.7)
20.3 (17.2, 23.5)
17.8 (13.4, 20.4)
18.9 (16.0, 21.0)
27.8 (23.8, 38.2)
45.2 (36.3, 50.4)
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Table 14. Lower Extremity Isometric Strength Overall and Stratified by Sport Type
Dominant
n Mean (SD)
Soccer
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)
Football
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)
Volleyball
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)
Basketball
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)

Median (IQR)

Non-Dominant
n Mean (SD)

Median (IQR)

48
48
48
48
48
48
48
48
48
48

29.1 (8.6)
28.9 (8.0)
24.0 (7.6)
23.7 (7.4)
22.3 (5.4)
22.8 (5.4)
19.2 (4.1)
20.1 (4.5)
36.4 (11.4)
53.9 (15.9)

27.1 (21.8, 36.1)
26.6 (24.0, 33.0)
21.6 (17.4, 30.0)
21.6 (18.0, 30.5)
20.6 (17.8, 25.8)
22.6 (19.0, 25.2)
19.2 (16.9, 21.1)
20.0 (16.68, 22.5)
31.1 (26.5, 46.1)
51.5 (43.7, 65.1)

48
47
48
48
48
48
48
48
48
48

28.7 (8.6)
27.9 (7.7)
24.2 (7.6)
23.5 (7.2)
21.5 (4.5)
22.8 (5.4)
18.5 (4.0)
20.4 (5.0)
34.6 (10.4)
52.8 (17.2)

27.8 (21.1, 34.8)
26.3 (23.1, 31.8)
23.2 (17.9, 29.1)
21.4 (17.7, 29.8)
21.0 (17.4, 24.6)
22.5 (19.8, 26.3)
18.5 (15.9, 20.2)
19.7 (17.1, 23.3)
30.7 (27.2, 42.4)
50.5 (39.7, 61.7)

42
40
42
42
42
42
43
43
43
42

25.7 (8.9)
21.9 (7.4)
20.6 (7.5)
19.6 (6.7)
18.5 (5.5)
19.3 (4.2)
16.6 (3.8)
18.8 (4.8)
35.4 (11.8)
51.5 (21.0)

23.3 (17.5, 30.2)
19.9 (16.6, 24.0)
19.2 (14.8, 23.0)
17.5 (13.8, 23.8)
17.0 (15.2, 20.4)
19.2 (16.3, 21.5)
15.8 (13.7, 19.2)
19.0 (14.1, 22.6)
33.8 (26.9, 40.7)
46.0 (37.3, 63.9)

42
40
42
42
43
42
43
43
42
43

24.8 (9.4)
22.5 (7.6)
19.9 (6.9)
19.5 (6.2)
18.2 (4.5)
19.4 (5.2)
15.5 (4.0)
19.8 (4.6)
35.6 (12.6)
52.0 (19.5)

22.6 (16.7, 29.8)
20.3 (17.1, 26.3)
18.1 (14.8, 23.0)
18.2 (15.8, 21.4)
16.6 (15.8, 19.7)
18.6 (15.2, 22.2)
15.4 (12.1, 18.8)
19.7 (16.5, 23.1)
33.0 (27.3, 40.6)
45.9 (37.4, 64.2)

16
16
16
16
16
16
16
16
16
16

18.8 (4.7)
21.7 (5.5)
15.6 (3.9)
14.7 (4.6)
17.0 (3.3)
19.1 (3.8)
16.1 (3.9)
17.4 (4.9)
25.4 (6.1)
37.9 (9.4)

19.4 (15.5, 22.9)
22.6 (18.7, 25.9)
15.9 (12.0, 18.5)
15.8 (12.9, 17.5)
17.0 (14.8, 19.4)
19.9 (15.8, 21.3)
16.4 (12.3, 19.5)
17.9 (13.8, 22.5)
25.2 (20.3, 29.4)
37.0 (31.5, 43.2)

16
16
16
16
16
16
16
16
16
16

18.5 (4.2)
21.2 (5.1)
14.9 (4.3)
14.4 (4.2)
17.1 (3.2)
18.3 (3.8)
14.8 (3.7)
17.6 (4.3)
23.6 (5.6)
39.8 (9.6)

20.0 (16.0, 20.7)
21.4 (18.2, 25.2)
14.6 (12.5, 18.9)
14.7 (11.2, 16.5)
17.3 (14.7, 20.0)
18.5 (15.2, 22.1)
13.3 (12.5, 17.8)
18.4 (14.2, 21.0)
23.1 (19.6, 29.4)
39.9 (33.6, 46.3)

24
24
24
24
24
24
24
24
24
24

27.0 (9.8)
25.2 (11.2)
20.5 (10.3)
18.9 (8.0)
18.3 (5.7)
18.1 (5.3)
14.8 (4.9)
16.4 (4.6)
29.5 (9.2)
38.8 (15.0)

24.8 (20.7, 36.7)
24.6 (17.9, 29.0)
19.6 (11.0, 30.7)
17.6 (11.4, 25.6)
18.2 (12.7, 22.5)
18.6 (13.3, 22.1)
15.8 (10.7, 17.7)
16.0 (13.2, 20.5)
28.7 (22.9, 36.3)
37.0 (28.0, 53.0)

24
24
24
24
24
24
24
24
24
24

25.2 (8.6)
25.3 (11.6)
19.6 (9.3)
18.1 (8.6)
17.7 (5.7)
17.5 (5.5)
14.7 (5.1)
16.8 (4.6)
28.3 (10.8)
37.8 (16.6)

24.0 (18.6, 32.2)
23.4 (17.0, 28.8)
19.2 (11.1, 29.2)
17.8 (11.0, 22.9)
17.1 (12.9, 21.7)
17.3 (12.2, 21.8)
14.4 (11.1, 19.7)
16.2 (13.2, 20.1)
27.3 (20.2, 38.3)
38.1 (25.5, 46.1)
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Table 15. Lower Extremity Isometric Strength for Soccer Overall and Stratified by Sex

Dominant
n Mean (SD)
Men's Soccer
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)
Women's Soccer
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)

Median (IQR)

Non-Dominant
n Mean (SD)

Median (IQR)

24
24
24
24
24
24
24
24
24
24

28.9 (9.4)
28.9 (10.1)
25.8 (8.8)
24.9 (8.5)
23.2 (6.0)
24.2 (6.2)
19.1 (4.8)
20.8 (4.8)
38.3 (12.9)
55.2 (18.0)

28.0 (21.2, 37.8)
25.7 (23.0, 34.0)
27.3 (17.8, 32.0)
26.6 (17.2, 31.0)
22.4 (17.8, 26.6)
23.0 (20.1, 26.2)
19.1 (15.9, 21.3)
20.8 (17.1, 23.5)
36.3 (26.5, 48.4)
51.5 (44.4, 68.6)

24
24
24
24
24
24
24
24
24
24

29.2 (10.1)
28.4 (9.4)
25.5 (8.9)
24.6 (8.5)
22.3 (5.3)
23.7 (12.9)
18.3 (4.4)
21.4 (6.3)
35.7 (11.4)
54.0 (18.6)

29.2 (20.4, 35.9)
25.5 (22.7, 36.1)
27.0 (17.7, 30.6)
27.6 (16.0, 30.9)
21.9 (17.5, 26.6)
23.3 (19.0, 28.9)
18.1 (15.5, 20.2)
20.8 (16.4, 24.2)
34.1 (26.8, 45.4)
53.3 (39.7, 63.1)

24
24
24
24
24
24
24
24
24
24

29.2 (7.9)
28.9 (5.3)
22.1 (5.8)
22.5 (6.1)
21.5 (4.8)
21.4 (4.1)
19.2 (3.4)
19.4 (4.3)
34.4 (9.5)
52.7 (13.7)

25.8 (21.8, 35.7)
27.2 (24.5, 32.7)
20.8 (17.2, 27.5)
20.7 (18.0, 29.4)
19.9 (17.8, 23.6)
21.5 (18.2, 24.5)
19.2 (17.1, 20.8)
19.2 (15.9, 22.2)
30.4 (26.5, 39.7)
49.9 (41.5, 62.0)

24
23
24
24
24
24
24
24
24
24

28.2 (7.1)
27.4 (5.6)
22.8 (6.1)
22.4 (5.5)
20.6 (3.5)
22.1 (4.5)
18.7 (3.5)
19.4 (3.2)
33.5 (9.3)
51.5 (16.0)

27.3 (21.1, 33.7)
26.3 (23.3, 31.8)
21.7 (18.8, 28.4)
20.7 (18.9, 26.8)
20.3 (17.4, 22.8)
22.5 (19.9, 24.9)
18.5 (16.3, 20.7)
19.5 (15.9, 22.2)
29.3 (27.2, 39.8)
48.4 (39.5, 61.0)
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Table 16. Lower Extremity Isometric Strength for Basketball Overall and Stratified by Sex
Dominant
n Mean (SD)
Men's Basketball
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)
Women's Basketball
Ankle Dorsiflexion (%BW)
Ankle Plantarflexion (%BW)
Ankle Inversion (%BW)
Ankle Eversion (%BW)
Hip Abduction (%BW)
Hip Adduction (%BW)
Hip Internal Rotation (%BW)
Hip External Rotation (%BW)
Knee Flexion (%BW)
Knee Extension (%BW)

Median (IQR)

Non-Dominant
n Mean (SD)

Median (IQR)

11
11
11
11
11
11
11
11
11
11

20.8 (5.5)
18.0 (4.5)
13.7 (5.1)
13.3 (3.5)
14.9 (4.3)
15.5 (4.5)
12.4 (4.5)
15.4 (4.7)
26.1 (8.1)
35.1 (16.1)

23.11 (16.6, 24.5)
17.9 (13.8, 21.9)
12.6 (10.2, 18.7)
11.9 (10.01, 17.6)
14.0 (11.3, 17.8)
14.4 (11.9, 20.1)
11.23 (9.6,15.2)
13.9 (12.0, 16.6)
23.3(18.3, 34.6)
30.3 (21.4, 50.6)

11
11
11
11
11
11
11
11
11
11

19.3 (4.1)
17.9 (4.5)
13.0 (5.0)
12.5 (4.4)
14.5 (3.6)
14.5 (4.1)
12.1 (4.6)
16.0 (5.5)
23.8 (10.0)
34.9 (20.6)

21.04 (15.6, 22.4)
18.1 (13.6, 22.4)
12.4 (10.0, 17.6)
12.3 (9.0, 17.5)
13.7 (11.5, 18.0)
14.0 (10.6, 17.5)
11.1 (9.0, 14.1)
13.9(12.6, 19.3)
23.6 (15.5, 34.9)
26.1 (20.8, 58.7)

13
13
13
13
13
13
13
13
13
13

32.3 (9.7)
31.3 (11.5)
26.2 (10.1)
23.6 (7.66)
21.3 (5.1)
20.3 (5.2)
16.9 (4.4)
17.3 (4.5)
32.3 (9.5)
42.0 (13.7)

36.3 (23.7, 39.9)
28.3 (24.3, 41.6)
28.6 (18.9, 35.2)
24.3 (17.7, 29.4)
21.7 (18.1, 26.0)
19.2 (17.4, 24.2)
17.4 (15.5, 19.4)
19.3 (15.0, 20.8)
32.0 (25.9, 41.8)
40.1 (34.9, 54.4)

13
13
13
13
13
13
13
13
13
13

30.3 (8.3)
31.5 (12.2)
25.1 (8.6)
22.9 (8.5)
20.3 (5.9)
20.2 (5.2)
16.9 (4.6)
17.6 (3.7)
32.1 (10.3)
40.3 (12.6)

32.1 (24.7, 36.9)
28.8 (23.0, 42.7)
29.2 (17.2, 32.8)
21.9 (18.2, 27.2)
20.4 (16.0, 24.6)
19.9 (16.1, 24.5)
18.7 (13.2, 21.5)
18.5 (15.1, 20.5)
33.8 (25.3, 38.6)
40.7 (33.4, 45.8)

Lower extremity isometric strength ratios are presented in Table 17, Table 18, Table 19,
Table 20, Table 21 and Table 22. Table 17 represents overall lower extremity dominant/nondominant isometric strength ratios, and stratified by sex. Table 18 represents overall lower
extremity agonist/antagonist isometric strength ratios, and stratified by sex. Table 19 represents
lower extremity dominant/non-dominant isometric strength ratios by sport type, and stratified by
sex, if applicable. Table 20 represents lower extremity agonist/antagonist isometric strength
ratios by sport. Table 21 and Table 22 represent soccer and basketball lower extremity
agonist/antagonist isometric strength ratios, stratified by sex, respectively. Overall, no significant
differences were demonstrated in dominant/non-dominant lower extremity strength ratios when
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comparing men’s and women’s lower extremity dominant athletes. No significant differences in
agonist/antagonist lower extremity strength ratios were noted for men’s and women’s soccer
athletes. Men’s and women’s basketball athletes demonstrate statistically significant differences
in hip external rotation/internal rotation strength ratios. Men’s basketball athletes demonstrate
greater hip external rotation/internal rotation strength ratios (mean ± standard deviation) when
compared to women’s basketball athletes (Dominant: Men’s Basketball – 1.29 ± 0.26, Women’s
Basketball – 1.05 ± 0.22; Non-Dominant: Men’s Basketball – 1.40 ± 0.37, Women’s Basketball
– 1.08 ± 0.24).

Table 17. Lower Extremity Isometric Strength Ratios – Dominant/Non-Dominant Overall and Stratified by Sex
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Table 18. Lower Extremity Isometric Strength Ratios – Agonist/Antagonist Overall and Stratified by Sex
Dominant
Overall
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio
Men
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio
Women
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio

Non-Dominant

n

Mean (SD)

Median (IQR)

n

Mean (SD)

Median (IQR)

128
130
130
131
130

1.06 (0.23)
0.98 (0.18)
1.06 (0.17)
1.11 (0.23)
0.73 (0.20)

1.01 (0.90, 1.23)
0.98 (0.87, 1.07)
1.10 (0.96, 1.18)
1.11 (0.95, 1.22)
0.70 (0.60, 0.83)

127
130
130
131
130

1.04 (0.23)
0.99 (0.17)
1.06 (0.14)
1.21 (0.25)
0.71 (0.22)

0.99 (0.87, 1.18)
0.96 (0.89, 1.07)
1.05 (0.97, 1.15)
1.20 (1.02, 1.36)
0.66 (0.56, 0.84)

75
77
77
77
78

1.12 (0.21)
0.98 (0.18)
1.07 (0.18)
1.16 (0.23)
0.75 (0.22)

1.11 (0.95, 1.30)
0.95 (0.87, 1.07)
1.11 (0.96, 1.21)
1.15 (1.02, 1.23)
0.74 (0.60, 0.89)

75
77
77
77
78

1.08 (0.22)
0.99 (0.15)
1.06 (0.14)
1.28 (0.26)
0.72 (0.24)

1.05 (0.94, 1.23)
0.97 (0.89, 1.08)
1.04 (0.96, 1.15)
1.26 (1.11, 1.44)
0.68 (0.53, 0.92)

53
53
53
53
53

0.99 (0.23)
0.98 (0.18)
1.04 (0.16)
1.05 (0.21)
0.71 (0.16)

0.92 (0.83, 1.14)
0.99 (0.88, 1.07)
1.09 (0.95, 1.15)
1.01 (0.90, 1.16)
0.66 (0.61, 0.80)

52
53
53
53
53

0.98 (0.21)
0.98 (0.19)
1.06 (0.15)
1.10 (0.20)
0.69 (0.18)

0.90 (0.83, 1.10)
0.94 (0.86, 1.06)
1.06 (0.98, 1.15)
1.08 (0.96, 1.23)
0.66 (0.57, 0.82)
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Table 19. Lower Extremity Isometric Strength Ratios – Dominant/Non-Dominant Stratified by Sex and Sport Type
Overall
n Mean (SD)
Soccer
Dominant/Non-Dominant Ankle Dorsiflexion Ratio
Dominant/Non-Dominant Ankle Plantarflexion Ratio
Dominant/Non-Dominant Ankle Inversion Ratio
Dominant/Non-Dominant Ankle Eversion Ratio
Dominant/Non-Dominant Hip Abduction Ratio
Dominant/Non-Dominant Hip Adduction Ratio
Dominant/Non-Dominant Hip Internal Rotation Ratio
Dominant/Non-Dominant Hip External Rotation Ratio
Dominant/Non-Dominant Knee Flexion Ratio
Dominant/Non-Dominant Knee Extension Ratio
Football
Dominant/Non-Dominant Ankle Dorsiflexion Ratio
Dominant/Non-Dominant Ankle Plantarflexion Ratio
Dominant/Non-Dominant Ankle Inversion Ratio
Dominant/Non-Dominant Ankle Eversion Ratio
Dominant/Non-Dominant Hip Abduction Ratio
Dominant/Non-Dominant Hip Adduction Ratio
Dominant/Non-Dominant Hip Internal Rotation Ratio
Dominant/Non-Dominant Hip External Rotation Ratio
Dominant/Non-Dominant Knee Flexion Ratio
Dominant/Non-Dominant Knee Extension Ratio
Volleyball
Dominant/Non-Dominant Ankle Dorsiflexion Ratio
Dominant/Non-Dominant Ankle Plantarflexion Ratio
Dominant/Non-Dominant Ankle Inversion Ratio
Dominant/Non-Dominant Ankle Eversion Ratio
Dominant/Non-Dominant Hip Abduction Ratio
Dominant/Non-Dominant Hip Adduction Ratio
Dominant/Non-Dominant Hip Internal Rotation Ratio
Dominant/Non-Dominant Hip External Rotation Ratio
Dominant/Non-Dominant Knee Flexion Ratio
Dominant/Non-Dominant Knee Extension Ratio
Basketball
Dominant/Non-Dominant Ankle Dorsiflexion Ratio
Dominant/Non-Dominant Ankle Plantarflexion Ratio
Dominant/Non-Dominant Ankle Inversion Ratio
Dominant/Non-Dominant Ankle Eversion Ratio
Dominant/Non-Dominant Hip Abduction Ratio
Dominant/Non-Dominant Hip Adduction Ratio
Dominant/Non-Dominant Hip Internal Rotation Ratio
Dominant/Non-Dominant Hip External Rotation Ratio
Dominant/Non-Dominant Knee Flexion Ratio
Dominant/Non-Dominant Knee Extension Ratio

Men
Median

n Mean (SD)

Women
Median

n Mean (SD)

Median

48
47
48
48
48
48
48
48
48
48

1.02 (0.14)
1.04 (0.11)
1.00 (0.16)
1.02 (0.13)
1.04 (0.13)
1.01 (0.14)
1.04 (0.15)
1.00 (0.14)
1.05 (0.13)
1.04 (0.17)

1.03 (0.96, 1.06)
1.03 (0.95, 1.09)
0.99 (0.92, 1.04)
1.02 (0.93, 1.10)
1.00 (0.93, 1.10)
1.00 (0.90, 1.10)
1.05 (0.97, 1.13)
1.00 (0.92, 1.08)
1.03 (0.98, 1.14)
1.06 (0.92, 1.18)

24
24
24
24
24
24
24
24
24
24

1.01 (0.17)
1.01 (0.71)
1.02 (0.14)
1.02 (0.14)
1.04 (0.10)
1.03 (0.15)
1.05 (0.14)
1.00 (0.14)
1.07 (0.14)
1.04 (0.17)

0.97 (0.92, 1.04)
1.03 (0.97, 1.07)
0.99 (0.94, 1.04)
1.05 (0.91, 1.09)
1.04 (0.97, 1.08)
1.01 (0.89, 1.13)
1.06 (0.99, 1.13)
1.00 (0.93, 1.04)
1.05 (0.98, 1.19)
1.04 (0.92, 1.16)

24
23
24
24
24
24
24
24
24
24

1.03 (0.09)
1.06 (0.14)
0.99 (0.18)
1.01 (0.13)
1.04 (0.15)
0.98 (0.12)
1.04 (0.16)
1.00 (0.14)
1.03 (0.12)
1.04 (0.16)

1.05 (1.00, 1.09)
1.05 (0.95, 1.14)
0.98 (0.86, 1.05)
1.02 (0.93, 1.12)
0.97 (0.92, 1.12)
0.97 (0.91, 1.06)
1.03 (0.94, 1.17)
1.00 (0.89, 1.12)
1.02 (0.97, 1.08)
1.08 (0.92, 1.20)

-----------

-----------

-----------

41
39
41
41
42
41
43
43
42
42

1.05 (0.10)
0.99 (0.10)
1.04 (0.16)
0.99 (0.18)
1.02 (0.12)
1.02 (0.12)
1.09 (0.15)
0.95 (0.13)
1.03 (0.19)
1.01 (0.14)

1.05 (1.00, 1.09)
0.98(0.95, 1.05)
1.03 (0.92, 1.16)
1.00 (0.86, 1.09)
0.99 (0.93, 1.09)
1.02 (0.94, 1.12)
1.06 (0.99, 1.23)
0.96 (0.87, 1.01)
1.02 (0.95, 1.11)
0.96 (0.91, 1.07)

-----------

-----------

-----------

-----------

-----------

-----------

-----------

-----------

-----------

16
16
16
16
16
16
16
16
16
16

1.02 (0.10)
1.02 (0.65)
1.08 (0.20)
1.02 (0.19)
0.99 (0.08)
1.05 (0.09)
1.09 (0.13)
0.99 (0.15)
1.08 (0.10)
0.96 (0.12)

1.02 (0.94, 1.12)
1.01 (0.99, 1.04)
1.00 (0.91, 1.26)
1.06 (0.86, 1.19)
0.98 (0.95, 1.07)
1.05 (0.96, 1.12)
1.09 (1.05, 1.18)
0.96 (0.90, 1.09)
1.09 (1.05, 1.12)
0.92 (0.88, 1.04)

24
24
24
24
24
24
24
24
24
24

1.07 (0.14)
1.01 (0.09)
1.05 (0.19)
1.07 (1.69)
1.05 (0.15)
1.04 (0.12)
1.04 (0.21)
0.98 (0.16)
1.09 (0.17)
1.06 (0.18)

1.03 (0.97, 1.16)
1.02 (0.93, 1.07)
1.05 (0.93, 1.19)
1.11 (0.94, 1.16)
1.02 (0.95, 1.13)
1.03 (0.94, 1.16)
1.04 (0.92, 1.15)
0.99 (0.87, 1.08)
1.06 (0.94, 1.17)
1.03 (0.97, 1.20)

11
11
11
11
11
11
11
11
11
11

1.07 (0.13)
1.01 (0.10)
1.07 (0.20)
1.10 (0.17)
1.02 (0.12)
1.08 (0.12)
1.07 (0.25)
0.98 (0.13)
1.16 (0.21)
1.07 (0.17)

1.06 (0.96, 1.20)
1.02 (0.92, 1.07)
1.01 (0.89, 1.25)
1.14 (0.99, 1.26)
1.02 (0.98, 1.06)
1.11 (0.98, 1.19)
1.08 (0.94, 1.14)
1.01 (0.86, 1.09)
1.24 (0.96, 1.31)
1.01 (0.97, 1.23)

13
13
13
13
13
13
13
13
13
13

1.06 (0.16)
1.00 (0.09)
1.03 (0.18)
1.05 (0.17)
1.07 (0.18)
1.01 (0.11)
1.01 (0.17)
0.99 (0.19)
1.02 (0.10)
1.05 (0.19)

1.00 (0.96, 1.13)
1.00 (0.93, 1.07)
1.07 (0.93, 1.15)
1.01 (0.91, 1.11)
1.03 (0.93, 1.18)
1.00 (0.93, 1.10)
1.03 (0.83, 1.18)
0.98 (0.92, 1.08)
1.04 (0.92, 1.12)
1.04 (0.93, 1.12)
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Table 20. Lower Extremity Isometric Strength Ratios – Agonist/Antagonist Stratified by Sport Type
Dominant
n Mean (SD)
Soccer
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio
Football
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio
Volleyball
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio
Basketball
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio

Median

Non-Dominant
n Mean (SD)

Median

48
48
48
48
48

1.02 (0.21)
1.00 (0.16)
1.04 (0.19)
1.06 (0.19)
0.70 (0.19)

0.99 (0.86, 1.10)
1.02 (0.88, 1.05)
1.07 (0.97, 1.22)
1.06 (1.01, 1.18)
0.68 (0.60, 0.83)

47
48
48
48
48

1.04 (0.25)
0.98 (0.15)
1.07 (0.14)
1.11 (0.21)
0.69 (0.19)

0.97 (0.88, 1.20)
0.95 (0.89, 1.06)
1.08 (0.96, 1.15)
1.09 (0.97, 1.34)
0.66 (0.55, 0.82)

40
42
42
43
42

1.16 (0.20)
0.97 (0.18)
1.08 (0.19)
1.15 (0.25)
0.74 (0.21)

1.15 (1.00, 1.31)
0.93 (0.85, 1.08)
1.13 (0.95, 1.22)
1.15 (0.98, 1.23)
0.73 (0.59, 0.86)

40
42
42
43
42

1.11 (0.22)
1.00 (0.17)
1.08 (0.16)
1.31 (0.22)
0.72 (0.23)

1.08 (0.95, 1.28)
1.00 (0.90, 1.10)
1.03 (0.96, 1.18)
1.32 (1.18, 1.46)
0.69 (0.54, 0.92)

16
16
16
16
16

0.88 (0.13)
0.94 (0.21)
1.12 (0.08)
1.09 (0.24)
0.69 (0.13)

0.87 (0.79, 0.94)
0.98 (0.80, 1.06)
1.13 (1.08, 1.17)
1.10 (0.92, 1.23)
0.67 (1.28, 1.64)

16
16
16
16
16

0.88 (0.11)
1.00 (0.24)
1.07 (0.13)
1.20 (0.19)
0.61 (0.12)

0.85 (0.81, 0.95)
0.96 (0.91, 1.04)
1.06 (0.97, 1.13)
1.31 (1.05, 1.38)
0.59 (0.51, 0.71)

24
24
24
24
24

1.12 (0.25)
0.99 (0.22)
1.01 (0.15)
1.15 (0.25)
0.83 (0.24)

1.05 (0.92, 1.31)
0.92 (0.84, 1.07)
1.03 (0.92, 1.13)
1.14 (0.95, 1.34)
0.79 (0.64, 0.93)

24
24
24
24
24

1.06 (0.23)
0.95 (0.15)
1.00 (0.13)
1.23 (0.34)
0.81 (0.26)

1.05 (0.90, 1.20)
0.93 (0.81, 1.04)
1.02 (0.89, 1.08)
1.17 (0.99, 1.37)
0.74 (0.60, 1.03)

Table 21. Lower Extremity Isometric Strength Ratios – Agonist/Antagonist for Soccer Overall and Stratified by Sex
Dominant
n Mean (SD)
Men's Soccer
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio
Women's Soccer
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio

Median (IQR)

Non-Dominant
n Mean (SD)

Median (IQR)

24
24
24
24
24

1.01 (0.20)
0.98 (0.18)
1.06 (0.20)
1.11 (0.17)
0.72 (0.21)

0.99 (0.76, 1.01)
0.96 (0.91, 1.08)
1.07 (0.94, 1.16)
1.13 (1.14, 1.35)
0.74 (0.60, 0.99)

24
24
24
24
24

1.04 (0.24)
0.97 (0.13)
1.07 (0.10)
1.18 (0.24)
0.70 (0.20)

1.05 (0.98, 1.23)
0.95 (0.82, 1.08)
1.07 (0.88, 1.08)
1.20 (1.14, 1.48)
0.67 (0.49, 1.14)

24
24
24
24
24

1.01 (0.22)
1.03 (0.13)
1.02 (0.18)
1.02 (0.20)
0.67 (0.16)

0.99 (0.83, 1.18)
1.03 (0.98, 1.10)
1.07 (0.89, 1.16)
0.99 (0.87, 1.15)
0.63 (0.56, 0.74)

23
24
24
24
24

1.03 (0.27)
1.00 (0.18)
1.07 (0.16)
1.05 (0.17)
0.68 (0.18)

0.91 (0.88, 1.18)
0.97 (0.85, 1.14)
1.08 (1.00, 1.17)
1.04 (0.95, 1.17)
0.65 (0.56, 0.81)
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Table 22. Lower Extremity Isometric Strength Ratios – Agonist/Antagonist for Basketball Overall and Stratified by
Sex
Dominant
n Mean (SD)
Men's Basketball
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio
Women's Basketball
Ankle Dorsiflexion/Plantarflexion Ratio
Ankle Eversion/Inversion Ratio
Hip Adduction/Abduction Ratio
Hip External Rotation/Internal Rotation Ratio
Knee Flexion/Extension Ratio

Median (IQR)

Non-Dominant
n Mean (SD)

Median (IQR)

11
11
11
11
11

1.16 (0.18)
1.02 (0.20)
1.05 (0.10)
1.29 (0.26)
0.82 (0.25)

1.26 (0.99, 1.31)
1.05 (0.91, 1.08)
1.04 (0.94, 1.16)
1.32 (1.14, 1.35)
0.79 (0.60, 0.99)

11
11
11
11
11

1.10 (0.16)
0.97 (0.13)
0.99 (0.13)
1.40 (0.37)
0.80 (0.36)

1.07 (0.98, 1.23)
1.02 (0.82, 1.08)
1.00 (0.88, 1.08)
1.34 (1.14, 1.48)
0.59 (0.49, 1.14)

13
13
13
13
13

1.08 (0.31)
0.96 (0.24)
0.97 (0.17)
1.05 (0.22)
0.80 (0.17)

0.94 (0.84, 1.29)
0.88 (0.82, 1.05)
0.98 (0.83, 1.10)
0.98 (0.90, 1.25)
0.78 (0.65, 0.89)

13
13
13
13
13

1.03 (0.28)
0.93 (0.16)
1.01 (0.14)
1.08 (0.24)
0.81 (0.17)

0.98 (0.80, 1.12)
0.92 (0.81, 1.00)
1.05 (0.92, 1.10)
1.02 (0.90, 1.18)
0.81 (0.67, 0.89)

4.2.3 Static Postural Stability: Eyes-Open

Eyes-open static postural stability is presented in Table 23, Table 24, Table 25, and Table 26.
Table 23 represents overall eyes-open static postural stability, and stratified by sex. Table 24
represents eyes-open static postural stability by sport type. Table 25 and Table 26 represent
soccer and basketball eyes-open static postural stability, stratified by sex, respectively. Overall,
men’s and women’s lower extremity dominant athletes demonstrate statistically significant
differences in eyes open static postural stability; generally, men’s athletes demonstrate worse
eyes open static balance balance than women’s athletes. Significant differences in eyes open
static postural stability are demonstrated between men’s and women’s soccer athletes, while no
significant differences in eyes open static postural stability are noted in men’s and women’s
basketball athletes. In soccer athletes, females tend to demonstrate better static balance with their
eyes open compared to males.
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Table 23. Eyes-Open Static Postural Stability Overall and Stratified by Sex
Dominant
n
Overall
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Men
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Women
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure

Mean (SD)

Non-Dominant
Median (IQR)

n

Mean (SD)

Median (IQR)

128
8.29 (8.53)
6.71 (4.89, 8.66)
128
6.57 (8.41)
4.89 (3.72, 6.79)
128
3.04 (1.32)
2.69 (2.10, 3.68)
128
3.61 (1.89)
3.13 (2.28, 4.01)
128 343.73 (2493.429) 11.55 (8.45, 19.37)
128 1193.88 (10160.62) 7.76 (5.79, 14.30)

130
130
130
130
130
130

8.02 (5.61)
6.23 (5.07)
3.15 (1.60)
3.76 (2.17)
199.61 (1580.21)
889.64 (9512.46)

6.44 (4.93, 9.28)
4.90 (3.67, 7.10)
2.79 (2.17, 3.88)
3.08 (2.49, 4.35)
11.65 (8.80, 18.05)
7.42 (5.81, 14.34)

75
9.46 (10.31)
7.60 (6.37, 9.58)
75
7.46 (10.30)
5.41 (4.46, 7.26)
75
3.43 (1.25)
3.27 (2.53, 4.02)
75
4.13 (1.92)
3.52 (2.93, 4.82)
75 551.53 (3201.18) 14.04 (9.27, 24.72)
75 1961.12 (13059.70) 9.14 (6.34, 24.08)

77
3.63 (1.70)
7.55 (6.12, 10.47)
77
7.13 (5.72)
5.73 (4.54, 8.05)
77
3.63 (1.70)
3.19 (2.59, 4.07)
77
4.33 (2.39)
3.49 (2.83, 4.99)
77 321.17 (2025.49) 13.75 (9.98, 26.98)
77 1462.33 (12214.93) 9.08 (6.73, 22.31)

53
53
53
53
53
53

53
53
53
53
53
53

6.64 (4.66)
5.32 (4.34)
2.50 (1.25)
2.88 (1.60)
28.04 (80.50)
28.28 (96.52)
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5.10 (4.09, 7.20)
4.02 (3.07, 5.87)
2.11 (1.74, 2.85)
2.31 (1.95, 3.20)
9.50 (7.54, 12.87)
6.37 (5.13, 8.37)

6.31 (3.95)
4.93 (3.61)
2.47 (1.17)
2.92 (1.44)
12.59 (12.82)
8.59 (8.60)

4.96 (4.28, 6.61)
3.68 (3.21, 5.05)
2.18 (1.78, 2.73)
2.64 (1.90, 3.43)
10.40 (7.91, 12.48)
6.45 (5.42, 8.14)

Table 24. Eyes-Open Static Postural Stability Stratified by Sport Type
Dominant
n
Soccer
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Football
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Volleyball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Basketball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure

Mean (SD)

47
7.48 (12.83)
47
6.13 (12.90)
47
2.61 (1.28)
47
2.67 (1.04)
47 498.31 (3330.44)
47 866.14 (5908.72)

Non-Dominant
Median (IQR)

n

Mean (SD)

Median (IQR)

5.10 (4.28, 6.73)
3.76 (3.23, 4.89)
2.27 (1.77, 2.86)
2.37 (2.07, 3.07)
8.92 (7.09, 13.92)
6.17 (4.98, 8.57)

48
48
48
48
48
48

5.82 (2.82)
4.33 (2.11)
2.65 (1.64)
2.74 (1.22)
150.03 (945.26)
125.61 (809.99)

4.96 (4.25, 6.45)
3.70 (3.22, 4.88)
2.20 (1.70, 2.83)
2.51 (1.89, 3.08)
9.80 (7.93, 12.51)
5.81 (4.78, 7.48)

41
8.98 (3.93)
8.01 (6.71, 9.71)
41
6.99 (3.44)
6.26 (4.76, 7.93)
41
3.42 (1.11)
3.24 (2.54, 4.00)
41
4.28 (2.05)
3.60 (3.13, 4.66)
41 437.01 (2558.98) 13.99 (10.25, 29.03)
41 2554.89 (16454.65) 12.33 (6.84, 25.38)

42
9.13 (4.09)
7.81 (6.43, 10.56)
42
7.05 (3.25)
6.24 (4.86, 8.27)
42
3.55 (1.36)
3.26 (2.65, 3.97)
42
4.46 (2.33)
3.58 (2.92, 5.60)
42 408.66 (2530.41) 15.21 (11.70, 41.50)
42 2449.44 (16276.12) 11.14 (7.17, 32.09)

16
16
16
16
16
16

6.62 (3.03)
3.94 (2.86)
2.68 (0.83)
3.35 (1.40)
14.91 (22.90)
11.86 (19.66)

5.84 (4.06, 8.14)
4.08 (3.04, 6.21)
2.52 (2.05, 3.46)
2.82 (2.08, 4.11)
9.06 (7.24, 10.50)
6.78 (5.23, 8.21)

16
16
16
16
16
16

6.20 (2.06
4.43 (1.59)
2.69 (0.95)
3.29 (1.27)
9.85 (3.70)
7.19 (2.13)

6.01 (4.80, 7.09)
4.37 (3.09, 4.85)
2.42 (2.18, 3.17)
3.12 (2.62, 3.70)
8.27 (7.10, 11.78)
6.93 (6.02, 7.69)

24
24
24
24
24
24

9.80 (5.77)
7.82 (5.23)
3.49 (1.70)
4.53 (2.33)
71.44 (129.17)
96.47 (197.95)

7.97 (6.46, 11.09)
6.08 (5.24, 8.73)
3.47 (2.32, 3.89)
3.80 (2.78, 6.02)
15.59 (10.12, 24.72)
10.37 (6.76, 34.06)

24
24
24
24
24
24

11.72 (9.94)
9.80 (9.51)
3.79 (1.92)
4.86 (2.84)
26.07 (38.72)
46.25 (147.54)

8.46 (6.45, 12.74)
6.67 (5.14, 10.59)
3.23 (2.40, 4.28)
3.89 (2.92, 5.98)
14.35 (10.75, 20.94)
10.34 (6.94, 19.08)

Table 25. Eyes-Open Static Postural Stability for Soccer Overall and Stratified by Sex
Dominant
n
Men's Soccer
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Women's Soccer
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure

Mean (SD)

Non-Dominant
Median (IQR)

n

Mean (SD)

Median (IQR)

23
10.09 (18.02)
23
8.41 (18.22)
23
3.23 (1.46)
23
3.22 (1.18)
23 985.22 (4708.61)
23 1724.24 (8355.07)

6.45 (4.88, 7.49)
4.46 (3.72, 5.33)
2.85 (2.35, 4.02)
2.89 (2.36, 3.62)
9.25 (7.08, 15.04)
6.27 (5.33, 9.82)

24
7.16 (3.41)
24
5.20 (2.61)
24
3.44 (2.00)
24
3.36 (1.42
24 287.09 (1336.55)
24 243.42 (1145.26)

6.14 (5.12, 8.04)
4.32 (3.71, 5.90)
2.79 (2.37, 4.15)
2.88 (2.50, 3.93)
9.98 (8.04, 13.75)
6.70 (5.06, 9.13)

24
24
24
24
24
24

4.34 (3.90, 5.28)
3.33 (3.06, 4.21)
1.84 (1.54, 2.23)
2.13 (1.76, 2.44)
8.92 (7.09, 12.09)
5.52 (4.61, 7.60)

24
24
24
24
24
24

4.37 (3.86, 4.67)
3.47 (3.04, 3.58)
1.82 (1.56, 1.97)
2.11 (1.78, 2.54)
9.76 (7.93, 11.04)
5.69 (4.64, 6.50)

4.98 (2.30)
3.94 (2.26)
2.03 (0.72)
2.15 (0.49)
11.40 (8.87)
8.04 (9.76)
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4.49 (0.99)
3.47 (0.85)
1.86 (0.40)
2.13 (0.51)
12.97 (17.66)
7.81 (10.53)

Table 26. Eyes-Open Static Postural Stability for Basketball Overall and Stratified by Sex
Dominant
Men's Basketball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Women's Basketball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure

Non-Dominant

n

Mean (SD)

Median

n

Mean (SD)

Median

11
11
11
11
11
11

9.90 (2.91)
7.21 (2.17)
4.34 (2.10)
5.95 (3.37)
63.40 (92.31)
102.83 (213.26)

10.02 (7.51, 12.01)
7.26 (5.38, 9.67)
3.82 (3.33, 4.07)
5.81 (3.61, 6.14)
21.73 (14.04, 78.59)
24.08 (8.87, 59.73)

11
11
11
11
11
11

13.97 (12.97)
11.64 (12.59)
9.00 (3.82)
16.45 (6.72)
37.61 (54.21)
83.58 (211.79)

12.70 (7.62, 13.53)
10.25 (5.74, 10.73)
4.05 (3.23, 4.31)
4.93 (3.89, 6.45)
20.11 (10.75, 21.71)
16.12 (7.83, 31.52)

13
13
13
13
13
13

9.72 (7.53)
8.32 (6.92)
3.14 (1.99)
3.75 (2.49)
78.82 (159.68)
90.64 (192.20)

6.77 (5.82, 9.64)
5.75 (4.74, 7.81)
2.33 (1.85, 3.53)
2.80 (2.14, 4.78)
12.47 (9.21, 16.29)
7.97 (5.86, 14.44)

13
13
13
13
13
13

9.81 (6.36)
8.25 (5.95)
3.33 (1.68)
3.94 (1.99)
15.48 (8.42)
12.03 (9.37)

7.39 (5.88, 10.98)
6.09 (4.61, 9.05)
2.52 (2.15, 4.30)
3.24 (2.57, 4.99)
13.14 (10.77, 16.74)
9.05 (6.36, 14.16)

4.2.4 Static Postural Stability: Eyes-Closed

Eyes-closed static postural stability is presented in Table 27, Table 28, Table 29, and Table 30.
Table 27 represents overall eyes-closed static postural stability, and stratified by sex. Table 28
represents eyes-closed static postural stability by sport type. Table 29 and 30 represent soccer
and basketball eyes-closed static postural stability, stratified by sex, respectively. Overall, men’s
and women’s lower extremity dominant athletes demonstrate significantly different eyes closed
static postural stability; women’s athletes demonstrate significantly better static balance
compared to men’s athletes. Significant differences in all eyes closed static postural stability
variables were demonstrated in men’s and women’s soccer athletes. Following similar trends to
overall sex comparisons of eyes closed static postural stability; women’s soccer athletes
demonstrated significantly better eyes closed static postural stability. Only anterior/posterior
ground reaction forces and medial/lateral ground reaction forces demonstrated significant
differences in eyes closed static postural stability in men’s and women’s basketball athletes.
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Table 27. Eyes-Closed Static Postural Stability Overall and Stratified by Sex
Dominant
n
Overall
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Men
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Women
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure

Mean (SD)

Non-Dominant
Median (IQR)

n

Mean (SD)

Median (IQR)

129
19.45 (12.03)
129
14.53 (11.10)
129
6.55 (2.56)
129
10.70 (5.03)
129 172.22 (1320.49)
129 209.95 (1447.31)

17.00 (12.69, 22.91)
12.24 (8.91, 16.71)
6.08 (4.85, 8.05)
9.67 (7.36, 13.36)
17.16 (13.73, 22.44)
19.38 (12.57, 26.21)

129
19.71 (10.97)
129
14.60 (9.46)
129
6.50 (2.71)
129
11.04 (5.90)
129 84.06 (590.03)
129 165.11 (1356.65)

16.07 (12.11, 24.38)
11.81 (8.64, 17.17)
5.94 (4.42, 8.26)
8.59 (6.85, 14.32)
16.82 (13.85, 22.88)
16.61 (11.77, 30.77)

76
76
76
76
76
76

22.79 (13.78)
17.1 (13.18)
7.47 (2.44)
12.36 (5.09)
206.55 (1598.08)
189.51 (1350.04)

20.67 (15.44, 26.29)
14.47 (10.77, 18.77)
7.07 (5.81, 8.62)
11.4 (8.65, 15.05)
18.64 (14.73, 25.65)
20.90 (14.13, 32.16)

77
77
77
77
77
77

22.99 (11.78)
17.04 (10.50)
7.36 (2.70)
12.89 (6.27)
111.75 (743.01)
242.61 (1729.68)

19.37 (14.91, 27.95)
14.26(10.66, 20.26)
6.49 (5.29, 8.76)
11.17 (8.25, 15.97)
18.32 (14.65, 25.48)
22.04 (11.55, 34.32)

53
53
53
53
53
53

14.67 (6.54)
10.72 (5.24)
5.22 (2.12)
8.30 (3.86)
120.08 (730.88)
241.00 (1596.97)

12.84 (10.42, 17.25)
8.99 (7.78, 12.84)
4.88 (3.68, 6.01)
7.79 (5.11, 10.74)
15.13 (12.79, 18.77)
15.20 (11.11, 22.68)

52
52
52
52
52
52

14.84 (7.39)
10.97 (6.17)
5.22 (2.19)
8.29 (3.96)
40.61 (172.50)
43.55 (183.27)

12.8 (10.40, 16.85)
9.38 (7.40, 12.53)
4.49 (3.63, 6.20)
7.17 (5.97, 9.03)
14.78 (12.67, 18.84)
14.34 (11.86, 21.69)
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Table 28. Eyes-Closed Static Postural Stability Overall and Stratified by Sport Type
Dominant
n
Soccer
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Football
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Volleyball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Basketball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure

Mean (SD)

Non-Dominant
Median

n

Mean (SD)

Median

48
16.09 (8.29)
48
11.97 (7.09)
48
5.90 (2.62)
48
8.68 (4.14)
48 316.91 (2050.83)
48 271.98 (1732.84)

13.47 (10.71, 18.32)
9.57 (7.75, 14.09)
5.31 (3.86, 7.39)
7.77 (5.32, 11.35)
15.56 (12.54, 21.67)
17.04 (11.11, 20.95)

47
15.53 (10.39)
47
11.74 (9.89)
47
5.31 (2.32)
47
8.15 (3.70)
47 160.72 (969.77)
47 349.26 (2255.24)

12.55 (9.94, 17.11)
9.38 (7.01, 12.42)
4.75 (3.63, 6.72)
7.39 (5.29, 9.86)
14.78 (12.10, 19.80)
12.69 (10.64, 16.91)

41
41
41
41
41
41

22.02 (11.00)
16.55 (10.42)
7.15 (1.86)
12.19 (4.55)
26.30 (23.45)
36.87 (44.47)

20.63 (15.84, 23.42)
14.74 (11.05, 17.95)
6.96 (5.82, 8.31)
11.12 (9.63, 14.14)
18.59 (15.15, 24.41)
20.90 (13.92, 32.90)

42
42
42
42
42
42

23.87 (11.65)
17.67 (9.98)
7.59 (2.86)
13.55 (6.71)
33.18 (44.14)
63.38 (161.94)

20.73 (15.82, 30.51)
15.13 (11.68, 20.44)
6.46 (5.43, 9.02)
11.34 (8.44, 9.02)
18.90 (14.98, 28.17)
22.10 (11.54, 36.65)

16
16
16
16
16
16

16.51 (5.53)
11.51 (4.28)
6.10 (1.88)
9.97 (3.54)
16.97 (3.97)
17.92 (7.01)

14.70 (12.66, 21.86)
10.12 (8.97, 15.62)
5.82 (4.57, 7.78)
8.83 (7.10, 13.69)
16.59 (13.78, 19.66)
14.68 (12.76, 24.33)

16
16
16
16
16
16

17.30 (8.03)
12.55 (6.93)
6.02 (2.32)
9.88 (4.41)
17.55 (5.64)
20.18 (9.32)

13.81 (11.75, 20.72)
10.15 (8.38, 14.42)
5.34 (3.92, 8.51)
8.20 (6.91, 12.08)
15.84 (13.92, 21.71)
17.77 (12.99, 24.92)

17.76 (14.87, 29.26)
13.16 (10.47, 20.41)
5.70 (4.84, 9.11)
11.54 (8.62, 16.97)
17.42 (14.26, 27.24)
23.02 (14.74, 38.39)

24
24
24
24
24
24

22.21 (9.58)
16.19 (7.38)
7.24 (2.50)
13.06 (6.28)
73.19 (256.22)
88.67 (271.24)

18.92 (14.19, 30.58)
14.32 (10.08, 21.14)
6.26 (5.38, 9.55)
11.26 (8.13, 14.73)
17.33 (14.63, 22.04)
23.30 (12.61, 34.69)

24
23.75 (19.35)
24
18.20 (18.46)
24
7.10 (3.47)
24
12.66 (6.68)
24 257.45 (1097.17)
24 545.21 (2397.16)

Table 29. Eyes-Closed Static Postural Stability for Soccer Overall and Stratified by Sex
Dominant
n
Men's Soccer
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Women's Soccer
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure

Mean (SD)

Non-Dominant
Median

n

Mean (SD)

Median

24
20.04 (8.59)
24
14.92 (7.72)
24
7.31 (2.38)
24
10.79 (4.28)
24 612.69 (2900.26)
24 524.39 (2450.01)

17.94 (13.13, 26.49)
13.59 (8.84, 18.74)
6.89 (5.63, 8.14)
10.03 (7.42, 13.69)
16.65 (13.03, 25.67)
19.75 (12.85, 24.77)

24
20.26 (12.67)
24
15.56 (12.61)
24
6.61 (2.44)
24
10.29 (3.91)
24 299.86 (1356.32)
24 669.43 (3154.92)

16.00 (12.84, 23.40)
11.28 (8.55, 16.82)
6.24 (4.78, 7.68)
9.35 (7.46, 13.34)
15.60 (13.12, 22.33)
12.60 (10.71, 23.26)

24
24
24
24
24
24

10.80 (8.29, 14.90)
8.03 (5.93, 10.90)
3.91 (3.34, 5.03)
5.80 (4.48, 7.94)
15.07 (11.52, 18.77)
12.76 (9.44, 18.15)

23
23
23
23
23
23

10.71 (8.89, 12.26)
7.60 (6.14, 9.38)
3.79 (3.33, 4.53)
6.05 (4.49, 7.12)
13.85 (11.72, 17.33)
12.95 (10.64, 16.03)

12.14 (5.85)
9.03 (5.02)
4.49 (2.06)
6.56 (2.70)
21.13 (24.22)
19.56 (22.59)
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10.58 (2.82)
7.75 (2.36)
3.97 (1.12)
5.92 (1.55)
15.54 (7.52)
15.17 (8.86)

Table 30. Eyes-Closed Static Postural Stability for Basketball Overall and Stratified by Sex
Dominant
Men's Basketball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure
Women's Basketball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Anterior/Posterior Center of Pressure
Medial/Lateral Center of Pressure

Non-Dominant

n

Mean

Median

n

Mean

Median

11
11
11
11
11
11

31.65 (25.78)
24.52 (25.67)
9.00 (3.83)
16.45 (6.72)
41.46 (49.10)
69.44 (120.18)

27.70 (20.22, 33.14)
19.79 (14.38, 23.56)
8.63 (5.68, 10.05)
17.55 (11.59, 21.12)
24.27 (16.97, 32.90)
28.46 (14.74, 59.13)

11
11
11
11
11
11

25.59 (10.06)
17.91 (7.46)
8.16 (2.39)
16.06 (7.11)
22.76 (14.25)
44.56 (40.44)

22.07 (18.92, 37.14)
16.01 (11.92, 26.52)
7.78 (6.22, 10.80)
14.26 (11.26, 23.41)
17.81 (16.05, 25.86)
29.45 (21.31, 70.65)

16.08 (11.95, 21.66)
12.21 (8.73, 15.48)
5.11 (4.21, 7.08)
8.91 (6.75, 11.77)
14.86 (13.50, 19.93)
21.58 (15.08, 31.87)

13
13
13
13
13
13

19.34 (8.50)
14.73 (7.27)
6.46 (2.40)
10.53 (4.29)
119.41 (355.31)
129.10 (376.74)

15.7 (13.18, 23.12)
12.13 (9.65, 16.25)
6.02 (4.56, 7.46)
8.40 (7.58, 13.04)
16.50 (14.46, 20.40)
20.84 (13.03, 29.60)

13
17.06 (7.63)
13
12.86 (6.03)
13
9.46 (4.87)
13
9.46 (4.87)
13 455.45 (1521.82)
13 981.34 (3323.51)

4.2.5 Dynamic Postural Stability

Dynamic postural stability is presented in Table 31, Table 32, Table 33, and Table 34. Table 31
represents overall dynamic postural stability, and stratified by sex. Table 32 represents dynamic
postural stability by sport type. Table 33 and Table 34 represent soccer and basketball dynamic
postural stability, stratified by sex, respectively. Only anterior/posterior ground reaction forces
were significantly different between men’s and women’s lower extremity dominant athletes for
dynamic postural stability. Men’s athletes demonstrate slightly better dynamic postural stability
than women’s athletes. This holds true for men’s and women’s soccer athletes as well; the only
significant difference noted is in anterior/posterior ground reaction force, with men’s athletes
demonstrating slightly better dynamic postural stability than women’s athletes (mean ± standard
deviation) (Men’s Soccer: 0.135 ± 0.013, Women’s Soccer: 0.142 ± 0.010). Men’s and women’s
basketball athletes do not demonstrate a significant difference in anterior/posterior ground
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reaction forces, but do demonstrate statistically significant differences in dynamic postural
stability index composite scores, vertical ground reaction forces, and medial/lateral ground
reaction forces.
Table 31. Dynamic Postural Stability Overall and Stratified by Sex
Dominant
Overall
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Men
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Women
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force

Non-Dominant

n

Mean (SD)

Median (IQR)

n

Mean (SD)

Median (IQR)

128
128
128
128

0.352 (0.036)
0.323 (0.038)
0.104 (0.011)
0.027 (0.005)

0.352 (0.327, 0.373)
0.324 (0.297, 0.347)
0.136 (0.129, 0.143)
0.357 (0.023, 0.030)

128
128
128
128

0.358 (0.036)
0.328 (0.382)
0.139 (0.010)
0.027 (0.005)

0.357 (0.332, 0.384)
0.330 (0.300, 0.356)
0.139 (0.131, 0.147)
0.026 (0.023, 0.031)

75
75
75
75

0.354 (0.039)
0.326 (0.041)
0.133 (0.011)
0.028 (0.006)

0.350 (0.331, 0.379)
0.322 (0.301, 0.355)
0.134 (0.126, 0.143)
0.028 (0.024, 0.031)

75
75
75
75

0.356 (0.038)
0.327 (0.040)
0.136 (0.010)
0.270 (0.006)

0.354 (0.328, 0.389)
0.326 (0.299, 0.360)
0.136 (0.128, 0.145)
0.026 (0.023, 0.031)

53
53
53
53

0.349 (0.031)
0.318 (0.033)
0.141 (0.009)
0.026 (0.005)

0.353 (0.326, 0.371)
0.324 (0.293, 0.341)
0.140 (0.135, 0.145)
0.027 (0.023, 0.029)

53
53
53
53

0.360 (0.033)
0.329 (0.035)
0.142 (0.010)
0.027 (0.005)

0.359 (0.335, 0.383)
0.334 (0.303, 0.356)
0.142 (0.136, 0.149)
0.026 (0.024, 0.030)
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Table 32. Dynamic Postural Stability Stratified by Sport Type
Dominant
n
Soccer
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Football
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Volleyball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Basketball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force

Non-Dominant

Mean (SD)

Median (IQR)

n

Mean (SD)

Median (IQR)

48
48
48
48

0.350 (0.035)
0.321 (0.038)
0.136 (0.010)
0.027 (0.005)

0.353 (0.324, 0.377)
0.324 (0.291, 0.350)
0.136 (0.128, 0.143)
0.027 (0.023, 0.029)

48
48
48
48

0.360 (0.037)
0.330 (0.039)
0.139 (0.011)
0.026 (0.005)

0.362 (0.333, 0.384)
0.332 (0.304, 0.358)
0.139 (0.130, 0.147)
0.026 (0.022, 0.030)

40
40
40
40

0.349 (0.036)
0.321 (0.038)
0.133 (0.011)
0.027 (0.005)

0.378 (0.328, 0.370)
0.318 (0.299, 0.341)
0.132 (0.125, 0.142)
0.026 (0.024, 0.029)

40
40
40
40

0.352 (0.039)
0.322 (0.041)
0.137 (0.010)
0.026 (0.006)

0.354 (0.326, 0.379)
0.325 (0.296, 0.356)
0.135 (0.128, 0.145)
0.026 (0.022, 0.030)

16
16
16
16

0.341 (0.030)
0.307 (0.032)
0.144 (0.011)
0.027 (0.005)

0.344 (0.322, 0.363)
0.307 (0.286, 0.335)
0.147 (0.135, 0.152)
0.027 (0.024, 0.030)

16
16
16
16

0.354 (0.032)
0.322 (0.342)
0.144 (0.010)
0.029 (0.005)

0.354 (0.335, 0.370)
0.319 (0.300, 0.341)
0.145 (0.138, 0.149)
0.028 (0.024, 0.033)

24
24
24
24

0.369 (0.037)
0.341 (0.038)
0.137 (0.008)
0.028 (0.006)

0.369 (0.341, 0.391)
0.337 (0.309, 0.365)
0.138 (0.133, 0.143)
0.029 (0.023, 0.033)

24
24
24
24

0.366 (0.033)
0.337 (0.034)
0.140 (0.009)
0.028 (0.005)

0.364 (0.339, 0.395)
0.335 (0.306, 0.364)
0.142 (0.133, 0.147)
0.029 (0.025, 0.031)

Table 33. Dynamic Postural Stability for Soccer Overall and Stratified by Sex
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Table 34. Dynamic Postural Stability for Basketball Overall and Stratified by Sex
Dominant
Men's Basketball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force
Women's Basketball
Composite Score
Vertical Ground Reaction Force
Anterior/Posterior Ground Reaction Force
Medial/Lateral Ground Reaction Force

4.3

Non-Dominant

n

Mean (SD)

Median (IQR)

n

Mean (SD)

Median (IQR)

11
11
11
11

0.380 (0.048)
0.353 (0.049)
0.134 (0.010)
0.032 (0.005)

0.391 (0.333, 0.397)
0.363 (0.303, 0.371)
0.137 (0.123, 0.144)
0.333 (0.027, 0.036)

11
11
11
11

0.381 (0.034)
0.353 (0.034)
0.138 (0.010)
0.031 (0.004)

0.392 (0.347, 0.410)
0.360 (0.323, 0.381)
0.136 (0.133, 0.147)
0.032 (0.029, 0.034)

13
13
13
13

0.360 (0.021)
0.330 (0.022)
0.139 (0.006)
0.024 (0.005)

0.354 (0.342, 0.371)
0.324 (0.311, 0.342)
0.138 (0.135, 0.142)
0.025 (0.020, 0.028)

13
13
13
13

0.354 (0.027)
0.323 (0.028)
0.141 (0.007)
0.026 (0.006)

0.349 (0.333, 0.375)
0.318 (0.298, 0.346)
0.143 (0.134, 0.147)
0.026 (0.021, 0.030)

LOWER EXTREMITY MUSCULOSKELETAL INJURY HISTORY

A comparison of the proportion of athletes with a history of lower extremity musculoskeletal
injury between groups based on sport type (soccer, football, volleyball, basketball) and sex was
accomplished utilizing Fisher’s exact tests. History of lower extremity musculoskeletal injury
was reported for the one-year prior to each athlete’s test session. History of lower extremity
musculoskeletal injury was analyzed as overall lower extremity musculoskeletal injury, and
stratified by anatomical location (ankle, knee, hip, lower extremity muscle, other lower extremity
location). Other lower extremity location injury includes the foot and other anatomical locations
not previously described.
A Fisher’s exact test was performed to examine the relationship between sex and history
of overall lower extremity musculoskeletal injury; the relationship between these variables was
not significant, p = 0.851. A Fisher’s exact test was performed to examine the relationship
between sport type, stratified by sex, and history of overall lower extremity musculoskeletal
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injury; the relationship between these variables was not significant, p = 0.114 for male sport
types and p = 0.871 for female sport types. A Fisher’s exact test was performed to examine the
relationship between soccer athletes and basketball athletes, stratified by sex, and history of
overall lower extremity musculoskeletal injury; the relationship between these variables was not
significant, p = 0.193 for soccer athletes and p = 0.675 for basketball athletes. A Fisher’s exact
test was performed to examine the relationship between sex and history of ankle injury; the
relationship between these variables was not significant, p = 0.315. A Fisher’s exact test was
performed to examine the relationship between sport type, stratified by sex, and history of ankle
injury; the relationship between these variables was not significant, p = 1.000 for male sport
types and p = 0.401 for female sport types. A Fisher’s exact test was performed to examine the
relationship between soccer athletes and basketball athletes, stratified by sex, and history of
ankle injury; the relationship between these variables was not significant, p = 1.000 for soccer
athletes and p = 0.0.223 for basketball athletes. A Fisher’s exact test was performed to examine
the relationship between sex and history of knee injury; the relationship between these variables
was not significant, p = 0.685. A Fisher’s exact test was performed to examine the relationship
between sport type, stratified by sex, and history of knee injury; the relationship between these
variables was not significant, p = 1.000 for male sport types and p = 1.000 for female sport types.
A Fisher’s exact test was performed to examine the relationship between soccer athletes and
basketball athletes, stratified by sex, and history of knee injury; the relationship between these
variables was not significant, p = 1.000 for soccer athletes and p = 1.000 for basketball athletes.
No history of hip injury was reported for any sport type and/or sex. A Fisher’s exact test was
performed to examine the relationship between sex and history of lower extremity muscle injury;
the relationship between these variables was not significant, p = 0.739. A Fisher’s exact test was
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performed to examine the relationship between sport type, stratified by sex, and history of lower
extremity muscle injury; the relationship between these variables was not significant, p = 0.654
for male sport types and p = 0.598 for female sport types. A Fisher’s exact test was performed to
examine the relationship between soccer athletes and basketball athletes, stratified by sex, and
history of lower extremity muscle injury; the relationship between these variables was not
significant, p = 1.000 for soccer athletes and p = 1.000 for basketball athletes. A Fisher’s exact
test was performed to examine the relationship between sex and history of other lower extremity
musculoskeletal injury; the relationship between these variables was not significant, p = 0.789. A
Fisher’s exact test was performed to examine the relationship between sport type, stratified by
sex, and history of other lower extremity musculoskeletal injury; the relationship between these
variables was not significant, p = 0.718 for male sport types and p = 0.888 for female sport types.
A Fisher’s exact test was performed to examine the relationship between soccer athletes and
basketball athletes, stratified by sex, and history of other lower extremity musculoskeletal injury;
the relationship between these variables was not significant, p = 1.000 for soccer athletes and p =
0.888 for basketball athletes. Fisher’s exact tests are represented in Table 35, Table 36, Table 37,
Table 38, Table 39.
Table 35. Fisher’s Exact Tests - Sex
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Table 36. Fisher’s Exact Tests – Men’s Sport Types

Table 37. Fisher’s Exact Tests – Women’s Sport Types

Table 38. Fisher’s Exact Tests – Soccer

Table 39. Fisher’s Exact Tests – Basketball
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4.4

LOWER EXTREMITY DOMINANT SPORT PARTICIPATION

The second specific aim of this study was to describe the incidence of lower extremity
musculoskeletal injury in NCAA Division I University of Pittsburgh male and female athletes
participating in lower extremity dominant sports. Injury incidence rate, injury incidence rate
ratios, and corresponding 95% confidence intervals were utilized to describe the incidence of
lower extremity musculoskeletal injury in NCAA Division I University of Pittsburgh male and
female athletes participating in lower extremity dominant sports. Mean days lost due to injury
was also calculated. The proportion of lower extremity musculoskeletal injuries in each category
were described. All data was analyzed in groups including, all subjects, game vs. practice
situations, sport type (soccer, football, volleyball, etc.), sex, and point in athletic season (preseason, competitive season, post-season). Injury incidence was also calculated according to limb
dominance, injury sublocation, injury type, cause of injury, mechanism of injury, and injury
onset.

4.4.1 Overall

4.4.1.1 Overall Exposures
Practice and game exposures were tracked in 131 men’s and women’s lower extremity dominant
athletes for one collegiate athletic season, following each athlete’s test session. The 2016-2017
collegiate men’s and women’s athletic seasons were played between August 2016 and March
2017. The 131 men’s and women’s lower extremity dominant athletes participated in a preseason, a competitive season, and a post-season. The 2016-2017 collegiate men’s and women’s
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athletic seasons encompassed a total of 614 possible exposures. 465 of the 614 exposures were
practices and 149 of the 614 exposures were games. Pre-season encompassed a total of 156
exposures, all 156 of these exposures were practices. No game exposures were encountered
during the pre-season. The competitive season was comprised of a total of 432 exposures. 290 of
the 432 total competitive season exposures were practices and 143 of the 432 competitive season
exposures were games. Post-season was comprised of 26 total exposures, 19 of these post-season
exposures were practices and only seven were games.
The average number of total exposures for the 131 men’s and women’s lower extremity
dominant athletes was 552.4 exposures out of the 614 possible total exposures (90.0%). Of the
available 465 practice exposures, the 131 men’s and women’s lower extremity dominant athletes
had an average participation of 429.8 practice exposures (92.4%). The average number of game
exposures for the 131 men’s and women’s lower extremity dominant athletes was 122.6 out of
the possible 149 game exposures (93.6%). The pre-season was comprised of 156 total exposures;
all pre-season exposures were practices. Out of the 156 available pre-season exposures, the
average participation of the 131 men’s and women’s lower extremity dominant athletes was
149.4 pre-season exposures (95.8%). There were a total of 432 available exposures during the
competitive season. The average participation for the 131 men’s and women’s lower extremity
dominant athletes was 380.2 of the 432 available competitive season exposures (88.0%). There
was a total of 290 available practice exposures during the competitive season; the average men’s
and women’s lower extremity dominant athlete participation was 263.5 of the practice exposures
(90.9%). There were 143 available game exposures during the competitive season; on average
the men’s and women’s lower extremity dominant athlete participation was 116.9 of the game
exposures (81.7%). There were a total of 26 available exposures during the men’s and women’s
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lower extremity dominant athlete post-season; 19 of the 26 post-season exposures were practices
and 7 were games. The average total post-season participation was 22.9 of 26 available postseason exposures (88.1%). There were 19 available practice exposures during the post-season
and the average post-season practice participation was 17.1 post-season practices (90.0%). There
were seven available game exposure and the average men’s and women’s lower extremity
dominant athlete participation was 5.7 post-season game exposures (81.4%). Participation is
represented in Table 40, Figure 20, and Figure 21.

Table 40. Overall Lower Extremity Dominant Sport Athlete Participation
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Figure 20. Timing of Participation – Overall Men’s and Women’s Lower Extremity Dominant Sport Athletes

Figure 21. Type of Participation – Overall Men’s and Women’s Lower Extremity Dominant Sport Athletes
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4.4.1.2 Men’s Overall Exposures
Practice and game exposures were tracked in 78 men’s lower extremity dominant athletes for one
collegiate athletic season, following each athlete’s test session. The 2016-2017 collegiate men’s
athletic season was played between August 2016 and March 2017. The 78 men’s lower extremity
dominant athletes participated in a pre-season, competitive season, and post-season. The 20162017 collegiate men’s athletic season encompassed a total of 298 possible exposures per athlete.
232 of the 298 exposures were practices and 66 of the 298 exposures were games. Pre-season
encompassed a total of 70 exposures, all 70 of these exposures were practices. No game
exposures were encountered during the pre-season. The competitive season was comprised of a
total of 209 exposures. 147 of the 209 total competitive season exposures were practices and 63
of the 209 competitive season exposures were games. Post-season was comprised of 19 total
exposures, 15 of these post-season exposures were practices and only four were games.
The average number total exposures for 78 men’s lower extremity dominant athletes was
268.8 exposures out of the available 298 exposures (90.2%). Of the available 232 practice
exposures, the 78 men’s lower extremity dominant athletes averaged participation of 213.4
practice exposures (92.0%). The average number of game exposures for the 78 men’s lower
extremity dominant athletes was 55.4 out of the available 66 game exposures (83.9%). There
were a total of 70 available pre-season exposures; all of the 70 pre-season exposures were
practices. Out of the 70 available pre-season exposures, the average of the 78 men’s lower
extremity dominant athlete exposures was 67.4 pre-season exposures (96.3%). There were a total
of 209 available exposures during the men’s athletic competitive season; 147 of the available
competitive season exposures were practices and 63 were games. The average competitive
season participation for the men’s lower extremity dominant athletes was 184.7 of the 209
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available competitive season exposures (88.4%). There was a total of 147 available practice
exposures during the competitive season; the average men’s lower extremity dominant sport
participation was 132.7 competitive season practice exposures (90.3%). There were 63 available
game exposures during the competitive season; on average the 78 men’s lower extremity
dominant athletes participated in 52.2 of the competitive season game exposures (82.9%). There
were a total of 19 available exposures during the men’s lower extremity dominant sport postseason; 15 of the 19 post-season exposures were practices and four were games. The average
total post-season participation was 16.7 of 19 available post-season exposures (87.9%). There
were 15 available practice exposures during the post-season and the average post-season practice
participation was 13.4 post-season practices (89.3%). There were four available game exposures
and the average men’s lower extremity dominant sport participation was 3.2 post-season game
exposures 80.0%). Participation is represented in Table 41, Figure 22, and Figure 23.

Table 41. Overall Men’s Lower Extremity Dominant Sport Athlete Participation
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Figure 22. Timing of Participation – Overall Men’s Lower Extremity Dominant Sport Athletes

Figure 23. Type of Participation – Overall Men’s Lower Extremity Dominant Sport Athletes

4.4.1.3 Women’s Overall Exposures
Practice and game exposures were tracked in 53 women’s lower extremity dominant athletes for
one collegiate athletic season, following each athlete’s test session. The 2016-2017 collegiate
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women’s athletic season was played between August 2016 and March 2017. The 53 women’s
lower extremity dominant athletes participated in a pre-season, competitive season, and postseason. The 2016-2017 collegiate women’s athletic season encompassed a total of 316 possible
exposures per athlete. 233 of the 316 exposures were practices and 83 of the 316 exposures were
games. Pre-season encompassed a total of 86 exposures, all 86 of these exposures were practices.
No game exposures were encountered during the pre-season. The competitive season was
comprised of a total of 223 exposures. 143 of the 223 total competitive season exposures were
practices and 80 of the 223 competitive season exposures were games. Post-season was
comprised of seven total exposures, four of these post-season exposures were practices and only
three were games.
The average number total exposures for 53 women’s lower extremity dominant athletes
was 283.6 exposures out of the available 316 exposures (89.7%). Of the available 233 practice
exposures, the 53 women’s lower extremity dominant athletes averaged participation of 216.4
practice exposures (92.9%). The average number of game exposures for the 83 women’s lower
extremity dominant athletes was 67.2 out of the available 83 game exposures (81.0%). There
were a total of 86 available pre-season exposures; all of the 86 pre-season exposures were
practices. Out of the 86 available pre-season exposures, the average of the 53 women’s lower
extremity dominant athlete exposures was 82.0 pre-season exposures (95.3%). There were a total
of 223 available exposures during the women’s athletic competitive season; 143 of the available
competitive season exposures were practices and 80 were games. The average competitive
season participation for the women’s lower extremity dominant athletes was 195.5 of the 223
available competitive season exposures (87.7%). There was a total of 143 available practice
exposures during the competitive season; the average women’s lower extremity dominant sport
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participation was 130.8 competitive season practice exposures (91.5%). There were 80 available
game exposures during the competitive season; on average the 53 women’s lower extremity
dominant athletes participated in 64.7 of the competitive season game exposures (80.9%). There
were a total of seven available exposures during the women’s lower extremity dominant sport
post-season; four of the seven post-season exposures were practices and 3 were games. The
average total post-season participation was 6.2 of seven available post-season exposures
(88.6%). There were four available practice exposures during the post-season and the average
post-season practice participation was 3.7 post-season practices (92.5%). There were three
available game exposures and the average women’s lower extremity dominant sport participation
was 2.52 post-season game exposures (84.0%). Participation is represented in Table 42, Figure
24, and Figure 25.

Table 42. Overall Women’s Lower Extremity Dominant Sport Athlete Participation
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Figure 24. Timing of Participation – Overall Women’s Lower Extremity Dominant Sport Athletes

Figure 25. Type of Participation – Overall Women’s Lower Extremity Dominant Sport Athletes
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4.4.2 Soccer

4.4.2.1 Overall Soccer Exposures
Practice and game exposures were tracked in 48 men’s and women’s soccer athletes for one
collegiate fall soccer season, following each athlete’s test session. The 2016-2017 collegiate
men’s and women’s soccer fall seasons were played between August 2016 and October 2016.
The 48 men’s and women’s soccer athletes participated in a pre-season and a competitive season;
only the men’s soccer athletes participated in a post-season. The 2016-2017 collegiate men’s and
women’s soccer fall seasons encompassed a total of 163 possible exposures per athlete. One
hundred and twenty-five of the 163 exposures were practices and 38 of the 163 exposures were
games. Pre-season encompassed a total of 33 exposures, all 33 of these exposures were practices.
No game exposures were encountered during the pre-season. The competitive season was
comprised of a total of 126 exposures. Eighty-nine of the 126 total competitive season exposures
were practices and 38 of the 126 competitive season exposures were games. Post-season was
comprised of four total exposures, three of these post-season exposures were practices and only
one was a game.
The average number of total exposures for the 48 men’s and women’s soccer athletes was
143.7 exposures out of the 163 possible total exposures (88.2%). Of the available 125 practice
exposures, the 48 men’s and women’s soccer athletes had an average participation of 113.1
practice exposures (90.5%). The average number of game exposures for the 48 men’s and
women’s soccer athletes was 30.6 out of the possible 38 game exposures (80.5%). The preseason was comprised of 33 total exposures; all pre-season exposures were practices. Out of the
33 available pre-season exposures, the average participation of the 48 men’s and women’s soccer
athletes was 30.8 pre-season exposures (93.3%). There were a total of 126 available exposures
138

during the competitive season. The average participation for the 48 men’s and women’s soccer
athletes was 109.1 of the 126 available competitive season exposures (86.6%). There was a total
of 89 available practice exposures during the competitive season; the average men’s and
women’s soccer athlete participation was 79.5 of the practice exposures (89.3%). There were 38
available game exposures during the competitive season; on average the men’s and women’s
soccer athlete participation was 29.7 of the game exposures (78.2%). There were a total of four
available exposures during the men’s and women’s soccer post-season; three of the four postseason exposures were practices and one was a game. The average total post-season participation
was 3.8 of 4 available post-season exposures (95.0%). There were three available practice
exposures during the post-season and the average post-season practice participation was 2.9 postseason practices (96.7%). There was one available game exposure and the average men’s and
women’s soccer participation was 0.9 post-season game exposures (90.0%). Participation is
represented in Table 43, Figure 26, and Figure 27.

Table 43. Overall Men’s and Women’s Soccer Athlete Participation
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Figure 26. Timing of Participation – Overall Men’s and Women’s Soccer Athletes

Figure 27. Type of Participation – Overall Men’s and Women’s Soccer Athletes
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4.4.2.2 Men’s Soccer Exposures
Practice and game exposures were tracked in 24 men’s soccer athletes for one collegiate fall
soccer season, following each athlete’s test session. The 2016-2017 collegiate men’s soccer fall
season was played between August 2016 and October 2016. The 24 men’s soccer athletes
participated in a pre-season, competitive season, and post-season. The 2016-2017 collegiate
men’s soccer fall season encompassed a total of 80 possible exposures per athlete. Sixty of the
80 exposures were practices and 20 of the 80 exposures were games. Pre-season encompassed a
total of nine exposures, all nine of these exposures were practices. No game exposures were
encountered during the pre-season. The competitive season was comprised of a total of 67
exposures. Forty-eight of the 67 total competitive season exposures were practices and 20 of the
67 competitive season exposures were games. Post-season was comprised of four total
exposures, three of these post-season exposures were practices and only one was a game.
The average number total exposures for 24 men’s soccer athletes was 73.1 exposures out
of the available 80 exposures (91.4%). Of the available 60 practice exposures, the 24 men’s
soccer athletes averaged participation of 55.3 practice exposures (92.2%). The average number
of game exposures for the 24 men’s soccer athletes was 17.8 out of the available 20 game
exposures (89.0%). There were a total of nine available pre-season exposures; all of the nine preseason exposures were practices. Out of the nine available pre-season exposures, the average of
the 24 men’s soccer athlete exposures was 8.0 pre-season exposures (88.9%). There were a total
of 67 available exposures during the men’s soccer competitive season; 48 of the available
competitive season exposures were practices and 19 were games. The average competitive
season participation for the men’s soccer athletes was 61.3 of the 67 available competitive
season exposures (91.5%). There was a total of 48 available practice exposures during the
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competitive season; the average men’s soccer participation was 44.5 competitive season practice
exposures (92.7%). There were 19 available game exposures during the competitive season; on
average the 24 men’s soccer athletes participated in 16.9 of the competitive season game
exposures (88.9%). There were a total of four available exposures during the men’s soccer postseason; three of the four post-season exposures were practices and one was a game. The average
total post-season participation was 3.8 of four available post-season exposures (95.0%). There
were three available practice exposures during the post-season and the average post-season
practice participation was 2.9 post-season practices (96.7%). There was one available game
exposure and the average men’s soccer participation was 0.9 post-season game exposures
(90.0%). Participation is represented in Table 44, Figure 28, and Figure 29.

Table 44. Men’s Soccer Athlete Participation
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Figure 28. Timing of Participation – Men’s Soccer Athletes

Figure 29. Type of Participation – Men’s Soccer Athletes
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4.4.2.3 Women’s Soccer Exposures
Practice and game exposures were tracked in 24 women’s soccer athletes for one collegiate fall
soccer season, following each athlete’s test session. The 2016-2017 collegiate women’s soccer
fall season was played between August 2016 and October 2016. The 24 women’s soccer athletes
participated in a pre-season and a competitive season; the competitive season did not result in an
invitation to participate in the post-season. The 2016-2017 collegiate women’s soccer fall season
encompassed a total of 83 possible exposures per athlete. Sixty-five of the 83 exposures were
practices and 18 of the 83 exposures were games. Pre-season encompassed a total of 24
exposures, all 24 of these exposures were practices. No game exposures were encountered during
the pre-season. The competitive season was comprised of a total of 59 exposures. Forty-one of
the 59 total competitive season exposures were practices and 18 of the 59 competitive season
exposures were games.
The average number of total exposures for the 24 women’s soccer athletes was 70.6
exposures out of the 83 possible total exposures (85.1%). Of the available 65 practice exposures,
the 24 women’s soccer athletes had an average participation of 57.8 practice exposures (88.9%).
The average number of game exposures for the 24 women’s soccer athletes was 12.8 out of the
possible 18 game exposures (71.1%). The pre-season was comprised of 24 total exposures; all
pre-season exposures were practices. Out of the 24 available pre-season exposures, the average
participation of the 24 women’s soccer athletes was 22.8 pre-season exposures (95.0%). There
were a total of 59 available exposures during the competitive season. The average participation
for the 24 women’s soccer athletes was 47.8 of the 59 available competitive season exposures
(81.0%). There was a total of 41 available practice exposures during the competitive season; the
average women’s soccer athlete participation was 35.0 of the practice exposures (85.4%). There
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were 18 available game exposures during the competitive season; on average the women’s
soccer athlete participation was 12.8 of the game exposures (71.1%). Participation is represented
in Table 45, Figure 30, and Figure 31.

Table 45. Women’s Soccer Athlete Participation

Figure 30. Timing of Participation – Women’s Soccer Athletes
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Figure 31. Type of Participation – Women’s Soccer Athletes

4.4.3 Football

4.4.3.1 Overall Football Exposures
Practice and game exposures were tracked in 43 football athletes for one collegiate fall football
season, following each athlete’s test session. The 2016-2017 collegiate football fall season was
played between August 2016 and December 2016. The 43 football athletes participated in a preseason, a competitive season, and a post-season. The 2016-2017 collegiate football fall season
encompassed a total of 90 possible exposures per athlete. Seventy-eight of the 90 exposures were
practices and 12 of the 90 exposures were games. Pre-season encompassed a total of 24
exposures, all 24 of these exposures were practices. No game exposures were encountered during
the pre-season. The competitive season was comprised of a total of 55 exposures. Forty-four of
the 55 total competitive season exposures were practices and 11 of the 55 competitive season
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exposures were games. Post-season was comprised of 11 total exposures, 10 of these post-season
exposures were practices and only one was a game.
The average number of total exposures for the 43 football athletes was 79.9 exposures out
of the 90 possible total exposures (88.8%). Of the available 78 practice exposures, the 43 football
athletes had an average participation of 69.3 practice exposures (88.8%). The average number of
game exposures for the 43 football athletes was 10.6 out of the possible 12 game exposures
(88.3%). The pre-season was comprised of 24 total exposures; all pre-season exposures were
practices. Out of the 24 available pre-season exposures, the average participation of the 43
football athletes was 22.4 pre-season exposures (93.3%). There were a total of 55 available
exposures during the competitive season. The average participation for the 43 football athletes
was 47.9 of the 55 available competitive season exposures (87.1%). There was a total of 44
available practice exposures during the competitive season; the average football athlete
participation was 38.2 of the practice exposures (86.8%). There were 11 available game
exposures during the competitive season; on average the football athlete participation was 9.8 of
the game exposures (89.1%). There were a total of 11 available exposures during the football
post-season; 10 of the 11 post-season exposures were practices and 1 was a game. The average
total post-season participation was 9.5 of 11 available post-season exposures (86.4%). There
were 10 available practice exposures during the post-season and the average post-season practice
participation was 8.7 post-season practices (87.0%). There was 1 available game exposure and
the average football participation was 0.84 post-season game exposures (84.0%). Participation is
represented in Table 46, Figure 32, and Figure 33.
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Table 46. Football Athlete Participation

Figure 32. Timing of Participation – Football Athletes

148

Figure 33. Type of Participation – Football Athletes

4.4.4 Volleyball

4.4.4.1 Overall Volleyball Exposures
Practice and game exposures were tracked in 16 women’s volleyball athletes for one collegiate
fall volleyball season, following each athlete’s test session. The 2016-2017 collegiate women’s
volleyball fall season was played between August 2016 and December 2016. The 16 women’s
volleyball athletes participated in a pre-season, a competitive season, and a post-season. The
2016-2017 collegiate women’s volleyball fall season encompassed a total of 113 possible
exposures per athlete. Seventy-nine of the 113 exposures were practices and 34 of the 113
exposures were games. Pre-season encompassed a total of 25 exposures, all 25 of these
exposures were practices. No game exposures were encountered during the pre-season. The
competitive season was comprised of a total of 84 exposures. Fifty-two of the 84 total
competitive season exposures were practices and 32 of the 84 competitive season exposures were
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games. Post-season was comprised of 4 total exposures, two of these post-season exposures were
practices and two were games.
The average number of total exposures for the 16 women’s volleyball athletes was 109.2
exposures out of the 113 possible total exposures (96.6%). Of the available 79 practice
exposures, the 16 women’s volleyball athletes had an average participation of 76.4 practice
exposures (96.7%). The average number of game exposures for the 16 women’s volleyball
athletes was 32.8 out of the possible 34 game exposures (96.5%). The pre-season was comprised
of 25 total exposures; all pre-season exposures were practices. Out of the 25 available pre-season
exposures, the average participation of the 16 women’s volleyball athletes was 25.0 pre-season
exposures (100.0%). There were a total of 84 available exposures during the competitive season.
The average participation for the 16 women’s volleyball athletes was 80.5 of the 84 available
competitive season exposures (95.8%). There was a total of 52 available practice exposures
during the competitive season; the average women’s volleyball athlete participation was 49.6 of
the practice exposures (95.4%). There were 32 available game exposures during the competitive
season; on average the women’s volleyball athlete participation was 30.9 of the game exposures
(96.6%). There were a total of four available exposures during the women’s volleyball postseason; two of the four post-season exposures were practices and two were games. The average
total post-season participation was 3.7 of four available post-season exposures (92.5%). There
were two available practice exposures during the post-season and the average post-season
practice participation was 1.8 post-season practices (90.0%). There were two available game
exposures and the average women’s volleyball participation was 1.9 post-season game exposures
(95.0%). Participation is represented in Table 47, Figure 34, and Figure 35.
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Table 47. Women’s Volleyball Athlete Participation

Figure 34. Timing of Participation – Women’s Volleyball Athletes
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Figure 35. Type of Participation – Women’s Volleyball Athletes

4.4.5 Basketball

4.4.5.1 Overall Basketball Exposures
Practice and game exposures were tracked in 24 men’s and women’s basketball athletes for one
collegiate winter basketball season, following each athlete’s test session. The 2016-2017
collegiate men’s and women’s basketball winter seasons were played between November 2016
and March 2017. The 24 men’s and women’s basketball athletes participated in a pre-season, a
competitive season, and a post-season. The 2016-2017 collegiate men’s and women’s basketball
winter seasons encompassed a total of 248 possible exposures per athlete. 183 of the 248
exposures were practices and 65 of the 248 exposures were games. Pre-season encompassed a
total of 74 exposures, all 74 of these exposures were practices. No game exposures were
encountered during the pre-season. The competitive season was comprised of a total of 167
exposures. 105 of the 167 total competitive season exposures were practices and 62 of the 167
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competitive season exposures were games. Post-season was comprised of 7 total exposures, four
of these post-season exposures were practices and only three were games.
The average number of total exposures for the 24 men’s and women’s basketball athletes
was 219.6 exposures out of the 248 possible total exposures (88.5%). Of the available 183
practice exposures, the 24 men’s and women’s basketball athletes had an average participation of
171 practice exposures (93.4%). The average number of game exposures for the 24 men’s and
women’s basketball athletes was 48.6 out of the possible 65 game exposures (74.8%). The preseason was comprised of 74 total exposures; all pre-season exposures were practices. Out of the
74 available pre-season exposures, the average participation of the 24 men’s and women’s
basketball athletes was 71.2 pre-season exposures (96.2%). There were a total of 167 available
exposures during the competitive season. The average participation for the 24 men’s and
women’s basketball athletes was 142.7 of the 167 available competitive season exposures
(85.4%). There was a total of 105 available practice exposures during the competitive season; the
average men’s and women’s basketball athlete participation was 96.2 of the practice exposures
(91.6%). There were 62 available game exposures during the competitive season; on average the
men’s and women’s basketball athlete participation was 46.5 of the game exposures (75.0%).
There were a total of seven available exposures during the men’s and women’s basketball postseason; four of the seven post-season exposures were practices and three were games. The
average total post-season participation was 5.9 of seven available post-season exposures
(84.3%). There were four available practice exposures during the post-season and the average
post-season practice participation was 3.7 post-season practices (92.5%). There were three
available game exposure and the average men’s and women’s basketball participation was 2.1
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post-season game exposures (70.0%). Participation is represented in Table 48, Figure 36, and
Figure 37.
Table 48. Overall Men’s and Women’s Basketball Athlete Participation

Figure 36. Timing of Participation – Overall Men’s and Women’s Basketball Athletes
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Figure 37. Type of Participation – Overall Men’s and Women’s Basketball Athletes

4.4.5.2 Men’s Basketball Exposures
Practice and game exposures were tracked in 11 men’s basketball athletes for one collegiate
winter basketball season, following each athlete’s test session. The 2016-2017 collegiate men’s
basketball winter season was played between November 2016 and March 2017. The 11 men’s
basketball athletes participated in a pre-season, competitive season, and post-season. The 20162017 collegiate men’s basketball winter season encompassed a total of 128 possible exposures
per athlete. 94 of the 128 exposures were practices and 34 of the 128 exposures were games. Preseason encompassed a total of 37 exposures, all 37 of these exposures were practices. No game
exposures were encountered during the pre-season. The competitive season was comprised of a
total of 87 exposures. 55 of the 87 total competitive season exposures were practices and 32 of
the 87 competitive season exposures were games. Post-season was comprised of four total
exposures, two of these post-season exposures were practices and only two were games.
The average number total exposures for 11 men’s basketball athletes was 115.8
exposures out of the available 128 exposures (90.5%). Of the available 94 practice exposures, the
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11 men’s basketball athletes averaged participation of 88.8 practice exposures (94.5%). The
average number of game exposures for the 11 men’s basketball athletes was 27.0 out of the
available 34 game exposures (79.4%). There were a total of 37 available pre-season exposures;
all of the 37 pre-season exposures were practices. Out of the 37 available pre-season exposures,
the average of the 11 men’s basketball athlete exposures was 37.0 pre-season exposures
(100.0%). There were a total of 87 available exposures during the men’s basketball competitive
season; 55 of the available competitive season exposures were practices and 32 were games. The
average competitive season participation for the men’s basketball athletes was 75.5 of the 87
available competitive season exposures (86.8%). There was a total of 55 available practice
exposures during the competitive season; the average men’s basketball participation was 50.0
competitive season practice exposures (90.9%). There were 32 available game exposures during
the competitive season; on average the 11 men’s basketball athletes participated in 25.5 of the
competitive season game exposures (79.7%). There were a total of four available exposures
during the men’s basketball post-season; two of the four post-season exposures were practices
and two were games. The average total post-season participation was 3.4 of four available postseason exposures (85.0%). There were two available practice exposures during the post-season
and the average post-season practice participation was 1.8 post-season practices (90.0%). There
were two available game exposures and the average men’s basketball participation was 1.5 postseason game exposures (75.0%). Participation is represented in Table 49, Figure 38, and Figure
39.
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Table 49. Men’s Basketball Athlete Participation

Figure 38. Timing of Participation – Men’s Basketball Athletes
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Figure 39. Type of Participation – Men’s Basketball Athletes

4.4.5.3 Women’s Basketball Exposures
Practice and game exposures were tracked in 13 women’s basketball athletes for one collegiate
winter basketball season, following each athlete’s test session. The 2016-2017 collegiate
women’s basketball winter season was played between November 2016 and March 2017. The 13
women’s basketball athletes participated in a pre-season, competitive season, and post-season.
The 2016-2017 collegiate women’s basketball winter season encompassed a total of 120 possible
exposures per athlete. 89 of the 120 exposures were practices and 31 of the 120 exposures were
games. Pre-season encompassed a total of 37 exposures, all 37 of these exposures were practices.
No game exposures were encountered during the pre-season. The competitive season was
comprised of a total of 80 exposures. 50 of the 80 total competitive season exposures were
practices and 30 of the 80 competitive season exposures were games. Post-season was comprised
of three total exposures, two of these post-season exposures were practices and only one were
games.
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The average number total exposures for 13 women’s basketball athletes was 103.8
exposures out of the available 120 exposures (86.5%). Of the available 89 practice exposures, the
13 women’s basketball athletes averaged participation of 82.2 practice exposures (92.4%). The
average number of game exposures for the 13 women’s basketball athletes was 21.6 out of the
available 31 game exposures (72.0%). There were a total of 37 available pre-season exposures;
all of the 37 pre-season exposures were practices. Out of the 37 available pre-season exposures,
the average of the 13 women’s basketball athlete exposures was 34.2 pre-season exposures
(92.4%). There were a total of 80 available exposures during the women’s basketball competitive
season; 50 of the available competitive season exposures were practices and 30 were games. The
average competitive season participation for the women’s basketball athletes was 67.2 of the 80
available competitive season exposures (84.0%). There was a total of 50 available practice
exposures during the competitive season; the average women’s basketball participation was 46.2
competitive season practice exposures (92.4%). There were 30 available game exposures during
the competitive season; on average the 13 women’s basketball athletes participated in 21.0 of the
competitive season game exposures (70.0%). There were a total of three available exposures
during the women’s basketball post-season; two of the three post-season exposures were
practices and one were games. The average total post-season participation was 2.5 of three
available post-season exposures (83.3%). There were two available practice exposures during the
post-season and the average post-season practice participation was 1.9 post-season practices
(95.0%). There were one available game exposures and the average women’s basketball
participation was 0.62 post-season game exposures (62.0%). Participation is represented in Table
50, Figure 40, and Figure 41.
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Table 50. Women’s Basketball Athlete Participation

Figure 40. Timing of Participation – Women’s Basketball Athletes
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Figure 41. Type of Participation – Women’s Basketball Athletes

4.5

LOWER EXTREMITY MUSCULOSKELETAL INJURY

4.5.1 Overall

4.5.1.1 Overall Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 131 (Men’s: 78,
Women’s: 53) lower extremity dominant athletes for one athletic season, following each
athlete’s test session. 56 out of 131 men’s and women’s lower extremity dominant athletes
prospectively tracked over the course of one collegiate athletic season suffered a lower extremity
musculoskeletal injury (42.7%). 12 of the men’s and women’s lower extremity dominant athletes
prospectively tracked suffered more than one lower extremity musculoskeletal injury; 69 total
lower extremity musculoskeletal injuries were suffered over the course of the collegiate athletic
season. Of the 69 total lower extremity musculoskeletal injuries suffered during the collegiate
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athletic season, 24 occurred during the pre-season (34.8%), 41 occurred during the competitive
season (59.4%), and 4 occurred during the post-season (0.06%). 59 of the 69 lower extremity
musculoskeletal injuries suffered over the course of the collegiate athletic season occurred during
a practice (85.5%), 7 occurred during a game (10.1%), and 3 were unknown (0.04%). There were
23 ankle injuries (33.3%), 13 knee injuries (18.8%), 5 hip injuries (0.07%), 17 muscle injuries
(24.6%), and 11 injuries categorized as other (15.9%) out of the 69 total lower extremity
musculoskeletal injuries suffered during the men’s and women’s collegiate athletic season. There
were 58 acute injuries (84.1%) and 11 overuse injuries (15.9%), of the 69 total lower extremity
musculoskeletal injuries suffered. Lower extremity musculoskeletal injury data is presented in
Figure 42, Figure 43, Figure 44, and Figure 45.

Figure 42. Timing of Season During Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s
Lower Extremity Dominant Sport Athletes
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Figure 43. Type of Participation During Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s
Lower Extremity Dominant Sport Athletes

Figure 44. Anatomical Location of Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s Lower
Extremity Dominant Sport Athletes
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Figure 45. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s Lower
Extremity Dominant Sport Athletes

The overall lower extremity musculoskeletal injury rate for the men’s and women’s
collegiate athletic season was 6.13 injuries per 1,000 athlete exposures (95% CI: 4.69, 7.58). The
pre-season lower extremity musculoskeletal injury rate was 8.12 injuries per 1,000 athlete
exposures (95% CI: 4.87, 11.38). The competitive season lower extremity musculoskeletal injury
rate was 5.35 injuries per 1,000 athlete exposures (95% CI: 3.71, 6.98). The post-season lower
extremity musculoskeletal injury rate was 6.36 injuries per 1,000 athlete exposures (95% CI:
0.13, 12.59). The lower extremity musculoskeletal injury rate during practice participation was
6.59 injuries per 1,000 athlete exposures (95% CI: 4.91, 8.27); during participation in games the
lower extremity musculoskeletal injury rate was 3.05 injuries per 1,000 athlete exposures (95%
CI: 0.79, 5.31). The acute lower extremity musculoskeletal injury rate during the men’s and
women’s collegiate athletic season was 5.15 injuries per 1,000 athlete exposures (95% CI: 3.83,
6.48); the overuse lower extremity musculoskeletal injury rate was 0.98 injuries per 1,000 athlete
exposures (95% CI: 0.40, 1.56). The ankle had the highest number of injuries during the men’s
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and women’s collegiate athletic season, 2.04 injuries per 1,000 athlete exposures (95% CI: 1.21,
2.88), followed by knee with an injury rate of 1.16 injuries per 1,000 athlete exposures (95% CI:
0.53, 1.78). The injury rate for lower extremity musculoskeletal injuries categorized as other was
0.98 injuries per 1,000 athlete exposures (95% CI: 0.40, 1.56). The injury rate for lower
extremity musculoskeletal injuries at the hip was 0.44 injuries per 1,000 athlete exposures (95%
CI: 0.05, 0.83). The injury rate for lower extremity muscle injuries was 1.51 injuries per 1,000
athlete exposures (95% CI: 0.79, 2.23). Musculoskeletal injury rates are represented in Table 51.

Table 51. Overall Lower Extremity Dominant Sport Athletes Lower Extremity Musculoskeletal Injury Rates
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4.5.1.2 Men’s Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 78 men’s lower
extremity dominant athletes for one collegiate athletic season, following each athlete’s test
session. 36 out of 78 men’s lower extremity dominant athletes prospectively tracked over the
course of one collegiate athletic season suffered a lower extremity musculoskeletal injury
(45.6%). Eleven of the men’s lower extremity dominant athletes prospectively tracked suffered
more than one lower extremity musculoskeletal injury; 48 total lower extremity musculoskeletal
injuries were suffered over the course of the collegiate athletic season. Of the 48 total lower
extremity musculoskeletal injuries suffered during the collegiate athletic season, 16 occurred
during the pre-season (33.3%), 28 occurred during the competitive season (58.3%), and four
occurred during the post-season (8.3%). 45 of the 48 lower extremity musculoskeletal injuries
suffered over the course of the collegiate men’s athletic season occurred during a practice
(93.8%) and 3 occurred during a game (6.3%).
The lower extremity musculoskeletal injuries suffered by the men’s lower extremity
athletes were categorized by location, including, ankle, knee, hip, and other. There were 18 ankle
injuries (37.5%), eight knee injuries (16.7%), 2 hip injuries (4.2%), 15 lower extremity muscle
injuries (31.3%), and five injuries categorized as other (10.4%) out of the 48 total lower
extremity musculoskeletal injuries suffered during the men’s athletic season. There were 43
acute injuries (89.6%) and five overuse injuries (10.4%), of the 48 total lower extremity
musculoskeletal injuries suffered. Lower extremity musculoskeletal injury data is presented in
Figure 46, Figure 47, Figure 48, and Figure 49.
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Figure 46. Timing of Season During Lower Extremity Musculoskeletal Injury – Overall Men’s Lower Extremity
Dominant Sport Athletes

Figure 47. Type of Participation During Lower Extremity Musculoskeletal Injury – Overall Men’s Lower Extremity
Dominant Sport Athletes
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Figure 48. Anatomical Location of Lower Extremity Musculoskeletal Injury – Overall Men’s Lower Extremity
Dominant Sport Athletes

Figure 49. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Overall Men’s Lower Extremity Dominant
Sport Athletes

The overall lower extremity musculoskeletal injury rate for the men’s collegiate athletic
season was 7.43 injuries per 1,000 athlete exposures (95% CI: 5.32, 9.53). The pre-season lower
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extremity musculoskeletal injury rate was 10.24 injuries per 1,000 athlete exposures (95% CI:
5.22, 15.25). The competitive season lower extremity musculoskeletal injury rate was 6.42
injuries per 1,000 athlete exposures (95% CI: 4.04, 8.79). The post-season lower extremity
musculoskeletal injury rate was 7.43 injuries per 1,000 athlete exposures (95% CI: 0.15, 14.72).
The lower extremity musculoskeletal injury rate during practice participation was 8.52 injuries
per 1,000 athlete exposures (95% CI: 6.03, 11.00); during participation in games the lower
extremity musculoskeletal injury rate was 2.54 injuries per 1,000 athlete exposures (95% CI: 0.33, 5.42). The acute lower extremity musculoskeletal injury rate during the men’s collegiate
athletic season was 6.65 injuries per 1,000 athlete exposures (95% CI: 4.66, 8.64); the overuse
lower extremity musculoskeletal injury rate was 0.77 injuries per 1,000 athlete exposures (95%
CI: 0.10, 1.45). The ankle had the highest number of injuries during the men’s collegiate athletic
season, 2.78 injuries per 1,000 athlete exposures (95% CI: 1.50, 4.07), followed by knee with an
injury rate of 1.24 injuries per 1,000 athlete exposures (95% CI: 0.38, 2.10). The injury rate for
lower extremity musculoskeletal injuries categorized as other was 0.77 injuries per 1,000 athlete
exposures (95% CI: 0.10, 1.45). The injury rate for lower extremity musculoskeletal injuries at
the hip was 0.31 injuries per 1,000 athlete exposures (95% CI: -0.12, 0.74). The injury rate for
lower extremity musculoskeletal injuries of the lower extremity muscles was 2.32 injuries per
1,000 athlete exposures (95% CI: 1.15, 3.49). Musculoskeletal injury rates are represented in
Table 52.
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Table 52. Overall Men’s Lower Extremity Dominant Sport Athletes Lower Extremity Musculoskeletal Injury Rates

4.5.1.3 Women’s Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 53 women’s lower
extremity dominant athletes for one collegiate athletic season, following each athlete’s test
session. 20 out of 53 women’s lower extremity dominant athletes prospectively tracked over the
course of one collegiate athletic season suffered a lower extremity musculoskeletal injury
(37.7%). Only one of the women’s lower extremity dominant athletes prospectively tracked
suffered more than one lower extremity musculoskeletal injury; 21 total lower extremity
musculoskeletal injuries were suffered over the course of the collegiate athletic season. Of the 21
total lower extremity musculoskeletal injuries suffered during the collegiate athletic season, eight
occurred during the pre-season (38.1%), 13 occurred during the competitive season (61.9%), and
zero occurred during the post-season (0.0%). 14 of the 21 lower extremity musculoskeletal
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injuries suffered over the course of the collegiate women’s athletic season occurred during a
practice (66.7%), four occurred during a game (19.0%), and three were unknown (14.3%).
The lower extremity musculoskeletal injuries suffered by the women’s lower extremity
athletes were categorized by location, including, ankle, knee, hip, and other. There were five
ankle injuries (23.8%), five knee injuries (23.8%), three hip injuries (14.3%), two muscle injuries
(9.5%), and six injuries categorized as other (28.6%) out of the 21 total lower extremity
musculoskeletal injuries suffered during the women’s athletic season. No hip injuries were
reported. There were 15 acute injuries (71.4%) and 6 overuse injury (28.6%), of the 21 total
lower extremity musculoskeletal injuries suffered. Lower extremity musculoskeletal injury data
is presented in Figure 50, Figure 51, Figure 52, and Figure 53.

Figure 50. Timing of Season During Lower Extremity Musculoskeletal Injury – Overall Women’s Lower Extremity
Dominant Sport Athletes
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Figure 51. Type of Participation During Lower Extremity Musculoskeletal Injury – Overall Women’s Lower
Extremity Dominant Sport Athletes

Figure 52. Anatomical Location of Lower Extremity Musculoskeletal Injury – Overall Women’s Lower Extremity
Dominant Sport Athletes
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Figure 53. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Overall Women’s Lower Extremity
Dominant Sport Athletes

The overall lower extremity musculoskeletal injury rate for the women’s collegiate
athletic season was 4.39 injuries per 1,000 athlete exposures (95% CI: 2.51, 6.26). The preseason lower extremity musculoskeletal injury rate was 5.75 injuries per 1,000 athlete exposures
(95% CI: 1.77, 9.74). The competitive season lower extremity musculoskeletal injury rate was
3.93 injuries per 1,000 athlete exposures (95% CI: 1.79, 6.07). The lower extremity
musculoskeletal injury rate during practice participation was 3.81 injuries per 1,000 athlete
exposures (95% CI: 1.81, 5.81); during participation in games the lower extremity
musculoskeletal injury rate was 3.59 injuries per 1,000 athlete exposures (95% CI: 0.07, 7.12).
The acute lower extremity musculoskeletal injury rate during the women’s collegiate athletic
season was 3.13 injuries per 1,000 athlete exposures (95% CI: 1.55, 4.72); the overuse lower
extremity musculoskeletal injury rate was 1.25 injuries per 1,000 athlete exposures (95% CI:
0.25, 2.26). The injury rate at the ankle during the women’s collegiate athletic season was 1.04
injuries per 1,000 athlete exposures (95% CI: 0.13, 1.96), similar to the knee with an injury rate
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of 1.04 injuries per 1,000 athlete exposures (95% CI: 0.13, 1.96). The injury rate for lower
extremity musculoskeletal injuries categorized as other was 1.25 injuries per 1,000 athlete
exposures (95% CI: 0.25, 2.26). The injury rate for lower extremity musculoskeletal injuries at
the hip was 0.63 injuries per 1,000 athlete exposures (95% CI: -0.08, 1.34). The injury rate for
lower extremity muscle injuries was 0.42 injuries per 1,000 athlete exposures (95% CI: -0.16,
1.00). Musculoskeletal injury rates are represented in Table 53.

Table 53. Overall Women’s Lower Extremity Dominant Sport Athletes Lower Extremity Musculoskeletal Injury
Rates

4.5.2 Soccer

4.5.2.1 Overall Soccer Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 48 (Men’s: 24, Women’s
24) soccer athletes for one collegiate fall soccer season, following each athlete’s test session.
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Eighteen out of 48 men’s and women’s soccer athletes prospectively tracked over the course of
one collegiate fall soccer season suffered a lower extremity musculoskeletal injury (37.5%).
None of the men’s and women’s soccer athletes prospectively tracked suffered more than one
lower extremity musculoskeletal injury; 18 total lower extremity musculoskeletal injuries were
suffered over the course of the collegiate fall men’s and women’s soccer season. Of the 18 total
lower extremity musculoskeletal injuries suffered during the collegiate fall men’s and women’s
soccer season, three occurred during the pre-season (16.7%), 12 occurred during the competitive
season (66.7%), and three occurred during the post-season (16.7%). Ten of the 18 lower
extremity musculoskeletal injuries suffered over the course of the collegiate men’s and women’s
soccer fall season occurred during a practice (55.6%), five occurred during a game (27.8%), and
three were unknown (16.7%). There were nine ankle injuries (50.0%), four knee injuries
(22.2%), and four injuries categorized as other (22.2%) out of the 18 total lower extremity
musculoskeletal injuries suffered during the men’s and women’s soccer fall collegiate season.
There were 15 acute injuries (83.3%) and three overuse injuries (18.7%), of the 18 total lower
extremity musculoskeletal injuries suffered. Lower extremity musculoskeletal injury data is
presented in Figure 54, Figure 55, Figure 56, and Figure 57.
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Figure 54. Timing of Season During Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s
Soccer Athletes

Figure 55. Type of Participation During Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s
Soccer Athletes
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Figure 56. Anatomical Location of Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s Soccer
Athletes

Figure 57. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s Soccer
Athletes
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The overall lower extremity musculoskeletal injury rate for the men’s and women’s
soccer fall season was 5.22 injuries per 1,000 athlete exposures (95% CI: 2.81, 7.63). The preseason lower extremity musculoskeletal injury rate was 4.06 injuries per 1,000 athlete exposures
(95% CI: -0.53, 8.65). The competitive season lower extremity musculoskeletal injury rate was
4.58 injuries per 1,000 athlete exposures (95% CI: 1.99, 7.17). The lower extremity
musculoskeletal injury rate during practice participation was 3.68 injuries per 1,000 athlete
exposures (95% CI: 1.40, 5.97); during participation in games the lower extremity
musculoskeletal injury rate was 6.80 injuries per 1,000 athlete exposures (95% CI: 0.84, 12.77).
The acute lower extremity musculoskeletal injury rate during the men’s and women’s soccer fall
season was 4.35 injuries per 1,000 athlete exposures (95% CI: 2.15, 6.55); the overuse lower
extremity musculoskeletal injury rate was 0.87 injuries per 1,000 athlete exposures (95% CI: 0.11, 1.85). The ankle had the highest number of injuries during the men’s and women’s soccer
fall season, 2.61 injuries per 1,000 athlete exposures (95% CI: 0.90, 4.31), followed by knee with
an injury rate of 1.16 injuries per 1,000 athlete exposures (95% CI: 0.02, 2.30). The injury rate
for lower extremity musculoskeletal injuries categorized as other was 1.16 injuries per 1,000
athlete exposures (95% CI: 0.02, 2.30). The overall ankle sprain injury rate during the men’s and
women’s soccer fall season was 2.61 injuries per 1,000 athlete exposures (95% CI: 0.90, 4.31).
Musculoskeletal injury rates are represented in Table 54.
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Table 54. Overall Men’s and Women’s Soccer Athletes Lower Extremity Musculoskeletal Injury Rates

4.5.2.2 Men’s Soccer Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 24 men’s soccer athletes
for one collegiate fall soccer season, following each athlete’s test session. Eight out of 24 men’s
soccer athletes prospectively tracked over the course of one collegiate fall soccer season suffered
a lower extremity musculoskeletal injury (33.3%). None of the men’s soccer athletes
prospectively tracked suffered more than one lower extremity musculoskeletal injury; eight total
lower extremity musculoskeletal injuries were suffered over the course of the collegiate fall
men’s soccer season. Of the eight total lower extremity musculoskeletal injuries suffered during
the collegiate fall men’s soccer season, one occurred during the pre-season (12.5%), four
occurred during the competitive season (50.0%), and three occurred during the post-season
(37.5%). Six of the eight lower extremity musculoskeletal injuries suffered over the course of the
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collegiate men’s soccer fall season occurred during a practice (75.0%) and two occurred during a
game (25.0%).
The lower extremity musculoskeletal injuries suffered by the men’s soccer athletes were
categorized by location, including, ankle, knee, hip, and other. There were five ankle injuries
(62.5%), one knee injuries (12.5%), and two injuries categorized as other (25.0%) out of the 8
total lower extremity musculoskeletal injuries suffered during the men’s soccer fall collegiate
season. No hip injuries were reported. When the lower extremity musculoskeletal injuries were
categorized by injury type, five of the eight lower extremity musculoskeletal injuries suffered
were ankle sprain (62.5%), one was a lateral collateral ligament sprain of the knee (12.5%), one
injury was a sartorious muscle strain (12.5%), and one injury was tendinopathy of the posterior
tibialis tendon insertion point (12.5%). There were seven acute injuries (87.5%) and one overuse
injury (12.5%), of the eight total lower extremity musculoskeletal injuries suffered. Lower
extremity musculoskeletal injury data is presented in Figure 58, Figure 59, Figure 60, and Figure
61.

Figure 58. Timing of Season During Lower Extremity Musculoskeletal Injury – Men’s Soccer Athletes
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Figure 59. Type of Participation During Lower Extremity Musculoskeletal Injury – Men’s Soccer Athletes

Figure 60. Anatomical Location of Lower Extremity Musculoskeletal Injury – Men’s Soccer Athletes
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Figure 61. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Men’s Soccer Athletes

The overall lower extremity musculoskeletal injury rate for the men’s soccer fall season
was 4.56 injuries per 1,000 athlete exposures (95% CI: 1.40, 7.72). The pre-season lower
extremity musculoskeletal injury rate was 5.21 injuries per 1,000 athlete exposures (95% CI: 5.00, 15.42). The competitive season lower extremity musculoskeletal injury rate was 2.72
injuries per 1,000 athlete exposures (95% CI: 0.05, 5.38). Both the pre-season and competitive
season lower extremity musculoskeletal injury rates were significantly less than the post-season
lower extremity musculoskeletal injury rate, 32.97 injuries per 1,000 athlete-exposures (95% CI:
-4.34, 70.27). The lower extremity musculoskeletal injury rate during practice participation was
4.52 injuries per 1,000 athlete exposures (95% CI: 0.90, 8.13); during participation in games the
lower extremity musculoskeletal injury rate was 4.68 injuries per 1,000 athlete exposures (95%
CI: 1.81, 11.18). The acute lower extremity musculoskeletal injury rate during the men’s soccer
fall season was 3.99 injuries per 1,000 athlete exposures (95% CI: 1.03, 6.94); the overuse lower
extremity musculoskeletal injury rate was 0.57 injuries per 1,000 athlete exposures (95% CI: 0.55, 1.69). The ankle had the highest number of injuries during the men’s soccer fall season,
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2.85 injuries per 1,000 athlete exposures (95% CI: 0.35, 5.35), followed by other lower extremity
musculoskeletal injuries with an injury rate of 1.14 injuries per 1,000 athlete exposures (95% CI:
-0.44, 2.72). The injury rate for knee injuries was 0.57 injuries per 1,000 athlete exposures (95%
CI: -0.55, 1.69). The overall ankle sprain injury rate during the men’s soccer fall season was 2.85
injuries per 1,000 athlete exposures (95% CI: 0.35, 5.35). An injury rate of 0.57 injuries per
1,000 athlete exposures (95% CI: -0.55, 1.69) was noted for the following injuries: lateral
collateral ligament sprain of the knee, sartorious muscle strain, and tendinopathy of the posterior
tibialis tendon insertion. Musculoskeletal injury rates are represented in Table 55.

Table 55. Overall Men’s Soccer Athletes Lower Extremity Musculoskeletal Injury Rates
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4.5.2.3 Women’s Soccer Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 24 women’s soccer
athletes for one collegiate fall soccer season, following each athlete’s test session. Ten out of 24
women’s soccer athletes prospectively tracked over the course of one collegiate fall soccer
season suffered a lower extremity musculoskeletal injury (41.7%). None of the women’s soccer
athletes prospectively tracked suffered more than one lower extremity musculoskeletal injury; 10
total lower extremity musculoskeletal injuries were suffered over the course of the collegiate fall
women’s soccer season. Of the 10 total lower extremity musculoskeletal injuries suffered during
the collegiate fall women’s soccer season, two occurred during the pre-season (20.0%) and 8
occurred during the competitive season (80.0%). Four of the 10 lower extremity musculoskeletal
injuries suffered over the course of the collegiate women’s soccer fall season occurred during a
practice (40.0%), three occurred during a game (30.0%), and three were unknown (30.0%).
Timing of the lower extremity musculoskeletal injury during participation in a practice or
game was only able to be identified in five or the 10 lower extremity musculoskeletal injuries.
All five of the lower extremity injuries where timing was able to be identified, occurred during
the first half of the practice or game (50.0%), the timing of the remaining five lower extremity
musculoskeletal injuries was not able to be identified (50.0%).
The lower extremity musculoskeletal injuries suffered by the women’s soccer athletes
were categorized by location, including, ankle, knee, hip, and other. There were four ankle
injuries (40.0%), three knee injuries (30.0%), one hip injury (10.0%) and two injuries
categorized as other (20.0%) out of the 10 total lower extremity musculoskeletal injuries suffered
during the women’s soccer fall collegiate season. When the lower extremity musculoskeletal
injuries were categorized by injury type, four of the 10 lower extremity musculoskeletal injuries

184

suffered were ankle sprain (40.0%), two were medial knee pain (20.0%), one injury was patellar
tendonitis (10.0%), and one injury was IT band tightness (10.0%), one injury was a hamstring
strain (10.0%), and one was Achilles tendonitis (10.0%). There were eight acute injuries (80.0%)
and two overuse injury (20.0%), of the 10 total lower extremity musculoskeletal injuries
suffered. Lower extremity musculoskeletal injury data is presented in Figure 62, Figure 63,
Figure 64, and Figure 65.

Figure 62. Timing of Season During Lower Extremity Musculoskeletal Injury – Women’s Soccer Athletes
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Figure 63. Type of Participation During Lower Extremity Musculoskeletal Injury – Women’s Soccer Athletes

Figure 64. Anatomical Location of Lower Extremity Musculoskeletal Injury – Women’s Soccer Athletes
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Figure 65. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Women’s Soccer Athletes

The overall lower extremity musculoskeletal injury rate for the women’s soccer fall
season was 5.90 injuries per 1,000 athlete exposures (95% CI: 2.24, 9.56). The pre-season lower
extremity musculoskeletal injury rate was 3.66 injuries per 1,000 athlete exposures (95% CI: 1.41, 8.72). The competitive season lower extremity musculoskeletal injury rate was 6.97
injuries per 1,000 athlete exposures (95% CI: 2.14, 11.81). The lower extremity musculoskeletal
injury rate during practice participation was 2.89 injuries per 1,000 athlete exposures (95% CI:
0.06, 5.71); during participation in games the lower extremity musculoskeletal injury rate was
9.74 injuries per 1,000 athlete exposures (95% CI: -1.28, 20.76). The acute lower extremity
musculoskeletal injury rate during the women’s soccer fall season was 4.72 injuries per 1,000
athlete exposures (95% CI: 1.45, 8.00); the overuse lower extremity musculoskeletal injury rate
was 1.18 injuries per 1,000 athlete exposures (95% CI: -0.46, 2.82). The ankle had the highest
number of injuries during the women’s soccer fall season, 2.36 injuries per 1,000 athlete
exposures (95% CI: 0.05, 4.68), followed by knee injuries with an injury rate of 1.77 injuries per
1,000 athlete exposures (95% CI: -0.23, 3.77). The injury rate for hip injuries was 0.59 injuries
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per 1,000 athlete exposures (95% CI: -0.57, 1.75). The injury rate for other lower extremity
musculoskeletal injuries was 1.18 injuries per 1,000 athlete exposures (95% CI: -0.46, 2.82). The
overall ankle sprain injury rate during the women’s soccer fall season was 2.36 injuries per 1,000
athlete exposures (95% CI: 0.05, 4.68). The medial knee pain injury rate during the women’s
soccer fall season was 1.18 injuries per 1,000 athlete exposures (95% CI: An injury rate of 0.59
injuries per 1,000 athlete exposures (95% CI: -0.46, 2.82) was noted for the following injuries:
IT band tightness, hamstring muscle strain, and Achilles tendonitis. Musculoskeletal injury rates
are represented in Table 56.

Table 56. Women’s Soccer Athletes Lower Extremity Musculoskeletal Injury Rates
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4.5.3 Football

4.5.3.1 Overall Football Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 43 football athletes for
one collegiate fall football season, following each athlete’s test session. Twenty-three out of 43
football athletes prospectively tracked over the course of one collegiate fall football season
suffered a lower extremity musculoskeletal injury (53.5%). Eleven of the 43 of the football
athletes prospectively tracked suffered more than one lower extremity musculoskeletal injury; 35
total lower extremity musculoskeletal injuries were suffered over the course of the collegiate fall
football season. Of the 35 total lower extremity musculoskeletal injuries suffered during the
collegiate fall football season, 14 occurred during the pre-season (40.0%), 20 occurred during the
competitive season (57.1%), and one occurred during the post-season (0.03%). Thirty-five of the
35 lower extremity musculoskeletal injuries suffered over the course of the collegiate football
fall season occurred during a practice (100.0%), zero occurred during games. There were 12
ankle injuries (34.3%), six knee injuries (17.1%), two hip injuries (0.06%), and 15 injuries
categorized injury to the lower extremity muscles (42.9%) out of the 35 total lower extremity
musculoskeletal injuries suffered during the football fall collegiate season. There were 33 acute
injuries (94.3%) and 2 overuse injuries (0.06%), of the 35 total lower extremity musculoskeletal
injuries suffered. Lower extremity musculoskeletal injury data is presented in Figure 66, Figure
67, Figure 68, and Figure 69.
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Figure 66. Timing of Season During Lower Extremity Musculoskeletal Injury – Football Athletes

Figure 67. Type of Participation During Lower Extremity Musculoskeletal Injury – Football Athletes
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Figure 68. Anatomical Location of Lower Extremity Musculoskeletal Injury – Football Athletes

Figure 69. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Football Athletes

The overall lower extremity musculoskeletal injury rate for the football fall season was
10.19 injuries per 1,000 athlete exposures (95% CI: 6.81, 13.56). The pre-season lower extremity
musculoskeletal injury rate was 4.70 injuries per 1,000 athlete exposures (95% CI: 2.24, 7.16).
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The competitive season lower extremity musculoskeletal injury rate was 9.70 injuries per 1,000
athlete exposures (95% CI: 5.45, 13.96). The post-season lower extremity musculoskeletal injury
rate was 2.44 injuries per 1,000 athlete exposures (95% CI: -2.34, 7.22). The lower extremity
musculoskeletal injury rate during practice participation was 11.75 injuries per 1,000 athlete
exposures (95% CI: 7.86, 15.64); during participation in games no lower extremity
musculoskeletal injuries were suffered. The acute lower extremity musculoskeletal injury rate
during the football fall season was 9.61 injuries per 1,000 athlete exposures (95% CI: 6.33,
12.88); the overuse lower extremity musculoskeletal injury rate was 0.58 injuries per 1,000
athlete exposures (95% CI: -0.22, 1.39). The overall injury rate for the muscles of the lower
extremity during the football fall season was 4.37 injuries per 1,000 athlete exposures (95% CI:
2.16, 6.58). The ankle had the second highest number of injuries during the football fall season,
3.49 injuries per 1,000 athlete exposures (95% CI: 1.52, 5.47), followed by knee with an injury
rate of 1.75 injuries per 1,000 athlete exposures (95% CI: 0.35, 3.14). The injury rate for lower
extremity musculoskeletal injuries categorized at the hip was 0.58 injuries per 1,000 athlete
exposures (95% CI: -0.22, 1.39). Musculoskeletal injury rates are represented in Table 57.
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Table 57. Football Athletes Lower Extremity Musculoskeletal Injury Rates

4.5.4 Volleyball

4.5.4.1 Overall Volleyball Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 16 women’s volleyball
athletes for one collegiate fall women’s volleyball season, following each athlete’s test session.
Four out of 16 women’s volleyball athletes prospectively tracked over the course of one
collegiate fall women’s volleyball season suffered a lower extremity musculoskeletal injury
(25.0%). One of the one of the women’s volleyball athletes prospectively tracked suffered more
than one lower extremity musculoskeletal injury; five total lower extremity musculoskeletal
injuries were suffered over the course of the collegiate fall women’s volleyball season. Of the 5
total lower extremity musculoskeletal injuries suffered during the collegiate fall women’s
volleyball season, none occurred during the pre-season (0.0%), five occurred during the
competitive season (100.0%), and none occurred during the post-season (0.0%). Four of the five
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lower extremity musculoskeletal injuries suffered over the course of the collegiate women’s
volleyball fall season occurred during practice participation (80.0%) and one occurred during
game participation (20.0%). There was one ankle injuries (20.0%), two hip injuries (40.0%), one
injury categorized as an injury to the lower extremity muscles (20.0%), and one injury
categorized as other (20.0%) out of the five total lower extremity musculoskeletal injuries
suffered during the women’s volleyball fall collegiate season. There were four acute injuries
(80.0%) and one overuse injuries (20.0%), of the five total lower extremity musculoskeletal
injuries suffered. Lower extremity musculoskeletal injury data is presented in Figure 70, Figure
71, Figure 72, and Figure 73.

Figure 70. Timing of Season During Lower Extremity Musculoskeletal Injury – Women’s Volleyball Athletes
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Figure 71. Type of Participation During Lower Extremity Musculoskeletal Injury – Women’s Volleyball Athletes

Figure 72. Anatomical Location of Lower Extremity Musculoskeletal Injury – Women’s Volleyball Athletes
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Figure 73. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Women’s Volleyball Athletes

The overall lower extremity musculoskeletal injury rate for the women’s volleyball fall
season was 2.87 injuries per 1,000 athlete exposures (95% CI: 0.35, 5.38). The competitive
season lower extremity musculoskeletal injury rate was 3.89 injuries per 1,000 athlete exposures
(95% CI: 0.48, 7.30). The lower extremity musculoskeletal injury rate during practice
participation was 3.28 injuries per 1,000 athlete exposures (95% CI: 0.07, 6.49); during
participation in games the lower extremity musculoskeletal injury rate was 1.91 injuries per
1,000 athlete exposures (95% CI: -1.83, 5.65). The acute lower extremity musculoskeletal injury
rate during the women’s volleyball fall season was 2.29 injuries per 1,000 athlete exposures
(95% CI: 0.05, 4.54); the overuse lower extremity musculoskeletal injury rate was 0.57 injuries
per 1,000 athlete exposures (95% CI: -0.55, 1.70). The overall injury rate for the hip during the
women’s volleyball fall season was 1.15 injuries per 1,000 athlete exposures (95% CI: -0.44,
2.73). The ankle had the second highest number of injuries during the football fall season, 0.57
injuries per 1,000 athlete exposures (95% CI: -0.55, 1.70), tied with the muscles of the lower
extremity and lower extremity musculoskeletal injuries categorized as other, with an injury rate
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of 0.57 injuries per 1,000 athlete exposures (95% CI: -0.55, 1.70). Musculoskeletal injury rates
are represented in Table 58.

Table 58. Women’s Volleyball Athletes Lower Extremity Musculoskeletal Injury Rates

4.5.5 Basketball

4.5.5.1 Overall Basketball Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 24 (Men’s: 11,
Women’s: 13) basketball athletes for one collegiate winter basketball season, following each
athlete’s test session. Eleven out of 24 men’s and women’s basketball athletes prospectively
tracked over the course of one collegiate winter basketball season suffered a lower extremity
musculoskeletal injury (45.8%). None of the men’s and women’s basketball athletes
prospectively tracked suffered more than one lower extremity musculoskeletal injury; eleven
total lower extremity musculoskeletal injuries were suffered over the course of the collegiate
winter men’s and women’s basketball season. Of the 11 total lower extremity musculoskeletal
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injuries suffered during the collegiate fall men’s and women’s basketball season, seven occurred
during the pre-season (63.6%), four occurred during the competitive season (36.4%), and none
occurred during the post-season (0.0%). Ten of the 11 lower extremity musculoskeletal injuries
suffered over the course of the collegiate men’s and women’s basketball winter season occurred
during a practice (90.9%) and one occurred during a game (0.09%). There was one ankle injury
(0.09%), three knee injuries (27.3%), one muscle injury (0.09%), and 6 injuries categorized as
other (54.5%) out of the 11 total lower extremity musculoskeletal injuries suffered during the
men’s and women’s basketball winter collegiate season. There were six acute injuries (54.5%)
and five overuse injuries (45.5%), of the 11 total lower extremity musculoskeletal injuries
suffered. Lower extremity musculoskeletal injury data is presented in Figure 74, Figure 75,
Figure 76, and Figure 77.

Figure 74. Timing of Season During Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s
Basketball Athletes
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Figure 75. Type of Participation During Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s
Basketball Athletes

Figure 76. Anatomical Location of Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s
Basketball Athletes
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Figure 77. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Overall Men’s and Women’s Basketball
Athletes

The overall lower extremity musculoskeletal injury rate for the men’s and women’s
basketball fall season was 4.19 injuries per 1,000 athlete exposures (95% CI: 1.72, 6.67). The
pre-season lower extremity musculoskeletal injury rate was 8.23 injuries per 1,000 athlete
exposures (95% CI: 2.13, 14.32). The competitive season lower extremity musculoskeletal injury
rate was 2.35 injuries per 1,000 athlete exposures (95% CI: 0.05, 4.65). The lower extremity
musculoskeletal injury rate during practice participation was 4.89 injuries per 1,000 athlete
exposures (95% CI: 1.86, 7.92); during participation in games the lower extremity
musculoskeletal injury rate was 1.73 injuries per 1,000 athlete exposures (95% CI: -1.66, 5.12).
The acute lower extremity musculoskeletal injury rate during the men’s and women’s basketball
winter season was 2.29 injuries per 1,000 athlete exposures (95% CI: 0.46, 4.12); the overuse
lower extremity musculoskeletal injury rate was 1.91 injuries per 1,000 athlete exposures (95%
CI: 0.24, 3.58). The ankle had the lowest number of injuries during the men’s and women’s
basketball winter season, 0.38 injuries per 1,000 athlete exposures (95% CI: -0.37, 1.13),
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followed by knee with an injury rate of 1.14 injuries per 1,000 athlete exposures (95% CI: -0.15,
2.44). The injury rate for lower extremity musculoskeletal injuries categorized as other was 2.29
injuries per 1,000 athlete exposures (95% CI: 0.46, 4.12). The overall muscle of the lower
extremity injury rate during the men’s and women’s basketball winter season was 0.38 injuries
per 1,000 athlete exposures (95% CI: -0.37, 1.13). Musculoskeletal injury rates are represented in
Table 59.

Table 59. Men’s and Women’s Basketball Athletes Lower Extremity Musculoskeletal Injury Rates

4.5.5.2 Men’s Basketball Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 11 men’s basketball
athletes for one collegiate winter basketball season, following each athlete’s test session. Five
out of 11 men’s basketball athletes prospectively tracked over the course of one collegiate winter
basketball season suffered a lower extremity musculoskeletal injury (41.7%). None of the men’s
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basketball athletes prospectively tracked suffered more than one lower extremity musculoskeletal
injury; five total lower extremity musculoskeletal injuries were suffered over the course of the
collegiate winter men’s basketball season. Of the five total lower extremity musculoskeletal
injuries suffered during the collegiate winter men’s basketball season, one occurred during the
pre-season (20.0%), four occurred during the competitive season (80.0%), and none occurred
during the post-season (0.0%). Four of the five lower extremity musculoskeletal injuries suffered
over the course of the collegiate men’s basketball winter season occurred during a practice
(80.0%) and one occurred during a game (20.0%).
The lower extremity musculoskeletal injuries suffered by the men’s basketball athletes
were categorized by location, including, ankle, knee, hip, and other. There was one ankle injury
(20.0%), one knee injury (20.0%), and three injuries categorized as other (60.0%) out of the five
total lower extremity musculoskeletal injuries suffered during the men’s basketball winter
collegiate season. No hip injuries were reported. When the lower extremity musculoskeletal
injuries were categorized by injury type, one of the five lower extremity musculoskeletal injuries
suffered were ankle sprain (20.0%), one was an anterior cruciate ligament tear of the knee
(20.0%), two injuries were stress fractures of the foot (40.0%), and one injury was a midfoot
sprain injury (20.0%). There were three acute injuries (60.0%) and two overuse injury (40.0%),
of the five total lower extremity musculoskeletal injuries suffered. Lower extremity
musculoskeletal injury data is presented in Figure 78, Figure 79, Figure 80, and Figure 81.
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Figure 78. Timing of Season During Lower Extremity Musculoskeletal Injury – Men’s Basketball Athletes

Figure 79. Type of Participation During Lower Extremity Musculoskeletal Injury – Men’s Basketball Athletes
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Figure 80. Anatomical Location of Lower Extremity Musculoskeletal Injury – Men’s Basketball Athletes

Figure 81. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Men’s Basketball Athletes

The overall lower extremity musculoskeletal injury rate for the men’s basketball winter
season was 3.92 injuries per 1,000 athlete exposures (95% CI: 0.48, 7.36). The pre-season lower
extremity musculoskeletal injury rate was 2.46 injuries per 1,000 athlete exposures (95% CI: 2.36, 7.27). The competitive season lower extremity musculoskeletal injury rate was 4.82
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injuries per 1,000 athlete exposures (95% CI: 0.10, 9.54). The lower extremity musculoskeletal
injury rate during practice participation was 4.09 injuries per 1,000 athlete exposures (95% CI:
0.08, 8.11); during participation in games the lower extremity musculoskeletal injury rate was
3.37 injuries per 1,000 athlete exposures (95% CI: -3.23, 9.97). The acute lower extremity
musculoskeletal injury rate during the men’s basketball winter season was 2.35 injuries per 1,000
athlete exposures (95% CI: -0.31, 5.02); the overuse lower extremity musculoskeletal injury rate
was 1.57 injuries per 1,000 athlete exposures (95% CI: -0.61, 3.75). The ankle had the lowest
number of injuries during the men’s basketball winter season, 0.78 injuries per 1,000 athlete
exposures (95% CI: -0.75, 2.32). The injury rate for other lower extremity musculoskeletal
injuries was 2.35 injuries per 1,000 athlete exposures (95% CI: -0.31, 5.02). The injury rate for
knee injuries was 0.78 injuries per 1,000 athlete exposures (95% CI: -0.75, 2.32).
Musculoskeletal injury rates are represented in Table 60.

Table 60. Men’s Basketball Athletes Lower Extremity Musculoskeletal Injury Rates
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4.5.5.3 Women’s Basketball Lower Extremity Musculoskeletal Injuries
Lower extremity musculoskeletal injuries were prospectively tracked in 13 women’s basketball
athletes for one collegiate winter basketball season, following each athlete’s test session. Six out
of 13 women’s basketball athletes prospectively tracked over the course of one collegiate winter
basketball season suffered a lower extremity musculoskeletal injury (46.2%). None of the
women’s basketball athletes prospectively tracked suffered more than one lower extremity
musculoskeletal injury; six total lower extremity musculoskeletal injuries were suffered over the
course of the collegiate winter women’s basketball season. Of the six total lower extremity
musculoskeletal injuries suffered during the collegiate winter women’s basketball season, six
occurred during the pre-season (100.0%), none occurred during the competitive season (0.0%),
and none occurred during the post-season (0.0%). Six of the six lower extremity musculoskeletal
injuries suffered over the course of the collegiate women’s basketball winter season occurred
during a practice (100.0%) and none occurred during a game (0.0%).
The lower extremity musculoskeletal injuries suffered by the women’s basketball athletes
were categorized by location, including, ankle, knee, hip, and other. There were two knee
injuries (33.3%), one muscle injury (16.7%), and three injuries categorized as other (50.0%) out
of the six total lower extremity musculoskeletal injuries suffered during the women’s basketball
winter collegiate season. No ankle or hip injuries were reported. When the lower extremity
musculoskeletal injuries were categorized by injury type, two of the six lower extremity
musculoskeletal injuries suffered were midfoot sprains (33.3%), two were patellar tendonitis of
the knee (33.3%), one injury was an adductor muscle strain (16.7%), and one injury was iliotibial
band friction syndrome (16.7%). There were three acute injuries (50.0%) and three overuse
injury (50.0%), of the six total lower extremity musculoskeletal injuries suffered. Lower
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extremity musculoskeletal injury data is presented in Figure 82, Figure 83, Figure 84, and Figure
85.

Figure 82. Timing of Season During Lower Extremity Musculoskeletal Injury – Women’s Basketball Athletes

Figure 83. Type of Participation During Lower Extremity Musculoskeletal Injury – Women’s Basketball Athletes

207

Figure 84. Anatomical Location of Lower Extremity Musculoskeletal Injury – Women’s Basketball Athletes

Figure 85. Acute vs. Overuse Lower Extremity Musculoskeletal Injury – Women’s Basketball Athletes
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The overall lower extremity musculoskeletal injury rate for the women’s basketball
winter season was 4.45 injuries per 1,000 athlete exposures (95% CI: 0.89, 8.01). The pre-season
lower extremity musculoskeletal injury rate was 13.51 injuries per 1,000 athlete exposures (95%
CI: 2.70, 24.33). The lower extremity musculoskeletal injury rate during practice participation
was 5.62 injuries per 1,000 athlete exposures (95% CI: 1.12, 10.11). The acute lower extremity
musculoskeletal injury rate during the women’s basketball winter season was 2.22 injuries per
1,000 athlete exposures (95% CI: -0.29, 4.47); the overuse lower extremity musculoskeletal
injury rate was 2.22 injuries per 1,000 athlete exposures (95% CI: -0.29, 4.47). The other lower
extremity musculoskeletal injuries had the highest number of injuries during the women’s
basketball winter season, 2.22 injuries per 1,000 athlete exposures (95% CI: -0.29, 4.47),
followed by knee lower extremity musculoskeletal injuries with an injury rate of 1.48 injuries per
1,000 athlete exposures (95% CI: -0.57, 3.54). The injury rate for lower extremity muscle
injuries was 0.74 injuries per 1,000 athlete exposures (95% CI: -0.71, 2.19). Musculoskeletal
injury rates are represented in Table 61.

Table 61. Women’s Basketball Athletes Lower Extremity Musculoskeletal Injury Rates
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4.6

LOWER EXTREMITY MUSCULOSKELETAL INJURY RATE RATIOS

4.6.1 Sex

4.6.1.1 Men’s and Women’s Musculoskeletal Injury Rate Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the men’s and
women’s athlete’s collegiate seasons; the referent category was men’s lower extremity dominant
athletes. The overall lower extremity musculoskeletal injury incidence rate ratio was 1.69 (95%
CI: 1.01, 2.83). The preseason lower extremity musculoskeletal injury incidence rate ratio for the
men’s and women’s athlete’s collegiate seasons was 1.78 (95% CI: 0.76, 4.16), while the
competitive season lower extremity musculoskeletal injury incidence rate ratio was 1.63 (95%
CI: 0.85, 3.15). The lower extremity musculoskeletal injury incidence rate ratio during
participation in practice for the men’s and women’s athlete’s collegiate seasons was 2.24 (95%
CI: 1.23, 4.07). The lower extremity musculoskeletal injury incidence rate ratio during
participation in games for the men’s and women’s athlete’s collegiate seasons was 0.71 (95% CI:
0.16, 3.16). The acute lower extremity musculoskeletal injury incidence rate ratio for the men’s
and women’s athlete’s collegiate seasons was 2.12 (95% CI: 1.18, 3.82), while the overuse injury
incidence rate ratio was 0.62 (95% CI: 0.19, 2.02). The injury incidence rate ratio for
musculoskeletal injuries at the ankle was 2.67 (95% CI: 0.99, 7.18). The injury incidence rate
ratio for musculoskeletal injuries at the knee was 1.19 (95% CI: 0.39, 3.62). The injury incidence
rate ratio for musculoskeletal injuries at the hip was 0.49 (95% CI: 0.08, 3.00). The injury
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incidence rate ratio for musculoskeletal injuries of the lower extremity muscles was 5.56 (95%
CI: 1.27, 24.29). The injury incidence rate ratio for musculoskeletal injuries categorized as other
was 0.62 (95% CI: 0.19, 2.02). Lower extremity injury rate ratios are represented in Table 62.

Table 62. Overall Men’s and Women’s Lower Extremity Dominant Sport Athletes Injury Rate Ratios

4.6.2 Lower Extremity Dominant Sport Type

4.6.2.1 Soccer and Football Lower Extremity Musculoskeletal Injury Rate Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the soccer and football
collegiate fall seasons; the referent category was overall men’s and women’s soccer athletes. The
overall lower extremity musculoskeletal injury incidence rate ratio was 0.51 (95% CI: 0.29,
0.90). The preseason lower extremity musculoskeletal injury incidence rate ratio for the soccer
and football collegiate seasons was 0.86 (95% CI: 0.25, 3.01), while the competitive season
lower extremity musculoskeletal injury incidence rate ratio was 0.47 (95% CI: 0.23, 0.97). The
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lower extremity musculoskeletal injury incidence rate ratio during participation in practice for
the soccer and football collegiate fall seasons was 0.31 (95% CI: 0.16, 0.63). The acute lower
extremity musculoskeletal injury incidence rate ratio for the soccer and football collegiate fall
seasons was 0.45 (95% CI: 0.25, 0.83), while the overuse injury incidence rate ratio was 1.50
(95% CI: 0.25, 8.98). The injury incidence rate ratio for musculoskeletal injuries at the ankle was
0.75 (95% CI: 0.32, 1.77), followed by the injury incidence rate ratio for musculoskeletal injuries
at the knee which was 0.66 (95% CI: 0.19, 2.35). Lower extremity injury rate ratios are
represented in Table 63.

Table 63. Overall Men’s and Women’s Soccer and Football Athletes Injury Rate Ratios

212

4.6.2.2 Soccer and Volleyball Lower Extremity Musculoskeletal Injury Rate Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the soccer and
volleyball collegiate fall seasons; the referent category was overall men’s and women’s soccer
athletes. The overall lower extremity musculoskeletal injury incidence rate ratio was 0.55 (95%
CI: 0.20, 1.48). The competitive season lower extremity musculoskeletal injury incidence rate
ratio was 0.85 (95% CI: 0.30, 2.41). The lower extremity musculoskeletal injury incidence rate
ratio during participation in practice for the soccer and volleyball collegiate fall seasons was 0.89
(95% CI: 0.28, 2.84). The lower extremity musculoskeletal injury incidence rate ratio during
participation in games is 0.28 (95% CI: 0.03, 2.40). The acute lower extremity musculoskeletal
injury incidence rate ratio for the soccer and football collegiate fall seasons was 0.53 (95% CI:
0.17, 1.59), while the overuse injury incidence rate ratio was 0.66 (95% CI: 0.06, 7.23). The
injury incidence rate ratio for musculoskeletal injuries at the ankle was 0.22 (95% CI: 0.03,
1.72). Lower extremity injury rate ratios are represented in Table 64.

Table 64. Overall Men’s and Women’s Soccer and Women’s Volleyball Athletes Injury Rate Ratios
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4.6.2.3 Soccer and Basketball Lower Extremity Musculoskeletal Injury Rate Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the soccer and
basketball collegiate athletic seasons; the referent category was overall men’s and women’s
soccer athletes. The overall lower extremity musculoskeletal injury incidence rate ratio was 1.33
(95% CI: 0.49, 3.58). The pre-season lower extremity musculoskeletal injury incidence rate ratio
was 1.65 (95% CI: 0.17, 15.89). The competitive season lower extremity musculoskeletal injury
incidence rate ratio was 0.95 (95% CI: 0.31, 2.95). The lower extremity musculoskeletal injury
incidence rate ratio during participation in practice for the soccer and basketball collegiate
athletic seasons was 0.90 (95% CI: 0.28, 2.87). The lower extremity musculoskeletal injury
incidence rate ratio during participation in games is 2.02 (95% CI: 0.24, 17.29). The acute lower
extremity musculoskeletal injury incidence rate ratio for the soccer and basketball collegiate
athletic seasons was 1.85 (95% CI: 0.53, 6.38), while the overuse injury incidence rate ratio was
0.55 (95% CI: 0.09, 3.32). The injury incidence rate ratio for musculoskeletal injuries at the
ankle was 3.33 (95% CI: 0.42, 26.25). The injury incidence rate ratio for musculoskeletal injuries
at the knee was 1.48 (95% CI: 0.17, 13.22). The injury incidence rate ratio for musculoskeletal
injuries categorized as other was 0.49 (95% CI: 0.11, 2.20). Lower extremity injury rate ratios
are represented in Table 65.
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Table 65. Overall Men’s and Women’s Soccer and Men’s and Women’s Basketball Athletes Injury Rate Ratios

4.6.2.4 Volleyball and Football Lower Extremity Musculoskeletal Injury Rate Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the volleyball and
football collegiate fall seasons; the referent category was women’s volleyball athletes. The
overall lower extremity musculoskeletal injury incidence rate ratio was 0.28 (95% CI: 0.11,
0.72). The competitive season lower extremity musculoskeletal injury incidence rate ratio was
0.40 (95% CI: 0.15, 1.07). The lower extremity musculoskeletal injury incidence rate ratio
during participation in practice for the volleyball and football collegiate fall seasons was 0.28
(95% CI: 0.10, 0.79). The acute lower extremity musculoskeletal injury incidence rate ratio for
the volleyball and football collegiate fall seasons was 0.24 (95% CI: 0.08, 0.67), while the
overuse injury incidence rate ratio was 0.98 (95% CI: 0.09, 10.84). The injury incidence rate
ratio for musculoskeletal injuries at the ankle was 0.16 (95% CI: 0.02, 1.26). The injury
incidence rate ratio for the muscles of the lower extremity was 0.57 (95% CI: 0.02, 0.99). Lower
extremity injury rate ratios are represented in Table 66.
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Table 66. Women’s Volleyball and Football Athletes Injury Rate Ratios

4.6.2.5 Volleyball and Basketball Lower Extremity Musculoskeletal Injury Rate Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the volleyball and
basketball collegiate athletic seasons; the referent category was women’s volleyball athletes. The
overall lower extremity musculoskeletal injury incidence rate ratio was 0.73 (95% CI: 0.21,
2.52). The competitive season lower extremity musculoskeletal injury incidence rate ratio was
0.81 (95% CI: 0.22, 3.00). The lower extremity musculoskeletal injury incidence rate ratio
during participation in practice for the volleyball and basketball collegiate athletic seasons was
0.80 (95% CI: 0.20, 3.20). The lower extremity musculoskeletal injury incidence rate ratio
during participation in game for the volleyball and basketball collegiate athletic seasons was 0.57
(95% CI: 0.04, 9.06). The acute lower extremity musculoskeletal injury incidence rate ratio for
the volleyball and basketball collegiate athletic seasons was 0.97 (95% CI: 0.22, 4.35), while the
overuse injury incidence rate ratio was 0.37 (95% CI: 0.03, 4.03). The injury incidence rate ratio
for musculoskeletal injuries at the ankle was 0.73 (95% CI: 0.05, 11.67), followed by the injury
incidence rate ratio for musculoskeletal injuries categorized as other which was 0.24 (95% CI:
0.03, 2.34). Lower extremity injury rate ratios are represented in Table 67.
216

Table 67. Women’s Volleyball and Men’s and Women’s Basketball Athletes Injury Rate Ratios

4.6.2.6 Basketball and Football Lower Extremity Musculoskeletal Injury Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the basketball and
football collegiate athletic seasons; the referent category was overall men’s and women’s
basketball athletes. The overall lower extremity musculoskeletal injury incidence rate ratio was
0.39 (95% CI: 0.15, 0.98). The pre-season lower extremity musculoskeletal injury incidence rate
ratio was 0.52 (95% CI: 0.07, 3.98). The competitive season lower extremity musculoskeletal
injury incidence rate ratio was 0.50 (95% CI: 0.17, 1.45). The lower extremity musculoskeletal
injury incidence rate ratio during participation in practice for the basketball and football
collegiate athletic seasons was 0.35 (95% CI: 0.12, 0.98). The acute lower extremity
musculoskeletal injury incidence rate ratio for the basketball and football collegiate athletic
seasons was 0.25 (95% CI: 0.08, 0.80), while the overuse injury incidence rate ratio was 2.70
(95% CI: 0.38, 19.14). The injury incidence rate ratio for musculoskeletal injuries at the ankle
was 0.22 (95% CI: 0.03, 1.73). The injury incidence rate ratio for musculoskeletal injuries at the
knee which was 0.45 (95% CI: 0.05, 3.73). Lower extremity injury rate ratios are represented in
Table 68.
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Table 68. Men’s and Women’s Basketball and Football Athletes Injury Rate Ratios

4.6.3 Men’s Lower Extremity Dominant Sports

4.6.3.1 Men’s Soccer and Football Lower Extremity Musculoskeletal Injury Rate Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the men’s soccer and
football collegiate fall seasons; the referent category was men’s soccer athletes. The overall
lower extremity musculoskeletal injury incidence rate ratio was 0.45 (95% CI: 0.21, 0.96). The
preseason lower extremity musculoskeletal injury incidence rate ratio for the men’s soccer and
football collegiate seasons was 1.11 (95% CI: 0.15, 8.43), while the competitive season lower
extremity musculoskeletal injury incidence rate ratio was 0.28 (95% CI: 0.10, 0.82). The postseason lower extremity musculoskeletal injury incidence rate ratio was 13.51 (95% CI: 1.41,
129.91). The lower extremity musculoskeletal injury incidence rate ratio during participation in
practice for the men’s soccer and football collegiate fall seasons was 0.38 (95% CI: 0.16, 0.91).
The acute lower extremity musculoskeletal injury incidence rate ratio for the men’s soccer and
football collegiate fall seasons was 0.42 (95% CI: 0.18, 0.94), while the overuse injury incidence
rate ratio was 0.98 (95% CI: 0.09, 10.84). The injury incidence rate ratio for musculoskeletal
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injuries at the ankle was 0.82 (95% CI: 0.29, 2.32), followed by the injury incidence rate ratio for
musculoskeletal injuries at the knee which was 0.32 (95% CI: 0.04, 2.71). Lower extremity
injury rate ratios are represented in Table 69.

Table 69. Men’s Soccer and Football Athletes Injury Rate Ratios

4.6.3.2 Men’s Soccer and Men’s Basketball Lower Extremity Musculoskeletal Injury Rate
Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the men’s soccer and
men’s basketball collegiate athletic seasons; the referent category was men’s soccer athletes. The
overall lower extremity musculoskeletal injury incidence rate ratio was 1.16 (95% CI: 0.38,
3.55). The pre-season lower extremity musculoskeletal injury incidence rate ratio was 2.12 (95%
CI: 0.13, 33.90). The competitive season lower extremity musculoskeletal injury incidence rate
ratio was 0.56 (95% CI: 0.14, 2.26). The lower extremity musculoskeletal injury incidence rate
ratio during participation in practice for the men’s soccer and men’s basketball collegiate athletic
seasons was 1.10 (95% CI: 0.31, 3.91). The lower extremity musculoskeletal injury incidence
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rate ration during participation in game for the men’s soccer and men’s basketball collegiate
athletic seasons was 1.39 (95% CI: 0.13, 15.33). The acute lower extremity musculoskeletal
injury incidence rate ratio for the men’s soccer and men’s basketball collegiate athletic seasons
was 1.69 (95% CI: 0.44, 6.55), while the overuse injury incidence rate ratio was 0.36 (95% CI:
0.03, 4.00). The injury incidence rate ratio for musculoskeletal injuries at the ankle was 3.63
(95% CI: 0.42, 31.08), followed by the injury incidence rate ratio for musculoskeletal injuries at
the knee which was 0.73 (95% CI: 0.05, 11.61). The injury incidence rate ratio for
musculoskeletal injuries categorized as other was 0.48 (95% CI: 0.08, 2.90). Lower extremity
injury rate ratios are represented in Table 70.

Table 70. Men’s Soccer and Men’s Basketball Athletes Injury Rate Ratios
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4.6.3.3 Football and Men’s Basketball Lower Extremity Musculoskeletal Injury Rate
Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the football and men’s
basketball collegiate athletic seasons; the referent category was football athletes. The overall
lower extremity musculoskeletal injury incidence rate ratio was 2.60 (95% CI: 1.02, 6.63). The
pre-season lower extremity musculoskeletal injury incidence rate ratio was 1.91 (95% CI: 0.0.25,
14.55). The competitive season lower extremity musculoskeletal injury incidence rate ratio was
2.01 (95% CI: 0.69, 5.89). The lower extremity musculoskeletal injury incidence rate ratio
during participation in practice for the football and men’s basketball collegiate athletic seasons
was 2.87 (95% CI: 1.02, 8.07). The acute lower extremity musculoskeletal injury incidence rate
ratio for the football and men’s basketball collegiate athletic seasons was 4.08 (95% CI: 1.25,
13.30), while the overuse injury incidence rate ratio was 0.37 (95% CI: 0.05, 2.63). The injury
incidence rate ratio for musculoskeletal injuries at the ankle was 4.45 (95% CI: 0.58, 34.23),
followed by the injury incidence rate ratio for musculoskeletal injuries at the knee which was
2.23 (95% CI: 0.27, 18.48). Lower extremity injury rate ratios are represented in Table 71.

Table 71. Football and Men’s Basketball Athletes Injury Rate Ratios
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4.6.4 Women’s Lower Extremity Dominant Sports

4.6.4.1 Women’s Soccer and Volleyball Lower Extremity Musculoskeletal Injury Rate
Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the volleyball and
women’s soccer collegiate fall seasons; the referent category was women’s soccer athletes. The
overall lower extremity musculoskeletal injury incidence rate ratio was 0.49 (95% CI: 0.11,
2.08). The competitive season lower extremity musculoskeletal injury incidence rate ratio was
0.56 (95% CI: 0.15, 2.10). The lower extremity musculoskeletal injury incidence rate ratio
during participation in practice for the volleyball and women’s soccer collegiate fall seasons was
1.13 (95% CI: 0.26, 4.89). The lower extremity musculoskeletal injury incidence rate ratio
during participation in games was 0.20 (95% CI: 0.02, 2.20). The acute lower extremity
musculoskeletal injury incidence rate ratio for the volleyball and women’s soccer collegiate fall
seasons was 0.49 (95% CI: 0.10, 2.46), while the overuse injury incidence rate ratio was 0.48
(95% CI: 0.02, 12.49). The injury incidence rate ratio for musculoskeletal injuries at the ankle
was 0.24 (95% CI: 0.01, 6.25). Lower extremity injury rate ratios are represented in Table 72.

Table 72. Women’s Soccer and Women’s Volleyball Athletes Injury Rate Ratios
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4.6.4.2 Women’s Soccer and Women’s Basketball Lower Extremity Musculoskeletal Injury
Rate Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the women’s soccer
and women’s basketball collegiate athletic seasons; the referent category was women’s soccer
athletes. The overall lower extremity musculoskeletal injury incidence rate ratio was 1.33 (95%
CI: 0.48, 3.65). The pre-season lower extremity musculoskeletal injury incidence rate ratio was
0.27 (95% CI: 0.05, 1.34). The lower extremity musculoskeletal injury incidence rate ratio
during participation in practice for the women’s soccer and women’s basketball collegiate
athletic seasons was 0.51 (95% CI: 0.14, 1.82). The acute lower extremity musculoskeletal injury
incidence rate ratio for the women’s soccer and women’s basketball collegiate athletic seasons
was 2.12 (95% CI: 0.56, 8.00), while the overuse injury incidence rate ratio was 0.53 (95% CI:
0.09, 3.18). The injury incidence rate ratio for musculoskeletal injuries at the knee was 1.19
(95% CI: 0.20, 7.15), followed by the injury incidence rate ratio for musculoskeletal injuries
categorized as other which was 0.53 (95% CI: 0.09, 3.18). Lower extremity injury rate ratios are
represented in Table 73.

Table 73. Women’s Soccer and Women’s Basketball Athletes Injury Rate Ratios
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4.6.4.3 Volleyball and Women’s Basketball Lower Extremity Musculoskeletal Injury Rate
Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the women’s soccer
and women’s basketball collegiate athletic seasons; the referent category was women’s
volleyball athletes. The overall lower extremity musculoskeletal injury incidence rate ratio was
0.64 (95% CI: 0.20, 2.11). The lower extremity musculoskeletal injury incidence rate ratio
during participation in practice for the women’s soccer and women’s basketball collegiate
athletic seasons was 0.58 (95% CI: 0.16, 2.07). The acute lower extremity musculoskeletal injury
incidence rate ratio for the women’s soccer and women’s basketball collegiate athletic seasons
was 1.03 (95% CI: 0.23, 4.61), while the overuse injury incidence rate ratio was 0.26 (95% CI:
0.03, 2.48). The injury incidence rate ratio for musculoskeletal injuries of the lower extremity
muscles was 0.77 (95% CI: 0.05, 12.36), followed by the injury incidence rate ratio for
musculoskeletal injuries categorized as other which was 0.26 (95% CI: 0.03, 2.48). Lower
extremity injury rate ratios are represented in Table 74.

Table 74. Women’s Volleyball and Women’s Basketball Athletes Injury Rate Ratios
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4.6.5 Soccer and Basketball Stratified by Sex

4.6.5.1 Men’s and Women’s Soccer Lower Extremity Musculoskeletal Injury Rate Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for men’s and women’s
collegiate fall soccer season; the referent category was men’s soccer athletes. The overall lower
extremity musculoskeletal injury incidence rate ratio was 0.77 (95% CI: 0.31, 1.96). The
preseason lower extremity musculoskeletal injury incidence rate ratio for the men’s and women’s
collegiate soccer season was 1.42 (95% CI: 0.13, 15.70), while the competitive season lower
extremity musculoskeletal injury incidence rate ratio was 0.39 (95% CI: 0.12, 1.30). The lower
extremity musculoskeletal injury incidence rate ratio during participation in practice for the
men’s and women’s collegiate fall soccer season was 1.56 (95% CI: 0.44, 5.54); the injury
incidence rate ratio during game participation was was 0.48 (95% CI: 0.08, 2.88). The acute
lower extremity musculoskeletal injury incidence rate ratio for the men’s and women’s soccer
collegiate fall season was 0.85 (95% CI: 0.31, 2.33), while the overuse injury incidence rate ratio
was 0.48 (95% CI: 0.04, 5.33). The injury incidence rate ratio for musculoskeletal injuries at the
ankle was 1.21 (95% CI: 0.32, 4.50), followed by the injury incidence rate ratio for other lower
extremity musculoskeletal injury which was 0.97 (95% CI: 0.14, 6.86). The lowest
musculoskeletal injury incidence rate ratio was at the knee which was 0.32 (95% CI: 0.03, 3.10).
The ankle sprain injury incidence rate ratio was 1.21 (95% CI: 0.32, 4.50) for the men’s and
women’s collegiate fall soccer season. Lower extremity injury rate ratios are represented in
Table 75.
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Table 75. Men’s Soccer and Women’s Soccer Athletes Injury Rate Ratios

4.6.5.2 Men’s and Women’s Basketball Lower Extremity Musculoskeletal Injury Rate
Ratios
The lower extremity musculoskeletal injury rate ratios were calculated for the men’s basketball
and women’s basketball collegiate athletic seasons; the referent category was men’s basketball
athletes. The overall lower extremity musculoskeletal injury incidence rate ratio was 0.88 (95%
CI: 0.27, 2.89). The pre-season lower extremity musculoskeletal injury incidence rate ratio was
0.18 (95% CI: 0.02, 1.51). The lower extremity musculoskeletal injury incidence rate ratio
during participation in practice for the men’s basketball and women’s basketball collegiate
athletic seasons was 0.73 (95% CI: 0.21, 2.58). The acute lower extremity musculoskeletal injury
incidence rate ratio for the men’s basketball and women’s basketball collegiate athletic seasons
was 1.06 (95% CI: 0.21, 5.24), while the overuse injury incidence rate ratio was 0.71 (95% CI:
0.12, 4.22). The injury incidence rate ratio for musculoskeletal injuries at the knee was 0.53
(95% CI: 0.05, 5.84). The injury incidence rate ratio for musculoskeletal injuries categorized as
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other which was 1.06 (95% CI: 0.21, 5.25). Lower extremity injury rate ratios are represented in
Table 76.

Table 76. Men’s Basketball and Women’s Basketball Athletes Injury Rate Ratios

4.7

LOWER EXTREMITY DOMINANT SPORT RISK FACTOR ANALYSIS

The third specific aim of this study was to evaluate the association between lower extremity
musculoskeletal characteristics including range of motion, flexibility, isometric strength, static
postural stability, and dynamic postural stability and the rate of lower extremity musculoskeletal
injury in NCAA Division I University of Pittsburgh male and female athletes. It was
hypothesized that the rate of lower extremity musculoskeletal injury would be higher among
NCAA Division I University of Pittsburgh male and female athletes who demonstrated decreased
lower extremity range of motion, flexibility, and isometric strength, as well as deficits in static
and dynamic postural stability compared to NCAA Division I University of Pittsburgh male and
female athletes who did not demonstrate decreases in these musculoskeletal characteristics.
Separate simple Poison regression analysis were conducted to assess the association between the

227

predictor variables including, range of motion, flexibility, strength, static postural stability, and
dynamic postural stability, and lower extremity musculoskeletal injury rates in NCAA Division I
male and female athletes participating in lower extremity dominant sports at the University of
Pittsburgh. The risk factor analysis was performed for the following groups, all subjects, sport
type (soccer, football, volleyball, etc.), and sex.

4.7.1 Risk Factor Analysis Overall

4.7.1.1 Overall
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury. Separate
simple Poison regressions demonstrated that multiple predictor variables were significant
predictors of lower extremity musculoskeletal injury in athletes who participate in lower
extremity dominant sports. When lower extremity musculoskeletal injuries were calculated as
any lower extremity musculoskeletal injury, regardless of location and/or type, lower extremity
range of motion and flexibility demonstrated significance on the dominant lower extremity. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a lower extremity dominant sport season based on straight leg raise
flexibility and the number of exposures. For every unit increase in straight leg raise flexibility the
risk of lower extremity musculoskeletal injury increases by 105.90% (95% CI, 1.003 to 1.119), p
= 0.038. Significant simple Poison regressions are represented in Table 77.
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Table 77. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the Dominant
Lower Extremity for All Sport Types

When lower extremity musculoskeletal injuries were calculated as any lower extremity
musculoskeletal injury, regardless of location and/or type, lower extremity strength demonstrated
significance on the non-dominant lower extremity. A simple Poisson regression was run to
predict the number of lower extremity musculoskeletal injuries that occur during a lower
extremity dominant sport season based on dominant/non-dominant knee flexion strength ratio
and the number of exposures. For every unit increase in dominant/non-dominant knee flexion
strength ratio the risk of lower extremity musculoskeletal injury decreases by 4.20% (95% CI,
0.004 to 0.401), p = 0.007. Significant simple Poison regressions are represented in Table 78.

Table 78. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the NonDominant Lower Extremity for All Sport Types

4.7.1.2 Sex

4.7.1.2.1 Men’s Athletes
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Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury. Separate
simple Poison regressions demonstrated that multiple predictor variables were significant
predictors of lower extremity musculoskeletal injury in men’s athletes who participate in lower
extremity dominant sports. When lower extremity musculoskeletal injuries were calculated as
any lower extremity musculoskeletal injury, regardless of location and/or type, lower extremity
isometric strength demonstrated significance on the dominant lower extremity. A simple Poisson
regression was run to predict the number of lower extremity musculoskeletal injuries that occur
during a men’s lower extremity dominant sport season based on dominant/non-dominant hip
external rotation strength ratio and the number of exposures. For every unit increase in
dominant/non-dominant hip external rotation strength ratio the risk of lower extremity
musculoskeletal injury increases by 2432.60% (95% CI, 1.224 to 483.274), p = 0.036.
Significant simple Poison regressions are represented in Table 79.

Table 79. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the Dominant
Lower Extremity for All Men’s Sport Types

When lower extremity musculoskeletal injuries were calculated as any lower extremity
musculoskeletal injury, regardless of location and/or type, lower extremity isometric strength
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demonstrated significance on the non-dominant lower extremity. A simple Poisson regression
was run to predict the number of lower extremity musculoskeletal injuries that occur during a
men’s lower extremity dominant sport season based on knee flexion strength and the number of
exposures. For every unit increase in knee flexion strength the risk of lower extremity
musculoskeletal injury increases by 103.20% (95% CI, 1.001 to 1.063), p = 0.049. A simple
Poisson regression was run to predict the number of lower extremity musculoskeletal injuries
that occur during a men’s lower extremity dominant sport season based on dominant/nondominant knee flexion strength ratio and the number of exposures. For every unit increase in
dominant/non-dominant knee flexion strength ratio the risk of lower extremity musculoskeletal
injury decreases by 5.40% (95% CI, 0.005 to 0.607), p = 0.049. Significant simple Poison
regressions are represented in Table 80.

Table 80. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the NonDominant Lower Extremity for All Men’s Sport Types

4.7.1.2.2 Women’s Athletes
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury,
additionally being stratified by injury location and type, as applicable. Separate simple Poison
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regressions demonstrated that multiple predictor variables were significant predicts of lower
extremity musculoskeletal injury in overall women’s lower extremity dominant sport athletes.
When lower extremity musculoskeletal injuries were calculated as any lower extremity
musculoskeletal injury, regardless of location and/or type, lower extremity isometric strength
demonstrated significance on the dominant lower extremity. A simple Poisson regression was
run to predict the number of lower extremity musculoskeletal injuries that occur during a
women’s lower extremity dominant sport season based on ankle dorsiflexion strength and the
number of exposures. For every unit increase in ankle dorsiflexion strength the risk of lower
extremity musculoskeletal injury decreases by 92.30% (95% CI, 0.854 to 0.998), p = 0.027. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s lower extremity dominant sport season based on ankle
inversion strength and the number of exposures. For every unit increase in ankle inversion
strength the risk of lower extremity musculoskeletal injury decreases by 89.80% (95% CI, 0.820
to 0.992), p = 0.018. A simple Poisson regression was run to predict the number of lower
extremity musculoskeletal injuries that occur during a women’s lower extremity dominant sport
season based on hip abduction strength and the number of exposures. For every unit increase in
hip abduction strength the risk of lower extremity musculoskeletal injury decreases by 85.40%
(95% CI, 0.745 to 0.978), p = 0.017. A simple Poisson regression was run to predict the number
of lower extremity musculoskeletal injuries that occur during a women’s lower extremity
dominant sport season based on hip adduction strength and the number of exposures. For every
unit increase in hip adduction strength the risk of lower extremity musculoskeletal injury
increases by 84.10% (95% CI, 0.728 to 0.971), p = 0.014. A simple Poisson regression was run
to predict the number of lower extremity musculoskeletal injuries that occur during a women’s
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lower extremity dominant sport season based on knee flexion strength and the number of
exposures. For every unit increase in knee flexion strength the risk of lower extremity
musculoskeletal injury decreases by 86.90% (95% CI, 0.794 to 0.952), p = 0.001. A simple
Poisson regression was run to predict the number of lower extremity musculoskeletal injuries
that occur during a women’s lower extremity dominant sport season based on knee extension
strength and the number of exposures. For every unit increase in knee extension strength the risk
of lower extremity musculoskeletal injury decreases by 95.40% (95% CI, 0.911 to 0.998), p =
0.037. Significant simple Poison regressions are represented in Table 81.

Table 81. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the Dominant
Lower Extremity for All Women’s Sport Types

4.7.2 Risk Factor Analysis by Sport

4.7.2.1 Soccer
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury, as well
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as being stratified by injury location and type, as applicable. Separate simple Poison regressions
demonstrated that multiple predictor variables were significant predicts of lower extremity
musculoskeletal injury in overall men’s and women’s soccer athletes. When lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury,
regardless of location and/or type, lower extremity range of motion and flexibility, as well as
isometric strength demonstrated significance on the non-dominant lower extremity. A simple
Poisson regression was run to predict the number of lower extremity musculoskeletal injuries
that occur during a men’s and women’s soccer season based on straight leg raise flexibility and
the number of exposures. For every unit increase in straight leg raise flexibility the risk of lower
extremity musculoskeletal injury decreases by 85.60% (95% CI, 0.740 to 0.990), p = 0.035. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a men’s and women’s soccer season based on dominant/non-dominant
straight leg raise flexibility ratio and the number of exposures. For every unit increase in
dominant/non-dominant straight leg raise flexibility ratio the risk of lower extremity
musculoskeletal injury increases by 19100000000.00% (95% CI, 10.716 to 3.390e+15), p =
0.014. A simple Poisson regression was run to predict the number of lower extremity
musculoskeletal injuries that occur during a men’s and women’s soccer season based on
dominant/non-dominant hip adduction strength ratio and the number of exposures. For every unit
increase in dominant/non-dominant hip adduction strength ratio the risk of lower extremity
musculoskeletal injury decreases by 0.02% (95% CI, 6.320e-08 to 0.522), p = 0.019. Significant
simple Poison regressions are represented in Table 82.
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Table 82. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the NonDominant Lower Extremity for All Men’s and Women’s Soccer Athletes

4.7.2.1.1 Men’s Soccer
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury. When
lower extremity musculoskeletal injuries were calculated as any lower extremity musculoskeletal
injury, regardless of location and/or type, none of the predictor variables demonstrated
significance on the dominant or non-dominant lower extremity.

4.7.2.1.2 Women’s Soccer
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury. Separate
simple Poison regressions demonstrated that multiple predictor variables were significant
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predicts of lower extremity musculoskeletal injury in women’s soccer athletes. When lower
extremity musculoskeletal injuries were calculated as any lower extremity musculoskeletal
injury, regardless of location and/or type, lower extremity isometric strength demonstrated
significance on the dominant lower extremity. A simple Poisson regression was run to predict the
number of lower extremity musculoskeletal injuries that occur during a women’s soccer season
based on knee flexion strength and the number of exposures. For every unit increase in knee
flexion strength the risk of lower extremity musculoskeletal injury decreases by 71.60% (95%
CI, 0.511 to 1.002), p = 0.003. Significant simple Poison regressions are represented in Table 83.

Table 83. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the Dominant
Lower Extremity for All Women’s Soccer Athletes

When lower extremity musculoskeletal injuries were calculated as any lower extremity
musculoskeletal injury, regardless of location and/or type, only lower extremity range of motion
and flexibility demonstrated significance on the non-dominant lower extremity. A simple
Poisson regression was run to predict the number of lower extremity musculoskeletal injuries
that occur during a women’s soccer season based on straight leg raise flexibility and the number
of exposures. For every unit increase in straight leg raise flexibility the risk of lower extremity
musculoskeletal injury decreases by 75.10% (95% CI, 0.569 to 0.991), p = 0.012. Significant
simple Poison regressions are represented in Table 84.

236

Table 84. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the NonDominant Lower Extremity for All Women’s Soccer Athletes

4.7.2.2 Football
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury. Separate
simple Poison regressions demonstrated that multiple predictor variables were significant
predicts of lower extremity musculoskeletal injury in football athletes. When lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury,
regardless of location and/or type, lower extremity flexibility and static balance demonstrated
significance on the non-dominant lower extremity. A simple Poisson regression was run to
predict the number of lower extremity musculoskeletal injuries that occur during a football
season based on straight leg raise flexibility and the number of exposures. For every unit increase
in straight leg raise flexibility the risk of lower extremity musculoskeletal injury increases by
106.70% (95% CI, 0.999 to 1.204), p = 0.039. A simple Poisson regression was run to predict the
number of lower extremity musculoskeletal injuries that occur during a football season based on
eyes-closed static balance medial/lateral ground reaction forces and the number of exposures.
For every unit increase in eyes-closed static balance medial/lateral ground reaction forces the
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risk of lower extremity musculoskeletal injury decreases by 91.30% (95% CI, 0.829 to 1.006), p
= 0.038. Significant simple Poison regressions are represented in Table 85.

Table 85. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the NonDominant Lower Extremity for All Football Athletes

4.7.2.3 Volleyball
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury. Separate
simple Poison regressions demonstrated that multiple predictor variables were significant
predicts of lower extremity musculoskeletal injury in women’s volleyball athletes. A simple
Poisson regression was run to predict the number of lower extremity musculoskeletal injuries
that occur during a women’s volleyball season based on ankle dorsiflexion strength and the
number of exposures. For every unit increase in ankle dorsiflexion strength the risk of lower
extremity musculoskeletal injury decreases by 72.00% (95% CI, 0.545 to 0.952), p = 0.010. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s volleyball season based on ankle inversion strength and the
number of exposures. For every unit increase in ankle inversion strength the risk of lower
extremity musculoskeletal injury decreases by 72.50% (95% CI, 0.511 to 1.028), p = 0.042. A
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simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s volleyball season based on ankle eversion strength and the
number of exposures. For every unit increase in ankle eversion strength the risk of lower
extremity musculoskeletal injury decreases by 72.40% (95% CI, 0.548 to 0.957), p = 0.009. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s volleyball season based on hip abduction strength and the
number of exposures. For every unit increase in hip abduction strength the risk of lower
extremity musculoskeletal injury decreases by 67.50% (95% CI, 0.461 to 0.987), p = 0.023. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s volleyball season based on hip adduction strength and the
number of exposures. For every unit increase in hip adduction strength the risk of lower
extremity musculoskeletal injury decreases by 73.50% (95% CI, 0.533 to 1.014), p = 0.041. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s volleyball season based on hip internal rotation strength and
the number of exposures. For every unit increase in hip internal rotation strength the risk of
lower extremity musculoskeletal injury decreases by 64.10% (95% CI, 0.387 to 1.063), p =
0.020.

A simple Poisson regression was run to predict the number of lower extremity

musculoskeletal injuries that occur during a women’s volleyball season based on knee flexion
strength and the number of exposures. For every unit increase in knee flexion strength the risk of
lower extremity musculoskeletal injury decreases by 76.60% (95% CI, 0.596 to 0.985), p =
0.015.

A simple Poisson regression was run to predict the number of lower extremity

musculoskeletal injuries that occur during a women’s volleyball season based on dominant/nondominant ankle inversion strength ratio and the number of exposures. For every unit increase in
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dominant/non-dominant ankle inversion strength ratio the risk of lower extremity
musculoskeletal injury increases by 18817.70% (95% CI, 0.154 to 30696.000), p = 0.038. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s volleyball season based on ankle eversion/inversion
strength ratio and the number of exposures. For every unit increase in ankle ankle
eversion/inversion strength ratio the risk of lower extremity musculoskeletal injury decreases by
0.40% (95% CI, 8.620e-06 to 1.584), p = 0.046. Significant simple Poison regressions are
represented in Table 86.

Table 86. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the Dominant
Lower Extremity for All Women’s Volleyball Athletes

When lower extremity musculoskeletal injuries were calculated as any lower extremity
musculoskeletal injury, regardless of location and/or type, lower extremity isometric strength
demonstrated significance on the non-dominant lower extremity. A simple Poisson regression
was run to predict the number of lower extremity musculoskeletal injuries that occur during a
women’s volleyball season based on ankle dorsiflexion strength and the number of exposures.
For every unit increase in ankle dorsiflexion strength the risk of lower extremity musculoskeletal
injury decreases by 69.40% (95% CI, 0.485 to 0.992), p = 0.024. A simple Poisson regression
was run to predict the number of lower extremity musculoskeletal injuries that occur during a
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women’s volleyball season based on ankle plantarflexion strength and the number of exposures.
For every unit increase in ankle plantarflexion strength the risk of lower extremity
musculoskeletal injury decreases by 70.70% (95% CI, 0.487 to 1.027), p = 0.031. A simple
Poisson regression was run to predict the number of lower extremity musculoskeletal injuries
that occur during a women’s volleyball season based on knee flexion strength and the number of
exposures. For every unit increase in knee flexion strength the risk of lower extremity
musculoskeletal injury decreases by 72.80% (95% CI, 0.515 to 1.028), p = 0.037. A simple
Poisson regression was run to predict the number of lower extremity musculoskeletal injuries
that occur during a women’s volleyball season based on hip external rotation strength and the
number of exposures. For every unit increase in hip external rotation strength the risk of lower
extremity musculoskeletal injury decreases by 62.40% (95% CI, 0.339 to 1.149), p = 0.045. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s volleyball season based on knee extension strength and the
number of exposures. For every unit increase in knee extension strength the risk of lower
extremity musculoskeletal injury decreases by 86.50% (95% CI, 0.746 to 1.003), p = 0.038. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s volleyball season based on dominant/non-dominant ankle
eversion strength ratio and the number of exposures. For every unit increase in dominant/nondominant ankle eversion strength ratio the risk of lower extremity musculoskeletal injury
decreases by 0.00% (95% CI, 4.680e-79 to 4.060e+30), p = 0.005. Significant simple Poison
regressions are represented in Table 87.
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Table 87. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the NonDominant Lower Extremity for All Women’s Volleyball Athletes

4.7.2.4 Basketball
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury. Separate
simple Poison regressions demonstrated that multiple predictor variables were significant
predicts of lower extremity musculoskeletal injury in men’s and women’s basketball athletes.
When lower extremity musculoskeletal injuries were calculated as any lower extremity
musculoskeletal injury, regardless of location and/or type, lower extremity range of motion and
flexibility, as well as isometric strength demonstrated significance on the dominant lower
extremity. A simple Poisson regression was run to predict the number of lower extremity
musculoskeletal injuries that occur during a overall men’s and women’s basketball season based
on straight leg raise flexibility and the number of exposures. For every unit increase in straight
leg raise flexibility the risk of lower extremity musculoskeletal injury increases by 115.70%
(95% CI, 1.028 to 1.302), p = 0.022. A simple Poisson regression was run to predict the number
of lower extremity musculoskeletal injuries that occur during a overall men’s and women’s
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basketball season based on hip adduction strength and the number of exposures. For every unit
increase in hip abduction strength the risk of lower extremity musculoskeletal injury decreases
by 85.10% (95% CI, 0.712 to 1.016), p = 0.046. A simple Poisson regression was run to predict
the number of lower extremity musculoskeletal injuries that occur during a overall men’s and
women’s basketball season based on hip abduction strength and the number of exposures. For
every unit increase in hip adduction strength the risk of lower extremity musculoskeletal injury
decreases by 79.50% (95% CI, 0.629 to 1.007), p = 0.024. A simple Poisson regression was run
to predict the number of lower extremity musculoskeletal injuries that occur during a overall
men’s and women’s basketball season based on knee flexion strength and the number of
exposures. For every unit increase in knee flexion strength the risk of lower extremity
musculoskeletal injury decreases by 90.00% (95% CI, 0.808 to 1.004), p = 0.036. Significant
simple Poison regressions are represented in Table 88.

Table 88. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the Dominant
Lower Extremity for All Men’s and Women’s Basketball Athletes

When lower extremity musculoskeletal injuries were calculated as any lower extremity
musculoskeletal injury, regardless of location and/or type, lower extremity isometric strength
demonstrated significance on the non-dominant lower extremity. A simple Poisson regression
was run to predict the number of lower extremity musculoskeletal injuries that occur during an
overall men’s and women’s basketball season season based on dominant/non-dominant ankle
dorsiflexion strength ratio and the number of exposures. For every unit increase in
243

dominant/non-dominant ankle dorsiflexion strength ratio the risk of lower extremity
musculoskeletal injury decreases by 0.004% (95% CI, 5.340e-10 to 2.619), p = 0.028.
Significant simple Poison regressions are represented in Table 89.

Table 89. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the NonDominant Lower Extremity for All Men’s and Women’s Basketball Athletes

4.7.2.4.1 Men’s Basketball
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury. Separate
simple Poison regressions demonstrated that multiple predictor variables were significant
predicts of lower extremity musculoskeletal injury in men’s basketball athletes. When lower
extremity musculoskeletal injuries were calculated as any lower extremity musculoskeletal
injury, regardless of location and/or type, lower extremity range of motion and flexibility, as well
as isometric strength demonstrated significance on the dominant lower extremity. A simple
Poisson regression was run to predict the number of lower extremity musculoskeletal injuries
that occur during a men’s basketball season season based on straight leg raise flexibility and the
number of exposures. For every unit increase in straight leg raise flexibility the risk of lower
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extremity musculoskeletal injury increases by 118.50% (95% CI, 1.021 to 1.374), p = 0.021. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a men’s basketball season season based on dominant/non-dominant hip
external rotation strength ratio and the number of exposures. For every unit increase in
dominant/non-dominant hip external rotation ratio the risk of lower extremity musculoskeletal
injury increases by 632993.80% (95% CI, 1.550 to 2.590e+07), p = 0.025. Significant simple
Poison regressions are represented in Table 90.

Table 90. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the Dominant
Lower Extremity for All Men’s Basketball Athletes

4.7.2.4.2 Women’s Basketball
Separate simple Poison regressions were performed in order to allow for a better understanding
of the relationship between the predictor variables chosen for the present study (lower extremity
range of motion, flexibility, isometric strength, static postural stability, and dynamic postural
stability) and the dependent variable of lower extremity musculoskeletal injury. Lower extremity
musculoskeletal injuries were calculated as any lower extremity musculoskeletal injury. Separate
simple Poison regressions demonstrated that none of the predictor variables were significant
predicts of lower extremity musculoskeletal injury in women’s basketball athletes. When lower
extremity musculoskeletal injuries were calculated as any lower extremity musculoskeletal
injury, regardless of location and/or type, isometric strength demonstrated significance on the
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dominant lower extremity. A simple Poisson regression was run to predict the number of lower
extremity musculoskeletal injuries that occur during a women’s basketball season season based
on hip adduction strength and the number of exposures. For every unit increase in hip adduction
strength the risk of lower extremity musculoskeletal injury decreases by 62.50% (95% CI, 0.365
to 1.069), p = 0.020. A simple Poisson regression was run to predict the number of lower
extremity musculoskeletal injuries that occur during a women’s basketball season season based
on knee flexion strength and the number of exposures. For every unit increase in knee flexion
strength the risk of lower extremity musculoskeletal injury decreases by 83.80% (95% CI, 0.684
to 1.028), p = 0.042. A simple Poisson regression was run to predict the number of lower
extremity musculoskeletal injuries that occur during a women’s basketball season season based
on dominant/non-dominant ankle inversion strength ratio and the number of exposures. For
every unit increase in dominant/non-dominant ankle inversion strength ratio the risk of lower
extremity musculoskeletal injury decreases by 0.00% (95% CI, 1.050e-08 to 2.052), p = 0.070. A
simple Poisson regression was run to predict the number of lower extremity musculoskeletal
injuries that occur during a women’s basketball season season based on ankle eversion/inversion
strength ratio and the number of exposures. For every unit increase in ankle eversion/inversion
strength ratio the risk of lower extremity musculoskeletal injury increases by 570560.60% (95%
CI, 0.028 to 1.180e+09), p = 0.011. Significant simple Poison regressions are represented in
Table 91.
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Table 91. Significant Simple Poison Regressions – All Lower Extremity Musculoskeletal Injuries on the Dominant
Lower Extremity for All Women’s Basketball Athletes
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5.0

DISCUSSION

Lower extremity musculoskeletal injury is a serious and persistent concern for collegiate
athletes, who participate in lower extremity dominant sports which require cutting, jumping, and
landing.3-5, 28, 29, 31, 47 Lower extremity musculoskeletal injury can have significant short-term and
long-term consequences, including disability, re-current injuries, and the development of posttraumatic osteoarthritis.3-5,

28, 29, 31, 47

An examination of the modifiable musculoskeletal risk

factors for lower extremity musculoskeletal injury may lead to the avoidance of these injuries,
with proper implementation of risk factor-specific injury prevention programs. The injury
prevention process calls for the examination of modifiable risk factors for musculoskeletal
injury.60 Therefore, the purpose of this study was to identify the incidence of lower extremity
musculoskeletal injury in NCAA Division I athletes participating in lower extremity dominant
sports at the University of Pittsburgh, describe the musculoskeletal characteristics of the lower
extremity, and identify the association between musculoskeletal characteristics of the lower
extremity and the rate of lower extremity musculoskeletal injury in NCAA Division I athletes at
the University of Pittsburgh. It was hypothesized that the rate of lower extremity musculoskeletal
injury would be higher among NCAA Division I University of Pittsburgh athletes who
demonstrate decreased lower extremity range of motion, flexibility, and isometric strength, as
well as deficits in static and dynamic postural stability compared to athletes who did not
demonstrate decreases in lower extremity range of motion, flexibility, and isometric strength, as
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well as deficits in static and dynamic postural stability. The findings of the present study
demonstrated that football had the highest rate of LE MSI, followed by women’s soccer and
men’s soccer, as well as women’s basketball and men’s basketball. Women’s volleyball had the
lowest rate of LE MSI. Range of motion, flexibility, and strength of the LE were determined to
be modifiable risk factors for LE MSI in all sport types excluding football and men’s basketball.
Each sport type displayed a different profile of modifiable risk factors for LE MSI.

5.1

SUBJECT CHARACTERISTICS

Men’s and women’s Division I NCAA University of Pittsburgh athletes who participate in lower
extremity dominant sports were recruited to participate in this study. Athletes participating in
lower extremity dominant sports face similar demands; these demands include running, cutting,
and jumping, although the musculoskeletal characteristics necessary for peak performance in
their respective sport may be different.47 Sport participation represented by this study included:
men’s soccer, women’s soccer, football, women’s volleyball, men’s basketball, and women’s
basketball. The intent behind including all six of these sports was to include a variety of lower
extremity dominant sports, as well as include sports which both sexes participate in. Although
there are a number of other sports which may be considered lower extremity dominant sport,
including field hockey and lacrosse, the University of Pittsburgh does not field varsity teams in
these sport types, therefore they were excluded from the present study.
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5.2

LOWER EXTREMITY MUSCULOSKELETAL INJURY IN COLLEGIATE
ATHLETES

5.2.1 Soccer

Overall, our study examined the lower extremity musculoskeletal injury rate in 48 men’s and
women’s Division I soccer athletes at the University of Pittsburgh (Men’s: 24, Women’s: 24).
Eighteen of the 48 men’s and women’s soccer athletes examined throughout the present study
suffered a lower extremity musculoskeletal injury. None of the 48 men’s and women’s soccer
athletes suffered more than one lower extremity musculoskeletal injury over the course of the
collegiate fall men’s and women’s soccer season. The overall lower extremity musculoskeletal
injury rate for the men’s and women’s soccer collegiate fall soccer season was 5.22 injuries per
1,000 athlete exposures. For men’s and women’s soccer athletes the acute lower extremity
musculoskeletal injury rate for the fall collegiate soccer season was 4.35 injuries per 1,000
athlete exposures; the overuse injury rate was 0.87 injuries per 1,000 athlete exposures. The
lower extremity musculoskeletal injury rate for men’s and women’s soccer athletes during
participation in games was 6.80, followed by the injury rate for participation in practices which
was 3.68 injuries per 1,000 athlete exposures. The pre-season injury rate for men’s and women’s
soccer athletes was 4.06 injuries per 1,000 athlete exposures. The competitive season lower
extremity musculoskeletal injury rate was 4.58 injuries per 1,000 athlete exposures. The injury
rate for injuries occurring at the ankle in men’s and women’s soccer athletes was 2.61 injuries
per 1,000 athlete exposures; the knee injury rate was 1.16 injuries per 1,000 athlete exposures.
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Twenty-four men’s soccer athletes were tested as a part of the present study, eight of
these men’s soccer athletes suffered a lower extremity musculoskeletal injury. None of the men’s
soccer athletes tested suffered more than one lower extremity musculoskeletal injury. The overall
lower extremity musculoskeletal injury rate for men’s soccer athletes during the fall collegiate
season was 4.56 injuries per 1,000 athlete exposures. The acute lower extremity musculoskeletal
injury rate were 3.99 injuries per 1,000 athlete exposures for the men’s soccer athletes during the
fall collegiate season. The overuse injury rate for men’s soccer athletes was 0.57 injuries per
1,000 athlete exposures. The lower extremity musculoskeletal injury rate during practice
participation for men’s soccer athletes was 4.52 injuries per 1,000 athlete exposures. The injury
rate during participation in games was 4.68 injuries per 1,000 athlete exposures. The pre-season
lower extremity musculoskeletal injury rate for men’s soccer athletes during the fall collegiate
season was 5.21 injuries per 1,000 athlete exposures. The competitive season lower extremity
musculoskeletal injury rate was lower for men’s soccer athletes at 2.72 injuries per 1,000 athlete
exposures. The post-season lower extremity musculoskeletal injury rate for men’s soccer athletes
was the highest at 32.97 injuries per 1,000 athlete exposures. Lower extremity musculoskeletal
injuries at the ankle occurred at a rate of 2.85 injuries per 1,000 athlete exposures in men’s
soccer athletes. The knee had a lower rate of musculoskeletal injury at 0.57 injuries per 1,000
athlete exposures.
The NCAA Injury Surveillance System collected musculoskeletal injury data for men’s
soccer athletes over a 15-year period.3 The lower extremity musculoskeletal injury rate during
practice was similar to the musculoskeletal injury rate during games for the men’s soccer athletes
who participated in the present study (4.52 injuries per 1,000 athlete exposures vs. 4.68 injuries
per 1,000 athlete exposures).3 In contrast, the NCAA Injury Surveillance System reported a
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greater gap, larger differences, in the injury rate for men’s soccer athletes during participation in
practice compared to participation in games.3 The musculoskeletal injury rate during game
participation was greater than the musculoskeletal injury rate during practice participation
according to the NCAA Injury Surveillance System.3 When lower extremity musculoskeletal
injury rates were examined throughout the phases of the fall men’s soccer season, the pre-season
musculoskeletal injury rate recorded during practices through the NCAA Injury Surveillance
System, was 7.89 injuries per 1,000 athlete exposures.3 The competitive season musculoskeletal
injury rate during participation in practices was 2.43 injuries per 1,000 athlete exposures over the
15-year period in which data was collected as a part of the NCAA Injury Surveillance System.3
The lower extremity musculoskeletal injury rate for the men’s soccer athletes tested as a part of
the present study followed a similar pattern, with the pre-season having a greater rate of lower
extremity musculoskeletal injuries than the competitive season (5.21 injuries per 1,000 athlete
exposures vs. 2.72 injuries per 1,000 athlete exposures). The post-season musculoskeletal injury
rate for men’s soccer during practice according to the NCAA Injury Surveillance System was
1.62 injuries per 1,000 athlete exposures.3 Game musculoskeletal injury rates were much greater
than practice musculoskeletal injury rates during the time period of the NCAA Injury
Surveillance System data collection.3 The competitive season musculoskeletal injury rate for
men’s soccer during game participation was 18.91 injuries per 1,000 athlete exposures and the
post-season musculoskeletal injury rate during game participation was 14.58 injuries per 1,000
athlete exposures for men’s soccer.3 The men’s soccer athletes in the present study had a much
greater musculoskeletal injury rate than reported by the NCAA Injury Surveillance System for
post-season participation. The lower extremity musculoskeletal injury rate for the present study
was 32.97 injuries per 1,000 athlete exposures during the men’s soccer post-season, including
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both practice and game participation. The highest post-season musculoskeletal injury rate the
NCAA Injury Surveillance System reported was 14.58 injuries per 1,000 athlete exposures,
which represented the post-season musculoskeletal injury rate for participation in games.3 The
large amount of post-season musculoskeletal injuries suffered by the men’s soccer athletes in the
present study is potentially concerning. This concern is related to the fact that the NCAA Injury
Surveillance System includes not only lower extremity musculoskeletal injuries, it includes any
musculoskeletal injury and/or concussion.3 It has been previously reported that about two thirds
of the musculoskeletal injuries recorded as a part of the 15-year NCAA Injury Surveillance
System occurred at the lower extremity.3 Therefore, removing all musculoskeletal injuries that
did not occur to the lower extremity from the NCAA Injury Surveillance System data would
likely decrease the musculoskeletal injury rate, further increasing the vast difference between the
NCAA Injury Surveillance System’s post-season injury rate and the post-season injury rate
reported in the present study.3
Twenty-four women’s soccer athletes were tested as a part of the present study, ten of
these women’s soccer athletes suffered a lower extremity musculoskeletal injury. None of the
women’s soccer athletes tested suffered more than one lower extremity musculoskeletal injury.
The overall lower extremity musculoskeletal injury rate for women’s soccer during the fall
collegiate season was 5.90 injuries per 1,000 athlete exposures. The acute lower extremity
musculoskeletal injury rate was 4.72 injuries per 1,000 athlete exposures for the women’s soccer
fall collegiate season. The overuse injury rate for women’s soccer athletes was 1.18 injuries per
1,000 athlete exposures. The lower extremity musculoskeletal injury rate during practice
participation for women’s soccer athletes was 2.89 injuries per 1,000 athlete exposures. The
injury rate during participation in games was 9.74 injuries per 1,000 athlete exposures for
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women’s soccer athletes. The pre-season lower extremity musculoskeletal injury rate for
women’s soccer athletes during the fall collegiate season was 3.66 injuries per 1,000 athlete
exposures. The competitive season lower extremity musculoskeletal injury rate was higher for
women’s soccer athletes at 6.97 injuries per 1,000 athlete exposures, compared to the pre-season
musculoskeletal injury rate. Lower extremity musculoskeletal injuries at the ankle occurred at a
rate of 2.36 injuries per 1,000 athlete exposures in women’s soccer athletes. The knee had a
lower rate of musculoskeletal injury at 1.77 injuries per 1,000 athlete exposures for women’s
soccer athletes.
The NCAA Injury Surveillance System reported similar musculoskeletal injury rate
patterns to the present study for women’s soccer athletes during the 15-year data collection
period.31 The NCAA Injury Surveillance System reported a practice musculoskeletal injury rate
of 5.2 injuries per 1,000 athlete exposures for women’s soccer athletes.31 The game injury rate
for women’s soccer athletes according to the NCAA Injury Surveillance System was 16.4
injuries per 1,000 athlete exposures.31 The lower extremity musculoskeletal injury rate for
women’s soccer athletes during the present study followed a similar pattern for practice and
game participation; practice participation had a lower musculoskeletal injury rate than the
musculoskeletal injury rate during games (2.89 injuries per 1,000 athlete exposures vs. 9.74
injuries per 1,000 athlete exposures). The NCAA Injury Surveillance System reported higher
rates of musculoskeletal injury for pre-season game participation compared competitive season
game participation (19.65 injuries per 1,000 athlete exposures vs. 16.56 injuries per 1,000 athlete
exposures).31 The competitive season injury rates were higher than the post-season injury rate
(16.56 injuries per 1,000 athlete exposures vs. 11.67 injuries per 1,000 athlete exposures) for
participation in games according to the NCAA Injury Surveillance System.31 Practice injury rates
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followed a similar trend to the game injury rates reported by the NCAA Injury Surveillance
System for both the competitive season and the post-season.31 The present study had opposing
results for women’s soccer musculoskeletal injury rates; competitive season musculoskeletal
injury rates were greater than pre-season musculoskeletal injury rates (6.97 injuries per 1,000
athlete exposures vs. 3.66 injuries per 1,000 athlete exposures). 70% of all musculoskeletal
injuries reported over the 15-year data collection period of the NCAA Injury Surveillance
System were lower extremity musculoskeletal injuries.31 This would indicate that it can be
expected that the musculoskeletal injury rates calculated for the presented study should be
slightly lower than the musculoskeletal injury rates calculated for the NCAA Injury Surveillance
System, due to the exclusion of all musculoskeletal injuries not to the lower extremity in the
present study.
When men’s and women’s soccer athletes are examined as a group the overall
musculoskeletal injury rate is less than football athletes, but greater than women’s volleyball
athletes. This is in agreeance with the general trend noted by the NCAA Injury Surveillance
System.3,

31

Generally, football is considered a collision sport, the demands of this sport are

therefore increased because of the constant purposeful contact (collision) that occurs between
players of opposing teams.28 This constant purposeful collision can significantly increase risk of
lower extremity musculoskeletal injury, leading to increased injury rates when comparing to
other sport types, which have significantly less purposeful collision associated with them.28
Women’s volleyball has the least likelihood of a purposeful athlete collision; therefore, it would
be excepted that their musculoskeletal injury rates are lower than that of other sport types.5 One
of the most notable differences in the musculoskeletal injury rates of the present study between
sport types as compared to soccer is that men’s and women’s soccer athletes had an injury rate of
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6.80 injuries per 1,000 athlete exposures when participating in games, while football had no
injury occurrences during participation in games. This may be indicative of the differences in
training between men’s and women’s soccer and football. Training during practice participation
in men’s and women’s soccer is very similar to game participation, meaning the structure and
intensity is similar between practices and games; this is the often achieved through periodization
and tracking of athletes through GPS devices.3,

31

Training during practice participation in

football is often very different from game play.28 Football game play is regulated by certain rules
and regulations that have been set forth by the NCAA.28 There is also care given to following
these rules and regulations, with referees enforcing these rules during football game
participation.28 The ability to match intensity between practice participation to game
participation in football is much harder than in men’s and women’s soccer.28 Often times this
lack of ability to match intensity leads to greater intensity practices, with a lack of rules and
regulations, as well as decreased oversight of these rules and regulations.28 The lower extremity
musculoskeletal injury rates between practice and game participation in men’s and women’s
soccer athletes are mirrored in women’s volleyball athletes. These two sport types are very
similar in the ability to mimic intensity between game and practice participation.
Comparison of the rate of lower extremity musculoskeletal injury in men’s soccer and
women’s soccer athletes demonstrates more similarities than differences between the two sexes
participating in the same sport type. The overall lower extremity musculoskeletal injury rates are
very similar, with men’s soccer athletes having a lower extremity musculoskeletal injury rate just
slightly lower than women’s soccer athletes. There is no difference between practice and game
injury rates in men’s soccer athletes, whereas there is a large discrepancy between the injury rate
during practice participation and game participation in the women’s soccer athletes. Additional
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results of the present study agree with the results of previous research. Epidemiological studies
have demonstrated that women’s soccer athletes are at greater risk of suffering knee injury when
compared to men’s soccer athletes.3,

31

The women’s soccer athletes tested as a part of the

present study had a greater incidence of musculoskeletal injury at the knee than the men’s soccer
athletes.3, 31 The differences in lower extremity musculoskeletal injury risk attributed to sex have
been well researched.72 These sex differences may be due to a number of different reasons,
which may include changes in body composition, joint laxity, strength, and hormonal changes.72
Generally, women tend to have greater joint laxity and less strength in the lower extremity
compared to their male counterparts; these changes in musculoskeletal characteristics of the
lower extremity are modifiable risk factors that increase risk of musculoskeletal injury of the
lower extremity.77 These changes may also explain why the women’s soccer athletes in the
present study demonstrate a greater incidence of lower extremity musculoskeletal injury
compared to the men’s soccer athletes.

5.2.2 Football

Overall, the present study examined the lower extremity musculoskeletal injury rate in 43
Division I football athletes at the University of Pittsburgh. Twenty-three of the 43 football
athletes examined in the present study suffered a lower extremity musculoskeletal injury. Eleven
of the 43 football athletes suffered more than one lower extremity musculoskeletal injury over
the course of the collegiate fall football season. Total, 35 lower extremity musculoskeletal
injuries were suffered over the course of the collegiate fall football season. The overall lower
extremity musculoskeletal injury rate for the football collegiate fall season was 10.19 injuries per
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1,000 athlete exposures. For football athletes the acute lower extremity musculoskeletal injury
rate for the fall collegiate football season was 9.61 injuries per 1,000 athlete exposures; the
overuse injury rate was 0.58 injuries per 1,000 athlete exposures. The lower extremity
musculoskeletal injury rate for football during participation in practice was 11.75 injuries per
1,000 athlete exposures, no lower extremity musculoskeletal injuries were suffered during game
participation. The pre-season injury rate for football athletes was 4.70 injuries per 1,000 athlete
exposures. The competitive season lower extremity musculoskeletal injury rate was 9.70 injuries
per 1,000 athlete exposures for football athletes. The post-season lower extremity
musculoskeletal injury rate for football athletes was 2.44 injuries per 1,000 athlete exposures.
The injury rate for injuries occurring at the ankle in the football athletes was 3.49 injuries per
1,000 athlete exposures; the knee injury rate was 1.75 injuries per 1,000 athlete exposures.
The NCAA Injury Surveillance System reported that over the 15-year data collection
period, football had the greatest rate of musculoskeletal injury in all lower extremity dominant
sports.28, 47 Game musculoskeletal injury rates in football were as high as 35.90 injuries per 1,000
athlete exposures, as reported by the NCAA Injury Surveillance System.28,

47

Practice

musculoskeletal injury rates were 3.80 injuries per 1,000 athlete exposures according to the
NCAA Injury Surveillance System.28,

47

The football athletes in the present study suffered no

lower extremity musculoskeletal injuries during game participation and the musculoskeletal
injury rate during participation in practice was 11.75 injuries per 1,000 athlete exposures. This is
in opposition to the NCAA Injury Surveillance System results; the game musculoskeletal injury
rate is greater than the practice musculoskeletal injury rate.28, 47 42,355 musculoskeletal injuries
were reported over the 15-year data collection period of the NCAA Injury Surveillance System
during participation in collegiate football.28, 47 Pre-season practice musculoskeletal injury rates
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were much higher than the competitive season for collegiate football according to the NCAA
Injury Surveillance System (36.11 injuries per 1,000 athlete exposures vs. 23.71 injuries per
1,000 athlete exposures).28, 47 The results of the present study had greater rates of lower extremity
musculoskeletal injury during the competitive season than the pre-season for football athletes
(9.70 injuries per 1,000 athlete exposures vs. 4.70 injuries per 1,000 athlete exposures).
Football has the greatest incidence of lower extremity musculoskeletal injury compared
to the remainder of the sport types tested as a part of the present study. Football is a collision
sport by nature, which generally increases the lower extremity musculoskeletal injury risk. 28, 47
During participation in collision sports athletes are exposed to a greater number of opportunities
for musculoskeletal injury.28,

47

Although football had the greatest incidence of overall lower

extremity musculoskeletal injury, there were no musculoskeletal injuries which occurred during
game play. This is likely due to the strict rules and regulations that are enforced during football
game play.28,

47

Football athletes demonstrated the greatest number of muscle strain injuries

compared to the remaining sport types represented in the present study. Many of the motions
football athletes must perform, in order to be successful force athletes into a position of
vulnerability.28,

47

For example, linemen are continually placed in extreme ankle dorsiflexion

which very quickly turns into a forceful contraction of the posterior lower extremity muscles
when the athletes move into a tackle or collision with an athlete of the opposing team. This quick
and forceful contraction, which is repeated numerous times during both practice and game
participation, increases a football athletes risk of lower extremity muscle strain.
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5.2.3 Volleyball

Overall, the present study examined the lower extremity musculoskeletal injury rate in 16
Division I women’s volleyball athletes at the University of Pittsburgh. Four of the 16 women’s
volleyball athletes examined in the present study suffered a lower extremity musculoskeletal
injury. One of the 16 women’s volleyball athletes suffered more than one lower extremity
musculoskeletal injury over the course of the collegiate fall women’s volleyball season. In total 5
lower extremity musculoskeletal injuries were suffered over the course of the collegiate fall
women’s volleyball season. The overall lower extremity musculoskeletal injury rate for the
collegiate fall women’s volleyball season was 2.87 injuries per 1,000 athlete exposures. For
women’s volleyball, the acute lower extremity musculoskeletal injury rate for the fall collegiate
women’s volleyball season was 2.29 injuries per 1,000 athlete exposures; the overuse injury rate
was 0.57 injuries per 1,000 athlete exposures. The lower extremity musculoskeletal injury rate
for women’s volleyball athletes during participation in practice was 3.28 injuries per 1,000
athlete exposures, during game participation the lower extremity musculoskeletal injury rate was
1.91 injuries per 1,000 athlete exposures. The competitive season lower extremity
musculoskeletal injury rate was 3.89 injuries per 1,000 athlete exposures; no injuries were
suffered during the pre-season or post-season. The injury rate for injuries occurring at the ankle
and the muscles of the lower extremity in the women’s volleyball athletes was 0.57 injuries per
1,000 athlete exposures; the hip injury rate was 1.15 injuries per 1,000 athlete exposures.
The NCAA Injury Surveillance System reported that over the 15-year data collection
period, the game musculoskeletal injury rates in women’s volleyball athletes is 4.58 injuries per
1,000 athlete exposures.5, 47 Practice musculoskeletal injury rates were similar at 4.10 injuries per
1,000 athlete exposures, according to the NCAA Injury Surveillance System.5, 47 The women’s
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volleyball athletes in the present study suffered 1.91 injuries per 1,000 athlete exposures during
game participation and the musculoskeletal injury rate during participation in practice was 3.28
injuries per 1,000 athlete exposures. This is in opposition to the NCAA Injury Surveillance
System results; the game musculoskeletal injury rate was greater than the practice
musculoskeletal injury rate. 2,216 musculoskeletal injuries were reported over the 15-year data
collection period of the NCAA Injury Surveillance System during participation in collegiate
women’s volleyball.5, 47 Pre-season practice musculoskeletal injury rates were two times higher
than the competitive season for collegiate women’s volleyball athletes, according to the NCAA
Injury Surveillance System (6.19 injuries per 1,000 athlete exposures vs. 2.82 injuries per 1,000
athlete exposures).5,

47

The results of the present study had greater rates of lower extremity

musculoskeletal injury during the competitive season than the pre-season for women’s volleyball
athletes (3.89 injuries per 1,000 athlete exposures vs. 0.00 injuries per 1,000 athlete exposures).
Volleyball has the lowest lower extremity musculoskeletal injury rate of all the sport
types tested as a part of the present study. This may be due to the demand that volleyball athletes
must endure compared to the remainder of the athletes in the present study.5, 47 Volleyball has the
lowest demand out of all the sport types tested, as well as having the smallest likelihood that
contact or collision between athletes would occur during practice and game participation.5, 47 The
rate of muscle strain injury in the volleyball athletes is greater than the soccer athletes, but less
than the football athletes.5, 47 It may be expected that the rate of muscle injury, including muscle
strain injury, in volleyball athletes would be greater than all of the other sport types tested as a
part of the present study.5, 47 The plyometric nature of volleyball places a greater demand on the
muscles of the lower extremity. This demand is often times eccentric, which means the muscle is
lengthening while simultaneously providing a force. Eccentric contractions result in lower
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extremity musculoskeletal injury more often than concentric contractions. Often the cumulative
and repetitive jumping that occurs as a part of volleyball participation results in a greater number
of lower extremity musculoskeletal injuries. In the population of volleyball athletes tested as a
part of the present study, this cumulative of micro-trauma due to repetitive jumping did not result
in lower extremity musculoskeletal injury rates greater than the other sport types tested,
excluding muscle strain injury.

5.2.4 Basketball

Overall, the present study examined the lower extremity musculoskeletal injury rate in 11
Division I men’s basketball athletes at the University of Pittsburgh. Five of the 11 men’s
basketball athletes examined in the present study suffered a lower extremity musculoskeletal
injury. None of the 11 men’s basketball athletes suffered more than one lower extremity
musculoskeletal injury over the course of the collegiate winter men’s basketball season. In total 5
lower extremity musculoskeletal injuries were suffered over the course of the collegiate winter
men’s basketball season. The overall lower extremity musculoskeletal injury rate for the
collegiate winter men’s basketball season was 3.92 injuries per 1,000 athlete exposures. For
men’s basketball, the acute lower extremity musculoskeletal injury rate for the winter collegiate
men’s basketball season was 2.35 injuries per 1,000 athlete exposures; the overuse injury rate
was 1.57 injuries per 1,000 athlete exposures. The lower extremity musculoskeletal injury rate
for men’s basketball athletes during participation in practice was 4.09 injuries per 1,000 athlete
exposures, during game participation the lower extremity musculoskeletal injury rate was 3.37
injuries per 1,000 athlete exposures. The pre-season lower extremity musculoskeletal injury rate
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was 2.46 injuries per 1,000 athlete exposures. The competitive season lower extremity
musculoskeletal injury rate was 4.82 injuries per 1,000 athlete exposures; no injuries were
suffered during the post-season. The injury rate for injuries occurring at the ankle and the knee in
the men’s basketball athletes was 0.78 injuries per 1,000 athlete exposures; the other injury rate
was 2.35 injuries per 1,000 athlete exposures.
The NCAA Injury Surveillance system demonstrated injury rates two times higher in
game play compared to practice situations for men’s basketball athletes; game play has a
reported injury rate of 9.9 injuries per 1,000 athlete-exposures, while practice has an injury rate
of 4.3 injuries per 1,000 athlete-exposures.29 The gap between lower extremity musculoskeletal
injury rates during practice participation and game participation in the present study was much
less (4.09 injuries per 1,000 athlete exposures vs. 3.37 injuries per 1,000 athlete exposures). Preseason injury rates, as measured by the NCAA Injury Surveillance System were three times
higher than injury rates during the competitive season (7.5 injuries per 1,000 athlete-exposures
vs. 2.8 injuries per 1,000 athlete-exposures; p <0.01).29 The present study demonstrated the
opposite, with the competitive season lower extremity musculoskeletal injury rate being greater
than the pre-season lower extremity musculoskeletal injury rate. The NCAA Injury Surveillance
System reported a small number of injuries during the post-season 1.5 injuries per 1,000 athleteexposures.29 The present study demonstrated that regardless of playing two post-season games,
there were no lower extremity musculoskeletal injuries reported.
Overall, the present study examined the lower extremity musculoskeletal injury rate in 13
Division I women’s basketball athletes at the University of Pittsburgh. Six of the 13 women’s
basketball athletes examined in the present study suffered a lower extremity musculoskeletal
injury. None of the 13 women’s basketball athletes suffered more than one lower extremity
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musculoskeletal injury over the course of the collegiate winter women’s basketball season. In
total six lower extremity musculoskeletal injuries were suffered over the course of the collegiate
winter women’s basketball season. The overall lower extremity musculoskeletal injury rate for
the collegiate winter women’s basketball season was 4.45 injuries per 1,000 athlete exposures.
For women’s basketball, the acute lower extremity musculoskeletal injury rate for the winter
collegiate women’s basketball season was 2.22 injuries per 1,000 athlete exposures; the overuse
injury rate was 2.22 injuries per 1,000 athlete exposures. The lower extremity musculoskeletal
injury rate for women’s basketball athletes during participation in practice was 5.62 injuries per
1,000 athlete exposures, during game participation no lower extremity musculoskeletal injuries
were suffered. The pre-season lower extremity musculoskeletal injury rate was 13.51 injuries per
1,000 athlete exposures. No injuries were suffered during the competitive season or the postseason. The injury rate for injuries occurring at the knee in the women’s basketball athletes was
1.48 injuries per 1,000 athlete exposures; the other injury rate was 2.22 injuries per 1,000 athlete
exposures. The injury rate to the muscles of the lower extremity was 0.74 injuries per 1,000
athlete exposures.
Women’s basketball follows similar trends to men’s basketball in that the injury rate
during game play is two times higher than that of practice according to the data collected during
for the NCAA Injury Surveillance System.4 In the present study the women’s basketball athletes
suffered no injuries during the competitive season; all lower extremity musculoskeletal injuries
suffered in the present study were during the pre-season. The game injury rate for women’s
basketball is 7.68 injuries per 1,000 athlete-exposures while the practice injury rate is 3.99
injuries per 1,000 athlete-exposures.4 The lower extremity musculoskeletal injury rate during
practice participation for the women’s basketball athletes in the present study is 5.62 injuries per
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1,000 athlete exposures. For the present study the lower extremity musculoskeletal injury rate for
women’s basketball athletes during practice participation is greater than the injury rate reported
by the NCAA Injury Surveillance System.4 This is of interest because the NCAA Injury
Surveillance System collects musculoskeletal injury at all joints, not just the lower extremity.4
The present study collected only musculoskeletal injuries that occurred at the lower extremity,
and still demonstrated greater injury rates during practice participation.4 Over the 16-year period
that the NCAA Injury Surveillance System was collecting data, 3,556 injuries were collected in
women’s basketball athletes.4 Pre-season practice injury rates were 6.75 injuries per 1,000
athlete exposures according to the NCAA Injury Surveillance System.

4

Collecting only lower

extremity musculoskeletal injuries, the present study demonstrated almost two times the preseason injury rate at 13.51 injuries per 1,000 athlete exposures.

5.3

RISK FACTORS FOR LOWER EXTREMITY MUSCULOSKELETAL INJURY
IN COLLEGIATE ATHLETES

5.3.1 Body Composition

Overall, in the present study, the variables collected to represent body composition are not
predictive of lower extremity musculoskeletal injury in men’s and women’s athletes who
participate in lower extremity dominant sports at the University of Pittsburgh. Previous research
has identified the extreme ends of the Body Mass Index as a risk factor for lower extremity
musculoskeletal injury, as well as shorter height, and greater overall body mass.9, 16, 48, 54, 71, 76
Increases in height and overall body mass are often times desirable traits for participation in
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sport, due to the advantage that both height and body mass can provide for optimal athletic
performance.41,

54

This height and body mass increase is of specific importance in women’s

volleyball and football, two sports included in the present study.41,

54

Although increases in

overall body mass is often indicated in sport, it has been linked to increased risk for lower
extremity musculoskeletal injury, as well as being linked to decreased agility and flexibility, and
increased joint loading.41 Sport type is indicative of the performance characteristics necessary to
be successful and perform at an optimal level.41, 54 Proper clinical care of athletes should include
an understanding of sport type in order to determine the effects of body composition on risk of
lower extremity musculoskeletal injury.
The present study tracked 48 men’s and women’s soccer athletes who demonstrated that
body composition was not a significant predictor of lower extremity musculoskeletal injury. This
inability for body composition to predict lower extremity musculoskeletal injury is true for all
men’s and women’s soccer athletes, as well as when the soccer athletes are stratified by sex. The
body composition variables examined in the present study, which proved not to be significant
predictors of lower extremity musculoskeletal injury in men’s and women’s soccer athletes
included body fat percentage, percent lean mass, fat mass in kilograms, fat free mass in
kilograms, body weight in kilograms, and height in centimeters. Although desirable for some
sport types, increased body mass can negatively effect athletes.41 Increased total body mass has
been linked to lower levels of physical activity, agility, and flexibility.41 When these
performance characteristics are negatively effected there is a greater risk of lower extremity
musculoskeletal injury. Increased body fat levels have also been linked to increased joint
loading.41 When joint loading increases there is a decrease in physical activity levels, which
again, lead to increased lower extremity musculoskeletal injury risk.41 The men’s and women’s
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soccer athletes in the present study did not demonstrate any significant relationships between
body composition and risk of lower extremity musculoskeletal injury. This may indicate that in
soccer athletes body composition is neither a desirable trait or a non-desirable trait for optimal
performance and risk of lower extremity musculoskeletal injury.
Similar to the men’s and women’s soccer athletes, the 43 football athletes and the 16
women’s volleyball athletes tested as a part of this study, demonstrated that body composition
was not predictive of lower extremity musculoskeletal injury. In addition to the changes in body
mass placing athletes at increased risk of lower extremity musculoskeletal injury, height is also
an important risk factor for lower extremity musculoskeletal injury.54 Height is of specific
importance to the population of volleyball athletes tested as a part of the present study. Height is
generally a desirable trait for volleyball, the greater the athlete’s height, the greater their ability
to successfully participate in volleyball. Height has been previously demonstrated as a predictor
of lower extremity musculoskeletal injury.54 But, this does not hold true in any of the sport types,
including volleyball, presented in the present study. Previous studies have demonstrated that
female military recruits of shorter height have a greater risk of lower extremity musculoskeletal
injury when compared to female military recruits of taller height.54 Quadriceps muscle strain has
also demonstrated links to athletes of shorter height, specifically in Australian football athletes.76
The results of previous research may indicate that taller height is a protective factor against
lower extremity musculoskeletal injury.76 This may explain the lack of significance of height as a
risk factor for lower extremity musculoskeletal injury in the present study. The mean height of
the athlete tested as a part of the present study is likely greater than the average of many sport
types, due to the sport types included. The sport types included tend to have athletes who are of
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greater height, including basketball and volleyball, driving the average height up, and decreasing
the risk of lower extremity musculoskeletal injury in these populations of athletes.

5.3.2 Flexibility

Flexibility as a risk factor for lower extremity musculoskeletal injury is gradient, both excessive
joint laxity and excessive tightness within the joint can increase the risk of lower extremity
musculoskeletal injury risk in athletes who participate in lower extremity dominant sports.77, 94
Too much joint laxity has been demonstrated to increase the risk of lower extremity
musculoskeletal injury by up to five times in women’s soccer athletes at the knee and ankle
joint.77 Laxity in the ankle joint has been linked to increased risk of ankle sprain, while medial
joint laxity at the knee joint has been linked to lower extremity musculoskeletal injury.77,

94

Tightness and decreased range of motion has been previously linked to overuse injury to the
lower extremity.67 This risk is significantly altered by regular stretching and warm up prior to
participate in sport.67 Generally, in the sport types represented in the present study, increased
flexibility increased the risk of lower extremity musculoskeletal injury. This was particularly
evident in the hamstring muscle, as represented by the straight leg raise flexibility test.
The men’s and women’s soccer athletes, as a group, tested as a part of the present study
did demonstrate significant predictions between hamstring flexibility as measured by the straight
leg raise and lower extremity musculoskeletal injury. This is in agreement with previous
research, which has proven that individual measures of lower extremity range of motion and
flexibility can be predictors for both hip and muscle injury in soccer athletes.16, 55, 94 The overall
group of lower extremity dominant sport athletes tested as a part of the present study, as well as
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the basketball athletes also demonstrated significance between hamstring flexibility and lower
extremity musculoskeletal injury; straight leg raise flexibility was predictive of lower extremity
musculoskeletal injury. Men’s and women’s soccer athletes, as a group, did demonstrate that
dominant to non-dominant range of motion and flexibility ratios significantly predicted lower
extremity musculoskeletal injury. Dominant to non-dominant lower extremity flexibility ratios
are only a risk factor for lower extremity musculoskeletal injury in men’s and women’s soccer
athletes, none of the other sports tested as a part of the present study demonstrated no connection
between lower extremity range of motion and flexibility ratios and lower extremity
musculoskeletal injury. Hamstring flexibility is measured with the active knee extension
flexibility test and the straight leg raise flexibility test. In previous research an overabundance of
hamstring flexibility has been predictive of lower extremity musculoskeletal injury. 94 In the
men’s and women’s soccer athletes, as hamstring flexibility increased the risk of lower extremity
musculoskeletal injury increased. This may indicate that there is a point in which too much
flexibility is damaging as opposed to helpful in putting athletes at risk for lower extremity
musculoskeletal injury. It would be expected that an athlete has balanced flexibility side to side,
which would be indicated by a value of 1.00 for the ratio. When the value goes above the 1.00
the dominant side has increased flexibility compared to the non-dominant side, when the number
is below 1.00 the non-dominant side has increased flexibility compared to the non-dominant
side. Clinically, it may be expected that if the lower extremities are not balanced, the dominant
side may be more flexible than the non-dominant side.
In the 16 collegiate women’s volleyball athlete’s tested as a part of the present study,
lower extremity range of motion and flexibility was not significantly predictive of lower
extremity musculoskeletal injury. Previous studies have demonstrated that side to side
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differences in ankle dorsiflexion range of motion and hamstring flexibility have been linked to
increased risk of overuse lower extremity musculoskeletal injury.94 In the current study
population of 16 women’s volleyball athletes, no increased risk of lower extremity
musculoskeletal injury was noted as a result of increased dominant/non-dominant range of
motion and flexibility ratios for ankle dorsiflexion range of motion and/or hamstring flexibility.
Increased ankle joint laxity, as diagnosed with an anterior drawer test, has been associated with
ankle injury.94

5.3.3 Strength

Both overall strength and strength ratios are modifiable musculoskeletal characteristics which
have been previously demonstrated to be risk factors for lower extremity musculoskeletal
injury.12, 35, 94 Overall deficits in strength and imbalances between agonist and antagonist muscle
groups have been linked to musculoskeletal injury at both the knee and ankle.12, 35, 94 The ratio of
ankle dorsiflexion to plantarflexion isometric strength and ankle eversion to inversion isometric
strength have been linked to the increased occurrence of ankle sprain injuries in athletes who
participate in lower extremity dominant sports.12 Hamstring to quadriceps strength ratio has been
linked to overuse musculoskeletal injury in the lower extremity as well as knee injury.94 Side to
side differences were of particular importance for risk of lower extremity musculoskeletal injury
in the present study.94 Overall, when all athletes who participate in lower extremity dominant
sports were grouped, side to side differences in strength changed the risk of lower extremity
musculoskeletal injury. This is also true for the description of only the men’s lower extremity
dominant athletes included in the present study, as well as the soccer, volleyball, and basketball
sport types. Individually, weaknesses at the hip, including weaknesses in the internal rotators and
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external rotators, have been linked to pelvis weakness and decreased stability in the pelvis.77 The
pelvis is the foundation of movement for the distal joints, therefore decreased pelvis stability can
increase the risk of lower extremity musculoskeletal injury for the entire kinetic chain. 77 The
female athletes in the present study demonstrated that the muscles surrounding the pelvis and hip
were linked to changes in risk of lower extremity musculoskeletal injury. Weaknesses in the
musculature of the lower extremity may lead to or be indicative of a loss of pelvic stability.77
Female athletes are often more susceptible to this because of the mobile nature of the bones that
form the pelvis; the musculature needs to compensate for the increased mobility, leading to an
increased risk of lower extremity musculoskeletal injury with strength weaknesses.77
Weaknesses in the hip can contribute significantly to change in pelvic stability.77 When
the hip external rotator muscles and the hip adductor muscles are performing at a suboptimal
level, pelvic stability is lost.77 This loss of pelvic stability leads to increased medial femoral
rotation,

knee

valgus

moments,

and

gluteus

medius

gait

patterns.77

Traditionally

agonist/antagonist muscle pairs are predictors of lower extremity musculoskeletal injury.12, 35, 94
The women’s athletes who participated in lower extremity dominant sports who participated in
the present study demonstrated a significant relationship between knee flexion strength and risk
of lower extremity musculoskeletal injury. This may be demonstrative of the focus that injury
prevention and rehabilitation programs have on maintaining and increasing hamstring strength in
an effort to curb risk of musculoskeletal injury at the knee, specifically ACL injury. Women’s
athletes who participate in lower extremity dominant sports have one of the highest incidence in
ACL injury among athletes who participate in lower extremity dominant sport.94 This high
incidence of ACL injury in women’s athletes who participate in lower extremity dominant sports
has lead to a great focus on strengthening of the hamstring muscle in order to prevent against this
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musculoskeletal injury.94 Our results demonstrate that there is importance in having greater
hamstring strength, due to reduced risk of all lower extremity musculoskeletal injuries.

5.3.3 Postural Stability

Postural stability was only demonstrated as a risk factor for lower extremity musculoskeletal
injury in one sport type represented in the present study, football. Only one variable for eyesclosed static balance was significant, medial/lateral ground reaction force component score.
Altered neuromuscular control strategies, increased joint forces, and increased forces in articular,
ligamentous, and musculoskeletal characteristics have all been attributed to diminished postural
stability.85,

86, 92

When these characteristics are altered, the risk of musculoskeletal injury is

increased.85, 86, 92 Poor postural stability increases the sway of an individual away from the center
of mass, increasing movement away from a stable base of support.85,

86, 92

These altered

movement patterns about a base of support have been associated with increased risk of lower
extremity musculoskeletal injury in a wide variety of sport types, including soccer and
basketball.85, 86, 92 Poor dynamic postural stability has also been demonstrated as a risk factor for
lower extremity musculoskeletal injury in athletes with a history of chronic ankle instability. 85, 86,
92

The variables used to represent postural stability in the present study may not have
provided enough of a range to detect changes in postural stability that may be associated with
lower extremity musculoskeletal injury risk. The athletes tested as a part of the present study all
had very similar scores between the static balance task and the dynamic postural stability task;
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this may be due to the exclusion of athletes who had suffered a lower extremity musculoskeletal
injury within the four weeks prior to testing. Healthy athletes may not have altered postural
stability that reflect large enough changes to increase the risk of lower extremity musculoskeletal
injury. If an athlete tested as a part of the present study had a lower extremity musculoskeletal
injury outside of the required 4-week injury free period, they likely participated in a
rehabilitation program that changed their postural stability; returning the athletes postural
stability to a normal level and/or increasing their postural stability and/or in respect to that
athletes. These factors may influence the ability for postural stability increase risk of lower
extremity musculoskeletal injury in athletes who participate in lower extremity dominant sports.

5.4

LIMITATIONS

There are inherent limitations associated with the present study. These inherent limitations may
depreciate the ability for the results of this study to be generalized. The first limitation of the
present study is that all of the athletes who participated in the study were Division I NCAA
athletes participating in lower extremity dominant sports at the University of Pittsburgh. This
population is very specific and has the potential to be different than athletes at different
institutions who participate in different levels of competition, including NCAA Division II and
NCAA Division III. Because the study participants were only Division I NCAA athletes
participating in lower extremity dominant sports at the University of Pittsburgh the
generalization of these results should be made with caution.
A second limitation of the present study is that in order for each athlete to meet the
inclusion/exclusion criteria for the study, each athlete had to be free of lower extremity
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musculoskeletal injury within the four week prior to their testing session. Previous lower
extremity musculoskeletal injury is a known risk factor for lower extremity musculoskeletal
injury. Although this is a risk factors for lower extremity musculoskeletal injury, it is nonmodifiable; there is no ability to change a history of lower extremity musculoskeletal injury
through an intervention. Lower extremity musculoskeletal injury history and/or prospective
lower extremity musculoskeletal injury may significantly affect the musculoskeletal
characteristics measured in the present study. An examination of the potential differences in the
musculoskeletal characteristics tested during this study in athletes with and without a history of
injuries may be necessary to understand the connection between lower extremity musculoskeletal
injury history and these musculoskeletal characteristics.
Sample size for the present study was calculated based on that assumption that the mean
exposure time per athlete would be 120. The exposure time for each athlete in the present study
was slightly lower than the estimated exposure time of 120. For the purposes of the present study
exposures were collected for one collegiate season; between the first day of pre-season for each
sport, respectively, through the last game of the competitive season. If the team was invited to
participate in the post-season, exposures were collected through the last game of the post-season.
A majority of the teams tested for the purposes of the present study were not invited to
participate in the post-season, therefore the actual exposure time for each athlete was less than
the excepted exposure time. Sample size may have also had implications on the clinical
implications of the lower extremity musculoskeletal injury risk factor analysis. The clinical
implications of our risk factor analysis are limited due to the small number of lower extremity
musculoskeletal injuries sustained by the study sample. In addition, when the data is stratified by
sport type and sex, our lower extremity musculoskeletal injury risk factor analysis is limited
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because of the very small number of athletes in each sport type and the number of lower
extremity musculoskeletal injuries sustained by each sport type and sex. For the present study
both preventable and non-preventable lower extremity musculoskeletal injuries were included in
the risk factor analysis. This increases the number of lower extremity musculoskeletal injuries
suffered by our sample, but may also effect the clinical applications of the risk factor analysis
portion of the present study.

5.5

STUDY SIGNIFICANCE

The present study provides a description of the burden of lower extremity musculoskeletal injury
in men’s and women’s NCAA Division I athletes participating in lower extremity dominant
sports at the University of Pittsburgh. The lower extremity musculoskeletal injury incidence rate
was identified, according to sport type, injury location, and injury type. The identification of the
modifiable intrinsic risk factors for the lower extremity musculoskeletal injury identified in the
present study will assist in informing clinicians on appropriate injury prevention initiatives.
These injury prevention initiatives may be more targeted than previously developed injury
prevention initiatives, because they are based on the identification of the modifiable risk factors
for lower extremity musculoskeletal injury. By targeting the specific differences in modifiable
risk factors for lower extremity musculoskeletal injury identified in the present study, clinicians
can provide more comprehensive care for lower extremity musculoskeletal injuries. By providing
more complete and targeted care, clinicians have a greater opportunity to decrease the duration
of missed participation and risk of re-injury. The results of the present study provide information
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that can be employed for the improvement of overall musculoskeletal heath, longevity of an
athlete’s career, and success of an athlete living a healthy lifestyle following the end of their
athletic career. Clinicians, coaches, and policy makers can all benefit from targeted strategies for
prevention of lower extremity musculoskeletal injuries, focused on modifiable intrinsic risk
factors.

5.6

FUTURE DIRECTIONS

Future research should begin with an evaluation of the musculoskeletal characteristics
determined to be modifiable risk factors for lower extremity musculoskeletal injury in athletes
who participate in different levels of competition. This will provide insight on the
generalizability of the results of the present study. In addition to evaluating these characteristics
in athletes who participate in different competition levels, an investigation of these
musculoskeletal characteristics in lower extremity dominant sports not included in the present
study may be necessary. Sports such as track and cross country, are traditionally considered
lower extremity dominant sports, but these sports have a significantly different injury profile
than the sports chosen to be represented in the present study. A majority of the lower extremity
musculoskeletal injuries suffered in these sport types, track and cross country, are overuse
injuries as opposed to the acute injuries demonstrated by the sport types which were examined in
the present study. Determining the musculoskeletal characteristics which are modifiable risk
factors for lower extremity musculoskeletal injury in sport types other than the types included in
the present study may be an important next step. Examining the differences in the
276

musculoskeletal characteristics deemed modifiable risk factors for lower extremity injury in
sport types with predominantly acute injuries and sport types with predominantly overuse
injuries may provide further insight into the best way to treat athletes who participate in lower
extremity dominant sports.
Another important future research direction is the development of injury prevention
initiatives based on the findings of the present study. Exercises included in the injury prevention
initiatives should be chosen deliberately in order to address the modifiable risk factors for lower
extremity musculoskeletal injury identified in the present study. Once the injury prevention
initiatives are developed, intervention studies would be necessary to prove the exercises are
effective in changing the modifiable risk factors for lower extremity musculoskeletal injury. If
the intervention has the ability to change the modifiable risk factors for lower extremity
musculoskeletal injury, then it is necessary to determine if, in addition to changing the
modifiable risk factors, there is a subsequent reduction in lower extremity musculoskeletal
injury, identified through a prospective study.

5.7

CONCLUSIONS

Lower extremity musculoskeletal injury is a significant and prevalent problem in athletes who
participate in lower extremity dominant sports.3-5, 28, 29, 31, 47 The present study was able to
identify lower extremity musculoskeletal injury rates in University of Pittsburgh Division I
NCAA athletes who participate in the following sports: men’s soccer, women’s soccer, women’s
volleyball, football, men’s basketball, and women’s basketball. Range of motion, flexibility, and
strength of the lower extremity were determined to be risk factors for lower extremity
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musculoskeletal injury in all sport types excluding men’s soccer. Each sport type displayed a
different profile of risk factors for lower extremity musculoskeletal injury. Therefore, it is
important that clinicians focus on sport type specific modifiable risk factors for lower extremity
musculoskeletal injury.
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A.1

INJURY SURVEILLANCE DATA COLLECTION FORM
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A.2

EXPOSURE DATA COLLECTION FORM
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