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Abstract

Each year in the United States an estimated 4.5 million sports-and recreation-related injuries occur in
children and young adults [1]. With more young adults participating in sport and more injuries, there has
been some research on prevention and treatment of injuries. However, research has not been done on a
comprehensive screening to determine which athletes are more susceptible. The Functional Movement
Screen (FMS) was developed as a pre-participation screen to reflect the combination of strength,
flexibility, range of motion, coordination, and balance. Few studies have formally investigated the use
of the FMS in male and female athletes to predict injury risk and compare differences between genders
[2,3].

Purpose: To test and compare college male and female basketball player FMS scores and track injuries
during the competitive season in order to determine if low FMS scores correlate with higher injury rates.

Methods: 19 female (age 19.3£0.23) and 17 male (age 20.6+0.31) collegiate basketball players
participated in this investigation. Participants engaged in one session of FMS testing during pre-season
training. All seven movement patterns were tested and scored. Injuries were tracked and scored based
on severity T-test were used to examine the relationship between FMS score, gender, and injury rates.

Student’s t-tests were used to determine significant differences between male and female athletes.

Results: For several movements, females scored significantly higher on the FMS screening than the males
(p<.05). Analysis showed no significant correlation found in either group (R2=.36 for males and .01 for
females)

Conclusion: Results indicate that female athletes scored significantly higher on the FMS. The relationship
between FMS score and injury rate remains unclear. The male players with low FMS scores trended
towards having a higher injury score. This may suggest that males with a lower FMS score are at a higher
risk for injury. For females, the same trend was not observed. Further studies are required to determine
the role of this test in determining injury susceptibility and the utility of the FMS for males versus females.

Introduction

Each year in the United States an estimated 4.5 million sports- and recreation-related
injuries occur in children and young adults [1]. Sports are intended to provide individuals
with many positive physical health benefits, as well as emotional and social benefits, but the
risk of injury produces unwanted negative effects. Injury is a serious concern for all ages-
from children just starting to professionals, and all ages in between. The number of female
athletes involved in sports has increased following Title IX, but the injury rates in females
have also increased dramatically. According to the National Federation of State High School
Associations, participation in high school girls’ sports has increased from 294,000 in 1971 to
nearly 3.2 million in 2011 [4]. Female athletes are injured more than their male counterparts
- as much as two to six times more depending on the sport [5]. While it is impossible to
completely eliminate athletic injuries, one can look at measures to predict future injury
occurrences. Being able to predict injuries would allow for better prevention strategies,
reducing the negative effects athletes experience as a result of sports.

With more children and teenagers participating in sport and more injuries, there has
been some research on prevention and treatment of injuries. However, research has not been
done on a comprehensive screening to determine which athletes are more susceptible. Many
studies focus on a specific joint, such as Devan, Pescatello, Faghri, & Anderson’s 2004 study
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based only on injuries to the knee, and don’t look at the whole body
or other factors that could play a role in injury [6]. Many factors
play a role in musculoskeletal injuries. Previous epidemiologic
studies have noted sedentary lifestyles, smoking, gender and prior
injuries as major risk factors [1]. A variety of other intrinsic factors
predisposing athletes to injury have also been documented in the
literature, including body composition, fitness level, bone structure,
muscle strength, age, and gender [7].

In athletic populations, muscle imbalances and decreased range
of motion can lead to more injuries. Previous studies have looked
at the relationship between strength and flexibility imbalances
and structural abnormalities in the preseason on athletic injuries
in collegiate athletes. However, much of the published literature
on risk factors for injuries in sports have been retrospective. In an
effort to bridge the gap between required pre-participation medical
screening and optional performance testing, Cook developed the
Functional Movement Screen (FMS) [8,9]. The FMS consists of seven
movement tests intended to quickly and easily identify restrictions
or alterations in normal movement. The FMS is able to target and to
identify inefficient movement strategies by noting compensations
or imperfections in the movement tests [8]. This screening method
provides a comprehensive evaluation rather than having to focus
on specific factors such as quadriceps to hamstring ratios or other
structural imbalances.

Compensations in fundamental movements lead to inefficient
movements that could put the individual at a greater risk of injury.
This is especially prevalent in today’s athletics because athletes
are starting at such a young age and are oftentimes specializing
early on in their careers. If the athlete’s movement pattern is not
corrected early on, years of repetitive movements in his or her
sport can lead to the continuation of functional movements that are
not biomechanically sound and may place added stress on the body
[10]. By adopting these inefficient movement strategies, individuals
may reinforce poor movement patterns that, despite achieving high
performance, may eventually result in injury [2]. The goal of FMS
is to be able to discover these inefficient movement patterns in
order to predict and prevent future injury. A review of the literature
highlighted the potential of FMS as a new screening tool, including
the ability of FMS to measure fundamental movements, prediction
leading to prevention, and the practicality of FMS.

Injuries in this population are a major concern that has gained a
lot of attention over the years since Title IX resulted in an increased
number of female athletes. If low scores on the FMS can predict
these injuries, it can lead to better prevention strategies. This
knowledge would be helpful for strength and conditioning coaches,
athletic trainers, and coaches to provide awareness and education.
Finding low scores or weaknesses in specific areas would enable
those in the sports medicine field to add “pre-hab” into the program
design by strengthening weak muscles and stretching those areas
that lack flexibility. Coaches and trainers have a limited time with
the athletes, so it is important to have a practical and quick way to
predict injury rates and prevent injuries.

FMS testing can quickly determine how an individual
performs everyday functional movements, and it could easily be
implemented into a pre-season evaluation in many sports [9].
Few studies have formally investigated the use of the FMS and its
ability to predict injury in the athletic population in general, and it
is especially limited in the female athletic population. The purpose
of this study is to determine if compensatory movement patterns,
as measured by FMS, predispose collegiate basketball players to
injury, and if Gray Cook’s Functional Movement Screen could be
used to measure those inefficient movements in order to predict
injury in this population over the course of one competitive season.
It is hypothesized that FMS scores will be inversely correlated with
the number of injuries as well as severity of injuries. As well as
analyzing gender differences in FMS score and injury rates related
to those scores.

Methods

In this study, FMS testing was done during a pre-season
basketball practice. The collegiate athletes were players on the
men’s and women’s basketball team at a small private university
in the Midwest. Both head coaches were informed of the study.
They were provided with a brief overview of the purpose, clinical
significance, anticipated outcomes, and practical application of
this investigation. The primary investigator announced the study
to team members at St. Ambrose explaining the testing procedure
and necessary disclosure of athletic injuries. All participation
was strictly voluntary. Decision to participate in the study had no
bearing on eligibility status or interfered with practice time. The
potential risks of the Functional Movement Screen for participants
were minimal to no due to the screening consisting of normal
everyday functional movements. The Institutional Review Board at
St. Ambrose University approved the study.

Participants were asked to perform a series of movements using
directions for testing as described by the authors of the FMS [9].
The FMS consists of seven movement tests, described by Cook et al.
[8] that include: Deep Squat, Hurdle Step, In-Line Lunge, Shoulder
Mobility, Active Straight Leg Raise, Trunk Stability Push-Up, and
Rotary Stability. The athletes were instructed on how to perform
each movement, and the investigator demonstrated each test prior
to the athlete completing the test. Each of the seven fundamental
movement tests are scored from 0 to 3-a score of 3 indicates
the individual was able to perform the movement correctly, 2
indicates compensation or a modification required to complete
the movement, 1 shows the individual was not able to perform the
movement, and 0 is representative of either being unable to assume
the starting position or the individual experienced pain during the
movement [8].

Injuries sustained by each participant during in-season
practices and competitions were then reported in weekly follow-
ups with the certified athletic trainers overseeing the collegiate
basketball team. The definition of injury utilized for the purpose
of this study was a musculoskeletal injury that meets the following
criteria:
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1.  The injury occurred as a result of participation in an
organized intercollegiate practice or competition setting and

2. The injury required medical attention, or the athlete
sought advice from a certified athletic trainer. Injuries were then
scored based on the length of time the athlete was out of practice/
games. Minor injuries that kept players out of practice/games for no
more than one day were scored as a one, injuries that caused players
to miss 2-6 days were given a two, and those that kept players out
for a week or more were scored as a three. The primary researcher,
utilizing information from the injury reports received, determined
these scores. After injuries were scored and recorded, t-tests were
used to examine any differences between the men’s and women'’s
team. FMS results were analyzed using a t-test to examine patterns
in FMS scores among the male and female athletes. T-tests were
also performed to compare FMS scores for individual components
of the between the males and females.

Result

This study also examined the relationship between FMS score
and patterns of injury in male and female athletes. Table 1 presents
the participant demographics, average FMS scores, and average
injury scores. When examining the injuries occurring among male
and female basketball players, no significant differences were
found, indicating that neither sex is more likely to suffer an injury
during the course of the season. In general, there were few injuries
among both groups.

FMS scores were collected prior to the start of the athletic
season. This test was performed on both the male and female
athletes. The average scores for each movement are shown in
Figure 1. The difference in total FMS score between male and
female athletes was found to be statistically significant (p<.05) with
females averaging 16.4+0.41 out of a possible high score of 21 and
the males averaging 15.2+0.37 (Table 1).

In an examination of differences between various movements,
female athletes scored significantly (p<.05) higher on both shoulder
mobility tests (2.47 for the females compared to 1.76 for the males
for the right and 2.84 for females versus 2.11 for males for the left)
and the deep squat (2.26 for females and 2 for males (Figure 1). It
should also be noted that females had significantly higher overall
FMS scores despite males having scored significantly higher on the
Trunk Stability test when compared to the females.

For the female athletes, seven injuries were recorded during
the competitive basketball season. There were six recorded injuries
for the male athletes. Injuries were divided into categories based
on the location of the injury and scored based on severity. Figures
2 & 3 examined the results of individual injury type and total injury
score. There were no statistically significant differences in injury
scores between the female and male athletes.

Discussion

Results indicate that female athletes scored significantly higher
on the FMS. The relationship between FMS score and injury rate

remains unclear. There was no significant relationship between
low FMS scores and higher injury rates or between low FMS scores
and injury severity. This is not consistent with results discussed
by Chorba et al. [2] and O’Connor et al. [7] which showed FMS
quantifies inefficient movement patterns and low scores result in a
higher rate of injuries [2,7]. The study also showed that there were
no differences in injury rates between men and women, and there
were significant differences in FMS scores. There were significant
differences shown in FMS scores for deep squats, shoulder mobility,
and push-ups. There were significant differences with men scoring
higher on push-ups versus women scoring higher on deep squat
and shoulder mobility. The significance in these exercises could be
less related to injury than other exercises and mobility test.

A possible limitation of this study is the small sample size.
The majority of athletes scored at least a 15 on the FMS, so there
was a restricted range of scores. Previous research suggests 14 is
a critical score at which injury rates increase significantly [2]. In
this study, only three athletes scored at or below 14; two of which
became injured. Repeating this research with a larger sample would
be beneficial, as only a few injuries were recorded and studied.
The injury reports received by the primary investigator contained
minimal information regarding how the injury occurred. In the
future, each individual injury could be looked into further in order
to understand the mechanism of injury better [11-16].

Future research could look further into specific tests within
the Functional Movement Screen to determine if one of the seven
individual tests is able to predict specific injuries. Also, future
research could be done on athletes who have had previous injuries
and/or surgeries to determine how procedures, such as ACL
reconstruction, affect scores on the FMS. More research will need
to be done in order to evaluate how FMS testing predicts injuries
in any other sports. Studies could be done on athletes, male and
female, in other sports that may be more upper body dominant
in order to determine how useful FMS is at predicting injuries. In
addition, one could research how different positions within a sport
compare regarding FMS score and injury. Additional research on
the use of FMS as an injury predictor could aide athletic trainers
and coaches.
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