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Abstract

Introduction: Female collegiate athletes experience high rates of musculoskeletal
injuries. One popular strategy for the reduction of musculoskeletal injury in collegiate
athletes is the use of screening tools such as the Functional Movement Screen (FMS)
to identify at risk athletes. The purpose of this meta-analysis was to determine if female
collegiate athletes scoring < 14 are at greater odds of injury than female collegiate
athletes scoring >14.

Methods: We searched MEDLINE, EBSCOhost, and PubMed databases for articles
published between January 2000 and April 2019. For inclusion, all studies were required
to have used the FMS to predict injutry, used FMS cut-off criterion of 14, and included a
sample population consisting of female collegiate athletes. In addition, they needed to have
identified the total number of participants above and below the FMS cut-off criterion (or
provided an odds ratio).

Results: Two studies met the inclusion criteria. The odds of female collegiate athletes
sustaining injury with an FMS cutoff score of =14 were four times higher compared
to female athletes with composite FMS scores of >14 (OR=4.12, 95% CI=1.29-13.22,
p=0.017).

Conclusions: Female collegiate athletes scoring <14 have a four times greater odds of
injury than female collegiate athletes scoring >14 on the FMS; while not the sole
indicator of injury risk, clinicians should seek to address the limitations in an athlete’s
movement quality identified through the use of the FMS.
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Introduction

Female collegiate! athletes experience high rates of musculoskeletal injuries (MSI). From 2009-2014, there
were an average of 80,674 injuries to female collegiate student-athletes in NCAA championship sports
per year.! Approximately 22% of all injuries occurring in women’s soccer, volleyball and basketball were
severe enough to require =7 days before a full return to sports participation.! MSI can have lasting impact
on an athlete’s future quality of life. Former Division I athletes are shown to have a lower level of fitness
compared to non-athletes later in later; this is thought to be a result of athletic limitations caused by an
accumulation of athletic injuries.? Additionally, while 24% of non-athletes develop osteoarthritis, 40% of
former Division I athletes develop osteoarthritis after college.?

An increasingly popular strategy for the reduction of MSI in collegiate athletes is the use of screening
tools such as the Functional Movement Screen (FMS) to identify athletes at a heightened risk of injury.>-
5> The FMS consist of seven tests, each scored from on a 0-3 scale for a total maximum score of 21.6
Higher scores indicate a better quality of movement. There is conflicting support for the use of the FMS
by practitioners to identify athletes who have an elevated risk of sustaining MSI across the literature.>"8
Recently several meta-analyses have been published?!? investigating the predictive value of the FMS as a
tool for determining injury risk. In meta-analysis published in 2015, researchers found the FMS to have
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low sensitivity of 25% with a high specificity of 85%.1° However, the meta-analysis used a pooled analysis
that did not account for difference in cutoff scores used in each included study. In addition, researchers
also did not perform separate analyses for males and females. In three more recent meta-analyses,”!1.12
investigators did take into account cut-off scores. All of these recent meta-analyses %12 conducted
analysis using a <14/>14 cutoff value. One ? repotted finding the odds of injury were 2.74 times greater
for those scoring <14. This particular analysis also pooled sexes (males and females) and traditional and
nontraditional athletes (e.g. military and firefighters). Pooling together traditional and nontraditional
athletes may have skewed the findings. The remainder of the two meta-analyses'h!? conducted their
analyses on only tactical athletes; thus, it is difficult to extend their findings to collegiate athletes given the
unique work environment of tactical athletes in which they are often require to perform job duties while
wearing heavy equipment and gear.

Although there are four published meta-analyses, none provides data on the predictive value of the FMS
in identifying at risk female collegiate athletes; thus, there remains a need to synthesize the available
literature to determine the predictive value of the FMS in females. Best practices need to be identified for
practitioners wanting to employ the FMS as tool for reducing injury risk. The purpose of this meta-
analysis was to determine if female collegiate athletes scoring < 14 are at greater odds of injury than
female collegiate athletes scoring >14.

Methods

Data Sounrce

The sections of this article have been written in accordance with The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).!1> We searched MEDLINE, EBSCOhost, and
PubMed databases for articles published between January 2000 and April 2019. The following terms were
searched alone or in combination using the population, intervention and outcome (PIO) format using
Boolean operators (OR & AND): P) athlete OR collegiate athlete AND I) FMS OR functional movement
screen OR movement screen OR screening tools OR movement assessment AND O) injury OR
musculoskeletal injury OR ankle injury OR knee injury OR hip injury OR shoulder injury OR back injury
OR spine injury OR low back injury OR cervical spine injury OR lumbar spine injury OR thoracic spine
injury OR elbow injury OR neck injury OR joint injury OR overuse injury OR traumatic injury. In
addition, we searched the reference lists of the acquired articles to find additional pertinent articles.
Attempts were made to contact researchers for unpublished data.

Study Selection

Inclusion criteria were determined before the start of the literature review. For inclusion, all studies were
required to have used the FMS to predict injury, used FMS cut-off criterion of 14, and included a sample
population consisting of female collegiate athletes. In addition, they needed to have identified the total
number of participants above and below the FMS cut-off criterion (or provided an odds ratio). After
screening the titles and abstracts, two reviewers (R.K., M.L.) evaluated the relevant full-text articles for
final inclusion. The reviewers resolved disagreements concerning article eligibility by coming to consensus
or by arbitration of a third reviewer (G.G.) if disagreement persisted.

Quality Assessment

The Scottish Intercollegiate Guidelines Network (SIGN) algorithm for classifying study design was used
to classify the study design and identify the correct appraisal checklist required to appraise the quality of
evidence and risk of bias inherent in each article (Table 1).!4!> The SIGN uses the following criteria for
assigning the level of evidence a particular article: 1, 2, 3, and 4.1

The SIGN grading system rates the risk of bias using ++ (high quality, with little or no risk of bias), +
(acceptable some flaws in the study with associated risk of bias) and — (low quality with significant flaws
relating to key aspects of study design). 1917 The SIGN criteria of 1 ++ represents the highest level of
evidence and would be considered a “high quality meta-analyses, systematic reviews of RCTs, or RCT's
with a very low risk of bias”.!* The SIGN is a commonly used instrument used to appraise manuscripts
1819 and determine level of selection, performance, attrition, and detection bias.!!7 Two reviewers (R,
M.L.) appraised each of the included articles. The reviewers resolved disagreements concerning article
quality and level of bias by coming to consensus or by arbitration of a third reviewer (G.G.) if
disagreement persisted.
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Data Extraction

The reviewers extracted all relevant information from each eligible article: number of participants, number
of total participants below and above the FMS cut-off criterion (or odds ratio), and sport (e.g. volleyball).
All extracted data were entered in Comprehensive Meta-Analysis (version 3; Biostat Inc., Englewood,

NJ).

Data Synthesis

A weighted random effects meta-analysis was conducted using an odds ratio, centered on 1.00 as the
effects metric. The magnitude of the effects for the meta-analysis was interpreted based on the following
scale: trivial (<1.5), small (=1.5<3.5), moderate (=3.5<9) and large (29).1'?° The magnitude was
determined by the lower limit of the effects.

Results

The search revealed 183 potentially relevant studies. Two studies®” met the inclusion criteria (Figure 1).
The characteristics of each study are described in Table 1. Due to the limited number of studies, meeting
the inclusion criteria no studies were excluded from analyses based on quality of evidence. The two studies
reviewed?’ were cohort design and provided level 2 — evidence (Table 1). The odds of female collegiate
athletes sustaining injury with an FMS cutoff score of =14 were four times higher compared to female
athletes with composite FMS scores of >14 (OR=4.12, 95% CI=1.29-13.22, p=0.017) (Figure 2).

Potentially eligible studies Additional records identified
(n=183) through other sources (n=3)

\4 v

Studies excluded based on initial
survey abstract (n= 147) f \
Full-text articles excluded (n=39),

with reasons
] ¢ Did notuse the FMS to predict

A
Studies retrieved for more detail
(n=39)

mjury.
*  Sample population was not
female collegiate athletes.
v *  Didnotidentify a FMS cut-off
] criterion.
¢ Did notidentify the total
number of participants above
N and below the FMS cut-off

[ Eligible studies (n=2) ] \ criterion (or odds ratio). /

Figure 1. Outline of literature search and selection

v

[ Studies appraised (n=2)

Table 1
FMS Level of
Study N Sport (level) Age,y Ht, cm Mass, kg Score Evidence
Clay et al.? 37 Rowers (D1) H: 19.25£1.17 H: 168.91£6.50 H: 69.49%9.14 NP 2—
1.:19.55+1.21 1.:172.01£8.41 1:69.12£8.93
Chorbaetal” 38  Multiple (D2) 19.24£1.20 172.29+8.51 67.45+9.58 14.3£1.77 2—

D1, division 1; D2, division 2; H, high-risk group; L, low-risk group; Multiple, consisted of basketball, volleyball and soccer; NP,
not provided
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Subgroup within study
Statistics fro each study Odds ratio and 95% CI

L. OR UL  P-value

Chorba et al? 0980 3850 15124  0.053 Chorba et al?
Clay et al. 053 4.941 45576  0.159 Clay et al”
1286 4123 13220 0.017

0.01 0.1 1 10 100

Lesser odds Greater odds

Figure 2: forest plot (Z = 2.38, P = 0.017; heterogeneity: Q = 0.04,df = 1, P = 0.851,1>= 0, t> = 0)

Discussion

The main finding of the study were that female collegiate athlete scoring <14 have a greater odds of injury
compared to female collegiate athletes scoring >14. Specifically, we observed that the odds of injury are
4.12 times higher. This is much higher than observations in earlier meta-analyses. ! Arguably, the
findings are a result of filtering out males and activities other than collegiate sports. To our knowledge,
this is the first study to provide data on collegiate female athletes. There has only been one published
meta-analysis!? to investigate the predictive value of the FMS in the females and that was in military
personnel. The odds of injury in the current study are much higher than that observed in female military
personnel. In fact, it was reported that female military personnel scoring <14 were not at significantly
greater odds of injury compared to female personnel scoring >14.12 The difference in findings may be
due to the difference in performance environment, in which body borne loads worn by military personnel
may be greater predictor of injury.

Investigators of two other meta-analyses®!! have reported observing that individuals scoring <14 were at
heightened chance of injury compared to those scoring >14. Morel et al.,'! focused on male military
personnel, while Bonazza et al.? presented pooled results that grouped studies regardless of sport,
occupation or sex. Moran et al.,!! reported observing that male military personnel scoring <14 had a 1.47
greater risk of injury (p<.001), while Bonazza et al.,” observed that individuals scoring <14 had 2.74
greater odds of injury.

For the present analysis, two studies®’ met the inclusion criteria. Both studies had small sample sizes. Clay
et al.,” had a sample of 37 division I female collegiate rowers, while Chorba et al.,> had a sample of 38
division II female collegiate basketball, soccer and volleyball athletes. The small sample sizes of the two
studies arguably contributed the very wide effect range estimates, making conclusions less certain.?! The
present analysis revealed an odd ratio of 4.12. However, based on the lower limit (1.2806) of the effects
(Figure 2) the magnitude of the effects for the analysis was trivial; meaning the odds of injury could be as
low as 1.286. Arguably, 1.286 odds of injury may not be clinically relevant. Thus, there may be little
justification for administering the FMS to all female athletes within a collegiate athletic department given
the time and personnel required to facilitate large-scale screening programs.

Based on our review, the level of evidence provided by the included studies and the analyses of the
provided data, we propose a conditional recommendation for the use of the FMS with the following
caveat: practitioners should not adopt the FMS as the sole indicator in classifying personnel as having a
high or low risk of injury due to the poor sensitivity of the FMS as a diagnostic tool.1%?223 In female cadet
participating in the United States Coast Guard’s Summer Warfare Annual Basic training, Knapik??
reported a sensitivity of 60.3% and a specificity of 61% when using a FMS cutoff scote of <14/>14. In
a more recent study?? that pooled male and female collegiate athletes, it was observed that the FMS had
a sensitivity of 60% and a specificity of 49% when using a cutoff score of <14/>14. Taken together these
eatlier studies highlight the inability of the FMS to correctly identify those that will go on to sustain an
injury (true positive rate) or those that will not sustain an injury (true negative rate). Thus, while female
collegiate athletes scoring <14 have a four times greater odds of injury, other confounding factors are at
play. Viewing the FMS in combination with other variables such as body composition, previous injury
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history or level of fitness may help to provide a better indicator of injury risk. Factors such as previous
injury?* and level of fitness?>?6 have been found to be associated to injury. Because the two included
studies®’ did not conduct analyses eliminating all individuals with a prior history of injury, we were unable
to conduct a sub-analysis on females with no previous history of injury. One? of the included studies did
provide data that excluded those with previous anterior cruciate ligament tears. The group reported an
odds ratio of 4.58 in those with no history of an anterior cruciate ligament tear. More studies are required
that account for previous injury history and fitness level to help to provide further insight into the
relationship of FMS cut score and injury risk. Our conditional recommendation for the use, as per the
SIGN guidelines, reflects the judgement that the desirable consequences likely outweigh undesirable
consequences.'* As a screening tool, the FMS can help direct practitioners to limitations in stability and
mobility, and help give practitioners baseline information of an individual’s ability to move.

The authors acknowledge the following limitations. First, there is a possibility that not all published or
unpublished data were included in the analyses. Second, we chose to include all available data into our
analyses, regardless of perceived quality, because of the limited number of studies meeting the inclusion
criteria. The inclusion of only two studies arguably limits the overall impact of the study and application
of our finding in helping to develop injury reduction strategies in female collegiate athletes. Future
research is required to provide further insight into the FMS as a diagnostic tool in classifying injury risk
in female collegiate athletes.

Media-Friendly Summary

Female collegiate athletes scoring <14 have four times greater odds of injury than female collegiate
athletes scoring >14 on the FMS. Although it appears that athletes scoring <14 have a significantly greater
odds of injury, findings within the literature suggest that the FMS lacks the sensitivity and specificity to
be used as a diagnostic tool; thus, other confounding factors are at play. Viewing the FMS in combination
with other variables such as body composition, previous injury history or level of fitness may help to
provide a better indicator of injury risk.
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