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Evaluation of the Functional Movement 
Screen as an Injury Prediction Tool Among 
Active Adult Populations: A Systematic 
Review and Meta-analysis
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Context: The Functional Movement Screen (FMS) is an assessment tool for quality of human movement. Research reports a 
significant difference between FMS scores of subjects who later experienced injury and those who remain uninjured.

Objective: To systematically review literature related to predictive validity of the FMS. From the aggregated data, a meta-
analysis was conducted to determine the prognostic accuracy of the FMS.

Data Sources: PubMed, Ebscohost, Google Scholar, and the Cochrane Review databases were searched between 1998 and 
February 20, 2014.

Study Selection: Identified studies were reviewed in full detail to validate inclusion criteria. Seven of the 11 identified 
studies were included. Articles were reviewed for inclusion criteria, then bias assessment and critical analysis were 
conducted.

Study Design: Systematic review and meta-analysis.

Level of Evidence: Level 3.

Data Extraction: Extracted data included the following: study type, methodology, study subjects, number of subjects, 
injury classification definition, FMS cut score, sensitivity, specificity, odds ratios, likelihood ratios (LR), predictive values, 
receiver operator characteristic (ROC) analysis, and area under the curve (AUC).

Results: Overall bias for the included 7 studies was low with respect to patient selection. Quality assessment scored 1 
study 5 of a possible 7, 2 studies were scored 3 of 7, and 4 studies were scored 2 of 7. The meta-analysis indicated the FMS 
was more specific (85.7%) than sensitive (24.7%), with a positive predictive value of 42.8% and a negative predictive value 
of 72.5%. The area under the curve was 0.587 (LR+, 1.7; LR–, 0.87; 95% CI, 0.6-6.1) and the effect size was 0.68.

Conclusion: Based on analysis of the current literature, findings do not support the predictive validity of the FMS. 
Methodological and statistical limitations identified threaten the ability of the research to determine the predictive validity of 
FMS.
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Among collegiate athletes, injuries occur at a rate of 13.8 
injures per 1000 athlete-exposures (AEs)11 while high 
school athletic injuries range between 2.5130 and 4.3631 

per 1000 AEs. In 2005, lower extremity injuries among high 
school athletes were 2298 of a total 4350 injuries, projecting a 
potential of 807,222 lower extremity injuries nationwide at a 
rate of 1.33 per 1000 AEs.7

As sport-related injuries occur frequently, steps to reduce 
injury can have an impact on the frequency and associated 
costs.13,26 Researchers in many disciplines dedicate time and 
resources to record measures and identify associated risk factors 
for specific injuries,18,35 identify those most at risk to sustain 
injury,1,9 and develop interventions that address the identified 
risks.33

While researchers have determined risk factors for some 
specific injuries,10 they have not determined a parsimonious set 
of tests that identify individuals who are predisposed to future 
injuries. Despite these limitations, a few injury screening 
measures have demonstrated promise in various 
populations.22,24 The Functional Movement Screen (FMS) is one 
such assessment tool and is used to assess fundamental 
movement patterns in a practical and dynamic way. The FMS 
was specifically designed to bridge the gap between preseason 
physical examinations and physical performance testing.4-6 The 
intended purposes of the FMS include the following: (1) 
assessment of stability and mobility within the kinetic chain of 
full body movements, (2) identification of body asymmetries, 
and (3) recognition of overall poor quality movement 
patterns.4-6 Specific applications include screening active adults 
for future injury and establishing a baseline of movement 
competence to allow comparisons after treatment, rehabilitation, 
or human performance training.4-6

The FMS comprises 7 individual tests: the deep squat, the 
in-line lunge, the hurdle step, shoulder flexibility, push-up, 
straight leg raise, and the rotary trunk stability assessment.6 
Each FMS assessment is scored on a scale of 1 to 3. On 
completion of all portions of the test, the subject is issued a 
comprehensive score of 0 to 21.6 A score of “0” is issued on an 
individual test if the subject experiences any pain during the 
assessment process. A score of “1” indicates poor performance, 
and “3” excellent performance. Preliminary research indicates a 
significant difference between the comprehensive or individual 
FMS scores of individuals who were later injured and those 
who were not.3,15,16,25,32 These data provide a foundation of 
support, indicating that the test may identify those at high risk 
of sports-related injury. However, predictive validity across 
multiple active adult populations is currently unknown. The 
purpose of the current project was to systematically assess and 
use meta-analysis methodology to evaluate the current 
literature relative to the efficacy of the FMS for injury 
prediction in active adult populations. Specifically, we aim to 
aggregate and examine the existing literature that 
prospectively evaluated the FMS relative to the association 
with subsequent injury.

Methods
Protocol and Registration

The review protocol for the systematic review was based on the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) statement for reporting of systematic reviews and meta-
analyses for the evaluation of health care interventions.20,23 No 
previous registration of the project was conducted.

Information Sources, Eligibility 
Criteria, and Study Selection

PubMed, EBSCOhost, Google Scholar, and the Cochrane Review 
databases were searched between 1998 and February 20, 2014, 
with the following terms and Boolean phrases: “Functional 
movement screen” and “Functional Movement Screen” AND 
“Prediction of Injury.” In addition to searching databases, the 
reference lists of identified FMS literature were searched to find 
other potential articles on the predictive validity of the FMS. In 
addition, other researchers familiar with the FMS were solicited for 
their knowledge of relevant publications. All studies examining 
the ability of the FMS to predict injury among active adults (eg, 
firefighters, athletes, military) were considered for inclusion. 
Inclusion was limited to studies published in peer-reviewed 
journals. The study selection was unblinded and conducted by the 
primary researcher. All identified studies were read and reviewed 
in full detail to validate the inclusion criteria (Figure 1).

Data Collection Process

Data were extracted from the studies and compiled in an Excel 
spreadsheet (Microsoft) by the primary author. Data extracted 

Figure 1.  Study selection and inclusion criteria.
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included the following: general study type, study methodology, 
study subjects, number of study subjects, injury classification 
definition, FMS cut score, sensitivity, specificity, odds ratios, 
likelihood ratios, predictive values, receiver operator 
characteristic (ROC) analysis, area under the curve (AUC), and 
whether the study results demonstrated a significant difference 
between the FMS scores of the injured and uninjured subjects 
(Table 1 in the Appendix, available at http://sph.sagepub.com/
content/by/supplemental-data).

Risk of Bias, Quality, and Threats 
to Validity in Individual Studies

Risk of bias was completed using the QUADAS-2,34 a 
recommended tool for use in systematic reviews of diagnostic 
accuracy. The QUADAS-2 is used to assess for risk of bias and 
applicability of articles that may be included as one develops a 
systematic review.34 Two members of the research team (B.S.D. & 
T.L.) reviewed the QUADAS-2 guidelines and independently 
scored each article. Once complete, the scoring was compared, 
discussed, and agreed upon. In addition to the QUADAS-2 bias 
assessment, the perceived study limitations and a quality 
assessment were conducted for each study based on statistical 
measures of diagnostic accuracy, systematic reviews, and meta-
analysis.27 The quality assessment was composed of 7 criteria that 
included prospective nature, blinding of study participants, data 
collectors (index test), outcome assessors (injury data), ROC 
curve conducted to determine cut score, AUC reported, and 
threats to the validity noted in the study (study methodology, 
statistical methodology, or statistical reporting). A grade of “Yes,” 
“No,” or “Unreported” was issued in each area, and the total 
frequency of “Yes” scores were tallied to indicate overall quality.

Meta-analysis

A meta-analysis of studies that met the inclusion criteria was 
conducted using the dr-ROC Summary Meta-Analysis Software 
program version 2.0 (Diagnostic Research Design & 
Reporting).27 Analysis results provided a comprehensive 
summary of statistics calculated within studies of diagnostic 
accuracy and included: mean sensitivity and specificity, positive 
and negative predictive values, effect size, ROC summary, and 
AUC summary. Positive and negative likelihood ratios (LR+ and 
LR–, respectively) were calculated by the primary author.

Results
Study Selection

Eleven potential articles were identified, while 7 studies were  
selected2,3,15,16,25,28,32 that met the inclusion criteria. Four studies did 
not meet the defined criteria (see Figure 1).12,17,19,21 Of the 4 
excluded articles, 1 appraised FMS literature,17 1 was supplemental 
material,12 and in 2 articles, the FMS was not tested alone.19,21

Bias Assessment, Study Quality, 
and Threats to Validity

The QUADAS-2 bias assessment for the included studies in 
patient selection scored 3 studies as low risk of bias,2,3,25 2 

studies as high risk,14,32 and 2 studies as unclear due to a lack of 
methodological reporting.15,28 For risk of bias of the index test 
(FMS) among the included studies, 3 studies were scored as low 
risk of bias3,25 and 4 studies were scored as unclear due to lack 
of methodological reporting.2,15,16,28,32 For risk of bias of the 
reference standard (injury diagnosis/injury definition) among 
the included studies, 4 studies were scored as low risk,2,3,16,25 1 
study as high risk,32 and 2 studies were scored as unclear due  
to a lack of methodological reporting.15,28 With regard to 
potential bias for the flow and timing, all 7 included studies 
were scored as unclear risk because none of the studies 
reported patient attrition rates or if and how any study subjects 
were excluded from the data set.2,3,15,16,25,28,32 With regard to the 
QUADAS-2 applicability assessment of the included studies, all 
were scored as low risk for patient selection. For the index test, 
2 studies were scored as low applicability concern3,25 while 5 
studies were scored as unclear.2,15,16,28,32 For the reference 
standard, 2 studies were scored as high applicability 
concern,15,32 3 studies as low,3,16,25 and 2 studies as unclear2,28 
(Table 1).

After quality assessment, only 1 study scored 5 out of 7 
possible points,25 2 studies were scored 3 of 7,2,32 and 4 studies 
were scored 2.3,15,16,28 While 6 of the 7 studies were prospective 
in nature, very limited information was provided regarding 
patient blinding, data collector blinding, and outcome assessor 
blinding. According to the data, there were no cases of patient 
dropout. The most notable limitations were the reference 
standard (injury and definition), the use of ROC curve analysis 
to determine their own population-specific cut score, and 
statistical reporting of the AUC, which is the overall diagnostic 
accuracy of the test (Table 2).29

Meta-analysis

Based on available data, the meta-analysis was limited  
to 63,15,16,25,28,32 of the 7 studies included in the systematic review. 
One study2 was excluded because statistics required to conduct 
a meta-analysis were not reported. Studies were weighted by 
the dr-ROC software program according to the number of study 
subjects. The meta-analysis indicated the FMS was more specific 
(0.85; 95% CI, 0.77-0.91) than sensitive (0.24; 95% CI, 0.15-0.36). 
Specificity is interpreted as the ability of the test to accurately 
classify those study subjects who score over the cut score and 
do not sustain injury. Sensitivity is interpreted as the ability of 
the test to accurately classify those study subjects who scored 
on or below the FMS cut score and sustain injury. The positive 
predictive value is the likelihood that a subject with a positive 
test actually has the target condition and was 0.42 (95% CI, 0.23-
0.64). The negative predictive value is the likelihood that a 
subject with a negative test is actually negative for the target 
condition and was 0.72 (95% CI, 0.67-0.76). AUC is the ability of 
the test to accurately discriminate between those at risk and not 
at risk and was determined to be 0.58 (95% CI, 0.42-0.77). 
Likelihood ratios are a combination of sensitivity and specificity 
values reported as a ratio that can be used to quantify a shift in 
the posttest probability once a test result is determined. The 

http://sph.sagepub.com/content/by/supplemental-data
http://sph.sagepub.com/content/by/supplemental-data
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positive likelihood ratio (LR+) was calculated to be 1.65 (95% 
CI, 1.3-2.0), which would alter the probability of a positive test 
result to a minimal and unimportant degree. The negative 
likelihood ratio (LR–) was calculated to be 0.87 (95% CI, 

0.82-0.92) and would as well provide only a minimal and 
unimportant change to a negative test result (Table 3). Relative 
risk was calculated to be 1.5 (95% CI, 1.3-1.7). Effect size was 
0.67 (95% CI, –0.38 to 1.72).8,29

Table 2.  Study quality and threats to validity

Authors Prospective?
Blinding of 

Participants

Blinding 
of Data 

Collectors

Blinding of 
Outcome 

Assessors

ROC  
Analysis 

Conducted?
AUC 

Reported Threats to Validity
Study  

Quality

Kiesel  
et al15

No Unreported Unreported Unreported Yes No Study methods, 
statistical methods, 
statistical reporting

2/7

Kiesel  
et al16

Yes Unreported Unreported Unreported No No Statistical methods 2/7

Chorba  
et al3

Yes Unreported Unreported Unreported No No Study methods, 
statistical methods

2/7

Peate  
et al28

Yes Unreported Unreported Unreported Noa No Limited 2/7

Butler  
et al2

Yes Unreported Unreported Unreported Yes No Statistical reporting 3/7

O’Connor 
et al25

Yes Unreported Yes No Yes Yes Limited 5/7

Shojaedin 
et al32

Yes Unreported Unreported Unreported Yes No Statistical reporting 3/7

AUC, area under the curve; ROC, receiver operator characteristic.
aUsed other statistical methodology to determine cut score.

Table 1.  QUADAS-2 bias analysis

Risk of Bias Applicability Concerns

Study
Patient 

Selection Index Test
Reference 
Standard

Flow and 
Timing

Patient 
Selection Index Test

Reference 
Standard

Kiesel et al15 U L U U L U H

Kiesel et al16 H U L U L U L

Chorba et al3 L L L U L L L

Peate et al28 U U U U L U U

Butler et al2 L U L U L U U

O’Connor et al25 L L L U L L L

Shojaedin et al32 H U H U L U H

H, high risk; L, low risk; U, unclear risk.
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Discussion

From the meta-analysis, the FMS provides adequate specificity 
(85%) and low sensitivity (24%), equating an AUC (0.58) that 
would provide a level of discriminatory accuracy slightly above 
chance. The positive likelihood ratio (LR+, 1.65) demonstrated a 
low score that would alter the probability to an insignificant and 
rarely impactful degree. The negative likelihood ratio (LR–, 0.87) 
may produce a small and rarely important shift in probability.8 
Based on the various study limitations identified during the 
systematic review, the primary threats to validity are consistent 
reference standard definition, consistent data analysis 
methodology, and reporting that specifically includes the ROC, 
AUC, LR+, LR–, PV+, PV–, RR, CI, and effect size.

Inconsistent Reference Standard Definition

Examination of the current literature reveals differences in the 
reference standard (ie, definition of injury). All the included 
studies used the FMS as the index test and injury as the 
reference standard, but differences existed among the exact 
definition of injury. Inconsistent definition of the reference 
standard among current FMS studies may limit insight that can 
be drawn from aggregated data and is a limitation to the 
interpretation of the current meta-analysis. The problem is 
compounded by studies utilizing FMS cut scores recommended 
by studies utilizing a different reference standard other than 
their own. For example, the initial study by Kiesel et al15 in 
which the reference standard was defined as injury that caused 
an athlete to be placed on the injured reserve for at least 3 
weeks utilized a reference standard that was drastically different 
from others in FMS research. The study sample of football 
players likely sustained other injuries during the study period, 
many of which would have been identified as injuries in the 
criteria used in other FMS investigations. A musculoskeletal 
injury that sidelined a player for 2 weeks would account for a 

true positive in 6 of the 7 included studies, but not in the study 
by Kiesel et al.15 Therefore, the various definitions of injury 
utilized in the current study may limit the potential to draw 
conclusions relative to the aggregated data analysis.

Inconsistent Data Analysis Methods

Of the selected studies, 4 utilized study-specific data to 
determine their own respective cut score for the study 
population,2,15,25,32 but only 1 study reported the AUC.25 Two 
studies3,16 utilized the cut score of 14 because this was the score 
determined in the study by Kiesel et al.15 One study did not use 
ROC curve analysis to determine the study cut score but rather 
linear regression28 (see Table 1 in the Appendix). By using a cut 
score optimized to a different reference standard, researchers 
may fail to identify the optimal cut score for their study context 
and population, which would limit the potential of the FMS to 
accurately categorize risk. The use of one cut score may 
threaten the validity of another study’s results.

The AUC represents the diagnostic accuracy of a test, and failure 
to report the AUC makes it difficult for researchers to determine 
the ability of the FMS to effectively predict injury. The only study 
to report AUC is a good example (see Table 1 in the Appendix). 
While the study by O’Connor et al24 found a significant 
relationship between injury and those subjects who scored <14 
on the FMS, the ROC curve tests were unable to determine a cut 
score that maximized both sensitivity and specificity for the 
categories of any injury—overuse or serious. Additionally, the 
ROC produced AUC scores of 0.58 (any injury), 0.52 (overuse 
injury), and 0.53 (serious injury), indicating the overall predictive 
validity of the FMS to be slightly better than a 50/50 chance.25

Methodological Limitations

The overall quality of the available and included FMS research 
limits the interpretation of the current meta-analysis results. With 

Table 3.  Meta-analysis resultsa

Study

True 
Positives,  

n

False 
Negatives,  

n

False 
Positives,  

n

True 
Negatives,  

n
Sensitivity, 

%
Specificity, 

%

Positive 
Predictive 
Value, %

Negative 
Predictive 
Value, %

Kiesel et al15 7 6 3 30 53.8 90.9 70.0 83.3

Chorba et al3 11 8 5 14 57.9 73.7 68.8 63.6

O’Connor et al25 42 228 51 553 15.6 91.6 45.2 70.8

Peate et al28 43 75 90 225 36.4 71.4 32.3 75.0

Shojaedin et al32 22 20 24 34 52.4 58.6 47.8 63.0

Kiesel et al16 16 44 24 154 26.7 86.5 40.0 77.8

Total 24.7 85.7 42.8 72.5

aSix studies included 1729 cases.
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regard to the various methods of blinding used to enhance the 
validity of a study, most of the included studies fail to mention 
or discuss any methods used or attempts to blind aspects of their 
respective studies. In addition, all of the included studies report 
a 0 dropout rate and fail to discuss methodology utilized to 
assess or control research subject attrition. This may present 
another challenge to accurately meta-analyze current FMS 
research. Overall, the quality of the studies available and 
included in this systematic review was low and contained 
significant threats to validity, which renders their respective 
results relative to associations with injury prediction inconclusive.

Conclusion

The current aggregate results demonstrate that the FMS provides 
low sensitivity and a low AUC for discrimination of high injury 
risk, which indicates the diagnostic accuracy of the FMS to 
predict injury is low. In addition, neither LR+ nor LR– produces 
large, strong shifts in probability. The methodological and 
statistical limitations identified by this systematic review indicate 
the predictive validity of the FMS may be limited in the current 
aggregated analyses.
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