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Abstract
Objective  To assess whether Functional Movement 
Screen (FMS) score is associated with subsequent injuries 
in healthy sportspeople.
Design  Systematic review and meta-analysis.
Data sources  The following electronic databases were 
searched to December 2017: Medline, PubMed, PsycINFO, 
SPORTDiscus, Cumulative Index of Nursing and Allied 
Health Literature, Scopus, Embase, and Physiotherapy 
Evidence Database.
Eligibility criteria for selecting studies  Eligibility 
criteria included (1) prospective cohort studies that 
examined the association between FMS score (≤14/21) 
and subsequent injuries, (2) a sample of healthy and active 
participants without restrictions in gender or age, and (3) 
the OR was the effect size and the main outcome.
Results  Thirteen studies met the criteria for the 
systematic review and 12 were included in the meta-
analysis. In 5 of the 12 studies, and among female athletes 
in 1 study, FMS score ≤14 out of 21 points was associated 
with subsequent injuries. The overall OR of the selected 
studies in the meta-analysis was 1.86 (95% CI 1.32 to 
2.61) and showed substantial heterogeneity (I2=70%).
Summary/Conclusion  Whether or not a low FMS 
score ≤14 out of 21 points is associated with increased 
risk of injury is unclear. The heterogeneity of the study 
populations (type of athletes, age and sport exposure) and 
the definition of injury used in the studies make it difficult 
to synthesise the evidence and draw definitive conclusions.
Trial registration number  CRD42015015579.

INTRODUCTION
Sports activity is associated with an injury.1 2 
Sports injuries have an incidence rate of 26–34 
injuries per 1000 persons in the USA and the 
European Union.3 4 An assessment test is 
usually performed at the beginning of each 
season as a strategy to manage the risk of 
injury.5 6 The early detection of injuries and 
the development of support programmes 
could be useful in preventing injuries and the 
disruption of sports practice.7 Therefore, it is 
an important aim of clinicians, sports profes-
sionals and researchers.8 9 Several screening 

tools for injuries to the ACL of the knee, 
hamstring, groin and ankle could be recom-
mended for use in the field.10 One of these 
screening tools for injuries is the Functional 
Movement Screen (FMS).11

The FMS is an assessment tool which iden-
tifies the quality of movement and requires 
both balance and stability.11 It is popular in 
many fitness and rehabilitation settings.12 
Seven basic exercises are scored from 0 to 3 
according to the grading criteria: deep squat, 
inline lunge, hurdle step, shoulder mobility, 
active straight leg raise, trunk stability 
push-up and rotary stability.11 The FMS test 
could identify movement ability, and then 
suggest exercises based on the dysfunctions 
and limitations detected13 14 which positively 
influence strength and flexibility.15 The FMS 
has good intrarater (intraclass correlation 
coefficient (ICC)=0.74–0.8) and inter-rater 
(ICC=0.9–0.97) reliability.16 The relevance of 
this test is increasing due to its proposed inju-
ry-predictive ability in different sports17 18 and 
at different ages.19 20

What is already known?

►► The Functional Movement Screen (FMS) is a popular 
screening tool, and there are claims that in certain 
sports lower scores can identify players at greater 
risk of injury.

What are the new findings?

►► In half of the published studies, a baseline FMS 
score of ≤14 out of 21 points was associated with a 
greater risk (OR) of injury.

►► The heterogeneity of the study populations (type 
of athletes, age and sport exposure) and the defi-
nition of injury used in the studies make it difficult 
to synthesise the evidence and draw definitive 
conclusions.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-8880-4315
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Kiesel et al9 were the first to note that subjects who had a 
total score of less than 14 out of 21 points were more likely 
to suffer an injury during a sports season. From this study to 
date, some authors have investigated in prospective studies 
if the FMS is associated with injuries using this cut-off.21 22 
Meanwhile, other researchers performed a sensitivity and 
specificity analysis and then chose the cut-off for their 
study.23 After an analysis of all the studies in the systemic 
review, 14 out of 24 chose a cut-off of 14/21; hence, the use 
of this cut-off may still be questionable.23

In the last few years, four systematic reviews have been 
published with the intention of analysing the association 
between suffering from lesions and the FMS. Specifi-
cally, Moran et al23 and Bunn et al24 published systematic 
reviews that included 26 and 20 articles, respectively. The 
first study applied a cut-off range of between 11 and 17 
out of 24 points, including one study with several cut-offs 
and four studies where the cut-off was not indicated. The 
second study included a range of cut-offs from 14 to 17 
out of 24 points. Bonazza et al25 published a study where 
the FMS was analysed and included a quantitative (nine 
studies) and qualitative (five studies) analysis. Dorrel et 
al26 published another systematic review; however, they 
did not analyse the cut-offs with special attention and did 
not measure the homogeneity of the meta-analysis. None 
of the studies consulted has explicitly and uniquely used 
the original cut-off that had been previously suggested 
(14/21) to analyse the ability of the FMS to identify a 
high risk of suffering from injury in healthy people. For 
this reason, the aim of this systematic review is to assess 
the association between the FMS score and subsequent 
injuries in healthy people by applying a cut-off of 14/21. 
Furthermore, it aims to perform a meta-analysis of the 
data from the selected studies.

METHODS
Design
This systematic review and meta-analysis is reported 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses statement.27

Search strategy
The electronic databases Medline, PubMed, PsycINFO, 
SPORTDiscus, Cumulative Index of Nursing and Allied 
Health Literature, Scopus, Embase, and Physiotherapy 
Evidence Database were searched and the last search 
was conducted on 1 June 2019. No hand searches were 
conducted. The search was limited to studies published 
in the last 10 years (2007–2019) because the seminal 
study by Kiesel et al9 was published in 2007. The keywords 
searched in the titles and abstracts were ‘functional move-
ment screen’, ‘risk’, ‘injury’ and ‘predict’. The following 
search strategy was developed by the authors: functional 
movement screen* AND (predict OR prediction OR risk 
OR injury).

Study criteria
MT-F and AIC-V reviewed the screening phase of the 
studies independently to confirm whether the inclusion 

and exclusion criteria were met. Disagreements were 
resolved by consensus. The inclusion criteria were (1) 
prospective cohort studies that examined the associa-
tion of injury and FMS score, and (2) samples of healthy 
and active subjects without restrictions in gender and 
age. The OR was chosen as the effect size and the main 
outcome because it was a quantitative risk of injury 
between groups.

The first exclusion of potential items found in the data-
bases was made when reading the title and abstract of the 
articles. The following were the first exclusion criteria: 
(1) secondary research, (2) studies that were not related 
to the FMS or injury risk, and (3) studies that were not 
published in English. Subsequently, the full text of the 
selected studies was read. The following were the second 
exclusion criteria: (1) not prospective studies, (2) studies 
where the cut-off was not 14/21, and (3) studies where 
it was impossible to know the OR. The quality of the 
remaining articles was critically evaluated with an assess-
ment tool.

According to the meta-analysis, the selected studies 
for the systematic review were excluded if there was not 
enough information to know the number of injuries 
according to their score.

Data extraction
The methodological appraisal tool was used on the 
selected studies by the two researchers (MT-F and 
AIC-V). The information extracted was author informa-
tion, year of publication, number of samples and setting 
of subjects, anthropometric data available, intervention, 
follow-up, number of injuries, injury definition, diagnosis 
outcomes (sensitivity, specificity and OR if they were indi-
cated), and conclusion. The main summary measure was 
the calculated OR. The results obtained using the 14/21 
cut-off were extracted. If possible, it was divided between 
men and women to better analyse the results.

Risk of bias
The two reviewers (MT-F and AIC-V) critically evalu-
ated the selected studies using the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) statement for cohort studies, which was used 
to assess the potential risks of studies; the total score was 
22.28 STROBE analyses the title, abstract, background, 
objectives, study design, setting, participants, variables, 
data sources, bias, study size, statistical methods, partici-
pants, descriptive and outcome data, results, limitations, 
and discussion.28 Studies that had half of the total score 
(≥11) were chosen. When a consensus was not reached, a 
third reviewer arbitrated.

Statistical analyses
The OR with 95% CI was extracted from the studies 
with results of sensitivity, specificity and area under the 
receiver operating characteristic (ROC) curve. The area 
under the ROC curve classifies the performance measure 
when compared with the overall accuracy.29 Where the 
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OR according to the 14/21 cut-off was not calculated, it 
was then calculated using a contingency table with data 
provided by the author. The table was completed using 
the stipulated formulas of sensitivity, specificity and 
the OR calculation by the Meta-DiSc software (Unidad 
de Bioestadística Clínica del Hospital Ramón y Cajal, 
Madrid, Spain). Age and anthropometric characteristics 
were shown with mean and SD. For statistical analysis, 
SPSS V.17.0 software for Windows was used. The results 
were calculated by information from the study if they did 
not show the number of subjects in each group.

For the meta-analysis, the Meta-DiSc software was also 
used to determine the overall OR of the selected studies. 
Statistical heterogeneity was assessed with Cochran’s Q 
test and the forest plot by the same software. Then, I2 
statistic was calculated to quantify the heterogeneity. The 
following cut-off parameters for the I2 statistics were used: 
may not represent important heterogeneity, 0%–40%; 
may represent moderate heterogeneity, 30%–60%; may 
represent substantial heterogeneity, 50%–90%; and may 
represent considerable heterogeneity, 75%–100%.30 The 
results of the meta-analysis are acceptable if the heteroge-
neity level reaches 0%–40%. A 2×2 contingency table was 
created to show all the subjects of the selected studies for 
the meta-analysis. The level of significance was p≤0.05.

RESULTS
Selection of studies
Ninety-three studies were initially found using the 
above-mentioned limits and keywords. Twenty dupli-
cate studies in the databases were removed. Forty-two 
studies were excluded after reading the title and abstract 
according to the first exclusion criteria. The full text of 
the remaining 25 studies was read. Twelve studies were 
removed because they did not meet the second exclu-
sion criteria. Then, the methodological quality of the 
selected studies was assessed, choosing studies which had 
a score that was equal to or greater than 11 according to 
the STROBE statement. Thirteen studies exceeded the 
appraisal tool and no study was excluded.9 31–42 The study 
scores are found in table 1.

Finally, 12 studies were included in the meta-analysis 
according to the criteria explained above.9 31–41 The study 
selection process is shown in a flow chart in figure 1.

Summary of participants and injuries
A comparison of the samples of the selected studies 
and definition of injury is found in table  2. The total 
number of participants involved in the selected studies 
is 5219. There are only 749 female participants. There 
are subjects from different sports or with good physical 
condition: soldiers, firemen, coast guards and marine 
officers. The mean age (±SD) of subjects was between 17 
and 22.4 years. Three studies did not show the average 
age of their sample.

The definition of injury was explained in all the studies. 
Two studies were stratified according to the type of injury, 

and these studies divided and defined the injury as any 
injury, overuse injury, traumatic injury and serious injury.

Summary of effect sizes
Table 3 shows the follow-up, the number of subjects in 
each group according to their FMS score, the injuries 
that took place in each group, and the main results of 
each study, such as sensitivity, specificity, area under the 
ROC curve and the OR. The type of injury collected in 
the studies was specified.

Six studies with a cut-off of 14/21 had an OR with 
significant results. These OR values were between 2.00 
(95% CI 1.00 to 4.10) and 11.67 (95% CI 2.47 to 58.52).

According to the data on the injuries from the studies 
investigated, the sensitivity was between 0.26 and 0.83 
and the specificity was between 0.46 and 0.91. The area 
under the ROC curve values was between 0.48 and 0.65.

Summary of the meta-analysis
A 2×2 contingency table composed of participants is 
shown in table 4.

The meta-analysis and the forest plots are shown 
in figure  2. The effect sizes of the studies selected for 
the meta-analysis were tested for heterogeneity, with 
Q=37.13 and df=11. The other statistical test showed 
substantial heterogeneity (I2=70%). The overall OR of 
the selected studies was 1.86 (95% CI 1.32 to 2.61).

DISCUSSION
This systematic review and meta-analysis assessed the 
literature to determine whether there is an association 
between an FMS score of less than 14 out of 21 points 
and subsequent injuries and whether it could serve as 
a useful tool. The results suggest the association is not 
clear. It has been observed that the results do not offer 
strong arguments in favour of the 14/21 cut-off, which is 
widely used in the literature since the results reported by 
Kiesel et al.9 Only half of the studies to date have shown 
the discriminating use of the FMS. The focus on using 
a score of 14/21 to avoid the variability in other cut-offs 
reported by other systematic reviews23–26 did not support 
the association between the FMS and subsequent injuries. 
However, an analysis of previously published systematic 
reviews showed that the cut-off was initially set at 14/21, 
but actually studies with a score of 14 (±3)/21 were anal-
ysed. This should suggest the possibility of proposing, 
instead of a specific cut-off point, a range of scores that 
allow the screening from a qualitative rather than a quan-
titative point of view. In this way, functional capacities at 
different levels could be stratified and the association 
according to the category analysed.

Association between FMS score and injuries
Five out of 12 studies, in addition to the female sample 
from the study of Knapik et al,31 demonstrated that 
FMS score was associated with subsequent injuries. This 
systematic review did not confirm that the 14/21 cut-off 
was associated with subsequent injuries. According to 
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Figure 1  Flow chart through the different phases of study 
selection. FMS, Functional Movement Screen; STROBE, 
Strengthening the Reporting of Observational Studies in 
Epidemiology.

another systematic review, 6 of 15 results on the associa-
tion between FMS score and injury risk (OR or risk ratio) 
showed a significant effect.23 Perhaps performing a strat-
ification by levels (integrating different cut-off points) 
of functional capabilities of the subject could be a qual-
itative screening method that facilitates the functional 
analysis (and association with injuries) of the FMS.

One of the possible reasons for these differences may be 
the definition of the injury in each article. The different 
criteria used by the different studies make it very difficult 
to compare across them and helps to understand the poor 
evidence that was represented in the systematic reviews. 
For example, we could divide the definitions according 
to medical criteria31 32 35 38 40 or according to the time 
since the last sports activity.9 33 34 36 39 41 42 These criteria 
are very difficult to compare; in addition, the time since 
last sports activity ranges from 1 day to 4 weeks according 
to each article. Also, the fact that they do not take into 
account previous injuries cannot be ignored. A review 
in 2014 regarding injury risk and runners concluded 
that the main indicator of risk was being injured in the 
previous 12 months.43 A previous injury could influence 
the FMS score because it is possible that subjects will 
score worse. To improve the comparison, the definition 
of injury must follow the same standards according to a 
reference test.

The different samples and follow-up used in each study 
did not influence the results. If we divide studies into 

short-term follow-up (0–4 months)31 34 35 38 40 and long-
term follow-up (4 months–1 season),9 32 33 35 37 39 41 42 the 
results that are in favour of the FMS having an associa-
tion with the likelihood of injury were distributed in both 
groups, so it was impossible to define the tendency of a 
relationship with injuries according to follow-up. The 
risk of bias in the short-term follow-up studies was low,23 
and only one study did not obtain results in favour of 
the FMS. Despite the advantage of short-term follow-up, 
other methodological factors have been more decisive. 
With respect to the sample size, there are inconclusive 
relationships as with the follow-up. The follow-up and the 
sample size are important factors to take into account in 
subsequent studies.

Gender differences and the risk of injury have been 
studied in the literature.44 45 According to the results 
by gender, the FMS score was a significant risk factor 
in women (OR=2.41, 95% CI 1.38 to 4.22) who partici-
pated in the study of Knapik et al.31 However, for men 
who participated in the sample of the same study, the 
FMS score was not a risk factor (OR=1.18, 95% CI 0.82 
to 1.69). If these results are compared with Chorba et al32 
and Kodesh et al,38 FMS score was not a significant risk 
factor for women in both studies (OR=4.58, 95% CI 0.99 
to 21.13 and OR=1.29, 95% CI 0.67 to 2.51). A notable 
difference between the two samples was that the study 
sample of Knapik et al31 was bigger (n=275) than that of 
Chorba et al32 (n=38) and Kodesh et al.38 In short, meth-
odological biases would have to be minimised to better 
interpret the results46 because the comparison between 
men and women is important to confirm that injury 
prevention strategies should be specific to each gender.47

Finally, the variability in the sensitivity (0.26–0.83) and 
specificity (0.46–0.91) is huge, and previous studies have 
rendered the 14/21 score doubtful. Most of the selected 
studies decided to find a better cut-off, and a sensitivity 
and specificity analysis of other cut-offs was carried out. 
Within the studies selected in this systematic review, 
Mokha et al41 obtained a better sensitivity (0.83) and 
specificity (0.88) with 16 as the cut-off, and Knapik et al31 
with a cut-off score of 12 in the male sample obtained a 
sensitivity of 0.22 and specificity of 0.87. There are other 
examples in the literature with other cut-offs with better 
sensitivity and specificity, such as Letafatkar et al48 which 
used a cut-off of 17 with good sensitivity (0.64) and spec-
ificity (0.78). On the contrary, there are no firm results 
that establish an acceptable cut-off point with excellent 
results49 in sensitivity and specificity except for the study 
of Mokha et al.41 Therefore, a sensitivity and specificity 
analysis in each study is a good option to find the best 
cut-off due to the variability in design, as has been shown 
before.

Homogeneity of the meta-analysis
The meta-analysis from the systematic review confirmed 
that there was some heterogeneity in the selected results. 
The selected studies reflected substantial heterogeneity 
(I2=70%) according to Higgins and Green,30 as the value 
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Table 2  Study characteristics

Gender n Age (±SD) BMI (±SD) Subjects Injury definition

Bond et al36 Male 63 21.0(±1.4) 24.1 NCAA Division 
IIcollegiate 
basketballplayers

Injuries were determined as those that resulted in zero 
days of time lost, which meant that theplayer returned to 
full participation on the same day the injury occurred as 
minimum.

Female 56 20.2(±1.4) 22.7

Bushman et 
al37

Male 2476 – – Soldiers All inpatient and outpatient medical encounters 
were collected as an injury. Overuse injury related to 
musculoskeletal conditions, such as stress fractures, Achilles 
tendinitis or knee pain syndromes. Traumatic injuries such as 
acute sprains and strains, fractures and dislocations.

Butler et 
al34

Male 108 – – Firefighter trainees Missing three consecutive days of training in the academy 
due to musculoskeletal pain, excluding burns.

Chorba et 
al32

Female 38 19.2 (±1.2) – NCAA Division II 
collegiate athletes

Injury occurred in an organised intercollegiate practice or 
competition setting. It required medical attention, or the 
athlete sought advice.

Dossa et 
al33

Male 20 18.2 (±1.3)* 25.2 Major junior 
hockey team

Injury occurred during a game or practice which resulted in 
the player missing at least one game.

Garrison et 
al42

Male 88 17.0-22.0 - NCAA Division I 
collegiate athletes

Injury was defined as any musculoskeletal pain complaint, 
on or off the field of com- com petition. The iInjury was 
associated with athletic participation, required consultation 
with a trainer, physical therapist or physician, and resulted in 
modified training for at least 24 hours.

Female 80

Hotta et al39 Male 84 20.0 (±1.1) 19.7 Runners Musculoskeletal injury occurred as a result of participating 
in a practice or race in track and field and was sufficiently 
severe to prevent participation for at least 4 weeks.

Kiesel et al9 – 46 – – Professional 
football players

Time loss of 3 weeks.

Knapik et 
al31

Male 770 18.1(±0.7) 23.6(±3.2) US Coast Guard 
cadets

Any physical damage to the body that resulted in a clinic visit 
and that was suspected to have been caused by physical 
training.

Female 275 17.9(±0.7) 22.6(±2.7)

Kodesh et 
al38

Female 158 19.0 20.8 Soldiers Diagnosis of an injury was provided by the base medical 
physician.

Mokha et 
al41

Male 20 20.4(±1.3) 23.5 NCAA Division II 
collegiate athletes

The injury occurred in a practice, session or competition, 
required attention or the athlete sought medical care 
and resulted in modified training for at least 24 hours or 
required protective splinting or taping for continued sport 
participation.

Female 64 19.1(±1.2) 22.6

O’Connor 
et al35

Male 874 22.4 (±2.7) – Marine officer 
candidates

Physical damage during training and sought medical care 
one or more times. It included all injury cases. Overuse 
injuries were long-term repetitive energy exchange, and 
serious injuries were any type of injury that was severe 
enough to remove the subject from the training programme.

Warren et 
al40

Male 89 20.0 23.9–25.9 NCAA Division I 
collegiate athletes

Non-contact mechanism that was reported to the athletic 
training room and required intervention

Female 78

–, not reported.
*Approximately calculated based on the data provided by the author.
BMI, body mass index; NCAA, National Collegiate Athletic Association.

was between 50% and 90%. The differences discussed 
above could create great variability which could be 
caused by the level of heterogeneity, so the overall OR 
(2.03, 95% CI 1.23 to 3.35) is not a valid value due to the 
poor homogeneity of the selected studies.

If other systematic reviews on the FMS and subse-
quent injuries are compared with the current study, both 
come to an agreement that the precision of the FMS for 
prediction of the risk of injury is low and that its effec-
tiveness could not be verified. Dorrel et al26 performed 
the first systematic review on the FMS, and a conclusion 

was obtained after a meta-analysis of the diagnostic reli-
ability, which showed that the FMS had low sensitivity 
(0.24) and good specificity (85.7). The authors proposed 
that each study should look for its cut-off according to its 
sample and definition of the lesion since, as it has been 
confirmed in this review, using the same cut-off score 
does not achieve better solid results.26 When compared 
with the results of Moran et al,23 the current review 
obtained better results in the meta-analysis (OR=1.47, 
95% CI 1.22 to 1.77, I2=57%), but they used three studies 
and a military male sample. Having similar samples and 
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Table 3  Results from the included studies

Follow-up

Type 
of 
injury Injured (n)

Non-injured 
(n)

Sensitivity 
(95% CI)

Specificity 
(95% CI)

Area 
under 
the ROC 
curve OR (95% CI)

Bond et al36 1 season A ≤14=8*
≥15=48*

≤14=9
≥15=54

0.14
(0.06 to 0.26)

0.85
(0.74 to 0.93)

0.46
(0.35–
0.56)

1.00
(0.36 to 2.80)

Bushman et 
al37

24 weeks A ≤14=308
≥15=612

≤14=283
≥15=1273

0.33 0.82 0.60 2.26
(1.87 to 2.73)

 �   �  B ≤14=256
≥15=442

≤14=335
≥15=1443

0.37 0.81 0.61 2.49
(2.05 to 3.03)

 �   �  C ≤14=110
≥15=278

≤14=481
≥15=1607

0.28 0.77 0.54 1.32
(1.03 to 1.68)

Butler et al34 16 weeks A ≤14=66*
≥15=13*

≤14=11*
≥15=18*

0.83 0.62 – 8.31
(3.20 to 21.63)

Chorba et al32 1 season A ≤14=11
≥15=8

≤14=5
≥15=14

0.58
(0.34 to 0.80)

0.74
(0.49 to 0.91)

– 3.85
(0.98 to 15.13)

Dossa et al33 1 season A ≤14=5
≥15=5

≤14=3
≥15=7

0.50
(0.19 to 0.81)

0.70
(0.35 to 0.93)

– 2.33
(0.37 to 14.61)

Garrison et 
al42

1 season A – – 0.67 0.73 – 5.61
(2.73 to 11.51)

Hotta et al39 24 weeks A ≤14=11*
≥15=4*

≤14=32
≥15=37

0.73 0.46 0.65 3.20
(0.90 to 11.00)

Kiesel et al9 18 weeks A ≤14=7
≥15=6

≤14=3
≥15=30

0.54
(0.34 to 0.68)

0.91
(0.83 to 0.96)

– 11.67
(2.47 to 58.52)

Knapik et al 
(male)31

8 weeks A ≤14=79
≥15=64

≤14=321
≥15=306

0.55 0.48 0.53 1.18
(0.82 to 1.69)

Knapik et al 
(female)31

8 weeks A ≤14=41
≥15=27

≤14=80
≥15=127

0.60 0.61 0.59 2.41
(1.38 to 4.22)

Kodesh et al38 12 weeks A ≤14=41*
≥15=56*

≤14=22
≥15=39

0.42 0.63 0.51 1.29
(0.67 to 2.51)

Mokha et al41 6 months A ≤14=10
≥15=28

≤14=19
≥15=27

0.26 0.58 – 0.51
(0.20 to 1.29)

O’Connor et 
al35

6–10 weeks A ≤14=42*
≥15=228*

≤14=51*
≥15=553*

0.45 0.78 0.58 2.00
(1.30 to 3.10)

 �   �  B ≤14=12*
≥15=78*

≤14=79*
≥15=703*

0.12 0.90 0.52 1.40
(0.71 to 2.60)

 �   �  D ≤14=11*
≥15 = 48*

≤14=80*
≥15=733*

0.11 0.93 0.53 2.00
(1.00 to 4.10)

Warren et al40 16 weeks A ≤14=40*
≥15=34*

≤14=50*
≥15=43*

0.54 0.46 0.48 1.01
(0.53 to 1.91)

Values in bold, statistical significant results; –, not reported.
*Approximately calculated based on the data provided by the author.
A, any; B, overuse; C, traumatic; D, serious; ROC, receiver operating characteristic.

Table 4  A 2×2 contingency table composed of all subjects 
of the selected studies for the meta-analysis

Injured
Non-
injured

FMS score ≤14 669 889
FMS score ≥15 1133 2528

FMS, Functional Movement Screen.

the definition of the lesion very close, by medical deci-
sion, confirmed the importance of having minimum 
heterogeneity in the studies, emphasising that there was 
no uniformity in the selected articles in the three reviews. 
The meta-analysis outcomes presented in this review of 
12 studies, with a larger number of different samples and 
with both genders included, increased the heterogeneity. 
To conclude, there are no findings that support a rela-
tionship between FMS score and injury risk.
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Figure 2  Overall OR of the selected studies for meta-
analysis and forest plot. Plot from Meta-DiSc software 
(Unidad de Bioestadística Clínica del Hospital Ramón Y 
Cajal, Madrid, Spain).

The lack of consensus is common in this kind of tools 
because there are other tests that need to be further 
investigated.50 51 Lisman et al52 and O’Connor et al35 used 
Physical Fitness Tests (PFTs) along with FMS. A PFT score 
of less than 280 was a risk factor (OR=2.1, 95% CI 1.5 to 
2.9) with a male sample. Lisman et al52 specified that a 
PFT that could significantly predict a risk factor was the 
3-mile run in more than 20.5 min (OR=1.72, 95% CI 1.29 
to 2.31). In contrast, the PFT had limited and conflicting 
evidence regarding reliability and validity in common 
usage.53 Future studies should better define the sample, 
the definition of the injury and the methodology because 
the FMS is far from being a good tool to identify a high 
risk of injury to the individual.54

Methodological quality
We noted a wide range in the methodological quality of 
the studies that comprised our systematic review. There 
was too much difference between the scores used as a 
reference in the different studies. Theoretically, the 
cut-off should be 14, but they actually ranged from 11 
to 18. Importantly the five studies that had the poorest 
method scores were those studies that confirmed the 
relationship between a low FMS score and injury.9 31 34 37 42 
According to Bahr,55 the majority of studies on injury 
prediction were inappropriately designed because they 
did not explain the causative factor with sufficient accu-
racy. Therefore, the lack of good methodology could 
influence the information, and the limited methodology 
could detriment the results of the systematic review and 
the heterogeneity of the meta-analysis.

Clinical importance
Although many sports teams use the FMS at the begin-
ning of the season, there is no evidence to confirm its 
association with injuries. Sport has been the starting point 
to identify the importance of having good tools to predict 
injuries; however, other types of assessments must deal 
with physically demanding tasks.56 Most of the selected 
studies included samples related to sports or workers that 
required good physical condition. A good initial assess-
ment could help reduce the time lost in a competition 
or work, and reduce the costs associated with injuries.57

Due to its ability to evaluate stability and strength, 
and because it is easy to administer and perform and is 
very adaptable to the clinical environment,13 14 the FMS 
could be a good tool for clinicians and physiotherapists. 
Despite the advantages that the FMS may have in clinical 
practice, according to the selected studies the association 
between FMS score and injuries is limited, and due to the 
heterogeneity of the data there can be no consensus on 
what should be the reference score to use for the FMS as 
a predictive tool for injuries. Therefore, it is necessary to 
focus on the nature of the patient in daily practice and 
individualise the clinical information collected.

Limitations
The study has some limitations. The number of studies 
included in the review was small. The meta-analysis 
showed that the OR of the selected studies had a hetero-
geneous distribution. The definition of injury was not 
very similar in the studies and could be a reason for this 
heterogeneity. From a methodological point of view, we 
used the most well-known appraisal tool for observa-
tional studies—STROBE. Other tools more focused on 
diagnosis could be more adjusted to the topic, but since 
the FMS is not a conventional diagnostic tool we could 
clearly and concisely score and classify the quality of the 
articles included using STROBE.

The samples used in the studies were quite similar 
because subjects were young and were in sports or had a 
very good physical condition. It would be interesting to 
see how it affects other people, because the risk of injury 
increases with age,58 and using participants who are not 
involved in sports in prospective studies.

CONCLUSION
This systematic review shows that the relationship between 
the FMS score and injury is unclear. Half of the studies 
showed that a low FMS score was statistically associated 
with risk of sports injury. The heterogeneity of the study 
populations (type of athletes, age and sport exposure) 
and the definition of injury used in the studies make it 
difficult to synthesise the evidence and draw definitive 
conclusions.

Twitter Manuel Trinidad-Fernandez @mtrinidad505

Acknowledgements  The authors would like to sincerely thank 'III Plan Propio 
de Investigación (modificado el 18 de abril de 2013), Universidad de Málaga – 
Campus de Excelencia Internacional Andalucía Tech'.

Contributors  MT-F developed the idea, performed the literature search, data 
collection, quality appraisal of the selected papers and data analysis, and drafted 
the paper. MG-S developed the idea, performed the data analysis, drafted the paper 
and revised the paper. AIC-V developed the idea, performed the data collection 
and quality appraisal of the selected papers, and revised the paper. All authors 
approved the final manuscript.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Obtained.

Provenance and peer review  Not commissioned; externally peer reviewed.

https://twitter.com/mtrinidad505


9Trinidad-Fernandez M, et al. BMJ Open Sp Ex Med 2019;5:e000501. doi:10.1136/bmjsem-2018-000501

Open access

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://​creativecommons.​org/​
licenses/​by/​4.​0/.

References
	 1.	 Bahr R, Holme I, Tranaeus U. Risk factors for sports injuries--a 

methodological approach. Br J Sports Med 2003;37:384–92.
	 2.	 Alentorn-Geli E, Myer GD, Silvers HJ, et al. Prevention of non-

contact anterior cruciate ligament injuries in soccer players. Part 
1: mechanisms of injury and underlying risk factors. Knee Surgery, 
Sports Traumatology, Arthroscopy 2009;17:705–29.

	 3.	 EuroSafe, Injuries in the European Union. Summary on injury 
statistics 2012-2014. 6th Edition. http://www.​bridge-​health.​eu/​sites/​
default/​files/​EuropeSafe_​Master_​R4_​SinglePage_ ​12102016%​20%​
281%​29.​pdf

	 4.	 Sheu Y, Chen L-H, Hedegaard H. Sports- and Recreation-related 
injury episodes in the United States, 2011-2014. Natl Health Stat 
Report 2016;(99):1–12.

	 5.	 American College of Sports Medicine. ACSM’s Guidelines for 
Exercise Testing and Prescription. 6th ed. Philadelphia: Lippincott 
Williams and Wilkins, 2000.

	 6.	 Mottram S, Comerford M. A new perspective on risk assessment. 
Phys Ther Sport 2008;9:40–51.

	 7.	 Kabak B, Karanfilci M, Ersöz T, et al. Analysis of sports injuries 
related with shooting. J Sports Med Phys Fitness 2016;56:737-43.

	 8.	 Murphy DF, Connolly DAJ, Beynnon BD. Risk factors for lower 
extremity injury: a review of the literature. Br J Sports Med 
2003;37:13–29.

	 9.	 Kiesel K, Plisky PJ, Voight ML. Can serious injury in professional 
football be predicted by a Preseason functional movement screen? 
N Am J Sports Phys Ther 2007;2:147–58.

	10.	 Dallinga JM, Benjaminse A, Lemmink KAPM. Which screening 
tools can predict injury to the lower extremities in team sports?: a 
systematic review. Sports Med 2012;42:791–815.

	11.	 Cook G, Burton L, Hoogenboom B. Pre-participation screening: the 
use of fundamental movements as an assessment of function - part 
1. N Am J Sports Phys Ther 2006;1:62–72.

	12.	 Gulgin H, Hoogenboom B. The functional movement screening 
(fms)™: an inter-rater reliability study between raters of varied 
experience. Int J Sports Phys Ther 2014;9:14–20.

	13.	 Frost DM, Beach TAC, Callaghan JP, et al. Using the functional 
movement Screen™ to evaluate the effectiveness of training. J Strength Cond Res 
2012;26:1620–30.

	14.	 Bodden JG, Needham RA, Chockalingam N. The effect of an 
intervention program on functional movement screen test scores in 
mixed martial arts athletes. J Strength Cond Res 2015;29:219–25.

	15.	 Song H-S, Woo S-S, So W-Y, et al. Effects of 16-week functional 
movement screen training program on strength and flexibility of elite 
high school baseball players. J Exerc Rehabil 2014;10:124–30.

	16.	 Kraus K, Schütz E, Taylor WR, et al. Efficacy of the functional 
movement screen: a review. J Strength Cond Res 2014;28:3571–84.

	17.	 Agresta C, Slobodinsky M, Tucker C. Functional movement 
ScreenTM--normative values in healthy distance runners. Int J 
Sports Med 2014;35:1203–7.

	18.	 Fox D, O'Malley E, Blake C. Normative data for the functional 
movement screen in male Gaelic field sports. Phys Ther Sport 
2014;15:194–9.

	19.	 Schneiders AG, Davidsson A, Hörman E, et al. Functional movement 
screen normative values in a young, active population. Int J Sports 
Phys Ther 2011;6:75–82.

	20.	 Perry FT, Koehle MS. Normative data for the functional movement 
screen in middle-aged adults. J Strength Cond Res 2013;27:458–62.

	21.	 Nicolozakes CP, Schneider DK, Roewer BD, et al. Influence of body 
composition on functional movement Screen™ scores in college 
football players. J Sport Rehabil 2018;27:431–7.

	22.	 Slodownik R, Ogonowska-Slodownik A, Morgulec-Adamowicz 
N. Functional movement Screen™ and history of injury in the 
assessment of potential risk of injury among team handball players. 
J Sports Med Phys Fitness 2018;58:1281–6.

	23.	 Moran RW, Schneiders AG, Mason J, et al. Do functional 
movement screen (FMS) composite scores predict subsequent 
injury? A systematic review with meta-analysis. Br J Sports Med 
2017;51:1661–9.

	24.	 Bunn PDS, Rodrigues AI, Bezerra da Silva E. The association 
between the functional movement screen outcome and the 

incidence of musculoskeletal injuries: a systematic review with meta-
analysis. Phys Ther Sport 2019;35:146–58.

	25.	 Bonazza NA, Smuin D, Onks CA, et al. Reliability, validity, and injury 
predictive value of the functional movement screen: a systematic 
review and meta-analysis. Am J Sports Med 2017;45:725–32.

	26.	 Dorrel BS, Long T, Shaffer S, et al. Evaluation of the functional 
movement screen as an injury prediction tool among active adult 
populations: a systematic review and meta-analysis. Sports Health 
2015;7:532–7.

	27.	 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. 
PLoS Med 2009;6:e1000097.

	28.	 von Elm E, Altman DG, Egger M, et al. Strengthening the reporting 
of observational studies in epidemiology (STROBE) statement: 
guidelines for reporting observational studies. BMJ 2007;335:806–8.

	29.	 Bradley AP. The use of the area under the ROC curve in the 
evaluation of machine learning algorithms. Pattern Recognit 
1997;30:1145–59.

	30.	 Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews 
of Interventions Version 5.1.0 [updated March 2011]. The Cochrane 
Collaboration, 2011. [Internet], 2011. www.​cochrane-​handbook.​org

	31.	 Knapik JJ, Cosio-Lima LM, Reynolds KL, et al. Efficacy of functional 
movement screening for predicting injuries in coast guard cadets. J 
Strength Cond Res 2015;29:1157–62.

	32.	 Chorba RS, Chorba DJ, Bouillon LE, et al. Use of a functional 
movement screening tool to determine injury risk in female collegiate 
athletes. N Am J Sports Phys Ther 2010;5:47–54.

	33.	 Dossa K, Cashman G, Howitt S, et al. Can injury in major junior 
hockey players be predicted by a pre-season functional movement 
screen - a prospective cohort study. J Can Chiropr Assoc 
2014;58:421–7.

	34.	 Butler RJ, Contreras M, Burton LC, et al. Modifiable risk factors 
predict injuries in firefighters during training academies. Work 
2013;46:11–17.

	35.	 O'Connor FG, Deuster PA, Davis J, et al. Functional movement 
screening: predicting injuries in officer candidates. Med Sci Sports 
Exerc 2011;43:2224–30.

	36.	 Bond CW, Dorman JC, Odney TO, et al. Evaluation of the functional 
movement screen and a novel Basketball mobility test as an injury 
prediction tool for collegiate Basketball players. J Strength Cond 
Res 2019;33:1589–600.

	37.	 Bushman TT, Grier TL, Canham-Chervak M, et al. The functional 
movement screen and injury risk: association and predictive value in 
active men. Am J Sports Med 2016;44:297–304.

	38.	 Kodesh E, Shargal E, Kislev-Cohen R, et al. Examination of the 
effectiveness of predictors for musculoskeletal injuries in female 
soldiers. J Sports Sci Med 2015;14:515–21.

	39.	 Hotta T, Nishiguchi S, Fukutani N, et al. Functional movement screen 
for predicting running injuries in 18- to 24-year-old competitive male 
runners. J Strength Cond Res 2015;29:2808–15.

	40.	 Warren M, Smith CA, Chimera NJ. Association of the functional 
movement screen with injuries in division I athletes. J Sport Rehabil 
2015;24:163–70.

	41.	 Mokha M, Sprague PA, Gatens DR. Predicting musculoskeletal 
injury in national collegiate athletic association division II athletes 
from asymmetries and Individual-Test versus composite functional 
movement screen scores. J Athl Train 2016;51:276–82.

	42.	 Garrison M, Westrick R, Johnson MR, et al. Association between 
the functional movement screen and injury development in college 
athletes. Int J Sports Phys Ther 2015;10:21–8.

	43.	 Saragiotto BT, Yamato TP, Hespanhol Junior LC, et al. What are 
the main risk factors for running-related injuries? Sports Med 
2014;44:1153–63.

	44.	 Jacobsson J, Timpka T, Kowalski J, et al. Injury patterns in Swedish 
elite athletics: annual incidence, injury types and risk factors. Br J 
Sports Med 2013;47:941–52.

	45.	 Johansen MW, Steenstrup SE, Bere T, et al. Injuries in world 
cup Telemark skiing: a 5-year cohort study. Br J Sports Med 
2015;49:453–7.

	46.	 van der Worp MP, ten Haaf DSM, van Cingel R, et al. Injuries in 
runners; a systematic review on risk factors and sex differences. 
PLoS One 2015;10:e0114937.

	47.	 Edouard P, Feddermann-Demont N, Alonso JM, et al. Sex 
differences in injury during top-level international athletics 
championships: surveillance data from 14 championships between 
2007 and 2014. Br J Sports Med 2015;49:472–7.

	48.	 Letafatkar A, Hadadnezhad M, Shojaedin S, et al. Relationship 
between functional movement screening score and history of injury. 
Int J Sports Phys Ther 2014;9:21–7.

	49.	 Marôco J.Análise Estatística com O SPSS statistics. 5th ed. Report 
Number; 2011.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1136/bjsm.37.5.384
http://dx.doi.org/10.1007/s00167-009-0813-1
http://dx.doi.org/10.1007/s00167-009-0813-1
http://www.bridge-health.eu/sites/default/files/EuropeSafe_Master_R4_SinglePage_%2012102016%20%281%29.pdf
http://www.bridge-health.eu/sites/default/files/EuropeSafe_Master_R4_SinglePage_%2012102016%20%281%29.pdf
http://www.bridge-health.eu/sites/default/files/EuropeSafe_Master_R4_SinglePage_%2012102016%20%281%29.pdf
http://www.ncbi.nlm.nih.gov/pubmed/27906643
http://www.ncbi.nlm.nih.gov/pubmed/27906643
http://dx.doi.org/10.1016/j.ptsp.2007.11.003
http://www.ncbi.nlm.nih.gov/pubmed/25665743
http://dx.doi.org/10.1136/bjsm.37.1.13
http://dx.doi.org/10.1007/BF03262295
http://www.ncbi.nlm.nih.gov/pubmed/21522216
http://www.ncbi.nlm.nih.gov/pubmed/24567851
http://dx.doi.org/10.1519/JSC.0b013e318234ec59
http://dx.doi.org/10.1519/JSC.0b013e3182a480bf
http://dx.doi.org/10.12965/jer.140101
http://dx.doi.org/10.1519/JSC.0000000000000556
http://dx.doi.org/10.1055/s-0034-1382055
http://dx.doi.org/10.1055/s-0034-1382055
http://dx.doi.org/10.1016/j.ptsp.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21713227
http://www.ncbi.nlm.nih.gov/pubmed/21713227
http://dx.doi.org/10.1519/JSC.0b013e3182576fa6
http://dx.doi.org/10.1123/jsr.2015-0080
http://dx.doi.org/10.23736/S0022-4707.17.07717-9
http://dx.doi.org/10.1136/bjsports-2016-096938
http://dx.doi.org/10.1016/j.ptsp.2018.11.011
http://dx.doi.org/10.1177/0363546516641937
http://dx.doi.org/10.1177/1941738115607445
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1136/bmj.39335.541782.AD
http://dx.doi.org/10.1016/S0031-3203(96)00142-2
www.cochrane-handbook.org
http://dx.doi.org/10.1519/JSC.0000000000000704
http://dx.doi.org/10.1519/JSC.0000000000000704
http://www.ncbi.nlm.nih.gov/pubmed/21589661
http://www.ncbi.nlm.nih.gov/pubmed/25550667
http://dx.doi.org/10.3233/WOR-121545
http://dx.doi.org/10.1249/MSS.0b013e318223522d
http://dx.doi.org/10.1249/MSS.0b013e318223522d
http://dx.doi.org/10.1519/JSC.0000000000001944
http://dx.doi.org/10.1519/JSC.0000000000001944
http://dx.doi.org/10.1177/0363546515614815
http://www.ncbi.nlm.nih.gov/pubmed/26336337
http://dx.doi.org/10.1519/JSC.0000000000000962
http://dx.doi.org/10.1123/jsr.2013-0141
http://dx.doi.org/10.4085/1062-6050-51.2.07
http://www.ncbi.nlm.nih.gov/pubmed/25709859
http://dx.doi.org/10.1007/s40279-014-0194-6
http://dx.doi.org/10.1136/bjsports-2012-091651
http://dx.doi.org/10.1136/bjsports-2012-091651
http://dx.doi.org/10.1136/bjsports-2014-094211
http://dx.doi.org/10.1371/journal.pone.0114937
http://dx.doi.org/10.1136/bjsports-2014-094316
http://www.ncbi.nlm.nih.gov/pubmed/24567852


10 Trinidad-Fernandez M, et al. BMJ Open Sp Ex Med 2019;5:e000501. doi:10.1136/bmjsem-2018-000501

Open access

	50.	 Sheppard JM, Young WB, Doyle TLA, et al. An evaluation of a new 
test of reactive agility and its relationship to sprint speed and change 
of direction speed. J Sci Med Sport 2006;9:342–9.

	51.	 McCall A, Carling C, Davison M, et al. Injury risk factors, screening 
tests and preventative strategies: a systematic review of the 
evidence that underpins the perceptions and practices of 44 football 
(soccer) teams from various premier leagues. Br J Sports Med 
2015;49:583–9.

	52.	 Lisman P, O'Connor FG, Deuster PA, et al. Functional movement 
screen and aerobic fitness predict injuries in military training. Med 
Sci Sports Exerc 2013;45:636–43.

	53.	 Hegedus EJ, McDonough SM, Bleakley C, et al. Clinician-friendly 
lower extremity physical performance tests in athletes: a systematic 
review of measurement properties and correlation with injury. Part 

2--the tests for the hip, thigh, foot and ankle including the star 
excursion balance test. Br J Sports Med 2015;49:649–56.

	54.	 Batti'e MC, Bigos SJ, Fisher LD, et al. Isometric lifting strength as a 
predictor of industrial back pain reports. Spine 1989;14:851–6.

	55.	 Bahr R. Why screening tests to predict injury do not work-
and probably never will…: a critical review. Br J Sports Med 
2016;50:776–80.

	56.	 Peate WF, Bates G, Lunda K, et al. Core strength: a new model for 
injury prediction and prevention. J Occup Med Toxicol 2007;2.

	57.	 Tranaeus U, Heintz E, Johnson U, et al. Injuries in Swedish floorball: 
a cost analysis. Scand J Med Sci Sports 2017;27:508–13.

	58.	 McGuine T. Sports injuries in high school athletes: a review of 
injury-risk and injury-prevention research. Clin J Sport Med 
2006;16:488–99.

http://dx.doi.org/10.1016/j.jsams.2006.05.019
http://dx.doi.org/10.1136/bjsports-2014-094104
http://dx.doi.org/10.1249/MSS.0b013e31827a1c4c
http://dx.doi.org/10.1249/MSS.0b013e31827a1c4c
http://dx.doi.org/10.1136/bjsports-2014-094341
http://dx.doi.org/10.1097/00007632-198908000-00014
http://dx.doi.org/10.1136/bjsports-2016-096256
http://dx.doi.org/10.1186/1745-6673-2-3
http://dx.doi.org/10.1111/sms.12675
http://dx.doi.org/10.1097/01.jsm.0000248848.62368.43

	Is a low Functional Movement Screen score (≤14/21) associated with injuries in sport? A systematic review and meta-analysis
	Abstract
	INTRODUCTION﻿﻿﻿﻿
	METHODS
	Design
	Search strategy
	Study criteria
	Data extraction
	Risk of bias
	Statistical analyses

	RESULTS
	Selection of studies
	Summary of participants and injuries
	Summary of effect sizes
	Summary of the meta-analysis

	DISCUSSION
	Association between FMS score and injuries
	Homogeneity of the meta-analysis
	Methodological quality
	Clinical importance
	Limitations

	CONCLUSION
	References


