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Abstract. [Purpose] This study aimed to assess the reliability of the Functional Movement Screen and explore 
whether this evaluation tool can predict the risks of personal injuries in Japanese soccer players. [Participants and 
Methods] Seventy-five Japanese college soccer players who participated in our 1 year prospective cohort study 
underwent a Functional Movement Screen assessment. Demographic data, athletic characteristics, and types and 
frequency of injuries sustained, were analyzed with the assessment results. [Results] There was no significant 
difference in the mean Functional Movement Screen composite scores between genders. Although the Functional 
Movement Screen showed excellent inter-rater reliability (0.92), low overall internal consistency (0.35) was ob-
served. A maximum score of 3 in straight leg raise occurred in 94% of the females and was considered a ceiling ef-
fect. None of the cut-off point scores of the Functional Movement Screen were associated with the number of overall 
injuries, lower limb injuries, and traumatic injuries, or time to return to play. The Functional Movement Screen 
composite score of ≤15 represented the maximum sensitivity of 76.92% and specificity of 34.78% with 0.56 in the 
area under the curve. [Conclusion] Functional Movement Screen composite scores do not have sufficient sensitivity 
and specificity for predicting injuries in Japanese college soccer players.
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INTRODUCTION

Soccer is the most popular sport in the world and its popularity and participation rates are continuously growing1). It is 
an intermittent sport where players walk, kick, run, and sprint. The rates of injury incidences in soccer are reported to be 
higher compared to many other sports2), and most of the soccer players experience injuries that occur mainly in the lower 
extremities.

Numerous components have been proposed as risk factors for overall injuries. Regarding playing actions, roughly half 
of the injuries are related to physical contact such as tackling, being tackled and collisions, which are mostly believed to be 
unintentional; the rest are related to non-contact actions such as running, turning, jumping, and heading3). Since short- and 
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the long-term absences from games could potentially affect athletes’ careers, identifying a whether a player is at high risk for 
action related injuries is necessary.

The Functional Movement Screen (FMS) is an evaluation tool that attempts to assess the fundamental movement patterns 
of an individual4). The FMS consists of 7 movement patterns that assess balance, mobility, and stability. It was designed to 
evaluate the functional movements required to participate in higher-level sports. Some previous studies demonstrated that 
low FMS scores were associated with serious injuries or high injury rates in sports5, 6). The FMS is gaining international 
acceptance, and many professional sports teams have utilized it as an injury risk screening measure. However, recently, a 
meta-analysis showed that the FMS had an insufficient predictive value and a cohort study in male soldiers reported a low 
predictive value for injury risk7, 8).

In the present study, we evaluated the reliability of the FMS and assessed whether an FMS score could predict a player at 
high risk of injury in Japanese elite college soccer players.

PARTICIPANTS AND METHODS

A 1 year prospective cohort study was conducted from March 2014 to March 2015 in Japan. We recruited 77 elite college 
soccer athletes. All athletes were members of college soccer teams, which are classified as division 1, according to the Kanto 
University Soccer League and the Kanto University Woman Soccer League. Their training and gaming surfaces were mostly 
third-generation artificial turf or natural grass. Exclusion criteria were as follows: the use of a mobility aid or prophylactic 
device such as a knee brace, or athletes with a recent (<6 weeks) musculoskeletal or head injury. We excluded 2 athletes 
had recent musculoskeletal injuries and enrolled 75 (47 males and 28 females) soccer players in this study. Injuries were 
monitored by a physiotherapist (TM), and diagnosed by medical doctors in interviews, physical examinations, and /or medi-
cal imaging included X-rays. Both traumatic and overuse injuries were included in the analysis. A traumatic injury referred 
to an injury caused by a specific, identifiable event, while an overuse injury was categorized as repeated microtrauma injuries 
without a single identifiable event responsible for the injury9). Rehabilitation treatment after injuries was performed by an 
athletic trainer once a week.

A survey was administered to collect information of personal characteristics and demographics of the participants such as 
age, body height, body weight, body mass index (BMI), years of experience, position and leg dominance.

The present study was approved by the ethics committee of Juntendo University (approval number: 27-18), and informed 
consent was obtained from all the participants.

An assessment with the FMS was conducted at the beginning of the study. The FMS included 7 movement patterns: a deep 
squat, hurdle step, in-line lunge, shoulder mobility test, active straight leg raise, trunk stability push-up, and rotary stability 
test. Each movement pattern was scored on a range of 0–3, with a possible maximum score of 21. Details of the 7 FMS 
movement patterns are previously described4, 10). Each participant was given a general overview of each movement before 
the test. The FMS was recorded by video cameras from a standardized frontal and sagittal view and assessed by 2 experienced 
physiotherapists, who had the experience in conducting the FMS test and had worked for professional or national-level youth 
soccer teams for over a decade.

Descriptive statistics were performed with the participants’ personal characteristics and demographic data. The FMS 
composite score was compared for males and females with unpaired Student’s t-tests. Inter-rater reliability was assessed 
using the Kappa Statistic, and internal consistency reliability was assessed by Cronbach’s α11). Cronbach’s α between 0.70 
and 0.95 is considered a strong correlation12), and a minimum of 0.90 is considered a tolerated score when measuring 
individuals13). For floor and ceiling effects, those are considered present when more than 15% of respondents score with the 
lowest or highest possible score12). To analyze the association between the potential predictive baseline variables including 
age, body height, body weight, and BMI, and the FMS score, we conducted univariate regression analyses. To evaluate the 
associations between either the number of injuries, lower limb injuries, traumatic injuries or time to return to play and the 
FMS composite score, the score of ≤14, ≤15, ≤16, ≤17, and ≤18 were used as cut-off points in the univariate and multivariate 
logistic regression models. For the multivariate logistic regression model, we adjusted age and BMI as continuous variables 
to obtain odds ratios14) and 95% confidence interval (95% CI). For the variable of time to return to play, cumulative days 
away from the full training or games were classified into 5 categories: within a week, 1–2 weeks, 2–4 weeks, 1–2 months, 
and over 2 months. The receiver operating characteristic (ROC) curve was constructed, and the area under the ROC curve 
(AUC) was calculated to acquire the diagnostic accuracy. The specificity and sensitivity were further calculated. All p values 
were 2-sided, and p values less than 0.05 were considered statistically significant. Statistical analyses were performed with 
Stata 13.0 (Stata Corp LP, College Station, TX, USA).

RESULTS

A total of 75 (males, 47; females, 28) Japanese soccer players completed the FMS assessment Participants’ characteristics 
of age, body height, body weight, BMI, years of experience, position on the team, and leg dominance at the time of the 
FMS assessment are shown in Table 1. The total of 82 injuries were reported; 34.1% were overuse injuries, and 67.1% were 
traumatic injuries (Table 2). Of the overall injuries, 87.8% were in the lower limbs. Thirty-one of male (66.0%) and 21 
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(75.0%) of female players reported at least 1 injury. The time for return to play was also shown in Table 2. The composite 
mean score on the FMS for males and females was 16.04 (95% confidence interval [95% CI], 15.62–16.46) and 16.46 (95% 
CI, 15.89–17.04), respectively (Table 3), and there was no statistical difference between each gender.

The inter-rater reliability of the FMS composite score among the 2 examiners was 0.92, which indicated excellent inter-
rater reliability. The Cronbach’s α was calculated, and the overall internal consistency was 0.35, which indicated low reli-
ability. Since 96.4% of the females had a maximum score of 3 in the straight leg raise tests, this was considered a ceiling 

Table 1.  Baseline values of body composition and other demographics of the study population

Male (N=47) Female (N=28) p value
Age ± SD, range (years) 19.9 ± 1.4 19.8 ± 1.4 0.35
Body height ± SD (cm) 174.3 ± 6.2 160.1 ± 4.6 **<0.001
Body weight ± SD (kg) 67.8 ± 5.5 54.9 ± 4.6 **<0.001
BMI ± SD (kg/m2) 22.3 ± 1.1 21.4 ± 1.5 **<0.001
Years of experience (years) 14.2 ± 2.1 11.3 ± 3.9 **<0.001
Position (n)

FW 6 4
MF 19 12
DF 16 9
GK 6 2

Leg dominance, right/left (n) 41/6 28/0 0.08
SD: standard deviation; BMI: body mass index; FW: forward; MF: mid fielder; DF: defender; GK: goal keeper.

Table 2.  Types of injury and duration for returning to play

Male (N=47) Female (N=28) Total (N=75)
Total number of injuries (n) 44 38 82
Pattern of injury

Overuse injuries (%) 44 (34.1%) 38 (34.2%) 82 (34.1%)
Traumatic injuries (%) 32 (72.7%) 23 (60.5%) 55 (67.1%)

Site of injury (%)
Ankle 14 (31.8%) 13 (34.2%) 27
Thigh 13 (29.5%) 6 (15.8%) 19
Knee 8 (18.2%) 6 (15.8%) 14
Leg 3 (6.8%) 3 (7.9%) 6
Back 1 (2.3%) 4 (10.5%) 5
Foot 1 (2.3%) 2 (5.3%) 3
Hip 0 3 (7.9%) 3
Shoulder 1 (2.3%) 1 (2.6%) 2
Others 3 0 3

Time to return to play (%)
Within a week 11 (25.0%) 17 (44.7%) 28
1–2 weeks 8 (18.2%) 6 (15.8%) 14
2–4 weeks 10 (22.7%) 4 (10.5%) 14
1–2 months 7 (15.9%) 5 (13.2%) 12
Over 2 months 6 (13.6%) 4 (10.5%) 10
Unknown 2 (4.5%) 2 (5.3%) 4

Number of injury
0 15 7 22
1 23 10 33
2 6 6 12
3 3 4 7
4 0 1 1
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effect. No floor effects were observed in both genders.
The mean FMS composite scores in both genders were comparable. The score (95% CI) of the individual tests in males 

and females are shown in Table 3. The mean score of the active straight leg raise was significantly higher for females 
compared to males. Univariate regression analysis showed that age, body weight, body height, and BMI were not associated 
with the FMS composite scores and the β-coefficients (95% CI, p-value) were 0.18 (−0.63 to 0.43, p=0.14), −0.01 (−0.05 to 
0.03, p=0.61), −0.01 (−0.05 to 0.02, p=0.47) and −0.03 (−0.28 to 0.22, p=0.80), respectively. None of the cut-off points in 
either the univariate or multivariate models were associated with the number of injuries (Table 4). The same trend was also 
observed in the association with lower limb injuries, traumatic injuries and the time to return to play. ROC analysis showed 
that an FMS composite score of ≤15 maximized sensitivity and specificity for the number of injuries. The AUC was 0.56 
(95% CI, 0.44 to 0.67). The cut-off points represented a sensitivity of 76.92% and specificity of 34.78%.

DISCUSSION

We performed a 1 year prospective study to explore whether the FMS was reliable and capable of predicting if an in-
dividual had a high risk for injury in Japanese elite college soccer players. Our study demonstrated excellent inter-rater 
reliability but a low value for the internal consistency reliability on Cronbach’s α. Additionally, we demonstrated a low FMS 
composite score of ≤15 maximized the sensitivity, specificity, and AUC for the number of injuries. However, the predictive 
values were not sufficient for use as an injury screening tool. Though some studies showed high predictive values5, 6), our 
results were consistent with the recent extensive cohort studies in the military, in which the FMS had low predictive values 
for predicting if an individual had a high risk of injury7, 15)

With regards to the inter-rater reliability of the FMS, recent studies have indicated that the FMS demonstrated good to 
excellent agreement16, 17) However, some studies have shown a low inter-rater reliability when the raters were not well trained 
in the FMS methods18, 19). A previous study reported that athletic trainers (ATs) who were certified for the FMS method 
demonstrated an excellent reliability of 0.95 in intraclass correlation coefficients (ICC) compared to less experienced ATs 

Table 4.  Univariate and multivariate logistic regression analysis to investigate the risk of overall injury

FMS N Number of injuries
Univariate Multivariate

Odds ratio (95%CI) p value Odds ratio (95%CI) p value
≤14 10 1.61 (0.41–6.37) 0.49 1.49 (0.37–6.02) 0.57
>14 65 1 1
≤15 20 1.78 (0.61–5.20) 0.29 1.81 (0.61–5.39) 0.29
>15 55 1 1
≤16 47 1.17 (0.42–3.26) 0.76 1.28 (0.44–3.75) 0.65
>16 28 1 1
≤17 62 0.99 (0.27–3.63) 0.99 1.03 (0.26–4.08) 0.96
>17 13 1 1
≤18 70 1.83 (0.19–17.37) 0.60 1.71 (0.17–17.54) 0.65
>18 5 1 1

95%CI: 95% confidence interval.
Logistic regression analysis adjusted for age, body mass index, and gender.

Table 3.  Functional movement screen scores by 7 movement patterns

Test
Male (95%CI) 

(N=47)
Female (95%CI) 

(N=28)
p value

Deep squat 2.17 (1.98–2.36) 2.18 (1.97–2.39) 0.95
Hurdle step 2.11 (2.00–2.22) 2.18 (2.02–2.33) 0.43
Lunge 2.19 (2.02–2.37) 2.18 (1.99–2.36) 0.92
Shoulder mobility 1.94 (1.74–2.13) 2.18 (1.90–2.46) 0.15
Active straight leg-raise 2.77 (2.63–2.91) 2.96 (2.89–3.03) 0.04*
Trunk stability push-up 2.85 (2.75–2.96) 2.75 (2.58–2.92) 0.28
Rotary stability 2.02 (1.93–2.12) 2.04 (1.87–2.20) 0.87
Total FMS 16.04 (15.62–16.46) 16.46 (15.89–17.04) 0.23
95%CI: 95% confidence interval.
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(ICC=0.76) and AT students (ICC=0.37)19). Another study indicated that the evaluation of movement patterns from different 
view angles is necessary to rate the FMS scores20). In the present study, 2 FMS experienced sports physiotherapists assessed 
the quality of each functional movement using recorded video from the frontal and sagittal planes. This multiangle video 
assessment could help to improve the precision of scoring between each rater (k=0.92).

Previous studies of young military officers and a broad population of adults showed low values of Cronbach’s α, in 
which the ranges were 0.37 to 0.6421, 22). The present study showed a value of 0.35 as similar to recent studies. We are also 
concerned about the ceiling effects regarding interpretability since a ceiling effect was observed in the straight leg raise test 
among females. Asian athletes are known to have different physical features in flexibility and strength from Caucasians. 
Therefore, modifying the flexibility threshold for Japanese athletes may be needed to avoid ceiling effects. Taken together 
with the data above, the current form of the FMS composite score is not enough to be reliable to predict injury risk in 
Japanese elite college soccer players.

The mean FMS scores between males and females were comparable. Also, the FMS composite score was not associated 
with age, body weight, height, and BMI. A previous study investigating the FMS with a wide range of adult population 
showed an inverse correlations between the FMS composite score and age, as well as BMI22). While the mean ages of the 
1,113 participants were 53.4 for males and 49.3 for females in that study, our study recruited college athletes, and the range 
of the ages was 18 to 21 years. Due to a limited age range and BMI, the FMS composite score was not associated with those 
2 factors in the present study.

Because of poor factor congruity between different cohort studies, the FMS composite score is affected by the level of 
play and is population specific. Kiesel et al.5) reported the mean score of the FMS was an identifiable risk factor for injury 
in professional soccer players. A recent systematic review also reported that a FMS composite score of ≤14 was a valid 
predictor for musculoskeletal injury23). However, as the result of univariate and multivariate analyses in our study, the cut-off 
points in the FMS composite of ≤14, ≤15, ≤16, ≤17 and ≤18 were not associated with any of the parameters for number of 
injury, lower limb injury, traumatic injury or the time to return to play. Although 61% of reported scores represented were 
between 14 and 16, the injury rates were increased depending upon the level of play24). Additionally it was suggested that 
the FMS composite score does not predict injuries in youth academy soccer players25). Therefore, the heterogeneity of study 
population in previous FMS studies makes it difficult to synthesize similar outcomes in Japanese elite college soccer players.

Furthermore, the present study demonstrated that the FMS composite score has poor predictive abilities as a diagnostic 
tool for any injury type and severity. Despite the ROC analysis having shown an FMS score of ≤15 maximized sensitivity and 
specificity for a history of any injuries per person, the AUC was as low as 0.56 with a sensitivity of 76.92% and specificity 
of 34.78% in this study. A previous study suggested that the FMS score predicted identifiable risk factors of injury in profes-
sional soccer players5). Newton et al.25) however, also reported a poor predictive association between the FMS composite 
score and the ROC curve, with 0.59 in non-contact injuries, 0.63 in overuse injuries, and 0.52 in severe injuries in youth 
academy soccer players. The AUC of a ROC curve can provide evidence of the diagnostic accuracy from the screening 
examination. It was suggested that an AUC=0.5 indicates a no predictive value as a diagnostic tool, whereas AUC=1.0 
indicates a perfect test, leading to no false positive or negative results23). We clearly demonstrated that the FMS composite 
score at any cut-off value was not associated with injury risks in the present sample of Japanese elite college soccer players.

The major strengths of this study are: the 1 year follow up of the prospective design; injuries were carefully monitored 
by a physiotherapist and diagnosed by medical doctors; the injury prediction of the FMS used by Japanese college soccer 
players had never been evaluated.

Several limitations of this study should be acknowledged. First, the outcomes could have been influenced by the partici-
pants’ characteristics. We recruited soccer players from 2 university college teams. A wider population range was needed to 
minimize the width of interval estimation and to improve the reliability of the point estimation for outcome data. Second, we 
did not monitor any training for injury prevention based on the FMS score, and it may have caused a low risk of bias. Third, 
we only assessed the relationships between the FMS score and injuries but not the athletes’ performances. Therefore, we 
could not conclude that the FMS is not useful for predicting potential performance of the athletes.
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