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ABSTRACT 3 

The purpose of this study was to investigate whether the functional movement screen 4 

(FMS) could predict running injuries in competitive runners. Eighty-four competitive male 5 

runners (average age = 20.0 ± 1.1 years) participated. Each subject performed the FMS, 6 

which consisted of 7 movement tests (each score range: 0–3, total score range: 0–21), during 7 

the pre-season. The incidence of running injuries (time lost due to injury ≤4 weeks) was  8 

investigated through a follow-up survey during the 6-month season. Mann–Whitney U tests 9 

were used to investigate which movement tests were significantly associated with running 10 

injuries. The receiver-operator characteristic (ROC) analysis was used to determine the 11 

cut-off. The mean FMS composite score was 14.1 ± 2.3. The ROC analysis determined the 12 

cut-off at 14/15 (sensitivity = 0.73, specificity = 0.54), suggesting that the composite score 13 

had a low predictability for running injuries. However, the total score (0–6) from the deep 14 

squat (DS) and active straight leg raise (ASLR) tests (DS & ASLR), which were significant 15 

with the U test, had relatively high predictability at the cut-off of 3/4 (sensitivity = 0.73, 16 

specificity = 0.74). Furthermore, the multivariate logistic regression analysis revealed that the 17 

DS & ASLR scores of ≤3 significantly influenced the incidence of running injuries after 18 

adjusting for subjects’ characteristics (OR = 9.7, 95%CI [2.1 to 44.4]). Thus, the current 19 

study identified the DS & ASLR score as a more effective method than the composite score 20 

to screen the risk of running injuries in competitive male runners.  21 

KEY WORDS: Distance runner, Screening, Dynamic assessment, Risk factor  22 
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INTRODUCTION 23 

The functional movement screen (FMS) is a screening tool for injury risk that 24 

assesses the movement patterns of individuals, and which can evaluate mobility and stability 25 

comprehensively. The FMS consists of 7 component tests, each scored based on the 26 

movement patterns within the kinetic chain, asymmetries between the sides, and 27 

compensatory movements. The validity of the FMS as a predictor of injury risk has been 28 

confirmed in several studies (6,11,12,18). The first, by Kiesel et al. (11), examined the 29 

relationship between the FMS and serious injury in professional football players. They 30 

revealed that professional football players with an FMS score of ≤14 were at a greater risk of 31 

serious injury than those with higher scores (11). Other studies reported similar findings in 32 

other groups, such as officer candidates (12,18) and female collegiate athletes (6).  33 

Recently, two studies investigated normative values of FMS scores for runners. 34 

Loudon et al (13) reported the normative value for running athletes and Agresta et al. (1) 35 

reported it for healthy runners (the mean FMS composite scores were 13.1 ± 1.8 and 15.4 ± 36 

2.4, respectively). Additionally, Agresta et al. investigated the association between FMS 37 

scores and injury history. However, no prospective cohort studies have investigated the 38 

association between the FMS and running injuries. Running injuries are a serious problem for 39 

most runners, especially for competitive runners (9). Unfortunately, some runners are forced 40 

to retire from running due to serious running injuries. Previous studies reported some risk 41 

factors for running injuries, such as inadequate flexibility (25), muscle weakness and 42 

imbalance (17), and deficits in neuromuscular coordination (20). Cook (7,8) stated that these 43 

factors also caused poor movement patterns, which were reflected in the lower score of the 44 

FMS. Thus, runners with low FMS scores might have certain risk factors for running injury 45 

and become more prone to injury. In addition, although Parchmann and McBride (19) 46 

reported that the FMS was not significantly associated with sprinting, Chapman (5) revealed 47 
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that a high FMS score had a positive effect on performance in elite track and field athletes in 48 

the long view. Because athletes with a higher FMS score rarely suffered from injury, they 49 

could practice continuously and improve their performance. Therefore, we hypothesized that 50 

the FMS could predict running injuries.  51 

The receiver-operator characteristic (ROC) curve is a plot of the sensitivity versus 1 52 

– specificity of a screening test; this analysis is useful in determining the cut-off where the 53 

sensitivity and specificity are maximized. In previous studies, the ROC curve was used to 54 

determine the validity of the FMS as a predictor of injury risk (3,11,18). In addition, a cut-off 55 

value allows determining more easily whether a runner has a potential injury risk simply 56 

based on the FMS scores. Therefore, the aim of the current study was to determine the cut-off 57 

value and to investigate if the FMS score during pre-season could be used to predict running 58 

injuries in young competitive runners during season. 59 

 60 

METHODS 61 

Experimental Approach to the Problem 62 

 This study, using a prospective cohort design, investigated whether pre-season FMS 63 

scores could predict serious running injuries during the season in 18–24-year-old competitive 64 

male runners. Figure 1 illustrates the process of this study in the form of a flow chart. The 65 

subjects performed the FMS at their college during pre-season, February 2014. To minimize 66 

the influence of fatigue on the performance, the FMS tests were conducted during the 67 

daytime on the day following a non-training day according to each team’s schedule. No 68 

warm-up was included. The testing days added up to 7 days total. After the FMS test, 69 

follow-up surveys were distributed to the subjects to investigate the incidence of running 70 

injuries during the 6-month season. The follow-up surveys were conducted twice at the end 71 

of May and August 2014 to reduce a recall bias. Statistical analyses were conducted using the 72 
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data of the returned surveys. The ROC analysis determined the cut-off, and the logistic 73 

regression analysis determined if the FMS could be used for the prediction of running 74 

injuries. 75 

 76 

Subjects 77 

 A total of 84 competitive male runners volunteered to participate in the current study 78 

(mean age = 20.0 ± 1.1 years, age range = 18–24 years, height = 171.6 cm ± 4.5, weight = 79 

57.5 kg ± 4.3). For inclusion, subjects had to be competitive male runners belonging to 80 

collegiate track and field teams, who were injury-free at the time of the FMS test in 81 

pre-season, whose events were middle- or long-distance, and whose running experience 82 

exceeded 1 year. The purpose and methods of this study were explained to the subjects in 83 

detail in a verbal statement, and written informed consent was obtained from the subjects. 84 

The current study did not include athletes under the age of 18 years, thus parental or guardian 85 

consent was not needed. This study was approved by the Institutional Review Board of Kyoto 86 

University (Approval No. E2023). 87 

 88 

Procedures 89 

Before the study, the physical therapists collecting data in the current study were 90 

instructed on the FMS evaluation method by an FMS specialist. The FMS scoring criteria 91 

were used as described by Cook et al. (7,8), and they discussed standardization of the testing. 92 

On testing day, all subjects were questioned about their characteristics, such as age, 93 

height, weight, running experience, training sessions per week, weekly mileage, personal best 94 

time in their primary event in 2013, and injury history by questionnaire. To allow comparison 95 

between different events, performances were normalized to a percentage of collegiate 96 

Japanese record performances (as of March 31, 2013) (5). To assess injury history, we asked 97 
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the following question: “Have you ever suffered from musculoskeletal injury that was so 98 

severe that it required medical attention?” (6). Subsequently, all subjects were briefed on the 99 

FMS and given a demonstration of the movements. After the demonstration, all subjects 100 

performed the FMS, which consisted of 7 movement tests to comprehensively assess mobility, 101 

stability, and coordination. The 7 tests were the deep squat (DS), hurdle step (HS), in-line 102 

lunge (ILL), shoulder mobility (SM), active straight leg raise (ASLR), trunk stability push-up 103 

(TSPU), and rotary stability (RS) tests. All tests were scored using standardized scoring 104 

criteria (7,8). Each movement test was scored on a 4-point scale (0–3), and the maximal FMS 105 

score that could be achieved was 21. A score of 3 was awarded for perfect form, a score of 2 106 

was given for completing the test with compensations, a score of 1 was awarded for not 107 

completing the test accurately, and a score of 0 was given if the subjects felt any pain during 108 

the test. Each test was performed 3 times, and the highest score was used. Of the 7 tests that 109 

comprise the FMS, 5 tests (HS, ILL, SM, ASLR, and RS) were performed and scored 110 

separately for the right and left side of the body. For these bilaterally assessed tests, the lower 111 

score was used.  112 

After the FMS test, follow-up surveys were distributed to all subjects through each 113 

team’s manager to investigate the incidence of running injuries during the 6-month season. If 114 

information was missing in the questionnaires, we asked the subjects to answer the omitted 115 

questions by contacting them through the team’s managers. For the current study, the 116 

definition of running injury was a musculoskeletal injury that met the following criteria: (1) 117 

the injury occurred as a result of participating in a practice or race in track and field (trauma 118 

injuries, such as sprains, were excluded), and (2) the injury was sufficiently severe to prevent 119 

participation for at least 4 weeks; this definition was based on that used in previous studies 120 

(11,18).  121 

 122 
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Reliability 123 

Similar to a previous study (13), interrater reliability was assessed in a subgroup of 124 

10 subjects by 2 physical therapists. Interrater reliability was calculated for the FMS 125 

composite score using the intraclass correlation coefficient (ICC, model 2, 1). On the basis of 126 

the reliability coefficients, the standard error of measurement (SEM = SD × √1-ICC), the 127 

minimum difference to be considered real (MD = SEM × 1.96 × √2), and the standard error 128 

of prediction (SEP = SD√1-ICC2) were calculated (24). The Bland-Altman analysis was 129 

performed to determine whether systematic error was present. The weighed kappa statistic 130 

was used to establish the interrater reliability for each movement test of the FMS. 131 

 132 

Statistical Analyses 133 

We divided the subjects into 2 groups with and without running injuries according to 134 

the follow-up survey. Comparisons between the 2 groups were made using Student’s t-tests 135 

(for parametric continuous variables), Mann–Whitney U tests (for non-parametric continuous 136 

variables), or chi-squared tests (for categorical variables). The short version of the FMS was 137 

calculated from the movement tests that were significant according to the U tests. The ROC 138 

curve was calculated by pairing the FMS score with running injury to determine the cut-off 139 

on the FMS that maximized sensitivity and specificity according to previous studies 140 

(3,6,11,18). In this context, the FMS can be thought of as a screening test that determines if a 141 

runner is at risk for a running injury. An ROC curve is a plot of the sensitivity (true-positive) 142 

versus 1 – specificity (false-positive) of a screening test. The area under the curve (AUC) was 143 

calculated based on the ROC curve. The optimal cut-off was determined based on the Youden 144 

index, which consists of the following formula: Youden index = (sensitivity + specificity) – 1 145 

(2). Maximizing this index allows finding the optimal cut-off value. Once the cut-off value 146 

was identified, a 2 × 2 contingency table was created dichotomizing those with and without 147 
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injury, and those above and below the cut-off on the FMS. To determine whether a runner, 148 

whose FMS score was below the cut-off, had potential injury risk during season, the 149 

multivariate logistic analysis was adjusted for each subject’s characteristics including age, 150 

height, weight, running experience, training sessions per week, weekly mileage, performance 151 

level, and injury history. A value of p < .05 was considered to be statistically significant for 152 

all analyses. All data were analyzed by using the Statistical Package for the Social Sciences 153 

version 20.0 (SPSS, Inc., Chicago, IL).  154 

 155 

RESULTS 156 

In pre-season, 101 runners from 7 teams participated in the FMS. Of the 84 returned 157 

the follow-up surveys (response rate was 83.2%).  158 

 159 

Reliability 160 

Interrater reliability for the FMS composite score is shown in Table 1. ICC (2, 1) was 161 

0.98 (95% confidence interval, CI [0.93, 1.00]), demonstrating excellent reliability, and the 162 

Bland-Altman analysis revealed that there was no systematic error present (both fixed bias 163 

and proportional bias). Interrater reliability (weighted kappa) for each component movement 164 

test is presented in Table 2 and shows that the majority of the FMS tests demonstrated a 165 

substantial to excellent agreement. These results were in accordance with previous studies 166 

(10,16,22) and confirmed the reliability of the procedure in the current study. 167 

 168 

FMS Score Distribution 169 

The mean FMS composite score was 14.2 ± 2.3 with a range of 7–18. Of the 84 170 

subjects, 43 (51.2%) scored ≤14 on the FMS composite score, indicating that they had a high 171 

injury risk according to Kiesel et al. (11). Among all the subjects, 4 reported pain in the DS 172 
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and TSPU tests, 3 reported pain in the SM test, 2 reported pain in the ILL test, and 1 reported 173 

pain in the HS and RS tests, which resulted in a score of 0 for these tests.  174 

The distribution of scores for each component movement test is presented in Figure 175 

2. The SM test was the movement with the highest frequency of a score of 3 (65.5%). 176 

Conversely, the RS was the movement with the highest frequency of a score of 1 (34.5%); no 177 

subject achieved a score of 3 on this test. The DS, HS, ILL, and ASLR tests had the highest 178 

frequency of a score of 2 on each test.  179 

 180 

FMS Score and Injuries 181 

Among the 84 subjects, 15 (17.9%) experienced running injuries during the season. 182 

The comparisons between groups with and without running injuries are presented in Table 3. 183 

The mean FMS composite scores were 13.3 ± 2.7 and 14.4 ± 2.2 for subjects with and 184 

without any injury, respectively. Although, there was a trend for the injury group to have a 185 

lower score, this difference was not significant (p = .07). Of the 7 tests, the scores on the DS 186 

and ASLR tests were significant with the U test. Using the composite score of the 2 tests, we 187 

calculated a short version of the FMS, which was named “DS & ASLR” (score range: 0–6). 188 

Figure 3 shows the significant difference in the DS & ASLR score between the injured and 189 

non-injured groups, whose scores were 2.9 ± 1.0 and 4.1 ± 1.1, respectively (p < .01). 190 

The ROC curves for the FMS composite and DS & ASLR scores are presented in 191 

Figure 4. The cut-off of the FMS composite score was determined to be 14/15, which was 192 

consistent with a previous study (11). However, the ROC curve had a relatively low AUC 193 

(AUC = 0.65, p = .08), and, at this point, the sensitivity was 0.73, and the specificity was 0.46. 194 

Subjects were dichotomized into groups with FMS composite scores ≤14 and ≥15, which are 195 

presented in Table 4. Conversely, the ROC curve for the DS & ASLR score had a relatively 196 

high AUC (AUC = 0.79, p = .01), and it determined the cut-off to be 3/4 with a sensitivity of 197 
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0.73 and a specificity of 0.74 (Figure 4). Subjects were again dichotomized into groups with 198 

DS & ASLR scores ≤3 and ≥4, which are presented in Table 5. Among the subjects with a 199 

score of ≤3, 11 out of 29 had been injured during the season (injury rate: 37.9%), while 200 

among the subjects with a score of ≥4, 4 out of 55 (injury rate: 7.3%) had been injured. The 201 

logistic regression analysis revealed similar results presented in Table 6. A score of ≤14 of the 202 

composite FMS did not significantly influence the incidence of running injuries (OR = 3.0, 203 

95%CI [0.8, 11.6], p = .10). However, the same analysis revealed that a runner with a DS & 204 

ASLR score of ≤3 was significantly more likely to become injured even when adjusting for 205 

each subject’s characteristics (OR = 9.7, 95%CI [2.1, 44.4], p < .01). 206 

 207 

DISCUSSION 208 

The purpose of the current study was to investigate whether the FMS could predict 209 

running injuries in competitive male runners. The study revealed that the cut-off on the FMS 210 

was 14/15, which was in accordance with a previous study (11), but the composite score of 211 

≤14 had low predictability for running injuries. In contrast, the current study also revealed 212 

that a DS & ASLR score of ≤3 during pre-season was a more useful approach for predicting 213 

running injuries during season in 18–24 year-old competitive male runners. This is the first 214 

study to investigate the validity of the FMS as a predictor for running injuries and to establish 215 

the short version of the FMS (DS & ASLR) for screening running injuries. 216 

 217 

FMS Score Distribution  218 

The mean FMS composite score for the 18–24-year-old competitive male runners in 219 

the current study was 14.1 ± 2.3, which is similar to the results of college basketball 220 

volleyball, and soccer athletes in Warren et al.’s (23) and Chorba et al.’s (6) studies (mean 221 
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scores were 14.3 ± 2.5 and 14.3 ± 1.7, respectively). On the other hand, Loudon et al. (13) 222 

reported a mean score for male running athletes of 15.0 ± 2.4, while Agresta et al. (1) 223 

reported a mean score for healthy male runners of 13.1 ± 1.7. Although their findings slightly 224 

differ from ours, the runners in the current study had a comparable average performance as 225 

other runners. Additionally, our scores were relatively lower than the mean composite scores 226 

for professional football players (11) and officer candidates (18) (mean scores were 16.9 ± 227 

3.0 and 16.6 ± 1.7, respectively). These differences are expected to occur because distance 228 

running mainly requires cardiorespiratory endurance and does not involve as much stability 229 

and power as required by football players or candidate officers. 230 

Considering each movement test of the FMS, Figure 2 shows that the subjects 231 

performed the best on the SM test, which required mobility of the shoulder and scapula and 232 

thoracic spine extension. Since runners need to swing their arms frequently during running, 233 

SM is needed to minimize the burden from arm swing. On the other hand, the subjects 234 

performed the worst in the RS test, which requires multi-plane trunk stability during a 235 

combined upper and lower extremity motion. This result was similar to results of previous 236 

studies (1,18,21); there were only a few subjects who scored 3 on the RS test. Thus, these 237 

findings suggest that the RS test may be one of the more difficult tests of the FMS.  238 

 239 

FMS Score and Injuries 240 

The ROC analysis revealed that sensitivity and specificity were 0.73 and 0.74, 241 

respectively. Subsequently, the multivariate logistic regression analysis revealed that subjects 242 

with a score of ≤3 on the DS & ASLR were approximately 10 times more likely to have 243 

running injuries than those with a score ≥4 after adjusting for each subject’s characteristics. 244 

The relatively strong predictability of running injuries according to the DS & ASLR score 245 

was attributed to the following reasons. First, the DS test by itself had a strong predictability 246 
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of injuries, which was in accordance with the result of Butler et al.’s study (3). The DS test 247 

assesses bilateral, symmetrical mobility, especially mobility of hips, ankles, and thoracic 248 

spine, and coordination in the close kinetic chain. Renström (20) reported that poor flexibility 249 

and deficit in neuromuscular coordination can cause running injuries. Additionally, excessive 250 

pronation and knee-in during testing, which was one of the causes that decreased the score on 251 

the DS test (7), was also reported to be a risk factor for injury (15). Second, the ASLR test 252 

was also found to be related to running injuries; it assesses active hamstring and 253 

gastric-soleus flexibility while maintaining a stable pelvis. This finding agreed with the study 254 

by Yagi et al. (25), who also reported that limited SLR ability increased the injury risk in high 255 

school runners. Additionally, Lysholm et al. (14) reported that flexibility of the hamstrings 256 

was a risk factor for injury. Consequently, deficits in the DS and ASLR tests are likely to 257 

induce asymmetric or compensatory movement patterns and thus result in running injuries. 258 

Thus, the FMS contains both helpful and less helpful movement tests for predicting injury 259 

risk in competitive male runners. The HS test assesses stepping ability, which requires 260 

mobility and stability of the legs as well as coordination. The ILL test requires mobility and 261 

stability in the split stance as well as coordination. Although these 2 tests seem to be relevant 262 

for running, they were not significantly associated with incidence of running injury because 263 

most subjects received a score of 2 (91.7% for HS, 86.9% for ILL). Due to their ceiling 264 

effects, these 2 tests were ineffective in screening injury risk. As a result, the FMS composite 265 

score had low predictability. For the SM, TSPU, and RS tests, there is no solid evidence that 266 

shoulder mobility and core-stability influence the incidence of running injuries. 267 

 268 

Limitation 269 

There were several limitations in the current study. The first is the definition of 270 

injury as a running injury (lost training time ≥4 weeks). Although the current study revealed 271 
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that the DS & ASLR could predict serious running injuries, it is unclear if it could 272 

successfully screen the risk of non-serious running injuries (lost training time <4 weeks). A 273 

second limitation was the mode of collecting injury data by a self-report questionnaire due to 274 

the absence of athletic trainers in all teams. As a result, relevant details, such as type of injury, 275 

were not collected. A third limitation was that the current study was carried out among 18–276 

24-year-old competitive male runners in Japan. It is unclear whether the results can be 277 

extrapolated to other running populations such as female, older, or recreational runners. 278 

Therefore, further study is required to ensure the external validity of the DS & ASLR score 279 

for other runners. 280 

 281 

PRACTICAL APPLICATIONS 282 

First, the current study provided reliable normative data for FMS scores among 18–283 

24 year-old competitive male runners. These data can be used as reference values for strength 284 

and conditioning by professional coaches when they need to assess the injury risk of similar 285 

groups using the FMS.  286 

Additionally, the current study revealed that a score of ≥4 or ≤3 of the DS & ASLR 287 

was more useful for predicting running injuries than the FMS composite score in 18–24 288 

year-old competitive male runners. This finding is meaningful for the strength and 289 

conditioning professional who supports a similar group of athletes. First, injury risks can be 290 

screened easily by using the DS & ASLR as it only takes approximately 5 minutes. This is an 291 

advantage because time is often limited and rather spent on training. Second, it allows the 292 

strength and conditioning professional to prevent serious problems in younger runners that 293 

could result in retiring from running due to injuries. Timely prediction of injury risks allows 294 

initiating strategies for preventing injury. For example, performing hamstring and 295 

gastric-soleus stretches are effective in improving scores on the ASLR scores (8). As to the 296 
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DS test, the strength and conditioning professional or physical therapists should assess which 297 

deficit is limiting influence on this test before conducting corrective exercises. This is 298 

because the DS test is affected by many variables, such as the mobility of the hip, ankle, 299 

thoracic spine, and shoulder, the stability of the hip, and coordination (8). The current study 300 

suggests that, by improving scores on the DS & ASLR in pre-season, the incidence of 301 

running injuries in 18–24-year-old competitive male runners could be reduced. 302 

  303 
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FIGURE 1. Flow chart illustrating the process of the study. 2 
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 1 
FIGURE 2. Distribution of scores for each functional movement screen (FMS) component 2 

test. DS = deep squat, HS = hurdle step, ILL = in-line lunge, SM = shoulder mobility, ASLR 3 

= active straight leg raise, TSPU = trunk stability push-up, RS = rotary stability. 4 
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FIGURE 3. Comparison of DS & ASLR scores between groups with and without running 2 

injuries. 3 
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 1 

FIGURE 4. Receiver-operator characteristic (ROC) curves for FMS composite and DS & 2 

ASLR score. 3 
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TABLE 1. Interrater reliability for the FMS composite score. 1 

ICC 

(2, 1) 

95%C

I 

Bland-Altman plot 

SE

M 

MD

C95 

SE

P 

fixed bias 
 

proportional bias 

95%CI 
presence/ab

sence 
  

test for no 

correlation 

presence/ab

sence 

0.98 
0.93-1

.00 

-0.83-0

.43 
absence   

r = 

-0.44 

p = 

0.90 
absence 

0.3

1 
0.87 

0.4

4 

95%CI: 95% confidence interval, SEM = standard error of measurement, MDC = minimum 

difference to be considered real, SEP = standard error of prediction 

 2 
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TABLE 2. Interrater reliability for each FMS component test. 

Test Kappa Strength of agreement 

Deep squat 1.000 Excellent 

Hurdle step 1.000 Excellent 

In-line lunge 1.000 Excellent 

Shoulder mobility 1.000 Excellent 

Active straight leg raise 0.831 Substantial 

Trunk stability push-up 0.836 Substantial 

Rotary stability 1.000 Excellent 
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TABLE 3. Comparison of runners with and without running injuries during the season. 1 

Variable 
Serious running injury 

P value 
without (n = 69) with (n = 15) 

Characteristics 
   

Age (year)† 20.1 ± 1.2 19.6 ± 0.9 0.15 

Height (cm) 171.3 ± 4.3 172.7 ± 5.6 0.29 

Weight (kg) 57.3 ± 4.2 58.4 ± 5.0 0.39 

Running experience (year)† 6.9 ± 2.2 6.7 ± 2.4 0.64 

Weekly training sessions (day/week)†† 5.9 ± 0.6 5.9 ± 0.6 0.85 

Weekly mileage (km/week)† 80.9 ± 53.8 98.4 ± 57.3 0.26 

Performance (%) 87.6 ± 4.1 88.7 ± 3.6 0.34 

Injury history, (n, %)††† 34 (49.3%) 8 (53.3%) 1.00 

FMS 
   

FMS total score† 14.4 ± 2.2 13.3 ± 2.7 0.10 

Deep squat†† 1.8 ± 0.7 1.3 ± 0.7 0.01* 

Hurdles step†† 2.1 ± 0.3 2.0 ± 0.0 0.20 

In-line lunge†† 2.0 ± 0.4 1.9 ± 0.7 0.26 

Shoulder mobility†† 2.6 ± 0.8 2.5 ± 0.6 0.36 

Active straight leg raise†† 2.3 ± 0.6 1.6 ± 0.5 < 0.01** 

Trunk stability push-up†† 2.0 ± 1.0 2.5 ± 0.8 0.06 

Rotary stability†† 1.6 ± 0.5 1.6 ± 0.6 0.97 

*p < .05. **p < .01 
†Continuous data are expressed as the mean ± SD (tested by the student’s t-tests). 
††Non parametric data are expressed as the mean ± SD (tested by the Mann–Whitney U 

tests). 
†††Categorical data are expressed as numbers (percentages) (tested by the chi-squared test). 

 2 
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TABLE 4. 2 × 2 contingency table: FMS composite score × running injuries. 1 

  Running injuries 

  without with 

FMS composite score ≤14 32 11 

FMS composite score ≥15 37 4 

 2 
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TABLE 5. 2 × 2 contingency table: DS & ASLR score × running injuries. 1 

  Running injuries 

  without with 

DS & ASLR score ≤3 18 11 

DS & ASLR score ≥4 51 4 

 2 
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TABLE 6. Influence of the FMS on running injury. 1 

 
univariate  multivariate* 

  OR 95%CI P value  OR 95%CI P value 

FMS composite score ≤14 3.2 0.9-11.0 0.07  3.0 0.8-11.6 0.10 

DS & ASLR score ≤3 7.8 2.2-27.6 <0.01**  9.7 2.1-44.4 <0.01** 

 **p < .01 

*Adjusted for age, height, weight, running experience, weekly training sessions, weekly 

mileage, performance, and injury history. 

 2 
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