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Background: Soccer is the world's most popular sport for both men and women. The tests 
of athletic and functional performance are commonly used to assess physical ability and 
set performance goals. The Functional Movement Screen (FMS#) is a widely used seven-
test battery used by practitioners to provide interpretable measure of movement quality.
The main objective of the present study was to analyze the relationship between FMSTM 

results from male and female soccer players and their physical performance in diûerent 
tests. Methods: A total of twenty-eight soccer players: fourteen semi-professional males   
soccer (age: 21.29 ± 1.64 years; weight: 70.66 ± 5.29 kg; height: 171.86 ± 5.35 cm; BMI: 
20.90 ± 2.22 kg/m2) and fourteen semi-professional females and semi-professional soccer 
(age: 20.64 ±1.98 years; weight: 63.44 ± 5.83 kg; height: 166.21 ± 12.18 cm; BMI: 23.02 
± 2.50 kg/m2) were recruited for this study. Normal distribution and homogeneity tests
(Kolmogorov3Smirnov and Levene9s, respectively) were conducted on all metrics. A paired 
sample t-test was used for determining diûerences as a repeated measures analysis. All 
the participants conducted the following tests: The Functional Movement Test (FMSTM), 
10-meter linear sprint, Test 5-0-5 and Yo-Yo Intermittent Recovery Test 3 Level 1 (YYIRT 
Level 1). Results: A new t-test with data from 505 COD test showed signiûcant diûerences 
between groups, p=0.001, d=1.11, revealing faster times in male soccer players
(2.50±0.19) in respect with female9s soccer players (2.70±0.17). Crucially, a last t-test 
with data from FMS did not reveal signiûcant diûerences between groups. Multiple 
regression for V02max revealed signiûcant eûects (r = 0.55, r2= 0.30, adjusted r2= 0.24, F=
5.21, p=0.04 and standard error= 2.20). On the other hand, multiple regression for 10-
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meter sprint showed signiûcant eûects (r = 0.58, r2= 0.33, adjusted r2= 0.28, F= 5.98,
p=0.03). The impact of these factors on the correlation between FMSTM scores and physical
performance measures can vary among individuals. This study demonstrates the limited
ability of FMS to detect motion compensation that may aûect athletic performance in
female athletes.
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21 ABSTRACT

22 Background: Soccer is the world's most popular sport for both men and women. The Tests of 

23 athletic and functional performance are commonly used to assess physical ability and set 

24 performance goals. The Functional Movement Screen (FMS�) is a widely used seven-test 

25 battery used by practitioners to provide interpretable measure of movement quality. The main 
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26 objective of the present study was to analyze the relationship between FMSTM results from male 

27 and female soccer players and their physical performance in different tests.

28 Methods: A total of twenty-eight soccer players: fourteen male and semi-professional soccer 

29 (age: 21.29 ± 1.64 years; weight: 70.66 ± 5.29 kg; height: 171.86 ± 5.35 cm; BMI: 20.90 ± 2.22 

30 kg/m2) and fourteen male and semi-professional soccer (age: 20.64 ±1.98 years; weight: 63.44 ± 

31 5.83 kg; height: 166.21 ± 12.18 cm; BMI: 23.02 ± 2.50 kg/m2) were recruited for this study. 

32 Normal distribution and homogeneity tests (Kolmogorov�Smirnov and Levene�s, respectively) 

33 were conducted on all metrics. A paired sample t-test was used for determining differences as a 

34 repeated measures analysis. All the participants conducted the following tests: The Functional 

35 Movement Test (FMSTM), 10-meter linear sprint, Test 5-0-5 and Yo-Yo Intermittent Recovery 

36 Test � Level 1 (YYIRT Level 1).

37 Results: A new t-test with data from 505 COD test showed significant differences between 

38 groups, p=0.001, d=1.11, revealing faster times in male soccer players (2.50±0.19) in respect 

39 with female�s soccer players (2.70±0.17). Crucially, a last t-test with data from FMS did not 

40 reveal significant differences between groups. Multiple regression for V02max revealed significant 

41 effects (r = 0.55, r2= 0.30, adjusted r2= 0.24, F= 5.21, p=0.04 and standard error= 2.20). On the 

42 other hand, multiple regression for 10-meter sprint showed significant effects (r = 0.58, r2= 0.33, 

43 adjusted r2= 0.28, F= 5.98, p=0.03). The impact of these factors on the correlation between 

44 FMSTM scores and physical performance measures can vary among individuals. This study 

45 demonstrates the limited ability of FMS to detect motion compensation that may affect athletic 

46 performance in female athletes.

47 Keywords: physical condition, young adults, human movement, FMSTM, functional screening
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49 INTRODUCTION

50 Soccer is the world's most popular sport for both men and women, with 1.1 million 

51 federation licenses in Spain (MECD, 2023) and the requirements of which combine physical, 

52 technical and tactical skills for optimal performance (Dolci et al., 2020). Commonly, tests are 

53 used to assess levels of physical fitness that provide information on musculoskeletal and 

54 cardiopulmonary status, however, there is a lack of knowledge on functional patterns. Movement 

55 dysfunction means that muscle and joint actions are not normal when performing a specific 

56 movement or this movement is compensated by other muscle and joint. Although it was 

57 recognized in the field of sport science that dysfunctional movement could promote the 

58 development of injuries and decrease performance, it was in the 2000s that several assessment 

59 tools were developed, with the Functional Movement Screen (FMSTM) developed by Cook et al. 

60 (2006) as an effective test battery to prevent sports injuries in athletes. Furthermore, Kramer et 

61 al. (2019) studied the relationship between the FMSTM and sports performance, founding a 

62 significant correlation in the FMSTM parameters and tests such as longitudinal and vertical jump, 

63 and agility, indicating that it could be implemented both to anticipate sports injuries and to 

64 predict the performance of athletes. Many investigators have taken this into consideration, 

65 resulting in a rapid growth of the interest on the links between physical fitness and functional 

66 movement assessment in the last two decades. Nevertheless, to the best of our knowledge, there 

67 are not enough research investigating this important topic (Marques et al., 2017a).

68 Concerning the assessment of sport performance in soccer, the most commonly used 

69 physiological and physical fitness assessment includes tests to measure the linear and change-of-

70 direction speed, cardiovascular capacity, anaerobic power, lower-body power and strength, 

71 flexibility, and technical skills (Slimani & Nikolaidis, 2018). However, not many options are 
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72 available to assess movement patterns into daily sport practice. The FMSTM was developed to 

73 bridge this gap (Cook et al., 2006, 2014; Kramer et al., 2019).

74 One of the most relevant capacities for practice and competition in this sport would be 

75 strength, being considered a pillar of joint stabilization of the hip, knee and ankle (dos Santos 

76 Andrade et al., 2017) and for successful rehabilitation and readaptation after an injury (Pérez-

77 Gómez et al, 2020). In addition, it is important to consider that the structure of the competition 

78 has changed in recent decades towards a more dynamic and faster playing style. Examples of this 

79 are shorter ball contact times, increasing number of passes in a match, higher player work 

80 density and quicker transitions (dos Santos Andrade et al., 2017; Wallace & Norton, 2014).Therefore, 

81 players are required to apply accelerations, jumps, running at medium and maximum speed, 

82 sprints or changes-of-direction (COD) in a match, being a sport of an intermittent nature (Pardos-

83 Mainer et al., 2021; Slimani & Nikolaidis, 2018). Consequently, speed testing has become a standard 

84 element of performance assessments and for this reason, some of the more soccer-specific tests 

85 used in practice involve linear sprinting over various distances, including acceleration and 

86 maximum speed phases. The linear sprint 10-meter performance and the COD measured via the 

87 5-0-5 agility test are commonly performedance (Kadlubowski et al., 2021). Cardiovascular fitness,

88 measured through maximal oxygen consumption (VO2max), is also an essential component for 

89 performing and recovering efficiently from the high intensity actions that occur during 

90 competitions, as well as for remaining in good physical condition until the end of the match. In 

91 this regard, the Yo-Yo intermittent recovery test (YYIRTL) Level 1 is one of the regular options 

92 to estimate aerobic fitness in soccer players (Bok & Foster, 2021).

93 Finally, in order to complete the evaluation, it would be appropriate to consider the 

94 overall condition of the movement patterns, as one of the most effective and direct ways to detect 
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95 muscle deficits, postural misalignments and lack of joint mobility that have an impact on 

96 performance and, especially, injury prevention. The FMSTM is presented as a low-cost, 

97 noninvasive, and effective test of assessing essential movement patterns in soccer players 

98 (Kramer et al., 2019a; Lim et al., 2020). The main objective of the present study was to analyze 

99 the relationship between FMSTM results from male and female soccer players and their physical 

100 performance in different tests.

101 Materials & Methods

102 Participants

103 A total of twenty-eight soccer players: fourteen male and semi-professional soccer (age: 

104 21.29 ± 1.64 years; weight: 70.66 ± 5.29 kg; height: 171.86 ± 5.35 cm; BMI: 20.90 ± 2.22 

105 kg/m2) and fourteen male and semi-professional soccer (age: 20.64 ±1.98 years; weight: 63.44 ± 

106 5.83 kg; height: 166.21 ± 12.18 cm; BMI: 23.02 ± 2.50 kg/m2) were recruited for this study. To 

107 calculate the sample size the following equation was used: Sample Size = Z2 × (p) × (1  p)/C2, 

108 where Z = confidence level (95%); p = 0.05 and C = margin of error 0.05.

109 The inclusion criteria for this study were (i) they had  years of competitive experience, 

110 (ii) they had not been injured in the last 2 months, (iii) they attended 80% of the training

111 sessions. If any of the players did not meet any of the inclusion criteria, they could not 

112 participate in the study. The training sessions were divided into a warm-up, a main part, and a 

113 cool-down. The duration of the sessions was 90 minutes and they trained 3 days a week plus 

114 match day.

115 The research was conducted according to the ethical principles of the Helsinki declaration for 

116 research involving human subjects and was approved by a local university scientific board 
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117 (code:2021/89). All participants were informed of the main aims of the study and signed the 

118 informed consent before the start of the study. Athletes were treated according to the guidelines 

119 of the American Psychological Association (APA), to ensure the anonymity of the study 

120 participants.

121 Measures

122 Body mass and height assessment

123 A SECA 213 model (SECA, Hamburg, Germany) was used to assess body mass and height. 

124 During the measurement, all subjects were barefoot and shirtless. For the measurement of body 

125 composition, a TANITA (BC-602-MB) was used, and the subjects were asked to remove their 

126 shoes and to stand upright and motionless during the measurement. With the scale we evaluated 

127 the parameters: body weight, % fat mass, % muscle mass, bone mass, BMI, kilocalories, % water 

128 and visceral fat.

129 The Functional Movement Test (FMSTM)

130 The Functional Movement Test (FMSTM) is an assessment tool that attempts to assess the 

131 fundamental movement patterns of an individual; a tool of detection such as this offers a 

132 different approach to injury prevention and performance predictability. Deficits in mobility and 

133 stability of the joints potentially predispose athletes and the average population to an increased 

134 risk of injury, as optimal movement patterns can possibly prevent and reduce that risk. The 

135 FMSTM is made up of seven fundamental movement patterns that require a balance of mobility 

136 and stability. These movement patterns are designed to provide an observable performance of the 

137 basic movements of locomotion, manipulation, and stabilization. The tests place the athlete in 
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138 extreme positions where weaknesses and imbalances become apparent if stability and 

139 consistency are not used for adequate mobility (Cook et al., 2006, 2014).

140 The FMSTM test consists of 7 exercises to measure movement quality through the FMS test: 

141 overhead squat, hurdle step, lunge, shoulder mobility, stability with rotation, leg raise and trunk 

142 stability with flexion. Scores range from 0 to 3, with 3 being the best possible score as 

143 recommended by Cook, Burton and Hoogenboom (2006, 2014). An athlete receives a score of 

144 zero if at any time during exercise pain is felt anywhere in the body. If pain is present, a score of 

145 0 is awarded and the area of the body that hurts is noted. A score of 1 point is awarded if the 

146 person cannot complete the movement pattern or cannot assume the position to perform the 

147 movement. A score of 2 points is still awarded if the athlete can complete the movement but 

148 must compensate in some way to perform the fundamental movement. And finally, a score of 3 

149 points is awarded if the person performs the movement correctly without any compensation. 

150 Specific comments should be noted defining why a score of 3 points was not obtained.

151 10-meter linear sprint

152 The 10-meter linear sprint test includes acceleration and maximum speed phase. In this study, the 

153 10-meter sprint a component of 505 COD test and consists of 10 meters of running split by 5

154 meters of initial sprint, a turn, and 5 meters of final sprint (Rouissi et al., 2017). 

155 Test 5-0-5 

156 The 505 COD test is a deceleration-change of direction test. The 505-agility test was conducted 

157 as follows:
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158 Change of direction was assessed using the 5-0-5 COD test Chronojump-Bosco system® 

159 (Barcelona, Spain) photocells developed de Blas et al. (2012) were used for data collection. This 

160 test mainly measured the athletes' ability to change direction. For data collection, the test had to 

161 be performed 3 times with a 3' rest between each run. The athlete ran from the 15 m marker to 

162 the line and across the 5m markers, made the turnaround turn after passing the line with both feet 

163 and ran back across the 5m markers. Time was stopped once the athlete passed the 10-meter line 

164 where the photocells were located for the second time.

165 Yo-Yo Intermittent Recovery Test � Level 1 (YYIRT Level 1)

166 The test was performed following the guidelines of Gonzalez-Fernandez et al. The 

167 YYIRT Level 1 consists of 4 initial out-and-back runs (from 0 to 160 m) at 10-13 km/h and 7 

168 runs (from 160 to 440 m) at 13.5-14 km/h. Subsequently, the running speed continues to increase 

169 progressively by 0.5 km/h every 8 runs until the participant fails to reach the finish line in time 

170 on two occasions. The number of levels finished, and the total distance covered in meters at the 

171 end of the test were recorded. 

172 Procedures 

173 The measurements in the study were taken in two sessions before the start of the training 

174 session (from 18:00 to 20:00). It is important to note that the evaluations were carried out during 

175 the season between February and March. In the first session, anthropometric measurements were 

176 taken to measure body composition and then the FMSTM tests were performed. The tests took 

177 place in a private room near the changing rooms with a stable temperature of 22°C and a relative 

178 humidity of 52%. In another session, the fitness assessments took place on a synthetic turf field 

179 with an average temperature of 23.5°C and a relative humidity of 70°C ± 3%, and during the 
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180 assessments there was no wind or rain. Before each assessment, the participants performed a 

181 warm-up consisting of different phases: a general activation phase with five minutes of jogging, 

182 general and specific joint mobility, dynamic stretching, and a gesture-specific warm-up. The 

183 warm-up consisted of general joint mobility, five minutes of jogging at moderate speed and the 

184 following self-loading exercises: 15 squats including heel raises at the end of the gesture, 15 

185 anteversion-retroversion movements of the pelvis, 15 external-internal rotation movements of the 

186 hip in standing position and 10 monopodial dead weight lifts. 

187 Statistical Procedures 

188 Data are presented as mean ± standard deviation (SD) or percentages. Normal distribution 

189 and homogeneity tests (Kolmogorov�Smirnov and Levene�s, respectively) were conducted on all 

190 metrics. A paired sample t-test was used for determining differences as a repeated measures 

191 analysis (Female soccer players and Male Soccer Players). The correlation was presented using 

192 the Pearson correlation coefficient (r), and the effect size (d) was calculated through Cohen�s d  

193 (Cohen, 1992). The interpretation of the d regardless of the sign, followed the scale: very small 

194 (0.01), small (0.20), medium (0.50), large (0.80), very large (1.20), huge (2.0) as initially 

195 suggested by Cohen and expanded by Savilowky et al. (2009). In addition, multiple regression 

196 analysis was used to model the prediction of FMS from the remaining variables. In this 

197 regression analysis, all variables were examined separately. Data were analyzed using SPSS v.26 

198 (SPSS Inc., Chicago, IL).

199 RESULTS

200 Descriptive statistics were calculated for each variable (Table 1).
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201 ***Table 1***

202 A paired sample t-test was used for determining differences as a repeated measures 

203 analysis (Female soccer players and Male Soccer Players).  A t-test with data from Yo-Yo 

204 Intermittent Recovery Test�Level 1, and V02max estimated showed significant differences 

205 between groups, p=0.01, d=-1.02. In this sense, dataset revealed higher distances in male soccer 

206 players (51.12ñ.2.53) in respect with female�s soccer players (48.36ñ2.89). A new t-test with 

207 data from 505 COD test showed significant differences between groups, p=0.001, d=1.11, 

208 revealing faster times in male soccer players (2.50ñ0.19) in respect with female�s soccer players 

209 (2.70ñ0.17). In the same line, another t-test with data from 10-meter sprint showed significant 

210 differences between groups, p=0.001, d=1.24, reflecting faster times in male soccer players 

211 (1.77ñ0.11) in respect with female�s soccer players (1.90ñ0.10). Crucially, a last t-test with data 

212 from FMS did not reveal significant differences between groups [males soccer players 

213 (16.29ñ1.64) and females soccer players (15.86ñ2.48)]. See Table 1 For more information.

214 Posteriorly, a correlation analysis was performed between V02max and FMSTM Scores for 

215 male soccer players and female soccer players and dataset revealed a large positive significant 

216 correlation for male soccer players, r=0.55, p=0.04, but did not reveal significant correlation for 

217 females� soccer players, r=0.13, p=0.65. In the same address, a new correlation analysis between 

218 FMSTM Scores and 505 COD test showed a large negative correlation for male soccer players, 

219 r=-0.58, p=0.03, however did not showed significant correlation for females� soccer players, r=-

220 0.37, p=0.20. Last, a new correlation analysis between FMSTM Scores and 10-meter sprint did 

221 not revealed significant correlation for both groups, males: r=-0.18, p=0.53 and females: r=-0.28, 

222 p=0.34 (More information in figure 1).
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223

224 *** Figure 1*** *** Figure 2***

Figure 1. Correlations analysis between 

FMSTM Scores andV02max. 

Figure 2. Correlations analysis between 

FMSTM Scores andV02max.

225

226 Finally, a multiple regression analysis was performed to verify which fitness values, 

227 (agreement with the correlation analysis), could be used to better explain the importance of 

228 FMSTM Scores. On the one hand, multiple regression for V02maxrevealed significant effects (r = 

229 0.55, r2= 0.30, adjusted r2= 0.24, F= 5.21, p=0.04 and standard error= 2.20). On the other hand, 

230 multiple regression for 10-meter sprint showed significant effects (r = 0.58, r2= 0.33, adjusted r2= 

231 0.28, F= 5.98, p=0.03 and standard error= 0.16). 

232

233 DISCUSSION

234 The main objective of the present study was to analyze the relationship between FMS 

235 results from male and female soccer players and their physical performance in different tests. 

236 The FMS is a low-cost, noninvasive, and effective test of assessing essential movement patterns 

237 (Marques et al., 2017b; Medeiros et al., 2019).Literature research shows that the FMS is a 

238 method that establishes good reliability (Minick et al., 2010; Shultz et al., 2013)and specificity in 

239 detectingathletes who are more likely to suffer a sport injury(Asgari et al., 2021; Serenko&

240 Lafontaine, 2018).
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241 Males had a superior performance in all tests of physical abilities (V02max, 505 COD and 10-

242 meter sprint). Through youth to adulthood, typical reference data indicate that males have a 

243 greater propensity for musculoskeletal strength and power than females, therefore, the results of 

244 the physical performance tests were expected (Kramer et al., 2019b; Lesinski et al., 2020). In this 

245 study, females and males did not show a greater success between each other in the FMSTMscores. 

246 Through the literature on the FMSTM, there is conflicting evidence regarding the presence of sex 

247 differences in the total FMSTM score (Chimera et al., 2015; Paszkewicz et al., 2013). Following 

248 (Domaradzki &Ko{lenia, 2020) demonstrated that males have a higher degree of conscientiousness 

249 than females regarding the total FMS score. However, recent research has demonstrated that 

250 females have a higher performance when evaluating composite scores in FMSTM(Thomas et al., 

251 2023). Consequently, this study provides another example of sex comparison via the composite 

252 FMSTM score, specifically in female and male soccer players.

253 While there may be general differences in physical performance between males and females due 

254 to biological factors such as muscle mass and hormonal variations(Ansdell et al., 2020), it is 

255 important to recognize that individuals within each gender can have a wide range of abilities and 

256 capabilities. Many females can perform exceptionally well on the FMS(Domaradzki & Ko{lenia,

257 2020), and there are numerous examples of highly skilled females� athletes across a variety of 

258 sports(Ansdell et al., 2020; Korobeynikov et al., 2020; Strykalenko et al., 2020). In this context, 

259 no correlations are found between FMSTM and physical performance in females in this study. 

260 Research examining the relationship between the FMSTM and physical performance in females 

261 has yielded mixed results. Some studies have found weak to moderate correlations between 

262 FMSTM scores and measures of physical performance, such as jumping, agility, or speed tests, in 

263 females(Davies et al., 2022; Kramer et al., 2019b; Lockie et al., 2015). These correlations 
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264 suggest that individuals with better movement quality on the FMSTM tend to perform better on 

265 certain physical performance measures(Davies et al., 2022). However, it is important to note that 

266 the FMSTM is primarily designed as a screening tool to identify movement dysfunctions or 

267 imbalances, rather than being directly linked to specific athletic performance outcomes (Farley et 

268 al., 2020). These results suggest that female athletes should be able to show a great range of 

269 motion (ROM) in different tasks. However, as will be explained, this study also showed that 

270 greater ROM as measured by FMSTM was not associated with better physical performance. 

271 Therefore, strength and conditioning coaches should be aware that flexibility measures obtained 

272 from the FMSTM may have limited impact on females' specific sport performance.

273 Otherwise, men show a relationship between the results in the FMSTM test and VO2max, this 

274 result is one of the findings of the present study that differs from those found in the literature 

275 since several studies have shown that there isn't a direct correlation or causation established 

276 between both in scientific literature(Fbases et al., 2021). However, it's reasonable to speculate 

277 that a player with a high VO2 max and good movement quality (as assessed by FMSTM) might 

278 have an overall advantage in soccer due to a combination of good aerobic fitness and low risk of 

279 movement-related injury(Pfeifer, 2017). It's worth noting that both FMSTM and VO2 max can be 

280 influenced by targeted training, so soccer training programs often incorporate elements designed 

281 to improve both movement quality and aerobic fitness  2018).

282 Likewise, men showed a relationship between FMSTM and the change of direction. The 

283 association between FMSTM and agility in males may be attributed to the similar patterns of 

284 coordination between the tests(McGill, 2010) .During maneuvers that require changing 

285 directions or completing tasks, the individual is tasked with maintaining their single leg stability 

286 and core activation, this is similar to the core activation and single leg stability required during 
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287 the rotary motion and in-line lunge of the FMSTM(Prieske et al., 2016). Additionally, proper core 

288 activation is crucial to the fundamental movements in sport (e.g., the agility change of direction 

289 test), it's also important in the development and transmission of force through the kinetic chain 

290 (Hung et al., 2019; Zemková & Zapletalová, 2022). Nevertheless, some research suggests that there 

291 might not be a direct correlation between FMSTM scores and athletic performance measures like 

292 COD (Bennett et al., 2022). This is because the FMSTM assesses fundamental movement 

293 patterns, which are only a part of the complex set of skills required in COD, such as speed, 

294 agility, strength, and sport-specific skills.

295 On the other hand, males did not show any relationship between FMS and 10-meter sprint. This 

296 could be explained because performance tests may focus on specific skills such as sprinting, 

297 jumping, throwing, or sport-specific movements(Kramer et al., 2019). These tests are often 

298 designed to assess an individual's ability to generate power, speed, or accuracy in a particular 

299 activity(Parr et al., 2020; Wagner et al., 2019). While these tests may require good movement 

300 mechanics, they may not necessarily require the same level of range of motion as the FMSTM. 

301 For instance, through the FMSTM deep squat test, a position in which �the femur is under 

302 horizontal� is required for a maximum score. In contrast, outcomes in the 10-meter sprint or 

303 other similar tests are not dependent on the use of a full range of motion.

304 The empirical results reported herein should be considered in the light of some limitations. The 

305 limitations of this study include the total number of participants, it is necessary to expand the 

306 sample in order to obtain more significant results. Another limitation is the collection of data at a 

307 single moment in time during the season. Future studies assessing FMSTM and physical 

308 performance measurements at the beginning and end of specific individual training periods to 
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309 improve movement quality will help to better understand the impact of FMSTM improvements on 

310 physical performance outcomes, bringing clarity to this topic.

311 CONCLUSIONS

312 This research's findings demonstrate the necessity of utilizing and applying multiple field-based 

313 tests to evaluate the movement and capabilities of physical performance in sports professionals 

314 and strength and conditioning coaches. The FMSTM focuses on fundamental movement patterns 

315 and aims to identify any limitations or asymmetries that may increase the risk of injury or impact 

316 overall movement quality. Additionally, it's crucial to consider individual variations and factors 

317 such as training background, fitness level, and sport-specific demands when interpreting the 

318 relationship between the FMSTM and physical performance in both sexes. The impact of these 

319 factors on the correlation between FMSTM scores and physical performance measures can vary 

320 among individuals. This study demonstrates the limited ability of FMS to detect motion 

321 compensation that may affect athletic performance in female athletes. Strength and conditioning 

322 coaches may find it more valuable to use other methods to assess females' athletic weaknesses.

323

324 ACKNOWLEDGEMENTS

325 We thank the female and male semi-proffesionals occer players and those responsible for the 

326 team, for their collaboration and participation in the study. 

327 ADDITIONAL INFORMATION AND DECLARATIONS

328 Funding. This research received no external funding. 

PeerJ reviewing PDF | (2023:07:88677:0:2:NEW 5 Aug 2023)

Manuscript to be reviewed

rev
Highlight

rev
Sticky Note
This phrase does not make sense in the context of the first part.



329 Competing interests. The authors declare that they have no competing interests.

330 Authors contributions. Conceptualization, F.T.G.F. and R.M.M., methodology, F.T.G.F. and 

331 R.M.M., data collection, R.M.M., F.T.G.F., L.R.G, B.M.V.,analysis, F.T.G.F. writing�original

332 draft preparation, R.M.M., F.T.G.F., L.R.G, B.M.V., writing�review and editing, F.M.C., and 

333 A.L.G. All authors have read and agreed to the published version of the manuscript.

334 Institutional Review Board Statement: The study was conducted according to the guidelines of 

335 the Declaration of Helsinki and approved by the Research Ethics Committee of the University of 

336 Comillas (code: 2021/89).

337 Informed Consent Statement: The participants were informed about the objectives of the 

338 investigation and signed consent forms detailing their possible benefits and risks. Participants 

339 were informed that they could revoke the participation agreement at any time. All participants 

340 were verbally informed and asked to provide consent prior to the intervention. The participants 

341 were fully debriefed about the purpose of the study at the end of the experiments. 

342 Data Availability. The datasets generated and analyzed during and analyzed during the current 

343 study are available from F.T.G.F. on reasonable request. 

344 REFERENCES

345 Ansdell, P., Thomas, K., Hicks, K. M., Hunter, S. K., Howatson, G., & Goodall, S. (2020). Physiological 
346 sex differences affect the integrative response to exercise: acute and chronic implications. 
347 Experimental Physiology, 105(12), 2007�2021. https://doi.org/10.1113/EP088548

348 Asgari, M., Alizadeh, S., Sendt, A., & Jaitner, T. (2021). Evaluation of the Functional Movement Screen 
349 (FMS) in Identifying Active Females Who are Prone to Injury. A Systematic Review. In Sports 

350 Medicine - Open (Vol. 7, Issue 1). https://doi.org/10.1186/s40798-021-00380-0

351 Bennett, H., Fuller, J., Milanese, S., Jones, S., Moore, E., & Chalmers, S. (2022). Relationship Between 
352 Movement Quality and Physical Performance in Elite Adolescent Australian Football Players. 
353 Journal of Strength and Conditioning Research, 36(10). 
354 https://doi.org/10.1519/JSC.0000000000003903

PeerJ reviewing PDF | (2023:07:88677:0:2:NEW 5 Aug 2023)

Manuscript to be reviewed

rev
Highlight



355 Bok, D., & Foster, C. (2021). Applicability of Field Aerobic Fitness Tests in Soccer: Which One to 
356 Choose? Journal of Functional Morphology and Kinesiology, 6(3). 
357 https://doi.org/10.3390/jfmk6030069

358 Chimera, N. J., Smith, C. A., & Warren, M. (2015). Injury history, sex, and performance on the functional 
359 movement screen and Y balance test. Journal of Athletic Training, 50(5). 
360 https://doi.org/10.4085/1062-6050-49.6.02

361 Cohen, J. (1992). Quantitive Methods in Psychology. Psychological Bulletin, 112(1), 155�159.

362 Cook, G., Burton, L., & Hoogenboom, B. (2006). Pre-participation screening: the use of fundamental 
363 movements as an assessment of function - part 1. North American Journal of Sports Physical 

364 Therapy/: NAJSPT, 1(2), 62�72.

365 Cook, G., Burton, L., Hoogenboom, B. J., & Voight, M. (2014). Functional movement screening: the use 
366 of fundamental movements as an assessment of function-part 2. International Journal of Sports 

367 Physical Therapy, 9(4), 549�563.

368 Davies, K. F., Sacko, R. S., Lyons, M. A., & Duncan, M. J. (2022). Association between Functional 
369 Movement Screen Scores and Athletic Performance in Adolescents: A Systematic Review. In Sports 
370 (Vol. 10, Issue 3). https://doi.org/10.3390/sports10030028

371 de Blas, X., Padullés, J. M., López del Amo, J. L., & Guerra-Balic, M. (2012). Creation and Validation of 
372 Chronojump-Boscosystem: A Free Tool to Measure Vertical Jumps. (Creación y validación de 
373 Chronojump-Boscosystem: un instrumento libre para la medición de saltos verticales). RICYDE. 

374 Revista Internacional de Ciencias Del Deporte, 8(30), 334�356. 
375 https://doi.org/10.5232/ricyde2012.03004

376 Domaradzki, J., &  D. (2020). Reliability of functional movement screen and sexual 
377 differentiation in fms scores and the cut-off point among amateur athletes. Trends in Sport Sciences, 
378 27(2). https://doi.org/10.23829/TSS.2020.27.2-5

379 dos Santos Andrade, M., Mascarin, N. C., Foster, R., de Jármy di Bella, Z. I., Vancini, R. L., & Barbosa 
380 de Lira, C. A. (2017). Is muscular strength balance influenced by menstrual cycle in female soccer 
381 players? The Journal of Sports Medicine and Physical Fitness, 57(6). 
382 https://doi.org/10.23736/S0022-4707.16.06290-3

383 Farley, J. B., Barrett, L. M., Keogh, J. W. L., Woods, C. T., & Milne, N. (2020). The relationship between 
384 physical fitness attributes and sports injury in female, team ball sport players: a systematic review. 
385 In Sports Medicine - Open (Vol. 6, Issue 1). https://doi.org/10.1186/s40798-020-00264-9

386 Fbases, E. R., Burden, R., & Hicks, K. (2021). The British Association of Sport and Exercise Sciences 
387 abstracts. Journal of Sports Sciences, 39, 2�3. https://doi.org/10.1080/02640414.2021.1978748

388 Hung, K. C., Chung, H. W., Yu, C. C. W., Lai, H. C., & Sun, F. H. (2019). Effects of 8-week core 
389 training on core endurance and running economy. PLoS ONE, 14(3). 
390 https://doi.org/10.1371/journal.pone.0213158

391 Kadlubowski, B., Keiner, M., Stefer, T., Kapsecker, A., Hartmann, H., & Wirth, K. (2021). Influence of 
392 linear-sprint performance, concentric power and maximum strength on change of direction 
393 performance in elite youth soccer players. German Journal of Exercise and Sport Research, 51(1), 
394 116�121. https://doi.org/10.1007/s12662-020-00692-5

PeerJ reviewing PDF | (2023:07:88677:0:2:NEW 5 Aug 2023)

Manuscript to be reviewed



395 Korobeynikov, G., Shtanagey, D., Ieremenko, N., Aksiutin, V., Danko, T., Danko, G., Goletc, A., 
396 Korobeynikova, L., Maximovich, N., Dudorova, L., & Kolumbet, A. (2020). Evaluation of the speed 
397 of a complex visual-motor response in highly skilled female boxers. Journal of Physical Education 

398 and Sport, 20(4). https://doi.org/10.7752/jpes.2020.04235

399 Kramer, T. A., Sacko, R. S., Pfeifer, C. E., Gatens, D. R., Goins, J. M., & Stodden, D. F. (2019a). THE 
400 ASSOCIATION BETWEEN THE FUNCTIONAL MOVEMENT SCREENTM, Y-BALANCE 
401 TEST, AND PHYSICAL PERFORMANCE TESTS IN MALE AND FEMALE HIGH SCHOOL 
402 ATHLETES. International Journal of Sports Physical Therapy, 14(6), 911�919.

403 Kramer, T. A., Sacko, R. S., Pfeifer, C. E., Gatens, D. R., Goins, J. M., & Stodden, D. F. (2019b). THE 
404 ASSOCIATION BETWEEN THE FUNCTIONAL MOVEMENT SCREENTM, Y-BALANCE 
405 TEST, AND PHYSICAL PERFORMANCE TESTS IN MALE AND FEMALE HIGH SCHOOL 
406 ATHLETES. International Journal of Sports Physical Therapy, 14(6), 911. 
407 https://doi.org/10.26603/ijspt20190911

408 Lesinski, M., Schmelcher, A., Herz, M., Puta, C., Gabriel, H., Arampatzis, A., Laube, G., Busch, D., & 
409 Granacher, U. (2020). Maturation-, age-, and sex-specific anthropometric and physical fitness 
410 percentiles of German elite young athletes. PLoS ONE, 15(8 August). 
411 https://doi.org/10.1371/journal.pone.0237423

412 Lim, K.-H., Seo, T.-B., & Kim, Y.-P. (2020). Relationship between movement dysfunctions and sports 
413 injuries according to gender of youth soccer player. Journal of Exercise Rehabilitation, 16(5), 427�
414 431. https://doi.org/10.12965/jer.2040650.325

415 Lockie, R. G., Schultz, A. B., Callaghan, S. J., Jordan, C. A., Luczo, T. M., & Jeffriess, M. D. (2015). A 
416 preliminary investigation into the relationship between functional movement screen scores and 
417 athletic physical performance in female team sport athletes. Biology of Sport, 32(1). 
418 https://doi.org/10.5604/20831862.1127281

419 Marques, V. B., Medeiros, T. M., de Souza Stigger, F., Nakamura, F. Y., & Baroni, B. M. (2017a). THE 
420 FUNCTIONAL MOVEMENT SCREEN (FMSTM) IN ELITE YOUNG SOCCER PLAYERS 
421 BETWEEN 14 AND 20 YEARS: COMPOSITE SCORE, INDIVIDUAL-TEST SCORES AND 
422 ASYMMETRIES. International Journal of Sports Physical Therapy, 12(6), 977�985.

423 Marques, V. B., Medeiros, T. M., de Souza Stigger, F., Nakamura, F. Y., & Baroni, B. M. (2017b). THE 
424 FUNCTIONAL MOVEMENT SCREEN (FMSTM) IN ELITE YOUNG SOCCER PLAYERS 
425 BETWEEN 14 AND 20 YEARS: COMPOSITE SCORE, INDIVIDUAL-TEST SCORES AND 
426 ASYMMETRIES. International Journal of Sports Physical Therapy, 12(6). 
427 https://doi.org/10.26603/ijspt20170977

428 McGill, S. (2010). Core training: Evidence translating to better performance and injury prevention. In 
429 Strength and Conditioning Journal (Vol. 32, Issue 3). 
430 https://doi.org/10.1519/SSC.0b013e3181df4521

431 MECD. (2023). Estadística de deporte federado.

432 Medeiros, D. M., Miranda, L. L. P., Marques, V. B., de Araujo Ribeiro-Alvares, J. B., & Baroni, B. M. 
433 (2019). ACCURACY OF THE FUNCTIONAL MOVEMENT SCREEN (FMS TM ) ACTIVE 
434 STRAIGHT LEG RAISE TEST TO EVALUATE HAMSTRING FLEXIBILITY IN SOCCER 

PeerJ reviewing PDF | (2023:07:88677:0:2:NEW 5 Aug 2023)

Manuscript to be reviewed

rev
Highlight

rev
Highlight

rev
Highlight

rev
Highlight

rev
Highlight



435 PLAYERS . International Journal of Sports Physical Therapy, 14(6). 
436 https://doi.org/10.26603/ijspt20190877

437 Minick, K. I., Kiesel, K. B., Burton, L., Taylor, A., Plisky, P., & Butler, R. J. (2010). Interrater reliability 
438 of the functional movement screen. Journal of Strength and Conditioning Research, 24(2). 
439 https://doi.org/10.1519/JSC.0b013e3181c09c04

440 Pardos-Mainer, E., Lozano, D., Torrontegui-Duarte, M., Cartón-Llorente, A., & Roso-Moliner, A. (2021). 
441 Effects of Strength vs. Plyometric Training Programs on Vertical Jumping, Linear Sprint and 
442 Change of Direction Speed Performance in Female Soccer Players: A Systematic Review and Meta-
443 Analysis. International Journal of Environmental Research and Public Health, 18(2), 401. 
444 https://doi.org/10.3390/ijerph18020401

445 Parr, J., Winwood, K., Hodson-Tole, E., Deconinck, F. J. A., Hill, J. P., Teunissen, J. W., & Cumming, S. 
446 P. (2020). The Main and Interactive Effects of Biological Maturity and Relative Age on Physical
447 Performance in Elite Youth Soccer Players. Journal of Sports Medicine, 2020.
448 https://doi.org/10.1155/2020/1957636

449 Paszkewicz, J. R., McCarty, C. W., & Lunen, B. L. V. (2013). Comparison of functional and static 
450 evaluation tools among adolescent athletes. Journal of Strength and Conditioning Research, 27(10). 
451 https://doi.org/10.1519/JSC.0b013e3182815770

452 Pfeifer, C. E. (2017). Functional Motor Competence, Health-Related Fitness, and Injury in Youth Sport. 
453 ProQuest Dissertations and Theses.

454 Prieske, O., Muehlbauer, T., Borde, R., Gube, M., Bruhn, S., Behm, D. G., & Granacher, U. (2016). 
455 Neuromuscular and athletic performance following core strength training in elite youth soccer: Role 
456 of instability. Scandinavian Journal of Medicine and Science in Sports, 26(1). 
457 https://doi.org/10.1111/sms.12403

458 Rouissi, M., Chtara, M., Owen, A., Burnett, A., & Chamari, K. (2017). Change of direction ability in 
459 young elite soccer players: determining factors vary with angle variation. The Journal of Sports 

460 Medicine and Physical Fitness, 57(7�8). https://doi.org/10.23736/S0022-4707.16.06576-2

461 Serenko, J., & Lafontaine, E. (2018). Using Functional Movement Screen (FMS) To Predict Injury in 
462 CrossfitRTM Athletes /. Using Functional Movement Screen (FMS) To Predict Injury in 

463 CrossFitRTM Athletes (9781369800494).

464 Shultz, R., Anderson, S. C., Matheson, G. O., Marcello, B., & Besier, T. (2013). Test-retest and interrater 
465 reliability of the functional movement screen. Journal of Athletic Training, 48(3). 
466 https://doi.org/10.4085/1062-6050-48.2.11

467 Slimani, M., & Nikolaidis, P. T. (2018). Anthropometric and physiological characteristics of male soccer 
468 players according to their competitive level, playing position and age group: a systematic review. 
469 The Journal of Sports Medicine and Physical Fitness, 59(1). https://doi.org/10.23736/S0022-
470 4707.17.07950-6

471 Strykalenko, Y., Shalar, O., Huzar, V., Voloshinov, S., Yuskiv, S., Silvestrova, H., & Holenko, N. (2020). 
472 The correlation between intelligence and competitive activities of elite female handball players. 
473 Journal of Physical Education and Sport, 20(1). https://doi.org/10.7752/jpes.2020.01008

PeerJ reviewing PDF | (2023:07:88677:0:2:NEW 5 Aug 2023)

Manuscript to be reviewed



474 Thomas, K., Holmes, L., & Wolf, D. (2023). GENDER DIFFERENCES IN FUNCTIONAL 
475 MOVEMENT SCREENING SCORES IN MEN�S AND WOMEN�S COLLEGIATE TENNIS. 
476 International Journal of Exercise Science: Conference Proceedings, 16(1). 
477 https://digitalcommons.wku.edu/ijesab/vol16/iss1/333

478 Wagner, H., Sperl, B., Bell, J. W., & Von Duvillard, S. P. (2019). Testing Specific Physical Performance 
479 in Male Team Handball Players and the Relationship to General Tests in Team Sports. Journal of 

480 Strength and Conditioning Research, 33(4). https://doi.org/10.1519/JSC.0000000000003026

481 Wallace, J. L., & Norton, K. I. (2014). Evolution of World Cup soccer final games 1966�2010: Game 
482 structure, speed and play patterns. Journal of Science and Medicine in Sport, 17(2), 223�228. 
483 https://doi.org/10.1016/j.jsams.2013.03.016

484  S. (2018). Relationship Between Functional Movement Screen and Some Athletic Abilities in 
485 Karate Athletes. Journal of Education and Training Studies, 6(8). 
486 https://doi.org/10.11114/jets.v6i8.3352

487 Zemková, E., & Zapletalová, L. (2022). The Role of Neuromuscular Control of Postural and Core 
488 Stability in Functional Movement and Athlete Performance. In Frontiers in Physiology (Vol. 13). 
489 https://doi.org/10.3389/fphys.2022.796097

490

PeerJ reviewing PDF | (2023:07:88677:0:2:NEW 5 Aug 2023)

Manuscript to be reviewed

rev
Highlight



Figure 1
Figure 1

Correlations analysis between FMSTM Scores andV02max.
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Figure 2
Figure 2

Correlations analysis between FMSTM Scores and 505 COD
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Table 1

Performance variables in both groups (Mean±SD)
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1

2

3

4
Table 1 Performance variables in both groups (MeanñSD)

Male soccer players (n=14) Female soccer players (n=14)

MeanñSD Minimum Range Maximum MeanñSD Minimum Range Maximum t-test (p) Cohen d

FMS (AU) 16.29ñ1.64 13.00 6.00 19.00 15.86ñ2.48 10.00 10.00 20.00 0.47 -0.20

YYIR1. Distance (m) 1752.86ñ.301.34 1120.00 1120.00 2240.00 1424.29ñ343.93 640.00 1240.00 1880.00 0.01* -1.02

V02max (ml/kg/min) 51.12ñ.2.53 45.81 9.41 55.22 48.36ñ2.89 41.78 10.42 52.19 0.01* -1.02

505 COD test (s) 2.50ñ0.19 2.21 0.60 2.81 2.70ñ0.17 2.49 0.64 3.13 0.001** 1.11

10 m (s) 1.77ñ0.11 1.60 0.32 1.92 1.90ñ0.10 1.76 0.39 2.15 0.001** 1.24

Note: AU: Arbitrary Unity; YYIR1: Yo-Yo Intermittent Recovery Test�Level 1. Significance level: n.s (no significant); *p<.05; **p<.01; ***p<.001. Data as mean ± SD.
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