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Abstract:

Introduction: Soccer is the most popular sport globally for both men and women. The
Functional Movement Screen (FMS) is a seven-part standardized tool created by experts to
evaluate movement quality. This research compared FMS scores and performance between male
and female soccer players.

Materials and Methods: A total of sixty semi-professional soccer players (30 males and 30
females) participated in this study. All participants completed the FMS test, Y-Balance Test,
Davies Test, Single hop for distance, and Crossover Hop Test. Between-group comparisons were
performed using independent t-tests for normally distributed variables and Mann-Whitney U
tests for non-normally distributed variables.



Results: There were no significant differences between male and female players in Deep Squat,
Hurdle Step, In-Line Lunge, or Overall FMS Score (P>0.05). However, significant differences
were found in Shoulder Mobility, Active Straight Leg Raise, Trunk Stability Push-Up, and rotary
stability (P<0.05). Males performed better in Trunk Stability, while females excelled in Shoulder
Mobility and Active Straight Leg Raise. Males outperformed females in Single hop for distance
and Cross-over hop. In upper extremity performance, males performed better in the Davies test
and dynamic balance in the superolateral direction, with no significant differences in other upper
extremity dynamic balance directions.

Conclusion: This study demonstrates the necessity of gender-specific training programs, as they
are crucial in enhancing performance and reducing the risk of injury. According to the findings,
it is recommended that flexibility and mobility exercises be implemented for male soccer players
and core stability and strength training for female soccer players.
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1. Introduction

Soccer is widely regarded as one of the most prominent sports worldwide, attracting the largest
global audience. It promotes both physical and psychosocial development and demands high
levels of strength, endurance, agility, speed, flexibility, and balance (1, 2). In addition, soccer is
classified as a sport with a high incidence of injury, primarily due to the unpredictable nature of
complex field situations, the intensity of play, and the inherent physical contact between players
(3). As aresult, at the professional level, injury prevention and minimizing player absence during
training and matches are critical. Given the high financial investment in player contracts and
tournament participation, preventing and managing sports injuries are very important (4).
Previous studies have emphasized the role of proper movement patterns in ensuring safe and
efficient long-term physical performance in soccer players (5-7).

Optimal movement patterns and strong neuromuscular control are essential for improving
performance and reducing injury risk, particularly during high-intensity actions such as landing,
cutting, and rapid directional changes common in soccer (A). Since 2004, the number of athletes
engaged in competitive sports has increased significantly, with greater focus on athlete safety.
These has led to extensive research in injury prevention through effective screening and
rehabilitation strategies. One widely recognized tool in this context is the FMS, which aims to
detect and correct dysfunctional or high-risk movement patterns that may predispose athletes to
injury (9). Introduced by Cook, Burton, and Hoogenboom in 2006 (10), the FMS is a practical
assessment tool designed to identify asymmetries and limitations in mobility and stability. Its
primary goal is to detect movement dysfunctions that may elevate the risk of injury.

The FMS evaluates seven fundamental movement patterns that assess balance, mobility, and
stability, reflecting key principles of proprioception and kinesthetic awareness .() *) A composite
score from all seven tasks helps identify limitations in flexibility, bilateral strength asymmetries,
and core stability deficiencies factors closely related to athletic performance potential and injury
risk .(YY) Moreover, core muscle weakness is widely recognized as a contributor to injury, as
core stability is essential for efficient force transfer between the upper and lower body.
Weakness in the hip and thigh muscles can lead to instability during lower limb movements,
which may result in poor movement patterns and increased injury risk. The FMS helps prevent
such issues by detecting them early (12).

Several recent studies have investigated the relationship between FMS scores, physical
performance, and gender in soccer players. In the study by Martin-Moya et al. (2023), the



researchers examined the differences and relationships between Functional Movement Screen
scores and physical fitness tests in semi-professional male and female soccer players. The
findings revealed that male players performed significantly better than female players in the 505
change of direction test. However, no significant gender differences were found in total FMS
scores .(1Y) In contrast, Amjad et al. (2023) found that female footballers scored lower on the
composite FMS score compared to male footballers (14).

Evaluating physical performance provides valuable insights into an athlete’'s physical
capabilities (1°) and is a fundamental component of elite soccer player development programs
(16). In this regard, Mascherini et al. (2024) demonstrated that male athletes excelled in all
physical performance tests, including the horizontal jump, triple jump, and 5m and 10m sprints.
This superior performance, especially in tests requiring higher power and speed, is likely
attributed to greater muscle mass and lower body fat percentage in males (17). Moreover, Barin
et al. (2020) conducted a comparative study on the performance of male and female soccer
players. The findings revealed that male athletes outperformed their female counterparts in
several individual technical skills including vertical jump height, sprint speed, agility, and
dribbling power. These performance disparities were partially attributed to inherent differences
in anthropometric characteristics between the sexes (18). The data can guide coaches in talent
identification, player selection, and long-term athlete development strategies (19).

Although tools such as the FMS are widely utilized, few studies have thoroughly examined
individual FMS components and functional performance assessments involving both upper and
lower limbs. These assessments are essential for identifying muscular imbalances, postural
misalignments, and joint mobility restrictions that can influence performance and injury risk.
This gap is particularly relevant given the physiological and biomechanical differences between
sexes. As such, comparing FMS scores and functional performance outcomes across genders
may offer valuable insights for optimizing training strategies and minimizing injury risk.
Accordingly, the present study aimed to compare FMS scores and physical performance between
male and female soccer players and to determine whether sex-related differences exist in specific
functional performance tasks.

2. Materials and Methods

2.1. Participants

This research was descriptive-comparative and employed a field-based data collection approach.
The study population was young male and female athletes participating in the Tehran Football
League. A total of sixty semi-professional soccer players were recruited for this study: thirty
males (age: 19.83 + 1.48 years; weight: 72.40 + 3.69 kg; height: 176.66 + 5.24 cm; BMI: 20.30 +
1.70 kg/m?) and thirty females (age: 19.73 + 1.48 years; weight: 58.96 + 5.64 kg; height: 164.36
+ 493 cm; BMI: 19.43 + 1.79 kg/m?). Participants were selected according to predefined
inclusion and exclusion criteria. The inclusion criteria were as follows: Participants aged 18-24
years with at least 3 years of membership in a Tehran League team, no significant skeletal or
muscular injuries, and no history of surgery in the past 6 months. Participants were excluded if
they sustained an injury during the study, withdrew from participation, or failed to complete the
research process.

The sample size, calculated using G*Power (version 3.1) (with an effect size of 0.85, a = 0.05,
and power = 0.8), was 60 participants. The study was approved by the Sport Sciences Research
Institute of Iran (Approval Code: SSRI.REC-2310-2493).



2.2.  Procedures

Participants were recruited through visits to men's and women's soccer clubs across Tehran. All
participants provided written informed consent and completed a demographic information
questionnaire before collecting data. Functional movement quality was assessed using the FMS
(Functional Movement Screen) with a standardized FMS kit. The Upper Quarter Y-Balance Test
(UQ-YBT) evaluated dynamic upper limb balance. Upper limb performance was assessed
through the Davies Test, while lower limb performance was measured using the Single hop for
distance test and the Cross-over hop for distance Test.

2.3.  Measurement

2.3.1. FMS Assessment Protocol

The FMS is an assessment tool to evaluate an individual's fundamental movement patterns. It
provides a distinct approach for identifying dysfunctions, predicting performance, and reducing
injury risk. Limitations in joint mobility and stability can increase the likelihood of injury among
athletes and the general population, whereas optimal movement patterns help prevent and
minimize such risks. The FMS consists of seven fundamental movement tasks that require a
balance between mobility and stability. These tasks are structured to offer observable
performance indicators across basic movement functions such as locomotion, manipulation, and
stabilization. By placing athletes in challenging positions where appropriate stability is essential
for sufficient mobility, the FMS helps expose weaknesses, asymmetries, and compensatory
movement patterns (10, 20).

The FMS comprises seven distinct movement tests: deep squat, hurdle step, in-line lunge,
shoulder mobility, active straight-leg raise, trunk stability push-up, and rotary stability. Before
the assessment, participants received detailed verbal instructions and demonstrations for each
movement pattern. They were allowed one practice trial to familiarize themselves with the
movements. During the assessment, participants performed each movement three times. For
unilateral tests, the highest score from the three trials was recorded for each side, and the lower
of the two scores was used as the final score for that movement. For bilateral tests, the best score
from the three trials was recorded (20) ( Figure 1).

Evaluators positioned themselves at consistent distances from the participants in anterior,
posterior, and lateral views to ensure accurate observation and scoring. Movements were scored
on a standardized 4-point scale ranging from 0 to 3. A score of 3 indicates that the movement
was performed correctly without any compensations. A score of 2 is given if the movement was
completed but with some form of compensation or deviation from the standard movement
pattern. A score of 1 is assigned when the individual cannot complete the movement or cannot
assume the required position. Finally, A score of 0 is given if pain is reported during any part of
the movement (Y +).

Furthermore, FMS is a reliable assessment tool for interrater (ICC: 0.81; 95% CI: 0.74-0.8) and
interrater reliability (ICC: 0.81, 95% CI: 0.70-0.92) (21).



Figure 1. The Functinal Movement Screen Test.

2.3.2. Measurement of Functional Performance

Jump tests were utilized to assess functional performance. A measuring tape was used to
determine the distance covered by participants in the zigzag triple jump and single-leg forward
hop tests. Additionally, the length of the upper limb was measured from the C7 vertebra to the
tip of the middle finger.

2.3.2.1. The Davis Push-Up Test

The Davis Push-Up Test was used to assess upper extremity performance, specifically evaluating
muscular strength, endurance, and the stability of the upper limb's closed kinetic chain. This
modified push-up test was developed by Davies and Dickoff-Hoffman in 1993 and has
demonstrated a high test-retest reliability coefficient of 0.92 (22).

In this assessment, two tape strips were placed on the floor, positioned 90 centimeters
(approximately 36 inches) apart. Participants assumed a push-up position between the strips.
Over a 15-second interval, they rapidly alternated hand touches to the outer edges of the tape
strips in a crisscross manner. The total number of touches completed within this period was
recorded as the participant's score. The test was conducted thrice, with the final score calculated
as the average of the three trials (22). Moreover, a rest period of 30 to 40 seconds was provided
between trials (Figure 2).



Figure 2. Davis Push-Up Test.

2.3.2.2. Single hop for distance test

Single-legged hop tests assess the performance of the entire lower extremity and athletes’ ability
to perform components of sport-specific actions such as hopping .(YY) The single hop for
distance test requires a 3-meter-long narrow measuring tape placed on the floor. The athlete
stands on their dominant leg, with the toe tip precisely at the tape's starting point. The test
involves performing a forward hop to cover the maximum possible distance, landing on the same
leg, and maintaining balance for at least 2 seconds. Participants may use their arms for balance if
necessary. The participant performed three consecutive single-leg hops using the dominant leg,
with the maximum distance achieved recorded as the test result (24, 25). A rest period of 30 to
40 seconds was provided between trials to minimize fatigue. The single hop for distance
demonstrated excellent reliability, with an ICC of 0.92 (26) (Figure 3).

2.3.2.3. Cross-over hop for distance test

In this test, the participant stands on the test leg and performs a hopping sequence in a Cross
pattern, covering a 15-centimeter-wide line three times. The maximum distance achieved across
three trials is recorded as the test outcome. A rest interval of 30 to 40 seconds is provided
between each trial to mitigate fatigue and ensure optimal performance.

The total distance covered during the hopping sequence is then recorded. If the participant
places the opposite foot on the ground or fails to hop completely over the width of the tape, the
trial is considered invalid and must be repeated (27, 28). The cross-over hop for distance showed
good reliability, with an ICC of 0.84 (26) ( Figure 4).




Figure 3. Single hop for distance test Figure 4. Cross-over hop for distance

2.3.2.4. Upper Quarter Y-Balance Test (UQ-YBT)

The Upper Quarter Y-Balance Test is a clinical assessment tool used to evaluate upper limb
performance in three directions: medial, superolateral, and inferolateral, each at a 135° angle to
the other. This test assesses strength, stability, and mobility of the upper extremity and is
considered a reliable and valid instrument, with reliability coefficients ranging from 80% to 99%
(29). During the test administration, participants shifted their body weight onto the testing arm
while maintaining balance on one hand without compromising stability. Simultaneously, they
reached as far as possible with the non-testing arm in the three designated directions. The feet
were positioned 30 cm apart, and each direction was tested thrice. The average of the three trials
in each direction was calculated for analysis, with a two-minute rest interval provided between
attempts to reduce fatigue. Given the significant correlation between reach distance and arm
length, dynamic balance scores were normalized by dividing the average reach distance in each
direction by the participant’s arm length and multiplying the result by 100, thereby expressing
the reach distance as a percentage of arm length. The composite score was calculated as the sum
of the three normalized directional scores (29, 30) (Figure 5).

Figure 5. Upper Quarter Y-Balance Test

2.4.  Ethical Considerations

All participants were assured that their personal information would remain confidential and
accessible only to the research team. They were informed of their right to withdraw from the
study at any stage without any repercussions. All procedures were carried out by the ethical
standards established by the Sport Sciences Research Institute of Iran. Before the initiation of the
study and data collection, participants were provided with detailed information regarding the
study's objectives and procedures. Written informed consent was obtained from all participants,
indicating their voluntary agreement to take part. Transparency in the research process, the
confidentiality of personal data, and the absence of financial obligations for participants were
emphasized as fundamental ethical principles maintained throughout the study.

2.5.  Statistical analysis

Following data collection, the study participants' dataset was analyzed using descriptive and
inferential statistics with SPSS software (version 22). The normality of the data distribution was
assessed using the Shapiro-Wilk test. The independent samples t-test was employed for variables
with a normal distribution for between-group comparisons. At the same time, the Mann-Whitney



U test was applied for variables with a non-normal distribution. A significance level of 0.05 (o <
0.05) was set for all statistical tests.

3. Results

Table 1 displays the demographic details of the participants in the study, including age, height,
weight, body Mass Index, sports Experience, weekly physical activity, and dominant upper limb
along with the mean and standard deviation of the variables and the results of independent T
tests. Since the data did not meet the assumption of normality, the Mann—-Whitney U test was
used to compare the two groups. The results indicated that all variables except for age and sports
experience showed statistically significant differences between the groups.

Table 1. The demographic characteristics of the study participants

Variables p-value (Mean £SD) (Mean = SD)
men women

Age (years) 0.791 (Meanx Standard 19.83+1.48 19.73+1.48
deviation)

Weight (kg) *0.001 (Meant Standard 72.40+3.69 58.96 £5.64
deviation)

Height (cm) *0.001 (Meant Standard 176.66 +5.24 164.36 +4.93
deviation)

Body Mass *0.046 (Meant Standard 20.30+1.70 19.43+1.79

Index (BMI) deviation)

Sports (Meanx Standard 5.33 +1.49 4.83+1.14

Experience 0.194 deviation)

(years)

Weekly (Meanx Standard 6.60 + 1.37 523+1.13

Physical *0.001  deviation)

Activity

(hours)

Dominant (Meanx Standard 90.36 £4.07 80.56 + 3.38

Upper Limb *0.001 deviation)

Length (cm)
Notes: Statistical significance was considered at p < 0.05.

The Shapiro-Wilk test was used to assess the normality of the data distribution for both FMS
scores and performance (Table 2).

Table 2. Assessment of data normality in research variables

Variable (Mean + SD) p-value (Mean £ SD) p-

men

(men)

women

value(wo
men)




Deep Squat 2.23 +0.67 0.001 1.96 + 0.61 0.001

Hurdle step 2.13+0.57 0.001 1.86 £ 0.57 0.001
In-line lunge 2.23+0.72 0.001 2.16 + 0.69 0.001
Shoulder Mobility 2.00 £ 0.45 0.001 2.53+0.50 0.001
Active Straight Leg 1.93+0.58 2.30 £ 0.46 0.001
. 0.001
Raise
Trunk Stability 2.70 £ 0.46 1.83+0.59 0.001
0.001
Push-up
Rotary stability 2.16 £ 0.46 1.90 £ 0.54 0.001
0.001
Total FMS 15.40 £1.90 0.073 14.56 £ 1.83 0.052
Single hop for 1.72+0.18 1.25+0.15 0.826
. 0.030
distance test (m)
Cross-over hop for 4.46 +0.65 3.05+0.63 0.115
. 0.224
distance (m)
Davis Test 28.80 +5.44 0.132 24.03 £ 3.75 0.199
Dynamic Balance — 97.50 + 13.19 0.078 94.96 + 8.82 0.474
Medial-Lateral (cm) '
Dynamic Balance — 99.24 +£17.91 91.64 +12.33 0.248
Inferior-Lateral 0.720
(cm)
Dynamic Balance — 92.49 +13.97 84.87 +11.76 0.475
Superior-Lateral 0.768
(cm)

Notes: Statistical significance was considered at p < 0.05.

According to the results, the FMS subtests and the Single hop for distance test t data was not
normally distributed (P < 0.05). However, the distribution of data for the total FMS score, the
Cross-over hop for distance test, the Davies test, and the UQ-YBT tests in different directions
was normal (P > 0.05). Accordingly, the Mann-Whitney U test was used to compare groups for
non-normally distributed variables. At the same time, the independent t-test was applied to
normally distributed variables, at a significance level of 95%.

The results of the between-group comparisons indicated that there were no statistically
significant differences between male and female football players in the Deep Squat (P = 0.108),
Hurdle Step (P = 0.076), In-Line Lunge (P = 0.688), and Overall FMS Score (P = 0.089), as all
P-values exceeded the 0.05 threshold. Conversely, significant sex-based differences were
observed in Shoulder Mobility (P = 0.001), Active Straight Leg Raise (P = 0.013), Trunk
Stability Push-Up (P = 0.001), and Rotary stability (P = 0.048). In particular, male football
players performed better in the Trunk Stability Push-Up and Rotary stability test. In contrast,
female football players outperformed their male counterparts in the Shoulder Mobility and
Straight Leg Raise tests. Comparing lower extremity performance between male and female



soccer players revealed significant differences in the Single hop for distance (P = 0.001) and the
Cross-over hop for distance (P = 0.001).

Analysis of the mean scores indicated that male soccer players performed better than female
soccer players in both the Single hop for distance test and the Cross-over hop for distance tests.
Furthermore, comparing upper extremity performance between male and female soccer players
showed significant differences in the Davies test (P = 0.001) and UQ-YBT in the superolateral
direction (P = 0.026). However, no significant differences were observed between the two groups
in the medial (P = 0.384) and inferolateral (P = 0.061) directions of upper extremity dynamic
balance. Examination of the mean scores further revealed that male soccer players outperformed
female soccer players in the Davies test and upper extremity dynamic balance in the
superolateral direction (Table 3 and 4).

Table 3. The Mann-Whitney U test results

Variable (Mean Rank) (Mean Rank) Z P-value
Men Women

Deep Squat 33.73 27.27 -1.609 0.108

Hurdle step 33.83 27.17 -1.774 0.076

Inline lunge 31.33 29.67 -0.402 0.688

Shoulder 23.30 37.70 -3.779  *0.001

Mobility

Active Straight 25.90 35.10 -2.493 *0.013

Leg Raise

Trunk Stability 40.70 20.30 -4.959 *0.001

Push-Up

Rotary stability 33.95 27.05 -1.974  *0.048

Single hop for 1.72 1.25 10.814 *0.001

distance  test

(m)

Table 4. The T-test Results

Variable T Mean Effect size P-value
difference
Total FMS score 1.727 0.84 0.049 0.089
Cross-over  hop  for 8.526 1.44 0.556 *0.001

distance (m)

Davis Test 3.946 4.77 0.212 *0.001




Dynamic Balance- 0.876 2.54 0.013 0.384
Medial-Lateral (cm)

DynamicBalance - 1.914 7.60 0.059 0.061
Inferior-Lateral (cm)
DynamicBalance - 2.287 7.62 0.083 *0.026

Superior-Lateral (cm)

4. Discussion

The present study aimed to compare FMS and performance between male and female soccer
players. The FMS is recognized as a cost-effective, non-invasive, and reliable tool for evaluating
fundamental movement patterns (31, 32). Existing literature supports its high reliability (33, 34)
and specificity in identifying athletes at an increased risk of sports-related injuries .(°) In this
study, The FMS was utilized to evaluate fundamental movement patterns. Additionally, upper
extremity dynamic balance was measured using the UQ-YBT, upper extremity performance was
assessed via the Davies Test, and lower extremity performance was evaluated through the Single
hop for distance and Cross-over hop for distance test.

The findings of this study showed that there were no statistically significant differences between
male and female football players in several FMS components, specifically in movements such as
the Deep Squat, Hurdle Step, In-Line Lunge, and the total FMS score. This suggests that
fundamental movement patterns may be similar between genders, particularly when skill level
and training are comparable across groups. However, significant gender-related differences were
observed in certain FMS components. Specifically, female players performed better in flexibility
tests, such as the Shoulder Mobility and Active Straight Leg Raise, which may reflect greater
flexibility and anatomical differences typically seen in women.

In contrast, male players demonstrated superior performance in the Trunk Stability Push-Up and
Rotary Stability tests, likely due to more efficient activation and coordination of key stabilizing
muscle groups, including the hip adductors, rotators, abdominal muscles, spinal stabilizers, and
the quadratus lumborum (35-37).

Johnson et al. (2023) investigated sex-related differences in FMS scores among Reserve
Officers’ Training Corps (ROTC) cadets. The findings revealed that females outperformed males
on both the Inline Lunge and Active Straight Leg Raise tests. Conversely, males demonstrated
significantly higher scores on the Trunk Stability Push-Up test. In a similar vein, these results
align with our study as well. These differences may be attributed to increased mobility in the
ankle and hamstrings, as well as reduced upper-body muscle mass in females compared to males.
Consequently, these sex-related differences should be taken into account when designing tailored
exercise programs for males and females (38).

In the present study, no significant differences were observed between females and males in the
total FMS score. The literature on FMS presents conflicting evidence regarding sex differences
in total scores; some studies (39-41), have reported that males demonstrate higher quality
movement patterns than females. However, more recent research suggests that females tend to
perform better when composite FMS scores are evaluated (42) . Although there may be general
differences in physical performance between males and females due to biological factors such as
muscle mass and hormonal variations (43), it is important to recognize that individuals of each
sex can exhibit a wide range of abilities and capabilities (41).

Additionally, several studies have compared FMS scores between male and female athletes
across different populations. According to Hamil et al. (2021), female soccer players exhibited



higher FMS scores and greater injury rates than male players. They suggest that this discrepancy
may justify increasing the FMS cutoff score for females as a predictor of injury. However,
further research is needed due to the small sample size of their study (¢ ¢). According to Ransdell
and Murray (2016), the higher incidence of injuries among females can be attributed to a range
of contributing factors (¢7 ,£°). These include reduced muscle fiber size and cross-sectional area
(47), a narrower skeletal structure (48), decreased activation of the gluteus medius muscle (35),
as well as the vastus medialis oblique and vastus lateralis (49), diminished neuromuscular
coordination (50, 51), and less core stability (37, 50). In contrast, Amjad et al. (2023) found that
female footballers scored lower on the FMS tests than male footballers. They concluded that
there was a significant association between FMS composite scores and injury occurrence,
suggesting that the FMS results for both genders may be linked to the likelihood of injury (14).
The results of the current study revealed significant differences in lower extremity performance
between male and female soccer players, specifically in the Single Hop for Distance (P = 0.001)
and Cross-over Hop for Distance (P = 0.001). Analysis of the mean scores indicated that male
players outperformed female players in both tests. These findings suggest that male athletes tend
to exhibit superior explosive power and strength in the lower body, likely due to greater muscle
mass and differences in hormonal profiles, which are known to contribute to enhanced
performance in power-related tasks such as hopping and distance-based tests (37, 52). In
contrast, when comparing upper extremity performance, significant differences were also
observed between male and female soccer players. Specifically, male athletes performed better in
the Davies test (P = 0.001) and upper extremity dynamic balance in the superolateral direction (P
= 0.026). These results align with previous studies that indicate males generally demonstrate
greater upper body strength and neuromuscular control, which is often attributed to increased
muscle mass in the upper body and higher testosterone levels (37, 52).

Our findings show that males performed superior in all physical ability tests. Reference data
from youth to adulthood typically indicate that males possess greater musculoskeletal strength
and power than females, which aligns with the observed results in the physical performance tests.
In support of this, O'Brien-Smith et al. (20)1%), the performance of male and female football
players aged 9 to 18 was compared. It was reported that male players outperformed females in
factors such as individual skills, vertical jump, sprinting, agility, and dribbling power. The study
attributed these differences to gender-based anthropometric characteristics, which were
considered among the reasons for the superiority of male players (18). Similarly, Schons et al.
(2023) compared the anthropometric profiles and physical performance of professional male and
female soccer players. It confirmed that men generally perform better than women in physical
tests (53).

In another study by Arundale et al. (2020), it was found that female athletes are at greater risk for
lower extremity injuries, including Anterior Cruciate Ligament (ACL) injuries. Diagnostic test
scores for lower limb movement pattern deficits such as increased knee valgus and decreased
knee flexion were more pronounced in females compared to males. These findings were
attributed to lower limb muscular weakness in female athletes relative to their male counterparts
(54). Consequently, it could help justify the findings of specific studies that suggest women
exhibit weaker performance compared to men.

Based on the findings of the present study, it is recommended that coaches, movement
specialists, and sports medicine teams take gender differences in physical performance into
account when designing training programs and injury prevention strategies.



Focusing on core stability exercises in female athletes due to a higher prevalence of trunk
instability and incorporating flexibility-enhancing exercises in male athletes to reduce muscular
tightness and improve range of motion can play a significant role in reducing injury risk and
enhancing athletic performance. For example, exercises such as the Plank with leg lift can help
women improve core stability and reduce lower limb stress, while the World’s Greatest Stretch
can aid men in increasing hip joint and hamstring flexibility, thereby improving mobility and
functional performance.

Furthermore, future research should carefully control for potential confounding variables such as
training history, injury history, and anthropometric characteristics. For example, athletes with
longer and more consistent training experience typically demonstrate greater strength, endurance,
and movement efficiency, factors that can influence their test performance and susceptibility to
injury, to elucidate better the role of functional assessment tools like the FMS in predicting
injury susceptibility and improving movement efficiency.

5. Conclusions

This study demonstrates the necessity of gender-specific training programs, as they are crucial in
enhancing performance and reducing the risk of injury. According to the findings, it is
recommended that flexibility and mobility exercises be implemented for male soccer players and
core stability and strength training for female soccer players. These suggestions stem from the
observed FMS tests. Additionally, male athletes outperformed females in performance tests,
likely due to biomechanical and neuromuscular variations between the sexes. In this regard,
future research should investigate the underlying mechanisms contributing to these differences,
considering individual factors such as playing experience and fitness level.

6. Limitations of the Study

Despite the researchers’ efforts to control various aspects of the study, several limitations
remain. One major limitation is the small sample size, which reduces the generalizability of the
findings. Increasing the number of participants in future research is essential to enhance
statistical power and obtain more reliable results. Another limitation is that data collection
occurred only once during the season, potentially overlooking variations in movement quality
and performance across different training periods. Therefore, Future studies should assess FMS
and physical performance before and after training phases to clarify how changes in movement
patterns affect performance outcomes over time.

Declaration of Interest Statement

Ethics approval

This study was approved by the Sport Sciences Research Institute of Iran.
Approval code: SSRI.REC-2310-2493

Date of approval: 23"Ocrober 2023.

Consent for publication
All authors have given their consent for the publication of this manuscript.

Availability of data and materials
All relevant data and materials are included within the article. Additional data can be made
available upon reasonable request.



Credit authorship contribution statement
AZ: Data curation, writing the original draft. HP: Conceptualization, Supervision, and paper
editing. RH: writing — review & editing. AS: review and editing. AQ: Review and editing.

Declaration of competing interest
The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

Fundings
This research did not receive any specific funding.

Acknowledgments
The authors sincerely thank everyone who supported them throughout the study.

References

A

Griffin J, Larsen B, Horan S, Keogh J, Dodd K, Andreatta M, et al. Women's Football: An
Examination of Factors That Influence Movement Patterns. J Strength Cond Res.
2020;34(8):2384-93.

Marqueés Jiménez D, Calleja Gonzalez J, Arratibel Imaz I, Delextrat A, Terrados Cepeda
N. Fatigue and recovery in soccer: Evidence and challenge. Open Sports Sciences Journal.
2017.

Samudra AD, Purwanto B, Utomo DN. Differences in Limb Muscle Strength Affecting
Vertical Jump Heights in Soccer Players after Chronic Ankle Injury. Journal of Modern
Rehabilitation. 2024.

Polinder S, Haagsma J, Panneman M, Scholten A, Brugmans M, Van Beeck E. The
economic burden of injury: Health care and productivity costs of injuries in the
Netherlands. Accid Anal Prev. 2016;93:92.) + +—

Asgari M, Alizadeh S, Sendt A, Jaitner T. Evaluation of the Functional Movement Screen
(FMS) in Identifying Active Females Who are Prone to Injury. A Systematic Review.
Sports Med Open. 2021;7(1):85.

Kramer TA, Sacko RS, Pfeifer CE, Gatens DR ,Goins JM, Stodden DF. The association
between the functional movement screen™, y-balance test, and physical performance tests
in male and female high school athletes. Int J Sports Phys Ther. 2019;14(6):911-9.

Lim KH, Seo TB, Kim YP. Relationship between movement dysfunctions and sports
injuries according to gender of youth soccer player. J Exerc Rehabil. 2020;16(5):427-31.
Pardos-Mainer E, Lozano D, Torrontegui-Duarte M, Carton-Llorente A, Roso-Moliner A.
Effects of Strength vs. Plyometric Training Programs on Vertical Jumping, Linear Sprint
and Change of Direction Speed Performance in Female Soccer Players: A Systematic
Review and Meta-Analysis. Int J Environ Res Public Health. 2021;18.(Y)

Cook G, Burton L, Kiesel K, Bryant MF, Rose G. Movement :Functional Movement
Systems : Screening, Assessment, and Corrective Strategies: On Target Publications; 2010.
Cook G, Burton L, Hoogenboom B. Pre-participation screening: the use of fundamental
movements as an assessment of function - part 1. N Am J Sports Phys Ther. 2006;1(2):62—
72.



)

Y

Y

Y

N0

N7

R

A

N4

AR

Y

Y

Y¥

Yo

Farley JB, Barrett LM, Keogh JWL, Woods CT, Milne N. The relationship between
physical fitness attributes and sports injury in female, team ball sport players: a systematic
review. Sports Med Open. 2020;6(1):45.

Mahrokh Moghadam A, Zarei M, Mohammadi F. Effect of an eight-week core stability
training program on the functional movement screen test scores in elite goalball players.
Physical Treatments-Specific Physical Therapy Journal. 2021;11(1):55-62.

Martin-Moya R, Rodriguez-Garcia L, Moreno-Vecino B, Clemente FM, Lifian Gonzélez
A, Gonzalez-Fernandez FT. Differences and relationship in functional movement screen
(FMS™) scores and physical fitness in males and female semi-professional soccer players.
PeerJ. 2:1Y;+YYe16649.

Amjad F, Latif D, Hanif S, Bashir K, Batool R, Khalid U. Functional Movement Screen
Differences in Male and Female Footballers and as an Injury Prevention Tool: Functional
Movement Screen Differences. Pakistan Journal of Health Sciences.¥—Y « YY:¥. |

Emmonds S, Morris R, Murray E, Robinson C, Turner L, Jones B. The influence of age
and maturity status on the maximum and explosive strength characteristics of elite youth
female soccer players. Science and Medicine in Football. 2017;1.Y8-Y +4:(Y)

Manson SA, Brughelli M, Harris NK. Physiological characteristics of international female
soccer players. J Strength Cond Res. 2014;28(2):308-18.

Mascherini G, Levi Micheli M, Serafini S, Politi C, Bianchi E, Cebrian-Ponce A, et al.
Raw bioelectrical data and physical performance in track and field athletes: Are there
differences between the sexes in the relationship? Heliyon. 2024;10(15):e35754.
O'Brien-Smith J, Bennett K, Fransen J, Smith M. Same or different? A comparison of
anthropometry, physical fitness and perceptual motor characteristics in male and female
youth soccer players. Science and Medicine in Football. 2019;4(6):1-8.

Datson N, Weston M, Drust B, Gregson W, Lolli L. High-intensity endurance capacity
assessment as a tool for talent identification in elite youth female soccer. J Sports Sci.
2020;38(11-12):1313-9.

Cook G, Burton L, Hoogenboom BJ, Voight M. Functional movement screening: the use
of fundamental movements as an assessment of function-part 2. Int J Sports Phys Ther.
2014;9(4):549-63.

Bonazza NA, Smuin D, Onks CA, Silvis ML, Dhawan A. Reliability, Validity, and Injury
Predictive Value of the Functional Movement Screen: A Systematic Review and Meta-
analysis. Am J Sports Med. 2017;45(3):725-32.

Karimizadeh Ardakani M, Soroush Fard Z, Amirizadeh F, Naderifar H. Effect of thoracic
hyper-kyphosis posture on upper extremity function of female students. Journal of
Rehabilitation Sciences & Research. 2022;9(1):30-5.

Narducci E, Waltz A, Gorski K, Leppla L, Donaldson M. The clinical utility of functional
performance tests within one-year post-acl reconstruction: a systematic review. Int J Sports
Phys Ther. 2011;6(4):333-42.

Noyes FR, Barber SD, Mangine RE. Abnormal lower limb symmetry determined by
function hop tests after anterior cruciate ligament rupture. The American journal of sports
medicine. 1991;19(5):513-8.

Ross MD, Langford B, Whelan PJ. Test-retest reliability of 4 single-leg horizontal hop
tests. ournal of strength and conditioning research. 2002;16(4):617-22.



N7

v

YA

Y4

AR

Yy

ARE

AR

o

R4

RARY

YA

AR

R

RA

Reid A, Birmingham TB, Stratford PW, Alcock GK, Giffin JR. Hop testing provides a
reliable and valid outcome measure during rehabilitation after anterior cruciate ligament
reconstruction. Phys Ther. 2007;87(3):337-49.

Noyes FR, Barber SD, Mangine RE. Abnormal lower limb symmetry determined by
function hop tests after anterior cruciate ligament rupture. Am J Sports Med.
1991;19(5):513-8.

Ross MD, Langford B, Whelan PJ. Test-retest reliability of 4 single-leg horizontal hop
tests. J Strength Cond Res. 2002;16(4):617-22.

Gorman PP, Butler RJ, Plisky PJ, Kiesel KB. Upper Quarter Y Balance Test: reliability
and performance comparison between genders in active adults. J Strength Cond Res.
2012;26(11):3043-8.

Hazar Z, Ulug N, Yuksel I. Upper quarter y-balance test score of patients with shoulder
impingement syndrome. Orthopaedic journal of sports medicine.
2014;2(11_suppl3):2325967114S00275.

Marques VB, Medeiros TM, de Souza Stigger F, Nakamura FY, Baroni BM .The
Functional Movement Screen (FMS™) in Elite Young Soccer Players Between 14 and 20
Years: Composite Score, Individual-Test Scores, and Asymmetries. Int J Sports Phys Ther.
2017;12(6):977-85.

Medeiros DM, Miranda LLP, Marques VB, de Araujo Ribeiro-Alvares JB, Baroni BM.
Accuracy of the Functional Movement Screen (FMS™) active straight leg raise test to
evaluate hamstring flexibility in soccer players. Int J Sports Phys Ther. 2019;14(6):877-84.
Minick KI, Kiesel KB, Burton L, Taylor A, Plisky P ,Butler RJ. Interrater reliability of the
functional movement screen. J Strength Cond Res. 2010;24(2):479-86.

Shultz R, Anderson SC, Matheson GO, Marcello B, Besier T. Test-retest and interrater
reliability of the functional movement screen. J Athl Train. 2013;48(3):331-6.

Hart JM, Garrison JC, Kerrigan DC, Palmieri-Smith R, Ingersoll CD. Gender differences
in gluteus medius muscle activity exist in soccer players performing a forward jump. Res
Sports Med. 2007;15(2):147-55.

Kernozek TW, Torry MR, Iwasaki M. Gender differences in lower extremity landing
mechanics caused by neuromuscular fatigue. Am J Sports Med. 2008;36(3):554-65.
Zazulak BT, Hewett TE, Reeves NP, Goldberg B, Cholewicki J. Deficits in neuromuscular
control of the trunk predict knee injury risk: a prospective biomechanical-epidemiologic
study. Am J Sports Med. 2007;35(7):1123-30.

Johnson QR, Scraper J, Lockie R, Orr RM, Dawes JJ. Sex-related Differences in
Functional Movement Screen Scores Among Reserve Officers' Training Corps Cadets. Mil
Med. 2023;188(1-2):e152—€7.

Chimera NJ, Smith CA, Warren M. Injury history, sex, and performance on the functional
movement screen and Y balance test. J Athl Train. 2015;50(5):475-85.

Paszkewicz JR, McCarty CW, Van Lunen BL .Comparison of functional and static
evaluation tools among adolescent athletes. J Strength Cond Res. 2013;27(10):2842-50.
Domaradzki J, Kozlenia D. Reliability of Functional Movement Screen and sexual
differentiation in FMS scores and the cut-off point among amateur athletes. 2020.

Thomas K, Holmes L, Wolf D, editors. Gender differences in functional movement
screening scores in men’s and women’s collegiate tennis. International Journal of Exercise
Science: Conference Proceedings; 2022.



Y

¥¥

¥o

¥7

Yy

YA

¥4

)

oY

oY

OF

Ansdell P, Thomas K, Hicks KM, Hunter SK, Howatson G, Goodall S. Physiological sex
differences affect the integrative response to exercise: acute and chronic implications. Exp
Physiol. 2020;105(12):2007-21.

Hamil JA, Howell SM, Deldin AR. Functional Movement Screen differences between
male and female collegiate soccer players. Journal of Physical Education. 2021;8(2):34-9.
Ransdell L, Murray T. Functional Movement Screening. Strength and Conditioning
Journal. 2016;38(2):40-8.

Ransdell LB, Wells CL .Sex Differences in Athletic Performance. Women in Sport and
Physical Activity Journal. 1999;8(1):55-81.

Sale DG, MacDougall JD, Alway SE, Sutton JR. Voluntary strength and muscle
characteristics in untrained men and women and male bodybuilders. J Appl Physiol (1985).
1987,62(5):1786-93.

Strength N-N, Association C. Essentials of strength training and conditioning: Human
kinetics; 2021.

Kim M-H, Yoo W-G, Yi C-H. Gender differences in the activity and ratio of vastus
medialis oblique and vastus lateralis muscles during drop landing. Journal of Physical
Therapy Science. 2009;21(4):325-9.

Brophy RH, Chiaia TA, Maschi R, Dodson CC, Oh LS, Lyman S, et al. The core and hip in
soccer athletes compared by gender. Int J Sports Med. 2009;30(9):663-7.

Hughes G, Watkins J, Owen N. Gender differences in lower limb frontal plane kinematics
during landing. Sports Biomech. 2008;7(3):333-41.

Storer TW, Basaria S, Traustadottir T, Harman SM, Pencina K, Li Z, et al. Effects of
Testosterone Supplementation for 3 Years on Muscle Performance and Physical Function
in Older Men. J Clin Endocrinol Metab. 2017;102(2):583-93.

Schons P, Preissler A, Oliveira R, Brito J, Clemente F, de Vargas G, et al. Comparisons
and correlations between the anthropometric profile and physical performance of
professional female and male soccer players: Individualities that should be considered in
training. International Journal of Sports Science & Coaching. 2023;18(6):2004-14.
Arundale AJH, Kvist J, Hagglund M, Féltstrom A. Jump performance in male and female
football players. Knee surgery, sports traumatology, arthroscopy : official journal of the
ESSKA. 2020;28(2):606-13.



