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ABSTRACT 

Study aim(s): This study aimed to investigate lower-limb asymmetries in female football players using the 

Multiple One-Leg Hopping (m1LH) test and the Nordic Hamstring Test, while examining the association between 

unilateral explosive leg performance and eccentric hamstring strength. 

Methods: A cross-sectional descriptive-correlational study was conducted involving ten active female football 

players from KF Mitrovica, aged 18-28 years. Lower-limb performance was assessed using the Leonardo 

Mechanograph Multiple One-Leg Hopping test, while eccentric hamstring strength was evaluated using the 

Nordic Hamstring Test. Paired-samples t-tests, Wilcoxon Signed-Rank tests, and correlation analyses were 

performed to compare limb performance and examine the relationships between variables. 

Results: No statistically significant differences were found between the left and right limbs for vertical jump 

height, maximum force, stiffness, mean jump displacement, or peak power output (p > .05). The Nordic Hamstring 

Test revealed a mean inter-limb asymmetry of 6.73%, however, one participant exceeded the commonly accepted 

injury-risk threshold of 15%. No significant correlations were observed between maximum hopping force and 

Nordic hamstring torque or angle measures (p > .05). 

Conclusion: Female football players in this sample demonstrated generally symmetrical lower-limb performance 

and low levels of hamstring asymmetry. The absence of significant associations between hopping force and 

hamstring strength suggests that these assessments evaluate distinct neuromuscular qualities. The combined use 

of the m1LH and the Nordic Hamstring Test may provide valuable information for athlete monitoring, 

performance optimization, and injury prevention. 
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INTRODUCTION  

Football is one of the most widely practiced 

sports worldwide and is characterized by high physical 

demands, including repeated sprinting, rapid changes 

of direction, jumping, landing, acceleration, 

deceleration, and frequent physical contact. As a result 

of these demands, football players are continuously 

exposed to a substantial risk of musculoskeletal 

injuries, particularly those affecting the lower 

extremities. Epidemiological studies have consistently 

shown that the majority of football-related injuries 

occur in the knee, ankle, and thigh regions [1].  

In recent years, women’s football has 

experienced significant global growth, accompanied 

by increased scientific interest in identifying factors 

associated with injury risk. Current evidence suggests 

that female football players are more susceptible to 

certain types of injuries, particularly non-contact 

anterior cruciate ligament (ACL) injuries, owing to a 

combination of anatomical, biomechanical, hormonal, 

and neuromuscular factors that influence movement 

control and joint stability [2].  

One factor that has received considerable 

attention in contemporary sports science literature is 

lower-limb strength asymmetry. Strength asymmetry 

refers to differences in force production capacity, 

power output, or neuromuscular control between the 

dominant and non-dominant limbs. In football, where 

one leg is often preferentially used for kicking, 

passing, and other technical actions, the development 

of functional asymmetries is relatively common. 

However, when these asymmetries exceed normal 

physiological limits, they may negatively affect 

athletic performance and increase the risk of injury [3]. 

A systematic review conducted by [4] reported that 

higher levels of lower-limb asymmetry were 

associated with a greater incidence of sports-related 

injuries. Similarly, [5] identified the presence of inter-

limb asymmetries in young female football players 

across a range of performance tests and emphasized 

the importance of individualized monitoring to 

identify athletes who may be at increased risk of 

injury. In this context, the hamstring muscles play a 

crucial role in knee stabilization, the control of 

explosive movements, and the absorption of forces 

during sprinting and landing tasks. Weakness or 

unequal hamstring strength between limbs may impair 

neuromuscular control and increase the likelihood of 

musculoskeletal injuries. Indeed, hamstring 

asymmetries exceeding 10% have been associated 

with an elevated injury risk [6,7]. Furthermore, 

evidence suggests that deficits in eccentric hamstring 

strength are associated with an increased risk of 

hamstring injuries during competitive seasons [8]. 

Recent evidence has highlighted the importance of 

monitoring neuromuscular performance through 

functional field-based assessments capable of 

detecting subtle deficits in lower-limb function. Tests 

involving unilateral jumping, hopping, and force-

production tasks have gained popularity because they 

provide practical and reliable measures of limb-

specific performance and movement efficiency. Such 

assessments are increasingly used in elite football 

settings to identify potential asymmetries, guide 

individualized training interventions, and support 

return-to-play decision-making following injury [9]. 

In addition to performance monitoring, the assessment 

of inter-limb asymmetries has been recognized as an 

important component of long-term athlete 

development. Although a certain degree of asymmetry 

may represent a sport-specific adaptation, excessive 

differences between limbs may compromise 

movement mechanics and reduce the effectiveness of 

force transfer during dynamic actions such as 

sprinting, cutting, and jumping. Consequently, the 

regular evaluation of asymmetry profiles may assist 

practitioners in optimizing performance while 

reducing the risk of injury in female football players 

[10]. 

Although numerous international studies have 

investigated the relationship between strength 

asymmetry and sports injuries, evidence regarding 
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female football players in Kosovo remains limited. 

This lack of scientific data highlights the need for 

research focusing on the presence and magnitude of 

lower-limb strength asymmetries, as well as their 

potential role as risk factors for injury. 

METHODS  

Research design  

A cross-sectional descriptive-correlational 

design was employed to assess lower-limb 

asymmetries and examine the relationship between 

explosive leg power and hamstring strength in female 

football players. 

The study design enabled the assessment of functional 

differences between the dominant and non-dominant 

limbs at a single point in time and facilitated the 

evaluation of lower-limb asymmetry as a potential 

indicator of injury risk. A cross-sectional approach 

was selected to provide an objective overview of the 

athletes’ current neuromuscular profile and to enable 

comparisons with findings reported in the 

contemporary scientific literature. 

 

Study sample 

The study sample consisted of ten active 

female football players from KF Mitrovica, aged 

between 18 and 28 years. All participants were 

actively engaged in the club’s regular training and 

competitive activities at the time of data collection. A 

purposive sampling approach was employed, whereby 

participants were selected based on their availability, 

eligibility, and willingness to participate in the study. 

Prior to testing, all participants were informed of the 

study objectives and procedures, and written informed 

consent was obtained from each participant before data 

collection commenced. Given the cross-sectional 

nature of the research design, data were collected on a 

single occasion under standardized testing conditions. 

Basic demographic and anthropometric characteristics 

were recorded for all participants, including age, body 

height, body mass, playing position, and lower-limb 

dominance (dominant and non-dominant leg). 

Participants were eligible for inclusion if they met the 

following criteria: active female football players 

registered with KF Mitrovica; regular participation in 

training sessions and official matches; ability to 

perform all functional assessments at the time of 

testing; and provision of written informed consent 

prior to participation. Participants were excluded from 

the study if they met any of the following criteria: 

presence of an acute musculoskeletal injury at the time 

of testing; ongoing rehabilitation following a previous 

injury or surgical intervention; self-reported pain or 

discomfort that could adversely affect testing 

performance; failure to complete all testing 

procedures; or refusal to participate in the study. The 

application of these inclusion and exclusion criteria 

was intended to ensure a relatively homogeneous 

sample and to minimize potential confounding factors 

that could influence the assessment of lower-limb 

strength and neuromuscular performance. This 

approach enhanced the internal validity of the study 

and improved the reliability of the collected data.  

Data collections tools  

 Prior to the assessments, all participants 

completed a standardized 10-15 minute warm-up 

protocol consisting of light running, dynamic 

stretching, and sport-specific mobility exercises 

targeting the lower limbs. Participants were 

familiarized with both testing procedures prior to data 

collection and were allowed one to two practice trials 

to ensure proper technique and task understanding. For 

the Multiple One-Leg Hopping test and Nordic 

Hamstring Test, three valid trials were recorded for 

each limb, and the best performance was used for 

statistical analysis. A standardized recovery interval of 

approximately 1-2 minutes was provided between 

trials and 3-5 minutes between tests to minimize the 
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influence of fatigue. The testing order was 

standardized for all participants, with the Multiple 

One-Leg Hopping test performed first, followed by the 

Nordic Hamstring Test. All assessments were 

conducted at the same time of the day to reduce the 

potential influence of circadian variations on 

neuromuscular performance. 

Nordic Hamstring Test 

The Nordic Hamstring Test was used to assess 

eccentric hamstring strength. Hamstring strength is 

considered an important factor in lower-limb function, 

injury prevention, and athletic performance, 

particularly in sports involving sprinting and rapid 

changes of direction. Previous research has 

demonstrated that eccentric hamstring strength 

assessment is a valuable method for identifying 

athletes at an increased risk of hamstring injuries 

[8,11].  

Leonardo Mechanograph Multiple One-Leg Hopping 

Test (m1LH) 

The Leonardo Mechanograph Multiple One-

Leg Hopping Test (m1LH) was used to evaluate 

neuromuscular performance and detect functional 

asymmetries between the lower limbs. This force-

platform-based assessment provides objective 

measurements of biomechanical variables such as 

force and power during repeated single-leg hopping 

tasks. The test is widely used for assessing lower-limb 

function, neuromuscular performance, and inter-limb 

differences in athletic populations [12]. 

Data analysis 

Data were assessed for normality using the 

Shapiro-Wilk test. Based on the results, parametric and 

non-parametric statistical approaches were applied 

accordingly. For normally distributed variables, 

paired-samples T-tests were used to compare right and 

left leg performance in the Multiple One Leg Hopping 

test (m1LH), while Wilcoxon signed-rank tests were 

applied for variables that violated the normality 

assumptions.  

To examine the relationship between maximum force 

in m1LH test and hamstring strength parameters 

(torque and angle) obtained from the Nordic 

Hamstring test, Pearson correlation analysis was used 

for normally distributed variables, while Spearman 

correlation analysis was applied for variables that were 

not normally distributed. All statistical analyses were 

conducted using IBM SPSS Statistics. 

 

 

FINDINGS 

 

Table 1. Shapiro-Wilk Normality Test for Multiple One-Leg Hopping (m1LH) Variables

Variables Statistics df Sig. 

VJ1 (No of Valid Jumps) .942 6 .678 

AvgDeltah1(Average Delta Height) .813 6 .077 

Fmax_kn1 (Maximum Force) .934 6 .614 

PmaxkW1 (Maximum Power) .778 6 .037 

Stiffness1 (Leg Stiffness) .905 6 .405 

VJ2 (No of Valid Jumps) .932 6 .598 

AvgDeltah2 (Average Delta Height) .557 6 .000 

Fmax_kn2 (Maximum Force) .879 6 .263 

PmaxkW2 (Maximum Power) .863 6 .200 

Stiffness2 (Leg Stiffness) .939 6 .649 
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Results indicated that the majority of variables were 

normally distributed (p > .05). However, PmaxkW1 (p 

= .037) and AvgDeltah2 (p < .001) significantly 

deviated from normality. Therefore, parametric tests 

were applied for normally distributed variables, while 

non-parametric Wilcoxon signed-rank tests were used 

for non-normally distributed variables. 

 

Table 2. Shapiro-Wilk Normality Test for Nordic Hamstring Strength 

Variables Statistics df Sig. 

Asymmetry .926 6 .550 

Angle L .944 6 .693 

Angle R .800 6 .059 

Torque L .706 6 .007 

Torque R .673 6 .003 

Bilateral Torque .847 6 .149 
R: Right leg 

L: Left Leg 

 

Asymmetry, AngleL, AngleR, and BilateralTorque 

were normally distributed (p > .05). However, 

TorqueL (p = .007) and TorqueR (p = .003) 

significantly deviated from normality. 

 

Table 3. Paired-Samples Test Results for Multiple One-Leg Hopping (m1LH) 

Pairs Variables Legs X̄ ±SD Correlation Sig Sig (2-tailed) 
Cohen's 

d 
Diff % 

Pair 1 
VJ (No of Valid Jumps) R 46.88 ±12.46 

.096 .807 .513 19.01 9.23 
VJ (No of Valid Jumps) L 42.55 ±15.59 

Pair 3 
F max kn (Maximum Force) R 2.09±.24 

.635 .048 .893 .22 0.48 
F max kn (Maximum Force) L 2.10±.28 

Pair 5 
Stiffness  R 137.17±29.47 

.176 .627 .762 35.26 2.54 
Stiffness  L 133.69±25.23 

R: Right leg 

L: Left Leg 

Paired-samples t-tests revealed no statistically 

significant differences between the left and right leg 

for vertical jump height (p = .513), maximum force (p 

= .893), or stiffness (p = .762). A significant 

correlation between limbs was observed only for Fmax 

(r = .635, p = .048), suggesting moderate inter-limb 

consistency in force production. Overall, these results 

indicate symmetrical performance between legs across 

all tested variables. 
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Table 4. Wilcoxon Test Results for Multiple One-Leg Hopping (m1LH) 

Pairs Variables Legs X̄ ±SD Median Mean Rank Z Sig. Diff % 

Pair 2 
AvgDeltah1(Average Delta Height) R .23±.04 0.240 4.38* 

-0.070 .944 2.08 
AvgDeltah2(Average Delta Height) L .33±.30 0.245 4.63** 

Pair 4 
PmaxkW1(Maximum Power) R 1.77±.29      1.735 4.50* 

-0.051 .959 1.44 
PmaxkW2(Maximum Power) L 1.76±.41     1.760 7.00** 

*Negative Ranks: Left leg > Right leg (Right minus Left is negative) 

**Positive Ranks: Right leg > Left leg (Right minus Left is positive) 

R: Right leg 

L: Left Leg 

 

Results indicate that the Wilcoxon signed-rank tests 

revealed no statistically significant differences 

between the left and right leg for Average Delta h (Z = 

-0.070, p = .944) or Peak Power (Z = -0.051, p = .959). 

Median values were nearly identical between limbs for 

both variables, indicating symmetrical jump height and 

power output. These results suggest no meaningful 

inter-limb asymmetry in explosive performance. 

 

Table 5. Unilateral and Bilateral Asymmetries in Nordic Hamstring Test Results   

Parameters  Minimum Maximum X̄ ±SD 

 Asymmetry      .40          22.80        6.73±6.41 

AngleL     85.60        107.10      95.56±6.27 

AngleR   82.70        104.90              90.62±6.70 

TorqueL 209.20        690.70     469.62±213.23 

TorqueR 169.30        676.10      490.21±226.22 

BilateralTorque  42.60         95.50        66.68±24.00 

 

Table 5 revealed a mean inter-limb asymmetry of 

6.73%, ranging from 0.40% to 22.80%. The left leg 

angle (95.56° ± 6.28°) was slightly greater than right 

(90.62° ± 6.71°). Torque values were comparable 

between limbs (left: 469.62 ± 213.24 N·m; right: 

490.21 ± 226.23 N·m), with bilateral torque averaging 

66.68 ± 24.01 N·m. Notably, one participant exceeded 

the 22% asymmetry, exceeding the 15% injury risk 

threshold. 

 

Table 6. Correlation Between Maximum Force in the m1LH Test and Angle and Torque Variables in the Nordic 

Hamstring Test 

Test  Legs Correlation 
           Torque             Angle  

              R                L               R               L 

M1LH  

(F max) 

R  
Pearson Correlation .200 .164 .161 .469 

Sig. (2-tailed) .580 .651 .656 .172 

L  
Pearson Correlation .248 .042 -.112 .506 

Sig. (2-tailed) .489 .907 .758 .135 
R: Right leg 

L: Left Leg 

Correlation analysis revealed no statistically 

significant correlations between maximum force 

during the Multiple One-Leg Hopping test and either 

torque or angle measures from the Nordic Hamstring 
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test for either leg (all p > .05). The strongest 

associations were observed between left-leg maximum 

force (Fmax_kn2L) and left angle (r = .506, p = .135), 

and between right-leg maximum force (Fmax_kn1R) 

and left angle (r = .469, p = .172); however, neither 

reached statistical significance. These findings suggest 

that maximum hopping force and Nordic hamstring 

strength are not significantly related in this sample. 

 

DISCUSSION 

 

The present study examined lower-limb 

asymmetries and the relationship between explosive 

leg performance and eccentric hamstring strength in 

female football players. The findings provide useful 

insights into neuromuscular characteristics and injury-

risk monitoring in this population.                                                                                                                                                  

No statistically significant differences were 

found between the left and right limbs for jump height, 

maximum force, stiffness, average jump displacement, 

or peak power during the m1LH test (Table 1 and 4). 

Although no statistically significant differences were 

observed between limbs, the interpretation of effect 

sizes provides additional information regarding the 

practical relevance of these findings. Cohen’s d values 

observed for the m1LH variables ranged from trivial to 

small magnitudes, indicating that the differences 

between the dominant and non-dominant limbs were 

not only statistically non-significant but also 

practically negligible. These findings support the 

presence of a relatively symmetrical neuromuscular 

profile among the assessed female football players and 

are consistent with previous studies reporting low 

levels of asymmetry in trained female football players 

[3,13]. 

A significant correlation between limbs (Table 

3 and 6) was observed only for maximum force 

production (Fmax), suggesting moderate bilateral 

consistency in force-generating capacity. This may be 

explained by the bilateral physical demands of soccer, 

which promote similar force-production abilities 

between limbs [3,14]. The Nordic Hamstring Test 

(Table 2 and 5) revealed a mean asymmetry of 6.73%, 

indicating generally balanced hamstring strength 

between limbs. However, one athlete exceeded the 

15% injury-risk threshold, highlighting the importance 

of individual monitoring despite low group averages 

[8,9,15]. No significant correlations were identified 

between maximum hopping force and Nordic 

hamstring test torque or angle measures. This suggests 

that the m1LH and Nordic Hamstring Test assess 

different neuromuscular qualities and may therefore 

provide complementary information in athlete 

evaluation [6,11,12]. The relatively low levels of 

asymmetry observed in the present study may reflect 

the training status of the participants and the 

neuromuscular adaptations developed through regular 

football training. Previous research has demonstrated 

that athletes exposed to systematic strength and 

conditioning programs often present lower asymmetry 

values, which may contribute to improved movement 

efficiency and greater mechanical stability during 

sport-specific actions. Although asymmetries are 

common in football due to repetitive unilateral tasks 

such as kicking and cutting, small asymmetry values 

are generally considered acceptable and may not 

necessarily impair performance [16,17]. Another 

noteworthy finding is the absence of significant 

associations between eccentric hamstring strength and 

hopping-force variables. This observation supports the 

concept that athletic performance is multifactorial and 

that different tests may evaluate separate 

neuromuscular qualities. Whereas the Nordic 

Hamstring Test primarily evaluates eccentric knee 

flexor capacity, hopping assessments rely heavily on 

stretch-shortening cycle efficiency, tendon stiffness, 

reactive strength, and intermuscular coordination. 

Therefore, superior performance in one test may not 

automatically translate into higher performance in 

another assessment modality [18]. From an injury-
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prevention perspective, the identification of one 

athlete with asymmetry values exceeding the 

commonly accepted risk threshold emphasizes the 

importance of individual monitoring. Recent evidence 

suggests that individualized screening protocols may 

be more informative than group averages when 

evaluating injury risk, particularly in team sports 

where substantial inter-individual variability exists. 

Early identification of athletes presenting excessive 

asymmetries may allow practitioners to implement 

targeted interventions prior to injury occurrence 

[19,20]. The findings of the current study also support 

the use of a multidimensional testing approach when 

evaluating female football players. Contemporary 

recommendations suggest that combining measures of 

strength, power, and functional performance provides 

a more comprehensive understanding of 

neuromuscular status than relying on a single 

assessment tool. Consequently, the combined 

application of the Multiple One-Leg Hopping Test and 

the Nordic Hamstring Test may enhance athlete 

monitoring and support more informed decision-

making regarding training prescription and injury-

prevention strategies [21]. Overall, the players 

demonstrated relatively symmetrical lower-limb 

function and low levels of hamstring asymmetry. 

Although no relationship was found between hopping 

force and eccentric hamstring strength, individualized 

screening remains important for identifying athletes 

who may present an elevated risk of injury. The 

interpretation of the present findings should be 

considered in the context of several methodological 

limitations. The small sample size and cross-sectional 

design limit the ability to establish causal relationships 

and may have reduced the sensitivity to detect small, 

but potentially meaningful, associations. Additionally, 

inter-limb asymmetry should be interpreted at the 

individual level rather than relying solely on group 

averages, as athletes may present considerable 

variability in neuromuscular characteristics. 

Therefore, future longitudinal studies involving larger 

groups are necessary to determine whether asymmetry 

measures obtained from the m1LH and Nordic 

Hamstring Test can effectively predict injury risk and 

performance outcomes. 

CONCLUSION 

This study investigated lower-limb 

asymmetries and the relationship between explosive 

unilateral leg performance and eccentric hamstring 

strength in female football players from Kosovo. The 

findings demonstrated no significant differences 

between the left and right limbs across the Multiple 

One-Leg Hopping (m1LH) variables, indicating 

generally symmetrical lower-limb performance within 

the sample. 

The Nordic Hamstring Test revealed relatively 

low levels of hamstring strength asymmetry, although 

one participant exceeded the commonly accepted 

injury-risk threshold, highlighting the importance of 

individual athlete assessment. Furthermore, no 

significant correlations were found between maximum 

hopping force and Nordic Hamstring Test torque or 

angle measures, suggesting that these tests evaluate 

distinct aspects of neuromuscular performance. 

Overall, the results indicate that female football 

players in this sample exhibited balanced lower-limb 

function and low levels of asymmetry. The findings 

support the use of both the m1LH and Nordic 

Hamstring Test as complementary assessment tools for 

monitoring neuromuscular performance and 

identifying potential injury-risk factors. Future 

research involving larger samples and athletes from 

multiple clubs is recommended to further investigate 

the relationship between lower-limb asymmetries, 

hamstring strength, and injury risk in female football 

players.  
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