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ABSTRACT

Background: Lower limb muscle strength asymmetry is a significant factor that
can impact playing ability and increase the risk of injury in soccer players.
Differences in leg use and the specific movement requirements of a sport can lead
to strength imbalances, either on both sides of the body or on the same side. Lower
limb muscle strength asymmetry, particularly bilateral and ipsilateral strength
asymmetry, is a significant factor influencing performance and increasing injury
risk in football players. Differences in limb dominance and sport-specific
movement demands can lead to strength imbalances. An asymmetry level
exceeding approximately 10-15% is considered above the ideal limit and may
elevate injury risk.

Objectives: This study aimed to compare bilateral and ipsilateral lower limb
strength asymmetry between male and female football players.

Methods: A cross-sectional study was conducted involving 50 amateur football
players (26 males and 24 females; aged 18-21 years). Isokinetic strength testing of
knee extensors and flexors was performed at 60°/s. Bilateral asymmetry was
calculated based on peak torque differences between limbs, while ipsilateral
asymmetry was assessed using the hamstring-to-quadriceps (H/Q) ratio. Statistical
analyses included the Mann—Whitney U test and independent t-test (p < 0.05).
Results: Significant sex differences were found in bilateral strength asymmetry for
both quadriceps (7.21 * 4.04% vs 5.04 £ 3.13%, p = 0.02) and hamstrings (9.13 *
5.15% vs 5.06 £ 4.04%, p = 0.01), with males showing greater asymmetry. Female
athletes demonstrated values closer to the recommended asymmetry threshold
(£10-15%). No significant differences were observed in ipsilateral strength
asymmetry (H/Q ratio) between groups (p > 0.05).

Conclusions: Bilateral strength asymmetry differs by sex, with male athletes
exhibiting higher imbalance, while ipsilateral strength balance is comparable
between groups. These findings highlight the importance of monitoring individual
strength asymmetry to inform targeted training strategies, reduce injury risk, and
optimize performance in football players.
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INTRODUCTION

Football is a sport that requires physical condition, strength, explosive power, and
running ability, which are determining factors in achieving performance. Lower limb
strength is the most important factor in supporting the ability to run, change
direction, accelerate, and decelerate (Ruscello et al., 2018). During training and
matches, football players use their lower body parts to kick the ball, run, and
sometimes tackle opponents. This will undoubtedly affect the asymmetry in strength
production and the biomechanical structure of the movement, as previous studies
have reported.

Numerous studies have reported that most injuries in football players occur in the
lower extremities, particularly the hamstrings, ACLs, and knees (Aiello et al., 2023;
Alyamietal., 2023; Ferdinand et al., 2025; Huygaerts et al., 2020; Loose et al., 2019).
Lower extremity strength imbalances increase the risk of injury (Benson et al., 2024;
Hanief et al., 2025), particularly in female athletes. One of the best parameters for
assessing injury risk is measuring differences in lower-extremity muscle strength.
Valid measurements include an isokinetic dynamometer, which measures the
strength of the knee extensor and flexor muscles during eccentric and concentric
contractions (Kalata et al., 2020).

Strength asymmetry refers to the bilateral or ipsilateral ratio of the maximum
strength values of both legs relative to a reference point. Bilateral muscle strength
asymmetry in the range of 10-15% increases the risk of injury, while a
hamstring/quadriceps (H/Q) strength ratio of less than 60% is associated with lower
extremity injuries (Akarsu Tasman et al., 2025).

An imbalance in lower extremity strength can directly affect athletic performance
and plays a significant role in preventing long-term injuries. Imbalance in strength
can be influenced by ligament laxity in the knee joint, anatomical structures, and
gender-related factors such as hormonal status and the menstrual cycle.

Physiological differences between male and female athletes, such as body weight,
muscle mass, and body fat levels, can influence maximal quadriceps and hamstring
strength, as well as interbody strength imbalances (Coto Martin et al., 2025; Kalata
et al., 2020). While reports indicate that female athletes have lower force output than
male athletes, further research is needed to determine whether gender influences
lower-body strength imbalances.

Previous research has reported conflicting results on sex-related differences in
strength asymmetry (Daneshjoo et al., 2013; Kalata et al., 2020). While some studies
suggest greater asymmetry in female athletes, others report no significant differences,
indicating a lack of consensus. Moreover, limited studies have simultaneously
examined both bilateral and ipsilateral strength asymmetry using isokinetic
assessment in male and female football players, particularly in amateur populations.
Therefore, a clear research gap remains regarding the extent to which sex influences
different types of lower limb strength asymmetry. Addressing this gap is important
for developing evidence-based training and injury prevention strategies tailored to
athlete characteristics.

This study provides a novel contribution by examining both bilateral and
ipsilateral lower limb strength asymmetry in male and female football players using
isokinetic assessment. Given the inconsistent findings in previous research and the
limited evidence in amateur populations, this study is important to clarify sex-related
differences in strength imbalance. The findings have practical implications for
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developing targeted training programs, improving performance, and reducing injury
risk.

METHODS

Study Design and Participants

This study used a cross-sectional design to compare groups by evaluating
participants' characteristics at a single point in time. Participants were selected
through purposive sampling based on the study's eligibility requirements. The study
received ethical approval from the relevant review board, ensuring adherence to
ethical standards. All athletes were briefed on the study's goals and methods, in
accordance with the Declaration of Helsinki. Participation was voluntary, and
written informed consent was secured from each participant before data collection
began.

Participants in this study included 50 amateur football players, comprising 26
male and 24 female athletes, aged 18-21 years, in Batangas Province, Philippines. All
athletes involved had at least 3 years of football experience, had not suffered any
injuries in the past 3 months, and were actively playing football.

Ethical approval statement

Following ethical standards helped protect everyone involved. Approval came
through J.H. Cerilles State College’s Institutional Ethics Review Board after a full
review. Before anything else started, each person signed a form giving clear
permission to take part.

Research Instruments

The researchers conducted body composition and isokinetic strength tests on the
participants at Batangas State University's Department of Physical Education, within
the Physical Profile, Performance, and Biomechanics Laboratory. To ensure the
study's results were not influenced, the tests were carried out under controlled
conditions, with the temperature maintained at 20-21°C and the humidity at 45-50%.

The body composition of the athletes involved in the study was assessed using
Bioelectrical Impedance Analysis (Tanita BC418). Participants were briefed on the
procedure prior to measurement. Measurements were taken while wearing
sportswear (shorts and a tank top) and without shoes. Weight was recorded on a scale
with an accuracy of £ 0.1 kg, and height was measured using a stadiometer with an
accuracy of £ 1 mm, measuring the distance from the top of the head to the foot after
a deep breath, with the head positioned in the Frankfort plane.

The participants' knee extensor and flexor isokinetic strength was measured using
an isokinetic dynamometer. Before testing, they completed a standardized 10-minute
warm-up involving treadmill running and dynamic exercises. The isokinetic
assessment was conducted on both knees at an angular velocity of 60°/s, consisting
of three sets of five repetitions with 30-second rest intervals, following familiarization
trials performed at a higher speed. During the test, participants were securely
positioned to limit unnecessary movement, and the range of motion was set to 90°.
The device was calibrated and gravity-corrected according to the manufacturer's
instructions, and verbal encouragement was given throughout. Bilateral strength
asymmetry was calculated by comparing peak torque differences between limbs,
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while ipsilateral asymmetry was assessed using the hamstring-to-quadriceps peak
torque ratio.

Data Analysis

Statistical analysis was performed using SPSS version 22. Descriptive statistics
were used to summarize participant characteristics. Differences between male and
female groups in bilateral and ipsilateral strength asymmetry were analyzed using the
Mann—Whitney U test and independent samples t-test, as appropriate. Statistical
significance was set at p < 0.05.

RESULTS

This study aims to examine the differences in strength imbalance between the left
and right legs in the lower extremities of male and female football players. The results
of the measurement and recording of participant characteristics are shown in Table

1.
Table 1. Participants Demographic Characteristics

Variable Gender Minimum Maximum Mean Star.lda'rd

Deviation
Age (years Male 18 21 19.11 .15
ge lyears Female 18 21 20.06 1.54
Height (em) Male 160 165 16277 435
g Female 150 158 15432 4.03
. Male  61.75 7441 68.08 7.59
Weight (kg) Female  56.20 66.60  61.40 7.02
Male 18.08 2575 21.92 2.32
BMI (kg/m2) Female  18.98 26.66  22.82 2.48
Male 102 179 131.77 2047
REPT (Nm) Female 143 277 21850  28.85
Male 76 159 119.53  18.87
REPT (Nm) Female 51 99 6932  10.87
Male 151 254 20754 24.66
LEPT (Nm) Female 95 170 128.97  17.87
Male 82 149 113.65 1461
LFPT (Nm) Female 51 95 68.59 9.78
Bilateral Difference (%) Male 0.73 21.55 721 404
(Q/Q) Female 0 10.57 5.04 3.13
Bilateral Difference (%) Male 0 20.21 9.13 5.15
(H/H) Female 0 17.32 5.06 4.04
. . Male 3111 6570  48.45 6.11

0
Ipsilateral (%) (H/QRight) e 3040 6436 48.42 6.02
. Male  40.50 68.77  53.33 6.45
0

Ipsilateral (%) (H/Q Left) o 1 30,19 64.83 5321 6.26

* REPT: Right Extension Peak Torque; RFPT: Right Flexion Peak Torque; LEPT: Left Extension
Peak Torque; LFPT: Left Flexion Peak Torque; Nm: ewton meter; Q/Q: Quadriceps/Quadriceps;
H/H: Hamstring/ Hamstring;, H/Q: Hamstring/Quadriceps.

Table 2. Analysis of Sex Differences in Bilateral Lower Limb Strength Asymmetry

Variable Gender n Mean Stapdgr Z P
Deviation

Bilateral Male 26 7.21 4.04

Difference (%) -2.137 0.02*
(Q/Q) Female 24 5.04 3.13

Bilateral Male 26 9.13 5.15

Difference (%) -3.321 0.01*
(H/H) Female 24 5.06 4.04

*»<0.05; Q/Q: Quadriceps/ Quadriceps; H/ H: Hamstring/ Hamstring
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Table 3. Analysis of Sex Differences in Ipsilateral Lower Limb Strength Asymmetry

Variable Gender n Mean Stapdgr Z p
Deviation
Ipsilateral (%) Male 26 48.45 6.11
(H/QRight)  Female 24 43.42 6.02 0.675 0.78
Ipsilateral (%) Male 26 53.33 6.45 0.673 0.71
(H/Q Left) Female 24 53.21 6.26 - '
H/Q: Hamstring/Quadriceps
I Bilateral Difference (%) (Q/Q) I ipsilateral (%) (H/Q Right)
FBNIG-E 1 Bilateral Difference (%) (HH) Female = IZsiIalera\ (%) (HIQ Legﬂ)

Male49.13 I Male

Female Female -ELE¥]
Male Male LR

'] 2 4 6 8 10 0 20 40 60
Mean Mean

Gender
Gender

Figure 1. Analysis of Gender Differences in bilateral and Ipsilateral Strength Asymmetry

Referring to Table 2, it is known that there are significant differences between the
two muscle groups, quadriceps (p<0.02) and hamstrings (p<0.01). The level of
asymmetry in male amateur football players is higher than in female players. The fit
statistics suggested that the model was a reasonable representation of the data
however due to the low general fit index of 0.819 and the sample size the results
should be treated with caution and viewed as exploratory rather than confirmatory.

Referring to Table 3, it is known that there is no difference in strength asymmetry
between male and female, but the male group has a more ideal value than female

Figure 1 presents the comparison of bilateral and ipsilateral strength asymmetry
between male and female participants. In terms of bilateral asymmetry, male
participants demonstrated higher mean differences than females for both quadriceps
(Q/Q) and hamstrings (H/H), indicating greater side-to-side strength variability.
Specifically, males showed mean values of 7.21% (Q/Q) and 9.13% (H/H),
compared to 5.04% and 5.06% in females, respectively. For ipsilateral strength ratios
(hamstring-to-quadriceps, H/Q), both male and female participants exhibited
relatively similar values between limbs. The right limb showed slightly higher H/Q
ratios (approximately 53%) compared to the left limb (approximately 48%) in both
groups. These findings suggest a consistent pattern of muscle balance within limbs,
although minor asymmetries between sides are present. Overall, males tended to
exhibit greater bilateral asymmetry, while ipsilateral strength ratios appeared
relatively comparable across genders. However, these differences should be
interpreted cautiously, as no statistical significance is indicated in the figure.

DISCUSSION

The findings revealed significant bilateral differences, defined as strength
imbalances between the two limbs, with female athletes closer to ideal values.
Furthermore, there were no gender differences in ipsilateral strength imbalances,
with male athletes closer to ideal values.

This outcome highlights differences among individuals and reinforces the
importance of assessing each athlete individually to identify their specific
weaknesses. In football players, Iga et al. (2009) found that players seldom use both
legs equally, as a tendency to favor one leg over the other is linked to the brain's
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hemispheric dominance on the opposite side. This fact can affect specific preferences,
leading to varying degrees of morphological and pathophysiological maladaptation
in athletes, with one side of the body favored over the other.

The observed differences in bilateral strength asymmetry between male and
female athletes may be explained by several underlying mechanisms. One possible
explanation relates to differences in neuromuscular control and limb dominance, as
repeated unilateral actions in football (e.g., kicking and cutting) may lead to
asymmetric muscle development (Bishop et al., 2018; Dos’Santos et al., 2021). Male
athletes, who generally produce greater absolute force, may also be more susceptible
to developing strength imbalances due to higher mechanical loading during training
and competition (Maloney, 2019; Read et al., 2019).

Additionally, physiological differences such as muscle mass distribution, tendon
stiffness, and hormonal influences may contribute to variations in strength
asymmetry between sexes (Brownstein et al., 2021; Teien et al., 2023). Female
athletes, despite having lower absolute strength, may exhibit more balanced inter-
limb coordination and movement control, which could explain why their asymmetry
values are closer to the recommended threshold (Bishop et al., 2018; Dos’Santos et
al., 2021).

The absence of significant differences in ipsilateral asymmetry suggests that the
hamstring-to-quadriceps (H/Q) ratio is relatively consistent between sexes. This
finding aligns with previous studies indicating that neuromuscular coordination
between agonist and antagonist muscles tends to be preserved regardless of sex,
particularly in trained populations (Baroni et al., 2020; Hanief et al., 2025; Tengku
Kamalden et al., 2021). This may indicate that although inter-limb asymmetry
differs, intra-limb muscle balance is maintained similarly across groups.

The results of this study also occurred in several other sports such as volleyball
and tennis. In volleyball, players frequently perform multiple vertical jumps starting
from the same leg during play. Landing occurs in a significantly unbalanced position,
leading to a substantial and uneven engagement of the lower limb muscles (Taylor et
al., 2019). Tennis involves a sequence of active movements, frequent changes in
direction, and quick speeding up or slowing down. This can lead to differences in
how the lower limbs function in both young and adult tennis players (Fernandez-
Fernandez et al., 2010).

In 2015, Bailey and his team conducted a study on differences in isometric
strength and countermovement jump performance between genders (Bailey et al.,
2015). Their findings indicated that women exhibited greater asymmetry than men.
Bell and others noted that female athletes showed greater strength imbalances than
male athletes (Bell et al., 2014). Our research results show that the level of strength
imbalance between the two sides of the body of female soccer players is closer to the
figure considered ideal than that of male players.

The results of this study have significant implications across various areas,
including training, injury prevention, and athlete performance. The findings on
differences in power imbalances between the left and right arms in male and female
athletes indicate that training programs should be tailored to each individual's gender
and strength level. Female athletes who exhibit modest differences in leg strength still
require ongoing monitoring to maintain muscle strength balance, whereas male
athletes require additional attention to reduce leg imbalances.

The absence of differences in ipsilateral asymmetry between men and women
indicates that the hamstring-to-quadriceps strength ratio is similar, suggesting that
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knee-strengthening and stabilization training methods can be applied equally to both
male and female athletes. Furthermore, the results of this study emphasize the
importance of individual assessment of strength imbalances, as specific leg
dominance and sport-specific movement habits can lead to different nervous and
muscular system adaptations among athletes.

Practically, these findings serve as a basis for developing training programs aimed
at preventing injuries, restoring body function after injury, and improving athlete
performance, particularly through isokinetic testing, particularly in sports that require
repeated single movements such as soccer.

Limitations of the study

This study has several limitations that should be considered when interpreting the
findings. First, the cross-sectional design does not allow for causal inference, limiting
the ability to determine whether strength asymmetry directly contributes to injury
risk or performance outcomes. Second, the relatively small sample size and focus on
amateur football players may restrict the generalizability of the results to elite athletes
or different competitive levels.

Furthermore, the use of a single angular velocity (60°/s) in isokinetic testing may
not fully represent sport-specific movement demands, potentially limiting the
ecological validity of the findings. In addition, factors such as limb dominance,
playing position, training load, and injury history were not controlled, which may
have influenced the observed asymmetry patterns.

Therefore, future studies should include larger and more diverse samples, multiple
testing velocities, and additional performance-related variables to provide a more
comprehensive understanding of strength asymmetry in football players.

CONCLUSIONS

This study demonstrated differences in bilateral strength asymmetry between male
and female football players, with female athletes tending to have values closer to the
ideal range. However, no significant differences were found in ipsilateral strength
asymmetry between the sexes. These findings suggest that inter-limb strength balance
and hamstring-to-quadriceps ratios should be evaluated separately, as leg dominance
and sport-specific demands may influence asymmetry patterns.

From a practical perspective, the results highlight the importance of isokinetic
assessment in designing individualized training programs aimed at reducing injury
risk and improving performance.

However, these findings should be interpreted with caution, as the relatively small
sample size and focus on amateur athletes may limit the generalizability of the results
to other populations. Future research should include larger and more diverse
samples, as well as additional variables such as playing position, limb dominance,
and training load, to provide a more comprehensive understanding of strength
asymmetry in football players.

ACKNOWLEDGMENTS

We would like to thank all participants involved in this study, especially the
coaches and parents. We also extend our gratitude to Batangas State University for
its financial support.

Manimtim & Ronquillo; Sport. Exerc. Inj. 2026; 2(1); 1-10. doi: 10.56003/sei.v2i1.681 7/10


https://doi.org/10.56003/sei.v2i1.681

Al DISCLOSURE STATEMENT

During the preparation of this manuscript, the authors used Gemini (Gemini 3.1
Pro, Google) to check grammar, improve linguistic clarity, and refine the academic
English phrasing of the text. All Al-generated outputs were critically reviewed and
thoroughly edited by the authors to ensure factual accuracy, clarity of expression,
and compliance with academic standards. The authors take full responsibility for the
integrity and content of this manuscript.

DATA AVAILABILITY

The data supporting this study's findings are available on request from the
corresponding author. The data are not publicly available because they contain
information that could compromise the privacy of research participants

FUNDING

This research received funding from Batangas State University under the
fundamental research scheme.

CONFLICT OF INTEREST

The author hereby declares that this research is free from conflicts of interest with
any party.

PUBLISHER'S NOTE

All claims expressed in this article are solely those of the authors and do not
necessarily represent those of their affiliated organizations, or those of the publisher,
the editors, and the reviewers. Any product that may be evaluated in this article, or
a claim its manufacturer may make, is not guaranteed or endorsed by the publisher.

REFERENCES

Aiello, F., Impellizzeri, F. M., Brown, S. J., Serner, A., & McCall, A. (2023). Injury-
Inciting Activities in Male and Female Football Players: A Systematic Review.
Sports Medicine, 53(1), 151-176. https://doi.org/10.1007/s40279-022-01753-5

Akarsu Tasman, G., Giiven, E., & Acar, N. E. (2025). Comparison Of Lower
Extremity Bilateral and Ipsilateral Strength Asymmetry in Male and Female
Soccer Players. Research in Sport Education and Sciences, 27(3), 176-183.
https://doi.org/10.62425/rses. 1637439

Alyami, A. H., Darraj, H., Hamdi, S., Saber, A., Bakri, N., Maghrabi, R., Hakami,
K. M., & Darraj, A. (2023). Awareness of Anterior Cruciate Ligament
Injury—Preventive Training Programs among Saudi Athletes. Clinics and
Practice, 13(3), 656—665. https://doi.org/10.3390/clinpract13030060

Bailey, C. A., Sato, K., Burnett, A., & Stone, M. H. (2015). Force-Production
Asymmetry in Male and Female Athletes of Differing Strength Levels.
International Journal of Sports Physiology and Performance, 10(4), 504-508.
https://doi.org/10.1123/1jspp.2014-0379

Manimtim & Ronquillo; Sport. Exerc. Inj. 2026; 2(1); 1-10. doi: 10.56003/sei.v2i1.681 8/10


https://doi.org/10.56003/sei.v2i1.681
https://doi.org/10.1007/s40279-022-01753-5
https://doi.org/10.62425/rses.1637439
https://doi.org/10.3390/clinpract13030060
https://doi.org/10.1123/ijspp.2014-0379

Baroni, B. M., Ruas, C. V., Ribeiro-Alvares, J. B., & Pinto, R. S. (2020). Hamstring-
to-Quadriceps Torque Ratios of Professional Male Soccer Players: A
Systematic Review. Journal of Strength and Conditioning Research, 34(1), 281—
293. https://doi.org/10.1519/JSC.0000000000002609

Bell, D. R., Sanfilippo, J. L., Binkley, N., & Heiderscheit, B. C. (2014). Lean Mass
Asymmetry Influences Force and Power Asymmetry During Jumping in
Collegiate Athletes. Journal of Strength and Conditioning Research, 28(4), 884—
891. https://doi.org/10.1519/JSC.0000000000000367

Benson, E. M., Elphingstone, J. W., Paul, K. D., Schick, S., Shihab, Y. A., Barlow,
D., Ponce, B. A., Brabston, E. W., & Momaya, A. M. (2024). Eccentric
Hamstring Strength Imbalance among Football and Soccer Athletes. Southern
Medical Journal, 117(4), 214-219.
https://doi.org/10.14423/SMJ.0000000000001674

Bishop, C., Turner, A., & Read, P. (2018). Effects of inter-limb asymmetries on
physical and sports performance: a systematic review. Journal of Sports Sciences,
36(10), 1135-1144. https://doi.org/10.1080/02640414.2017.1361894

Brownstein, C. G., Millet, G. Y., & Thomas, K. (2021). Neuromuscular responses
to  fatiguing  locomotor  exercise.  Acta  Physiologica,  231(2).
https://doi.org/10.1111/apha.13533

Coto Martin, R., Pérez Mallada, N., Martinez Beltran, M. J., Cuéllar Marin, L.,
Borras Lujan, P. J., Arroyo, O. O., Saenz-Nufo, M. A., & Arribas-Marin, J.
M. (2025). Differences in Strength, Muscle Work, and Hamstring/Quadriceps
Ratio in Professional and Junior Elite Basketball Players According to Sex.
Journal  of  Functional Morphology and  Kinesiology, 10(2), 204.
https://doi.org/10.3390/jfmk 10020204

Daneshjoo, A., Rahnama, N., Mokhtar, A. H., & Yusof, A. (2013). Bilateral and
Unilateral Asymmetries of Isokinetic Strength and Flexibility in Male Young
Professional Soccer Players. Journal of Human Kinetics, 36(1), 45-53.
https://doi.org/10.2478/hukin-2013-0005

Dos’Santos, T., Thomas, C., & Jones, P. A. (2021). The effect of angle on change of
direction biomechanics: Comparison and inter-task relationships. Journal of
Sports Sciences, 39(22), 2618-2631.
https://doi.org/10.1080/02640414.2021.1948258

Ferdinand, L., Hanief, Y. N., & Manimtim, R. M. (2025). Injury pattern and risk
factors in grassroots football: A study of 10-year-old athletes. Sport, Exercise,
and Injury, 1(1), 27-39. https://doi.org/10.56003/sei.v1i1.512

Fernandez-Fernandez, J., Kinner, V., & Ferrauti, A. (2010). The Physiological
Demands of Hitting and Running in Tennis on Different Surfaces. Journal of
Strength and Conditioning Research, 24(12), 3255-3264.
https://doi.org/10.1519/JSC.0b013e3181e8745f

Hanief, Y. N., Sumartiningsih, S., Rahayu, S., Setyawati, H., Hadi, H., & Jaskulski,
K. (2025). Neuromuscular hamstring profile based on strength imbalance as a
basis for injury prevention in youth football players. Indonesian Journal of

Manimtim & Ronquillo; Sport. Exerc. Inj. 2026; 2(1); 1-10. doi: 10.56003/sei.v2i1.681 9/10


https://doi.org/10.56003/sei.v2i1.681
https://doi.org/10.1519/JSC.0000000000002609
https://doi.org/10.1519/JSC.0000000000000367
https://doi.org/10.14423/SMJ.0000000000001674
https://doi.org/10.1080/02640414.2017.1361894
https://doi.org/10.1111/apha.13533
https://doi.org/10.3390/jfmk10020204
https://doi.org/10.2478/hukin-2013-0005
https://doi.org/10.1080/02640414.2021.1948258
https://doi.org/10.56003/sei.v1i1.512
https://doi.org/10.1519/JSC.0b013e3181e8745f

Research  in  Physical Education, Sport, and Health, 3(2), 107-115.
https://doi.org/10.17977/um086v3i22025p107-115

Huygaerts, S., Cos, F., Cohen, D. D., Calleja-Gonzalez, J., Guitart, M., Blazevich,
A. J., & Alcaraz, P. E. (2020). Mechanisms of Hamstring Strain Injury:
Interactions between Fatigue, Muscle Activation and Function. Sports, 8(5),
65. https://doi.org/10.3390/sports8050065

Iga, J., George, K., Lees, A., & Reilly, T. (2009). Cross-sectional investigation of
indices of isokinetic leg strength in youth soccer players and untrained
individuals. Scandinavian Journal of Medicine & Science in Sports, 19(5), 714-719.
https://doi.org/10.1111/j.1600-0838.2008.00822.x

Kalata, M., Maly, T., Hank, M., Michalek, J., Bujnovsky, D., Kunzmann, E., &
Zahalka, F. (2020). Unilateral and Bilateral Strength Asymmetry among
Young Elite Athletes of Various Sports. Medicina, 56(12), 683.
https://doi.org/10.3390/medicina56120683

Loose, O., Fellner, B., Lehmann, J., Achenbach, L., Krutsch, V., Gerling, S., Jansen,
P., Angele, P., Nerlich, M., & Krutsch, W. (2019). Injury incidence in semi-
professional football claims for increased need of injury prevention in elite
junior football. Knee Surgery, Sports Traumatology, Arthroscopy, 27(3), 978-984.
https://doi.org/10.1007/s00167-018-5119-8

Maloney, S. J. (2019). The Relationship Between Asymmetry and Athletic
Performance: A Critical Review. Journal of Strength and Conditioning Research,
33(9), 2579-2593. https://doi.org/10.1519/JSC.0000000000002608

Read, P.J., Oliver, J. L., De Ste Croix, M. B. A., Myer, G. D., & Lloyd, R. S. (2019).
A Review of Field-Based Assessments of Neuromuscular Control and Their
Utility in Male Youth Soccer Players. Journal of Strength and Conditioning
Research, 33(1), 283-299. https://doi.org/10.1519/JSC.0000000000002069

Ruscello, B., Esposito, M., Partipilo, F., Di Cicco, D., Filetti, C., Pantanella, L., &
D’ottavio, S. (2018). Exercise-to-rest ratios in repeated sprint ability training in
women’s soccer. The Journal of Sports Medicine and Physical Fitness, 58(12).
https://doi.org/10.23736/50022-4707.17.07741-6

Taylor, J. B., Kantor, J. L., Hockenjos, T. J., Barnes, H. C., & Dischiavi, S. L. (2019).
Jump load and landing patterns of collegiate female volleyball players during
practice and competition. The Journal of Sports Medicine and Physical Fitness,
59(11). https://doi.org/10.23736/50022-4707.19.09650-6

Tengku Kamalden, T. F., Gasibat, Q., Samsudin, S., & Anak Joseph, J. (2021).
Occurrence of Muscle Imbalance and Risk of Injuries in Athletes using
Overhead Movements: A Systematic Review. Sport Mont, 19(3), 115-122.
https://doi.org/10.26773/sm;j.211012

Taien, T., Unhjem, R., Berg, O. K., Aagaard, P., & Wang, E. (2023). Strength versus
endurance trained master athletes: Contrasting neurophysiological
adaptations. Experimental Gerontology, 171, 112038.
https://doi.org/10.1016/j.exger.2022.112038

Manimtim & Ronquillo; Sport. Exerc. Inj. 2026; 2(1); 1-10. doi: 10.56003/sei.v2i1.681 10/10


https://doi.org/10.56003/sei.v2i1.681
https://doi.org/10.17977/um086v3i22025p107-115
https://doi.org/10.3390/sports8050065
https://doi.org/10.1111/j.1600-0838.2008.00822.x
https://doi.org/10.3390/medicina56120683
https://doi.org/10.1007/s00167-018-5119-8
https://doi.org/10.1519/JSC.0000000000002608
https://doi.org/10.1519/JSC.0000000000002069
https://doi.org/10.23736/S0022-4707.17.07741-6
https://doi.org/10.23736/S0022-4707.19.09650-6
https://doi.org/10.26773/smj.211012
https://doi.org/10.1016/j.exger.2022.112038

