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ABSTRACT

Objectives: This study had three aims 1) explore
the relationship between eccentric hip abduction
(HABd) and magnitudes of asymmetry in males and
females, 2) determine the effect of sex on magnitude
of asymmetry and 3) investigate the association
of sex on direction of asymmetry. Participants: 61
athletes (39 males, 22 females) participating in
multidirectional sports. Main outcome measures:
Eccentric HABd strength was tested in both legs
for all participants using an eccentric break test
with a Handheld dynamometer (HHD). Results: A
statistically significant weak positive relationship
was found between HABd strength and magnitude
of asymmetry in males only. Females demonstrated
statistically  significant  higher magnitude of
asymmetry values (15.3%) compared to males
(9.8%) (p=0.1). There was no association between
sex and direction of asymmetry (absolute: x3(1)
= .24, p = .62, adjusted: ¥(1) = 1.15, p = .28).
Conclusion: Female athletes are likely to have
greater eccentric HABd asymmetry, but it is not
know how this influences performance or injury risk.

Keywords: Asymmetries, hip abduction, eccentric
strength.
INTRODUCTION

Dynamic knee valgus (DKV) is a multi-joint,

multi-plane movement pattern that includes a
combination of hip adduction and internal rotation,
knee abduction, and rotation of the tibia (Hewett
et al., 2005; Krosshaug et al., 2007; Schmidt et al.,
2019). Dynamic knee valgus has been documented
in the literature to be an abnormal movement
pattern, and excessive DKV during dynamic
activities such as cutting, running, and landing has
been linked to several lower extremity injuries which
include patellofemoral pain (de Marche Baldon et
al., 2009), and anterior cruciate ligament injuries
(Hewett et al., 2005; Jones et al., 2014). Females
have been shown to display greater DKV during
athletic movements in comparison to males which
may contribute to the increase in injury risk (Ford et
al., 2003, 2007; Hewett et al., 2005; Krosshaug et
al., 2007; Stickler et al., 2015).

The hip abductors comprise of the gluteus medius
(GMed), gluteus minimus (GMin), and tensor
fascia lata (TFL) and help stabilise the contralateral
pelvis during single leg stance (Flack et al., 2014).
The hip abductors act eccentrically to control
excessive adduction and internal rotation which
are components of DKV (Cashman, 2012; Ferber
et al., 2003). It has been suggested that eccentric
weakness in these muscles contributes to DKV as
they are unable to control the lower limb during
movements such as landing and cutting thereby
increasing injury risk (Hickey Lucas et al., 2017;
Ireland, 2002; Khayambashi et al., 2016; Steffen et
al., 2016). Currently, the literature supporting hip
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abductor (HABd) weakness and increase in DKV
is conflicting (Alzahrani et al., 2021; Cashman,
2012). Bin Hussein (2016); Hollman et al. (2009);
Khayambashi et al. (2016); Willson and Davis
(2009) all found a relationship between DKV and
HABd, however DiMattia et al. (2005); Mizner et
al. (2008); Sigward et al. (2008), and Thijs et al.
(2007) reported no relationship. This may be a
reflection on study design as most studies test
hip abduction isometrically and there is argument
that hip abductors need to be strong eccentrically
to provide control in the frontal plane (DiMattia
et al., 2005; Jacobs et al.,, 2007; Khayambashi
et al., 2016). Double-leg tasks were more likely to
find no relationship with HABD strength (Mizner et
al., 2008; Sigward et al., 2008; Thijs et al., 2007)
in comparison to single-leg tasks (Claiborne et
al., 2006; Dix et al., 2019; Hollman et al., 2009;
Jacobs et al., 2007; Lee & Powers, 2014) possibly
because single leg tasks are more related to injury
mechanism. Furthermore, much of the research has
studied female athletes, and there is a gap in the
current research which evaluates sex differences in
eccentric HABd strength.

Injuries rarely occur to both limbs during the same
event, so a popular topic of investigation has been
to identify inter-limb asymmetry. Asymmetries have
been used to determine whether an individual is at
risk of injury or is used to compare the injured limb
against the non-injured limb to return from injury
(Bishop, Turner, et al.,, 2018). Previous research
advocated that a 10-15% threshold should be used
to reduce injury risk (Ardern et al.,, 2015; Costa
Silva et al., 2015; Fort-Vanmeerhaeghe et al., 2016),
however Bishop (2020) has recently highlighted
the issues of using a specific threshold due to
the task, metric and population specific nature of
interlimb asymmetries and it has been suggested
the use of arbitrary thresholds to determine what is
‘normal’ and what is ‘abnormal’ should be avoided
(Parkinson et al., 2021). A plethora of research
supports monitoring both the magnitude (%
difference between limbs) and the direction (which
limb is stronger) over several testing sessions to
determine whether a person has asymmetry (Arede
et al.,, 2023; Bishop, Lake, et al., 2018; Bishop et
al., 2020) however, if a single testing session is
undertaken an interparticipant threshold can be
used to determine the presence of true asymmetry
(Dos’Santos et al., 2021; Helme et al., 2024).

There is a paucity of research exploring sex
differences in  magnitude and direction of
asymmetry in HABd strength. Practically, it would

be useful to understand whether asymmetry is
commonly found in the athletic population and
the relationship between strength and asymmetry.
Helme et al. (2024) found stronger participants were
more symmetrical in a study on 50 rugby league
players, and this was associated with better linear
and multidirectional speed, which could increase
performance. This study is novel in its approach
as it explores sex differences in the relationship
between eccentric HABd strength and magnitude
of asymmetry. It is hypothesised that athletes with
lower strength values will have larger magnitudes of
asymmetry. The aims of this study are 1) explore
the relationship between eccentric HABd and
magnitudes of asymmetry in males and females,
2) determine the effect of sex on magnitude of
asymmetry and 3) investigate the association of sex
on magnitude with direction of asymmetry.

METHODS
Participants

61 (39 males, 22 females) healthy university and
club-level athletes participating in multidirectional
sports took part in this study. Participant
characteristics are summarised in Table 1.
The participants sports are outlined in Table 2.
Inclusion criteria were: 1) regularly participating in
one game, and at least one training session a week,
2) free from a history of lower extremity surgery or
any health conditions that may influence foot and
ankle function, and 3) free from lower extremity
injury six months before testing. Before testing, all
participants were briefed on the study procedures,
and informed consent was obtained. Participants
were also asked to state their dominant leg, defined
as the leg that they were most likely to kick a ball
with (Thorborg, Couppe, et al., 2011). Ethics were
approved by the university ethical committee.

Testing procedures

Participants reported to the laboratory for a single
testing session. Testing was conducted by the
lead investigator with over 10 years of experience
measuring strength using a handheld dynamometer
(HHD). Eccentric HABd strength was measured
using an HHD with a sampling frequency of 40Hz
(model 01163 manual muscle tester. Lafayette
Instrument, Lafayette, IN). The hip testing position
used has been previously described by (Thorborg,
Couppe, et al.,, 2011). HABd was tested in the
side-lying position with the top leg straight. The
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Table 1. Mean (+ SD) participant characteristics by sex.

Characteristic Males (n= 39) Females (n=22)
Age (y) 28.9+93 26.8 +9.3
Stature (cm) 179.6 £6.0 165470
Body mass (kg) 91.7£13.9 72.0+14.9
Right leg dominant (Count) 34 22
Left leg dominant (Count) 5 0

Table 2. Male and female sports participation

Characteristic Males (n= 39) Females (n=22)
Rugby 27 3
Football 8 1
Basketball 3 1
Netball 0 13
Badminton 1 0
Hockey 0 4

bottom hip and knee were placed at 90° of flexion
and the participants were told they could stabilise
themselves by holding onto the side of the plinth
using their hands (Figure 1.). The examiner applied
resistance via an HHD on the top leg at a position
5cm proximal to the most prominent point of the
lateral malleoli. One familiarisation trial was carried
out to ensure that the participant was in the correct
position. The examiner then applied a break test
where the participants were asked to perform an
isometric maximum voluntary contraction (MVC)
against the HHD before the examiner applied
a force to break the muscle contraction. The
standardised instruction by the examiner was “go
ahead push-push-push-push” and lasted for 5
seconds (Thorborg, Serner, et al., 2011). As there
is measurement variation in the side-lying position,
the test was repeated until the participant reached
a force plateau which was less than 5% between
two consecutive tests. The mean of these values

Figure 1. Side lying testing position for eccentric HABd strength using th
HHD (Thorborg, Couppe, et al., 2011).

e

reported in Newtons was recorded (Thorborg et al.,
2014). A 60-second rest period between each trial
was used to avoid fatigue across trials (Breen et al.,
2021).

Limb length for all participants was measured from
the most prominent aspect of the anterior superior
iliac spine to 5cm from the most prominent part
of the lateral malleoli. Maximal eccentric HABd
strength values were adjusted to body mass and
leg length using the following equation:

Nm) _ Peakforce(N)xleglength(m)

HABd strength (K_g BM(Kg)

(Thorborg, Couppe, et al., 2011).

Adjusting strength to body size is important to
negate the effect of body size variability which may
influence the ability to generate force and allows for
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a more appropriate comparison of results (Bazett-
Jones et al., 2011).

To establish the reliability of the measurement
procedure, intra-tester, within day reliability was
examined on 20 (13 men and 7 female) healthy
participants before testing (age 28.3 + 9.8; stature
176.4 + 9.1; body mass 91.32 + 18.46). Intra-class
correlation coefficient (ICC) and Standard error of
measurement (SEM) were, respectively, ICC = 0.99
(0.98-0.99) and SEM = 0.036- 0.032 for HABd on
the dominant leg and ICC = 0.96 (0.91-0.98), SEM
= 0.07 for HABd on the non-dominant leg. These
results demonstrate excellent reliability and support
previous findings from (Breen et al., 2021; Krause et
al., 2007; Thorborg, Couppe, et al., 2011).

Statistical analysis

Statistical analyses were performed using SPSS
software version 29 (Chicago, IL, USA). All data
were checked for normality using the Shapiro-Wilk
test (P>0.05). Eccentric HABd strength values
were shown as absolute and adjusted (adjusted
for BM and limb length). Normality was checked
using the Shapiro-Wilk test, and  Spearman’s
rank-order coefficients were used to determine
the relationships between adjusted HABd and
magnitude of asymmetry. Correlations were
determined to be statistically significant at p<0.05.
Correlation coefficients were interpreted as; strong
relationship (0.70<r<1.0), moderate relationship
(0.4<r<0.7), and weak relationship (r<0.4) (Lomax &
Hahs-Vaughan, 2013).

The magnitude of
calculated using:

interlimb  asymmetry was

100
(maxvalue)(minvalue)

(Bishop, Turner, et al., 2018).

X —=1+100

To determine the direction of asymmetry (which leg is
stronger) an ‘IF function’ was added to the end of the

above formula: *IF(non-dominant<dominant,1,-1)
(Bishop, Lake, et al., 2018; Bishop, Read, et al.,
2018; Bishop, Turner, et al., 2021). An asymmetry
threshold (AT%) was calculated separately for sex,
adjusted, and absolute eccentric HABd strength.
This was used to determine whether a participant
had a true asymmetry and was based on the
population mean + smallest worthwhile change
(SWC) using the calculation:

AT% = magnitude of asymmetry mean% + (0.2 x §D)

A high asymmetry threshold (HAT%) was also
calculated for both males and females using the
calculation:

population mean + (1.0 between subject SD)
(Dos’Santos et al., 2021).

An independent t-test was conducted to determine
the effect of sex on magnitude of asymmetry. For the
third study aim a chi-square test for independence
was conducted to investigate the association of sex
on the direction of asymmetry.

RESULTS

Mean and SD data for absolute and adjusted
eccentric HABd strength for males and females are
reported in Table 3. Fifty-six (82%) of participants
(34 males, 22 females) reported their right leg to be
dominant.

Spearman’s Rank correlation coefficient found a
statistically significant positive weak relationship
between magnitude of asymmetry and HAbd
strength in males (rs (39) =0.32, p=0.04), but no
statistically significant relationship for females (rs
(22) =-0.2., p=0.3).

Table 4. shows mean interlimb asymmetry data for
eccentric HABd. Results from the independent t-test
showed that females had statistically significant

Table 3. Mean + standard deviation for absolute and adjusted eccentric HABd

strength for males and females.

Test/metric Males Females
(n=39) (n=22)

Absolute strength (N)
Dominant 229 = 56.9 169+ 36.9
Non-Dominant 216 + 48.9 152 + 32.8
Adjusted (Nm/Kg)
Dominant 22 x0.6 2005
Non-Dominant 21+05 1.8+0.5
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Table 4. Mean inter-limb asymmetry (%), asymmetry threshold and high asymmetry
threshold for absolute and adjusted eccentric HABd values.

Test/metric Males Females
(n=39) (n=22)

Absolute asymmetry % 9.7+6.2 15.3 £ 8.4%

AT% 10.9 16.9

HAT% 15.9 23.7

Adjusted asymmetry % 99+6.9 15.4 £ 9.1%

AT% 11.3 17.2

HAT% 16.8 24.5

*significant sex difference
30
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Figure 2. Individual inter-limb magnitude with direction data for absolute eccentric HABd.
Note: Above 0 asymmetry favours the dominant limb and below 0 indicates asymmetry favours the non-dominant

limb.

higher absolute and adjusted magnitudes of
asymmetry compared to males (absolute: t(59)=
-2.9, P= 0.0, adjusted: t(59) =-2.7, p=0.1).

Asymmetry thresholds (AT%) and HAT% were
higher in females than males for both absolute and
adjusted eccentric HABd strength. Sixteen (41%) of
males exhibited asymmetries above the asymmetry
threshold for absolute eccentric strength, compared
to 8 (36.3%) of the female population. When
adjusted for BM, 15 (38.4%) of males and 8 (27.8%)
of females exhibited asymmetries above their
asymmetry threshold. Six (15.3%) of males and
4 (18.2%) of females were reported to have high
asymmetries when calculated for absolute strength.
Six (15.3%) of males and 5 (22.7%) of females
were found to have high asymmetry values for the

adjusted values.A chi-square test of independence
was performed to investigate the association
of sex and direction. There was no statistically
significant association between sex and direction of
asymmetry (absolute: x*(1) = .24, p = .62, adjusted:
X(1) = 1.15, p = .28). 66.7% of males and 72.7%
of females had stronger absolute eccentric HABd
values in their dominant leg. When eccentric HABD
was adjusted for limb length and body mass, 72.7%
of females and 59% of males were found to have
stronger values in their dominant leg

DISCUSSION

The first study aim was to explore the relationship
between eccentric HABd strength and magnitude

Copyright: © 2025 by the authors. Licensee IUSCA, London, UK. This article is an 5
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Figure 3. Individual inter-limb magnitude with direction asymmetry data for females for absolute eccentric HABd.
Note: Above 0 asymmetry favours the dominant limb and below 0 indicates asymmetry favours the non-dominant

fimb.

of asymmetry. Spearman’s Rank correlation
coefficients found a statistically significant positive
weak relationship between magnitude of asymmetry
and HABd strength in males (rs (39) =-0.32,
P=0.04), but no statistically significant relationship
was reported for females (rs (22) =-0.2., P=0.3). It
was hypothesised that athletes with lower strength
values would have increased asymmetry, but
this was not reported in this study. Although not
a strong relationship, as strength increased, so
did the magnitude of asymmetry for this study’s
male population. This differs to findings reported
by Helme et al. (2024) who reported higher
magnitudes of asymmetry in weaker athletes,
however this study measured leg strength using the
rear foot elevated split squat, in male rugby league
players, and so results reported may be specific to
the sample, and measurement used. The AT% was
reported as 10.9% (males) and 16.9% (females)
for absolute values, and 11.3% (males) and 17.2%
(females) for adjusted values. This study found that
approximately one-third (39.3%, absolute, 37.7%,
adjusted) of all participants reported asymmetries
over the asymmetry threshold and therefore
can be considered as having a true asymmetry.
Furthermore, 10 (16.4%; 5 males and 4 females)
for absolute strength and 11 (18%; 6 males and 5

females) for adjusted strength were found to have
high asymmetry.

The second study aim was to determine the effect
of sex on magnitude of asymmetry. Magnitude of
asymmetry was significantly different between the
sexes (absolute: t1(59)= -2.9, P= 0.0, adjusted t(59)
=-2.7, p=0.01) (Table 3). In females a magnitude
above 15% (absolute 15.3%, adjusted 15.4%) was
found, however in males asymmetry magnitudes
were below 10% (absolute 9.7%, adjusted 9.9%).
To the author's knowledge, there are no other
studies that have investigated magnitude of
asymmetry for eccentric HABd, and it is difficult
to make comparisons. Some authors suggest that
a greater magnitude of asymmetry is frequently
seen in females compared to males but there
iS no consensus in the literature. For example,
Fort-Vanmeerhaeghe et al. (2020) reported sex
differences in asymmetry for the anterior star
excursion balance test but not for the single leg
counter-movement jump. In comparison Bailey et
al. (2015) and Fort-Vanmeerhaeghe et al. (2016)
found that females had statistically significant
higher asymmetry values in comparison to males
during different jumping tasks. Therefore, sex
differences in magnitude of asymmetry may vary
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depending on the test, metric used, and population
studied (Bishop, 2020; Boccia et al., 2022). Female
athletes have been shown to display greater DKV
during athletic movements when compared to
male athletes (Ford et al., 2003; Hewett et al.,
2005), and a plethora of research shows that an
increase in DKV predisposes the female athlete
to higher incidence of knee injuries such as ACL
rupture and patellofemoral pain. The present study
shows a statistically significant larger magnitude of
asymmetry for eccentric HABd in the female athlete
and therefore may predispose the athlete to DKV.
It is not known how these asymmetries may affect
sports specific performance measures, and future
research would be useful to investigate the effect
of magnitude of asymmetry on lower extremity
biomechanics during sports specific movements
where DKV may be a predisposing factor.
Furthermore, although females are reported to have
higher magnitudes of asymmetry, individuals from
both sexes were found to have asymmetries above
the asymmetry threshold and may benefit from
strengthening programmes to reduce the magnitude
of asymmetry. However, careful monitoring should
take place, as it is not known how high asymmetry
magnitudes influence performance or injury risk,
and there is argument that addressing asymmetry
could be detrimental to the athlete.

A threshold of asymmetry is not always practical or
suitable for every test. The magnitude of asymmetry
may differ depending upon the sport (Bishop,
2020; Bishop, Read, et al., 2021; Madruga-Parera
et al., 2021; Madruga-Parera et al., 2019) and the
participation level (Hart et al., 2016) therefore, it
has been proposed that asymmetry values are
interpreted alongside the coefficient of variation
(CV) (Bishop, 2020; Exell et al., 2017) or the direction
of asymmetry (Impellizzeri et al., 2007; Maloney,
2018). Direction of asymmetry is useful to determine
which limb is stronger and needs to be interpreted
along with the magnitude of asymmetry. It has been
postulated that strong HABd in the dominant limb
helps to stabilise the contralateral pelvis during
change of direction (COD) activities (Kak et al.,
2016) and landing (Neamatallah et al., 2020)
which may prevent lower extremity biomechanical
changes associated with injury (Bourne et al., 2020).
This has been supported by the findings of this
study as eccentric HABd was found to be stronger
in the dominant limb in the athletes that were tested
(absolute: p=<0.01, rP=0.22, adjusted: p=0.00,
?=0.16). However, there was no association of sex
on direction of asymmetry and the dominant limb
is not always the stronger limb for both males and

females. Sixty three point nine percent (63.9%) of
males and females (67% and 73% absolute strength
and 59% and 73% adjusted strength in males and
females respectively) were stronger in the dominant
limb (the limb that participants were most likely
to kick a ball with) irrespective of how strength is
expressed (Table 4). These data suggest that both
sexes with a stronger dominant leg are less likely to
demonstrate adverse lower extremity biomechanics.
However, previous research has indicated that
males are more likely to sustain an injury in their
dominant limb (Brophy et al, 2010 and Ruedl et al
2012) in comparison to females who are more likely
to injure their non-dominant limb. Therefore, it may
be postulated that females should focus more on
unilateral strengthening of both limbs to prepare
for sport. Monitoring the direction of asymmetry
alongside magnitude is key to determine true
asymmetry. However, further research is required to
investigate the effect of magnitude and direction of
asymmetry in HABd strength on performance and
injury.

This study presents some useful findings, but
it does have some limitations which must be
acknowledged. Eccentric HABd was carried out in
the side lying position with the leg straight, which
does not mimic the rapid eccentric contractions
that take place during cutting, and landing. Testing
the rate of force development in standing position
may have more ecological validity and should be
considered in future studies. Furthermore, testing
only occurred on one occasion and although an
interparticipant asymmetry threshold has been
determined, it has been suggested that monitoring
consistency of magnitude and direction over
several testing sessions and against performance
is important. Furthermore, this study used athletes
from differing levels and from different cutting
and pivoting sports. Asymmetry is task, metric,
and population specific, and it would be useful to
look at the asymmetry profiles in specific sports to
understand how this affects performance and injury
risk.

CONCLUSION

A statistically significant positive weak relationship
was reported between adjusted HABd strength and
magnitude of asymmetry in males only. As strength
increased, so did the magnitude of asymmetry,
therefore, it can be postulated that strength does
not influence HABd asymmetry. Approximately
one third of participants were reported to have

IUSCA

nnnnnnnnnnn

Copyright: © 2025 by the authors. Licensee IUSCA, London, UK. This article is an 7
open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).



International Journal of Strength and Conditioning. 2025

Sex Differences in Magnitude and Direction of Interlimb
Asymmetries in Eccentric Hip Abduction Strength

a true asymmetry, and it could be argued that
these athletes would benefit from a HABd strength
programme, however, clinicians should monitor
this carefully as it is not known whether addressing
asymmetry affects performance and injury rate.
Direction of asymmetry shows that 66-73% of
athletes have a stronger dominant leg but whether
this affects performance or increases risk of injury
has yet to be determined and warrants further
investigation.

FUTURE RECOMMENDATIONS

Future studies may investigate sex differences in
the magnitude and asymmetry of eccentric HABd
strength on lower extremity biomechanics whilst
performing cutting and landing manoeuvres as
these are movements linked with injuries such as
ACL rupture and PFP. Furthermore, It may be useful
to investigate these in a variety of different sports
across a full season.

ACKNOWLEDGEMENTS

The authors would like to say thank you to all the
participants who were involved in this study. There
was no funding received for this study and the
authors have no conflict of interest.

CONFLICTS OF INTEREST

There are no conflicting relationships or activities.

FUNDING

This study received no specific funding in order to
be completed.

ETHICAL APPROVAL

Ethics were approved by the university ethical
committee.

DATES OF REFERENCE
Submission - 18/12/2023

Acceptance - 21/02/2025
Publication - 02/05/2025

CORRESPONDING AUTHOR

Kathrine Cady - kathrine.cady@sky.com

REFERENCES

1. Alzahrani, A. M., Alzhrani, M., Alshahrani, S. N., Alghamdi,
W., Algahtani, M., & Alzahrani, H. (2021). Is hip muscle
strength associated with dynamic knee valgus in a healthy
adult population? A systematic review. International
Journal of Environmental Research and Public Health,
18(14). https://doi.org/10.3390/ijerph18147669

2. Ardern, C. L., Pizzari, T., Wollin, M. R., & Webster, K. E.
(2015). Hamstrings strength imbalance in professional
football (soccer) players in Australia. Journal of Strength
and Conditioning Research, 29(4), 997-1002. https://doi.
org/10.1519/jsc.0000000000000747

3. Arede, J., Fernandes, J. F. T., Singh, H., Bishop, C.,
Romero-Rodriguez, D., & Madruga Parera, M. (2023).
Assessing asymmetries and predicting performance
in semiprofessional soccer players. International
Journal of Sports Science & Coaching. https://doi.
org/10.1177/17479541221146220

4. 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 & Performance, 10(4), 504-508. https://doi.
org/10.1123/ijspp.2014-0379

5. Bazett-Jones, D. M., Cobb, S. C., Joshi, M. N., Cashin, S.
E., & Earl, J. E. (2011). Normalizing hip muscle strength:
establishing body-size-independent measurements.
Archives of Physical Medical and Rehabilitation, 92(1), 76-
82. https://doi.org/10.1016/j.apmr.2010.08.020

6. Bin Hussein, A. S. (2016). The relationship between hip
strength and peak knee valgus angle during single leg
squat. IOSR Journal of Nursing and Health Science,
05(04), 99-106. https://doi.org/10.9790/1959-05040199106

7. Bishop, C. (2020). Interlimb Asymmetries: Are thresholds a
usable concept? Strength and Conditioning Journal, 0(0),
1-5. https://doi.org/10.1519/SSC.0000000000000554
Bishop, C., Lake, J., Loturco, I., Papadopoulos, K., Turner,
A., & Read, P. (2018). Interlimb asymmetries: The need
for an individual approach to data analysis. Journal of
Strength and Conditioning Research, 1-7. https://doi.
org/10.1519/JSC.0000000000002729

9. Bishop, C., Pereira, L. A., Reis, V. P., Read, P.,

Turner, A. N., & Loturco, . (2020). Comparing the
magnitude and direction of asymmetry during the squat,
countermovement and drop jump tests in elite youth
female soccer players. Journal of Sports Science, 38(11-
12), 1296-1303. https://doi.org/10.1080/02640414.2019.1
649525

10. Bishop, C., Read, P., Brazier, J., Jarvis, P., Chavda,

S., Bromley, T., & Turner, A. (2021). Effects of interlimb
asymmetries on acceleration and change of direction
speed: A between-sport comparison of professional
soccer and cricket athletes. Journal of Strength and
Conditioning Research, 35(8), 2095-2101. https://doi.
org/10.1519/JSC.0000000000003135

11. Bishop, C., Read, P., Lake, J., Chavda, S., & Turner, A.
(2018). Interlimb asymmetries: Understanding how to
calculate differences from bilateral and unilateral tests.
Strength and Conditioning Journal, 40(4), 1-6. https://doi.
org/10.1519/SSC.0000000000000371

Copyright: © 2025 by the authors. Licensee IUSCA, London, UK. This article is an 8
open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).


mailto:kathrine.cady%40sky.com%20?subject=
mailto:kathrine.cady%40sky.com%20?subject=
mailto:kathrine.cady%40sky.com%20?subject=
https://doi.org/10.3390/ijerph18147669
https://doi.org/10.1519/jsc.0000000000000747
https://doi.org/10.1519/jsc.0000000000000747
https://doi.org/10.1177/17479541221146220
https://doi.org/10.1177/17479541221146220
https://doi.org/10.1123/ijspp.2014-0379
https://doi.org/10.1123/ijspp.2014-0379
https://doi.org/10.1016/j.apmr.2010.08.020
https://doi.org/10.9790/1959-05040199106  
https://doi.org/10.1519/JSC.0000000000002729
https://doi.org/10.1519/JSC.0000000000002729
https://doi.org/10.1080/02640414.2019.1649525
https://doi.org/10.1080/02640414.2019.1649525
https://doi.org/10.1519/JSC.0000000000003135
https://doi.org/10.1519/JSC.0000000000003135
https://doi.org/10.1519/SSC.0000000000000371
https://doi.org/10.1519/SSC.0000000000000371

International Journal of Strength and Conditioning. 2025

Cady, K., De Ste Croix, M., & Deighan, M.

12.

13.

14.

15.

16.

17.

Bishop, C., Turner, A., Gonzalo-skok, O., & Read, P.
(2021). Inter-limb asymmetry during rehabilitation.
Understanding formulas and monitoring the magnitude
and direction Aspetar sports medicine Journal 9, 19-22.
Bishop, C., Turner, A., & Read, P. (2018). Effects of inter-
limb asymmetries on physical and sports performance:
A systematic review. Journal of Sports Science, 36(10),
1135-1144. https://doi.org/10.1080/02640414.2017.13618
94

Boccia, G., D’Emanuele, S., Brustio, P. R., Beratto, L.,
Tarperi, C., Casale, R., Sciarra, T., & Rainoldi, A. (2022).
Strength asymmetries are muscle-specific and metric-
dependent. International Journal of Environmental and
Public Health Research 19(14). https://doi.org/10.3390/
ijerph19148495

Bourne, M. N., Williams, M., Jackson, J., Williams, K.

L., Timmins, R. G., & Pizzari, T. (2020). Preseason hip/
groin strength and HAGOS scores are associated with
subsequent injury in professional male soccer players.
Journal of Orthopaedic & Sports Physical Therapy, 50(5),
234-242. https://doi.org/10.2519/jospt.2020.9022

Breen, D., Farrell, G., & Delahunt, E. (2021). The clinical
assessment of hip muscle strength in professional rugby
union players. Physical Therapy in Sport, 52, 115-120.
https://doi.org/10.1016/j.ptsp.2021.08.013

Brophy, R. H., Silvers, H.J., Gonzales, T., & Mandelbaum,

26.

27.

28.

29.

30.

velocity sprint running. scandinavian Journal of Medicine
& Science in Sport, 27(11), 1273-1282. https://doi.
org/10.1111/sms.12759

Ferber, R., McClay, D. I., & Williams Ill, D. S. (2003).
Gender differences in lower extremity mechanics during
running. Clinical Biomechanics, 18(4), 350-357. https://doi.
org/10.1016/s0268-0033(03)00025-1

Flack, N. A., Nicholson, H. D., & Woodley, S. J. (2014). The
anatomy of the hip abductor muscles. Clinical Anatomy,
27(2), 241-253. https://doi.org/10.1002/ca.22248

Ford, K. R., Myer, G. D., & Hewett, T. E. (2003). Valgus
knee motion during landing in high school female and
male basketball players. Medicine & Science in Sports &
Exercise, 35(10), 1745-1750. https://doi.org/10.1249/01.
MSS.0000089346.85744.D9

Ford, K. R., Myer, G. D., & Hewett, T. E. (2007).

Reliability of landing 3D motion analysis: Implications

for longitudinal analyses. Medicine & Science in Sports

& Exercise, 39(11), 2021-2028. https://doi.org/10.1249/
mss.0b013e318149332d

Fort-Vanmeerhaeghe, A., Bishop, C., Busca, B., Aguilera-
Castells, J., Vicens-Bordas, J., & Gonzalo-Skok, O. (2020).
Inter-limb asymmetries are associated with decrements in
physical performance in youth elite team sports athletes.
PLoS One, 15(3), e0229440. https://doi.org/10.1371/
journal.pone.0229440

B. R. (2010). Gener influences: the role of leg dominance 31. Fort-Vanmeerhaeghe, A., Gual, G., Romero-Rodriguez,
in ACI injury among soccer players. British Journal of D., & Unnitha, V. (2016). Lower limb neuromuscular
Sports Medicine, 44(10), 694-697. https://doi.org/10.1136/ asymmetry in volleyball and basketball players. Journal
bjsm.2008.051243 of Human Kinetics, 50, 135-143. https://doi.org/10.1515/

18. Cashman, G. E. (2012). The effect of weak hip abductors hukin-2015-0150
or external rotators on knee valgus kinematics in 32. Hart, N. H., Nimphius, S., Weber, J., Spiteri, T,
healthy subjects: A systematic review. Journal of Sport Rantalainen, T., Dobbin, M., & Newton, R. U. (2016).
Rehabilitation, 21(3), 273-284. https://doi.org/10.1123/ Musculoskeletal asymmetry in football athletes: A product
jsr.21.3.273 of limb function over time. Medicine & Science in Sports

19. Claiborne, T. L., Armstrong, C. W., Gandhi, V., & Pincivero, & Exercise, 48(7), 1379-1387. https://doi.org/10.1249/

D. M. (2006). Relationship between hip and knee strength MSS.0000000000000897

and knee valgus during a single leg squat. Journal 33. Helme, M., Emmonds, S, Low, C., & K., T. (2024). A novel
of Applied Biomechanics, 22(1), 41-50. https://doi. case study approach to the investigation of leg strength
org/10.1123/jab.22.1.41 asymmetry and rugby league player’s multidirectional

20. Costa Silva, J., Detanico, D., Dal Pupo, J., & Freitas, C. speed. Journal of Strength and Conditioning
(2015). Assimetria bilateral no torque isocinético do joelho Research, 38(5), 941-947. https://doi.org/10.1519/

e tornozelo em jogadores de futebol da categoria sub 20. JSC.0000000000004712

Revista Brasileira de Cineantropometria e Desempenho 34. Hewett, T. E., Myer, G. D, Ford, K. R., Heidt, R. S., Jr.,
Humano, 17(2). https://doi.org/10.5007/1980- Colosimo, A. J., McLean, S. G., van den Bogert, A. J.,
0037.2015v17n2p 195 Paterno, M. V., & Succop, P. (2005). Biomechanical

21. de Marche Baldon, R., Nakagawa, T. H., Muniz, T. B., measures of neuromuscular control and valgus loading
Amorim, C. F., Maciel, C. D., & Serrao, F. V. (2009). of the knee predict anterior cruciate ligament injury
Eccentric hip muscle function in females with and without risk in female athletes: A prospective study. American
patellofemoral pain syndrome. Journal of Athletic Training, Journal of Sports Medicine, 33(4), 492-501. https://doi.
44(5), 490-496. org/10.1177/0363546504269591

22. DiMattia, M. A., Livengood, A. L., Uhl, T. L., Mattacola, 35. Hickey Lucas, K. C., Kline, P. W, Ireland, M. L., &

C. G., & Malong, T. R. (2005). What are the validity of the Noehren, B. (2017). Hip and trunk muscle dysfunction:
single-leg-squat test and its relationship to hip-aduction Implications for anterior cruciate ligament injury
strength? Journal of Sport Rehabilitation, 14, 108-123. prevention. Annals of Joint, 2, 18-18. https://doi.
https://doi.org/10.1123/jsr.14.2.108 org/10.21037/20j.2017.05.07

23. Dix, J., Marsh, S., Dingenen, B., & Malliaras, P. (2019). The = 36. Hollman, J. H., Ginos, B. E., Kozuchowski, J., Vaughn, A.
relationship between hip muscle strength and dynamic S., Krause, D. A., & Youdas, J. W. (2009). Relationships
knee valgus in asymptomatic females: A systematic between knee valgus, hip-muscle strength, and hip-
review. Physical Therapy in Sport, 37, 197-209. https://doi. muscle recruitment during a single-limb step-down.
org/10.1016/j.ptsp.2018.05.015 Journal of Sport Rehabilitation, 18, 104-117.

24. Dos’Santos, T., Thomas, C., & Jonea, P. A. (2021). 37. Impellizzeri, F. M., Rampinini, E., Maffiuletti, N., & Marcora,
Assessing interlimb asymmetries: Are we heading in the S. M. (2007). A vertical jump force test for assessing
right direction? Strength and Conditioning Journal, 43(3), bilateral strength asymmetry in athletes. Medicine &
91-100. https://doi.org/10.1519/SSC.0000000000000590 Science in Sports & Exercise, 39(11), 2044-2050. https://

25. Exell, T., Irwin, G., Gittoes, M., & Kerwin, D. (2017). doi.org/10.1249/mss.0b013e31814fb55¢
Strength and performance asymmetry during maximal 38. lIreland, M. L. (2002). The female ACL: Why is it

Copyright: © 2025 by the authors. Licensee IUSCA, London, UK. This article is an 9

open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).


https://doi.org/10.1080/02640414.2017.1361894
https://doi.org/10.1080/02640414.2017.1361894
https://doi.org/10.3390/ijerph19148495
https://doi.org/10.3390/ijerph19148495
https://doi.org/10.2519/jospt.2020.9022
https://doi.org/10.1016/j.ptsp.2021.08.013
https://doi.org/10.1136/bjsm.2008.051243
https://doi.org/10.1136/bjsm.2008.051243
https://doi.org/10.1123/jsr.21.3.273
https://doi.org/10.1123/jsr.21.3.273
https://doi.org/10.1123/jab.22.1.41
https://doi.org/10.1123/jab.22.1.41
https://doi.org/10.5007/1980-0037.2015v17n2p195
https://doi.org/10.5007/1980-0037.2015v17n2p195
https://doi.org/10.1123/jsr.14.2.108
https://doi.org/10.1016/j.ptsp.2018.05.015
https://doi.org/10.1016/j.ptsp.2018.05.015
https://doi.org/10.1519/SSC.0000000000000590
https://doi.org/10.1111/sms.12759
https://doi.org/10.1111/sms.12759
https://doi.org/10.1016/s0268-0033(03)00025-1
https://doi.org/10.1016/s0268-0033(03)00025-1
https://doi.org/10.1002/ca.22248
https://doi.org/10.1249/01.MSS.0000089346.85744.D9
https://doi.org/10.1249/01.MSS.0000089346.85744.D9
https://doi.org/10.1249/mss.0b013e318149332d
https://doi.org/10.1249/mss.0b013e318149332d
https://doi.org/10.1371/journal.pone.0229440
https://doi.org/10.1371/journal.pone.0229440
https://doi.org/10.1515/hukin-2015-0150
https://doi.org/10.1515/hukin-2015-0150
https://doi.org/10.1249/MSS.0000000000000897
https://doi.org/10.1249/MSS.0000000000000897
https://doi.org/10.1519/JSC.0000000000004712
https://doi.org/10.1519/JSC.0000000000004712
https://doi.org/10.1177/0363546504269591
https://doi.org/10.1177/0363546504269591
https://doi.org/10.21037/aoj.2017.05.07
https://doi.org/10.21037/aoj.2017.05.07
https://doi.org/10.1249/mss.0b013e31814fb55c
https://doi.org/10.1249/mss.0b013e31814fb55c

International Journal of Strength and Conditioning. 2025

Sex Differences in Magnitude and Direction of Interlimb
Asymmetries in Eccentric Hip Abduction Strength

39.

40.

more prone to injury? Orthopaedic Clinics of North
America, 33(4), 637-651. https://doi.org/10.1016/s0030-
5898(02)00028-7

Jacobs, C. A, Uhl, T. L., Mattacola, C. G., Shapiro, R., &
Rayens, W. S. (2007). Hip abductor function and Lower
extremity landing kinematics: Sex differences. Journal of
Athletic Training, 42(1), 76-83.

Jones, P. A., Herrington, L. C., Munro, A. G., & Graham-
Smith, P. (2014). Is there a relationship between
landing, cutting, and pivoting tasks in terms of the
characteristics of dynamic valgus? American Journal

of Sports Medicine, 42(9), 2095-2102. https://doi.
org/10.1177/0363546514539446

52.

53.

investigation into the role of gluteal muscle strength and
EMG activity in controlling hip and knee motion during
landing tasks. Physical Therapy in Sport, 43, 230-235.
https://doi.org/10.1016/j.ptsp.2019.12.008

Ruseld, G., Webhofer, M., Helle, K., Strobl, M., Schranz,
A., Fink, C., Gatterer, H., & Burtscher, M. (2012). Leg
dominance is a risk factor for noncontact anterior cruciate
ligament injuries in female recreational skiers. American
Journal of Sports Medicine., 40(6), 1269-1273. https://doi.
org/10.1177/0363546512439027

Parkinson, A. O., Apps, C. L., Morris, J. G., Barnett, C. T.,
& Lewis, M. G. C. (2021). The calculation, thresholds and
reporting of inter-limb strength asymmetry: A systematic

41. Kak, H., Park, S., & Park, B. (2016). The effect of hip review. Journal Sports Science and Medicine, 20(4), 594-
abductor exercise on muscle strength and trunk stability 617. https://doi.org/10.52082/jssm.2021.594
after an injury of the lower extremities. Journal of Physical 54. Schmidt, E., Harris-Hayes, M., & Salsich, G. B. (2019).
Therapy Science, 28, 932-935. Dynamic knee valgus kinematics and their relationship

42. Khayambashi, K., Ghoddosi, N., Straub, R. K., & to pain in women with patellofemoral pain compared to
Powers, C. M. (2016). Hip muscle strength predicts women with chronic hip joint pain. Journal of Sport and
noncontact anterior cruciate ligament injury in male Health Science, 8(5), 486-493. https://doi.org/10.1016/j.
and female athletes: A prospective study. American jshs.2017.08.001
Journal of Sports Medicine, 44(2), 355-361. https://doi. 55. Sigward, S. M., Ota, S., & Powers, C. M. (2008). Predictors
org/10.1177/0363546515616237 of frontal plane knee excursion during a drop land in

43. Krause, D. A., Schlagel, S. J., Stember, B. M., Zoetewey, young female soccer players. Journal of Orthopaedic
J. E., & Hollman, J. H. (2007). Influence of lever arm and & Sports Physical Therapy, 38(11), 661-667. https://doi.
stabilization on measures of hip abduction and adduction org/10.2519/jospt.2008.2695
torque obtained by hand-held dynamometry. Archives of 56. Steffen, K., Nilstad, A., Kristianslund, E. K., Myklebust,
Physical Medicine and Rehabilitation, 88(1), 37-42. https:// G., Bahr, R., & Krosshaug, T. (2016). Association
doi.org/10.1016/j.apmr.2006.09.011 between lower extremity muscle strength and

44. Krosshaug, T., Nakamae, A., Boden, B. P., Engebretsen, noncontact ACL injuries. Medicine & Science in Sports
L., Smith, G., Slauterbeck, J. R., Hewett, T. E., & Bahr, R. & Exercise, 48(11), 2082-2089. https://doi.org/10.1249/
(2007). Mechanisms of anterior cruciate ligament injury MSS.0000000000001014
in basketball: Video analysis of 39 cases. American 57. Stickler, L., Finley, M., & Gulgin, H. (2015). Relationship
Journal of Sports Medicine, 35(3), 359-367. https://doi. between hip and core strength and frontal plane alignment
org/10.1177/0363546506293899 during a single leg squat. Physical Therapy in Sport, 16(1),

45. Lee, S. P., & Powers, C. M. (2014). Individuals with 66-71. https://doi.org/10.1016/j.ptsp.2014.05.002
diminished hip abductor muscle strength exhibit altered 58. Thijs, Y., Van Tiggelen, D., Willems, T., De Clercq, D., &
ankle biomechanics and neuromuscular activation during Witvrouw, E. (2007). Relationship between hip strength
unipedal balance tasks. Gait Posture, 39(3), 933-938. and frontal plane posture of the knee during a forward
https://doi.org/10.1016/j.gaitpost.2013.12.004 lunge. British Journal of Sports Medicine, 41(11), 723-727,

46. Lomax, R. G., & Hahs-Vaughan, D. L. (2013). Statistical discussion 727. https://doi.org/10.1136/bjsm.2007.037374
Concepts. A Second Course (4th Edition ed.). Routledge. 59. Thorborg, K., Branci, S., Nielsen, M. P., Tang, L.,

47. Madruga-Parera, M., Bishop, C., Beato, M., Fort- Nielsen, M. B., & Holmich, P. (2014). Eccentric and
Vanmeerhaeghe, A., Gonzalo-skok, O., & Romero- isometric hip adduction strength in male soccer players
Rodriguez, D. (2021). Relationship between interlimb with and without adductor-related groin pain: An
asymmetries and speed and change of direction speed assessor-blinded comparison. Orthopaedic Journal of
in youth handball players. Journal of Strength and Sports Medicine, 2(2), 2325967114521778. https://doi.
Conditioning Research, 35(12), 3482-3490. https://doi. org/10.1177/2325967114521778
org/10.1519/JSC.0000000000003328 60. Thorborg, K., Couppe, C., Petersen, J., Magnusson, S.

48. Madruga-Parera, M., Romero-Rodriguez, D., Bishop, C., P., & Holmich, P. (2011). Eccentric hip adduction and
Beltran-Valls, M. R., Latinjak, A. T., Beato, M., & Fort- abduction strength in elite soccer players and matched
Vanmeerhaeghe, A. (2019). Effects of maturation on lower controls: a cross-sectional study. British Journal of
limb neuromuscular asymmetries in elite youth tennis Sports Medicine, 45(1), 10-13. https://doi.org/10.1136/
players. Sports (Basel), 7(5). https://doi.org/10.3390/ bjsm.2009.061762
sports7050106 61. Thorborg, K., Serner, A., Petersen, J., Madsen,

49. Maloney, S. J. (2018). The Relationship between T. M., Magnusson, P., & Holmich, P. (2011). Hip
Asymmetry and Athletic Performance. A Critical adduction and abduction strength profiles in elite
Review. Journal of Strength and Conditioning soccer players: implications for clinical evaluation of
Research, 33(9), 2579-2593. https://doi.org/10.1519/ hip adductor muscle recovery after injury. American
JSC.0000000000002608 Journal of Sports Medicine, 39(1), 121-126. https://doi.

50. Mizner, R. L., Kawaguchi, J. K., & Chmielewski, T. L. org/10.1177/0363546510378081
(2008). Muscle strength in the lower extremity does not 62. Willson, J. D., & Davis, I. S. (2009). Lower extremity
predict postinstruction improvements in the landing strength and mechanics during jumping in women with
patterns of female athletes. Journal of Orthopaedic patellofemoral pain. Journal of Sports Rehabilitation, 18,

& Sports Physical Therapy, 38(6), 353-361. https://doi. 76-90.
org/10.2519/jospt.2008.2726
51. Neamatallah, Z., Herrington, L., & Jones, R. (2020). An
Copyright: © 2025 by the authors. Licensee IUSCA, London, UK. This article is an 10

open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).


https://doi.org/10.1016/s0030-5898(02)00028-7
https://doi.org/10.1016/s0030-5898(02)00028-7
https://doi.org/10.1177/0363546514539446
https://doi.org/10.1177/0363546514539446
https://doi.org/10.1177/0363546515616237
https://doi.org/10.1177/0363546515616237
https://doi.org/10.1016/j.apmr.2006.09.011
https://doi.org/10.1016/j.apmr.2006.09.011
https://doi.org/10.1177/0363546506293899
https://doi.org/10.1177/0363546506293899
https://doi.org/10.1016/j.gaitpost.2013.12.004
https://doi.org/10.1519/JSC.0000000000003328
https://doi.org/10.1519/JSC.0000000000003328
https://doi.org/10.3390/sports7050106
https://doi.org/10.3390/sports7050106
https://doi.org/10.1519/JSC.0000000000002608
https://doi.org/10.1519/JSC.0000000000002608
https://doi.org/10.2519/jospt.2008.2726
https://doi.org/10.2519/jospt.2008.2726
https://doi.org/10.1016/j.ptsp.2019.12.008
https://doi.org/10.1177/0363546512439027
https://doi.org/10.1177/0363546512439027
https://doi.org/10.52082/jssm.2021.594
https://doi.org/10.1016/j.jshs.2017.08.001
https://doi.org/10.1016/j.jshs.2017.08.001
https://doi.org/10.2519/jospt.2008.2695
https://doi.org/10.2519/jospt.2008.2695
https://doi.org/10.1249/MSS.0000000000001014
https://doi.org/10.1249/MSS.0000000000001014
https://doi.org/10.1016/j.ptsp.2014.05.002
https://doi.org/10.1136/bjsm.2007.037374
https://doi.org/10.1177/2325967114521778
https://doi.org/10.1177/2325967114521778
https://doi.org/10.1136/bjsm.2009.061762
https://doi.org/10.1136/bjsm.2009.061762
https://doi.org/10.1177/0363546510378081
https://doi.org/10.1177/0363546510378081

	ABSTRACT
	Keywords:

	INTRODUCTION
	METHODS
	Participants
	Testing procedures
	Table 1.
	Table 2.
	Figure 1.
	Statistical analysis

	RESULTS
	Table 3.
	Table 4.
	Figure 2.
	Figure 3.

	DISCUSSION
	CONCLUSION
	FUTURE RECOMMENDATIONS
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	FUNDING
	ETHICAL APPROVAL
	DATES OF REFERENCE
	CORRESPONDING AUTHOR
	REFERENCES

