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Abstract

Objective The study aimed to compare the concentric and eccentric muscle performance of the hip abductor and adductor
muscles at a high angular velocity in football players with osteitis pubis and healthy players.

Methods A total number of 32 male football players with osteitis pubis and 20 healthy footballers were tested using an
isokinetic dynamometer at a speed of 180°/s. Hip abductor and adductor peak torque/body weight, time to peak torque,
acceleration, and deceleration times produced during concentric and eccentric muscle contraction modes were measured
using a Biodex dynamometer.

Results Football players with osteitis pubis demonstrated a significantly higher time to peak torque, acceleration, and decel-
eration times (p < 0.05); however, when compared to healthy athletes, there was no significant change in muscle strength.
Conclusion The present study showed that football players with osteitis pubis had a reduction in neuromuscular reaction.
Therefore, the reaction time of these muscles is critical, and the reduction could result in magnified stresses and/or poorly
distributed loads across the musculotendinous structure of the anterior pelvis, which presumably could lead to the develop-
ment of osteitis pubis. Incorporate findings of the current study in clinical practice could afford critical information when
evaluating the hip muscles in football players with osteitis pubis, for pre-screening, enhancing the rehabilitation programs,
and guiding the decision of returning to sports after injury.
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Introduction

Osteitis pubis (OP) refers to a syndrome characterized by
an aching inflammatory disorder of the pubic bone and the
neighboring soft structures resulting from repetitive tensions
on the external fascia and subsequently the joint, leading to
a displacement microtrauma [1, 2]. Additionally, the term
“osteitis pubis” could interchangeably be used as an expres-
sion to define the syndrome of workout-related groin pain
or adductor pain [3]. Among sports injuries, OP is a wide-
spread disorder with an incidence of 0.5-6.2% in the athletic
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population with an average recovery time of approximately
9.6 months [1, 4-6]. Although OP may be associated with
several physical activities, players of sports like football,
ice hockey, or rugby are at a higher threat of injury [7, 8].
More specifically, the OP accounts for 5-13% of all athletic
injuries in football players [9].

Muscle imbalance has been proposed to play a critical
role in developing OP in football players [10, 11]. The defi-
ciency in muscle force in one or more muscle groups sur-
rounding the hip joint could disturb the normal distribution
of mechanical forces around the joint. Consequently, this
could negatively influence the optimal muscle performance
and function of the hip joint [12]. Therefore, measuring
muscle performance is of great value for returning to sports
with normal physical activity after injury. The ubiquitous
measure of strength obtained from isokinetic dynamometer
testing is the peak torque (PT) [13]. Although other param-
eters like speed and acceleration are fundamental factors for
motor function, they are poorly explored. Indeed, the time
to generate force or the maximum rate of force production is
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essential in the majority of sports [14]. However, it has been
suggested that assessments of muscle imbalance are not only
limited to the strength [15, 16]; they may also involve non-
traditional parameters that are capable of adding information
on injury prevention and treatment.

Acceleration time (AT), deceleration time (DT), and
time to peak torque (TPT) are some of these non-traditional
parameters obtained from isokinetic testing. Such param-
eters could provide extremely valuable information linked to
the efficient capability of the lower extremity neuromuscular
system next to an injury [17]. For example, muscle reaction
time variables (AT and TPT) are considered essential ele-
ments in the protection against injury episodes in the joints,
especially in the sports [18]. Moreover, the non-traditional
parameters could aid in the clinical decision-making and
implementation of specific rehabilitation protocols in order
to optimize the treatment outcomes, especially in sports
activities that use a chain of limb acceleration and decel-
eration movements [19, 20]. Such movements are accom-
plished not only through concentric muscle action, but also
through eccentric activation which is essential for perform-
ing numerous basic skills in football, such as cutting, kick-
ing, and jumping [21].

Few studies that examined the OP conditions were lim-
ited to assessing the PT values of hip musculatures during
the concentric contraction at a moderate angular velocity
[10, 22], or restricted to the eccentric PT of the hip adduc-
tor without referring to the hip abductor muscles or non-
traditional performance parameters [11]. Other literature
explored the effect of precise treatment protocols on the
OP conditions [7, 9, 23, 24]. Additionally, there are no
reports investigating the muscle performance parameters
of the hip muscles during concentric and eccentric muscle
contractions. Because of the importance of prevention and
treatment strategies in football practice, it is plausible to
consider that adding the AT, DT and TPT variables in the
isokinetic evaluation of football players can provide a new
perspective for recognizing the muscular imbalances and dif-
ferences in strength between healthy and who suffering from
OP. Therefore, the purpose of this study was to compare the
hip abductor and adductor muscle performance parameters
during concentric and eccentric modes of contractions at
an angular velocity of 180°/s in OP football players with
healthy players. We hypothesised that there would be muscle
imbalance between groups.

Materials and methods
Design

This is a cross-sectional study.
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Sample characteristics

A group of thirty-two male football players diagnosed with
OP was assessed in this study. Depending on a priori power
analysis (G*power software), the number of participants
was meticulously chosen to ensure that type I error does not
exceed 0.05 and type Il error does not exceed 0.20. This statis-
tical power analysis specified that a total of 30 subjects would
be enough to establish a power of 0.95 with a large effect size
of 0.7. This sample size is also confirmed with a similar sam-
ple size documented in the previous studies [10, 11]. The
participants were accepted to take part in the current study
after a referral from an orthopaedist or a sports medicine spe-
cialist with a diagnosis of the current OP condition. This was
followed by a clinical test to affirm the participant’s diagnosis.
The test is considered positive if the participant experiences
pain in the pubic bone while performing isometric adduction
both in the back lying position and back lying with flexed hip
at 60° (squeeze test), and tender pubic symphysis to palpa-
tion. A matched group of twenty healthy footballers with the
same anthropometric data was tested. The participants of the
healthy group were not permitted to participate in the study
in case of a history of the lower extremity, back, or abdomi-
nal surgery. Before the study began, ethical approval was
obtained, and each participant signed a consent form for par-
ticipation and publication of results. The Institutional Human
Research Ethical Committee granted ethics approval for this
study (ethics approval no: P.T.REC/012/002933).

Measuring devices

The Biodex System 3 isokinetic dynamometer was used to
measure the hip abductor and adductor peak torque/body
weight (PT/BW), AT, DT, and TPT produced during concen-
tric and eccentric muscle contraction modes (Biodex Medi-
cal Systems, Shirley, NY, USA). The dynamometer quan-
tifies the internal torque generated by a group of muscles
while maintaining the tested segment at a constant angular
velocity (180°/s) and movement range. Before each meas-
urement session, the Biodex dynamometer was calibrated.

Procedure

Each subject was instructed to dress his comfortable sports-
wear after acquiring their participation agreement. This was
followed by a clear simple illustration of the testing proce-
dures using a visual video record. Before the actual testing,
participants were given a 10-min warm-up stretching session.
The tests for the hip abductor and adductor muscles groups
were performed in a random arrangement to avoid the depend-
ent ordering effect. A rest time of 5 min was allowed between
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Table 1 Demographic data for healthy and osteitis pubis groups
(mean +SD)

Groups Healthy athlete Osteitis pubis p value
group (n=20) group (n=232)

Age (years) 19.78 +2.52 19.57+1.46 0.62

Weight (kg) 69.90+8.22 70.56 +6.48 0.65

Height (cm) 176.50+3.50 175.56 +5.53 0.34

Body mass 22.37+1.84 22.88+1.56 0.14

index (kg/mz)

“p<0.05

each group of muscle tests to avoid muscle fatigue. The isoki-
netic concentric and eccentric modes for abduction/adduction
were performed at speed of 180°/s which has been adopted for
football players in previous literature [25, 26], and supported
by isokinetic manual guidelines. The testing procedure con-
sists of two sets of five repetitions each [27], with a 2-min rest
period between sets. Gravity automatic correction was used
to compensate for the effect of gravity in all tested muscles.
The participants were tested in the standing position since
it was the most functional position; however, it was linked
with less stabilization. The participant was positioned in the
standing position facing away from the dynamometer, with the
dynamometer’s axis aligned with the anterior superior iliac
spine [10]. The typical hip range for hip abduction/adduction
was 65° (20° adduction to 45° abduction). Maximum concen-
tric voluntary efforts were measured when participants are
requested to do two sets; each includes five repetitions of hip
abduction—adduction at an angular velocity of 180°/s in the
concentric contraction mode [27]. Similarly, maximum eccen-
tric voluntary efforts will be measured from hip muscles at the
same angular velocity. The highest hip abductors and adduc-
tors concentric and eccentric PT values were normalized to the
participant’s body weight (PT/BW, expressed in Nm/kg) in an
attempt to minimize the between-subject variation in the raw
scores of the tested muscles. All participants were motivated to
utilize their highest effort through all tests. To assess muscular
performance, the evaluated parameters were AT, DT, and TPT.

Statistical analysis

The assumptions of parametric statistical tests were first ver-
ified using Q-Q plot estimation and the Shapiro—Wilk test for
normality for all variables. All data were found to meet the
parametric testing assumptions. After that, anthropometric
data (age, weight, height, and BMI) of healthy and OP foot-
ball players were compared using a one-way analysis of vari-
ance (ANOVA). For the examined parameters, a two-way
multivariate analysis of variance (two-way MANOVA) was
used with a significance level of p < 0.05 for all statistical
tests. The statistical analysis was carried out with Statistical
Package for the Social Sciences (SPSS) (version 26.0 for
Windows; SPSS Inc, Chicago, IL).

Results

Table 1 displays the demographic information of the
healthy and OP football players who participated. Tables 2
and 3 demonstrate the PT/BW and muscular performance
parameters for the hip abductor and adductor muscle
groups during concentric and eccentric contractions in
both groups.

Hip abductor muscles

Considering the AT and TPT variables, there was a statisti-
cally significant interaction effect (p < 0.05) between the two
groups and the contraction modes. The Scheffe post hoc test
revealed that there was a marked increase in AT (p <0.05)
and TPT (p <0.05) in OP athletes, but no significant differ-
ence in PT/BW and DT between OP and healthy athletes
(p>0.05) for both modes of contraction. The percent of the
variation in reaction time parameters between healthy and
osteitis pubis athletes during concentric and eccentric abduc-
tor muscle contractions is shown in Fig. 1.

Table 2 The concentric and eccentric isokinetic peak torque/body weight (Nm/kg) values of hip abductor muscles at 180°/s in healthy and foot-

ball players suffering from osteitis pubis (mean + SD)

Test statistics Hip abductors

Concentric Eccentric

Healthy athletes Osteitis pubis athletes p value Healthy athletes Osteitis pubis athletes p value
PT/BW (%) 1.33+£0.18 1.16+0.39 0.167 1.69+0.17 1.70+0.16 0.917
AT 70.00£11.55 116.25+21.34 0.000* 109.23+21.39 185.71+19.10 0.000*
DT 80.00+£5.77 80.00+5.35 1.000 74.62+11.27 77.14+8.25 0.450
TPT 262.86+31.47 290.00+39.28 0.336 187.69+43.04 288.57+73.99 0.000*

*p <0.05; PT/BW, peak torque/body weight (in %); AT, acceleration time (in milliseconds); DT, acceleration time (in milliseconds); TPT, time to

peak torque (in milliseconds)
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Table 3 The concentric and eccentric isokinetic peak torque/body weight (Nm/kg) values of hip adductor muscles at 180°/s in healthy and foot-
ball players suffering from osteitis pubis (mean + SD)

Test statistics Hip adductors

Concentric Eccentric

Healthy athletes Osteitis pubis athletes p value Healthy athletes Osteitis pubis athletes p value
PT/BW (%) 1.12+0.12 1.30+0.38 0.156 1.38+0.16 1.46+0.21 0.394
AT 110.00+16.73 154.55+27.69 0.000* 130.83+19.75 225.00+20.97 0.000*
DT 98.33+18.35 216.36 +30.75 0.000* 110.00 +12.06 188.13+21.67 0.000*
TPT 368.33 +£69.69 300.91+39.61 0.200 338.33+£55.19 330.00+89.29 0.831

*p <0.05; PT/BW, peak torque/body weight (in %); AT, acceleration time (in milliseconds); DT, acceleration time (in milliseconds); TPT, time to

peak torque (in milliseconds)

Hip adductor muscles

On the AT and DT variables, there was a statistically signifi-
cant interaction effect (p < 0.05) between both groups and
contraction modes. The simple main effect indicated that OP
athletes experienced greater AT and DT in eccentric mode
and greater AT in concentric mode than the healthy group
(p <0.05). However, there was no significant difference in
PT/BW and TPT between OP and healthy athletes for both
modes of contractions (p >0.05). The percent of the varia-
tion in reaction time parameters between healthy and ostei-
tis pubis athletes during concentric and eccentric adductor
muscle contractions is shown in Fig. 2.

Discussion and implications

The current study compared the performance parameters
of the hip abductor and adductor muscles during con-
centric and eccentric modes of contraction at an angular
velocity of 180°/s in OP football players to that of healthy
players, taking into account traditional (PT/BW) and

Hip Abductors
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Fig.1 The percent of the variation in reaction time parameters
between healthy and osteitis pubis athletes during concentric and
eccentric abductor muscle contractions (*p <0.05)
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additional variables (AT, DT, and TPT). In summary, our
findings showed that OP athletes’ concentric and eccentric
hip abductors had higher AT and TPT than healthy ath-
letes. In terms of concentric and eccentric hip adductors,
our findings revealed that OP athletes had higher AT and
DT (reaching longer reaction times) than healthy athletes.
However, there was no significant difference in PT/BW
between the groups for either muscle. As a result, our
hypothesis that there would be muscle imbalance between
groups is supported by these findings. Up to the authors’
knowledge, there are no comprehensive datasets that com-
pare the muscle performance parameters of hip abductors
and adductors in healthy and OP football players. As a
result, this is the first study to conduct this comparison.
PT/BW results of the current study could be attributed
to the homogeneous groups that have been tested in which
all participants of the study have similar body physique and
performed the same type of sport and training loads and
they even competed at the same age level, youth level. The
findings of the current study were consistent with the out-
comes presented by Mohammad et al. [10] who found no
significant difference in PT/BW values between the OP and

Hip Adductors
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Fig.2 The percent of the variation in reaction time parameters
between healthy and osteitis pubis athletes during concentric and
eccentric adductor muscle contractions (*p <0.05)
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healthy groups while testing the hip adductor and abduc-
tor muscles in concentric mode. Several studies examined
abduction strength and found no difference between the hip/
groin pain group and the controls during the isometric [28],
or concentric and eccentric modes of contractions [11], but
the bounded arguments suggested that reduced hip adduc-
tion strength during isokinetic testing was a risk element for
groin injury [29]. As a result of the consistency in muscle
strength (PT/BW), this parameter cannot be considered an
appropriate predictor for assessing muscle imbalance. Fur-
thermore, sports movements involve a series of accelerating
and decelerating limb movements performed by concentric,
eccentric, and static muscular contractions [17]. Therefore,
understanding test parameters like acceleration and decel-
eration rates following isokinetic testing is critical and helps
in clinical decision-making that boosts post-injury recovery
and aids in the recurrence prevention [30].

To the finest of our readings, the current study is the
prime attempt to understand the neuromuscular function of
hip abductor and adductor muscles in football players with
and without OP. In comparison to OP athletes, healthy ath-
letes had lower AT and TPT of the hip abductors and lower
AT and DT of the adductors. Compared to healthy athletes,
the AT values of the OP were dramatically increased by 40%
and 41%, respectively, during concentric and eccentric con-
traction of the abductor muscles. Similarly, the AT values
of the OP were considerably augmented by 29% and 42%,
respectively, compared to healthy athletes’ concentric and
eccentric adductor muscles. Considering the DT values, the
concentric and eccentric adductor muscles of healthy ath-
letes significantly increased by 55% and 42%, respectively,
and the TPT of eccentric abductor muscles increased by 35%
when compared to the OP group. These results could be
attributed to the fact that the efficient kicking action requires
great acceleration and high recruitment speed in addition to
force [31], which would explain the shorter reaction time
found in both muscles in healthy athletes, and the delayed
neuromuscular control of both muscles in OP athletes,
regardless the mode of contraction.

Although there is a paucity of studies available for com-
parison with the current results, a better understanding of
the normal actions of the muscles around the hip joint may
interpret the development of OP. This can be elucidated
by the co-activation of muscles during the kicking action
to start and maintain the movement concentrically by the
agonist muscles and to slow down and stop the agonist
movement eccentrically by the antagonist muscles [32].
The hip abductors, for example, contract concentrically
to abduct the hip during the backswing phase [33], while
the hip adductors act in an eccentric manner to regulate
the hip abduction movement caused by pelvic rotation and
outward leg swing [34]. During the follow-through phase
of kicking, the hip abductors contract eccentrically to

abduct and medially rotate the hip [35], while the kicking
limb’s adductors become more activated [36]. Addition-
ally, the hip flexion position achieved through the kicking
task naturally enhances the adductor muscles’ ability to
generate extension torque, thereby supporting the main hip
extensors [37]. Consequently, during kicking activity, the
limb is quickly accelerated from a position of extension
(leg behind) into a position of flexion (leg in-front) all
while bringing the leg across the body (adducting). This
particular motion needs a proper neuromuscular response
from both adductor and abductor muscles, and any sub-
stantial increase may reflect a slowness in the neuromus-
cular reaction of these muscles. Therefore, the reaction
time of these muscles is essential, and any slowness of the
neuromuscular response could result in magnified effort
and/or poorly distributed loads across the musculotendi-
nous structure of the anterior pelvis, which possibly could
lead to the development of OP.

This justification is supported by Fricker [38] who pro-
posed a possible mechanism for developing OP through
increased shearing forces on the symphysis pubis produced
by the accumulation of repetitive minor stresses or due to
imbalanced pelvic musculature pulling on the joint. In the
same context, several studies indicated that a reduction in
muscular reaction time plays a vital role in minimizing sub-
sequent musculoskeletal injuries, particularly in the knee
[39] and ankle [40] joints. It was reported that in cases of
abrupt movements, the muscles should rapidly contract
to stabilize the joint, and the delay in this neuromuscu-
lar recruitment would make the joint more susceptible to
injury [40]. As football is a sport with great physical contact,
jumps, and sudden changes in direction [41], the delay in
muscle reaction time could increase the risk of joint injuries
in this sport. As a result, we assume that the neuromuscular
regulation, as presented by time to peak torque, accelera-
tion, and deceleration times, may be declined in OP athletes
due to signal deficiency and reflexive motor coordination
of abnormal mechanoreceptors caused by excessive loads
on the injured structure. This assumption is supported by
Duchateau and Enoka [42] who proposed that the increased
feedback from peripheral sensory receptors during eccen-
tric contractions seems to be reduced by central and periph-
eral mediated presynaptic inhibition signals of Ia afferents,
which could explain the reduction of voluntary activation
during peak eccentric contractions to avoid tissue injury.

Conclusion

This is the prime study to present the concept of exploring
the muscle performance parameters for the hip abductor and
adductor in football players with OP. The neuromuscular
control of both hip abductors and adductors was diminished
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in OP; however, muscle strength remained unchanged. The
neuromuscular system monitors and regulates the ongoing
changes in limb acceleration which is very critical in football,
particularly during the kicking task. Therefore, this integration
is accomplished through the integration of afferent neurologic
inputs and the capacity to create changes in the efferent output,
which generates a muscular reaction. Thus, the neurophysi-
ological integrity of the muscle is important in the evalua-
tion of contractile tissue; however, interpretation of traditional
isokinetic testing data (i.e., PT/BW) may not effectively assess
normal muscular performance. Accordingly, clinicians and
therapists should evaluate the reaction time parameters for the
hip muscles, preferably AT, and should implement strength
training that is aimed at restoring neuromuscular control dur-
ing the management protocols for OP football players.
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