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The influence of three different test positions
and thigh asymmetry on measurements

of isometric hip flexion strength in men and women

JACEK MAŃKA, PATRYCJA BOBOWIK, KAROL JASKULSKI*,
IDA WISZOMIRSKA, KATARZYNA KACZMARCZYK

Józef Piłsudski University of Physical Education in Warsaw, Warsaw, Poland.

Purpose: The aim of this study was to compare muscle strength at 90° hip and knee flexion as measured in three different positions and
to investigate whether an internal or external deficit in the range of rotation in the hip joint affects flexor muscle strength. Methods: We
measured the peak muscle torque of rotation in the hip joint, using isometric torquemeter, and hip ROM in healthy participants N = 40,
aged 21.6 ± 1.9, in three different measurement positions. We tested for differences between the positions, and for the potential influence
of participant’s sex and ROM asymmetry. Results: The measured peak muscle torque was affected not only by sex and the value of hip
flexion affect, but also by the position in which it is measured. Subjects with restricted external rotation of the hip joint (CERD) had
significantly higher flexor peak muscle torque compared to subjects with restricted internal rotation (CIRD), in all but the supine posi-
tion. For CERD, the results were: Supine (SuP) 1.02 ± 0.26; Sitting (StP) 1.32 ± 0.58; Standing (SP) 1.53 ± 0.47; and for CIRD, the
results were: Supine (SuP) 1.05 ± 0.17; Sitting (StP) 1.05 ± 0.40; Standing (SP) 1.47 ± 0.53. Conclusions: Overall, measurement position
and passive ROM significantly influence the peak muscle torque in isometric conditions. Moreover, an imbalance in thigh rotation
movement significantly determines the magnitude of muscle torque of the hip flexion movement. Individuals with increased internal-to-
external rotation achieved significantly higher values for flexor muscle torque force moments. Overall, these findings are of importance
for interpreting or comparing any reported values for muscle torque force moments.
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1. Introduction

Muscle strength assessment is widely used in clini-
cal and athletic populations. A deficit in hip strength
increases the risk of falls [15] and has been identified
as an important variable in multiple pathologies, in-
cluding chronic ankle instability [22], patellofemoral
pain [27], patellofemoral [25] and hip or knee osteo-
arthritis [28], knee ligament injuries [19] and lower back
pain [4]. It is also considered a determinant of ath-
letic performance [26]. Additionally, the ratio of the
moments of muscle strength of individual muscle
groups has been used in estimating the risk of sports
injury [18].

A number of methods for measuring muscle strength
have been described in the literature, such as manual
muscle testing, hand-held dynamometry, motor-driven
dynamometry, and externally fixed dynamometers [6],
[21], [30]. However, the measuring position of the hip
joint and type of movements tested affect the muscle
strength measured. The two main types of movements
assessed are isokinetic and isometric. Both have been
shown to be reliable. Isokinetic testing is more repre-
sentative of dynamic muscle action during daily life
[24], however, isometric testing minimizes the risk of
muscle injury and delayed onset muscle soreness, so it
is more beneficial in physiotherapy patients [31]. Hip
flexor and rotator strength measurements have been
performed in a number of different positions [2], [14],
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[16], [33], the most common of these being a sitting
position with a hip/knee flexed at 90°, however, no
optimal hip strength testing position has been identi-
fied in the published research. From the kinesiological
point of view, it would be important to know – yet
it remains unclear – whether isometric hip muscle
strength is different at 90° flexion, measured in the vari-
ous testing positions (sitting, lying, or standing), and if
so whether this is the similar for men and women.

Moreover, joint motion studies have shown that
adults usually have an asymmetrical hip rotation range
of motion [29] – either CERD (coxal external rotation
deficit), where external rotation exceeds internal rotation,
or CIRD (coxal internal rotation deficit), where internal
rotation exceeds external rotation (terms adopted from
[3]). This asymmetry is something quite evident in daily
physiotherapy practice. A growing number of studies
have suggested that hip asymmetry is related to
lower extremity musculoskeletal condition or to the
societal shift towards more sedentary lifestyles. It,
therefore, seems important to know, yet, it also
remains unclear whether the asymmetric distribution
of thigh rotation affects the strength measurements of
individual muscle groups, and if so whether this is
the same for men and women, as in previous findings
it has been reported that women are more prone to
ER deficit [3].

Therefore, the purpose of this study was twofold:
1) to compare isometric hip muscle strength at 90° of
hip and knee flexion in males and females, as meas-
ured in three different positions: sitting position (StP),
standing position (SP), and supine position (SuP),
2) to investigate whether the presence of an identified
internal or external deficit in the range of rotation in
the hip joint (CERD/CIRD) affects measured values
of isometric hip flexion muscle strength in males and
females.

2. Materials and methods

A total of forty participants (20 male and 20 fe-
male, all university students studying physiotherapy),
aged 21.6 ± 1.9, took part in the study. Inclusion crite-
ria were as follows: age between 20–25 years, a de-
clared average level of physical activity, no history of
lower limb injury, and consent to participate in the
study. Subjects were excluded from the study if they
competitively played various sports, declared a low or
high level of physical activity, or had a previous diag-
nosis of dysplasia, femoroacetabular impingement,
hip acetabular rim injury or unidentified hip pain.

An anamnesis was taken and anthropometric meas-
urements were conducted: body weight, body height,
waist and hip circumference. The following measur-
ing instruments were used: a scale and a centimeter
tape. The detailed anthropometric data of the subjects
are shown in Table 1.

The peak muscle torque of the flexor muscle group
and ranges of motion (ROM) of the hip joint were
measured in SuP, StP and SP. The muscles were meas-
ured under isometric conditions using a JBA Staniak
isometric torquemeter. The above measurements of the
muscle torque were applied in accordance with the
maximum voluntary contraction method. In all muscle
strength and ROM measurements, the tested limb was
flexed to 90° at the hip and knee joints, and the sub-
jects’ arms were crossed over the chest. In measure-
ments in the supine position (SuP), the pelvis was
stabilized by a belt at the level of the superior anterior
iliac spines of the pelvis. For measurements in the
sitting position (StP), the subjects were stabilized by
a close-fitting roller to the torso at the level of the
lumbar spine, and trunk movements in the frontal
plane were restricted by the physiotherapist’s hands
placed on the shoulders. Measurement positions are
presented in Fig. 1.

When measuring ROM in the SP, subjects were
stabilized by the physiotherapist’s hands on the hip-
bones. When measuring thigh flexor muscle force
moments in the StP and SuP, the lever arm was posi-
tioned parallel to the limb axis, and in the standing
position at a 30-degree angle of inclination. The force
measurement rollers were positioned 5 cm above the
base of the patella. Verbal encouragement was allowed
during the measurement. All measurements were per-
formed by the same physiotherapist with an assisting
physiotherapist (Fig. 1). Normalized values of hip flexor
torque muscle moments per body weight of each sub-
ject were performed.

Additional measurements were performed of in-
ternal and external rotations in sitting position with
proper stabilization. Only StP was the same in hip
rotation and flexion measurements. Participants were
secured to the therapy table with straps to rule out any
compensations or excessive movements. The partici-
pant was positioned at the end of the therapy table
with knees and hips flexed to a 90° angle, with the
lower leg hanging from the table and the femurs fully
supported on the table. The upper limbs were crossed
on the chest and the participant was stabilized by an
assistant sitting in back-to-back position. The axis of
the goniometer was placed at the apex of the patella,
with one of the arms of the goniometer parallel to the
shin and the other perpendicular to the floor. Subjects
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were classified into CIRD and CERD groups, according
to the ratio of the range of external to internal rotation
of the thigh (ER/IR) determined in the StP. The first
group (CERD – coxal external rotation deficit) con-
sisted of subjects with an ER/IR ratio below <1, and
the second group with an ER/IR ratio above >1 (CIRD
– coxal internal rotation deficit).

Ethical clearance for the study was granted by the
local Ethics Committee (SKE 01-45/2021). This work
was supported by the Ministry of Science and Higher
Education in 2020–2022 under Research Group no. 3
at Józef Piłsudski University of Physical Education in
Warsaw, “Motor system diagnostics in selected dys-
functions as a basis for planning the rehabilitation
process”.

Statistical analysis was performed using STATISTICA
v. 13.0 (StatSoft). The normal distribution of the
data was assessed using the Shapiro–Wilk test. Sim-
ple cross-sectional ANOVA were performed. To
assess the interaction between measurement position
and isometric hip muscle strength values, an ANOVA
test for repeated measures and Bonferroni’s post-hoc
tests were performed. Due to the lack of sphericity,
probability values were assessed using the G-G cor-
rection. A significance level of p ≤ 0.05 was as-
sumed.

3. Results

In all the positions tested, in both active and pas-
sive movement, ROM scores were found to be higher
in the female group, with significant differences in the
StP and SP positions ( p < 0.05). A SEX x PASSIVE
ROM FLEXION interaction was also demonstrated
(F(2,76) = 4.00, p = 0.02). Passive flexion ROM val-
ues in the male group differed significantly between
SuP and StP ( p < 0.001), and SuP and SP ( p < 0.001).
In the female group, they differed significantly be-
tween SuP and StP ( p = 0.003), and SuP and SP ( p =
0.004). Moreover, muscle torque values were nor-
malized to the subjects’ body weight. Significantly
higher muscle strength values were found in the male
group ( p < 0.001). In addition, they developed the
highest torque of strength in the SP. An interaction
of SEX x NORMALIZED FLEXOR STRENGTH
across the three measurement positions was also ob-
served (F(2,76) = 5.79, p = 0.005). Post-hoc tests
showed significant differences between men’s strength
measured in the SP and their strength measured in the
SuP ( p < 0.001), and StP ( p < 0.001), and women’s
isometric hip muscle strength measured in all meas-
urement positions: SuP, StP and SP ( p < 0.001).

Table 1. Anthropometric characteristics

n Age
[years]

Body mass
[kg]

Body height
[cm]

Waist
circumference

[cm]

Hip
circumference

[cm]
Males 20 21.7 ± 2.0 77.5 ± 11.8 179 ± 7 82.75 ± 9.55 97.30 ± 7.52
Females 20 21.5 ± 1.8 63.7 ± 7.8 167 ± 5 76.25 ± 7.37 97.38 ± 7.80
Total 40 21.6 ± 1.9 70.6 ± 12.1 173 ± 9 79.5 ± 9.04 97.34 ± 7.57

Fig. 1. Measurement for hip flexors isometric muscle torques,
in three different positions (from left to right): SuP, StP and SP



J. MAŃKA et al.52

The results of the above analyses can be found in
Table 2.

In order to assess the effect of asymmetry of hip
rotation distribution on hip flexor isometric muscle
strength moments, subjects were divided into two groups
according to the ratio of the range of external to internal
rotation of the thigh (ER/IR) determined in the StP.
The CERD group consisted of subjects with an ER/IR
ratio below <1, and the CIRD group with an ER/IR
ratio above >1. In CERD group, there were 14 fe-
males and 4 males and in CIRD group, there were
6 females and 16 males. The normalized values of

thigh flexor strength in the CIRD and CERD groups
are shown in Table 3.

Table 3. Normalized values of hip flexor muscle
torque force moments for CIRD and CERD groups

N SuP StP SP
CERD 18 1.02 ± 0.26 1.32 ± 0.58 1.53 ± 0.47
CIRD 22 1.05 ± 0.17 1.05 ± 0.40 1.47 ± 0.53

CERD – coxal external rotation deficit group, CIRD – coxal
internal rotation deficit group, SuP – supine position, StP – sitting
position, SP – standing position.

Table 2. Differences in values of active and passive hip flexion movement ranges
and normalized values hip flexion torque in different measurement positions, by sex

SuP StP SP
A ROM 124 ± 8.28 112.05 ± 11.95 112.7 ± 8.54
P ROM 137.1 ± 9.311, 2 120.3 ± 12.461 119.85 ± 7.712

Males

strength 1.14 ± 0.163 1.17 ± 0.644 1.75 ± 0.404, 3

A ROM 129.1 ± 8.03 121.55 ± 10.22 121.9 ± 8.54
P ROM 141.1 ± 6.45, 6 131.95 ± 10.995 132.25 ± 10.026

Females

strength 0.93 ± 0.217, 8 1.17 ± 0.317, 9 1.24 ± 0.478, 9

A ROM – active ROM, P ROM – passive ROM, SuP – supine position, StP – sitting position,
SP – standing position, 1, 2, 5, 6 – Bonferroni post-hoc analyses results p < 0.005, 3, 4, 7, 8, 9 – Bon-
ferroni post-hoc analyses results p < 0.001.

F(2, 72)= 1.795, p= 0.17
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Fig. 2. Interaction results of normalized thigh flexor muscle torque force moments by CIRD, CERD and sex;
SuP – supine position, StP – sitting position, SP – standing position, CIRD – coxal internal rotation deficit group,

CERD – coxal external rotation deficit group
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It was found that subjects with restricted external
rotation of the hip joint (CERD) had significantly higher
flexor muscle of torque moments compared to subjects
with restricted internal rotation (CIRD) (F1,36 = 8.41;
p = 0,0063; η2 = 0.189). Moreover, males had signifi-
cantly higher flexor muscle of torque moments compared
to females (F1,36 = 14.58; p = 0,0005, η2 = 0.288). Sta-
tistically significant differences were observed in iso-
metric muscle strength between all three testing posi-
tions (F2,72 = 12.33; p < 0.0001, η2 = 0.255). Testing
position differentiates between male and female groups
(interaction F2,72 = 4.74; p = 0.0117, η2 = 0.116).
However, there was not a significant interaction be-
tween POSITION x SEX x CIRD/CERD. Detailed
results of the above analysis are shown in Fig. 2.

4. Discussion

The evolutionary adoption of the upright body
posture by humans was associated with a number of
changes in the musculoskeletal system, particularly
the pelvic region and hip joints. The extension of the
hip joints and lumbar spine resulted in a more vertical
alignment of the femurs and the formation of the lum-
bar lordosis, which is crucial for bipedal gait and run-
ning and which is not observed in other anthropods
[13]. However, the transition to bipedal gait led to
a loss of hip joint congruency and some changes in the
function of the soft tissues, and muscles surrounding
it. In the upright position, part of the femoral head is
not covered by the acetabulum in front, which is the
case in greater flexion [17].

We studied hip flexion range of motion and isomet-
ric muscle strength at 90° of hip flexion in 3 positions:
StP, SP, and SuP in a group of women and a group
of men. The position in which the hip and knee
joint of the examined limb are in 90° of flexion,
according to the Clinical Muscle Strength Assessment
method for assessing hip flexion movement strength
– variant I, was taken as the reference position for
muscle strength testing [34]. This is the position
where the hip-lumbar muscle shows the greatest ac-
tivity [32], which is sometimes weakened in many
patients (based on our own clinical observations). In
all positions, range-of-motion values were found to be
greater in the female group, with the greatest differ-
ences observed in passive movement, in the standing
position (F: 132.3 ± 10.02; M: 119.9 ± 7.7; p < 0.001).
The reason for the differences in mobility range val-
ues between men and women may be hormonal dif-
ferences that affect the tension of structures that limit

the mobility range of the hip joint. The hormone re-
sponsible for the tension in the joint structures is
relaxin, which women have in higher concentrations
than men [5]. Another reason for the greater range of
hip flexion mobility of the hip in women could be due
to differences in the anatomical structure of their pel-
vis, which tends to be wider than in men [20]. The
literature comparing thigh hip flexion mobility ROM
by sex is scarce. Hallaçeli et al. [10] conducted
a study evaluating the effect of sex on hip joint range
of motion, finding significantly higher ROM of active
and passive internal rotation and active external rota-
tion of the thigh at the hip joint in the female group.
Similar results were obtained by Bobowik et al. [3]
finding significant differences in thigh rotation mobil-
ity at the hip joint according to sex and lower limb
dominance presenting that in women here is a higher
ER deficit (CERD).

The results obtained in our study indicate a sig-
nificant influence of measurement position on the
values of hip flexion range of motion. Significant
differences were found in the values of passive flexion
range of motion of the thigh between SuP and StP and
SuP and Sp positions in both the female and male
groups. The reason for the greater range of movement
between the lying position and the standing and sitting
positions may be due to the need to actively tone the
postural muscles in the standing and sitting positions,
compared to relaxing them in the lying position [7].
The increased posterior muscle chain tension required
to maintain an upright posture, in elevated positions,
may result in a reduced range of flexion of the thigh.
In addition, the reduced active ROM in standing and
sitting positions may be influenced by the fact that
in these positions the movement is against the force
of gravity, which is not observed in the final range of
motion in the supine position. The gravitational com-
ponent was already pointed out by Han et al. [11]
when measuring hip rotation in three different posi-
tions. The influence of the starting position on the
mobility range measurement values was also con-
firmed in the study by Bobowik et al. [3], who exam-
ined 40 healthy subjects and assessed the range of
motion of the hip joint in three measurement posi-
tions: lying supine, lying forward, and sitting. The
largest range of motion values were recorded in the
supine position and the smallest in the prone position.
The observed differences in hip flexor muscle force
moments normalized to body weight between women
and men are primarily due to higher body weight
(77.49 ± 11.80 kg for men and 63.74 ± 7.82 kg for
women) and the fact that women genetically have fewer
muscle fibers and a smaller muscle cross-sectional area,
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which is also hormonally determined by testosterone
[9], [12]. Normalizing muscle torque force moments
to body weight allows its effect on performance to be
reduced [1].

The results of our study also showed an interaction
between measurement position and sex when assess-
ing hip flexor strength. The highest strength values
were shown by both men and women in the SP. In par-
ticular, differences were found between men’s strength
measured in the SP and their strength measured in the
SuP ( p < 0.001) and StP ( p < 0.001) and women’s
isometric hip muscle strength measured in all meas-
urement positions – SuP, StP and SP ( p < 0.001).
A likely reason for the ability to generate more force
in the standing position may be that the subjects were
able to push off the ground with the supporting limb
resulting in a compound movement in a closed kine-
matic chain, which, results in tensing of the hip exten-
sors and hip flexors of the (opposite) supporting limb,
that may have provided greater pelvic stabilization
and increased muscle tone in the trunk, creating better
working conditions for the hip flexor muscles in the
tested limb. The greater stability of the proximal mus-
cle attachment provides the muscle with better condi-
tions for generating force at the periphery [23]. Note
that Kellis et al. [18] assessed the ratio of quadriceps
thigh muscle strength to sciatic-shin muscle strength
in three hip angle positions: 90° of flexion, 60° of
flexion and 120° of flexion. They concluded that the
starting position of the study had no significant effect
on the ratio of lower leg extensors to knee flexors,
although the force generated by the subjects was high-
est in the 60° hip flexion position.

In turn, Guex et al. [8] showed that the appropriate
hip joint position in the assessment of isometric mus-
cle strength of the quadriceps of the thigh in sprinters
is the thigh flexed at the hip joint to 80°. The authors
reasoned that it is more or less in this hip joint angle
position that the muscles of the posterior group of the
thigh are most often injured. The main flexors of the
hip joint above a 70–80° angle of flexion are the mus-
cles that rotate externally (iliopsoas muscle, posterior
fibers of the gluteus medius muscle, sartorius, adduc-
tor longus muscle, adductor brevis muscle, pectineus,
partly the adductor magnus muscle) and internally (ten-
sor fasciae latae, anterior fibers of the gluteus medius
muscle, partly the adductor magnus muscle) and bring-
ing the hip joint to an intermediate position (rectus
femoris). In our study, it was found that the asymmet-
ric distribution of rotation in the range of motion can
affect the strength of the hip flexors. To better illus-
trate this problem, the terminology proposed by Bo-
bowik et al. [3] was adopted: individuals in the CERD

(coxal external rotation deficit – IR prevalence) group
showed significantly higher hip flexor isometric mus-
cle strength moments than those in the CIRD group
(coxal internal rotation deficit – predominance of
external rotation). This is probably due to the greater
involvement of the short hip flexor muscles and inter-
nal rotator muscles mentioned above in this move-
ment.

5. Conclusions

The value of the peak muscle torque of the hip
flexors was found to be significantly affected by the
position of the test subject’s body during measure-
ment. The highest results were recorded in the stand-
ing position, which is probably due to the tension of
the posterior muscle chain of the supporting limb.

The value of the hip flexion ROM range was also
found to be significantly affected by the position of
the subject’s body during measurement, with the su-
pine position found to be the one in which it was easi-
est to perform this movement. Moreover, sex was
found to significantly influence the extent of passive
flexion ROM of the thigh in the different measure-
ment positions. Women achieved significantly higher
values of passive flexion ROM, which is probably due
to the tension of the connective tissue structures. The
values of the muscle torque force moments of the
flexors of the hip with some values of the range of
motion of the thigh flexion are inversely correlated
with each other, i.e., usually as the force increases, the
range of motion decreases. The higher the value of the
normalized flexor muscle force moments, the lower
the hip flexion range of motion.

An imbalance in thigh rotation movement signifi-
cantly determines the magnitude of muscle torque force
moments of the hip flexion movement. Individuals with
increased internal rotation in relation to external rota-
tion achieved significantly higher values of flexor mus-
cle torque force moments.

Overall, we conclude that, in both physiotherapeutic
practice and in future research studies, any values
measured for isometric hip muscle strength should be
reported together with a clear indication of which
testing position was used to take such measurements,
and that care should be taken only to compare values
measured in the same position (or to be mindful that
potential differences may stem from the use of differ-
ent measurement positions, and moreover that these
potential differences may not be the same for men and
women). Moreover, our findings urge greater recog-
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nition of the potential for asymmetry in thigh rotation
movement to influence values measured for isometric
hip muscle strength.

References

[1] BAZETT-JONES D.M., COBB S.C., JOSHI M.N., CASHIN S.E.,
EARL J.E., Normalizing Hip Muscle Strength: Estab-
lishing Body-Size-Independent Measurement, Arch. Phys.
Med. Rehabil., 2011, 92 (1), 76–82, DOI: 10.1016/
j.apmr.2010.08.020.

[2] BLOOM N., CORNBLEET S.L., Hip rotator strength in healthy
young adults measured in hip, flexion and extension by using
a hand-held dynamometer, PMR, 2014, 6 (12), 1137–1142,
DOI: 10.1016/j.pmrj.2014.06.002.

[3] BOBOWIK P., MAŃKA J., JASKULSKI K., KACZMARCZYK K.,
Hip joint mobility in relation to measurement position, gender
and limb dominance, Acta Bioeng. Biomech., 2022, 24 (2),
65–73, DOI: 10.37190/ABB-02044-2022-01.

[4] DE SOUSA VALENTE J., The Pharmacology of Pain Associ-
ated With the Monoiodoacetate Model of Osteoarthritis,
Front. Pharmacol., 2019, 18 (10), 974, DOI: 10.3389/
fphar.2019.00974.

[5] DEHGHAN F., HAERIAN B.S., MUNIANDY S., YUSOF A.,
DRAGOO J.L., SALLEH N., The effect of relaxin on the mus-
culoskeletal system, Scand. J. Med. Sci. Sports, 2014, 24 (4),
e220-9, DOI: 10.1111/sms.12149.

[6] DESMYTTERE G., GAUDET S., BEGON M., Test-retest reliability
of a hip strength assessment system in varsity soccer players,
Phys. Ther. Sport, 2019, 37, 138–143, DOI: 10.1016/
j.ptsp.2019.03.013.

[7] GRADOZ M.C., BAUER L.E., GRINDSTAFF T.L., BAGWELL J.J.,
Reliability of hip rotation range of motion in supine and
seated positions, J. Sport Rehabil., 2018, 27 (4), 1–4, DOI:
10.1123/jsr.2017-0243.

[8] GUEX K., GOJANOVIC B., MILLET G.P., Influence of hip-flexion
angle on hamstrings isokinetic activity in sprinters, J. Athl.
Train., 2012, 47 (4), 390–395, DOI: 10.4085/1062-6050-47.4.04.

[9] HAIZLIP K.M., HARRISON B.C., LEINWAND L.A., Sex-based
differences in skeletal muscle kinetics and fiber-type compo-
sition, Physiology, 2015, 30 (1), 30–39, DOI: 10.1152/
physiol.00024.2014.

[10] HALLAÇELI H., URUÇ V., UYSAL H.H., ÖZDEN R., HALLAÇELI Ç.,
SOYUER F., PARPUCU T.I., YENGIL E., CAVLAK U., Normal
hip, knee and ankle range of motion in the Turkish popula-
tion, Acta Orthop. Traumatol. Turc., 2014, 48 (1), 37–42,
DOI: 10.3944/AOTT.2014.3113.

[11] HAN H., KUBO A., KUROSAWA K., MARUIC H.H., MARUYA M.H.,
Hip rotation range of motion in sitting and prone positions in
healthy Japanese adults, J. Phys. Ther. Sci., 2015, 27 (2),
441–445, DOI: 10.1589/jpts.27.441.

[12] HANDELSMAN D.J., HIRSCHBERG A.L., BERMON S., Circulat-
ing testosterone as the hormonal basis of sex differences in
athletic performance, Endocr. Rev., 2018, 39 (5), 803–829,
DOI: 10.1210/er.2018-00020.

[13] HOGERVORST T., VEREECKE E.E., Evolution of the human hip.
Part 2: Muscling the double extension, Hip Preserv. Surg.,
2014, 2 (1), 3–14, DOI: 10.1093/jhps/hnu014.

[14] HOGLUND L.T., WONG A.L., RICKARDS C., The impact of sagit-
tal plane hip position on isometric force of hip external ro-

tator and internal rotator muscles in healthy young adults,
Int. J. Sports Phys. Ther., 2014, 9 (1), 58–67.

[15] ISHIGAKI E.Y., RAMOS L.G., CARVALHO E.S., LUNARDI A.C.,
Effectiveness of muscle strengthening and description of proto-
cols for preventing falls in the elderly: A systematic review,
Braz. J. Phys. Ther., 2014, 18 (2), 111–118, DOI: 10.1590/
s1413-35552012005000148.

[16] JOHNSON S., HOFFMAN M., Isometric hip-rotator torque pro-
duction at varying degrees of hip flexion, J. Sport Rehabil.,
2010, 19 (1), 12–20, DOI: 10.1123/jsr.19.1.12.

[17] KAPANDJI A.I., The Physiology of the Joints. Vol. 2. The Lower
Limb, Handspring Publishing Limited, 2019.

[18] KELLIS E., ELLINOUDIS A., KOFOTOLIS N., Effect of hip flexion
angle on the hamstring to quadriceps strength ratio, Sports,
2019, 7 (2), 43, DOI: 10.3390/sports7020043.

[19] KHAYAMBASHI K., GHODDOSI N., STRAUB R.K., POWERS C.M.,
Hip Muscle Strength Predicts Noncontact Anterior Cruciate
Ligament Injury in Male and Female Athletes: A Prospective
Study, Am. J. Sports Med., 2016, 44 (2), 355–361, DOI:
10.1177/0363546515616237.

[20] KURKI H., Pelvic dimorphism in relation to body size and
body size dimorphism in humans, J. Hum. Evol., 2011, 61 (6),
631–643, DOI: 10.1016/j.jhevol.2011.07.006.

[21] MAYNE E., MEMARZADEH A., RAUT P., ARORA A., KHANDUJA V.,
Measuring hip muscle strength in patients with femoroace-
tabular impingement and other hip pathologies: A systematic
review, Bone Joint Res., 2017, 6 (1), 66–72, DOI: 10.1302/
2046-3758.61.BJR-2016-0081.

[22] MCCANN R.S., BOLDING B.A., TERADA M., KOSIK K.B.,
CROSSETT I.D., GRIBBLE P.A., Isometric Hip Strength and
Dynamic Stability of Individuals With Chronic Ankle Insta-
bility, J. Athl. Train, 2018, 53 (7), 672–678, DOI: 10.4085/
1062-6050-238-17.

[23] MCGILL S., Ultimate Back Fitness and Performance, 6th Ed.,
Stuart McGill, 2017.

[24] MEYER C., CORTEN K., WESSELING M., PEERS K., SIMON J.P.,
JONKERS I., DESLOOVERE K., Test-retest reliability of inno-
vated strength tests for hip muscles, PLoS One, 2013, 8 (11),
e81149, DOI: 10.1371/journal.pone.0081149.

[25] POHL M.B., PATEL C., WILEY J.P., FERBER R., Gait biome-
chanics and hip muscular strength in patients with patello-
femoral osteoarthritis, Gait Posture, 2013, 37 (3), 440–444,
DOI: 10.1016/j.gaitpost.2012.08.017.

[26] PRENDERGAST N., HOPPER D., FINUCANE M., GRISBROOK T.L.,
Hip adduction and abduction strength profiles in elite, sub-
elite and amateur Australian footballers, J. Sci. Med. Sport,
2016, 19 (9), 766–770, DOI: 10.1016/j.jsams.2015.12.005.

[27] RATHLEFF M.S., RATHLEFF C.R., CROSSLEY K.M., BARTON C.J.,
Is hip strength a risk factor for patellofemoral pain? A sys-
tematic review and meta-analysis, Br. J. Sports Med., 2014,
48 (14), 1088, DOI: 10.1136/bjsports-2013-093305.

[28] SABHARWAL J., JOSHI S., CHATURVEDI R., BAGRI M.,
RANI V., Effectiveness of neuromuscular exercises (NEMEX)
in knee osteoarthritis: a systematic review with metaana-
lysis. Adv. Rehab., 2022, 36 (1), 33–40, DOI:10.5114/
areh.2021.111588.

[29] Surgeons AAOO., Joint motion: method of measuring and re-
cording, American Academy Orthopaedic Surgeon, 1965.

[30] THORBORG K., BANDHOLM T., HÖLMICH P., Hip- and knee-
strength assessments using a hand-held dynamometer with ex-
ternal belt-fixation are inter-tester reliable, Knee Surg. Sports
Traumatol. Arthrosc., 2013, 21 (3), 550–555, DOI: 10.1007/
s00167-012-2115-2.



J. MAŃKA et al.56

[31] THORBORG K., SERNER A., PETERSEN J., MADSEN T.M.,
MAGNUSSON P., HÖLMICH P., Hip adduction and abduction
strength profiles in elite soccer players: implications for
clinical evaluation of hip adductor muscle recovery after
injury, Am. J. Sports Med., 2011, 39 (1), 121–126, DOI:
10.1177/0363546510378081.

[32] YAMANE M., AOKI M., SASAKI Y., KAWAJI H., Under-
standing the Muscle Activity Pattern of the Hip Flexors

during Straight Leg Raising in Healthy Subjects, Prog.
Rehabil. Med., 2019, 4, 20190007, DOI: 10.2490/
prm.20190007.

[33] YOSHIZAWA T., HIGASHI K., KATOU T., Measuring hip flexor
and extensor strengths across various postures using a fixed
belt, J. Phys. Ther. Sci., 2017, 29 (4), 572–575, DOI:
10.1589/jpts.29.572.

[34] ZEMBATY A., Kinesiotherapy, Tom I, Kasper, 2017.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




