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Influence of force-time parameters
of hip abductors on maintaining balance in frontal plane

in young healthy females

ANETA BUGALSKA*, ANNA HADAMUS, SEBASTIAN WÓJTOWICZ,
ANNA DANILUK, KAROLINA WIADERNA, MARTA GRABOWICZ

Department of Rehabilitation, Faculty of Medical Sciences, Medical University of Warsaw, Poland.

Purpose: The aim of this study was to determine the impact of isometric and isokinetic hip abductor muscle strength on the quality
of maintaining static balance in healthy subjects. Methods: The study enrolled 51 healthy women aged 18–25. Balance assessment was
carried out according to the M-CTSIB protocol and Single Leg Stance Test (with eyes open and closed) using the Biodex Balance
System. An isokinetic evaluation conducted at 30 °/s and an isometric evaluation of the hip abductors were performed with the Humac Norm
system. Results: Regression analysis for Sway Index (SW) and Stability Index (ST) in bipedal standing showed a significant importance
of the presence of visual feedback (RSW EO = –0.922; p < 0.0001; RST EO = –0.613; p = 0.0493), and unstable surface (RSW US = 1.253;
p < 0.0001; RSW US = 2.547; p < 0.0001). Regression analysis for single-leg stance showed correlations between the following indices:
overall sway index (OR) in single-leg stance, the antero-posterior (AP) sway index and the medio-lateral (ML) sway index on the one
hand and isometric abduction time to peak torque (ROR TPT = 0.769; p = 0.0005; RAP TPT = 0.565; p = 0.008; RML TPT = –1.74; p < 0.05,
respectively) as well as the test conditions on the other. Conclusions: Physiological activation of the hip abductors may be important for
physiological maintenance of postural balance in young people, in both leg standing as well as in single-leg stance. The present results
warrant prospective, randomized studies of larger groups that are diversified with regard to age and gender of the participants.
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1. Introduction

Postural balance is a basic skill of motor coordina-
tion. It allows to maintain the projection of the body’s
center of mass within the base of support in both static
and dynamic conditions [10]. It enables normal func-
tioning of the human body using its motor ability,
which enforces cooperation between the musculoskeletal
system and the nervous system. To maintain proper
postural balance, it is necessary for information to
flow freely from the peripheral systems responsible
for assessing the relationship between body and space
(the visual system, the vestibular system, the proprio-
ceptive and haptic somatosensory system) to the cen-

tral nervous system (CNS). The proprioceptive system
provides information on changes in the position of
individual body parts, the velocity of movement, the
angular position of the joints, and muscle contraction
strength and force using mechanoreceptors located
within the joints, ligaments, muscles and fascia [3], [31].
Muscles are the effectors of the balance system. Dam-
age at any stage of stimulus transmission (receptors,
spinal tracts, brain areas or effectors) results in bal-
ance disorders [6], [28], [32]. The gluteus medius is
one of the strongest pelvic stabilizers next to the glu-
teus minimus and the tensor fasciae latae. It indicates
that the muscles that abduct the hip joint and stabilize
the pelvis can significantly influence the maintenance
of postural balance. At the same time, scientific re-
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search shows that muscle weakness is the most com-
mon risk factor for falling in old adults [6], [16], [28],
[32]. However, the literature does not determine how
important in maintaining postural balance are the in-
dividual muscles responsible for pelvic stabilization
and biomechanical function of the lower limb in the
frontal plane. A review of the available literature did
not identify any studies that pointed explicitly to the
function of the hip abductors in the process of main-
taining balance in the frontal plane or referred to the
role of muscle strengthening exercises of these mus-
cles in improving balance.

The aim of this study was to determine the influ-
ence of isometric and isokinetic hip abductor muscle
strength in healthy subjects on the quality of main-
taining static postural balance.

2. Materials and methods

Characteristics of the study group

The study was conducted at the Movement Analysis
Laboratory at the Medical University of Warsaw. It en-
rolled 51 women aged 20–23 years and practicing rec-
reational sports. Initially, the study also enrolled 4 men,
but due to the significant difference in the number
of women and men, which could affect the results of
the study, men have been excluded from the analysis.
All participants were healthy, with no leg injuries
within the preceding 2 years. The participants under-
took physical activity a mean of 3 times per week, and
about 90% of them only undertook one type of activity.

The characteristics of the study group are presented
in Table 1.

Table 1. Characteristics of the study group (N = 51)

Characteristic
Variable

Mean ± SD Median (IQR) Min Max

Age [years] 20.41 ± 0.85 20
(20–23) 20 23

Height [cm] 166.9 ± 6.39 167
(163–173) 152 178

BMI [kg/m2] 21.38 ± 2.92 21.23
(19.04–23.14) 15.22 30.74

Frequency
of physical
activity
[times per week]

3.19 ± 1.26 3 (2–4) 1 7

Variety of physical
activity 1.6275 ± 0.74 1 1 4

SD – standard deviation, IQR – interquartile range.

Ethics Commission approval

The study protocol was approved by the Bioethics
Committee of the Medical University of Warsaw (no.
KB/217/2020). The study was conducted according to
the ethical guidelines and principles of the Declaration
of Helsinki.

Examination procedure

At the beginning, all participants were informed
about the potential dangers of the study and agreed to
participate in it by providing their written consent.
Then, a questionnaire designed by the authors was
administered to the participants, which, in addition to
requests for demographic data, contained questions re-
garding physical activity (PA), with particular empha-
sis on previous leg injury, and the exclusion criteria for
the study. The detailed exclusion criteria included: pain
in the lumbar region, sacroiliac joints, hip and knee;
severe muscle soreness, regardless of its cause; previ-
ous injury to the hip, knee or ankle joint within the
preceding 2 years; neurological or vestibular balance
disorders; other neurological disorders; no informed
consent provided for participation in the study.

Following the initial qualification, balance assess-
ment was carried out according to the Modified Clinical
Test of Sensory Interaction on Balance (M-CTSIB)
protocol using the BIODEX Balance System (Biodex
Medical Systems, Inc., Shirley, NY, USA). This pro-
tocol covers standing on both legs in 4 conditions: eyes
open with stable (firm) surface (EOSS); eyes closed with
stable surface (ECSS); eyes open with unstable (foam)
surface (EOUS); eyes closed with unstable surface
(ECUS). The following parameters were assessed:
stability index (ST) and sway index (SW) were cal-
culated for each test. Stability index is the average
position from center. Sway index represented the
standard deviation of the SI; therefore, the higher the
SI, the more unsteady or unbalanced a person was
during the test. Balance assessment was subsequently
performed in single-leg stance on a stable surface with
eyes open and closed. This test was performed for
each leg separately. The following parameters from
single-leg standing were assessed: overall sway index,
anteroposterior sway index (AP), and mediolateral
sway index (ML). Sway index was calculated in the
same way as for M-CTSIB protocol.

Before the muscle strength measurements, all par-
ticipants performed a 10-minute warm-up consisting of
a 5-minute cycle ergometer ride and a 5-minute jog. This
was followed by an isokinetic test using the Humac
Norm system (CSMi, Inc., Natick, MA, USA). The
range of motion was customized for each participant
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before the test by performing one active movement in
full range of motion without resistance. The isokinetic
measurement consisted of 3 trial and 5 test repetitions
of hip abduction and adduction at the speed of 30 °/s,
with an interval of 30 seconds between sets. All work
was performed in the concentric condition. The fol-
lowing parameters were calculated from all repetitions:
peak torque (PT; the highest torque noticed during the
movement [Nm]), work per repetition (WR; torque times
angle, where the torque is in Newton-meters and the
angle is in radians [Nm]), average power per repetition
(APR; work per unit time [W]), time to peak torque
(TPT; the time from the beginning of torque develop-
ment until the point where peak torque is first devel-
oped [s]), time peak torque held (TPTH; the time,
during which the peak torque is maintained [s]), force
decay time (FDT; the time from the end of peak
torque production to the end of the motion [s]), delay
time (DT; the time from the beginning of a motion
until the beginning of torque development [s]), recip-
rocal delay (RD; the time required to reverse the di-
rection of limb movement [s]). The strength, work and
power parameters were normalized to the subject’s
body mass.

The last part of the examination served to assess
isometric strength parameters of the hip abductors. It
consisted of 2 trials and 3 test repetitions to measure
abduction strength performed under isometric con-
traction. Duration of the measurement was 5 seconds.
The interval between each repetition was 30 seconds.
The following parameters were assessed: peak torque
(PT [Nm]), average torque (AT; the average torque cal-
culated from 5-seconds isometric contraction [Nm]),
peak torque slope (PTS; slope of torque rise curve
[Nm/s]), time to half peak torque (THPT; the time
from the beginning of torque development until the
point where the torque is ½ of the peak torque [s]),
time to peak torque (TPT; the time from the beginning
of torque development until the peak torque [s]). All
strength, work and power parameters were normalized
to the subject’s body mass.

Statistical analysis

The results were statistically analyzed using Sta-
tistica 13.1 PL (TIBCO Software, Inc., Palo Alto, CA,
USA) and GNU Regression, Econometric and Time-
-series Library version 2019a (GRETL, Free Software
Foundation, Boston, MA, USA). A linear least squares
regression analysis was performed for following vari-
ables: ST and SW for both leg standing, as well as
OR, AP, ML for one leg standing. Regression coeffi-
cient (R) and p-value were reported for each regres-
sion analysis. Akaike’s information criterion was used

to select the best prediction model. Values at p < 0.05
were assumed to be statistically significant.

3. Results

Both leg standing

SW was shown to depend on the following factors:
reciprocal delay of the right hip abductors (RSW RD =
–0.833; p = 0.0139), delay time of right hip abduc-
tor (RSW DT = –3.486; p = 0.0003), unstable surface
(RSW US = 1.253; p < 0.0001) and the presence of
visual biofeedback – eyes open (RSW EO = –0.922;
p < 0.0001). There was no evidence of any correlation
between SW and the anthropometric measurements (age,
weight, height, BMI), frequency or variety of physical
activity, presence of pain, sit and reach test results,
isokinetic strength, power and work parameters, or any
isometric parameters obtained in the test.

ST was shown to be influenced by on the following
factors: the frequency of physical activity (RST PA =
−0.461; p = 0.0005), presence of pain (RST PP = –0.693;
p = 0.0425), presence of visual biofeedback (RST EO =
–0.613; p = 0.0493), unstable surface (RST US = 2.547;
p < 0.0001), time to peak torque of the right hip ab-
ductors (RST PT = 4.865; p = 0.0019), delay time of the
right hip abductors (RST DT = 9.608; p = 0.0319), force
decay time of the left hip abductors (RST FDT = −2.80728;
p = 0.0105), work per repetition of the right hip ab-
ductors (RST WPR = 0.156; p = 0.0010) and the average
power per repetition of the left hip abductors (RST APR =
−0.171485; p = 0.0083). There was no evidence of
correlation between ST and the anthropometric meas-
urements (age, weight, height, BMI), the variety of
physical activity, sit and reach test results, isokinetic
strength parameters, and or isometric parameters ob-
tained in the study.

Single-leg stance

The regression analysis for single-leg stance dem-
onstrated a relationship between the overall sway in-
dex in single-leg stance and time to peak torque in
isometric contraction in the direction of abduction
(ROR TPT = 0.769; p = 0.0005) and the test conditions
(eyes open/closed; ROR TC = 1.798; p < 0.0050) as well as
the diversity of physical activity (ROR PA= 0.38, p =
0.0400). The anteroposterior sway index also depended
on the time to peak torque in isometric contraction
in the direction of abduction (RAP TPT = 0.565; p =
0.0080) and on the test conditions (RAP TC = –1.38;
p < 0.0001). The mediolateral sway index also de-



A. BUGALSKA et al.6

pended on time to peak torque in isometric contraction in
the direction of abduction (RML TPT = –1.74; p < 0.0500),
and the test conditions (RML TC = –0.97; p <0.0001).
Additionally, ML showed a relationship with time to
half peak torque (RML THPT = –2.4191; p = 0.0238).
There was no evidence of dependence on the isoki-
netic parameters.

4. Discussion

Previous studies showed a significant correlation
between postural control and the muscle strength of
selected leg muscle groups, but they focused mainly
on the muscles working in the sagittal plane, i.e., flex-
ors and extensors of the knee and ankle [9], [15],
[22], [25]. In recent years, individual studies have
attempted to assess balance with respect to leg mus-
cles that contribute to movement in the frontal plane.
Svoboda et al. [29] presented data on the correlation
between the muscle strength of muscles responsible
for inversion and eversion of the ankle joint and the
control of bipedal stance in people of different ages.
Their results showed no significant correlation between
ankle joint muscle strength and postural balance in
young people. At the same time, they showed a signifi-
cant correlation between the work of the ankle ever-
tors and the sample entropy in the mediolateral direc-
tion. The results of the present study also demonstrate
that hip abductors have a significant impact on pos-
tural control in the mediolateral direction, both ST and
SW. Svoboda et al. [29] also showed that although
maintaining balance in bipedal stance does not require
maximum ankle muscle strength, there is a correlation
between maximum muscle strength and sway during
postural exercise. They suggest that greater maximum
strength is associated with greater capacity of these
muscles, even during simple motor tasks, supporting
reduction of postural sway. Similarly, our study
showed that in order to maintain postural stability
(ST), the average power and average work per repeti-
tion of hip abductors, per body mass, are important.

Porto et al. [24] and Chang et al. [5] proved that
the muscles that abduct the hip and stabilize the pelvis
in the frontal plane are crucial in maintaining postural
balance. These muscles influence the risk of falls in
older adults, especially in such cases as loss of balance
or single-leg stance. Porto et al. [24] assessed static and
dynamic balance of 81 elderly people (women and men)
using tandem gait and single-leg stance. An isokinetic
dynamometer was used to analyze muscle function
(peak torque and rate of torque development normal-

ized to body mass). They observed a statistically sig-
nificant association between tandem gait speed and
peak torque of abductor in single-leg stance, showing
a correlation between hip abductor weakness and in-
creased falling risk. Chang et al. [5], who studied the
relationship between the rate of hip abductor force
development and the performance of reactive and
voluntary balance tasks in older adults, had similar
results. They studied 30 people (men and women) over
the age of 65, measuring the hip abductor strength and
center of pressure displacement during walking, per-
forming single-leg stance tests and tandem gait tests.
Significant results were observed for single-leg stance
and tandem gait. Similarly to the results of Porto et al.
[24], Chang et al. [5] concluded that hip abductor
strength is an important aspect of maintaining postural
balance. These studies mainly analyzed strength pa-
rameters, showing their association with an increased
risk of falling. Our study shows that, in the case of
young people, strength parameters are significant only
for the stability index. Porto et al. [24] and Chang et
al. [5] did not answer the question of whether distur-
bances in the biomechanical parameters (measured in
the isokinetic test) of hip abduction muscles have an
impact on balance. Our results show that there is such
an impact, especially for time parameters.

Lopez-Valenciano et al. [18] investigated football
players to assess the impact of isometric strength pa-
rameters of the hip muscles measured in the frontal
and sagittal planes on postural balance. Their results
showed that isometric peak torque of the hip adductors
and abductors has no significant impact on dynamic
balance in footballers. The present study confirms these
results, as it shows no significant impact of the pa-
rameters in the isometric measurement on the stability
index in both leg standing.

Even though researchers do not agree on the na-
ture of the role that each individual hip abductor plays
in maintaining balance in single-leg stance, the litera-
ture clearly shows that their contribution is significant
[1], [7]. The abduction strength of the hip is important
both for the effectiveness of the so-called “hip strategy”
[30] in controlling dynamic and static balance while
standing on one leg [4], [13], [20], [21], [26]. The
strength and activation of the hip abductors is required
for balance to keep the center of gravity within the base
of support [8], [14]. Regardless of the method of meas-
urement, researchers focus on hip abductor strength,
especially among the older adults [17]. However, there
is a lack of studies assessing any time parameters for
these muscles, i.e., those indicating physiological acti-
vation of muscles for various age groups. Ambegaonkar
et al. [2] emphasize that, although muscle activation
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has not been shown to have a direct impact on muscle
strength, these two measurements are related. In their
study, the measured isometric flexor, extensor and
abductor strength showed a positive correlation with
the results of single-leg stance tests, in both a lateral
and posterolateral direction.

The results of present study do not point to any
isometric strength parameters being significant. How-
ever, it was found, that the longer the time needed for
isometric peak torque, the greater the balance deficits
for all parameters, i.e., overall, AP and ML sway indi-
ces. Additionally, ML was shown to have a correlation
with the time needed to half peak torque. This demon-
strates the importance of time parameters, and thus of
normal muscle activation, for maintaining balance in
the frontal plane. In addition, our study did not show
the significance of any isokinetic force or time pa-
rameters in maintaining balance. This may be due to
the fact that in static single-leg stance, isometric mus-
cle contraction or, more precisely, physiological hip
abductor activation time is used more in isometric
work.

Cha et al. [4], Huynh et al. [11] and Muehlbauer et
al. [23] noted that single-leg stance is inherently un-
stable, because visual feedback is the main factor in-
fluencing the ability to balance, and the lack of visual
feedback can further increase the instability. Ishii et
al. [12] also show that for single-leg stance balance
tests the results among young people that are not pro-
fessional athletes are worse for tests with closed eyes
than with open eyes. The present study shows that the
conditions of the test are extremely important and
confirm the results of other researchers. The high im-
portance of visual feedback among young people who
participated in this study may indicate that they have
a number of deficits, that are compensated for by eye-
sight. However, the present study did not show that
any strength parameters of the hip abductors were
responsible for the inferior results in a static isometric
or isokinetic single-leg stance test.

A study by Promsri et al. [27] did not show that
leg dominance was significant during static balance ex-
ercises. This is in line with the results of the present
study as we did not observe any significant results due
to leg dominance.

In conclusion, the few studies assessing balance
and muscle strength in the frontal plane have not
found significant correlations between these variables,
especially among young people. The present study
shows that an evaluation of time parameters is neces-
sary and probably more important, as these parameters
may have a significant impact on the possibility of
generating a normal motor reaction to maintain stand-

ing balance. The development of indicators of muscle
activity in terms of strength and, above all, muscle acti-
vation method depending on different time parameters
could help in the development of balance training pro-
grams suitable for different age groups that meet the
different neuromuscular needs of these groups.

This study, although it is very innovative, has some
limitations. The sample size was relatively small, the age
range was narrow and the sample comprised of women
only, limiting the generalizability of the findings to the
general population. Nevertheless, this study is the first,
to the authors’ knowledge, to compare several strength
and time parameters of the hip abductors with objec-
tive balance measurement for both bipedal and single-
leg stance. Moreover, in addition to the hip muscles,
there are other lower limb muscles that are also in-
volved in maintaining balance that would require pre-
cise measurements. Due to the limited time of the
evaluation and the patient’s fatigue, it does not seem
possible to examine the remaining muscles in a single
person. Based on our results, we also see the need to
modify the parameters of the isokinetic and isometric
tests as well as to increase the number of trials for the
balance assessment.

5. Conclusions

Physiological activation of the hip abductors is im-
portant for physiological postural control in young peo-
ple, in both leg standing as well as in single-leg stance.

The present results warrant prospective, random-
ized studies of larger groups that are diversified with
regard to age and gender of the participants.
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