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The osteoarthritis of the hip dominant symptom is pain that leads to disability and to postural and gait disorders. The aim of this
study was to analyze postural stability and its impact on disability and pain. The study population consisted of 60 patients and control
group of 30. Group 1 (n = 30) included patients with unilateral coxarthrosis, aged 56.2 (±12.3) years, BMI 25.17 (±2.87) kg/m2. There
were 16 men (53.3%). The mean age of patients in group 2 (n = 30) with bilateral coxarthrosis was 62.3 (±12.1) years; the mean BMI
was 24.87 (±2.06) kg/m2. There were 15 men in this group (50%). The patients were evaluated using the WOMAC, the Harris Hip Score,
VAS and the Biodex Balance System. Both study groups had stability index results different than the control group. There was a signifi-
cant correlation between the stability indexes and BMI. VAS correlated with the M-L plane variance. In group 2, there were significant
differences related to disability for the disability scales for all measured parameters. Balance disorder is a basic parameter found in
coxathrosis. There is a statistically significant correlation between balance disorders and BMI, VAS and functional scales.
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1. Introduction

Osteoarthritis of the hip is one of the most common
disorders of the human locomotor system. Regarding its
etiopathogenesis, the condition may be primary, of un-
known etiology, or secondary, of known etiology [1].

Tylman et al. [2] have provided a broad definition
of coxarthrosis with known etiology. This is a condi-
tion in which the etiology may be varied, but with
similar clinical and anatomical evidence. It leads to the
destruction and degeneration of the tissues that form
the joint [2]. The most common causes are dysplasia,
injuries, inflammation, femoral-acetabular conflict
syndrome, exfoliation of the femoral head, Perthes’
disease, protrusion acetabuli and femoral head necrosis.

The most dominant symptom of such condition is
pain. This pain leads to disability of various degrees and
to postural and gait disorders. The range of movement of
the hip becomes limited, the hip muscles atrophy and the
flexion and adduction contracture of the hip leads to the
functional shortening of the limb, an angled position of
the pelvis, and an increase in lumbar lordosis [3]. These
changes usually correlate with patient’s postural stability
disorders of various degrees.

In considering the above, it is important to de-
termine whether proprioception has been retained.
Proprioception is responsible for the joint position
sense (JPS) and the joint motion sense (JMS). The
functional effects of unimpaired proprioception are
the ability to move, maintain posture and balance,
and to walk correctly [4], [5].
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The aim of this study was to analyze postural sta-
bility and its impact on the degree of disability and pain
intensity in patients with osteoarthritis of the hip.

2. Materials and methods

The study population consisted of 60 patients with
osteoarthritis of the hip, who were qualified for hip
arthroplasty by a surgeon experienced in the hip sur-
gery. The surgeon was not aware of the aim of the
study. The patients were divided into two groups.
Group 1 consisted of 30 patients with unilateral disor-
ders and group 2 consisted of 30 patients with bilat-
eral disorders. All patients were hospitalized due to
hip arthrosis in Orthopaedic Department of Medical
Centre of Postgraduate Education. The consent of the
Ethical Board at the Józef Piłsudski University of
Physical Education in Warsaw was obtained to per-
form this study between January and June 2012.

The mean age of patients in group 1 with unilateral
coxarthrosis was 56.2 (±12.3) years; the mean BMI
was 25.17 (±2.87) kg/m2. There were 14 women
(46.7%) and 16 men (53.3%) in this group. The mean
age of patients in group 2 with bilateral coxarthrosis
was 62.3 (±12.1) years; the mean BMI was 24.87
(±2.06) kg/m2. There were 15 women and 15 men in
this group (50% each).

The criteria for qualification for the study were the
following: degeneration of the hip confirmed by radi-
ography, pain while walking, night pain, positive Du-
chenne’s sign and positive Trendelenburg’s sign. The
criteria for excluding patients were: lack of patient’s
consent to participate in the study and other patho-
logical abnormalities of the hip or prior hip surgery.
The patients were also evaluated using the subjective
scales of WOMAC (Western Ontario and McMaster
Universities Osteoarthritis Index), the Harris Hip
Score and the Visual Analog Scale (VAS).

All the patients were qualified for total hip arthro-
plasty and evaluated prior surgery.

After obtaining patient’s consent, they were tested
on the Biodex Balance System (Balance System SD).
This test is an indicator of dynamic body control and
allows accurate measurements of the subject’s ability to
control their center of gravity and balance using visual
feedback via LCD screen. All tests were conducted by
the same well-trained person. The goal of the test was
to hold the unstable platform in a level position for the
duration of the test through anterior-posterior and me-
dial-lateral movement of the feet and ankles. The pa-
tients were told to stand still in an upright position with

the eyes open and the feet placed parallel at hip dis-
tance away from each other. A screen was positioned at
the level of the eyes, so patients could easily follow
their movement and to prevent them from assuming
a proper posture. The screen depicted the area of the
platform represented by four concentric zones labeled
A, B, C, D and four parts marked I, II, III and IV. The
postural stability test consisted of three measurements.
Each measurement was taken at the level 12 of plat-
form stability (1 = least stable, 12 = most stable) and
had intervals: 20 seconds of testing, 10 seconds break.
Three stability indexes were calculated as follows:
anterio-posterior stability index (APSI) – represented
the variance of platform displacement in degrees, from
level, for motion in the sagittal plane; medio-lateral
stability index (MLSI) – represented the variance of
platform displacement in degrees, from level, in the
frontal plane; overall stability index (OSI), as a sum of
the first two, was defined as the variance of the plat-
form displacement from level, in all motions during the
test, measured in degrees, where a greater value indi-
cates greater displacement and lesser balance stability.
These three scores are the standard output of the dy-
namic balance test. The higher the variance, the higher
the score indicating more severe problems in main-
taining balance. It was the angular deflection of the
patient’s center of pressure. All tasks were conducted
three times in order to ensure reliability and the best
result was analyzed.

The clinical control group consisted of 30 people
with no locomotor system disorders. Their mean age
was 24.7 (±7.6) years and their mean BMI was 20.57
(±1.75) kg/m2. There were 16 women (53.3%) and
14 men (46.7%) in this group.

Statistical analysis

In the cases where the independent (explanatory)
variables were dichotomous, Student’s t-test was
applied for independent trials, while the equality of
variance was controlled with the use of Levene’s
test. In the cases of independent variables measured
on at least the rank level, correlation was established
by the Kendall’s tau-b rank correlation coefficient. In
both cases, bilateral statistical significance was the
basis.

3. Results

In group 1, the Harris Hip Score was 82.5 (±5.37),
the WOMAC Index was 86.8 (±6.29) and the VAS
score was 5.5 (±1.46) points.
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Table 1. Postural stability data (mean and SD)
– values of stability indexes (deg): overall (OSI),

anterior-posterior (APSI) and medio-lateral (MLSI) in groups:
0 – control, 1 – with unilateral coxarthrosis,

2 – with bilateral coxarthrosis

Variable N Mean ±SD Standard
error

0 30 .64 .416 .0759
1 30 1.85 2.528 .4616OSI
2 30 1.79 1.456 .2658
0 30 .46 .332 .0605
1 30 1.25 1.344 .2455APSI
2 30 1.47 1.831 .3344
0 30 .32 .222 .0405
1 30 1.07 1.956 .3571MLSI
2 30 .80 .622 .1136

In group 2, the Harris Hip Score was 79.8 (±8.85),
the WOMAC Index was 84.5 (±7.70) and the VAS

score was 5.6 (±1.33) points. These differences were
not statistically significant.

Tables 1 and 2 present detailed stability indexes
and multiple comparisons for study groups 1 and 2
and for the clinical control group.

The following statistically significant differences
were found:

1. Both study groups had stability index results
different than the clinical control group. The results,
however, were similar for both study groups.

2. In group 1 – patients with unilateral disorder
– there was a statistically significant correlation
between the overall stability index (OSI) and BMI
(the correlation coefficient was 0.285*). There was

a statistically significant correlation between BMI
and the anterior-posterior stability index – APSI

Table 2. Multiple comparisons of postural stability data of analyzed groups – stability indexes: overall (OSI),
anterior-posterior (APSI) and medio-lateral (MLSI), groups:

0 – control, 1 – with unilateral coxarthrosis, 2 – with bilateral coxarthrosis

95% confidence intervalDependent
variable

Difference
in mean values

Standard
error Significance Lower limit Upper limit

1 –1.2033* .4513 .009 –2.097 –.3090
2 –1.1467* .4513 .012 –2.041 –.253OSI

1 2 .0567 .4513 .900 –.837 .951
1 –.7833* .3834 .043 –1.543 –.0240
2 –1.0033* .3834 .010 –1.763 –.244APSI

1 2 –.2200 .3834 .567 –.979 .539
1 –.7467* .2746 .008 –1.291 –.2030
2 –.4800 .2746 .083 –1.024 .064MLSI

1 2 .2667 .2746 .333 –.277 .811

* The difference in significance level is P ≤ 0.05. Groups 1 and 2 were significantly different regarding
stability indexes compared to group 0.

Table 3. Correlation (Kendall’s tau-b coefficient) between stability indexes
(overall – OSI, anterior-posterior – APSI and medio-lateral – MLSI) and BMI (kg/m2) Harris Hip Score,

WOMAC Index, VAS (points) in unilateral coxarthrosis group

OSI APSI MLSI
Correlation coefficient .285* .252* .345**

Significance unilateral .018 .033 .006BMI
N 30 30 30

Correlation coefficient –.141 –.081 –.217
Significance unilateral .148 .275 .057Harris Hip Score

N 30 30 30
Correlation coefficient –.189 –.189 –.203
Significance unilateral .082 .084 .071WOMAC Index

N 30 30 30
Correlation coefficient .205 .126 .321*

Significance unilateral .073 .187 .013VAS
N 30 30 30

* Correlation is significant on P ≤ 0.05 (unilateral).
** Correlation is significant on P ≤ 0.01 (unilateral).
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(0.252*) and medio-lateral stability index – MLSI
(0.345*). No significant differences in disability
were found in the Harris Hip Score or the WOMAC
Index (Table 3).

3. In group 1, the VAS score for pain intensity
correlated with the M-L plane deviation. The more
intense the pain, the worse the result (details are
shown in Table 3).

4. In group 2 – patients with bilateral disorder
– there was a statistically significant correlation be-
tween all stability indexes and BMI.

5. In group 2, there were statistically significant
differences related to disability for the Harris Hip
Score and the WOMAC Index for all measured pa-
rameters.

6. In group 2, the VAS score for pain intensity cor-
related with the overall stability index (OSI) and medio-
lateral stability index (MLSI). The more intense the pain,
the worse the result (details shown in Table 4).

4. Discussion

Osteoarthritis of the hip leads to postural stability
disorders that are statistically significantly different
than in the clinical control group. The stability indexes
do not depend on whether the disorder is uni- or bilat-
eral. Leanetrs et al. [3] showed that improper setting of
the pelvis remains after surgical hip replacement. This
leads to impaired loading of the implant. Therefore, in
early post-surgical physiotherapy, one should focus on
stretching of the anterior and medial structures of the
pelvis. One also needs to strengthen the flexors and
extensors of the hip, in order to ensure normal kine-

matics of the pelvis and to balance the loading of the
implant [3]. However, this is a challenge. Studies have
shown that over 10 months after surgical hip replace-
ment, the biomechanics of the lower limbs still do not
return to normal [6]. Foucher et al. [7] also noted that
asymmetry of the hip may lead to residual walking
disorders that can be observed in patients after hip re-
placement [7]. Other long-term studies also indicate
persistence of impairment and functional limitation
after THA [8].

Rasch et al. [9] showed that two years after hip
replacement in 20 patients, balance and walking
ability had improved, although abductor muscle
strength was still weakened. This is why physiotherapy
should also aim to improve co-ordination within the
joint [10]. Late physiotherapy should focus as well
on weight-bearing exercises with hip abductor ec-
centric strengthening [8].

Cichy et al. [11] examined 30 patients with osteo-
arthritis, in whom pedobarography was applied to ana-
lyze gait parameters. The results revealed a statistically
significant difference when loading both limbs under
dynamic conditions. The foot pressure ground reaction
results were considerably lower for the limb with cox-
arthrosis [11]. One month after surgery, however, they
found asymmetry, caused by reduced load on the oper-
ated limb. After THA there was a slight increase in step
length in both limbs, but asymmetry in step length still
persisted [12]. Contrary results were presented by Calò
et al. [13]. They measured balance of the standing
position and the motor responses by dynamic postu-
rography in patients treated by total hip replacement.
They reported normal postural control and symmetrical
responses and confirmed the absence of balance prob-
lems and fall risk [13].

Table 4. Correlation (Kendall’s tau-b coefficient) between stability indexes
(overall – OSI, anterior-posterior – APSI and medio-lateral – MLSI) and BMI (kg/m2) Harris Hip Score,

WOMAC Index, VAS (points) in bilateral coxarthrosis group

OSI APSI MLSI
Correlation coefficient .379** .269* .469**

Significance unilateral .002 .022 .000BMI
N 30 30 30

Correlation coefficient –.365** –.295* –.425**

Significance unilateral .003 .012 .001Harris Hip Score
N 30 30 30

Correlation coefficient –.412** –.358** –.475**

Significance unilateral .001 .004 .000WOMAC Index
N 30 30 30

Correlation coefficient .232* .217 .380**

Significance unilateral .048 .060 .003VAS
N 30 30 30

* Correlation is significant on P ≤ 0.05 (unilateral).
** Correlation is significant on P ≤ 0.01 (unilateral).
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Posture and balance disorders may occur in spinal
or lower limb disorders. To fully characterize static
and dynamic postural control disorders, complex pa-
tient examination is necessary, employing a clinical
examination and a series of movement analysis tech-
niques. In the lower limbs, postural disorders may also
be related to instability of the ankle or the knee [14]–
[16]. Postural stability was related also to the relative
leg strength [17]

A Finnish study analyzed postural control in men
with osteoarthritis. The study population consisted of
27 men aged 47–64 years. Postural control was ana-
lyzed using the sensory organization test (SOT). The
results were compared to those of the clinical control
group. The authors concluded that hip disorders do
not influence static balance in men [18].

Postural stability and disability

No reliability comparisons of various available
computer postural stability evaluation devices have so
far been published in the literature. In recent years, the
Biodex Balance System is often used to evaluate neu-
romuscular and somatosensory control and individual
training to improve postural control and balance [19].
Standard deviation as a measure of postural sway,
calculated in medial-lateral (M/L) and anterior-
posterior (A/P)  directions for the net COP (center of
pressure) was used, among others by Van Emmerik et
al. [20], in studies in women with multiple sclerosis.
Likewise Sell [21] in a study in healthy young men
and women as the primary criteria for static and dy-
namic stability applied standard deviation of the
ground reaction forces in the anterior-posterior, me-
dial-lateral, and vertical direction.

The results of a study on 23 healthy individuals
indicate that the reliability of the Biodex Balance
System is low to moderate [22]. Other authors have
used this system in studies related to the impact of
BMI on postural stability [23], to compare various
methods of postural stability evaluation [24] or to
assess the impact of knee disorders on stability [25].

In our study, which is a preliminary report, we in-
tended to assess changes in balance disorders before
THA.

Surveys regarding gait disorders among patients
with THA operated by two different methods were
conducted by Palieri et at. [26]. They found that gait
pattern after THA was dependent on surgical access
and on the extent of surgical damage. These findings
also should be considered in order to correctly manage
the physiotherapy after surgery [26].

The Western Ontario and McMaster University
Arthritis Index (WOMAC) is a widely used set of

standardized questionnaires used by health profes-
sionals to evaluate the condition of patients with os-
teoarthritis of the knee and hip. It evaluates pain,
stiffness and physical functioning of the joints [27],
[28]. Previous studies have also confirmed the reli-
ability of the Harris Hip Score [29]. Furthermore,
Brokelman et al. [30] believe that the VAS is a reli-
able instrument to evaluate satisfaction in patients
who have undergone hip replacement surgery.

Further research planned by the authors is needed
to conduct regarding impact of different implants
(short stem, classical, revision), as well as influence of
different rehabilitation protocols of postural stability
after THA.

Our study found a statistically significant correla-
tion between the WOMAC Index, the Harris Hip
Score and pain intensity (VAS) and postural stability
disorders for the patients in group 2 with bilateral
coxarthrosis. The strongest correlation concerned
anterior deviation, which is probably related to the
muscle weakening, and medial-lateral deviation,
which is related to relieving the damaged joint.

5. Conclusions

1. Balance disorder is a basic parameter found in
osteoarthritis of the hip.

2. There is a statistically significant positive cor-
relation between balance disorders and BMI, the VAS
score for pain intensity and the balance stability in-
dexes.
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