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Abstract
Background/Aim: Total hip replacement is considered as one of the most success-
ful treatment methods in orthopaedic surgery of the 20th century, since it signifi-
cantly improves the quality of life of the individuals with coxarthrosis. Protocols 
and the organisation of the postoperative rehabilitation differ significantly around 
the world. The aim of this study was to investigate the effect of hydrokinesitherapy 
on the rehabilitation outcome in patients after total hip replacement under in-pa-
tient conditions.
Methods: This prospective clinical trial included a total of 100 patients of both gen-
ders, average age 59.11 ± 8.85 years, which were admitted to the in-patient post-
operative rehabilitation after total hip replacement. Patients were randomised in 
two groups: group A (n = 50) that was subjected to rehabilitation program with hy-
drokinesiherapy and group B (n = 50) that was subjected to rehabilitation program 
only. The parameters registered were: the range of movement in the operated hip, 
the circumference of the femoral musculature and the Western Ontario and McMas-
ter Universities Osteoarthritis Indeks (WOMAC index) at admittance and discharge 
from in-patient rehabilitation.
Results: The average values of hip flexion with extended knee, extension and ex-
ternal hip rotation were significantly better in group A (p < 0.05). The values of 
the circumference of the femoral musculature and WOMAC index in patients from 
group A were significantly better on discharge compared to the admission. Also, 
this group had a statistically significantly better values of the circumference of the 
femoral musculature and value of WOMAC index at discharge compared to patients 
from group B (p < 0.05).
Conclusion: Hydrokinesitherapy as a part of the protocol for postoperative rehabil-
itation in patients after total hip replacement leads to a faster improvement of the 
functional status of the operated hip and patient's quality of life.
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Introduction

Quality of treatment of patients with advanced 
coxarthrosis is high only in case of the synergistic 
effect the well-planned and executed orthopaedic 
treatment  and well-organised postoperative reha-
bilitation. Total hip replacement is considered as 
one of the most successful orthopaedic procedures 

today.¹ The goals of postoperative rehabilitation 
are decreased pain, improved mobility, muscular 
strength and quality of life of these patients. De-
creased the femoral circumference as a direct in-
dex of hypotrophy of the femoral muscles is one of 
the important parameters of the functional status 
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Methods

This prospective clinical trial included a total of 
100 patients of both genders, aged (mean ± stan-
dard deviation) 59.11 ± 8.85 years with advanced 
unilateral coxarthrosis that underwent total, pri-
marily, unilateral hip replacement and were ad-
mitted on in-patient postoperative rehabilitation. 
Inclusion criteria were: normal laboratory param-
eters (sedimentation of erythrocytes, C-reactive 
protein, complete blood cell count and urinalysis), 
normal postoperative radiographic imaging of the 
operated hip and normal control orthopaedic and 
physiatric examination. Non-inclusion criteria 
were: immobile patients, infection, patients with 
inflammatory rheumatism and patients who could 
not undergo the in-patient postoperative rehabil-
itation with hydrokinesitherapy due to comorbid-
ities. The research was approved by the Managing 
Director of the Institute for Physical Medicine and 
Rehabilitation ‘’Dr Miroslav Zotovic’’, Banja Luka.

All the patients were operated at the Orthopaedic 
Surgery Department and treated at the Depart-
ment for Treatment of Rheumatologic, Postopera-
tive and Posttraumatic conditions of the Institute 
for Physical Medicine and Rehabilitation ‘’Dr Miro-
slav Zotović’’ in Banja Luka during 2016. Patients 
were divided by means of the block randomisa-
tion in two groups of 50 patients each, depend-
ing on the fact whether they were treated with 
hydrokinesitherapy during the in-patient postop-
erative rehabilitation or not. The protocol of the 
in-patient postoperative rehabilitation comprised 
the implementation of: individually-adjusted ki-

nesitherapy, occupational therapy, interferential 
currents aimed at the operated hip and magne-
totherapy in the form of low-frequency magnetic 
field once daily over a three-week period.4-6 Pa-
tients in group A (n = 50) had hydrokinesitherapy 
once daily during 30 minutes in total period of 21 
days, while patients in B (n = 50) did not have it. 
Hydrokinesitherapy included exercises to increase 
the range of motion and strengthen the muscle 
strength of pelvic and femoral muscles in water 
of indifferent temperature (34 - 35°C), which pa-
tients performed in ‘’Slatina’’ mineral water under 
the supervision of a physiotherapist once a day 
for 30 minutes. According to its composition, this 
mineral water is a sodium-calcium-magnesium 
hydrocarbonate hypertherm that is cooled to an 
indifferent temperature for therapeutic purposes. 
Monitored parameters of the effect of postoper-
ative rehabilitation were: range of movement in 
the operated hip, the circumference of the fem-
oral musculature and the Western Ontario and 
McMaster Universities Osteoarthritis Index (WO-
MAC index) on admission and discharge from the 
in-patient rehabilitation. The range of motion and 
circumference of the femoral musculature were 
parameters of functional recovery of the operated 
hip and WOMAC index was used as the standard 
test of quality of life measurement in these group 
of patients. The range of motion was measured 
with a goniometer and the circumference of the 
femoral musculature with a measuring tape in 
centrimetres in three consecutive measurements 
by the same examiner. The values of the monitored 
parameters were the average values of three con-
secutive measurements. The circumference of the 
femoral musculature with a centimetre tape was 
measured on 10 cm above top border of the patel-
la. The data were collected on admission and on 
discharge form in-patients rehabilitation. Statisti-
cal data processing was done using the Statistical 
Package for the Social Sciences (SPSS) programme 
version 20. Methods of descriptive statistics, Chi-
squared test, Levene’s test, t-test, Mann-Whitney 
test and Spearman’s correlation were used for sta-
tistical analysis of the data. As a statistically signif-
icant difference was considered p < 0.05.

Results

Demographic characteristics
Out of a total of 100 patients after primarily, uni-
lateral, total hip replacement, between the two 

of patients after total hip replacement. Postoper-
ative rehabilitation program includes the use of 
interferential currents, magnetotherapy, kinesith-
erapy, hydrokinesitherapy, occupational therapy 
and other modalities as needed.² Hydrokinesith-
erapy (aquatic, therapeutic exercises in pool) is 
one of the therapeutic modalities whose physical 
characteristics decrease the pressure on the oper-
ated hip and enables earlier, more intensive and 
less painful movements. Besides, selected exer-
cises in the water medium assure normalisation 
of the patterns of muscular activation, mobility 
and stability of the hip joint and proprioception. ³ 
Aim of the study was to investigate the effect of 
hydrokinesitherapy on the outcome of the reha-
bilitation of patients after total hip replacement 
under the in-patient conditions. 
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equal groups – A and B – there was no significant 
difference as regards to gender and body mass in-
dex (BMI), which speaks in favour of the homoge-
neity of the groups. Patients in group A were sig-
nificantly older (p < 0.05). (Table 1).

Age BMI Gender

Table 1: Distribution of the patients according to age, body mass 
index (BMI) and gender

Mean ± SDN Mean ± SD Female N (%) Male N (%)

Group A 

Group B

p-value

50

50

62.62 ±7.51

55.60 ±8.75

0.009*

27.62 ±1.98

28.19 ±1.65

0.11*

26 (48.1%)

28 (51.9%)                           

24 (52.2%)

22 (47.8%)

Amplitude of movement in the operated hip
The values of flexion with extended knee in the op-
erated hip on admission were not significantly dif-
ferent between the patient groups A and B (47.80 ± 
6.93 vs 39 ± 9.42 degrees). Patients in both groups 
had larger amplitude of flexion with extended 
knee after the implementation of the in-patient 
rehabilitation, but this improvement was signifi-
cantly better in Group A patients. Increase of this 
parameter on discharge was 39.02 % and 18.87 % 
of the admission values in Groups A and B, respec-
tively (Figure 1).

Mean value of the external rotation in the oper-
ated hip was also significantly improved after 
the  implementation of the in-patient rehabil-
itation in patient exposed to hydrokinesither-

Figure 1: Increase in the amplitudes of the operated hip flexion 
(% of values before rehabilitation) with extended knee in pa-
tients with hip replacement after in-patient rehabilitation. Group 
A – rehabilitation programme plus hydrokinesitherapy, Group B 
– rehabilitation programme without hydrokinesitherapy. ¶ p < 
0.05, values after rehabilitation vs values before rehabilitation.
* p < 0.05, group B vs group A.

Figure 2: Increase in the amplitudes of the operated hip external 
rotation (% of values before rehabilitation) in patients with hip 
replacement after in-patient rehabilitation. Group A – rehabili-
tation programme plus hydrokinesitherapy, Group B – rehabili-
tation programe without hydrokinesitherapy. ¶ p < 0.05, values 
after rehabilitation vs values before rehabilitation.
* p < 0.05, group B vs group A.

* t-test for independent samples; ** χ² test
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apy (p < 0.05). On admission, Group A patients 
had external rotation amplitudes of 14.20 ± 4.98 
degrees, while on discharge the value was 25 ± 
6.46 degrees (Figure 2), which meant the 80 % 
improvement. In Group B patients, the obtained 
effect was nearly half of this – 40.44 %.

Although in both groups of patients significant 
improvements in amplitudes of other permitted 
movements in the operated hip were found on 
discharge after the in-patient rehabilitation, com-
pared to the admission values (flexion with the 
flexed knee, extension and abduction), there were 
no significant differences between the Groups A 
and B. 

Femoral circumference
Decreased the femoral circumference as a direct 
index of hypotrophy of the femoral muscles is 
one of the important parameters of the functional 
status of patients after total hip replacement. Al-
though the increase of the femoral circumference 
10 cm above the upper border of the patella was 
found in both groups of patients, it was significant 
(p<0.05) only in Group A patients (51.92 ± 3.23 cm 
on admission, 52.54 ± 3.15 cm on discharge). The 
corresponding values in Group B patients were 
51.94 ± 3.27 cm and 52.36 ± 3.36 cm. Percentual 
changes in Groups A and B were 1.21% and 0.81 
%, respectively and this difference was significant 
(Figure 3).

0.84**



Figure 3: Increase in the vthigh circumference 10 cm above 
top border of the patella in patients with hip replacement after 
in-patient rehabilitation. Group A – rehabilitation programme plus 
hydrokinesitherapy, Group B –  rehabilitation programme with-
out hydrokinesitherapy. ¶ p < 0.05, values after rehabilitation 
vs values before rehabilitation. * p < 0.05, group B vs group A.

Figure 4: Decrease in the WOMAC index value in patients with 
hip replacement after in-patient rehabilitation. Group A – reha-
bilitation programme plus hydrokinesitherapy, Group B –  reha-
bilitation programme without hydrokinesitherapy. ¶ p < 0.05, 
values after rehabilitation vs values before rehabilitation. * p < 
0.05, group B vs group A.
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WOMAC index, as an index of the quality of life in 
patients after total hip replacement, was also sig-
nificantly improved on discharge after the in-pa-
tient rehabilitation in Group A patients (p < 0.05). 
Mean value of this index on admission was 23.91 
± 6.12, while it was 10.66 ± 4.78 on discharge 
(Figure 4), which represents a 55.54 % improve-
ment. The same improvement of WOMAC index in 
Group B patients was 33.63 % and this difference 
was significant, in favour of the Group A.
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Discussion

There is no universal rehabilitation protocol in 
the available literature that could serve as a ‘’gold 
standard’’ for patients after total hip replace-
ment.7-9  Various authors focus on the effects of dif-
ferent modalities of physical therapy and various 
kinesitherapy techniques.10-16 

Results of the current research speak in favour 
of the benefits of the hydrokinesitherapy in reha-
bilitation of patients after total hip replacement. 
Analysis of the improvement in the amplitudes 
of movement in the operated hip, measuring the 
improvement of the muscular strength of the 
dynamic stabilisers of the hip and by testing the 
quality of life of these patients, it was shown that 
the biggest improvements were found in patients 
that underwent hydrokinesitherapy as a part of 
the complex in-patient rehabilitation treatment. 
At the same time, gender and BMI had no effect 
on the outcome of the in-patient rehabilitation in 
patients after total hip replacement. Although the 
Group A patients were significantly older, the out-
come of their rehabilitation was better, which fa-
vours addition of hydrokinesitherapy to the stan-
dard in-patient rehabilitation protocol. There are 
several published clinical trials that support such 
a notion. 

A group of Polish authors showed a significant im-
provement of the functional status in 96 patients 
undergoing hydrokinesitherapy after the implan-
tation of the total hip replacement.17  Foley et al 
reported positive effects of hydrokinesitherapy on 
degenerative changes in the hip joint.18 They found 
that 105 patients undergoing hydrokinesitherapy  
had better results than the patients without such 
a treatment. The group of patients that had their 
exercises in the pool had a significantly improved 
muscular strength of hip stabilisers, combined 
with the increased amplitudes of the movements 
in the operated hip, which is confirmed by the 
present study, too. Belz et al estimated the positive 
effects of hydrokinesitherapy on the reeducation 
of the walking pattern in patients with artificial 
hip joint. Results of the research undertaken in 
249 patients after a 20-week-long hydrokinesith-
erapy (twice a week) clearly show that this type of 
therapy was efficient in the treatment of the de-
generative diseases of the hip joint. Patients that 
exercised in water had significantly better results 
in comparison with the control group.19 Lin et al 
also reported on the beneficial therapeutic effect 
in 106 patients undergoing hydrokinesitherapy. 
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Patients that had their exercises in water had sig-
nificant improvements in the pain scores accord-
ing to the VAS (Visual Analog Scale for pain) and 
in the amplitudes of movements in the operated 
hip.20 Siu et al reported better results in patients 
who exercised in water.21

In contrast to these results, Suomi et al did not 
support use of hydrokinesitherapy and found no 
significant changes in the muscular strength of 
hip stabilisers and hip joint mobility.22 These re-
sults were probably obtained because this study 
was performed on a small sample and with short 
total duration of hydrokinesitherapy. In fact, out 
of a total of 30 patients that were divided in three 
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Hydrokinesitherapy as part of the complex 
in-patient rehabilitation has a positive effect 
on increase of operated hip mobility, muscular 
strength and quality of life in patients after total 
hip replacement.
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