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 abstract 
 Background: �‪The� aim� of� this� study� was� to� compare�muscle� strength� and� range� of�motion� of� the� operated� and�

unoperated�side�and�to�determine�the�relationship�between�the�functional�status�and�muscle�strength�
and�range�of�motion�in�patients�with�Total�Hip�Arthroplasty�(THA)�1–3�years�after�surgery.

 Material and methods: �‪50�patients�with�THA�were�assessed�after�surgery�in�this�study.�A�universal�goniometer�was�used�to�
measure�the�range�of�motion�(ROM).�Muscle�strength�was�measured�by�a�hand-held�dynamometer.�The�
patients’�functional�status�was�determined�with�the�Oxford�Hip�Score�(OHS).

 Results:  ‪The�difference�in�hip�abduction�and�knee�extension�muscle�strength�between�operated�and�unoperated�
side� was� statistically� significant� (p<0.05).� Also,� there� was� a� difference� between� the� operated� and�
unoperated�side�in�the�hip�ROM�in�favor�of�the�unoperated�side�in�all�ROM�except�adduction�(p<0.05).�
There�was�a�moderate�correlation�between�OHS�and�muscle�strength.

 Conclusions:  ‪This�study�emphasizes�the�importance�that�these�patients�need�physiotherapy�programs�in�the�long�
term�and�should�be�followed�up�regularly�by�healthcare�professionals�in�the�rehabilitation�area.�Finally,�
restoring�muscle�strength�and�range�of�motion�is�recommended�to�improve�the�functional�state�in�daily�
life�activities.

 Key words:� hip�arthroplasty,�muscle�strength,�range�of�motion,�deficit,�long-term.
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introduction 
The hip joint is one of the joints that is exposed to the most load and shows a lot of wear in 
the musculoskeletal system. This joint which moves in the sagittal, frontal and horizantal 
planes forms the connection between the trunk and the lower extremity [1]. The hip joint 
faces loads both in situations that require excessive force and while doing the essential 
activities of daily life, such as climbing stairs [2, 3]. Loading a joint above the normal load 
can damage it and cause arthritis.

Surgical replacement of the hip joint with an artificial prosthesis or total hip arthroplasty 
(THA) is a reconstructive procedure that provides management of hip joint diseases that 
respond poorly to traditional medical therapy [4]. The goal in THA practice is to eliminate 
pain and increase function. 

Restoration of muscular strength is important for daily life activities after total hip 
arthroplasty [5]. In studies that examined muscle strength after THA surgery, it was 
stated that significant improvements in muscle strength were observed at the 6th month 
and beyond after surgery. Studies have consistently reported significant improvements in 
muscle strength at 6-month follow-up compared to preoperative values [6–8]. However, in 
some studies, it is thought that such comparisons may not give very accurate results. The 
preoperative complaints of patients considering THA surgery include pain and a loss of 
function. This situation may cause a decrease in muscle strength due to pain and immobility 
of the operated side and prevent it from showing the actual muscle strength. Therefore, 
there is an opinion that a comparison of muscle strength should be made with the side 
that was not operated on, not with the preoperative values [3]. Therefore, this study 
compared the operated and non-operated side for the evaluation of hip muscle strength.

It is important to determine the presence of asymmetry in the muscle strength and the 
range of motion (ROM) between the operated side and the non-operated side, because 
a possible asymmetry that occurs may affect the functional status of patients with THA 
and cause a restriction in daily life activities. Therefore, it would be clinically relevant 
to examine this situation. The purpose of this study was to compare muscle strength 
and the range of motion of the operated side and the unoperated side and determine the 
relationship between the functional status with muscle strength and the range of motion 
in patients with THA 1–3 years after surgery. We hypothesized that the muscle strength 
of the operated side would be significantly lower than the unoperated side and that the 
hip ROM of the operated side would be smaller than of the unoperated side.

material and methods 
Patients 
In this study, 50 patients who underwent THA surgery between the ages of 40–65 by 
an orthopedist in Hacettepe University Faculty of Medicine Department of Orthopedics 
and Traumatology were evaluated in accordance with the annual outpatient controls. In 
order to conduct the study, approval was obtained from the Hacettepe University Non-
Interventional Clinical Research Ethics Committee with the decision number GO17/878-
31. This study involved volunteers who had undergone unilateral THA surgery for at least 
1, at most 3 years, and had no cooperation or communication problems. Individuals who 
had undergone lower extremity surgery other than THA, had signs of active infection, and 
had a history of THA revision or dislocation were excluded from the study. Prior to the 
assessments, participants were informed in writing and orally about the purpose, duration 
and measurements of the study. Individuals involved in the study signed an informed 
consent form that they were willing to participate in the study.
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measurements 

Measurements of the hip range of motion 
A 360-degree universal goniometer was used to measure the range of motion of the hip [9]. 
Patients were positioned supine for the flexion, abduction and adduction measurements, 
prone for the extension measurement, and sitting for the internal and external rotation 
movement measurements. Prior to taking the measurements, the subjects were taught 
the movement. All measurements were performed 3 times, and the mean was recorded. 
Each measurement was performed on the operated and the non-operated side.

For flexion and extension movements, the pivot point of the goniometer was placed in the 
trochanter major of the femur. The fixed arm was held parallel to the vertebral column. The 
movable arm followed the lateral midline of the femur. During the extension measurement, 
the pelvic elevation and the lordosis angle were taken into consideration.

For abduction and adduction movements, the pivot point of the goniometer was placed 
on the projection of the trochanter major on the anterior face of the femur. The fixed 
arm was kept parallel to the spina iliac anterior superior. The movable arm followed the 
anterior midline of the femur. For internal and external rotation, individuals were seated 
with their legs hanging from the knee. The pivot point of the goniometer was placed in 
the tuberositas tibia. The fixed arm was held parallel to the ground. The movable arm 
followed the crista of the tibia. During the measurement, it was ensured that hip flexion, 
extension, abduction and adduction movements did not occur. 

Muscle strength measurements
Different methods, such as a manual muscle test, a 1–2 repetitive maximum test, an 
isokinetic and isometric dynamometers and a hand-held dynamometer (HHD), are used 
in the clinic for strength evaluations [10]. HHD, which measures the maximum isometric 
muscle strength, is a simple to use, easy-to-carry, inexpensive and valid instrument for 
measuring muscle strength around the hip [11]. Flexion, extension, abduction muscle 
strength of both hip joints and extension muscle strength of both knees were measured 
by a hand-held dynamometer (Model-01165, Lafayette Instrument Company, Lafayette IN, 
USA) and recorded in kg. Each subject was informed verbally about the test technique prior 
to the test. Before starting measurements, individuals were asked to perform submaximal 
contraction against the evaluator’s hand to ensure correct movement [11]. The “break test” 
technique, which requires isometric contraction, was used in the measurements. In the 
break test, the tester pushes the dynamometer against the patient's limb until movement 
is released in the joint to overcome the maximum muscle strength [12]. In all muscle 
strength measurements, individuals were asked to maintain isometric contraction for 5 
seconds for the desired movement to be measured. The mean of 3 consecutive maximum 
contractions measured at 30-second intervals was recorded. Each measurement was 
performed on the operated and non-operated side [13]. 

For the knee extension and hip flexion muscle strength measurement, individuals were 
asked to sit with their legs hanging from knees, knees at 90° flexion, feet free, arms 
crossed on the chest and without support. During the measurement of knee extension 
muscle strength, the leg was stabilized with one hand after individuals had completed the 
maximum knee extension. The hand holding the dynamometer was placed perpendicular 
to the leg 1–2 cm above the level of the malleol (Figure 1). In the hip flexion muscle 
strength measurement, the leg which was not applied was stabilized with one hand after 
individuals completed the maximum hip flexion. The hand holding the dynamometer was 
placed 5 cm proximal to the patella. The measurement was performed after the maximum 
hip flexion occurred (Figure 2).
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For the hip abduction muscle strength measurement, patients were placed in the side-
lying position for the test. After the subjects had completed the maximum hip abduction 
movement, a hand was placed on the pelvis to provide stabilization. The other hand holding 
the dynamometer was placed 5 cm proximal to the lateral malleol for measurement. The 
measurement was performed in this position (Figure 3). 

For the hip extension muscle strength tmeasurement, patients were positioned prone. 
After the individuals had completed the maximum hip extension during the test, the 
pelvis was stabilized with one hand to prevent elevation of the pelvis. The hand holding 
the dynamometer was placed 5 cm proximal to the knee joint. The measurement was 
performed after completion of the maximum hip extension (Figure 4).

Fig.�1.

Fig.�2.
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Fig.�3.

Fig.�4.

assessment of the functional status  
The Turkish version of the Oxford Hip Score (OHS) was used to evaluate pain and functional 
conditions of the patients involved in the study [14]. OHS is a commonly used scale to 
assess pain and the functional status in patients undergoing hip surgery [15]. It has 
been shown to have good reliability, validity, and sensitivity to clinical change [16]. OHS 
consists of 12 questions related to the patient’s perceived pain and functional status and 
is answered on a Likert scale from 0 to 4. It scores between 0 and 48 and the total score 
is calculated from the answers given to 12 questions. A low score indicates that functional 
status is bad.

statistical analysis  
The data obtained were evaluated with IBM SPSS 20.0 package program. The normal 
distribution of the variables was determined by visual (histogram and probability graphs) 
and analytical methods (Kolmogorov-Smirnov / Shapiro-Wilk tests). Descriptive analyses, 
means and standard deviations for numerical variables are shown. The Wilcoxon test or 
paired student’s t-test was used to compare hip ROM and muscle strength of the operated 
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and the unoperated side depending on whether the variables were normally distributed 
or not. Correlation coeffcients and statistical significance were determined using the  
Spearman test since the data were not normally distributed. Type-1 error level was used 
as 5% for statistical significance (p < 0.05) [17]. 

results 
In this cross-sectional study, 50 patients (39 females; 11 males) were evaluated. The 
participants’ physical characteristics are shown in Table 1.

Table 1. Physical characteristics of the patients

n = 50 THA X ± SD
Age (years) 55.90 ± 7.5

Length Length (cm) 163.06 ± 9.6
Body weight (kg) 75.24 ± 13.4

Body Mass Index (kg/m²) 28.15 ± 4.4
n = Number of patients ,THA: Total Hip Arthroplasty, X ± SD: Mean ± Standard Deviation

Table 2 shows the minimum and maximum values of the ROM and muscle strength of the 
patients’ operated and unoperated hip. 

Table 2. The ROM and muscle strength of the operated and unoperated side of hip

Operated side
Min. – Max.

Unoperated side
Min. – Max.

Hip Range of Motion (°)
Flexion 30–123 50–130
Extension 0–10 0–10
Abduction 10–45 15–45
Adduction 0–10 5–10
Internal Rotation 0–42 2–45
External Rotation 0–45 3–40
Muscle Strength (kg)
Hip flexion 4.53–28.20 4.41–34.30
Hip extension 4.28–25.5 4.19–24.20
Hip abduction 2.96–22.60 3.45–29.20
Knee extension 4.71–28.11 4.82–33.00

A comparison of the hip joint range of motion between operated and unoperated sides is 
shown in Table 3.

While there was a statistically significant difference between the patients’ operated and 
the non-operated side in hip flexion, extension, abduction, internal and external rotation 
range of motion (p < 0.001), there was no statistically significant difference between the 
patients’ operated and non-operated side in the adduction range of motion (p > 0.05). 
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Table 3. Comparison of joint range of motion the operated and unoperated side

Hip ROM (°)
Operated side Unoperated side

p
X ± SD Median (IQR) X ± SD Median (IQR)

Flexion 83.52±19 88.30 (27.50) 96.52±17 100 (22.25) <0.001*
Extension 3.38±4 2.0 (7.25) 4.8±4 5.0 (10) <0.001†
Abduction 28.44±9 28.5 (15) 36.68±8 40 (15) <0.001†
Adduction 9.5±1 10 (0) 9.9±0.7 10 (0)  0.109 
Internal Rotation 23.32±8 22.75 (10) 26.32±1 27.50 (15) <0.001* 
External Rotation 11.36±8 10 (5.5) 19.22±7 20 (10.5) <0.001†

*Paired student’s t-test, †Wilcoxon Test, ROM: Range of motion, X ± SD: Mean ± Standard Deviation, IQR: Interquartile range

The comparison of hip and knee muscle strength between the patients’ operated and non-
operated sides is shown in Table 4.

While there was no statistically significant difference between the operated and non-
operated sides in the hip flexion and extension muscle strength values (p>0.05), there 
was a statistically significant difference between the operated and non-operated sides in 
hip abduction muscle strength and knee extension muscle strength values in favor of the 
non-operated side (p < 0.001). 

Table 4. Comparison of operated and non-operated side muscle strength of patients

Muscle Strength (kg)
Operated side Unoperated side

Z p
Median (IQR) Median (IQR)

Hip flexion 8.29 (9.65) 8.62 (7.61) -0.632 0.528
Hip extension 7.52 (7.82) 7.94 (8.29) -0.332 0.740
Hip abduction 9.1 (8.07) 9.70 (8.60) -3.249 <0.001*
Knee extension 9.66 (10.5) 10.37 (11.21) -2.254 <0.001*

*Wilcoxon Test, IQR: Interquartile range

Correlations of OHS with muscle strength and range of motion are shown in Table 5. 

There was a moderately significant correlation between OHS with hip flexion, extension, 
abduction muscle strength, and hip adduction ROM.

Table 5. Correlation of OHS with muscle strength and ROM

OHS
r p

Muscle strength
Hip flexion 0.397 0.005
Hip extension 0.470 0.001
Hip abduction 0.401 0.005
Knee extension 0.407 0.004
Hip ROM (°)
Flexion 0.111 0.448
Extension 0.257 0.74
Abduction -0.026 0.861
Adduction 0.446 0.001
Internal Rotation 0.105 0.472
External Rotation 0.323 0.024

 r: Spearman correlation coeffcient, OHS: Oxford Hip Score
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discussion 
The results of our study showed that there was a difference in favor of the unoperated 
side between the operated and unoperated sides in hip ROM except for hip adduction. In 
addition, a significant difference was found between the hip abduction and knee extension 
muscle strength in favor of the unoperated side. Also, the functional status correlated 
with muscle strength.

The ROM of the hip joint is important for performing the functions of the hip joint during 
daily life activities, such as climbing stairs, putting on socks, tying shoes, sitting down 
and getting up off a chair. Daily life activities require at least 120 degree hip flexion, 20 
degree hip abduction and external rotation and full hip extension in the hip joint [18, 19]. 

Postoperative hip ROM limitation is a controversial issue. Long et al. [20] found a 10 degree 
ROM asymmetry in the first year after surgery. In contrast, Yamaguchi et al. [21] did not find 
any difference in ROM between the operated and unoperated side after surgery. In this study, 
the patients’ flexion range in the operated side was 13.6%, extension range 29.8%, abduction 
range 25.51%, adduction range 3.8%, internal rotation range 13.44% and external rotation 
range 45.08% less than in the unoperated side. Surprisingly and contrary to the literature, 
the ROM difference in our study was greater. This study results revealed that patients with 
THA need to be evaluated in terms of ROM in the long term after surgery and that appropriate 
physiotherapy practise should be performed. This result could be important in terms of 
follow-up and home program exercises after discharge. This limitation in hip ROM may cause 
diffculties in some of the patients’ daily life activities. In particular, patients stated that they  
had a serious problem in the 4th question of OHS: „Have you been able to put on a pair of 
socks, stockings or tights?” This may be due to the limitation in hip flexion ROM.

Patients are routinely informed by post-surgical physiotherapists about dislocation 
positions to be considered during the hospital stay. Afterwards, patients are discharged 
from the follow-up, and they still maintain these dislocation positions taught during 
hospitalization because they are concerned about harming surgery. Therefore, they are 
confused about when to stop dislocation positions after surgery. This creates a continuing 
protection reflex in these patients, although adequate time has elapsed since surgery. As 
a result, patients may still avoid performing certain activities involving the hip joint, thus 
limiting their joints. Therefore, we think that the cause of this joint movement limitation 
in patients is fear of dislocation. We think that if the necessary information is given about 
how long dislocation positions should be paid attention to after-surgery patients, it may 
be possible to prevent joint movement limitations. 

In the postoperative period, the muscle strength balance on the operated and non-operated 
sides is important for the life of the prosthesis. Trudelle-Jackson et al. [2], who examined 
the hip muscle strength of the operated and unoperated side 1 year after THA, stated that 
in the operated side hip muscle strength of the patients was about 10–18% less than the 
unoperated side. Similarly, Shih et al. [6] found an approximately 11–21% strength loss 
in their studies compared to the unoperative side at 1 year after surgery. In this study, 
when the strength of the muscles surrounding the hip of the operated and unoperated side 
was compared, there was a 7.55% loss of strength in the operated side hip abduction and 
7.01 % in the knee extension muscle strength. Contrary to these studies [2, 6], the lower 
muscle strength deficit in our study may be due to examining the late results (mean 2.06 
years) of the evaluated patients after surgery. In the current study, the knee extension 
muscle strength of the operated side was statistically lower than on the unoperated side. 
This may be due to the low usage of the operated side knee to protect the surgery. This 
muscle strength imbalance between the operated and the unoperated side can cause 
more intense use of the unoperated side during daily life activities. This use can create 
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asymmetry during loading in the joint and, accordingly, may cause the development of 
OA in the unoperated side knee and hip joint in the future. In addition, weakness in the 
operated side muscle strength can prevent the maintenance of the prosthesis fixation and 
cause the prosthesis to loosen, reducing the lifetime of the prosthesis.

Another result of this study is that, while there was no statistically significant difference 
between the operated and unoperated side in the hip flexion and extension muscle strength, 
there was a statistically significant difference between the operated and unoperated side 
in hip abduction muscle strength in favor of the unoperated side. The reason for this may 
be a rehabilitation program that includes strengthening exercises routinely applied to 
individuals during the hospital stay after TKA surgery. Exercises performed by patients 
in this process may have reached the level of the unoperated side.

Abduction muscle strength is important for gait and hip biomechanics. It has been stated 
that abductor muscle weakness can lead to impaired joint stability, which can result in 
highly recurrent dislocation [22]. Therefore, the protection of the gluteus medius muscle 
during THA surgery is very important for postoperative abduction muscle strength and 
functional outcome. It has been reported that gluteus medius muscles show a serious 
cross-sectional area and loss of radiological intensity in adult patients with unilateral 
congenital hip dislocation. Abductor force arm and change of gluteus medius muscle 
activation angle have been reported as factors affecting gluteus medius muscle strength 
[23]. Therefore, a decrease in gluteus medius muscle strength is a condition that can be 
seen from the pre-surgical period.

The difference in hip abduction muscle strength between the operated and unoperated 
side was statistically significant. We think that this situation may be caused by patients 
with developmental hip dysplasia evaluated in our study. Changing the cross-sectional 
area and density of gluteus medius muscle fibers in the patients with the developmental 
displacement of the hip since the preoperative period may cause the muscle to be 
insuffcient in performing the function in the postoperative period.  

OHS evaluates pain and the functional state of the hip in relation to daily activities such 
as walking, dressing and sleeping. In their studies evaluating physical function after total 
hip arthroplasty, Matsunaga-Myoji et al. [24] found the OHS result to be 42.7 points in 
the first year and 44.8 points in the third year. In their study of the use of Oxford hip and 
knee scores, Murray et al. [15] found the patients’ mean OHS scores of 37.6 in the first 
year after hip arthroplasty. Similarly to those studies, the mean OHS of the patients in 
our study was 37.80 points. This result is an indication that the functional condition is 
relatively good. Contrary to our and other studies, Mjaaland et al. [25] found the Oxford 
hip score of 19.5 points in the first year and 26 points in the second year in their study in 
which they examined the results of total hip arthroplasty. This poor functional status may 
be due to the use of different surgical approaches, such as direct anterior and lateral. In 
our study, the same surgical approach was used.

Also the OHS scores were correlated with muscle strength. The relationship between the 
muscle strength and the functional status found in this study shows the importance of 
muscle strength for independence in daily life activities. It shows that suffcient muscle  
strength is needed for a good functional status. 

This study has a limitation. The major limitation of this study is that the patients in the 
study had different diagnoses, such as femoral fracture, developmental hip dysplasia, and 
hip osteoarthritis. This situation may affect the difference in the muscle strength and the 
range of motion results between the operated and unoperated sides in our study. 
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conclusions 
This study emphasizes the importance that these patients need physiotherapy programs 
in the long term and should be followed up regularly by healthcare professionals in the 
rehabilitation area. Finally, we recommend restoring muscle strength and especially the 
range of motion to improve the functional status in daily life activities. 
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