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ORIGINAL ARTICLE

Asymmetry of the Cross-sectional Area of the Gluteus
Medius Muscle Persists Eight Years after Total Hip
Arthroplasty for Osteoarthritis of the Hip

Kazuko Isshiki, PT, MS *P Tetsuya Jinno, MD, PhD ¢ Junya Aizawa, PT, PhD ¢ Ryohei Takada MD, PhD ¢

Tomoko Sakai, MD, PhD 2 Tetsuya Tachibana, MD ¢ and Atsushi Okawa, MD, PhD ?

Objectives: The objective of the present study was to compare the cross-sectional areas (CSAs) of
the gluteus medius on the affected and unaffected sides to assess long-term changes after total hip
arthroplasty (THA). Methods: The data for 23 women who were diagnosed with unilateral hip
osteoarthritis and who underwent primary THA via the posterolateral approach were retrospec-
tively reviewed. The demographic data of the patients and the Japanese Orthopaedic Association
hip scores were obtained from medical records. The CSA of the gluteus medius was measured
on computed tomography images obtained at three different time points: preoperatively, 3 years
postoperatively, and 8 years postoperatively. Results: The CSA of the gluteus medius on the
affected side was significantly greater than the preoperative value at 3 (P<0.005) and 8 years
postoperatively (P<0.001). The mean increase in the CSA relative to the preoperative value was
24.0% at 3 years and 37.5% at 8 years postoperatively. There was no significant change in the CSA
of the unaffected side at any time point. The CSA of the gluteus medius was significantly smaller
on the affected side than on the unaffected side preoperatively (P<0.001), 3 years postoperatively
(P<0.001), and 8 years postoperatively (P<0.003). Conclusions: Because the gluteus medius is
important for achieving stability when walking, it is important to maintain or increase the CSA
of the gluteus medius by regular or long-term rehabilitation interventions (such as maintaining
abductor muscle strength) from the early stages of osteoarthritis and to provide guidance on

effective training both before and after THA.
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INTRODUCTION

Total hip arthroplasty (THA) is the most commonly per-
formed orthopedic surgical procedure for patients with hip
osteoarthritis (OA). In Japan, 59,029 THA procedures were
carried out in 2017." In recent years, the durability of THA
implants has improved,>? and their lifetime is estimated to
be 25 years in 58% of patients.?) In 2020, the mean lifespan

for Japanese people reached its highest level ever, at 81.6
years for men and 87.7 years for women. Coupled with the
improvements in implant durability, this means that the num-
ber of patients with long-term THA implants is projected to
increase.

The characteristics of hip joint dysfunction in hip OA pa-
tients include reduced hip abductor muscle strength,>® hip
pain, and decreased gait function.”) As OA progresses, the
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volume of the gluteus medius also decreases.” Of the hip
abductor muscles, the gluteus medius is the most important
in that it stabilizes the femoral head in the acetabulum® and
acts to maintain the horizontal position of the pelvis during
walking. Weakness of the gluteus medius is a major cause
of gait abnormalities and is seen as the Trendelenburg sign,
the Duchenne sign, and the Trendelenburg inverse sign. In
post-THA rehabilitation, it is therefore common to assess the
strength of the gluteus medius and related structures and to
use this as the basis for exercises and guidance with the aim
of improving gait function. Patients who have undergone
post-THA rehabilitation have significantly improved muscle
strength and gait function compared with patients who have
not undergone such rehabilitation.” ')

One study, however, found that even 10 years after sur-
gery, hip abductor muscle strength in THA patients was
9.5% lower on the THA side compared with a control group
matched for age and sex, and their maximum walking speed
was 14.8% lower; both findings were significant.!” Nonethe-
less, in a study of the post-THA cross-sectional area (CSA) of
the hip muscles,'” the CSA of the gluteus medius at a mean
of 4 years postoperatively was significantly larger than that
at 3 weeks postoperatively. However, the subjects of that
study were patients who had undergone bilateral THAs.
A few studies of the long-term outcomes of THA patients
have reported clinical outcomes based on factors such as hip
abductor muscle strength, balance, and gait speed. These
studies suggested that, although the muscle strength of THA
patients approached that of healthy individuals over time,
functional impairment may persist in the medium to long
term;'>!'¥ however, there are no reports on the long-term
changes in hip muscle CSA.

The objective of the present study was to compare the
gluteus medius CSAs of the affected and unaffected sides
over time to assess the long-term changes in unilateral
THA patients. We hypothesized that the CSA of the gluteus
medius on the affected side would increase compared with
that before THA and that the preoperative and postoperative
CSAs of the gluteus medius on the affected side would be
smaller than that of the unaffected side, with this asymmetry
persisting over the medium and long term post-THA.

MATERIALS AND METHODS

This retrospective study was conducted following the ap-
proval of the Research Ethics Committee of the Tokyo Medi-
cal and Dental University (M2009-608) and in accordance
with the World Medical Association Declaration of Helsinki.

Informed consent was obtained in writing from all partici-
pants included in this study.

The data of patients who were diagnosed with unilateral
end-stage hip OA and who underwent primary THA be-
tween July 2002 and November 2004 were reviewed. In all
cases, THA was conducted via the posterolateral approach
using cementless implants. Patients to whom any of the
following applied were excluded from the study: bilateral
THAs, revision arthroplasty, previous trunk or leg surgery,
history of a central nervous system disorder or other disease
affecting gluteus medius CSA, history of any postoperative
complications including periprosthetic fracture, dislocation,
nerve injury, infection, and serious medical conditions.
Because the majority (close to 83%) of THA patients for
OA in Japan are women,"!'> male patients were excluded
from this study to avoid the effects of sex and to simplify
the analysis. Also excluded were patients whose pelvis was
clearly seen to be tilted during the CT scan from which the
CSA was measured, as were those with issues with the CT
data, such as pronounced halation making it difficult to trace
the CSA. Patients with leg lengthening of 1.5 cm or more
were excluded to minimize the effect of the difference in CT
slice levels. The date of surgery, the age at surgery, patient
height, patient weight, the affected side, CT scan dates,
amount of leg lengthening, medical history, and the Japanese
Orthopaedic Association (JOA) hip score were obtained
from the patients’ medical records. These data were used to
calculate the body mass index and the time from surgery to
CT scans. The amount of leg lengthening was calculated us-
ing the preoperative and postoperative anteroposterior pelvic
radiographs. Postoperative anteroposterior and lateral pelvic
radiographs were compared with those taken immediately
postoperatively, and the stability of the implant was evalu-
ated. The JOA hip score is the most widely used score in Ja-
pan and consists of four subcategories: pain (0—40 points),
range of motion (0—20 points), walking ability (0—20 points),
and activities of daily living (ADL; 0—20 points). The highest
score is 100 points, which means that the hip joint function is
good; the JOA hip score is reported to correlate strongly with
the Harris Hip Score.'®!7)

The CSA of the gluteus medius was measured on CT
images scanned at three different times: preoperatively, 3
years postoperatively, and 8 years postoperatively. The CT
scanning conditions were 120 kV, 300 mA, 4.0-s scan time,
and 1-mm slice thickness. Postoperative CT scans were those
performed to screen for osteolysis following THA.'®

CSA measurements were carried out by importing the CT
images into a three-dimensional image processing viewer
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(ZioCube, Ziosoft, Tokyo, Japan). The top of the femoral head
on the unaffected side was used as an anatomical landmark,
with measurements conducted using a horizontal slice at this
level. The exterior circumference of the gluteus medius was
manually traced, and the CSA was measured. Following the
method of Arokoski et al.,'? each trace was carried out three
times and the mean value was used for CSA analysis. The
preoperative value of the CSA was taken as 100%, and the
mean rates of change over time in the CSA at 3 and § years
postoperatively were calculated. The mean percentage dif-
ference between the CSA of the affected side and that of the
unaffected side at each time point was also calculated.

CSA measurements were made by a single investigator,
but to verify the validity of these measurements, their inter-
investigator reliability between two different investigators
was evaluated. These two investigators measured the CSAs
of 10 patients, and their intraclass correlation coefficients
(ICCs) were calculated. To evaluate intra-investigator reli-
ability, the same investigator also measured the CSAs for a
second time after an interval of more than 6 months, and the
ICCs were calculated.

The normality of the JOA hip score and the CSA data was
tested using the Shapiro-Wilk test, with P <0.05 considered
significant. Because the JOA hip scores 3 years and 8 years
after THA did not follow normal distributions, the changes
over time in the JOA hip score were compared using Wil-
coxon’s signed-rank test. The significance level was set at
0.025 after Bonferroni’s correction for the two combinations.
Moreover, because the CSA of the unaffected side after THA
did not follow a normal distribution, the changes over time of
the CSAs of the affected and unaffected sides and the differ-
ences between the affected and unaffected sides at the same
time points were compared using Wilcoxon’s signed-rank
test in the following nine combinations: the affected side
preoperatively and 3 years postoperatively, preoperatively
and 8 years postoperatively, and 3 years and 8 years post-
operatively; the unaffected side preoperatively and 3 years
postoperatively, preoperatively and 8 years postoperatively,
and 3 years and 8 years postoperatively; and the affected
and unaffected sides preoperatively, 3 years postoperatively,
and 8 years postoperatively. The significance level was set
at 0.005 after Bonferroni’s correction for the nine combina-
tions; the SPSS software package (version 26, IBM Japan,
Tokyo, Japan) was used for all statistical analyses.

RESULTS

Patient selection is shown in Fig. 1. Ninety-five patients
were diagnosed with unilateral hip OA and underwent pri-
mary THA during the period under analysis. After excluding
19 men, 2 patients who had previous trunk or leg surgery,
3 patients who had a history of periprosthetic fracture, and
22 patients who had a history of central nervous disorder or
other disease affecting the muscle CSA, 49 patients’ CT data
were confirmed. Of these, 13 were excluded because they
had not undergone CT scans at around 3 or 8 years postop-
eratively, 1 because the second scan was performed at 1 year
6 months postoperatively, and 12 because of CSA measure-
ment problems (in 6, part of the gluteus medius was missing
from the CT image, in 3 the pelvis was severely tilted, in
2 the CSA could not be measured because of halation, and
in 1 the CT slice thickness was 10 mm), leaving an analysis
population of 23 patients. No patients had leg lengthening
of 1.5 cm or more. Table 1 shows the basic attributes and
patient data for these study subjects. These patients had had a
symptomatic hip for an average of 5 years (range, 1-50 years)
before undergoing THA. For five patients, the time of onset
of symptoms was unclear.

Table 2 shows the total JOA hip score at each time point.
The JOA hip score was significantly higher at 3 years (P
<0.001) and at 8 years postoperatively (P <0.001) compared
with preoperatively. No patient scored 0 points for pain on
the JOA hip score at 3 years and 8 years postoperatively;
all subjects felt no pain when walking and had a pain score
of 30 points or higher. The walking ability of the JOA score
averaged 19.1 + 1.5 points after 3 years and 19.3 = 1.7 points
after 8 years, and all subjects were able to walk for about 30
min, or more than 2 km, with no difficulty in daily outdoor
activities.

Pre- and post-THA rehabilitation was implemented by a
physiotherapist in accordance with the clinical pathways.
Rehabilitation started on the second postoperative day with
full weight bearing. On the third postoperative day, range-
of-motion exercises, muscle-strengthening exercises, and
ambulation exercise using a walker or a cane were started.
Patients were discharged an average of 20 days (range,
13-33) after surgery. The average number of rehabilitation
sessions carried out after discharge from the hospital was
0.2 (range, 0-3). During hospitalization, it was ensured that
patients understood the dislocation limb position and the
movements to avoid the dislocation limb position. Moreover,
patients were instructed to continue strengthening exercises
around the hip joint and lower limbs after discharge. All im-

Copyright © 2021 The Japanese Association of Rehabilitation Medicine



Isshiki K, et al: Asymmetry of Muscle Cross-sectional Area after THA

Patients who were diagnosed with unilateral hip OA and underwent primary THA between July 2002 and November 2004. n=95

Excluded n=46

Patients who were male (n=19)

A

v

Patients who had a previous trunk or leg surgery (n=2)
Patients who had a history of periprosthetic fracture (n=3)

Patients who had a history of a central nervous disorder or the other disease affecting the CSA (n=22)

Patients with confirmed CT data. n=49

Excluded n=26
Patients who had not undergone CT scanning around 3 or 8 years postoperatively (n=13)
Patients whose second scan was performed at 1 year 6 months postoperatively (n=1)
Patients for whom part of the gluteus medius was missing from the CT image (n=6)
Patients whose pelvis was clearly tilted during the CT scan (n=3)

Patients whose CT showed pronounced halation making it difficult to trace the CSA (n=2)

Patients whose CT slice thickness was 10 mm (n=1)

Patients who had 1.5 cm or more leg lengthening (n=0)

v

Patients who were anlyzed. n=23

Fig. 1. Flow chart of patient selection.

Table 1. Patient demographics

Parameter Value
Age at surgery (years) 62.0+8.3
Height (cm) 151.4+4.6
Weight (kg) 52.7+£10.8
Body mass index (kg/m?) 23.1+5.1
Affected side (right/left) 9/14

Days from preoperative CT to surgery (days)

18.8 (6.0-27.5)

Days from surgery to CT 3 years postoperatively (days) 1094.2 (1091.0-1101.0)
Days from surgery to CT 8 years postoperatively (days) 3129.1 (2919.0-3285.0)

Amount of leg lengthening (mm)

84+45

Values expressed as means + standard deviation or medians (interquartile range).

plants were radiographically confirmed to be bone-ingrown
stable throughout the observation period.

The inter-investigator reliability of CSA measurements
[ICC (2, 1)] was 0.978, and the intra-investigator reliability
[ICC (1, 1)] was 0.998, indicating that the reliabilities were

extremely high.

Table 3 shows the median values and interquartile ranges
of the CSAs of the gluteus medius on the affected and unaf-
fected sides at each time point and the percentage difference
of the CSA of the affected side compared with the unaffected
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Table 2. Japanese Orthopaedic Association hip score

Total score

Preoperatively 55.6+15.6
3 years postoperatively 93.2 + 6.5%*
8 years postoperatively 94.2 + 5.3%%*

Values are expressed as means =+ standard deviation.
**¥pP<(.001, significantly different compared with preopera-
tively, Wilcoxon signed-rank test.

side. The CSA on the affected side was significantly greater
than the preoperative value at 3 years (P <0.005) and 8 years
postoperatively (P <0.001). The mean increase in the CSA
relative to the preoperative value was 24.0% at 3 years and
37.5% at 8 years postoperatively. There was no significant
change in the CSA of the unaffected side at any time point
(Table 3, Fig. 2). The CSA on the affected side was signifi-
cantly smaller than that on the unaffected side preoperatively
(P <0.001), at 3 years postoperatively (P <0.001), and at 8
years postoperatively (P <0.003) (Table 3, Fig. 2).

DISCUSSION

In the present study, the CSAs of the gluteus medius on
the affected and unaffected sides were evaluated using CT
images scanned preoperatively and at 3 and 8 years postop-
eratively. The most noteworthy result was that, although the
CSA of the gluteus medius on the affected side was signifi-
cantly higher at both 3 and 8 years postoperatively than it had
been preoperatively, it remained smaller than the unaffected
side at both 3 and 8 years postoperatively.

Uemura et al.'"¥ compared the CSA of the gluteus medius
in 40 THA patients at 3 weeks and >2 years postoperatively
(2—8.5 years, mean 4 years) and found that, at >2 years post-
operatively, the CSA of the gluteus medius had increased by
11%. In the present study, the CSA had increased by 24% at 3
years postoperatively, a significant increase, and this finding
that muscle volume can recover even when more than 2 years
have elapsed since THA was similar to Uemura’s ' result.
However, the rate of increase of the gluteus medius CSA
differed between the two studies. The subjects of Uemura’s
study had been experiencing symptoms in the opposite hip
that were mild enough to be ignored when their initial THA
was performed; however, they all subsequently underwent
THA of the opposite hip, making them bilateral OA patients.
In the present study, all patients underwent unilateral THA
because patients with bilateral OA were excluded. This
difference in subjects may account for the difference in the
rate of increase of the CSA of the gluteus medius between

Uemura’s study and the present study. From the viewpoint of
the difference between the unaffected and affected sides, the
present figure of an approximately 25% difference appears
appropriate.

The present subjects were also monitored postoperatively
for longer than were those of Uemura et al., and to the best
of our knowledge, no other study has carefully investigated
the CSA of the gluteus medius over such a long period. In the
present study, the third CSA measurement was carried out
using CT images created >8 years postoperatively (IQR 8-9
years, mean 8.5 years). The CSA at this point had increased
significantly by 37.5% compared with its preoperative value.
The increase in the CSA at 8 years postoperatively compared
with that at 3 years postoperatively was not significant.
However, in 82% of subjects, it was larger at 8 years post-
operatively than at 3 years postoperatively, indicating that
the CSA of the gluteus medius on the affected side continues
to increase even after more than 3 years have elapsed since
surgery.

No other study has reported changes over time in the CSA
of the gluteus medius on the unaffected side of unilateral
THA patients. One study?? did measure the gluteus medius
and the gluteus minimus together pre-THA and 2 years post-
operatively and found that there was no significant difference
between the two time points. In the present study, only the
gluteus medius was measured, and there was no significant
change in the CSA of the unaffected side at 3 years postop-
eratively compared with preoperatively.

In a study of gluteus medius atrophy in 185 healthy adults
aged >50 years with no history of hip surgery or fracture,
atrophy of the gluteus medius was strongly correlated with
age.”) Atrophy was found to be present in approximately
40% of individuals aged 60—69 years and in 80% of those
aged >70 years. The force that can be exerted by a muscle is
proportional to its CSA, and the amount of fatty infiltration
may thus affect muscle function.”” Given that the mean age
at THA of the subjects of the present study was 62 years,
their mean age when the CSA was measured for the third
time 8§ years later was 70 years; consequently, age-related
fatty degeneration of the muscle might have also occurred in
the gluteus medius on the unaffected side. Although it was
not possible to evaluate the degree of fatty degeneration in
the present study, there was no significant difference in the
CSA of the unaffected side at 8 years postoperatively com-
pared with preoperatively. The hip abductor muscle strength
is still reduced on the THA side even 10 years post-THA'?;
therefore, in THA patients, the unaffected side bears a
relatively larger proportion of the body weight than does the
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Table 3. Cross-sectional area (cm?) of the gluteus medius

Affected side Unaffected side Difference (%) P-value
Preoperatively 8.6 (6.3-10.5) 12.9 (11.4-13.8) -33.3 <0.0017f
3 years postoperatively 10.1 (8.0—12.7)* 12.6 (11.6-15.0) -19.8 <0.00177
8 years postoperatively 10.4 (8.6—13.7)** 12.9 (11.7-14.0) -19.4

Values are expressed as medians (interquartile range).

Differences were analyzed using the Wilcoxon signed-rank test.

*P<0.005, **P<0.001, significantly different compared with preoperatively.
P<0.005, TP<0.001, the affected and unaffected sides were significantly different.
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Fig. 2. Asymmetry of the cross-sectional area of the

gluteus medius. The box plots show the interquartile

ranges of the muscle cross-sectional area for each measurement point. Crosses show the averages. Differences

were analyzed using the Wilcoxon signed-rank test. *P<0.005, **P<0.001, significantly different compared
with before surgery. 1P<0.005, TTP<0.001, significant difference between the affected side and the unaffected

side.

affected side, and this may be why the CSA on the unaffected
side did not decrease.

In the present study, the CSA of the gluteus medius on
the affected side was significantly smaller than that of the
unaffected side at all time points (preoperatively and 3 and
8 years postoperatively). Arokoski et al.'” used MRI to

measure the CSAs of the pelvic and hip muscles of the more
and less affected hips of 27 patients with hip OA assessed
by Kellgren-Lawrence grading and Li’'s OA scale. They
found that the CSA of the more affected hip was 9% smaller
than that of the less affected hip, and this difference was
significant. In the present study, the preoperative CSA of the
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affected side was 33.3% smaller than that of the unaffected
side. The reason that the difference between the two sides
was so much larger than that found by Arokoski et al.'” may
have been that the 27 patients in their study included 12 with
bilateral OA. Zacharias et al.”) measured the volume of the
gluteus medius in 20 hip OA patients using MRI and found
that the volume on the affected side was significantly lower
than that on the unaffected side. Momose et al.?? measured,
using CT images, the CSA and three-dimensional muscle
volume of the gluteus medius of 50 hip OA patients and
reported that these were significantly smaller on the OA side
in all cases. Although previous studies’?? have measured the
muscle volume and the present study measured the CSA, the
results were comparable.

A study comparing the CSA of the affected hip muscles
with those on the unaffected side 2 years after THA for
unilateral OA?% concluded that the CSA on the THA side
was smaller than that on the unaffected side, but that the ab-
ductor muscles, comprising the gluteus medius and gluteus
minimus, together did not differ significantly between sides
at 2 years postoperatively. In the present study, it was found
that the CSA of the gluteus medius on the THA side 3 years
postoperatively was significantly smaller by 19.8% than
that on the unaffected side (Table 3). However, not only did
that previous study include the gluteus minimus, but it also
found that there was no difference between the CSAs of the
abductor muscles on the affected and unaffected sides prior
to THA, and both these factors may have contributed to the
differences with the present study.

In previous studies of unilateral THA patients, the longest
period for which the CSA of the hip muscles was monitored
was 2 years postoperatively??; consequently, the medium- to
long-term changes in the CSA following THA were un-
known. In the present study, the CSA of the gluteus medius
on the affected side had not reached the size of the unaffected
side even 8 years post-THA. It was not possible to assess the
extent to which this represents a clinical issue. However, a
study that compared 58 THA patients with a control group
at 10 years postoperatively found the following significant
differences: hip abductor strength evaluated using a hand-
held dynamometer was 9.5% lower in THA patients, the
one-leg standing time was 42.1% shorter, and the maximum
walking speed was 14.8% slower.!? The force exerted by
the hip abductor muscles acts to provide horizontal support
for the pelvis during walking, particularly during the mid-
stance phase, and since this force is responsible for keeping
the trunk level, improving the CSA as much as possible is
demonstrably important. Before THA, hip pain is one of

the factors that reduces the activities of daily living, includ-
ing walking, of hip OA patients. This reduction in activity
decreases the frequency with which the gluteus medius is
used and reduces the load placed on the muscles, potentially
inducing structural changes, such as increased fat infiltra-
tion of the muscle; these changes may make the recovery of
muscle mass more difficult.

The relatively larger load applied on the unaffected side
may also continue into the postoperative period. This sug-
gests that regular or long-term rehabilitation interventions
are required to maintain and increase the CSA of the gluteus
medius in THA patients. Such an approach should empha-
size maintaining abductor muscle strength during the early
stages of OA and providing guidance on effective gluteus
medius training both before and after THA.

There were some limitations in the present study. The
first was the small number of subjects. This small number
resulted because subjects had to be unaffected by all the
exclusion criteria, have CT data from all three measurement
time points, and have no issues with CSA measurements.
A second limitation was that all the subjects were women.
However, in Japan, women account for a substantially
larger proportion of THA patients for hip OA at every age
group,'> and the present subjects were representative of
the general Japanese patient population. Third, there were
no evaluations of the factors that could affect CSA, such as
muscle strength and patient activity levels. Previous studies
have reported that CSA is associated with lower limb muscle
strength and walking speed.'”?? Analysis that includes all
factors that affect muscle CSA is required for further study.
However, no patient had postoperative complications, and
their JOA scores suggested that their activity levels would
have been maintained. Fourth, there was an issue related
to CSA measurements in that after THA the presence of
implants meant that blinding with respect to the THA and
unaffected sides was not feasible. However, the ICCs for both
intra-investigator and inter-investigator reliabilities were
high. Finally, in the present study, the CSAs of muscles other
than the gluteus medius were not investigated. However, it
is plausible that the CSAs of muscles in a single patient may
be correlated, and therefore the repeated two-way ANOVA
method used to examine multiple muscles in previous similar
studies may not be statistically appropriate. Consequently,
to preserve statistical power with a limited sample size, it
was decided to compare only measurements of the gluteus
medius, which is one of the most important muscles for im-
proving gait function. Further studies with a larger sample
size to investigate issues such as the association with other
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leg muscles are required.

CONCLUSION

This is the first study to have evaluated the CSA of the
gluteus medius over an 8-year period in patients following
THA for unilateral hip OA. The CSA of the gluteus medius
on the THA side was larger at 3 and 8 years postoperatively
than that prior to THA, but it did not recover to the same
size as that on the unaffected side at any time point. Because
the gluteus medius is important for achieving stability when
walking, it is important to maintain or increase the CSA of
the gluteus medius by regular or long-term rehabilitation
interventions. Such interventions should aim to maintain
abductor muscle strength from the early stages of OA and to
provide guidance on effective gluteus medius training both
before and after THA.
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