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Abstract

hip abductor moment arm was decreased (p < 0.05).

Background: The gluteus medius muscle is essential for gait and hip stability. Changes that occur in the gluteus
medius muscles in patients with developmental dysplasia of the hip (DDH) are not well understood. A better
understanding of DDH related changes will have positive repercussions toward hip soft tissue reconstruction.

Methods: 19 adult patients with unilateral DDH scheduled for total hip arthroplasty were assessed for:

cross-sectional area (CSA), radiological density (RD) and the length of gluteus medius using computed

tomograhpy(CT) (scanned before THA). Hip abductor moment arm and gluteus medius activation angle
were also measured via hip anteroposterior radiographs.

Results: Both CSA and RD of gluteus medius muscle were significantly reduced (p < 0.05) in the affected
hip compared to the control. In the affected hip, the length of the gluteus medius muscle was reduced by
8-11 % (p < 0.05) while the gluteus medius activation angle was significantly increased (p < 0.05) and the

Conclusions: The gluteus medius showed substantial loss of CSA, RD as well as decreased length in
patients with DDH in the affected hip. These changes should be considered in both hip reconstruction and
postoperative rehabilitation training in patients with DDH.

Background

Total hip arthroplasty performed on patients with hip
dysplasia presents challenging work for surgeons due to
its bony deformity and soft tissue imbalance. The bony
configuration changes of hip dysplasia have been investi-
gated extensively, however, soft tissue abnormalities
around the affected hip have been less well studied. Such
characterization is essential to help recognize hip dyspla-
sia and to make an optimal plan for hip reconstruction
and postoperative rehabilitation in patients with devel-
opmental dysplasia of the hip (DDH) [1,2].

Abduction muscle tension is important for gait and
hip biomechanics. Abductor dysfunction may lead to
joint instability, resulting in a high rate of recurrent dis-
location [3,4]. The gluteus medius muscle, which plays a
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key role in exerting abduction force across the hip joint,
providing stabilization of the pelvis during single leg
stance [5], is the main muscle in the hip abductor
muscle group that also includes gluteus maximus, glu-
teus minimus, piriformis muscles, and tensor fascia lata.
Insufficiency of the gluteus medius muscle is clinically
associated with a positive Trendelenburg sign and finally
leads to a loss of pelvic control with an impaired ability
to walk. The preservation of the gluteus medius muscle
during total hip arthroplasty is therefore regarded to be
crucial for postoperative abduction force [6] and func-
tional outcome.

With the femur displaced proximally, the gluteus med-
ius muscle and other soft tissues around the affected hip
contracts in patients with DDH and leads to leg length
discrepancy and hip instability [7]. It has been suggested
that the gluteus medius muscle as well as other soft tis-
sues be released to obtain femoral reduction [8,9] and
optimal biomechanics in patients with DDH during total
hip arthroplasty. Previous studies [10,11] compared
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length changes of the gluteus medius muscle between
the pelvic support osteotomy preoperative and postero-
perative in the congenital dislocation of the hip. How-
ever, fewer studies quantified the contracture extent (the
length change and atrophy) of gluteus medius muscle
compared to the healthy hip in patients with DDH,
which is vital for femoral reduction and abductor muscle
strength.

Abductor weakness often can not be corrected in
patients with DDH performed THA postoperatively [12-
14]. Abductor strength is related not only with abductor
muscle strength itself but also other factors: Abduction
strength correlated positively with both femoral offset
and the length of the abductor lever arm. Thus, both the
gluteus medius muscle itself and related factors should
be explored to better understand DDH and possible re-
covery strategies. These specific data may be contribu-
tive to helping us understand the abnormalities of the
gluteus medius and in making optimal abductor function
reconstruction, in addition to the design of more specif-
ically helpful rehabilitation training programs.

Computed tomography has been used to assess the
muscle change in the trunk [15] and around the hip [16-
18]. Cross-sectional area (CSA) is closely related to the
muscle volume and the radiological density of muscle,
which indirectly represents muscle strength. The pur-
pose of our study is to better characterize the gluteus
medius muscle abnormalities in patients with adult uni-
lateral DDH. Our approach to achieve this goal was to:
1) quantify the loss of contractile muscle mass in the
gluteus medius muscle (responsible for hip abduction
strength) and 2) investigate the length changes of the
gluteus medius muscle (knowledge of which is essential
for femur reduction in hip reconstruction in patients
with DDH).

Methods

Patients

We reviewed the CT scans of 19 unilateral dysplasia hips
collected recently over the course of three years. The
scans were made for morphological evaluation of the
acetabular and proximal femur before total hip arthro-
plasty [19]. The overall average age of the patients was
47 years (range 35-61 years), the mean weight was
55 kg (range 50-69 kg), and the mean height was
157 cm (range 155-170 cm). There were no significant
difference in age, weight, or height between the two
groups (7 males and 12 females).

According to the classification of Crowe [20], there
were 8 hips in class II and 11 hips in class III in our
patients with unilateral developmental dysplasia of the
hip. The Crowe classification divides dysplastic hips
radiographically into four categories based on the extent
of proximal migration of the femoral head. Class I is less
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than 50 per cent subluxation; class II is 50 to 75 per cent
subluxation; class IIT is 75 to 100 per cent subluxation;
and class IV, more than 100 per cent subluxation. The
degree of hip subluxation ranged from 55 to 98 percent
according to the method of Crowe [20]. None of the
patients had accepted osteotomy for treatment or cor-
rection of their hip disease. Medical history, duration of
hip symptoms and the use of medications for pain relief
were noted. Patients were instructed to maintain their
normal medication on all test occasions. Patients gave
written consent and the Ethical Committee of our insti-
tution approved the study.

Computed tomography

The patients were examined in the supine position in a
Phillips MX 8000 (Phillips Medical Systems, Cleveland,
Ohio, USA) spiral CT-scanner with the pelvis in the
neutral position the lower limb placed in internal rota-
tion so the patella is situated in the frontal plane. Rou-
tine radiographs of the anteroposterior pelvis were
taken. Transverse images were obtained of each patients
using the following CT protocol. The area from the iliac
crest to below the lesser trochanter was scanned,
2.0 mm thick slices at 2.0 mm intervals. The scanned
images were DICOM format(512 x 512 pixels) and were
analyzed via computerized tomography work station.

Definitions of observed parameters: The femoral offset
(FO) was the distance from the center of rotation of the
femoral head to a line vertical to the long axis of the
femur [21]. The height of the center of the femoral head
was the distance from the center of rotation of the fem-
oral head to a line vertical to horizontal line through the
midpoint of the lesser trochanter. The neck-shaft angle
was measured as the angle between the midline of the
femoral neck and the midline of the femoral shaft [22].
The abductor lever arm was determined as the perpen-
dicular distance from a line tangential to the greater tro-
chanter to the center of rotation of the femoral head.
The tangential line corresponded to the abductor
shadow [23], and the gluteus medius activation angle
was delimited by the line tangential to the greater tro-
chanter and the line running from the insertion point of
the gluteus medius to the global offset laterally [24].
These parameters were measured on a magnified scout
view of CT (shown in Figure 1A).

Muscle cross-sectional area (CSA) and radiological
density (RD; in Hounsfield units: HU) were assessed in
three different level section of the gluteus medius
muscle using transaxial CT scans. For accuracy, we
selected three different sections levels of the muscle. We
drew a line tangental to the lateral margin of the greater
trochanter and extended the line to intersect with a
horizontal line under the fifth lumbar which is approxi-
mately the gluteus medius origin plane. This line is also
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the gluteus medius line of action for the force. We quar-
tered the line and chose three points (except the origin
and end), through the points we drew a horizontal line,
the plane corresponding to the spiral transaxial CT scans
(Figure 1B). Areas of interest (the section of the gluteus
medius muscle) were manually circumscribed and auto-
matically computed (Figure 2A, B and C). The density
was measured in Hounsfield units (HU) and was evalu-
ated by measuring the mean density of the cross-
sectional area in the region of interest, CSA and RD for
gluteus medius muscle were determined twice by 2 inde-
pendent observers to calculate the intra- and inter-
observer reproducibility.

With the technique of multiplanar reconstruction
(MPR), the frontal pelvic plane was established using
both anterior superior iliac spines and the pubic tuber-
cles and subsequent axes from this [19,25], we selected
the frontal plane through greater trochanter, The length
of the gluteus medius from its origin to its insertion was
measured as a straight line [10] (shown in Figure 3).

Measurement of the parameters for the gluteus medius
muscle were performed twice by 2 independent investi-
gators, the first examiner performed the measurements
twice (2 weeks apart), and the other performed it once.
Two independent examiners analyzed the blinded
images on two separate occasions at least 3 weeks apart.
Intra-observer and inter-observer variations in measur-
ing all parameters were assessed using the coefficient of
variation (CV%).

Statistics

Comparisons between the affected hip and the healthy
side were performed using paired t-tests. Statistical sig-
nificance was set at p < 0.05, for repeated tests. All data
analysis was performed with SPSS 13.0 (SPSS, Chicago,
Ill, USA).
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Results

The intra-observer and inter-observer repeatability of
measurements was acceptable. Intra-observer reproduci-
bility (CV%) for parameters measurements ranged from
0.7 % to 3.5 % and inter-observer reproducibility varied
from 2.1 % and 7.8 %.

The cross-sectional area (CSA) of the gluteus medius
muscle demonstrated no statistical difference in the A(a)
plane but was significantly decreased in the B(b) and C
(c¢) plane in the affected hip compared to the control
side (p<0.05). The RD of the gluteus medius muscle
decreased in the affected side compared with the control
side (p <0.05). The CSA of the gluteus medius muscle
was reduced byl7-22 % in the affected hip, whereas the
RD of the muscle groups was reduced by 32-38 % rela-
tive to the control side at three planes (shown in Table 1
and Figure 2).

The femoral neck-shaft angle significantly increased (p
< 0.05) in the affected hip accompanied by a significant
decrease in the femoral offset (p <0.05). The length of
the gluteus medius muscle was reduced by 8-11 % (p
< 0.05) but the gluteus medius activation angle was sig-
nificantly increased (p < 0.05) and hip abductor moment
arm decreased (p < 0.05) in the affected side compared
with the control side.

There was no significant difference in the height of the
center of femoral head between the affected side and the
control although it had slightly changed between the
two sides (shown in Table 2).

Discussion

Our study demonstrates that the gluteus medius muscle
shows marked atrophy in the affected hip. This
phenomenon was also shown in subjects with advanced
OA hip joint pathology. Gait patterns may provide some
further explanation for the gluteus medius muscle

Figure 1 Diagram of Measurement parameters and scanning planes on pelvic radiographs. A Depicting the different lines and angles
measured on pelvic scout view. “0" is the center of femoral head; line “0a” is height of the center of femoral head; line “ob” is femoral offset; line
“oc” is the abductor muscle lever arm; angle a is neck-shaft angle. B lllustration of the three anatomical levels at which the gluteus medius
muscle was measured. A-C planes (red line) are on the healthy side and a-c planes are on the affected sides.
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Figure 2 Three different levels at which the Gluteus medius muscle was sectioned. Sections A-C, arrows indicate gluteus medius muscle
on the healthy side, which were compared to the smaller and less signal-intense muscles of the affected one in planes a-c.

J

response to advanced OA hip joint pathology [26,27].
The gluteus medius muscle atrophy appears inherently
linked to offloading strategies used in gait during late
stage joint pathology [28]. However, the cause in patients
with DDH may be related not only with these factors
described above but also the femur being displaced
proximally, the femur being in a position of abduction
with the reduced abductor lever arm and increased glu-
teus medius activation angle.

In contrast to other studies which selected only one
plane both in the affected side and normal side [17,18],
we choose three different sections. This approach can
help to obtain more information about the gluteus

medius muscle. We selected different planes in the
contralateral healthy hip and the affected one taking into
consideration the proximal migration of the femur on
the dysplastic side. We selected the contralateral healthy
hip as the control group maintaining consistency across
patients despite the differing effects of age and height
between the patient population we examined, which in
itself can affect muscle quality and quantity.

The gluteus medius muscle is one of the main soft tis-
sues that limit femur reduction and limb length discrep-
ancy correction in patients with DDH. To overcome this
problem, the release of the gluteus medius muscle is ne-
cessary in the mildly dysplastic hip [14] and combined
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Phillips/Marconi Marconi Medical Systems Inc,, Cleveland, Ohio, USA).
A\

Figure 3 Length of gluteus medius muscle. Images indicate the difference of the length of gluteus medius muscle between the DDH hip(B)
and healthy hip (A). The variables were measured using the calibrated measuring tool of the computer work station (Phillips MX LiteView1.0,

with femoral osteotomies in the severely dysplastic hip
[12]. Except one-step soft tissue releases, slow release by
continuous iliofemoral distraction were also described
[29,30] in the severely dysplastic hip. Either technique
will affect the overall length and function of the gluteus
medius muscle. Therefore, how much the gluteus med-
ius muscle could be released and lengthened needs to be
further evaluated. The contracture extent of soft tissue
around the hip was thought to be an important factor
for limb elongation length [31] in patients with DDH.
Accompanied with the contracuture of abductor mus-
culature, the adductor musculature also does contract.
Thus, except the gluteus medius muscle release, proper
release of adductor muscles is vital to keep abduction-

Table 1 Cross sectional area and radiological density
characteristics

Affected side  Healthy side  Difference  P-value
(%)

cross-sectional
area (cm?)
Aa) plane 14.8(4.1) 17.9(5.5) =173 0.06
B(b) plane 18.9(5.7) 23.6(64) -19.9 0.001
C(c) plane 13.5(4.7) 174(5.1) -224 0.005
Density of
muscle (HU)
A(@@) plane 32.1(10.2) 49.3(6.9) -349 0.002
B(b) plane 28.5(5.8) 46.5(8.1) -387 0.001
C(o)plane 31.3(83) 46.2(6.8) -323 0.001

Mean value(SD),percentage difference and p-value for cross-sectional area and
radiological density in healthy compared to affected limbs in 19 patients with
unilateral DDH.

AB,C: the healthy side.

a,b,c: the affected side.

(-)means reduction compared to healthy side.

HU: houndsfield units.

adduction balance and hip stability during hip recon-
struction in THA.

Patient age at the time of the operation and the post-
operative changes in the volume of the gluteus medius
muscle are related to abductor muscle strength restor-
ation in pelvic support osteotomy of the congenital hip
dislocation [11]. The preoperative muscle strength was
an essential factor in postoperative muscle strength re-
covery in patients with DDH, for whom abductor-
sparing periacetabular Osteotomy was performed [32].
The posterolateral approach, which has a lesser disrup-
tion of abductor musculature and more anatomic dissec-
tion [33], should be adopt in patients with DDH
performed THA.

Muscle strength is proportional to not only the muscle
volume or cross-sectional area (CSA) but also the
muscle radiological density (RD), which may represent
the actual amount of contractile muscle [34]. Thus we
used CSA combined with muscular RD [17,35,36] to
evaluate the atrophy of gluteus medius muscle. The
reduced CSA and RD of gluteus medius muscle in
patients with DDH implicated reduced muscle strength.
Trendelenburg sign, which is indicated by gluteus med-
ius muscle weakness, often could not be improved in
some patients performed THA [12-14]. The reduced
muscle strength may be one of the causes of abductor
dysfunction. At the same time, the abnormal femoral
offset and abductor moment arm should be paid atten-
tion to in abduction function reconstruction in patients
with DDH during THA, because the abductor function
deficit may result from an intrinsically reduced muscular
strength or may be the indirect result of biomechanical
alterations induced by abnormal femoral offset and ab-
ductor moment arm.

The gluteus medius muscle has the reduced strength
preoperative and length changes postoperative in
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Table 2 hip abductor function related parameters in 19 patients with unilateral DDH

Affected side Healthy side Difference (%) P-value
Mean value(SD) Mean value(SD)
Femoral neck-shaft 136.2(3.1) 126.1(4.5) 8 0.001
angle (°)
Femoral offset (mm) 27.23(3.5) 39.9(6.5) -318 0.001
Height of the center 52(8.7) 52.2(5.5) -03 0.940
of femoral head
(mm)
Hip abductor 34.89(6.5) 44.8(7.9) —223 0.010
moment arm (mm)
The length of 135.6(10.3) 145.5(9.6) —6.8 0.001
gluteus medius
muscle (mm)
The angle of gluteus 26.9(5.8) 124(2.8) 116.8 0.002

medius activation(®)

Mean value(SD), percentage difference and p-value for femoral offset, femoral neck-shaft angle, hip abductor moment arm and the angle of gluteus medius
activation in healthy compared to affected limbs in 19 patients with unilateral DDH.

(-)means reduction compared to healthy side.

patients with DDH during THA, Some specific rehabili-
tation exercise should be designed to strengthen the
muscle and keep the stability of hip post-operative as for
hip arthroscopy post-operative [37]. Weight-bearing
exercises may provide more functional benefit because
this type of exercise often activates a greater number of
muscle group [38]. Muscle strength recovery and gait
adaption was not complete one year after total hip
arthroplasty in patients with unilateral osteoarthritis or
osteonecrotic hips [39,40]. Another study demonstrated
a slow morphological recovery in cross-sectional area
(CSA) and radiological density (RD) of hip muscles com-
pared to the healthy limb two years after THA in
patients with osteoarthritis [41]. Considering the
changes of gluteus medius muscle in patients with DDH,
we think that patients need more time for muscle
strength recovery and gait adaption.

Conclusions

In conclusion, the gluteus medius muscles showed a
substantial loss of CSA and RD, as well as length de-
crease in adult patients with unilateral DDH. The factors
which influence the gluteus medius muscle were the ab-
ductor lever arm and gluteus medius muscle activation
angle changes. Attention should be paid to these
changes in hip reconstruction. These findings provide
orthopedic surgeons with objective information about
the amount and condition of the gluteus medius muscle
in patients with DDH.
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