
INTRODUCTION

Total hip arthroplasty (THA) is challenging in patients
with developmental dysplasia of the hip (DDH) with high
dislocation. In Crowe IV DDH patients, the true acetabu-
lum is small and the bone stock is often poor; therefore,
the use of an extra-small acetabular component has been
recommended1-3). The use of extra-small components is
complicated by findings that small acetabular components
are disadvantageous in terms of the stability and long-term
survival of the hip joint4,5).

Some authors have described techniques for placing stan-
dard-sized cups in hips with total dislocated dysplasia.
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Hartofilakidis et al.2) recommended reaming of the acetab-
ulum in a superior and posterior direction. Xu et al.6) report-
ed that maximum host bone coverage can be achieved by
posterosuperior placement of the cup at the true acetabu-
lum. In contrast, Paavilainen et al.3) demonstrated the place-
ment of an acetabular component below the anatomical
acetabulum as the bone stock between the pubic and ischial
rami was more substantial than in the hypoplastic iliac
bone. It is controversial how a larger cup is safely placed
in small acetabulum with dislocated hip. Therefore, detailed
knowledge of the morphology of the true acetabulum in
patients with Crowe IV DDH will be beneficial for the
placement of a larger cup.

The commonly used procedure for THA by the authors
includes placing a standard-sized acetabular component
posteriorly and inferiorly at the true acetabulum in Crowe
IV dysplasia patients according to the technique reported
by Paavilainen et al.3). The current study sought to determine
the morphology of the true acetabulum in patients with high
congenital dislocation of the hip to provide greater detail
when following the typical procedure, as information regard-
ing the depth and width of the acetabulum and the thick-
ness of the anterior and posterior walls would aid in ream-
ing for the placement of a larger cup. Additionally, the cur-
rent study evaluated acetabular cup placement in Crowe
IV dysplasia patients with dislocation who were treated
with THA combined with subtrochanteric femoral short-
ening osteotomy7).

MATERIALS AND METHODS

This retrospective study was approved by the Institutional
Review Board of Sapporo Medical University (No. 292-
41). The current study included 23 hips of 18 patients
with Crowe IV developmental dysplasia who were treat-
ed with THA combined with femoral shortening osteoto-
my at our institution from 1998 to 2015. Seventeen patients
were female, and mean age at surgery was 62.7 years (48-
76 years). Two hips of two patients had previously been
repaired by femoral valgus osteotomy. No other cases had
undergone any surgical procedures related to the hip.

Preoperative computed tomography images of all patients
were obtained and reconstructed 3-dimensional (3D) images
were aligned with reference to the anatomical pelvic coor-
dinate system by 3D computer-aided design software
(3matic; Materialise, Leuven, Belgium). The anatomical
pelvic coordinate system was constituted in the anatomical
pelvic plane (APP) that included the left and right anterior

superior iliac spines8,9). Measurements were taken of the
anteroposterior diameter (width), depth, thickness of the
anterior and posterior walls and the anteversion of the orig-
inal acetabulum using preoperative computed tomography
images in the axial plane perpendicular to APP. In these
cases, the edge of the anterior and posterior walls of the
acetabulum displayed a dull shape that differed from the
normal acetabulum10), and the thickness of the anterior and
posterior walls was nearly invariable in axial image slices.
The width of the original acetabulum was defined as the dis-
tance from the posterolateral edge of the anterior wall to the
anterolateral edge of the posterior wall and the depth of the
original acetabulum as the distance from a line between the
lateral edges of the anterior and posterior walls to the bot-
tom of the acetabulum (Fig. 1). The superior and inferior
ends of the original acetabulum were identified and the dis-
tance between them was measured to define the longitudinal
diameter. The longitudinal diameter of the original acetab-
ulum was divided into proximal, middle, and distal thirds.
The width, depth and thickness of the acetabular walls were
measured using three axial slices for each divided part (nine
slices in total) and parameters for each part were compared
(Fig. 2). Acetabular anteversion was measured at the level
of the distal third of the acetabulum where the cup center
was planned to be located.

Cup sizes and the number of screws for cup fixation used

FFiigg..  11.. Thickness of the anterior wall (aa) and posterior wall
(bb), width (cc), and depth (dd) of the original acetabulum were
measured using preoperative computed tomography images
in axial view.
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in these cases were investigated. The amounts of anterior
and posterior wall reaming were calculated. Furthermore,
the cup inclination and the cup center-edge angle (cup-CE
angle)11,12) were measured using a postoperative plain X-
ray and the vertical and horizontal offsets of the center of
the cups were compared to the center of femoral heads of
contralateral normal hips (n=8). Cup anteversion was mea-
sured using postoperative computed tomography images
in axial plane (n=11).

1. Operative Procedure

For the patients with Crowe IV DDH, THA combined
with femoral shortening osteotomy was performed to pre-
vent excessive lengthening of the leg. A posterolateral
approach was used with the patient in the lateral decubi-
tus position. The femoral head was resected through the
femoral neck 1 cm proximal to the lesser trochanter. Prior
to exposing the acetabulum, a transverse osteotomy of the
femoral shaft was performed 2 cm to 3 cm distal to the
lesser trochanter so that the proximal femur was easily

retracted anteriorly. The redundant joint capsule was total-
ly excised to provide a wide view of the acetabulum. The
original acetabulum was exposed to visually recognize
the thickness of the anterior and posterior wall. Reaming
was started with a small size reamer to locate the center at
the level of the distal third of the acetabulum. Reaming was
performed from the thick posterior wall, gradually expand-
ed anteriorly and finished when reaming reached the thin
anterior wall and the superior end of the acetabulum. In 14
cases perforation of the medial wall about 1.5 cm occurred
to deepen the reaming, though it did not affect the stability
of the cups. With 1 mm under reaming, a cementless cup
was placed so that the cup anteversion was 30 degrees. The
cup inclination was aimed at 40 degrees, however, high
inclination was allowed by up to approximately 50 degrees
to bring the cup into enough contact with the superior acetab-
ulum. In cases with insufficient cup contact with the supe-
rior acetabulum, the resected femoral head was grafted onto
the external wall of the ilium.

2. Statistical Analysis

Data are expressed as means and standard deviations.
Statistical analyses were performed using a one-way analy-
sis of variance (ANOVA) with Tukey’s post hoc tests or a
two-way ANOVA with Bonferroni’s post hoc tests. Results
were considered statistically significant at P-values of <0.05.

RESULTS

The morphological parameters of the original acetabulum
are shown in Table 1. Mean depth of the original acetabu-
lum was 18.4±4.9 mm at the proximal part, 18.4±4.2 mm
at the middle section, and 15.8±4.6 mm at the distal end.
The depth at distal part was significantly shallower than
that at proximal and middle part (Fig. 3). Mean width was
16.2±4.9 mm at the proximal part, 24.3±4.6 mm at the
middle section, 27.6±5.6 mm at the distal part and was
significantly wider at the distal part (Fig. 4). Mean thick-
ness of the anterior wall was 10.9±4.0 mm at the proximal

FFiigg..  22.. Original acetabulum was divided into proximal, mid-
dle, and distal thirds. Thickness of the anterior and poste-
rior walls, width, and depth of the acetabulum were com-
pared among each part.

Table 1. Morphological Parameters of the Original Acetabulum

Variable Proximal Middle Distal

Depth (mm) 18.4±±4.9 18.4±±4.2 15.8±±4.6
Width (mm) 16.2±±4.9 24.3±±4.6 27.6±±5.6
Thickness of anterior wall (mm) 10.9±±4.0 10.3±±3.5 10.9±±2.8
Thickness of posterior wall (mm) 23.9±±6.0 22.2±±6.2 22.7±±6.8

Values are presented as mean±±standard deviation.
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part, 10.3±3.5 mm at the middle section, and 10.9±2.8
mm at the distal part (Fig. 5). Furthermore, mean thickness
of the posterior wall was 23.9±6.0 mm at the proximal
part, 22.2±6.2 mm at the middle section, and 22.7±6.8
mm at the distal part. The posterior wall was significantly
thicker than the anterior wall in all sections. Mean acetab-
ular anteversion at the level of the distal third of the acetab-
ulum was 30.2±6.3 degrees. In summary, the acetabular
morphology of dislocated hip dysplasia comprised a trian-

gular shape that is broadened from the proximal to distal
ends. The anterior wall was thin, and the posterior wall
was relatively thick (Fig. 6).

A 42-mm cup was used in one dislocated hip, a 46-mm
cup in three hips, a 48-mm cup in 13 hips, and a 50-mm cup
in six hips (Fig. 7). A spiked cup was used in five hips and
a cup with screw holes was used in another 18 hips with
two to five screws (mean number was 3.5) used for cup fix-
ation. The amounts of anterior and posterior wall reaming
were calculated, indicating that the mean amount of ream-
ing was 5.7±3.1 mm for the anterior wall and 14.8±4.1
mm for the posterior wall. The vertical and horizontal off-
sets of the cup center, cup inclination, and cup-CE angle
were measured using a postoperative plain X-ray. Mean
vertical and horizontal offsets of the center of the cups
were 11.9±5.4 mm inferior and 8.9±5.8 mm medial to con-
tralateral normal hip center, respectively. The mean cup incli-
nation was 50.0±6.6 degrees and the mean cup-CE angle
was 21.0±9.7 degrees. The femoral head graft onto the
external wall of the ilium was applied in six hips, and the
mean cup-CE angle in these cases was 12.6±8.0 degrees.
Bone grafts were not needed in another 17 hips, and the
mean cup-CE angle of these hips was 24.0±8.5 degrees.
We measured cup anteversion using postoperative com-
puted tomography images in the axial plane (n=11). Mean
cup anteversion was 30.3±8.3 degrees and was approxi-
mately the same as the original acetabular anteversion.

FFiigg..  33.. Mean depth of original acetabulum was 18.4±±4.9 mm
at the proximal, 18.4±±4.2 mm at the middle, and 15.8±±4.6 mm
at the distal part, and the depth at distal part was significant-
ly shallower than that at proximal and middle part. Values are
presented as mean±±standard deviation.
* P<0.05, compared with distal part.

FFiigg..  44.. Mean width was 16.2±±4.9 mm at the proximal, 24.3
±±4.6 mm at the middle, and 27.6±±5.6 mm at the distal part,
and was significantly widest at the distal part. Values are
presented as mean±±standard deviation.
* P<0.05, compared with proximal part. �� P<0.05, compared
with middle part.

FFiigg..  55.. Thickness of anterior wall was approximately 10 mm,
and that of posterior wall was approximately 23 mm. The pos-
terior wall was significantly thicker than the anterior wall in
all parts. Values are presented as mean±±standard deviation.
* P<0.05 for anterior wall vs. posterior wall.
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DISCUSSION

Primary THA remains challenging in patients with
osteoarthritis secondary to DDH, especially in the case of
Crowe IV DDH, due to the bone deficiency in the acetab-
ulum, superolateral subluxation and dislocation, and leg
length discrepancies13,14). Crowe et al.15) noted that the acetab-
ulum in patients with hip dysplasia with high dislocation

formed a small triangle and that the anterior and posterior
margins limited the size of the acetabular component.
Therefore, an extra-small acetabular component was required
for adequate superior bone coverage. However, small acetab-
ular components limit the thickness of the polyethylene liner
and the femoral head size. Thin polyethylene liners have
the disadvantage of liner wear, which causes osteolysis5),
and a small femoral head has a risk of dislocation. Preserving

FFiigg..  66.. Acetabular morphology of patients with Crowe IV hip dysplasia comprised a triangle with a proximal top (lined arrows) (AA),
and the posterior wall was relatively thick and the thickness was approximately constant from proximal part to distal part
(dotted arrows) (BB).

A B

FFiigg..  77.. Preoperative (AA) and postoperative (BB) radiographs of a 67-year-old female patient with Crowe IV developmental dys-
plasia of the hip. A 50-mm cup was placed below the anatomical acetabulum.

A B
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the anterior and posterior walls of the acetabulum is very
important for cementless cup fixation16); however, placement
of a larger size cup in a small acetabulum has a risk of acetab-
ular wall destruction. Therefore, gaining detailed information
on the morphology of the true acetabulum in patients with
high dislocated hip is beneficial for the safe placement of
a larger cup.

Some acetabular reconstruction techniques have been rec-
ommended for the placement of a standard-sized cup in high
dislocated hips. Hartofilakidis et al.17) and Hartofilakidis
and Karachalios18) proposed reaming the acetabulum in a
superior and posterior direction, where bone stock is often
adequate. Xu et al.6) reported that good host bone coverage
can be achieved by posterosuperior placement of the cup at
the true acetabulum. In both studies, researchers used 40
to 44-mm and 42 to 46-mm cups, respectively, in their tech-
niques. Yang et al.19) reported a 3D implantation simulation
study for hip dysplasia where the inferior edge of the virtu-
al cup was placed at the level of the distal part of the coty-
loid notch (the position of the transverse acetabular liga-
ment), and the mean cup size was 38.4±3.0 mm in Crowe
IV hip. Paavilainen et al.3) reported a technique of acetab-

ular reconstruction in cases of total dislocation wherein the
acetabular component was seated below the anatomical
acetabulum as the proximal part of the ischial bone and the
bony prominence close to the junction of pubic, and iliac
bones offers good posterosuperior and anterosuperior sup-
port. The current study indicated that the acetabular mor-
phology of Crowe IV DDH is triangular as the width of the
acetabulum was widened from proximal to distal ends.
Thickness of the anterior wall and posterior wall were
approximately 10 and 23 mm, respectively, which was near-
ly constant throughout the proximal to distal parts. Therefore,
a larger acetabular component was able to be fixed by plac-
ing the cup center posteriorly and inferiorly at the true
acetabulum, where the width is broader and the posterior
wall is thick. The cup center was planed to be located at the
level of the distal third of the original acetabulum and the
superior end of the cup was located at the top of the trian-
gle of the acetabulum. The anterior wall was thin and the
posterior wall was relatively thick, therefore the distance
obtained by adding the anteroposterior diameter and the
thickness of the posterior wall at the level of the distal third
of the original acetabulum would be the diameter of the cup.

FFiigg..  88.. Preoperative frontal view (AA), lateral view (CC), postoperative frontal view (BB), and lateral view (DD) of 3-dimensional com-
puted tomography images of a 70-year-old female patient. A 48-mm cup was implanted 6.3 mm inferior to the level of con-
tralateral hip center.

A B

C D
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In patients with Crowe I-III acetabular dysplasia, the
femoral head is subluxed from the acetabulum, and articu-
lar pressure is concentrated at the small area of the loaded
surface. This is particularly true at the acetabular margin,
which promotes superior bone defect of the acetabulum20,21).
In contrast, for Crowe IV acetabular dysplasia patients the
femoral head is completely dislocated from the acetabulum
and mechanical stress from the femoral head does not occur
in the acetabulum. Therefore, superior bone defect as seen
in Crowe I-III acetabular dysplasia is not observed in Crowe
IV acetabular dysplasia. In the cases included in the current
study, femoral head grafting was not needed in 17 hips, and
metal augmentation for cup stability was not necessary in
any of the cases. In 14 cases, intentional medial wall per-
foration occurred at approximately 1.5 cm to medialize the
cup and to allow for enough contact with host bone. In the
earliest case in this series, a 42-mm cup was used so that the
cup center was located at approximately at the center of the
original acetabular but not at the level of the distal third of the
acetabulum (vertical offset of the cup center was only 4 mm
inferior). In 22 cases, we successfully replaced three dislo-
cated hips with a 46-mm cup, 13 hips with a 48-mm cup,
and six hips with a 50-mm cup by reaming the true acetab-
ulum posteriorly and inferiorly and placing cups approxi-
mately 12 mm inferior to the normal hip center (Fig. 8) with
a mean cup-CE angle of 21.0±9.7 degrees. Cup loosening
was not observed in any of the cases at 3 to 20 years of fol-
low-up.

There were limitations to the current study. One limita-
tion was the small sample size, which may have been a
result of the uncommon occurrence of Crowe IV dysplasia.
An additional limitation was the use of two-dimensional
computed tomography axial images to evaluate morpho-
logical parameters. The 3D evaluation of the morphology
of the original acetabulum may prove more helpful for the
planning of precise cup placement.

CONCLUSION

The morphology of the original acetabulum in hip dys-
plasia patients with high dislocation was comprised of a
triangle that was broadened from proximal to distal sec-
tions, with a relatively thick posterior wall. Reaming of the
acetabulum posteriorly and inferiorly enabled the place-
ment of a relatively larger cup to achieve stable fixation.
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