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Developmental dysplasia of hip (DDH) is one of
the well-known orthopedic pathologies that cause
coxarthrosis.[1] Pelvic bandage, traction, open or
closed reduction, femoral, and pelvic osteotomies are
the treatment alternatives for DDH in the pediatric
age group.[2,3] For end-stage osteoarthritis, total hip
arthroplasty (THA) is the standard treatment.[4,5] In
the literature, several studies have reported that the
anatomical hip center reconstruction yields favorable
biomechanical results among those patients.[6,7] Both
acetabular and femoral abnormal anatomy make this
re-establishment challenging for surgeons. Among
those patients, complication rates are higher than
the normal arthroplasty operations due to the
pathological anatomy. In DDH patient population,
changing abnormal anatomy to normal and to reduce
complication rates and prolong prosthesis survival,
specially designed implants are needed. In this study,
we aimed to report the physiological and radiological
long-term results of THA combined with or without
subtrochanteric osteotomy in a group of DDH patients.

ABSTRACT

PATIENTS AND METHODS

Keywords: Crowe classification, developmental dysplasia of hip,
Harris hip score, total hip arthroplasty, Trendelenburg sign.

A total of 90 hips of 59 patients (3 males, 56 females;
mean age 45.7±10.9 years; range, 24 to 67 years) who
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Objectives: This study aims to report the physiological and
radiological long-term results of total hip arthroplasty (THA)
combined with or without subtrochanteric osteotomy in a group of
developmental dysplasia of hip (DDH) patients.
Patients and methods: This retrospective study included 90 hips
of 59 patients (3 males, 56 females; mean age 45.7±10.9 years;
range, 24 to 67 years) who underwent THA between January
1979 and March 2006. Thirteen patients needed subtrochanteric
shortening. The evaluation was performed through Harris hip
scores, physical examination, and radiological imaging.

Results: The follow-up period ranged from 5 to 32 years, and the
mean follow-up period was 10.3±6.4 years. Revision was required
in 17 hips out of 90. Twelve revisions were needed because of
aseptic loosening of femoral or acetabular component, three were
for fracture of the femoral stem, and two for protrusio acetabuli.
Four patients had transient nerve palsy, and one had permanent
nerve function loss. In one patient, nonunion was observed around
the femoral osteotomy site. Harris hip score was remarkably
improved compared to top preoperative values (48 vs. 88.2,
p<0.01).
Conclusion: Although revision rates tend to increase in long-term
follow-up, THA is one of the best treatment options in DDH
patients to relieve pain, improve daily activity levels, and minimize
the damage of the knee and lumbar region.

had a final follow-up examination were included
in this retrospective study. All patients were
operated between January 1979 and March 2006 in
the Department of Orthopedics and Traumatology,
Cerrahpaşa Faculty of Medicine. Patients who did
not want to participate in the study and who did
not have sufficient medical records were excluded.
Difficulty in carrying out daily life activities, walking
challenges, and intolerable pain were indications for
THA. All patients were evaluated based on Crowe's
classification.[8] A total of 20 of the hips were Crowe
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FIGURE 1. Distribution of hips according to Crowe
classification.[8]

type I, 31 were Crowe type II, 27 were Crowe
type III, and 12 were Crowe type IV (Figure 1).
Nine patients were operated on right, 19 on left hip,
while 31 were operated bilaterally. Thirteen patients
needed subtrochanteric shortening osteotomy.
Demographical characteristics of the patients at the
last follow-up are presented in Table I. The study
protocol was approved by the Istanbul University
Cerrahpasa School of Medicine Ethics Committee
(03 November 2010, approval no: 32721). A written
informed consent was obtained from each patient.
The study was conducted in accordance with the
principles of the Declaration of Helsinki.
All patients were operated in a lateral decubitus
position. In 87 hips, the anterolateral approach
and in three hips the posterolateral approach was
used. In Crowe types III and IV, because of superior

migration of the hips, we raised gluteus medius
and minimus muscles from the bone and reattached
them posteriorly. Structural femoral head autograft
with screws were used for improving coverage of the
acetabular cup in nine hips. Femoral shortening with
transverse or step-cut osteotomy was performed in
13 hips; the average length of the bone removed was
2.8 cm (range, 1 to 4 cm). Since all operations were not
performed by a single surgeon in this single-center
study, both anatomic center and high hip center
type reconstructions were performed according to
the surgeon's preference (Figures 2, 3). In 58 hips,
we used Morscher-Spotorno cemented stems from
Protek (Sulzer Medica, Berne, Switzerland) and
cemented Müller CDH components from (Zimmer,
Winterthur, Switzerland). Thirty-two hips were
treated with Synergy Smith & Nephew (Smith &
Nephew, Memphis, Tennessee, USA), Corail Depuy
Synthes (DePuySynthes, Warsaw, IN, USA), Wright
Medical Systems Hip Replacement (Wright Medical
Technology, Inc., Arlington, Tennessee, USA), and
Biomet uncemented hip implants (Zimmer Biomet,
Warsaw, IN, USA) (Table II).
Active range of motion exercises were initiated
immediately postoperatively. Patients who did not
undergo subtrochanteric osteotomy were allowed to
bear full weight. In contrast, patients who underwent
subtrochanteric shortening osteotomy were given
toe-touch weight-bearing exercises for the first six
weeks and allowed tolerable bearing after six weeks
postoperatively. The Harris hip scores (HHS) and
radiographs were obtained preoperatively and at

Table I
Demographical characteristics of patients at last follow-up.
Gender
Male
Female

n

%

3
56

5.1
94.9

Mean±SD

Min-Max

Age at surgery (year)

45.7±10.9

24-67

Follow-up period (year)

10.3±6.4

5-32

Follow-up period without revision (year)

9.0±5.6

0-25

Age distribution at last follow-up (year)
≤40

9

10.0

41-50

12

13.3

51-60

16

17.8

61-70

16

17.8

>70

6

6.7

SD: Standard deviation; Min: Minimum; Max: Maximum.
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regular postoperative intervals. Osteotomy site union,
nerve injury, limb-length discrepancy, and component
stability were assessed. Assessment of the component
loosening was according to the manner described by
Gruen[9] for the femur and DeLee and Charnley[10] for
the acetabulum. Complete loosening of the femoral
stem, a change in the position of stem, migration,
or collapse of more than 2 mm, and the continuous
radiolucent line between bone cement and bone were
evaluated as loosening. Changes in the cup angle of
more than 2°, vertical, and/or horizontal displacement
higher than 2 mm, and radiolucent lines wider than
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1 mm were evaluated in favor of acetabular component
instability. Heterotopic ossification was evaluated by
Brooker classification (Table III).[11]
Statistical analysis
Statistical analyses were conducted by using
NCSS (Number Cruncher Statistical System)
2007 and PASS (Power analysis and sample size)
2008 statistical software (Utah, USA). Besides the
descriptive statistical methods (mean, standard
deviation, standard error [SE] minimum and
maximum) used for the evaluation of the study
data, Student's t-test was used for comparison
of quantitative data of two groups with normal
distribution, and paired samples t-test was used
when comparing the post- and preoperational
measurements within the groups. Pearson correlation
coefficient was used for correlation analysis between
parameters. Kaplan-Meier analysis was used for
survival analysis. A p value lower than 0.05 was
considered as statistically significant.

RESULTS
The follow-up period ranged from 5 to 32 years with
a mean follow-up period of 10.3±6.4 years. The mean
preoperative HHS was 48.0 (range, 36 to 78) which
increased to 88.2 (range, 52.5 to 97.9) (Table IV).
Subtrochanteric shortening osteotomy was performed
in 13 hips and an average of 2.8 cm shortening was
achieved (range, 1 to 4 cm). Trendelenburg sign was
positive in 43 of the patients in the preoperative
period but remained positive in only nine of them
during the postoperative period. The mean acetabular
inclination angle was 47.6º (range, 30º to 64.4º). The
vertical distance drawn from the line connecting the
tear figures to the center of hip rotation was 32.2 mm
(range, 7.9 to 65.6 mm).

FIGURE 2. Unilateral reconstruction of Crowe type IV
hip. A 41-year-old female patient treated with cemented
polyethylene acetabular component, cemented femoral
component with subtrochanteric step-cut femoral shortening
osteotomy augmented with cerclage wiring. Union was
achieved at sixth postoperative month.

While 17 (18.9%) of 90 prostheses were revised,
73 (81.1%) were not. The mean follow-up period
without revision was 19.5±1.2 years. The last revision
was observed in the year 25. Initially, 90 patients were
started, eight hip replacements were revised, and
the cumulative survival rate was 90.0% with a SE of
3.4%. At the end of year six, five hip prostheses were
revised, and the cumulative survival rate was 78.6%
with a SE of 5.56%. At the end of 12 years, one more
hip was revised, and the cumulative survival rate was
73.2% with a SE of 7.36%. At the end of 18 years, two
hip fractures occurred, and the cumulative survival
rate was 56.9% with a SE of 11.6%. At the end of 24
years, one more hip fracture was observed, and the
cumulative survival rate decreased to 34.1% with a SE
of 18.9% (Figure 4).
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FIGURE 3. Bilateral hip dislocation of a 57-year-old female patient. Bilateral total hip arthroplasty
was performed with cementless acetabulum with a cemented femoral component with polyethylene.

Table II
Patient characteristics and implant data for primary total hip arthroplasty in developmental
dysplasia of hip patients
n
Total number of patients
Primary THAs
Time to follow-up (year)
The average age at time of surgery (year)
Gender
Female
Male
Implant type
Standard
Custom
Acetabular component fixation
Cemented (polyethylene)
Cementless (metal)
Femoral component fixation
Cemented
Cementless
Bearing surface
Metal-on-plastic
Metal-on-metal
Ceramic-on-plastic
Ceramic-on-ceramic
SD: Standard deviation; THA: Total hip arthroplasty.

%

Mean±SD

59
90
10.3±6.4
45.7±10.9
56
3

95
5
100
-

10
80
58
32
88
2
-
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Table III
Brooker grading of heterotopic ossification
Grade

Degree of heterotopic bone formation

0

No heterotrophic bone spurs

I

Presence of islands of bone within the soft tissues around the hip

II

Presence of bone spurs originating from the proximal femur or pelvis with a distance of at least 1 cm between the
opposing bone surfaces

III

Bone spurs originating from the proximal femur or pelvis with a distance of less than 1 cm between the opposing bone
surfaces

IV

Presence of bone formation connecting the proximal femur and pelvis, and the presence of prominent bone ankylosis

Table IV
Pre- and postoperative Harris hip scores
HSS

Mean±SD

Min-Max

Preoperative

48.0±6.0

36.0-78.0

Postoperative

88.2±8.8

52.5-97.9

p
0.001*

HHS: Harris hip score; SD: Standard deviation; Min: Minimum;
Max: Maximum; * p<0.01.

1.0

Cumulative survival

0.9
0.8
0.7
0.6
0.5
0.4

Revision was required in 17 (18.9%) of 90 hips
which underwent THA due to DDH background.
Causes of revisions were due to the aseptic loosening
of the femur or acetabular component in 12 patients
(6 left, 6 right hips), fracture of the prosthesis in three
patients, and protrusio acetabuli in two patients.
Four patients had transient nerve palsy and one had
permanent nerve loss. Heterotopic ossification was
observed in seven patients in our study. According
to Brooker classification, one patient had grade IV
(Figure 5), three patients had grade III, one patient had
grade II, and two patients had grade I heterotrophic
ossification. Nonunion of the femoral osteotomy site
was seen in one patient.

DISCUSSION

0.3
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0
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FIGURE 4. Kaplan-Meier survivorship curve of cases without
revision.

Total hip arthroplasty is one of the best treatment
options in coxarthrosis secondary to DDH to
relieve pain, eliminate factors that prevent daily
activities, and minimize the damage on the knee
and lumbar region. However, it is challenging to
operate patients with DDH and achieve satisfactory

FIGURE 5. Reconstruction with structural femoral head autograft with screws. Complete
heterotopic ossification occurred around left hip.

Total hip artroplasty in DDH patients

results. Undoubtedly, the most critical step of this
reconstruction surgery is the placement of the
acetabular component. Some studies have shown
that the placement of the acetabulum should be
performed at the true acetabulum where the most
significant bone stock is present.[12,13] The acetabular
cup coverage can increase by a controlled fracture
of the medial acetabular wall. Controlled acetabular
medialization, enlarging the acetabulum using
cement, bone graft, or reinforcement cages, were
described.[14,15] Hartofilakidis et al.[16] reported
excellent results with this method in cemented cups.
They reported that aseptic loosening was observed
in only two of 86 dysplastic hips at a seven-year
follow-up. In our patients, we performed acetabular
reconstruction as much as possible, where the
anatomical hip rotation center was present. We do not
use the controlled break of the medial wall technique.
In some cases, anatomical hip center reconstruction
was needed via subtrochanteric femoral shortening
osteotomy. Femoral shortening osteotomy was
defined by Klisic et al.,[17] for high hip dislocations,
later adapted by Sponseller and MacBeath[18] for
simultaneous hip arthroplasties. Between 1998 and
2003, Park et al.[19] performed transverse femoral
shortening osteotomy in 24 of 76 hips which were
operated due to DDH. They reported that there were
no neurological complications, and the mean HHS
increased from 35.6 to 81.7. Yalcin et al.[20] performed
uncemented THA with subtrochanteric transverse
shortening osteotomy on 44 hips of 31 patients. They
obtained good-excellent results in 79.5% of patients
after an average of 62-month follow-up. In 2010,
Krych et al.[21] published cementless THA combined
with subtrochanteric shortening osteotomy (28 hips
of 24 patients, all hips were Crowe type IV). The
patients were followed-up for 4.8 years and HHS
improved from 43 to 89 postoperatively. In 2011, Takao
et al.[22] published a series of 23 cementless modular
THA with subtrochanteric shortening osteotomy.
The mean Merle d'Aubigné-Postel scores of these
patients increased from 9 to 16. Neither nonunion
nor nerve injury were experienced in Crowe type IV
dislocation. Accelerated bone healing, allowing more
bone contact surface, and stability properties against
torsional forces are some advantages of step-cut
osteotomy over transverse osteotomy. Onodera et
al.[23] found nonunion due to transverse osteotomy in
14 hips treated using modular stem. In our study, we
performed subtrochanteric shortening osteotomy in
13 patients. While 12 of these patients had a complete
union at the end of six months, one patient developed
nonunion in the osteotomy site. In recent years, our
clinic tends to switch from step-cut osteotomy to
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transverse osteotomy. Although step-cut osteotomy
offers the above-mentioned advantages, we prefer
transverse osteotomy due to its straightforward
application during surgery and shortening surgical
time. We try to perform acetabular reconstruction
in true acetabulum position during surgery; in some
cases, we preferred high hip center reconstruction
due to patient's condition and risks encountered
during surgery. Karaismailoglu et al.[24] recently
reported that there is no difference between high
hip center reconstruction and anatomical hip center
reconstruction regarding the gait analysis and high
hip center reconstruction may be used during severe
cases with the surgeon's preference and the patient's
benefit.
The method we preferred in our long follow-up of
patients was the cementless acetabular component,
polyethylene, and cemented femoral stem, which
is parallel to the surgical trends of that time. Later
on, changes in surgical trends and an increasing
number of young patients with DDH led us to use
cementless acetabular and femoral components. Lai
et al.[25] performed cementless THA on 56 Crowe type
IV hips. They reported no stem revision after a mean
follow-up of 12.3 years.
Neurological complications were observed
commonly in patients who had Crowe type III and IV
hips. Edwards et al.[26] reported that leg-lengthening
significantly increased the risk of nerve lesions.
The mean 2.7 cm and 4.4 cm lengthening increased
the risk of the peroneal portion of the sciatic
nerve injury and the risk of complete sciatic nerve
injury, respectively. As a result, they stated that the
lengthening should not be more than 4 cm. Johanson
et al.[27] conducted two consecutive studies on the
nerve lesions following sequential THA and found
that the lesion rate was 1% in the first six years and
it decreased to 0.3% in the following six years. This
result was associated with the surgeon's experience.
Eggli et al.[28] evaluated eight nerve lesions (six nerve
palsies, two complete injuries) following THA for
508 hips of 370 patients. There was no statistically
significant relationship between lengthening and
nerve injury (p=0.47). However, severe deformity
pattern, acetabular ceiling defect and severe flexion
deformity were reported in seven of the eight patients
who had undergone surgery before arthroplasty.
There was a statistically significant correlation
between the difficulty encountered in the operation
and nerve paralysis (p=0.041). Eggli et al.[28] reported
that the factor causing nerve injury was direct or
indirect mechanical trauma and did not associate
with only leg lengthening. In the present study,
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four patients had transient nerve palsy, and one had
complete nerve injury. The shortening osteotomy
was not performed in two of four patients who had
transient nerve palsy. Therefore, we think that the
amount of lengthening is not the only factor that
causes nerve lesions. Besides, we think that direct
and indirect trauma is a cofactor in the mechanism
of injury, as Egli et al.[28] had mentioned.
The acetabular coverage increased by using
structural femoral head autograft, and satisfactory
short-term results were achieved with the cemented
acetabular component.[29] However, a high rate of
failure was reported in the long-term follow-up.
Shinar and Harris[30] observed loosening in 33 (60%)
out of 55 patients who underwent reconstruction using
the femoral head as an autograft at a mean follow-up
of 16.5 years. In our study, we used the femoral head
as a structural autograft in nine of 90 hips to increase
acetabular coverage. Six of these hips underwent
revision. Currently, we have stopped using structural
femoral head autograft in DDH patients.
There are some limitations to our study. First
of all, our patients were not operated with the
same technique or branded prostheses. Naturally,
in a single-center study, different surgeons will
apply the safest method for themselves with their
experience and preference. Besides, cementless
femoral components were not an option in patients
with DDH in the 1980s or 1990s. They were later
popularized to reduce bone loss in young patients.
In addition, THA results with shortening osteotomy
in Crowe type III and IV hips are frequently reported
while there are no long-term results covering all
Crowe types. From this point of view, although this
study’s evaluation of all types of Crowe may be
considered as a limitation, it is still a valuable study
due to the limited number of publications in the
literature in this regard.
In conclusion, we have determined that the longterm clinical and radiological results of THA in DDH
patients are satisfactory. Although we have observed
that the frequency of complication and revision rates
tend to increase in Crowe type III and IV hips, THA is
still one of the best treatment options in DDH patients.
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