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Background: Total hip arthroplasty (THA) for developmental hip dysplasia (DDH) often requires a sub-
trochanteric shortening derotational osteotomy (SDO) to limit leg lengthening, mitigate risk of peripheral
nerve palsy, and reduce excessive femoral anteversion. Few studies exist detailing long-term clinical
outcomes and survivorship. The aim of this study is to analyze the long-term outcomes and survivorship
of an SDO-THA cohort.
Methods: We retrospectively reviewed all patients who underwent cementless THA with femoral
osteotomy due to Crowe I-IV DDH between 1991 and 2001. Primary outcome measures included revision
surgery for any reason and functional outcome measures using modified Harris Hip scores. Secondary
outcome measures included mode of implant failure and radiographic assessment for osteotomy union,
polyethylene wear, osteolysis, and implant loosening.
Results: Our review resulted in 24 SDO-THA cases in 20 patients with a mean follow-up of 19 years
(range, 8-27 years). Overall survivorship was 67%. All 8 failures were treated with acetabular revision at a
mean time to revision of 11 years (range, 1-25 years). Of the failures, there were 5 cases due to poly-
ethylene wear (62.5%), 2 cases due to acetabular loosening (25%), and 1 case due to recurrent instability
(12.5%). The mean postoperative modified Harris Hip score was 76 (range, 52-91) with long-term
improvement of 43 points maintained (P < .001).
Conclusions: THA with SDO can produce durable long-term outcomes for the patient with DDH. It is
important to consider some common reasons for revision, namely polyethylene wear and osteolysis,
acetabular loosening, and recurrent acetabular dislocations.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

Developmental dysplasia of the hip (DDH) is a common cause of
secondary osteoarthritis and often presents with reduced acetab-
ular diameter, a narrow proximal femur, and increased femoral
anteversion [1]. These anatomic features can make total hip
arthroplasty (THA) technically challenging and complex, including
the need for femoral shortening derotational osteotomy (SDO)
[2e6].
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When required, subtrochanteric SDO is a reliable technique for
DDH arthroplasty patients, which can restore the anatomic hip
center of rotation; decompress sciatic and femoral nerve tension,
thereby reducing the risk of palsy; minimize leg length discrep-
ancy; and improve abductor muscle orientation and function,
thereby minimizing instability and limp [4,7]. Several preoperative
assessments can be utilized to determine the possible need for SDO
including radiographic findings of DDH with subluxation, disloca-
tion, marked coxa breva, and thigh soft-tissue contracture as
determined by physical examination findings of a tight hamstring
(popliteal angle less than 180� with the hip flexed to 90�) (Fig. 1)
and tight quadriceps muscles. The SDO indication is traditionally
confirmed based on intraoperative assessment of soft tissue and
sciatic nerve tension upon attempted trial hip reduction. Femoral
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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Figure 1. (Left) Popliteal angle of a DDH patient showing physical examination findings of a tight hamstring (popliteal angle significantly less than 180� with the hip flexed to 90�).
(Right) Popliteal angle of a volunteer showing physical examination findings of a fully extended (180�) knee with hip at 90� .
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derotational osteotomy without shortening can also be performed
to correct marked femoral anteversion and intraoperative osseous
impingement. Several studies show good short- to intermediate-
term outcomes for SDO-THA in DDH patients [2e5].

There are few studies that report on the long-term outcomes of
the SDO-THA [8]. Therefore, there is a need to assess the durability
of this procedure. This study retrospectively analyzes long-term
implant survivorship and functional outcomes of the SDO-THA for
DDH patients at 19-year follow-up. A radiographic analysis is also
performed to assess osteotomy union, polyethylene wear, osteol-
ysis, and implant loosening. We hypothesize good long-term
implant survivorship and functional outcomes. Second, we hy-
pothesize that polyethylene wear is the main mode of failure that
leads to revision surgery.

Material and methods

Study population

Institutional review board approval was obtained prior to
initiation of the study. Institutional surgical database has been
screened for all subtrochanteric SDO-THA surgeries performed
Table 1
Demographics table.

Demographics by crowe classification

Variable Total Crowe I

No. of hips 24 4
Age (mean ± STD) 40.8 ± 13.0 30.6 ± 5.1
Postop years (mean ± STD) 18.6 ± 6.9 22.9 ± 1.0
BMI (mean ± STD) 26.1 ± 4.2 22.8 ± 0.9
Sex 22 F/2 M 2 F/2 M

BMI, body mass index; F, female; M, male; STD, standard deviation.
a Only BMI for 1 patient was available in this subcohort.
between 1991 and 2001. A total of 31 subtrochanteric SDO-THAs
performed in 27 patients diagnosed with osteoarthritis secondary
to DDH were identified. Patients who did not reach a minimum of
5-year follow-up were further excluded (2 deceased patients, 5 loss
of follow-up). Therefore, 23 SDO-THA cases in 19 patients and 1
case (Crowe I) treated with derotational osteotomy without
shortening were confirmed and included for analysis. All but 2
surgeries were performed by the senior author (T.L.B.), and the
other 2 surgeries were done by 2 surgeons at the same institution.
Demographic data, implant specification, and radiographic evalu-
ation of the severity of DDH (Crowe classification) are summarized
in Table 1. The surgical technique has been described in detail in a
previous article written by the senior author (T.L.B.) published in
2007 [2].

Primary outcome measures included implant survivorship and
improvement in preoperative and postoperative modified Harris
Hip score (mHHS) for intermediate (5-15 years) and long (�15
years) periods.

Secondary outcome measures included diagnosis for revision
and radiographic analysis (osteotomy union, polyethylene wear,
osteolysis, and implant loosening) performed by 2 independent
observers and confirmed by the senior author. If osteolysis was
Crowe II Crowe III Crowe IV

2 4 14
36.6 ± 13.8 47.9 ± 7.9 45.8 ± 14.4
22.8 ± 6.2 20.1 ± 8.3 16.4 ± 7.1
24.3a 28.6 ± 6.5 26.4 ± 4.3
2 F 4 F 14 F



Figure 2. Acetabular systems graph.
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found around the acetabular or femoral components, the zones and
sizes were recorded according to the Gruen, Johnston, and Charnley
zones [9]. Acetabular wear was measured and recorded as the
asymmetric distance between the head of the prosthesis and the
acetabular rim [9]. The heterotopic ossification grading was
assigned according to the Brooker classification system [10].

Statistical analysis

Means and standard deviations were reported for continuous
variables, and counts for categorical variables. SPSS (IBM, Armonk,
NY) was used for statistical analysis. The survivorship analysis was
done using the cumulative incidence method to estimate the sur-
vival of the femoral stems and acetabular cups with revision for any
reason as the endpoint. A repeated analysis of variance test was
used to compare the current long-term clinical outcomes to both
preoperative and intermediate follow-up.
Figure 3. Cumulative incidence (CI)
Results

Our final analysis included 24 SDO-THA cases in 20 patients with
a mean follow-up time of 19 years (range, 8-27 years). This includes
18 women and 2 menwith an average age of 44 years (range, 20-68
years) at the time of the index surgery. There were 15 left and 9
right SDO-THAs which included 4 staged bilateral THAs. The mean
body mass index was 26 (range, 21-34) at index surgery.

All femoral reconstructions were performed using a modular,
distally fluted and proximally porous-coated stem (DePuy, Warsaw,
IN). Several different acetabular systems were used and are out-
lined in Figure 2. Metal heads were used in all cases. Conventional
polyethylene was used in all cases. Acetabular cup diameters
ranged from 40 to 55 mm. Size 22-mm femoral heads were used in
20 hips, and 28-mm femoral heads in 4. Superolateral acetabular
bulk allografting was used in 5 cases. Postoperative treatment
included home physical therapy with 20 lb. weight-bearing with
of implant revision over time.



Table 2
Revision table with demographics.

Gender Diagnosis Cup diameter (mm) Femoral head size (mm) Failure mode Time to revision (y)

F Crowe IV 49 22 AL 1
F Crowe IV 49 28 AL 1.3
F Crowe III 41 22 PWO 6.6
F Crowe IV 45 22 RI 7.7
F Crowe IV 40 22 PWO 12.3
F Crowe IV 40 22 PWO 12.6
F Crowe IV 42 22 PWO 21.2
F Crowe I 47 22 PWO 24.5

AL, acetabular loosening (Sulzer cup recall); PWO, polyethylene wear and osteolysis; RI, recurrent instability.
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walker or crutches for 6 weeks, then 50% with walker or crutches
for an additional 6 weeks. Full weight-bearing and weaning to a
cane were permitted upon radiographic evidence of osteotomy
union.

Primary outcomes

Implant survivorship was 67% at the mean follow-up of 19 ± 7
years (Fig. 3). Eight hips (33%) required acetabular revision
(Table 2). There were no femoral revisions. The mean time to
revision was 11 ± 9 years (range, 1-25 years). The mean preopera-
tive mHHSwas 35.4 ± 12.9 (range, 0-58) and 76.4 ± 14.4 (range, 52-
91) at the final follow-up. There was a significant improvement in
mHHS from baseline to intermediate follow-up period (delta ¼
42.4, P < .001), as well as to long period (delta ¼ 42.7, P < .001).
There were no significant differences between 2 studied post-
operative follow-up periods (delta ¼ 0.4, P ¼ .911) (Fig. 4).

Secondary outcomes

Radiographs were available for 23 of 24 cases (96%). We were
unable to retrieve radiographs for 1 patient due to institutional
record purge. All femoral osteotomies healed with a mean time to
union of 6.5 ± 3 months (range, 1-15). This was measured by
radiographic union of the osteotomy. The major cause for revision
was polyethylene wear and osteolysis in 5 cases (62.5%), followed
by acetabular loosening in 2 cases (25%), and recurrent instability in
1 case (12.5%). Both cases of acetabular loosening were due to
recalled oil residue-contaminated Sulzer acetabular components
Figure 4. Comparison of mHHS for the 17 SDO-THA cases that com
(Sulzer Orthopedics, Austin, TX). All revision cases are shown in
Tables 2 and 3. There were no cases of femoral loosening or sub-
sidence, and all shells and stems were radiographically well fixed at
the final follow-up. All femoral stems were shown to have good
bony ingrowth of the proximal porous-coated sleeve. Asymptom-
atic Brooker grades 2 and 3 heterotopic ossificationwas observed in
4 hips.

Complications

There were 3 cases (12.5%) of postoperative instability after in-
dex surgery. One case of dislocation was treated with open reduc-
tion and femoral cabling of a nondisplaced femur fracture without
component revision. It has been 18 years without a reoperation for
this patient. Another patient dislocated at 2 weeks postoperatively
and was successfully treated with closed reduction, and it has been
24 years without a revision. One patient suffered 1 dislocation at 3
years postoperatively then 3 more dislocations 5 years later which
resulted in revision at 8 years after the index surgery. This patient
with recurrent instability expired 13 years later without subse-
quent revision.

There were no observed femoral, sciatic, or obturator nerve
palsies, and there were no postoperative infections. Two patients
demonstrated a positive Trendelenburg sign at the final follow-up.

Discussion

The purpose of this study was to evaluate the long-term results
of DDH patients that underwent THA with the femoral
pleted preoperative, intermediate, and long-term follow-up.



Table 3
Revision table with revision component and modes of failure over time.

Variable <6 y 6-10 y 11-15 y 16-20 y 21-25 y >26 y

Revised component
Socket 2 2 2 0 1 0
Liner exchange 0 0 0 0 1 0

Mode of failure
Acetabular looseninga 2 0 0 0 0 0
Polyethylene wear 0 1 2 0 2 0
Recurrent instability 0 1 0 0 0 0

a Acetabular loosening from Sulzer cup recall.
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subtrochanteric SDO technique. We observed good long-term
functional outcomes with a mean mHHS of 76 at the final follow-
up. This is equivalent to a traditional HHS of 85 after conversion.
This compares similarly to other intermediate and long-term
studies previously reported [11e13]. One retrospective review of
26 SDO-THAs for patients with Crowe IV DDH reported amean HHS
of 86 at 7 years postoperatively [3]. Another study of 56 SDO-THA
cases reported HHS of 87 at 10 years [12]. These studies, along
with our report, demonstrate good to excellent long-term func-
tional outcomes can be achieved in this challenging patient
population.

We observed a 67% survivorship at a mean follow-up of 19 years
with all failures occurring on the acetabular side. There were no
femoral failures or nerve palsies in our series confirming that this
technique is a reliable method to successfully reconstruct the
dysplastic femur while mitigating peripheral nerve injury during
THA. Low rates of femoral failure using this technique have been
similarly reported [8,14]. Vreim-Holm et al. reported 65 SDO-THA
cases with a mean follow-up of 19 years and a 56% acetabular
revision rate [8]. They reported only 2 femoral revisions, 1 case of
subsidence, and 1 infection with the use of a nonmodular, grit-
blasted hydroxyapatite-coated stem. Eskelinen et al. reported 68
DDH cases treated with a shortening femoral osteotomy and
trochanter advancement during THA [14]. This technique differs
from an SDO-THA in that the trochanter is detached and advanced
distally to facilitate exposure and improve tension of the abductor.
They reported an overall survivorship of 57% at a mean follow-up of
12.3 years. In contrast to our series, they reported a Trendelenburg
sign and decreased abduction strength in 8% of cases. Furthermore,
they reported a 7% femoral revision rate with 2 cases of loosening
and 3 due to “malposition” with the use of a nonmodular stem.
While both these studies reported relatively low femoral failure
rates with nonmodular stems in osteotomy-THA cases, they were
both higher than our series. Our experience is that a modular,
proximal porous-coated, distally fluted stem provides superior
axial and rotational stability to the diaphysis after osteotomy.

Acetabular failure through wear and osteolysis was the domi-
nant reason for revision. This accounted for 63% of the failures in
our series, which is comparable to similar studies for SDO-THAwith
conventional polyethylene [8,14e17]. Vreim-Holm et al. reported
35 acetabular revisions with 23 (66%) of these due to loosening and
8 (23%) due to polyethylene wear [8]. They used several acetabular
implants with varying biologic ingrowth or ongrowth technologies
and attributed their high rates of acetabular loosening to the use of
a hydroxyapatite-coated shell. Acetabular failure was involved in
95% of the revisions in the 68 DDH cases reported by Eskelinen et al.
[14]. In their series, aseptic acetabular loosening accounted for 40%
of acetabular failures; however, a majority of these were attributed
to the use of threaded sockets. They observed a 21% failure rate due
to polyethylene wear at 12-year follow-up [14]. The relatively high
incidence of polyethylene wear and osteolysis observed in our se-
ries as well as those cited are partly due to the relatively young age
and presumably higher demand of this patient cohort. Additionally,
most of the cases in our study and those cited were during an era
prior to the advent of highly crosslinked polyethylene. Improved
survivorship and wear characteristics of highly crosslinked poly-
ethylene compared to conventional polyethylene have been well
demonstrated [17e20]. Additionally, polyethylene sterilization in
air was still being performed by implant manufacturers during the
time of our study and of those cited [21e23]. Since then, evidence
demonstrating reduced wear and osteolysis for polyethylene ster-
ilized in a low-oxygen or inert gas packaging has been reported and
accepted as the standard [24e26].

Excluding the 2 recalled Sulzer acetabular components, our
overall survivorship was 75% at an average period of 19 years. This
implant was recalled in December of 2000 formachining oil residue
left on the implant porous surface which resulted in failure of
osseous ingrowth after implantation. Although it is impossible to
determine if these cases would have failed by other means, it is
notable that our rates of acetabular looseningmay have been zero if
these shells were not used. This observation highlights the efficacy
of contemporary, porous titanium shells that were used predomi-
nately in this cohort of deficient acetabula.

Hip instability was themost common complication in our series.
Three cases (12.5%) dislocated postoperatively. Our data compare
favorably to similar studies with reports of instability ranging from
3% to 15% [14,15]. This observation is reassuring given that the DDH
patient cohort is at higher risk of instability. The generally small
stature of DDH hips necessitates the use of micro shells and 22-mm
or 28-mm heads. This results in a lower head-to-neck ratio and
higher risk of intraprosthetic and extra-articular impingement and
potential for dislocation [27]. Despite these factors, instability rates
in our series were still low, which may be attributed to the rota-
tional component of the SDO and its ability to optimize femoral
version and avoid intraprosthetic and greater trochanter-to-pelvis
impingement.

We observed no hip-related nerve palsies, which is consistent
with similar studies [3,4,8,15,28]. However, Eskelinen et al. re-
ported 5 nerve palsies in a cohort of 68 THA-DDH cases [14]. This
included 3 peroneal nerve palsies, 1 femoral nerve palsy, and 1
superior gluteal nerve palsy. An important distinction is that they
did not employ an SDO as we reported but rather a transverse
femoral osteotomy and trochanter osteotomy with advancement.
Alp et al. reported 5 nerve palsies in a cohort of 90 DDH THA cases
[29]. In their cohort, 77 cases were performed without an SDO, and
a transverse or step-cut osteotomy was performed in only 13 of
these cases. Of the postoperative nerve palsies, 4 resolved, yet 1
patient did suffer unspecified permanent nerve function loss.

This study contains several limitations. First, the retrospective
structure of the study lends itself to inherent limitations. The
sample size is relatively small with only 24 SDO-THA cases. There
were also 5 excluded cases (17%) due to loss of follow-up. However,
SDO-THA procedures are not common, and large study populations
with long follow-up are rare [8]. To our knowledge, there is only 1
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other SDO-THA studywith comparable follow-up length to ours [8].
Additionally, some may consider the inclusion of Crowe I and II
cases a limitation. However, we specifically included all degrees of
DDH to account for the importance of derotation of marked femoral
anteversion in lesser degrees of DDH. Marked anteversion can be
found to be independent of Crowe classification and may still
warrant derotational osteotomy when the need for shortening is
lacking [30].

Conclusions

In conclusion, THA with the SDO technique can produce good
long-term functional outcomes with acceptable implant survivor-
ship for the patient with DDH. It is an excellent technique to
mitigate hip-related peripheral nerve palsies in this patient cohort.
It is important to consider some common reasons for revision,
namely polyethylene wear and osteolysis, acetabular loosening,
and recurrent acetabular dislocations. The SDO technique should
remain the gold standard THA in patients with DDH, marked leg-
length discrepancy, and femoral anteversion.
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