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Abstract

Total hip arthroplasty (THA) in developmental dyspla-
sia of the hip (DDH) presents many challenges to the
reconstructive surgeon. The complex femoral and ace-
tabular anatomy makes standard reconstruction techni-
cally challenging. Acetabular coverage can be improved
by medialization of the component or augmentation of
the deficient areas with bone graft. Femoral shortening
osteotomies are considered in cases of severe dyspla-
sia and frankly dislocated hips. Each patient’s unique
anatomy dictates what options of reconstruction are
available. The functional outcomes of THA in DDH are
generally excellent, though higher rates of mechanical
failure have been reported in this group. This article
reviews the anatomy, classification, technical consider-
ations, and outcomes of THA in patients with DDH.
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INTRODUCTION

Developmental dysplasia of the hip (DDH) is a leading
cause of hip arthritis in young adults. Although several
non-arthroplasty options exist prior to the development
of end stage osteoarthritis in these patients including
proximal femoral and periacetabular osteotomies'" total
hip arthroplasty (THA) remains the standard of care
when end stage osteoarthritis leads to significant pain
and loss of function. Abnormal contact stresses in the
dysplastic hip predisposes patients with DDH to develop
arthritic changes earlier than seen for patients without
dysplasiam. There are many challenges in considering
THA in patients with DDH including patient factors
such as young age, distorted anatomy", and documented
higher failure and revision rates'”.

ANATOMY

Although every patient with DDH has unique anatomy,
there are well described trends seen for the acetabulum
and the proximal femur. The acetabulum usually is char-
acterized by deficiencies anterolaterally and superiorly.
The proximal femur has been characterized by increased
anteversion, decreased intramedullary canal size, straight
contout, and either coxa vata or valga. Recent computed
tomography (CT) studies have demonstrated that dys-
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plastic femurs had consistently increased anteversion,
shorter necks, and smaller canals than non-dysplastic
femurs, and that the anterior bow of the femur displaced
further distally with increasing degree of dysplasiam. The
decreased canal width and thinner cortical diametets
in dysplastic hips also may make them more prone to

fracture!

. Hence, particular attention to detail to each
patient’s anatomic factors need to be made prior to pro-
ceeding with THA.

Soft tissue considerations in patients with DDH are
also important. Patients with severe DDH often have
inefficient abductor musculature leading to limp or frank
trendelenburg gait. Musculature around the hip including
the adductors, hip flexors, and hip extensors are short-
ened due to chronic dislocation. The sciatic nerve also
is prone to injury if excessive limb lengthening occurs
greater than 3 cm. Sciatic nerve palsy has been reported
to range from 5.2% to 13% for patients with hip dyspla-
sia treated with arthroplasty[sl.

DIAGNOSIS AND CLASSIFICATION

Patients with DDH commonly present as young patients

who develop an insidious onset of activity related groin
pain or lateral hip pain. Many patients have a leg length
discrepancy, and the development of a limp is the most
commonly reported functional loss in this populationm.
Patients with high dislocation have a decreased lever arm
for the hip abductors which reduces gait efficiency and
can lead to a limp. The development of advanced osteo-
arthritis secondary to abnormal biomechanics including
acetabular rim ovetload eventually leads to significant
pain and functional limitations necessitating THA. Ra-
diographic evaluation confirms diagnosis and the char-
acteristic anatomic abnormalities of the acetabulum and
proximal femur.

Radiographic evaluation of the patient with DDH is
essential for surgical planning. Standard radiographic se-
ries include an AP view of the pelvis and a false profile
view of the hip, which conveys information regarding
the amount of lateral and anterior acetabular cover-
age of the femoral head respectively. The center edge
angle, normally > 25°, is measured as the angle between
a vertical line through the center of the femoral head
and a line going through the center of the head and the
lateral edge of the acetabulum on an AP view of the
hip. The vertical-center-anterior angle, normally > 25°,
1s measured similarly as the angle between a vertical line
through the center of the femoral head and a line going
through the center of the head and the anterior edge of
the acetabulum on a false profile view of the hip“o]. An
AP view of the hip also provides a general assessment
of neck shaft angle of the proximal femur. CT scans are
also helpful for assessment of acetabular bone stock and
anteversion.

Several classification systems exist that are helpful
for considering surgical treatment. The most commonly
used classification scheme is that of Crowe e a/'"! which
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characterizes severity based on the amount of femoral
head displacement from the acetabulum as follows: Type
[ : <50% femoral head subluxation, Type II: 50%-75%
subluxation, Type II: 75%-100% subluxation, Type IV:
> 100% subluxation. This classification scheme can be
used as a general guideline for the acetabular component
reconstruction in THA. The Hartofilakidis classification
describes three characteristic types: dysplasia in which
the femoral head is contained in the true acetabulum,
low dislocation in which the femoral head articulates
with a false acetabulum that partially covers the true ace-
tabulum, and high dislocation in which the femoral head
does not articulate with a true or false acetabulum!"
Many surgeons find this classification to be more practi-
cal in guiding surgical treatment.

SURGICAL TECHNIQUES

Approach

The surgical approach is often dictated by the surgeon’
s preference. In mildly dysplastic hips in which extensive
exposure of the acetabulum is not necessary, standard
approaches including anterior, anterolateral, and posteri-
or approaches of the hip can be utilized. In cases of se-
vere dysplasia with significant subluxation of the femo-
ral head, a posterior approach is favored in order to gain
enough exposure to the femoral head and acetabulum.
Furthermore, in cases of severe dysplasia, a subtrochan-
teric shortening osteotomy is often needed for which a
direct approach to the proximal femur can be extended
from the posterior approach. Another option for severe
dysplasia is a trochanteric slide osteotomy that provides
excellent exposure to the acetabulum, and allows for tro-
chanteric advancement to improve the biomechanics of

the abductor mechanism.

ACETABULAR RECONSTRUCTION

In Crowe [ hips, the acetabular component can usually
be placed in the true acetabulum without augmenta-
tion (Figure 1). If necessary, medialization of the cup
can generally provide adequate coverage. Garvin ef al™
suggested that approximately 20% of the superolateral
aspect of the acetabular cup could be left uncovered
without significant risk for failure. However, no clear
guideline exists regarding the amount of adequate ac-
etabular cup coverage. Although cemented and press fit
acetabular components can be considered in Crowe I
hips, cemented fixation is associated with higher rates of
mechanical failure as discussed later.

In Crowe II and Il dysplastic hips, the superolateral
acetabular deficiency prevents placement of a standard
cup due to inadequate coverage. These hips are the most
challenging for reconstruction. Special components
including extra small cups and metal augments may be
necessary to address inadequate osseous coverage of the
acetabulum. The acetabular deficiency can be addressed

in one of several methods: (1) Acetabular reconstruction
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Figure 1 Treatment of Crowe | hip using an anatomic hip center. A and B: Pre-op X-rays; C and D: Post-op X-rays.

at the anatomic hip center with augmentation using bone
graft or augments; (2) Medialization of the anatomic hip
joint to obtain sufficient lateral coverage (Figure 2); or (3)
Acetabular reconstruction at a high hip center in a false
acetabulum. Acetabular augmentation with bone graft
allows for more anatomic position of the cup as well as
increased bone stock for future revisions. However, the
use of bone grafts for acetabular augmentation is associ-
ated with significant complications including bone graft
resorption, nonunion, mechanical failure of the graft,
and cup loosening" ", The use of bulk femoral head
autograft from the resected femoral head is an effective-
ly utilized technique in which the deficient acetabulum
bone is reamed to prepare a vascular bed of bone, and
the cancellous portion of the femoral head is shaped to
match the convexity of the prepated area of deficient
acetabulum then impacted and secured by two or more
screws into the ilium™”. With this technique, no grafts
were observed to fail at 10 years. To prevent mechanical
graft failure, Mulroy and Harris"" recommended > 70%
coverage of the cup by host bone, while Rodriguez ef
al™ suggested that < 60% of structural support of the
cup should be from the graft.

Medialization of the anatomic hip joint involves con-
trolled reaming of the acetabulum through the medial
acetabular wall to cteate enough coverage for the cup.
The cortical edge of the cotyloid notch is palpated. Any
intervening soft tissue in the acetabulum is removed. The
anterior wall is protected during the reaming as it is hy-
poplastic and prone to fracture. Undersized reamers ate
used first to create a hemispheric acetabulum, with the ap-
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propriate degree of anteversion. The protrusio technique
involves careful reaming through the medial wall until the
medial periostium is seen”. Successful medialization al-
lows for the use of a porous coated press fit component
and avoids the use of bone graft augmentation.

It may not be feasible to recreate the anatomic hip
center during reconstruction due to excessive acetabu-
lar deficiencies. In these situations, placement of the
acetabular component at a high hip center in a false
acetabulum can be performed using a small cementless
cup affixed with screws. This technique is biomechani-
cally unfavorable compared to anatomic hip center
reconstruction, as it leads to increased joint contact
forces, less mechanical advantage of the abductors, and
increased rates of acetabular component loosening™**.
Superolateral displacement of hip center decreases the
abductor moment arm by 28%*\. If a high hip center is
chosen for reconstruction, it is recommended to avoid
lateral positioning of the hip center, with which Kaneuji
et al” showed no acetabular loosening in their series at
10 years follow up.

In Crowe IV hips, the acetabulum is also hypoplastic,
however the superior rim is less eroded than Crowe II-
I hips. Therefore, placement of the hip in the anatomic
hip center is possible using a small uncemented acetabu-
lar cup in the anatomic hip center. Augmentation with
bone graft is usually not needed.

FEMORAL RECONSTRUCTION

Crowe | and II hips do not require femoral shortening
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Figure 2 Treatment of Crowe Il (right) and Ill (left) hips using an anatomic hip center with medialization. A, B and C: Pre-op X-rays; D, E and F: Post-op X-rays.

for safe positioning into the anatomic hip center. Due to
the narrow medullary canal and commonly observed an-
teversion of the femur in hip dysplasia, both cemented
narrow DDH specific femoral stems and uncemented
stems can be utilized. Narrow stemmed cemented com-
ponents allow for improved surgeon control of antever-
sion. If an uncemented press fit component is used, the
surgeon must be careful to avoid excessive anteversion
of the femoral component as the femur already carries
some degree anteversion. Often the proximal femoral
anatomy is significantly distorted, or biomechanically
inadequate for fixation. In these situations, diaphyseal
fixed components as well as modular components can
be used. Modular components allow for easier control
of anteversion. Techniques regarding use of modular
systems are described elsewhere in this specific topic
highlight symposium.

Femoral reconstruction of Crowe III hips follows
the same general principles as in Crowe [ and I hips,
however some may require femoral shortening if the
anatomic hip center is used for reconstruction. Femoral
shortening is more often the norm in Crowe IV hips,
for which one of two techniques are often utilized: (1)
subtrochanteric femoral shortening osteotomy with the
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use of an uncemented component (Figure 3); or (2)
greater trochanteric osteotomy with proximal femoral
shortening with the use of a cemented DDH specific
stem. Recently, the second technique has fallen out of
favor as subtrochanteric femoral shortening osteotomy
preserves the proximal femoral metaphysis, which allows
for the use of an uncemented component due to inher-
ent rotational stability when affixed proximally. Further-
more, subtrochanteric osteotomy allows for correction
of rotation, and obviates the need for trochanteric oste-
otomy which can be subject to nonunion. Kyrch ez a/”
described a technique in which a subtrochanteric short-
ening osteotomy is considered when templating leads
to limb lengthening of more than 3-4 cm. Based on
templating, the osteotomy site is planned at a level distal
to the metaphyseal flare of the implant though proximal
enough for distal stem engagement. The femur is reamed
ot broached prior to the osteotomy. A lateral approach is
made to the subtrochanteric femur, and a transverse os-
teotomy is created. A trial component is inserted to the
proximal fragment, and the hip is reduced. The amount
of femoral shortening can be verified intraoperatively
by overlapping the two fragments, and a second cut is
made on the distal fragment. The proximal edge of the
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Figure 3 Treatment of Crowe IV hip using an anatomic hip center with subtrochanteric shortening osteotomy (arrow) and a modular femoral component. A

and B: Pre-op X-rays; C and D: Post-op X-rays.

distal fragment is then prepated to create well opposed
edges. The end of the trial component is then inserted
and reduced into the distal fragment while adjusting for
anteversion.

POST-OPERATIVE CARE

Postoperative cate generally follows routine care for hip
arthroplasty. Prophylactic anticoagulation should be ini-
tiated postoperatively to reduce the risk of deep venous
thrombosis. A plan for an adequate pain control regimen
to allow for postoperative mobilization should be made.
Physical therapists are essential to help safely mobilize
the patient after surgery. If femoral or trochanteric os-
teotomy was not requited, then patients can beat weight
as tolerated after surgery with hip restrictions based on
the surgical approach. If a trochanteric osteotomy was
used in Crowe IV hips for proximal femoral shortening
or during the approach, trochanteric precautions should
include limitations in active hip abduction for at least six
weeks or until trochanteric union has been achieved. If
a subtrochanteric osteotomy was used in Crowe [V hips
for proximal femoral shortening, it is recommended to
keep the patient toe touch weight beating for 6-8 wk to
allow for healing of the osteotomy.

OUTCOMES

Total hip arthroplasty improves both Harris hip scotes
and pain levels in patients with hip dysplasia. The out-
comes for mildly dysplastic Crowe [ and II hips are
generally good, and are similar to results seen for THA
in patients without dysplasia. Revision rates for THA in
severely dysplastic hips, however, are significantly higher
than revision rates for THA in non-dysplastic hips™***".
Patients with severe DDH may continue to walk with a
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limp after surgery due to the inherent abductor weak-
ness, although overall function including walking dis-
tance, hip pain, range of motion generally improves after
hip replacement. There are only a few large studies that
directly compare THA outcomes in dysplastic and non-
dysplastic patients. Recent studies show that short-term
THA outcomes (6 mo follow-up) are similar for dysplas-
tic and non-dysplastic hips with regards to Oxford hip
score and revision rate™. At 15 yeat follow-up, however,
THA revisions ate 1.5-2.0 times more likely in dysplastic
hips than in non-dysplastic hips'.

Cemented acetabular reconstruction has fallen out of
favor because of reported revision rates up to 37%!.
Uncemented acetabular reconstruction without acetabu-
lar augmentation is now the standard of care in mildly
dysplastic hips with lower rates of aseptic loosening and
revision at mid to long term follow-up. When acetabular
augmentation is necessary, uncemented acetabular com-
ponents with augmentation have revision rates of 0-5%
and aseptic loosening of up to 26% at short term follow
up"™™, while cemented components have revision rates
of 10%-35% at long term follow-up"*'**). The longest
term follow-up of uncemented acetabular fixation in
combination with bulk femoral allograft showed 94%
survival at 10 years"”. Overall, there is strong support in
the literature for uncemented acetabular fixation, even
when acetabular augmentation is requited.

There are few reports on the outcomes of using a
high hip center, which is limited by small sample size.
Nevertheless, these reports show a wide range of ac-
etabular component mechanical failure or loosening
rates from 16%-83.3%"">"**!. Higher rates of loosen-
ing were correlated with lateral displacement of the hip
center™. A recent report of 30 hips treated with slight
elevation of the hip center without lateralization using
an uncemented cup showed no evidence of loosening at
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average 15.2 year follow up, which implies the potential
importance of preventing lateralization when using this
techniquem

Cemented femoral reconstruction has shown more
favorable results compared to acetabular reconstruction,
though the results are inconsistent. Two studies with
favorable results with long term follow up of at least 9.9
years showed femoral revision due to mechanical failure
or loosening to range from 3%-10%"""", One other
study reported a 15%-40% incidence of radiographic
loosening of cemented femoral components at 16 year
follow-up when used in dysplastic hjpsm.

Uncemented femoral components have had excellent
survivorship in patients without DDH" Nevertheless,
definitive long term results in hip dysplasia are lacking,
Mortazavi e al”” evaluated the outcome of cementless
femoral reconstruction in patients with proximal femoral
deformity and found that the overall mechanical failure
rate was 9% at an average four years follow up in 58
hips, though only 48.5% of hips evaluated had deformity
due to dysplasia. The use of proximally fit uncemented
components in hip dysplasia is challenging due to sig-
nificant deformity, and often osteotomies and modular
components are necessary to achieve an optimal fit.

Femoral shortening »iz proximal femoral osteotomy
and distal greater trochanteric advancement can be as-
sociated with significant complications. Anwar ez a/*"
reported up to 29% nonunion of the greater trochanter,
as well as increased frequency of Trendelenburg gait.
Hence, recent attention has been directed towards sub-
trochanteric osteotomy which allows for maintenance of
abductor mechanism as well as more flexibility in cor-
recting for rotational deformities.

Short to medium term results of patients with Crowe
IV hips treated with femoral shortening subtrochanteric
osteotomy using uncemented components and anatomic
hip center reconstruction generally show excellent heal-
ing rates of the osteotomy, ranging from 0-7%""*. The
overall outcome of reconstruction in these patients
showed a 75% survivorship rate at 14 years follow up,
with failure mostly attributable to polyethylene wear and
osteolysis likely secondary to the use of older genera-
tion polyethylene components as well as thin liners"™. A
ten year follow up study also revealed improved lasting
Harris hip scotes in patients with dysplasia treated with
modular femoral components and subtrochanteric oste-
otomy compared to preoperatively™”. Long term results
using newer generation highly cross linked polyethylene
components need to be evaluated for this technique.

CONCLUSION

THA in patients with DDH is a complex procedure that
requires an understanding of the complex acetabular and
proximal femoral anatomy of each patient. The complex
anatomy dictates what surgical techniques are necessary
to create a mechanically stable and functional outcome.
Patients can expect significant improvement in function
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and quality of life after THA, although complication
rates are understandably higher in this patient group due
to their increased complexity.
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