
Total kalça artroplastisi (TKA) gelişimsel kalça çıkığı ve -
ya displazisine bağlı olarak gelişen kalça osteoartritinin
seçkin tedavi yöntemidir. Ancak, kalça çıkığı veya displa -
zisi çeşitli derecelerde kemik ve yumuşak doku sorunları
nedeniyle TKA’yı teknik olarak zorlaştırır. Diğer taraftan,
bu hastalar genellikle gençtir ve protezin dayanıklılığı
önemli bir sorundur. Bu hastalarda kemik yapısı ve stoğu -
nun uygunluğuna göre çimentolu veya çimentosuz kompo -
nentler kullanılabilir. Hastalar genellikle genç oldukla -
rından çimentosuz komponentler daha çok tercih edilir.
Asetabuler komponenti kemik stoğu izin verdiğince anato -
mik yerine yerleştirmek TKA’nın uzun dayanımı ve daha
iyi fonksiyonel sonuçlar için önemlidir. Asetabuler kom -
ponentte yeterli stabiliteyi sağlamak için yapısal greft uy -
gulaması, kontrollü medial duvar perforasyonu (mediali -
zasyon) veya asetabuler komponenti hafif yükseğe yerleş -
tirme (high hip center) yöntemleri kullanılabilir. Femoral
tarafta anatomi izin verirse kısaltmasız olarak veya gere -
ğinde kısaltma yöntemleri kullanılarak femoral kompo -
nent uygulanabilir. Bu yazıda kalça displazisinin asetabu -
ler ve femoral deformite sınıflamasına göre rekonstrüksi -
yon seçenekleri tartışılmaktadır.
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Coxathrosis secondary to the untreated develop-
mental dysplasia of the hip (DDH) is still encoun-
tered against all the screening and early treatment
methods of DDH. In mildly deformed hips, total hip
arthroplasty (THA) can be performed using standard
techniques. Severely dysplastic hips present chal-
lenging surgical problems. Even Charnley stated that
“in severe dysplastic hips, THA is an operation that
will predispose the patient to unnecessary risks”.

The primary problems with these patients are the
bony deformities, soft tissue contractures and the
relatively young age and higher activity level of
these individuals. In this review, we summarize the
DDH classifications, acetabular and femoral implant
options depending on these classifications and dis-
cuss the contamporary surgical techniques of THA
in the treatment of coxarthrosis secondary to DDH.
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Total hip art h roplasty (THA) is the pre f e rred tre a t m e n t
for patients with severe arthritis of the hip secondary to
developmental hip dislocation or dysplasia. However,
THA may be difficult due to bone and soft tissue pro b -
lems that arise from hip dislocation or dysplasia.
Another problem is that patients are usually young,
which may affect the long-term survival of the pro s t h e -
sis. Either cemented or uncemented components can be
used depending on bone stru c t u re and bone stock.
Uncemented components are more preferable because of
the young age of the patients. From a biomechanical
standpoint, the placement of the acetabular component
in its true anatomical location is the main goal for sur -
vival and better functional results of THA. To ascert a i n
the stability of the acetabular component, superior
grafting, controlled medial wall perforation (medializa -
tion), or giving the position of a high hip center may be
used. On the femoral side, various femoral components
may be used with or without a shortening osteotomy. In
this article, re c o n s t ruction options for developmental
hip dysplasia are discussed depending on acetabular
and femoral features of the deformity.
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Anatomy and classification
Thorough understanding of the bony and soft tis-

sue deformities induced by dysplasia is crucial for
the success of the THA. Primary deformities may be
further accentuated by secondary ones produced by
previous surgeries. Deformities are closely correlat-
ed by the severity of the dysplasia.[2] The acetabulum
is shallow and oval.[3] As the severity of the dyspla-
sia increases, the acetabular anteversion is increased
and anterosuperior bone stock decreased. In high
dislocations, the hemipelvis and the acetabular fossa
may be underdeveloped and rotated.

On the femoral side, the femoral head may be
normally developed in less severe cases, the neck is
usually in valgus;[4] with increasing severity, the
head gets smaller and the neck shorter and more
anteverted.[4,5] The trochanter is located posteriorly;
the medullary canal is straight and narrow (Figure
1).[6]

Secondary soft tissue deformities follow the pri-
mary bony deformities: the hamstrings, adductors,
quadriceps and iliopsoas are short.[7] The acetabular
capsule thickens and migrates proximally with the
dislocated head of the femur. Iliopsoas tendon is
usually hypertrophic and may cross the capsule.
Sciatic nerve shortens and may be damaged trying to
bring the hip center to its anatomical level.[ 8 ]

Anterior to the acetabulum, the femoral nerve may
be migrated laterally and may be injured by the
placement of inadvertent retractor placement or
lengthening. Long standing leg length discrepancy
may cause pelvic tilt, increased lumbar lordosis and
genu valgum.

Classifications are useful tools to delineate treat-
ment algorithms and to follow up the success of
these treatments. The most popular classification for
adult hip dysplasia is the Crowe classification,[5] fol-
lowed by Efthekar and Hartofilakidis classifications.
[9]

Crowe classification uses the proximal femoral
head displacement from the line connecting the dis-
tal borders of teardrops and has 4 types. Type 1 hips
has less than 50% of proximal migration of the mea-
sured femoral head, type 2 has 50-75 %, type 3 75-
100 % and type 4 dysplastic hips  has more than
100%  proximal migration. (Figure 2).

Hartofilakidis classification has three types: dys-
plasia, low (subtotal) dislocation and high (total)
dislocation (Figure3 a,b).[9] Dysplasia refers to sub-
luxated femoral heads still in the true acetabulum;
low dislocation refers to the dislocated femoral
heads articulating with secondary acetabulum, usu-
ally with anterior and posterior wall deficiencies
and high dislocation refers to high riding femoral
heads floating posterosuperiorly in relation to the
small and undevelopped acetabular fossa.

Acetabular reconstruction options
The succes in the acetabular reconstruction in

DDH patients is balancing the stability of the com-
ponent and the biomechanical advantage of bringing
the acetabular center of rotation to its anatomical
level. In the following part, Crowe classification will
be used as reference for the acetabular reconstruc-
tion options.

Crowe type 1
In Crowe type 1 dysplastic hips, the acetabulum

is normal or ovoid in the vertical plane. The bone
quality is good and standard acetabular cups – with
or without screw augmentation – may be used.

Crowe type 2 and 3
In Crowe type 2-3 dysplastic hips, the femoral

head is migrated on the acetabular-iliac corner. This
configuration which brings a superior acetabular
defect also causes various degrees of anterior and
posterior deficiencies. Crowe type 2-3 dysplastic
hips are the most discussed and difficult acatabular
reconstructions. Various surgical techniques are list-
ed to secure the acetabular component stability. The
coverage and stability of the acetabular component

Figure 1. AP radiograph of a bilateral high dislocation
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can be obtained by reaming up to the medial wall.
The main problem with medializing the acatabular
component is impingement of ischion to the posteri-
orly located greater trochanter or the neck of the
femoral component causing anterior dislocation.[6]

Resection of the impinging part of the ischion,
extended offset femoral components or lateralized
liners may be used to prevent this complication.[3,10]

There is no concensus regarding how much of the
acetabular component can overhang posterolaterally.
Within adequate anteversion and inclinaton degrees,
25% overhang is accepted biomechanically non
deleterious. The superolateral defect may be grafted
with cancellous acetabular reamings or using can-
celous chips from the femoral head. In severe dys-
plasia the following techniques may be used:

- Superolateral structural grafting
- Controlled perforation of the medial acetabular

wall (acetabuloplasty, cotyloplasty)
- High hip center

Structural acetabular grafting
Structural acetabular grafting is a bone stock

increasing procedure. After placing the acetabular
component in its anatomical level, grafting the pos-

terosuperior gap with the femoral head has advan-
tages such as ease of union and cost. Although struc-
tural acetabular grafting brings the center of rotation
of the hip to its anatomical and biomechanically
favourable place,[11] it is technically difficult and
increase the surgical time. There is also the risk of
early or medium term failure if the fixation of the
graft is not adequate or graft resoption occurs.

Cemented or cementless components can be used
with structural grafting. The results of cemented fix-
ation is variable and less used. Gerber and Harris
reported  21% and 46% failure rate in a series of 47
patients at 7 [13] and 10 [12] year follow up, respective-
ly. Numair et al [14] reported 12% acetabular revision
at average 10 year follow up, in a series of 190
patients (230 hips) that received cemented Charnley
THA. In their series of 39 THA with structural graft
and cementless acetabular components, Hintermann
and Morscher [15] reported 100% graft union at 7.6
years. 22 grafts showed various degrees of resorb-
tion, two acetabular compoents were loose and only
one acetabular revision was needed. Saglam et al [6]

reported in their series of 42 Crowe type 3-4 dys-
plastic hips, 17 THA necessitated structural grafting
and cementless acetabular component and all the
grafts were successfully united and the THAs were
doing well at 55 months follow up.

Controlled perforation of the medial
wall
This technique is the intentional reaming of the

medial wall of the acetabulum and the medialisation
of the acetabular component. [9,16-18] Medialisation of
the acetabular component decreases the joint reac-
tion forces and helps the coverage of the component.
The primary disadvantage is decreased medial wall
support to the component and possible medial
migration risk of the component before bone

Figure 2. Crowe classification
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Figure 3. Hartofilakidis classification. (a) Normal and dysplastic hips. (b) Low and high dislocations
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ingrowth. Hartofilakidis [9] reported 100% acetabular
survival at 5 years and 93% at 10 years follow up in
86 THA of 66 patients. Dorr et al followed 24 THA
of 19 patients for an average of 7 years and reported
no failures; they concluded that controlled perfora-
tion of the medial wall is a safe and reproducible
technique.

High hip center
High hip center defines the proximal placement

of the acetabular component from its anatomical
level. This technique is mostly used to have better

coverage of the acetabular component without graft-
ing or to avoid the need of femoral shortening. The
most important disadvantage is the biomechanical.
Computed tomography load models [19, 20] revealed
that loads across the hip joint are significantly high-
er with superolateral reconstructions; but if the
medialisation is adequate, even with superior
acetabular center of rotation, loads may be
decreased. [21] Impingement in flexion and/or exten-
sion may also be a problem and should be checked
with trial components.

( a ) ( b )

Figure 4. Anatomical placement of acetabular cementless cups. (a) Preoperative (b) Postoperative

F i g u r e 5.Femoral shortening options. ( a ) P r o x i m a l
metaphyseal transverse osteotomy with
t r o c h a n t e r i c a d v a n c e m e n t . ( b )
Subtrochanteric step cut osteotomy. ( c )
Step cut corrective osteotomy for a previ-
ously Schanz osteotomy patient.

( a )

( c )

( b )



Russotti and Harris [22] reported 16% revision rate
on 37 high hip center THA at 11 years and under-
lined that when using high hip center technique, the
component should not be lateralized. Pagnano et al
[23] reported that acetabular components placed 15
mm proximal than the anatomical level – even
though not lateralized – necessitated significantly
higher rates of acetabular and femoral revisions.

Crowe type IV
The acetabulum is usually very small in this type

of severe dysplasia that the femoral head is situated
very high. Anatomical acetabular reconstruction can
be performed using very small sizes of acetabular
reamers. The bone stock is situated posteriorly and
very soft in these acetabula. Some bone preservation
can be attempted using the last planned reamer in
reverse mode, impacting rather than removing bone
from the acetabulum. [ 1 0 ] Small acetabular cups neces-
sitates 22 mm heads in order to achieve adequate
polyethylene thickness. If possible, the acetabulum
should be reamed to accept an acetabular component
with ceramic liner (Figure 4a,b). 

Femoral reconstruction options
The dysplastic femur has a narrow and straight

medullar canal, increased anteversion and the neck
is valgus. The trochanter is located posteriorly. The
femoral reconstruction should be planned in relation
to the severity of the femoral deformity and the level
of the acetabular component. The main problem
with anatomical acetabular reconstruction is the
reduction of the hip. If this problem is anticipated

femoral shortening should be planned in order not to
overstretch the neurovascular structures and to cor-
rect preoperative bony deformities. Many shortening
techniques were described; some surgeons prefer
shortening from the greater trochanter level but
proximal metaphyseal shortening osteotomies are
the most widely used.[24-26]

Proximal metaphyseal shortening osteotomy can
be performed transverse,[27,28] oblique,[29] step-cut, [3,26]

or chevron type.[ 3 0 ] Rotational stability of the
osteotomy is mostly increased with the technical dif-
ficulty of the osteotomy, the most rotationally stable
being step cut and chevron type osteotomies. [Figure
5a,b,c)

The osteotomy may be stabilized with cables
using the shortening segments of bone as autografts
around the osteotomy site.[3] Some authors reported
that no extra  fixation method was needed with a
femoral component that stabilized the osteotomy as
an intramedullary nail.[ 2 7 , 3 1 ] Paavilainen et al
described the screw fixation method after
trochanteric osteotomy and proximal shortening.[32]

Cemented ad cementless femoral stems may be
used after subtrochanteric osteotomy. Rotational
correction is easier with the cemented stems but
there is always a risk that the cement infiltration to
the osteotomy site and impeding bone healing. The
use of cementless components is favored in these
relatively young group of patients with the reason
that the stem may be used to stabilize the osteotomy
and has a promising longevity.

Figure 6. Bilateral high dislocated and osteotomized hips,
proximal metaphyseal corrective shortening
osteotomy with cementless implants. ( a )
Preoperative (b) Postoperative

( a ) ( b )
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The anatomical deformities and the need for an
osteotomy are the main parameters that affect the
choice femoral component. Primary components
may be used in Crowe type 1 and 2 dysplastic
hips.[6,27,33,34] Masonis et al reported 100% union rate,
using the highly modular (S-Rom) femoral compo-
nents.[31] Some others recommended the use of cus-
tom made components.[35]

We prefer proximal metaphyseal step cut short-
ening osteotomy and the use of the cut segment as an
overlay autograft fixed with cables. We do not use
custom components and up to now, we were able to
achieve satisfactory results (solutions) with primary
components (Figure 6a, b).

The complexity of THA in coxarthrosis sec-
ondary to DDH is highly related to the severity of
the deformity. In lesser degree deformities, primary
components and standard techniques may be used.
Severe deformities usually necessitate special tech-
niques and implants for acetabular and femoral
reconstruction. Preoperative implant and surgical
technique planning is also a very important step. If
the ideal steps are planned and meticulously execut-
ed, THA for dysplastic and dislocated hips can be as
successful as primary THA.
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