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ABSTRACT
Patients with developmental dysplasia of hip eventually lead on to secondary osteoarthritis in adulthood and may end
up with total hip arthroplasty at a younger age. Because of the altered anatomy of dysplastic hips, total hip
arthroplasty in these patients is a technically demanding procedure. Altered anatomy of the acetabulum and proximal
femur together with leg length discrepancy pose challenges during total hip arthroplasty. Since the majority of the
patients are in the younger age group, soft tissue balance is of great importance to maximise postoperative functional
result and longevity of prosthesis. In this paper, we present a series of our patients with a spectrum of disease
manifestation from mild to severe form and also discuss the associated challenges and the technical solutions and
their outcome.
Keywords: Hip, Arthroplasty, Dysplasia, Reconstruction, Techniques, Acetabulum, Femur, Osteoarthritis,
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INTRODUCTION
The end stage sequelae of DDH is more frequently
encountered in developing countries due to lack of hip
screening and early active treatment of developmental
dysplasia of the hip (DDH) and ultimately requiring total
hip replacement (THR). These patients are often young
and the procedure is technically challenging.1,3 Many
studies have highlighted the difficulty in regard to
preoperative planning, preparing of the true acetabulum,
restoration of the offset, and the correction of limb length
discrepancy (LLD).3,4
Total arthroplasties are especially indicated for painful
arthritis of the neoacetabulum (contact dislocations). In
the high forms without contact, pain may develop due to
contact between the femoral head and the iliac ala, which

may be seen on CT Scan. Hip arthroplasty for
developmental dysplasia of the hip is a technically
complex surgical procedure because of the anatomical
changes of acetabulum and proximal part of the femur.
Soft tissue contractures and laxity can be present as a
result of the acetabular and proximal femoral anatomical
variations. Patients with dysplasia require arthroplasty in
younger age than the others with osteoarthritis. For this
reason, implant selection is an important issue. Bearing
surfaces alternative to the conventional metal on
polyethylene should be preferred in this young patient
population.
We present the outcome of total hip arthroplasty in a
series of patients with a varying spectrum of disease at
presentation and the challenges associated, the surgical
options to be considered and common complications
associated with this procedure.

International Journal of Research in Orthopaedics | March-April 2018 | Vol 4 | Issue 2

Page 333

Kumar EGM et al. Int J Res Orthop. 2018 Mar;4(2):333-341

CLINICAL SERIES

Case 2

Case 1

Another patient (Figure 2 A and B) a 38-year-old female
presented to us with Crowe type II DDH. We could
restore the anatomy with a similar procedure.

A 28-years-old female presented to us with limping since
childhood and pain in left hip for 2 years. The pain was
insidious in onset and gradually progressive serious
enough to limit her activities of daily living. X-ray
showed Crowe type two DDH left hip with arthritis
(Figure 1A). This is a milder form of the disease and the
challenges in this patient for total hip arthroplasty were
coxa valga and deficient anterior superior acetabular wall.
Here we planned for uncemented THR with oxynium on
poly bearing surfaces using standard implants, did
preoperative templating. Our aim was to go to the
anatomical hip center. So hip center was brought down
and the cup was medialised (Figure 1B). The offset was
restored by a high neck cut and using standard offset
stem. The patient was made ambulant on 2nd
postoperative day with partial weight bearing using a
walker for one month and full weight bearing with a cane
for 1 months. At one year follow up the patient is doing
well.

Figure 2 (A): Crowe type II DDH right hip.

Figure 2 (B): Post operative.
Figure 1 (A): Crowe type II DDH left hip.

Figure 1 (B): Post operative.

Case 3
A 40 years old obese female patient presented to us with
limping pain right hip. She noticed pain in right hip since
one year. On presentation, the pain was limiting her
activities of daily living. X-ray showed Crowe type III
DDH right hip with low dislocation (Figure 3A). CT scan
confirmed there was a shallow acetabular cavity,
deficient anterio-superior wall and hypoplastic proximal
femur (Figure 3B). Here we planned for uncemented
THR using a standard prosthesis. It is advised to keep a
backup of modular implants and cemented version.
Challenges here are obesity, low hip dislocation, absent
acetabulum, hypoplastic femur, coax valga, lax hip. We
aimed at anatomical hip center. Usually, we get a strong
bone at native acetabulum and a controlled violation of
medial wall is sometimes required to get purchase. We
should aim at a minimum of 20o anteversion of the cup to
avoid too much of the anterosuperior wall being kept
uncovered. The offset is restored with high neck cut and
proud position of the stem (Figure 3C). The release of
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iliopsoas for reduction may be required. Postoperative
protocol was same as in case 1 and at 2 years follow up
the patient is doing well.

Figure 3 (A): Crowe type III DDH right hip.

Figure 3 (B): Pre-op CT showed shallow and
anterosuperior bone deficiency of acetabulum low
dislocation hip, coax calga.

Figure 3 (C): Post-op x-ray note the anteverted cup
insertion, controlled cotyloplasty done to get stability,
proud insertion of femoral stem to restore offset.

Case 4
A 30 years old female presented to us with limping and
pain in bilateral hips. The pain was since four years more
in right hip which was limiting her activities of daily
living. X-ray showed Crowe type III DDH in right hip
and Crowe type II DDH in left hip with advanced arthritis
in both hips (Figure 4A). This patient was operated early
in our series. Challenges here include high hip dislocation
in right hip, deficient anterosuperior acetabular wall and
huge medial osteophytes. We planned uncemented THA
in right hip first and left hip was operated 2 months later.
In both hips, we aimed at anatomical hip center and
reconstructed superior acetabular wall which is optional
but it helps in a future revision (Figure 4B). Primary
stability of the cup was ensured by good anteriorposterior purchase. When we are not reconstructing the
superior wall up to 30% of the cup can be safely left
uncovered. A high hip center up to 2CM is acceptable in
such cases. Again postoperative protocol was same as
case 1 at 7 years follow up she is doing well. Similar case
with bilateral hip DDH Crowe type III in right hip and
type II in left hip (Figure 5A). Here we accepted a high
hip center in right hip( Figure 5B). Postoperatively no
nerve palsy noted and at 9 years the post-op patient is
doing well.

Figure 4 (A): Bilateral DDH- Crowe typeIII (right)
type I (left).

Figure 4 (B): 7 years follow up.
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right (Figure 6C). The proximal fragment had to be split
and held with cables to accommodate the smallest
implant. Postoperatively touch down weight bearing was
allowed for one month and gradually progressed to full
weight bearing. Osteotomy united at 3 months. At 1 year
follow up, the patient is doing well.

Figure 5 (A): DDH- Crowe type III (right), type II left
hip.

Figure 6 (A): DDH- Crowe type IV right hip with 10
CM shortening.

Figure 5 (B): 9 years follow up.
Case 5
A 21 years old female presented to us with limping of
right hip since childhood and pain which started recently.
She noticed pain for one year, which was limiting her
activities of daily living. She also had 10 CM shortening
of right lower limb femoral component. X-ray showed
Crowe type IV DDH in right hip (Figure 6A). The
challenges are- high dislocation of the hip, hypoplastic
acetabulum and femur with narrow canal and adaptively
shortened sciatic nerve and all soft tissues around
including abductors. We did CT to access the bone stock
of acetabulum and status of femoral canal (Figure 6B)
Preoperative templating was done. We planned to address
this case with a modular prosthesis (S-ROM) with
subtrochanteric shortening osteotomy to prevent
overstretching of the sciatic nerve, restore hip center and
facilitate reduction. Up to 5 CM of lengthening may not
result in sciatic nerve palsy. The subtrochanteric
osteotomy was done at the level of ischial tuberosity and
allowed the femur to overlap. The extent of overlap in
traction with hip reduced determines the desired amount
of shortening. We restored the anatomical hip center,
primary stability of cup was achieved by cotyloplasty,
selecting the smallest cup size available, and the cup was
inserted with 300 anteversion and 10 degrees of
anteversion was given on femoral side to get the CAVA

Figure 6 (B): Pre operative CT.

Figure 6 (C): Post operative S ROM stem with
subtrochanteric shortening osteotomy.
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DISCUSSION
Abnormal anatomy in a patient with DDH results in
secondary osteoarthritis at a younger age (an average of
53 years according to Hartofilakidis et al5). Despite an
initial discouraging statement that THR should be
avoided in patients who have DDH, various techniques
have been developed to approach this problem.6 The key
point of surgical treatment is to ensure long-term stability
of the endoprosthesis by restoration of anatomical and
biomechanical relationships. Total hip arthroplasty in
DDH is technically demanding due to deficient

acetabular bone stock, abnormal femoral anatomy with
the increased neck-shaft angle and valgus orientation,
increased anteversion, poorly developed medullary canal,
muscle shortening and leg-length discrepancy.6,7
Distorted anatomy of the acetabulum and proximal femur
is always a challenge. Then there is leg length
discrepancy. And finally, the soft tissue balance is of
great importance (especially the need to preserve the
continuity of abductors) to maximise postoperative
functional result.8,9 Various techniques have been
described in the literature (Table 1).

Table 1: Different operative treatment options for total hip arthroplasty in secondary hip osteoarthritis in
developmental dysplasia of the hip.
Techniques for acetabular reconstruction
Standard metal augments (prefabricated)
Custom made acetabular augments (3D printing)
Roof reconstruction with vascularized fibula
Roof reconstruction with pedicled iliac graft
Roof reconstruction with autologous bone graft
Roof reconstruction with homologous bone graft
Roof reconstruction with auto/homologous spongious
bone
Reinforcement ring with the hook in combination with
autologous graft augmentation
Cranial positioning of the acetabulum
Medial protrusion technique (cotyloplasty) with chisel
Medial protrusion technique (cotyloplasty) with
reaming
Cotyloplasty without spongioplasty
Acetabular reconstruction
The major concern with total hip arthroplasty in DDH is
the containment and incorporation of the acetabular cup.
Placement of the cup is technically difficult because
normal anatomic landmarks are obscured. There is a need
for fine balance in adjusting the cup size, inclination, cup
anteversion and coverage. A compromise can be made by
setting acetabular component away from the ideal center
of rotation, but in such a way to ensure a good stability of
the endoprosthesis. High placement of the acetabular
component has been proposed. Russotti et al10 reports
good long-term results with “high hip center”. Kaneuji et
al claim no difference in polyethylene wear with rotation
center placed 20 mm proximal from the figure of tears.11
However, according to Bicanic et al one has to take into
account that for every millimeter of proximalisation, the
load on the hip increases for about 0.1%.12 At this level
bone stock is usually insufficient and the lever arm for
body weight remains much longer than that of the
abductors, resulting in excessive loading of the hip joint.
In addition, at this level, shearing forces acting on the
acetabular component may lead to an early loosening,
and in unilateral cases, a proximally placed acetabular
component contributes to limping and limb-length
discrepancy.13,14

Techniques for femoral reconstruction
Distraction with external fixator
Femoral shortening through a modified lateral approach
Transtrochanteric osteotomies
Paavilainen osteotomy
Lesser trochanter osteotomy
Double-chevron osteotomy
Subtrochanteric osteotomies
Diaphiseal osteotomies
Distal femoral osteotomies

Placement of the acetabular component in the anatomical
position and augmentation of the superior segmental
defect with structural autologous graft (autograft) or
allograft has also been proposed. Cementless acetabular
cups with 30% to 40% of un coverage may be
acceptable.15-17 Some authors recommend spongioplasty
of the acetabular roof for smaller uncovered areas.18 For
larger defects structural autograft or allograft can be used.
Autografts can be free or vascularized. Vascularized
autograft is expected to integrate better with iliac bone.19
Fujiwara reported good outcome of acetabular roof
reconstruction with free vascularized fibular graft.20
Long-term survival rates of such bone grafts proved to be
different in various studies. While some authors report
good long-term results of free auto- or allografts5,21,22 and
vascularized autografts, others warn about graft
resorption and secondary instability of acetabular
component in structural bone grafting.20,23-28 Acetabular
bone stock deficiency can be managed with specially
constructed acetabular components or using special 3dimensional porous materials which simulates bone
structure and allow faster and better endoprosthesis–bone
integration.29-31 For that purpose trabecular metal is used
in the form of acetabular cup or trabecular metal
augments. These are mainly used in revision surgery, but
can be useful in dysplastic hip THA.31,32 Potential
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advantage of trabecular metal is to avoid the use of
structural bone grafts, avoid the need for custom shaped
implants and provide excellent bone ingrowth on small
contact area. Major disadvantage is potential difficulty if
the cup should be removed because of infection. Oblongshaped cementless implant (oblong cup) can be used for
acetabular reconstruction. Abeyta et al presented
satisfactory long-term results in using oblong cup for
reconstruction of the acetabulum.33 According to fact that
medialisation of acetabular cup decreases hip load and
that satisfactory supero-lateral support of the component
with host bone is a better option, a method named
cotyloplasty was introduced. Later, in 2008 Bicanic et al
proved that every millimetre of lateral displacement of
the acetabular cup (relative to the ideal centre of rotation)
results with an increase of 0.7% in hip load, and for every
millimetre of proximal displacement an increase of 0.1%
in hip load should be expected (or decreased if
displacement is medial or distal).12 That suggests
acetabular placement as far medially as possible for
optimal results. Cotyloplasty is a technique that involves
making a perforation of the medial wall of a shallow
acetabulum and then inserting an acetabular cup with the
medial aspect of its dome beyond the Kohler’s line. In
1976, Dunn et al presented a method that involved
intentional medial wall fracture using osteotome with cup
placement beyond the ilioischial line, avoiding bone
grafting but still achieving cemented acetabular cup
stability.34 At the meeting of the Greek Orthopaedic
Association in 1984, technique of cotyloplasty for the
preparation of the acetabulum was reported by
Hartofilakidis et al.35 This method involved the use of a
T-handle curette to enlarge the socket. When the
acetabulum was large enough they fracture the paper-thin
medial wall using a deepening reamer. Acetabulum was
filled with a large amount of autogenous cancellous bone
graft and cup is cemented in position without pressure.
Hartofilakidis et al modified this method by perforating
the medial acetabular wall with a reamer instead of an
osteotome and called the technique cotyloplasty.35,36
Satisfactory reports were published later concerning the
results of implanting cemented cups using cotyloplasty.
Dorr et al reported good results when implanting porouscoated acetabular components using this technique.37
Cotyloplasty has advantages over other techniques of
fixing an acetabular component in a dysplastic
acetabulum. This technique has advantages over superior
cup placement because it usually restores the normal hip
joint biomechanics, it restores the leg length discrepancy
and it has less chance of impingement that may lead to
dislocation. Major disadvantage of the cotyloplasty is that
it is difficult to control the amount of the medial wall
fracture and complication such as -dislocation of the cup
inside the pelvis can occur.
In our series
We have restored anatomical hip reconstruction in all
cases of Crowe type I-II and in most of the cases with
type III-IV. In one patient with type III DDH, we

accepted high hip center (Figure 4B) and she is doing
well for 9 years follow up. The superior acetabular wall
was reconstructed in one patient using autologous bone
graft (Figure 5B) which is optional because cementless
acetabular cups with 30% to 40% of noncoverage is
acceptable.
Femoral reconstruction
According to the Crowe classification, arthroplasty
procedures performed on dysplastic hips that belong to
Crowe I or II class allow positioning of the femoral head
in optimal hip rotation center without performing any of
the femoral shortening procedures. In contrast,
arthroplasty procedures performed on Crowe III or IV
dysplastic hips commonly require one of the femoral
shortening procedures.
After placement of the acetabular component in anatomic
position, femur often becomes too long and needs to be
shortened. Thus, shortening femoral osteotomies are
developed, which further allows: (1) hip arthroplasty
without sciatic nerve stretching; and (2) correction of the
proximal femoral anteversion. After these procedures are
performed, abductor mechanism of the hip is restored
with equal final leg length.38 Femoral procedures can be
roughly divided according to the level of procedure:
proximal femur, femoral shaft and distal femoral
procedures.
Shortening procedures performed on femoral metaphysis
(subtrochanteric osteotomies) are the most frequently
used procedures for femoral shortening in DDH. Double
Chevron osteotomy was first described by Becker et al in
1995.39 Total hip arthroplasty was combined with a
femoral subtrochanteric shortening derotational doublechevron osteotomy.Initial results were promising, but this
method of Becker and Gustilo did not allow any
intraoperative changes and required complex and detailed
preoperative planning that was sometimes hard to
perform during surgery. Several modification of the first
technique is reported so far, such as the one from Li et al
where transverse osteotomy was first performed,
followed by rotational alignment in order to correct
anteversion.40 Later, after vertical alignment (length)
double chevron osteotomy was performed at the site of
the previous transverse osteotomy. Such method allowed
more precise (intraoperative) derotation and shortening
adjustment. Several authors with several differences in
techniques
described
transverse
subtrochanteric
osteotomies. First, Reikeraas et al presented transverse
osteotomy in 25 cases, with the use of 4 cemented stems
and 21 uncemented stems.41 Surprisingly, at 3-7 years
follow up, 96% satisfactory results were reported, with no
revision procedures or mechanical complications and
only 1 delayed union and 1 varus malunion. Similar to
this procedure, Yasgur et al reported a modified
technique in 1997 with enhanced torsional stability with
uncemented fully porous-coated stems, press-fit into the
diaphysis and augmented with allograft struts and cables
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on 9 patients.42 After 2-7 years period, 1 patient suffered
nonunion at the osteotomy site and one had a failure of a
distally ingrown porous device, which required revision.
Later on, Masonis et al supported the use of a transverse
subtrochanteric femoral osteotomy in high DHH with
secondary arthritis.43 5 years after the procedure was
performed, a follow-up report was published where
authors concluded that the transverse osteotomy union
rate was identical to the report using a step-cut method;
On the other side, cemented total hip arthroplasty with
subtrochanteric transverse osteotomy for Crowe group IV
DDH was described by Kawai et al45 in 2011.44 Authors
described procedure where shortening osteotomy sites
were covered with grafts of the excised fragments fixed
with cerclage wires. Authors presented good short-term
results without significant complications. Bruce et al
reported in 2000 a femoral shortening technique with use
of a straight cylindrical prosthesis that acts as an
intramedullary nail.46 Such prosthesis provides stability
control of the distal fragment. First, the femoral
osteotomy was performed with prosthesis in situ, then,
the prosthesis was advanced distally and morcellized
autologous bone-graft was applied to the osteotomy site.
In that way, one of the most important complications
after femoral shortening procedure(nonunion of the
osteotomy site) - was reduced to a minimum.42,45 This
method has all the characteristics of a simple, reliable and
flexible surgical technique. Togrul et al in 2010 presented
a similar technique of femoral fixation that uses a
transverse osteotomy for subtrochanteric shortening with
the use of bone pegs prepared from the resected femoral
segments which are then placed in the medullary canal
around the stem thus providing femoral fixation.47
Authors reported 21 cases with an adequate union present
in all cases, and early dislocation in only 2 cases.
Koulouvaris et al reported in 2008 an interesting
combined procedure where distal femoral shortening
procedure was performed as an addition to THR of
dysplastic and difficult-to-reduce hips.48,49 One of the
major advantages of this technique is the possibility of
combined correction of the ipsilateral knee valgus
deformity, which can be performed simply by changing
the shape of resection fragment.
In our series, we have performed 3 subtrochanteric
shortening osteotomy for Crowe type IV DDH. At one
year follow up all 3 osteotomies united with good
functional outcome. It is advised to keep a backup of
modular implants in addressing such cases because of the
significant anatomical abnormality of proximal femur
usually associated with the very narrow canal.
CONCLUSION

Backup of modular implants and cemented version is
mandatory. Anatomical hip reconstruction provides a
superior outcome. However, a high hip center up to 20
mm is acceptable if the hip is not lateralized or there is
easy anterior-posterior placement. Anteversion of the
acetabular cup should not be less than 20o. Superior
acetabular wall reconstruction using autologous bone
graft is optional. Cotyloplasty and medicalisation of the
cup is a good option for stability and biomechanical
consideration. Cementless acetabular cups with 30% to
40% of uncoverage is acceptable. The modular prosthesis
or distally fixing stems are recommended for Crowe type
III-IV DDH. Subtrochanteric shortening osteotomy
allows easy reduction and avoids sciatic nerve palsy in
high dislocation.
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