
For developmental dysplasia of the hip (DDH), the aim 
of treatment is to obtain and maintain a stable, concentric 
reduction as early as possible.1,2) However, uncommonly, 
open reduction fails and re-dislocation occurs.3,4) The 
reported rate of failure or re-dislocation after open reduc-
tion through an anterolateral approach varies from 0% to 
8%.5-7) Re-dislocation after primary treatment of DDH is a 
serious complication and revision surgery after failed open 
reduction for DDH is technically demanding.8-20) Earlier 
studies have reported and highlighted the complications 
associated with the management of this difficult prob-
lem.1-4)

The hypothesis of the current study was that im-

proper surgical techniques and lack of experience would 
be the causes of re-dislocation and failure of open reduc-
tion for DDH. In the current study, we sought to answer 
the following query: are the revision procedure and reduc-
tion worthy operations for later development of normal 
hip joint? Also we focused on investigating the possible 
causes of re-dislocation and risk factors of failure, which 
should be addressed to avoid re-dislocation.

METHODS

We present in this study 33 patients (34 hips) who de-
veloped re-dislocation after an open reduction for DDH 
and underwent second revision surgery for open reduc-
tion and relocation of the dislocated hip. Among the 33 
patients, 28 were female and 5 were male patients (34 hips 
[21 left and 13 right] including 1 bilateral case), who were 
treated between December 2016 and January 2000. All 
cases had been treated initially at other hospitals except 4 
cases that had been treated at our hospital. We included all 
cases that had re-dislocation or persistent dislocation after 
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open reduction and had typical idiopathic DDH; excluded 
cases (15 cases) had neuromuscular or any other congeni-
tal disorders.

McKay21) clinical criteria score was used for clini-
cal evaluation. Anteroposterior and lateral radiographs of 
the pelvis, hip joint, and femur were obtained in all cases. 
The size and shape of the femoral head, the femoral neck 
length, and the degree of osteopenia of the proximal fe-
mur were evaluated. A modified Severin criteria was used 
for radiological evaluation.22,23) We checked the evidence 
of avascular necrosis (AVN) of the femoral head. If AVN 
was noted, it was categorized before revision surgery for 
follow-up documentation. The Kalamchi classification24) 
was used for radiological evaluation of AVN of the femo-
ral head. Computed tomography and magnetic resonance 
imaging were performed in all cases. 

First Operation
The patient’s age at the time of the first operation ranged 
from 1.5 to 2.5 years (mean, 1.7 years). 

The Operative Details
A bikini incision was used in 28 hips while the longitudi-
nal Smith Peterson approach was used in 6 hips. 

Femoral Osteotomy
A femoral osteotomy was performed through a lateral ap-
proach in 8 hips.

Pelvic Osteotomy
No pelvic osteotomy procedures were done in any cases. 
In 2 hips where 2 revisions were done, the first revision 
was an adductor tenotomy with closed reduction and the 
second was open reduction with a femoral osteotomy.

Second Operation
The patient’s age at the time of revision surgery ranged 
from 2 to 4.5 years (mean, 3 years). The mean time inter-
val between the first and second operation ranged from 0.5 
years (6 months) up to 2.5 years (mean, 1.1 years). We fol-
lowed a protocol, which recommended at least 6 months 
of interval between the first and second operations to 
achieve the greatest range of motion, to allow for matura-
tion of the scar tissue (to become more stretchable), and to 
avoid extensive bleeding from the immature highly vascu-
lar tissue.

In 2 cases, re-revision was done at 2 months (0.2 
years) after primary operation because of early dislocation 
in the spica associated with bad nursing. In the 2 cases, re-
dislocation occurred after the second operation because of 

poor dissection due to extensive intraoperative bleeding 
from the immature fibrous tissue. A vascular surgeon was 
present during these operations, but no vascular injury oc-
curred in both cases. The presence of a vascular surgeon 
was a precautionary measure due to the proximity of the 
medial dissection to the neurovascular trunk (femoral ar-
tery). 

The Operative Details
A bikini incision was used in all cases. In 32 cases, we 
started with an adductor tenotomy for easier reduction of 
the head.

Femoral Osteotomy through Lateral Approach
Femoral osteotomy was primarily done in 5 cases (varus 
+ derotation) and revised in 14 cases (in 10 cases due to 
excessive retroversion and in 4 cases due to undercorrec-
tion). Femoral shortening was done in 22 hips to decrease 
tension over the femoral head, which may lead to AVN. 
In 1 hip, femoral osteotomy was done at the first time and 
was not revised.

Pelvic Osteotomy
Salter’s osteotomy was done in 11 cases for anterolateral 
coverage. Dega osteotomy was done in 10 hips for antero-
posterior coverage of the head. Khairy Modified Lance Ac-
etabuloplasty (KMLA)15) was performed for correction of 
the deformed bipartite acetabulum in 13 hips, as we could 
not rely on the remodeling of the acetabulum in the revi-
sion procedure because of poor capsulorrhaphy, deformed 
labrum, which affects the femoral head stability inside the 
hip joint, and the injured acetabulum with a low growth 
potential.

Intraoperative Findings
The intraoperative findings include thick ligamentum 
teres (not cut in 7 cases), tight inferior capsule and labrum 
(not released in 14 hips), slanting acetabulum in 21 hips, 
bipartite acetabulum in 13 hips, deformed femoral heads 
in 3 hips (incongruous congruity), and tight hip in need of 
shortening of the femur in 22 hips.

Postoperative Casting
In all 33 patients, a spica cast was applied for 2.5 months, 
which was followed by the use of a broomstick plaster for 
2 weeks and then bracing for 3 months except in 5 cases 
where the brace was worn for another 3 months.

Statistical Analysis
Statistical analysis was performed by using IBM SPSS 
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ver. 20 (IBM Corp., Armonk, NY, USA). Qualitative data 
were presented as number and percentage. Quantitative 
data were presented as mean ± standard deviation for 
parametric data or median and range for nonparametric 
data. The student t-test was used to compare the 2 groups. 
Spearman’s correlation coefficients were used to test the 
correlation between variables. A p < 0.05 was considered 
statistically significant.

RESULTS

At the last follow-up, both clinical evaluation and radio-
logical assessment were done for all patients. The follow-
up period varied from 5 years up to 7 years (mean, 5.9 
years). According to the McKay clinical criteria, the clini-
cal results were good in 28 cases (82.4%), fair in 4 cases 
(11.8%), and poor in 2 cases with recurrent dislocation 
(5.9%). The radiographic results classified according to the 
modified Severin criteria were as follows: 28 hips (82.4 %) 
in category 2 (good), 4 hips (11.8%) in category 4 (fair), 
and 2 hips (5.9%) in category 5 (poor).

The complications were as follows: sciatic nerve 
injury in 1 hip (2.9%), re-dislocation in 2 hips (5.9%), and 
complete AVN in 2 hips (5.9%) (Table 1, Fig.1). There was 
no significant difference in age at the primary operation, 
but the age at the second operation, interval between op-
erations, Severin score, and Kalamchi score were signifi-
cantly lower in patients with good clinical scores. 

Severin and Kalamchi scores were significantly cor-
related with each other and both scores were significantly 

Table 1. Clinical and Radiological Outcomes

Evaluation No. (%)

McKay criteria

   Good 28 (82.4)

   Fair  4 (11.8)

   Poor 2 (5.9)

Kalamchi classification

   0 29 (85.3)

   1  1 (2.9)

   2 1 (2.9)

   3 1 (2.9)

   4 2 (5.9)

Modified Severin criteria

   1: Good 28 (82.4)

   2: Fair  4 (11.8)

   3: Poor 2 (5.9)

Complication

   Sciatic nerve injury 1 (2.9)

   Re-dislocation 2 (5.9)

   Avascular necrosis 2 (5.9)

A B C

D E F

Fig. 1. Case presentation. (A) Develop-
mental dysplasia of the left hip in a patient 
aged 2 years. (B) Immediate postopera-
tive radiograph after open reduction and 
femoral derotation osteotomy. (C) Post-
operative computed tomography scan of hip 
subluxation, showing insufficient re duction 
with bipartite acetabulum (arrow), which 
was the cause of re-dis location. (D) Revision 
open reduction, Khairy modi fied lance 
acetabuloplasty osteotomy, and graft in site. 
(E) The graft was fixed by a Kirschner wire. 
(F) Five-year follow-up radiograph.
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positively correlated with age at the second operation and 
interval between operations. In other words, the longer 
the interval between the first and second operations, the 
higher the age at the second operation and the worse the 
prognosis (Tables 2 and 3).

DISCUSSION

There are many causes that lead to re-dislocation of the 
hip joint in patients with DDH after open reduction. Jo-
hari and Wadia6) divided the possible causes of failure of 
primary open reduction into 3 categories according to the 
timing of failure (immediate, delayed, and late failures).

Immediate Failure
hip dislocation is noticed in the immediate postopera-
tive X-ray, which may be due to an approach-related er-
ror or inadequate exposure as in the medial approach in 
older children.6,24) Technical errors of open reduction are 
associated with inability to release all obstructing soft tis-
sues.4,6,9-12,24) Technical errors of the procedures that should 
be performed in addition to open reduction include fail-
ure to perform an adequate femoral shortening osteotomy 
when needed especially with an acetabuloplasty that in-
creases markedly the pressure on the femoral head, failure 

to correct a severely anteverted femoral head by a proper 
derotation osteotomy, and failure to correct coxa valga 
by a varus osteotomy. Correct displacement of the pelvic 
osteotomy is a more challenging task when performed in 
conjunction with the open reduction than as an isolated 
procedure, as control of the acetabulum is more difficult 
once the hip joint capsule has been opened.10-12)

Delayed Failure
Hip dislocation discovered after removal of a hip spica (at 
4 to 6 weeks). Its causes could be inadequate capsulorrha-
phy, which is the most common cause of delayed failure, 
inadequate stabilization of the pelvic osteotomy graft, and 
unstable fixation of the femoral osteotomy.11,13,18-20) Inad-
equate immobilization due to early removal of a hip spica.

Late Failure
Dislocated or subluxated hip after a normal intervening 
period of relocation postoperatively, usually due to abnor-
mal remodeling of the acetabulum or the proximal femur. 
In most cases, failure to get stable, concentric reduction 
at the first surgery is the result of errors in judgment or 
surgical techniques.2) Most patients did not have a suf-
ficient soft-tissue release or an adequate clearance of the 
structures, which prevented reduction of the head into 

Table 2. Comparison between Good Outcome and Fair and Bad Outcomes

Variable Good Fair & bad Student t-test p-value

Age at 1st operation 1.67 ± 0.52 1.81 ± 0.60 1.017 0.215

Age at 2nd operation 2.85 ± 0.95 4.03 ± 1.12 2.387 0.025* 

Interval between operations 0.91 ± 0.28 1.54 ± 0.37 3.034 0.002*

Values are presented as mean ± standard deviation.
*There was no significant difference with regard to age at the first operation, but patients with good outcome were significantly younger at the second 
operation with a shorter interval between operations. This indicates that the higher the age and the longer the interval between the first and the second 
revision operations, the worse the prognosis of revision for developmental dysplasia of the hip.

Table 3. Correlation of Severin and Kalamchi Scores

Variable
Severin Kalamchi

r p-value r p-value

Age at 1st operation  0.021 0.845 0.020 0.845

Age at 2nd operation  0.459 < 0.001* 0.587 < 0.001*

Interval between operations  0.412 < 0.001* 0.599 < 0.001*

Kalamchi 0.785 < 0.001*

*Severin and Kalamchi scores were significantly correlated with each other and significantly positively correlated with age at the second operation and 
interval between operations. So this indicates that the higher the age and the interval between the first and the second revision operations, the worse 
the prognosis of revision for developmental dysplasia of the hip.
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the acetabulum. Our findings agree with those in other 
studies regarding the main cause of failure of reduction 
in primary surgery.1-4,14-20) The success of capsulorrhaphy 
is essential in the first few weeks after open reduction; 
undue tension applied either posteriorly or anteriorly may 
lead to dehiscence or stretching. Failure to obtain proper 
tightness of the posterior capsule may result in posterior 
subluxation, especially if a Salter osteotomy is done simul-
taneously. Our findings in these aspects agree with those 
of Bos and Slooff 3) and McCluskey et al.2) We also agree 
with earlier studies that intra-articular adhesions should 
be completely excised to allow reduction.16) In the current 
study, the causes of failure of the primary open reduction 
were as follows: tight adductors in 32 cases, tight ligamen-
tum teres (not cut in 7 cases), and the inferior capsule and 
labrum tight and not released in 14 hips. In cases with 
femoral osteotomy, excessive retroversion was the cause 
in 10 cases, undercorrection in 4 cases, deformed femoral 
head in 3 cases (incongruous congruity), and tight hip 
in need of shortening of the femur in 22 hips. There was 
slanting acetabulum in 21 hips and bipartite acetabulum 
in 13 hips. So we agree with other authors that failure of 
primary reduction could be attributed to technical errors 
with lack of experience in these difficult cases. As bipartite 
acetabulum can be expected radiologically and confirmed 
intraoperatively, the problem with bipartite acetabulum 
is different from acetabular dysplasia. In dysplasia, an 
increased acetabular index is observed without intra-ar-
ticular deformities, whereas in bipartite acetabulum, there 
is an intra-articular deformity, which needs an osteotomy 
that addresses the intra-articular part of the deformity. Re-
constructive pelvic osteotomies are either re-directional or 
reshaping osteotomies; the first concern lies with changing 
the orientation of the acetabulum and the second concern 
with changing the shape of the acetabulum. Most reshap-
ing osteotomies depend on the triradiate cartilage as a 
fulcrum on which the acetabular roof is turned down as in 
Pemberton pelvic osteotomy. Lance acetabuloplasty starts 
just above the labrum acetabuli and extends above the 
subchondral bone inwards for 2–3 cm, and then the roof is 
turned down. 

Rejholec18,19) used combined pelvic osteotomy (Salter 
+ Lance acetabuloplasty) in the treatment of bipartite ac-
etabulum for correction of both orientation and shape of 
the acetabulum (in residual dysplasia) with the primary 
open reduction. In the study, Lance acetabuloplasty was 
used for correction of the shape of the normally oriented 
acetabulum but deformed by the subluxated femoral head 
in combined with revision open reduction. In the study, 
the final evaluation was dependent on the McKay clinical 

criteria and plain radiography. 
We used the KMLA16) in which we made a cut above 

the acetabulum that ends opposite to the margin between 
both parts of the bipartite acetabulum. We used KMLA, 
not Salter osteotomy, because the adhesions made the 
medial dissection on the inner pelvic table difficult, but in 
KMLA osteotomy, we dealt with the outer cortex. We did 
not encounter any incidence of lateral hip growth arrest, 
which could result in dysplasia of the acetabulum in any 
cases that underwent KMLA osteotomy, but we still need 
to investigate the long-term results in our next study to 
evaluate these cases.

Although we had promising, good results with the 
KMLA osteotomy technique for correction of the bipartite 
acetabulum and reforming of new bone coverage over the 
femoral head, we still need more time to confirm the last 
results and are waiting for more time for evaluation. The 
femoral osteotomy was done in 12 hips (5 new and 7 revi-
sions) with shortening plus medial wedges to make varus 
alignment. Regarding the best time for the secondary sur-
gery, we agree with other authors,2,24) who recommended 
delaying the revision surgery until the soft tissues and skin 
have softened up and all hip motions have returned to pre-
reduction ranges. It takes at least 6 months (0.5 year) for 
the scar tissue to become mature to prevent profuse bleed-
ing from the immature scar tissue during surgery. 

We followed these recommendations in our patients 
except in 2 cases, in which we discovered dislocation due 
to bad nursing during the postoperative casting period 
and thus reopened 2 months (0.2 year) after the primary 
surgery. In 1 case, reduction was successful but results 
were poor while in the other case, re-dislocation occurred 
because of poor dissection due to profuse intraoperative 
bleeding from the immature scar with failure and we had 
attendance of a vascular surgeon during the operation in 
both cases due to proximity to the neurovascular bundle.

Attendance of a vascular surgeon is not a manda-
tory protocol during revision DDH surgery, but it was a 
precautionary measure taken for the 2 cases with early 
revision, considering the risk of extensive intraoperative 
bleeding from the immature fibrous tissue. The surgery 
was performed with attendance of a vascular surgeon, but 
no vascular injury occurred in both cases.

There was no significant difference in age at first op-
eration but the good clinical score group was significantly 
younger at the second operation and the interval between 
operations shorter, and the Severin score and Kalamchi 
score were lower. Severin and Kalamchi scores were sig-
nificantly correlated with each other and both were sig-
nificantly positively correlated with age at the second op-
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eration and interval between operations. In other words, 
the longer the interval between the first and the second 
operations and the higher the age at the second operation, 
the worse the prognosis was. These results were in accord 
with the results of Abouelnas et al.,20) who reported a posi-
tive correlation between the age of the patients and the 3 
scores, but it was significant only with Kalamchi score.

In revision operations, the surgeon faces many 
challenges that are greater than those faced at first opera-
tions for DDH. The second line of surgical options or a 
backup plan should always be ready before surgery. Revi-
sion surgery for DDH can usually improve function, but 
rarely results in a healthy, normal joint,13,14) and this has 
to be clearly clarified to the family preoperatively to avoid 
having angry parents postoperatively.2,3,13,24) The main 
limitation of the present study is the absence of long-term 
follow-up, especially in the adult period with KMLA be-
cause there would be risks for iatrogenic physeal arrest on 
secondary ossification center around the labrum and AVN 
with too small osteotomy fragments with this technique. 
Therefore, we defer definitive conclusions until meaning-
ful results based on long-term follow-up and collection of 
more cases are obtained. However, compared to the other 
long-term reports in the literature, we could expect less 
favorable long-term outcome of the revision surgery to the 
primary surgery. Although we could not expect excellent 
outcome in all revision cases, relocation of the dislocated 

femoral head is still mandatory to facilitate the growth of 
both femoral head and acetabulum. 

Failure to obtain a stable, concentric reduction 
after primary open reduction of DDH is mainly due to 
the failed acetabulum remodeling, which is followed by 
technical errors with inadequate soft-tissue release. Based 
on the results of the current study, the outcome of revi-
sion surgery after failed open reduction for DDH can be 
expected to be good. KMLA is a good solution for cor-
rection of a deformed bipartite acetabulum as a residual 
of hip dysplasia. The procedure is simple but needs to be 
precisely designed for the defective area. It could be done 
combined with open reduction with or without a femoral 
osteotomy. However, the efficacy this technique still re-
quires longer time to be fully evaluated.
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