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Treatment of developmental dysplasia of the hip before walking: 
Results of closed reduction and immobilization in hip spica cast
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We retrospectively evaluated 200 hips of 129 patients with the diagnosis of 
developmental dysplasia of the hip treated with closed reduction and hip spica 
cast. There were 153 female and 47 male hips in the group. The mean age 
of the patients at the time of the reduction were six (range. 2-13) months and 
mean follow-up was 51 (range: 16-240) months. All the patients were treated 
with closed reduction and were immobilized in hip spica cast. The mean time 
of immobilization in the cast was 102 (range: 45-190) days. Avascular necrosis 
was observed in 15% of the hips. Clinical and radiological end results of the 
patients were evaluated with modified McKay criteria and Severin classification. 
Eighty-two percent of the patients had satisfactory results according to modified 
McKay criteria and 76% of the patients according to Severin classification. The 
most important parameters affecting the end result were pre-reduction location 
of the hip, pre-operative acetabular index values and avascular necrosis. Based 
on the results of this study, treatment of developmental hip dysplasia with 
closed reduction and hip spica cast is a relatively safe and effective method.
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The term developmental dysplasia of the hip 
(DDH) refers to a spectrum of clinical and 
anatomical deformities ranging from capsular 
laxity to an irreducible dislocation. The 
pathological changes in a dysplastic hip in a 
newborn infant are generally reversible, with a 
95% success rate with a simple means of 
treatment1-2. If the diagnosis is delayed, the 
obstacles to reduction become increasingly 
difficult to overcome, and recovery of the 
acetabulum after reduction is less predictable. 
The goal of the treatment of a dysplastic hip is 
to attain a concentric reduction to allow normal 
femoral and acetabular development3. It is very 
well known that a stable and concentrically 
reduced femoral head is the primary stimulus 
for the development of the acetabulum4. Closed 
reduction and immobilization of the hip in a 
spica cast is one of the most commonly used 
treatment methods of DDH. This method can 
be used before a child walks. But inappropriate use 
of the method commonly causes complications

that affect long-term prognosis of the joint. 
Clinical results are generally better than 
radiological results in children. But the long­
term prognosis of the joint is generally related 
to the radiological appearance5. Avascular 
necrosis, which increases delay in reduction, is 
the most important parameter affecting long­
term clinical and radiological outcome of the 
disease. The aim of this study was to evaluate 
the functional and radiological results of closed 
reduction in one of the biggest series in the 
literature patients in mid-term.

Material and Methods
We retrospectively evaluated 200 hips of 129 
patients with the diagnosis of developmental 
dysplasia of the hip (DDH) treated with closed 
reduction and hip spica cast. Arthrogrypotic 
patients and patients with chromosomal 
anomalies or multiple congenital anomalies 
were excluded from the study. The mean age of
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the patients at the time of the diagnosis was 
six months [(range 2-13 and the mean follow­
up was 51 months (range: 16-240)]. There were 
153 female and 47 male hips in the group.
The position of the hip was evaluated according 
to Tonnis6. Tonnis divided the position of the 
hip into four groups: Type .1 describes dysplastic 
hips; type II, subluxated hips; type III, dislocated 
hips; and type IV, high dislocation. Radiographs 
of 184 hips before the treatment were evaluated 
with the radiological criteria as described above. 
According to Tonnis displacement grading 
system 56 hips had type I displacement, 116 
hips had type II displacement, 10 hips had type 
III displacement, and 2 hips had type IV 
displacement in this study group6.
The acetabulum was evaluated with acetabular 
index values. The mean acetabular index value was 
35 degrees (range 15-52) before the treatment. 
Home skin traction was applied for 155 hips for 
a period of 16 days (range 5-45) before the closed 
reduction. All closed reductions were performed 
under general anesthesia. Adductor tenotomy 
was necessary in only 76 hips. The reduction 
quality was evaluated with a direct radiograph 
in the operating room. If the femoral assific 
nucleus or shaft of the femur was directed to 
the triradiate cartilage, the reduction was 
accepted as a concentric reduction. Patients were 
immobilized in the human position, meaning 90­
100 degrees flexion and 30-50 degrees of 
abduction. A secondary hip spica cast was applied 
for 58 hips. The mean time of the immobilization 
was 102 days (range 45-190). An abduction brace

was used after the removal of the cast for an 
additional four months (range: 1-15).
Functional outcome of the patients was evaluated 
according to the modified McKay criteria7-8 
(Table I). Last radiographs of the patients were 
graded according to Severin classifications9 
(Table II). Severin class I and II hips and McKay 
type I and II hips were accepted as a good result. 
End results of the patients who needed surgical 
treatment after closed reduction were accepted 
as poor results. Avascular necrosis was classified 
according to Salter et al.10 and Bucholz and 
Ogden11. Bucholz and Ogden identified four 
radiographic patterns of avascular necrosis in the 
proximal femur. Type I is characterized by either 
temporary fragmentation of the capital femoral 
ossified nucleus or delay in appearance of the 
ossified nucleus. The prognosis of type I 
avascular necrosis is good, and a skeletal 
maturity, it can be accepted as normal. In type II 
avascular necrosis damage to the lateral part of 
the physis causes premature fusion of the 
superolateral part of the physis. The outcome is 
a short femoral neck in valgus angulation with 
marked uncovering of the femoral head by the 
acetabulum. Type III avascular necrosis is whole 
head involvement. The femoral head is flattened 
and deformed and the hip joint is incongruous. 
Type IV avascular necrosis affects the medial 
part of the capital femoral epiphysis and 
resulted in coxa magna and breva.
All the radiographic parameters were compared 
with the functional modified McKay criteria, Severin 
grade and avascular necrosis to determine the most 
important parameter affecting the end results.

Table I. Severin classification
Center-edge angle Radiographic appearance

Class I la >190 (1643 yrS)
>25° (>14 yrs)

Normal

lb 15-19° (6-13 yrs)
20-25° (>14 yrs)

Normal

Class II Ila >19° (6-13 yrs)
>25° (>14 yrs)

Mild deformity in femoral head, neck or acetabulum

lib 15-19° (6-13 vrs)
20-25° (>14 yrs)

Same as Ila

Class III <15° (6-13 yrs)
<20° (> 14 yrs)

Subluxation without dysplasia

Class IV IVa >0° Mild subluxation

Class V
IVb <0° Severe subluxation

Femoral head located at false acetabulum
Class VI Re-dislocation
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Table II. Modified McKay Criteria

Grade Resuit Description

I Excellent
II Good
III Fair
IV Poor

Painless, stable hip, normal range of motion, Trendelenburg’s sign (-)
Painless, stable hip, mild limping, mild loss of motion, Trendelenburg’s sign (-)
Mild pain, mild loss of motion, Trendelenburg's sign (+)
Severe pain

Results
Of the 200 hips 189 could be classified according 
to Severin classification in the latest follow-up9. 
There were 123 class I hips, 20 class Ila hips, 3 
class lib hips, 3 class III hips, 3 class IVa hips, 
6 class IVb hips and 1 class VI hips. Thirty hips 
needed surgical treatment and were not graded 
according to Severin classification. Class I and II 
hips were described as good results and others 
were accepted as poor results according to 
Severin radiological classification (Fig. la, b). 
Seventy-six percent of the patients had good 
results and 23% of the patients had poor results.

One hundred and sixty-one hips could be 
classified according to modified McKay criteria7-8. 
There were 148 type I hips, 10 type II hips, and 
3 type III hips. There were no type IV hips in 
the study group. Eighty-two percent of the 
patients had good results and 18% of the patients 
had poor results according to modified McKay 
criteria. Twenty-five hips 15% of the 164 for 
which sufficient radiographs were available had 
avascular necrosis. These hips were graded 
according to Bucholz and Ogden11. There were 
11 type I, 5 type II, 5 type III, and 4 type IV 
avascular necrosis hips (Fig. 2a, b).

Fig. lb: The same patients in Fig. la, 10 years after 
the closed reduction. The hip is normal.

Fig. la: Nine-month-old female patient with 
left hip dislocation.

Fig. 2a: Seven month old female patient with right hip dislocation.
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Fig. 2b: Same patient in Fig. 2a, 11 years after the closed reduction. There is a sequelae of whole head 
involvement avascular necrosis, and trochanteric overgrowth. Trochanteric apophyseodesis was 

performed to stop trochanter growth.

The mean acetabular index after removal of the 
cast was 23 degrees (range: 10-42) and the mean 
acetabular index at the end of the follow-up was 
19.54 degrees, (range: 10-40). The mean center­
edge angle was 20.51 degrees (range:15-48) after 
the treatment.
There was no statistically significant difference 
in the end results in terms of sex, or clinical 
and radiologic findings (p>0.05).
In the group for whom home skin traction was 
applied, there were 16 hips with avascular necrosis; 
in the group receiving no home skin traction, there 
were nine hips with avascular necrosis.
There was no statistically significant difference 
between home skin traction and avascular 
necrosis (p = 0.5). There were statistically 
significant differences between the position of 
the hip before reduction and Severin anatomic 
classification (p = 0.001); modified McKay 
criteria (p = 0.001); and avascular necrosis 
(p=0.001). There were 106 hips treated before 
she months of age and 101 of them healed with 
satisfactory outcome. There were 83 hips treated 
after six months of age and 75 of them healed 
with satisfactory outcome according to Severin 
classification and McKay criteria. The difference 
between patients treated before six months of 
age and after six months of age was statistically 
significant (p=0.006); the end results of the 
patients were evaluated with either Severin 
classification or modified McKay criteria. The 
mean acetabular index before the treatment in 
the cases with good results (according to 
Severin) was 34.8 degrees. The mean acetabular 
index before the treatment in cases with poor

results (according to Severin) was 38.5 degrees. 
The difference was statistically significant 
(p=0.001). There was no statistically significant 
difference between the acetabular index values 
and avascular necrosis.
There was a strong and statistically significant 
relationsip between avascular necrosis, Severin 
classification and modified McKay criteria 
(p<0.001), meaning if there were no avascular 
necrosis the result would be better.

Discussion
Treatment of DDH is often challenging, and 
evaluation of the results in the published series 
is difficult because there is no universally 
accepted, standard system for the assessment of 
function and of radiographs of patients who have 
hip disease9'12-13. Severin Class I and II are 
generally accepted as excellent and good results5. 
Similar diversity in the systems of classification 
for function also makes comparison of results 
difficult. There is a discrepancy between excellent 
clinical results and radiographic results that are 
not excellent anatomically, especially in 
children14-15. Radiologic results better predict the 
long-term prognosis of the joint5.
Preoperative hospital or home skin traction is a 
debatable issue in the treatment of DDH. Fish et 
al.16 surveyed the members of the Pediatric 
Orthopedic Society of North America on this 
topic. Most pediatric orthopedic surgeons thought 
that traction reduces the incidence of necrosis in 
the treatment of DDH. But contrary to that belief, 
several articles on closed reduction without use 
of preliminary traction report incidences of
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proximal femoral damage comparable to those 
found in series in which traction was used17-18. 
The result of this study also indicates that there 
is no correlation between avascular necrosis and 
preliminary home skin traction.
Perereduction position of the hip was also found 
to be an important parameter related to the end 
result. In high dislocations the reduction may 
be more forceful, and this may explain this 
result. Tonnis6 hip grading system is useful for 
predicting difficult and complication-prone cases 
and can be used in the preoperative evaluation 
of the patients as shown in this study.
Prereduction acetabular index values were found 
to be related with the end result. This illustrates 
that treatment of severe dysplasia is difficult and 
that these patients should be followed-up closely; 
secondary procedures may be necessary for 
further treatment. An insignificant relationship 
between avascular necrosis and severity of the 
disease supports the idea that avascular necrosis 
is an iatrogenic complication.
The most disastrous complication associated 
with the treatment of DDH involves various 
degrees of growth disturbance of the proximal 
femur, including the epiphysis and the physeal 
plate. In the current study avascular necrosis was 
found in 15% of the patients. The reported 
incidence of proximal femoral growth disturbance 
varies from 0 to 73% in the literature5-8-19. 
Different opinions exist about the reasons for this 
variation. The use of prereduction traction, 
adductor tenotomy, and open or closed reduction; 
the force of reduction; the position of the 
postoperative immobilization; and the age at 
reduction have been implicated as etiologic 
factors19. Prereduction traction was not found as 
an etiologic factor in that study. Adductor 
tenotomy was not evaluated because in this study 
group adductor tenotomy was performed only if 
it was necessary. Position in the cast after 
reduction may be a factor, but no patient was 
immobilized in an extreme position. The problem 
is that there is no universal position safe for every 
patient. We believe the most imponant factor 
affecting the rate of avascular necrosis is the force 
of reduction. The force of reduction is not a 
quantitative factor affecting results, and it can 
only be evaluated by position of the stable 
reduction. Reductions, which are stable in 
extreme positions, generally need much more 
force. In these hips, closed reduction is not an

appropriate method of treatment. Age of the 
patient at the time of the reduction is also an 
important factor. The low rate of avascular 
necrosis in this group might be attributed to the 
low mean age of the patients, because younger 
patients have a lower rate of growth disturbances 
and because the incidence of avascular necrosis 
increases with delay in reduction20. The method 
of reduction may be related to the rate of 
avascular necrosis, but the method of reduction 
alone is not. We believe that open reduction is 
indicated if closed treatment foils, or if there is 
persistent subluxation, soft tissue interposition, 
or reducible but unstable reductions other than 
extreme positions of abduction. The avascular 
necrosis rate obtained in this series is one of the 
lowest rates published19. It is known that type 
I avascular necrosis has a good prognosis for the 
joint; if the hips with type I avascular necrosis 
were excluded, the rate of avascular necrosis 
would have been 7% in this group.
The results of the current study indicate that 76% 
of the patients had acceptable results with this 
method radiographically. According to modified 
McKay criteria, 82% of the patients had 
acceptable results. Patients with high dislocations 
and high acetabular index values, and patients 
older than six months of age at the time of the 
reduction had a poorer prognosis. There is a 
strong correlation between these criteria and 
avascular necrosis. As a result of this approach, 
the most important parameter affecting results 
is avascular necrosis of the femoral head.
The results of this present study showed that 
treatment of developmental dysplasia of the hip 
with closed reduction and immobilization in hip 
spica cast before a child walks is an effective and 
relatively safe method. Orthopedic surgeons 
should be very careful about patients with high 
acetabular index values and high dislocations, 
and who are older than six months of age at the 
time of reduction, as shown in this study. These 
cases should be evaluated very carefully under 
general anesthesia with the aid of dynamic 
arthrography in order to avoid avascular necrosis, 
and open reduction should be performed if 
forceful reduction is necessary.
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