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Closed reduction with traction for
developmental dysplasia of the hip in
children aged between one and five years

The treatment of developmental dysplasia of the hip diagnosed after the first year of life
remains controversial. A series of 36 children (47 hips), aged between one and 4.9 years
underwent gradual closed reduction using the Petit-Morel method. A pelvic osteotomy was
required in 43 hips (91.5%). The patients whose hips did not require pelvic osteotomy were
among the youngest. The mean age at final follow-up was 16.1 years (11.3 to 32). The mean

follow-up was 14.3 years (10 to 30).

At the latest follow-up, 44 hips (93.6%) were graded as excellent or good according to the
Severin classification. Closed reduction failed in only two hips (4.3%) which then required
open reduction. Mild avascular necrosis was observed in one (2.1%).

The accuracy of the reduction and associated low complication rate justify the use of the
Petit-Morel technique as the treatment of choice for developmental dysplasia of the hip in

patients aged between one and five years.

Neonatal screening has allowed the diagnosis
and treatment of children with developmental
dysplasia of the hip (DDH) to be performed at
an early age. Nevertheless, late diagnosis of
DDH still occurs.! Although open reduction is
the treatment of choice when the diagnosis is
made after the age of five years,” the manage-
ment of patients aged between one and five
years remains controversial and may include
closed or open reduction.

The techniques used for closed reduction
have evolved considerably over the past 50
years. The original method developed by
Somerville and Scott® involved preliminary
traction and subsequent open reduction with a
derotational osteotomy of the femur. Begin-
ning in the 1950s, Petit, Queneau and Borde*
combined preliminary traction and early
closed reduction with derotational osteotomy
of the femur. In the 1970s, Morel® proposed
abduction of the hip and internal rotation with
traction as a means of obtaining an atraumatic
gradual ‘descent’ of the femoral head to the
level of the acetabulum. Then, a hip spica cast
was applied without general anaesthesia in
order to achieve a concentric reduction of the
femoral head into the acetabulum, as described
by Severin.® This protocol, termed the Petit-
Morel technique, has been in use at our institu-
tion since 1970. The only deviation from the
original method is that we apply the hip spica
cast under general anaesthesia.

Our aim was to analyse the results of the
Petit-Morel technique for treatment of DDH in
patients aged between one and five years.

Patients and Methods

We included patients treated for idiopathic
DDH between 1975 and 2000 at our institu-
tion who were aged between one and five years
when treatment began. Children with a history
of any previous treatment were excluded. A
series of 80 consecutive children (94 hips) was
treated during this period. Because of
inadequate follow-up 20 children were
excluded, leaving 60 (72 hips) with a minimum
follow-up of five years. A follow-up for longer
than ten years was available for 36 children
(31 girls, five boys; 47 hips) and they formed
the basis of the present study. Bilateral DDH
had been diagnosed in 11 patients. The mean
age at the onset of treatment was 1.9 years (1
to 4.9). According to the classification system
of Gibson and Benson’ 20 hips (42.5%) were
rated as having high subluxation (Fig. 1), 24
(51.1%) medium and three (6.4%) low sub-
luxation. The mean follow-up was 14.3 years
(10 to 30). The mean age at final follow-up
was 16.1 years (11.3 to 32).

Technique of closed reduction. The aim of the
first stage was to achieve the descent of the
femoral head. To this end the child was fitted
with a Berck harness (Sté FAG Medical SAS, St

Georges de Reneins, France) which was fixed
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Fig. 1

Radiograph showing high developmental dysplasia
of the right hip in a two-year-old boy.

Fig. 2

Photograph showing the first stage of closed reduc-
tion. Bilateral skin traction is applied with the hips in
extension.

to the bed. Bilateral longitudinal skin traction was then
applied with the hips in extension (Fig. 2). Horizontal trac-
tion only was adequate because the iliopsoas tendon was
already stretched by the adoptive stance and gait demon-
strated by these patients. The initial weight used for trac-
tion, which corresponded to 10% of the body-weight, was
gradually increased depending on the child’s weight (up to
50% of their body-weight on each limb) and the degree of
migration of the femoral head assessed on weekly radio-
graphs. When the ossific nucleus was at the level of Hilgen-
reiner’s line,® progressive abduction (30° to 50°) and
internal rotation equal to the femoral anteversion were
applied in order to render the proximal femoral metaphysis
horizontal and orientate the epiphysis towards the triradi-
ate cartilage (Fig. 3). In patients where the ossific nucleus
was not radiologically visible, the appropriate time for
beginning abduction was when Shenton’s line had been
restored on the radiographs. The amount of traction was
then gradually reduced to allow for reduction of the fem-
oral head into the acetabulum. The mean duration of trac-
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Fig. 3

Photograph showing abduction and internal rotation
of the hip in order to orientate the proximal femur
towards the triradiate cartilage.

tion was 5.4 weeks (3 to 10). Longer durations (6 to 10
weeks) were used until 1980. The shortest durations (three
weeks) were observed in the younger children (1.0 to 1.5
years old).

The second stage consisted of the stabilisation of the
‘presented’ femoral head (Fig. 4a), in order to allow its pro-
gressive ‘seating’ into the acetabulum and a spontaneous
definitive concentric reduction (Fig. 4b). A hip spica cast
was applied under general anaesthesia in the reduced posi-
tion (20° flexion, 45° abduction and slight internal rota-
tion) obtained at the end of the traction stage. Two
successive casts, spaced three months apart, were applied.
The cast was worn for a mean period of 21 weeks (12 to
30).

The third stage, used for 43 hips (91.5%), consisted of

the operative management of residual acetabular dysplasia
by a pelvic osteotomy’ which, in the early years of our
experience, was performed in conjunction with a femoral'”
osteotomy (Fig. 5).
Evaluation. The functional results were assessed by the use
of the Merle d’Aubigné scoring system!'! which includes
separate evaluations of pain, range of movement and gait.
Each subscore was rated on a 1- (worst) to 6- (best) point
scale. The overall score was then classified as excellent (16
to 18), good (13 to 15), fair (9 to 12) or poor (< 9).

The anteroposterior (AP) pelvic radiographs were evalu-
ated using the Severin grading system'? (Table I). The pres-
ence of growth disturbance or avascular necrosis of the
proximal femur, was determined using the systems of
Kalamchi and MacEwen'? and Bucholz and Odgen.'*
Statistical analysis. The effect of age, gender and the sever-
ity of the dislocation on the final results was investigated
using Fisher’s exact test. A p-value <0.05 was considered to
be statistically significant.

Results

At the final follow-up all patients had satisfactory functional
results, were free of pain, walked without a limp, and
demonstrated flexion of the hip > 90°. No flexion contracture
or other abnormal static or dynamic position was observed.
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Fig. 4a

Anteroposterior pelvic radiographs a) after 25 days of traction, showing that the right hip of the
same patient as in Figure 1 has descended and is ‘presented’ in front of the acetabulum. The
patient is now ready for the application of the first spica cast and b) showing that the right hip is
now in close relation to the acetabulum (‘penetration’) and the patient is ready for the second

spica cast.

Fig. 4b

Fig. 5

Anteroposterior pelvic radiograph of the
same patient as in Figure 1 at the age of
three years, after a Salter pelvic osteot-
omy of the right hip.

Table I. The Severin'? radiological grading system for evaluation of the treatment of developmental

dysplasia of the hip

Grade

| Normal hip appearance: in adults, CE" angle > 25°; in children aged six to 14 years, CE angle
> 15°

1 Mild deformity of the femoral head and neck, but the hip is otherwise deeply and concentri-
cally reduced; CE angle the same as in grade |

n Dysplasia without subluxation; CE angle < 20° in adults and < 15° in children

\% Subluxation of the femoral head

\% Femoral head articulating with a false acetabulum

\ Recurrent dislocation

* centre-edge

Radiologically, 44 (93.6%) of the 47 hips were rated as nor-
mal or mildly deformed (Severin grade I or II) (Fig. 6, Table
II). There were no hips in Severin grades V or VI.

There was only one hip (2.1%) with avascular necrosis,
which occurred after a failed closed reduction. This was fol-
lowed by an open reduction. This lesion was rated as grade I
according to both Kalamchi and MacEwen'? and Bucholz
and Ogden'* and led to a secondary coxa magna, although
the sphericity of the ossific nucleus was retained.

Young age at the onset of treatment significantly influ-
enced the outcome. The results were better for children
treated between one and three years of age (Table III). Over-
all, 40 hips (97.6%) treated before the age of three were nor-
mal or mildly deformed at their last follow-up, compared
with four hips (66%) treated after this age (p < 0.05). Gen-
der was not a significant prognostic factor (p = 0.48). The
five hips of boys were rated as Severin grade I at the last
review. Among the girls, 38 of 42 hips (90.5%) were rated as
Severin grade I or II. The severity of the disease did not affect
prognosis (p = 0.75). Of the hips initially classified as high,
medium or low dislocations, 95% (19 hips), 92% (22 hips)
and 100% (3 hips) were allocated as Severin grade I or I at
their final follow-up, respectively (p = 0.75).

Failure of closed reduction occurred in two hips (4.3%).
In both, we were unable to achieve penetration of the fem-
oral head into the acetabulum, despite a satisfactory pre-
sentation. Subsequent open reduction showed intra-
articular hindrances, an inverted limbus in one hip and a
plica of the inferior capsule with a prominent acetabular
transverse ligament in the other. The final radiological
result for these hips was Severin grades I and II, respec-
tively.

A Salter pelvic osteotomy’ was required in 43 hips
(91.5%) for the treatment of residual acetabular dysplasia.
In the four (8.5%) which did not require this procedure, the
mean age of the patients at presentation was 15 months (12
to 20). This was lower than that of the patient group as a
whole (23 months) (p = 0.001). Three of these four hips
were graded as Severin I at the final follow-up. The fourth
was classified as Severin grade IV, after refusal of a pelvic
osteotomy by the family. In seven hips (14.9%) a pelvic
osteotomy was combined with osteotomy of the femur. In
six, a pure derotational femoral osteotomy was performed
and in one a varus-derotation femoral osteotomy. These
hips were graded as Severin grade I and Il in four and three
hips, respectively.
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Fig. 6

Anteroposterior pelvic radiograph of the
same patient as in Figure 1 at the age of
30 years. The right hip is graded as Sev-
erin |.

Complications were minor and included a superficial
pin-track infection in two hips around the wires used for
the fixation of the pelvic osteotomies and one case of
an osteopenic tibial fracture after removal of the spica
cast. This was treated by non-weight-bearing. The use
of traction and the spica cast did not cause any skin
complications.

Discussion

Previous studies on the treatment of DDH have given excel-
lent or good outcomes (Severin grade I or II) in between
53% and 74% of cases'>!® without the use of preliminary
traction, and between 36% and 82% after preliminary
traction (Table IV).!7>!8 Thus, it is possible that preliminary
traction does improve congruency of the hip. The hips with
fair results were often characterised by residual acetabular
dysplasia®!'>171 which might be attributed to the limited
adjunctive use of pelvic osteotomy. Morel® reported excel-
lent/good results with this technique of gradual closed
reduction in 85.4% of patients. Using the same technique
we achieved an excellent/good outcome rate of 93.6%
which, to our knowledge, is the highest reported rate after
closed reduction. Gradual reduction seems to be the most
effective technique of closed reduction in terms of optimis-
ing congruency of the hip.

Excellent or good outcome rates after open reduction
have varied between 20%!'” and 100%.2° The best reported
results (93.6% to 100%),%*!*? obtained after open reduc-
tion combined with a pelvic osteotomy and femoral short-
ening, are comparable with our findings. It appears that, on
the basis of these studies,”*!"*? closed cannot be favoured
over open reduction. However, the Severin score is a subjec-
tive outcome measure. For example, we believe that Figure
2b (p 415) included in the report by Berkeley et al?*! should
have been allocated to Severin grade III, rather than to
grade II. The need for a modification of the Severin score
has been addressed by Robert and Seringe.??
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Table II. Radiological findings based on the Severin'?
grading system, at a minimum follow-up of ten years

Severin grade Number of hips (%)

| 43 (91.5)
1 1(2.1)
n 1(2.1)
vV 2 (4.3
\" 0 (0.0
Vi 0 (0.0)
Total number of hips 47

A failure of reduction of 9.7% after progressive closed
reduction has been reported.® This was observed in only
two (4.3%) of our patients. Failure of reduction in DDH
occurs more frequently after acute closed reduction, and
varies to between 5.9% and 25% of cases.”*>**25 Further-
more, a recurrent dislocation may be observed after open
reduction, with a reported incidence of up to
5.6%.10:17:21,22.2528 Tt ceems that the efficiency of closed
reduction in preventing recurrent dislocation compares
favourably with open reduction. However, after a failed
first attempt a repeat open reduction is mandatory and is
technically difficult, often leading to a poor outcome. Avas-
cular necrosis developed in more than half of hips and one-
third'® were graded as Severin III or worse®’ after repeat
open reduction. Angliss et al'” reported that the rate of
osteoarthritis at long-term follow-up was 25% after closed
and 49% after open reduction. Based on these data, the sur-
vivorship rate at 45 years after open reduction (with the
endpoint defined as a need for total hip replacement) was
54%, demonstrating a dramatic decrease after the age of 30
years.3”

If closed reduction is performed after the age of 18
months, the likelihood of spontaneous correction of
dysplasia®! is decreased.”>!%3233 Before the use of pelvic
osteotomy for open reduction of dislocated hips,' a varus
derotational osteotomy of the femur was routinely used,
but in fact failed to achieve correction of acetabular dyspla-
sia.”»? 131619 The Salter pelvic osteotomy, which success-
fully replaced femoral osteotomy, is an integral part of the
Petit-Morel method. In six hips, treated during our tran-
sition period from using femoral to pelvic osteotomy, both
procedures were undertaken. After 1980 we exclusively
used pelvic osteotomy in those patients whose acetabular
dysplasia did not show sufficient spontaneous correction at
the age of five to six years, or if a tendency to early sublux-
ation was noted.

The lowest rates of avascular necrosis (2%) have been
reported after gradual closed reduction.® This was con-
firmed in our series. It is likely that gradual reduction min-
imises the vascular compromise to the femoral head.
Higher rates (3.8% to 5.8%'%) have been reported after
acute closed reduction with preliminary traction.”!%2*
Overhead traction, as applied by Daoud and Saighi-



862 V. RAMPAL, M. SABOURIN, E. ERDENESHOO, G. KOUREAS, R. SERINGE, P. WICART
Table lll. Radiological outcome based on the Severin'? grading system as a function of age, by
number and percentage
Severin grade (%)
Age (yrs) | 1] n v p-value
>1to3 (n=41) 39.0 (95.7) 1.0 (2.4) 0 1(2.4)
>3 (n=6) 2.0 (33.3) 2.0 (33.3) 1(16.6) 1(16.6) < 0.002
Table IV. Analysis of published series
Author/s Traction Severin grade | to Il (%) AVN’" (%)
Closed reduction
Ponseti and Frigerio'® No 74.0 12.7
Blockey'® No 53.0 12.0
Williamson et al®* Yes - acute 55.0 Not reported
Zionts and MacEwen'® Yes - acute 82.0 5.8
Rengeval et al™ Yes - acute 60.0 5.0
Malvitz and Weinstein® Yes - acute 46.0 60.0
Schoenecker et al®* Yes - acute Not available 3.8
Daoud and Yes - acute 80.0 10.0
Saighi-Bououina?
Angliss et al'? Yes - acute 36.0 72.0
Morel® Yes - gradual 85.4 0.0
Present study Yes - gradual 93.6 2.1
Open reduction
Salter and Dubos® Yes - acute 93.6 5.7
Somerville and Scott® Yes - acute 83.0 Not available
Gibson and Benson’ Yes - acute 46.5 5.4
Berkeley et al?' No 92.0 2.0
Williamson et al®* Yes - acute 36.0 Not reported
Galpin et al?® No 73.0 4.5
Haidar et al?’ No 83.8 8.1
Morcuende et al?® No 70.0 51.0
Olney et al?® No 100.0 5.5
Huang and Wang? No 96.8 6.2
Angliss et al'? Yes - acute 20.0 88.0
* AVN, avascular necrosis
Bououina®’ resulted in a rate of avascular necrosis of 10%. nique of gradual closed reduction, as described by Petit et

The rates reported by Angliss et al'” or Malvitz and
Weinstein'® were unusually high, because of these authors’
strict diagnostic criteria. Rates of avascular necrosis,
reaching 12.8% have been reported after acute closed
reduction without preliminary traction.'>!¢ Furthermore,
in some studies on closed reduction, avascular necrosis was
mostly observed in patients with recurrent dislocation
requiring open reduction.'®?

Most of the studies on open reduction
have reported rates of avascular necrosis which were
higher than 5%. This is at least three times higher than
those found in our study. This reflects the magnitude of the
effect on vascularity of the femoral head which may be cre-
ated by open reduction. Berkeley et al*! and Galpin et al*®
reported lower (< 5%) rates of avascular necrosis, which
could be attributed to the concomitant use of a femoral
shortening osteotomy, but they were still higher than those
observed after closed reduction. We believe that the tech-

7,10,20,22,25,27,28,34

al* and Morel® minimises the likelihood of avascular necro-
sis occurring.

Additional potential drawbacks of open reduction
include post-operative stiffness and disuse osteopenia lead-
ing to fracture. The latter, although classically attributed to
closed reduction, may also occur after open reduction.!”

Finally, the importance of the age of the patient at the
onset of treatment, as a prognostic factor must be empha-
sised. Children older than three years are less likely to
achieve a successful result, as has been reported by
Morel.’

The improved results obtained with this technique raise
expectations for fewer subsequent operations for degener-
ative osteoarthritis. We consider the Petit-Morel method to
be the treatment of choice for children aged between one
and five years with DDH.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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