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Abstract

Background: The optimal management for untreated developmental
dysplasia of the hip (DDH) after walking age remains controversial.
Methods: We retrospectively reviewed 80 DDH patients (85 hips)
diagnosed at one through 3 years of age who underwent gradual reduction

Dr. Koji Iwata (GR) using overhead traction (OHT) with a mean follow-up of 8.2 years. We
investigated radiological severity of DDH, successful reduction, avascular
necrosis (AVN) of the femoral head, residual dysplasia, secondary

procedures, and Severin classification. The data were compared between

patients under (42 hips) and over (43 hips) 18 months of age at diagnosis.
Results: Eighty-three hips (98%) were successfully reduced by OHT. Three
hips (4%) re-dislocated later and needed closed reduction or open reduction
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with Salter osteotomy. No AVN occurred during follow-up. Sixty-eight hips
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(76%) remained acetabular dysplasia and 47 (69%) underwent Salter
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Introduction

Developmental dysplasia of the hip (DDH) is a common
pediatric orthopedic condition and is usually diagnosed
before walking age by screening of newborn and young
infants [1]. Nevertheless, delayed diagnosis of DDH still
occurs and complicates the treatment [2]. Many authors
agree that closed reduction is recommended as an initial
treatment in DDH after walking age [2, 3, 4, 5, 6], although
these patients, especially over 18 months of age, usually
require surgical procedures such as open reduction with or
without femoral and/or pelvic osteotomies [7, 8, 9]. Closed
or open reduction in older patients, however, is associated
with numerous complications such as re-dislocation and
avascular necrosis (AVN) of the femoral head [6, 7, 8, 10]
The optimal management for DDH after walking age still
remains controversial.

Gradual reduction (GR) using continuous traction is one
of the non-surgical methods for delayed-diagnosed DDH.
There are few evidences that the GR can achieve good
outcome with low incidence of complications [3, 11]. We
have applied GR using overhead traction (OHT) for DDH
patients over 6 months of age since 1964, and demonstrated
areduction rate of 96% and an AVN incidence 0f 2.7% in 75
hips under 4 years of age [11]. The previous report,
however, included some pre-walking infants previously
treated with the Pavlik harness.

We retrospectively reviewed 80 DDH patients (85 hips)
who underwent GR using OHT as an initial treatment from
1 to 3 years of age in recent 30 years. The purpose of this
study is to evaluate the outcome of our GR using OHT in
the initial treatment of DDH after walking age. In addition,
we investigated whether our treatment method is available
even over 18 months of age.

Material and methods

This is an Institutional Review Boards-approved
retrospective study. Inclusion criteria were the patients
who had been diagnosed as DDH from 1 to 3 years of age
and initially treated with the OHT method at our two
institutions with a minimum follow-up of 1 year. Between
1988 and 2017, 58 patients (60 hips) enrolled at one
institution and 30 patients (33 hips) enrolled at the other
institution. Four patients (four hips) who had not started
walking at diagnosis, two patients (two hips) who had
insufficient radiological data, and two patients (two hips)
who were lost to follow-up were excluded from the study. A
total of 80 patients (85 hips) were included in this study.

There were 76 girls and four boys, with a mean age of 19
months (range, 12 to 47 months) at diagnosis. The left side
was affected in 46 patients, the right side in 29 patients, and
bilateral involvement occurred in five patients. The mean
follow-up duration after reduction was 8.2 years (range, 1
to 21 years).

The OHT method was comprised three phases and
described in detail in our previous report [11]. Briefly, the
first phase was horizontal skin traction with the traction
force from 1.0 to 2.5 kg for each leg, depending on the
patient’s body weight, to obtain a gradual descent of the
dislocated femoral head. We standardized the traction
weightin 1/5 through 1/7 of the body weight. The sufficient
descent usually needed for 4 weeks. The second phase of
vertical traction began with the hip flexed in 90°-100° and
the knee extended using the OHT device [11]. Hip
abduction was increased daily up to 70° for 1 week. The
final phase was above-knee traction with the knees moving
freely for 1 week. The dislocated hip was almost reduced at
an early stage of the final phase, which could be confirmed
by ultrasound imaging. After successful reduction,
dynamic arthrography under general anesthesia was
performed to assess the stability of the reduced hip [12].
Then, bilateral hips were immobilized in a double hip spica
cast for 5 weeks followed by a flexion-abduction brace for 3
months to maintain concentric reduction.

Anteroposterior pelvic radiographs with full extension of
the hips and knees and neutral rotation of the legs in the
supine position were assessed by two authors. The distance
between the midpoint of the proximal metaphyseal border
of the femur and the Hilgenreiner line was termed
“distance a” (Fig. 1) [13]. Positive values indicate the

Figure 1: An anteroposterior pelvic radiograph taken before initial

treatment. Distance a representing the distance between the midpoint of the
proximal metaphyseal border of the femur and the Hilgenreiner line. The left
hip showing dislocation [acetabular index of 41 degrees and distance a of -2

mm].
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midpoint below the Hilgenreiner line and negative values
indicate the midpoint above the line. The acetabular index
(AI) [1] and the distance a on the initial radiographs were
measured to quantitatively assess the severity of acetabular
dysplasia and hip dislocation, respectively (Fig. 1). The
presence of the proximal femoral epiphyseal ossification
nucleus at diagnosis was also evaluated on the initial
radiographs. On subsequent follow-up radiographs, the
presence of AVN of the femoral head following reduction
was assessed according to the diagnostic criteria
established by Salter et al. [14], and the degree of AVN was
classified using the method of Kalamchi and MacEwen
[15]. At the age of 5-6 years, the Al and the center-edge
angle (CEA) of Wiberg [16] were measured for the
decision-making of acetabuloplasty with or without
femoral osteotomy for residual acetabular dysplasia or
subluxation. We performed Salter innominate osteotomy
for the hips with either the Al of >30° or the CEA of <5°in
this age range [17]. We combined Salter osteotomy with
proximal femoral varus derotation osteotomy for residual
subluxation. Radiographic outcome at the latest follow-up
was evaluated by the Severin classification system [18] and
the Kellgren and Lawrence classification system [19]. The
lateral edge of the sourcil was used for all measurements.

The patients were divided into two groups according to age
atdiagnosis: Forty-two hips under 18 months of age (range,
12-17 months) and 43 hips over 18 months of age (range,

18-47 months). Univariate analysis was performed

between the groups to assess differences with regard to
radiological severity of DDH, success rate of reduction by
the OHT method, complications, residual deformities,
secondary surgery, and Severin classification at final visits.
Categorical variables were examined with the Fisher exact
test or the Chi-squared test, and continuous variables were
examined with the Mann-Whitney U test. Statistical
analyses were performed using the SPSS version 25
software package (IBM, Tokyo, Japan), and p<0.05 was
considered significant.

Results

The Al and the distance a at diagnosis averaged 41° (range,
30°-56°) and -1 mm (range, -14 mm to 9 mm), respectively.
All hips had ossification nucleus of the femoral head at
diagnosis, which was smaller in the affected hip than in the
contralateral hip in unilateral involvement (Fig. 2a).

GR using OHT was tolerable in all patients. Eighty-three
hips (98%) were successfully reduced by the OHT method
(Fig. 2b) with a mean age at reduction of 21 months (range,
13-49 months). Two OHT-resistant hips were treated by
closed reduction under general anesthesia. Re-dislocation
occurred in three hips (4%). One of them re-dislocated
during cast immobilization and was treated by closed
reduction. The other two hips re-dislocated after
completion of brace treatment, and one was treated by
closed reduction but the other needed open reduction with
Salter osteotomy. No hip developed AVN of the femoral

Figure 2: Anteroposterior pelvi
radiographs in a girl with
developmental dysplasia of thg
hip after walking age who wa
treated with gradual reduction
using overhead traction. A, At 2
months of age, the left hiy
presenting dislocation ang
acetabular dysplasia. B, At 2.4
years of age, the left hiy
maintaining concentri
reduction. C, At 6.2 years of age
the left acetabulum developing
well. D, At final follow-up (14.2
years of age), the left hip showing
Severin group L.
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head during follow-up.

Sixty-eight hips were observed without further treatment
after successful GR beyond 5 years of age, of which 16
(24%) showed favourable acetabular development (Fig.
2c), whereas 52 (76%) met our surgical indication for
residual acetabular dysplasia. We performed Salter
osteotomy for 46 dysplastic hips and did combined Salter
and femoral osteotomies for one subluxed hip. The other
five dysplastic hips were followed up without
reconstructive surgery because we could not obtain
paternal consent to undergo the surgery.

We could finally evaluate 69 hips using Severin
classification. Fifty-two hips (75%) were classified in
Group I, 10 (14%) in Group II, and seven (10%) in Group
I1I (Fig. 2d and Table 1). Forty-six (98%) of the 47 hips that
had undergone Salter osteotomy after GR were included in
either Group I or II. Only one hip in Severin Group II was
painful on daily activities and classified as Kellgren and
Lawrence Grade I for joint space narrowing in the weight-
bearing aspect at the age of 18 years. The patient
additionally underwent rotational acetabular osteotomy.
There were no significant differences between the two age
groups in all variables except the distance a at diagnosis,
which was significantly lower in the older age group than in
the younger age group (p=0.0131) (Table 1).

TABLE 1: Comparison of initial radiological findings and outcomes of gradual reduction using

overhead traction between DDH diagnosed under and over 18 months of age
Under 18 months Over 18 months of

Variables P value*
of age age
(41 patients, 42 (39 patients, 43
hips) hips)
Radiological findings at diagnosis
Acetabular index 40° (32 to 50°) 41° (30 to 56°) 0.4966
Distance a 1 mm (-8 to 9 mm) -2 mm (-14 to 6 mm) 0.0131F
Appearance of femoral 42 (100%) 43 (100%) 1
epiphyseal ossification nucleus
Outcomes
Successful reduction 41 (98%) 42 (98%) 1
Re-dislocation 2 (5%) 1 (2%) 0.616
AVN 0 (0%) 0 (0%) 1
Follow-up without further treatment
beyond 5 years of age
Number of hips 32 36
Acetabular index 30° (17 to 40°) 32° (22 to 42°) 0.151
Center-edge angle of Wiberg 3°(-9to 19°) 2° (-11 to 14°) 0.4863
Residual acetabular dysplasia 23 (72%) 28 (78%) 0.5894

Residual subluxation 0 (0%) 1 (3%) 1
Secondary surgery for residual acetabular

dysplasia/subluxation 2ER, & (@0, 1
Severin classification” at final visits
Number of hips 33 36
Group I 26 (79%) 26 (72%) 0.8133
Group II 4(12%) 6 (17%)
Group 111 3 (9%) 4 (11%)

AVN, avascular necrosis of the femoral head; DDH, developmental dysplasia of the hip.
*Categorical variables were examined with the Fisher exact test or the chi-squared test, and
continuous variables were examined with the Mann-Whitney U test.

tStatistically significant, P < 0.05.

Discussion

The treatment strategy for untreated DDH after walking
age remains controversial. Some investigators have
preferred one-stage surgical procedures such as open
reduction combined with femoral and/or pelvic
osteotomies in an earlier age [8, 9]. Conversely, there is also
a concept to expect acetabular remodeling after reduction
during growing period. Salter and Dubos [20] stated that
the acetabular remodeling cannot be ensured in hips over
18 months of age. Lindstrom et al. [21], however, described
that acetabular remodeling can continue until 6 years after
reduction even in the hips reduced after 24 months of age.
Zionts and MacEwen [6], reviewing 51 hips treated with
closed reduction from 1 to 3 years of age, recommended
initial conservative treatment because acetabular
development after concentric reduction was often
sufficient in this age group. We previously demonstrated
spontaneous disappearance of soft-tissue interposition
after GR using OHT, which could provide favorable effects
on acetabular development [12]. In the present study, we
observed satisfactory acetabular development even in
some patients diagnosed over 18 months of age.
Concentric reduction after the OHT treatment could lead
to a favorable acetabular remodeling in this age group.
Hence, we no longer recommend one-stage surgical
procedures in an earlier age for DDH from 1 to 3 years of
age.

AVN of the femoral head is the most serious complication
in DDH treated with closed or open reduction, with an
incidence of 2-24% from 1 to 3 years of age (Table 2) [6, 7, 8,
10] Aninterruption of the blood supply to the femoral head
may result from excessive mechanical pressure on the head
by acute closed reduction or direct injury to the vessels by
openreduction [22]. Rampal etal. [3], using GR by traction
named the Petit-Morel method, reported an AVN
incidence of 2.1% in 47 hips from 1 to 5 years of age. AVN
has never observed in DDH after walking age by GR using
OHT in the present study. Extremely lower AVN rates by
GR using traction technique may be due to gradual
stretching of soft tissues around the hip and decrease in
intra-articular pressure during reduction.

Disadvantage of open reduction includes joint infection
and articular chondrocyte death induced by exposure to air
[23], which may lead to coxa magna and early-onset
degenerative change even in hips with concentric
reduction [24].
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or PO tange.2t012 || have been considered for evaluating
Galpin et al® 20 OR and FSO 28 to 46 100 5 20 20 3 .
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Current study 85 GR using OHT 13 to 49 98 0 5 59 8 3 3 _
tanse. 11020 || W€ Dad no available data of patient- or
AVN, avascular necrosis of the femoral head; CR, closed reduction; DDH, developmental dysplasia of the hip; FSO, femoral shortening parent_reported outcomes during the
osteotomy; GR, gradual reduction; OHT, overhead traction; OR, open reduction; PO, pelvic osteotomy; PT, preliminary traction.
*Rate of surgery for failure of conservative treatment, re-dislocation, and residual acetabular dysplasia/subluxation. treatment.

To avoid the issues, extra-articular acetabuloplasty would
be preferable for reconstructive procedure. Several
investigators have reported that Salter osteotomy is
beneficial and provides favourable long-term results for
residual acetabular dysplasia [17, 25, 26]. In the present
study, 98% of the hips treated with Salter osteotomy
showed favorable radiological outcome at final follow-up.
We prefer two-stage treatment strategy for DDH after
walking age, initial conservative reduction by GR using
OHT and subsequent extra-articular acetabuloplasty by
Salter osteotomy.

There are two major limitations in this study because of its
retrospective nature. First, 69 patients (81%) did not reach
skeletal maturity at final follow-up. A further observation
is necessary to verify along-term result of our treatment for
DDH after walking age. Second, intraobserver and
interobserver reliability of the radiological measurements

Conclusion

In conclusion, GR using OHT is a preferable initial
treatment for DDH after walking age with a high reduction
rate and alow incidence of complications. This technique is
applicable even to high dislocations from 18 months to 3
years of age. Some hips in this age group can remodel
favorably until preschool ages. Salter osteotomy during
preschool ages can provide a satisfactory mid-term
outcome for hips with residual acetabular dysplasia after
GRusing OHT.
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