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This study aimed to evaluate the outcome of one-stage 
treatment for developmental dysplasia of the hip 
(DDH) in patients after walking age. A Total of 
58 children (67 hips) were retrospectively investigat-
ed to assess the efficacy and safety of one-stage treat-
ment of developmental dysplasia of the hip (DDH) in 
children from 1.5 to 6 years of age with a mean follow-
up of 4.00 ± 0.43 (range 3-6.8) years. Eleven (19%) 
were male, forty-seven (81%) were female. Our 
 method consisted of open reduction, Salter innomi-
nate osteo tomy, femoral shortening and derotation. 
The  patients were distributed into three groups 
 according to the age at which they were operated : 
12 (20.7%) patients with 12 hips (17.9%) were 
 operated between 1.5 and 2 years of age (Group I), 
35 (60.3%) patients with 44 hips (65.7%) were 
 operated between 2 and 4 years (Group II), 11 (19%) 
patients with 11 hips (16.4%) were operated between 
4 and 6 years (Group III).
Clinical and radiological assessment at final follow-up 
showed that the outcome was not significantly differ-
ent between group I and group II. But clinically, there 
was significant difference between group I and group 
III, and also between group II and group III. Al-
though in the outcome of radiological assessment 
there was no significant difference between group I 
and group II compared with group III. 
The rate of avascular nerosis in group I was lower 
than in group II or in group III. Children with DDH 
between 1.5 and 6 years of age were treated success-
fully with one-stage treatment, but in our hands the 
best age at surgery is before 4 years of age.

Keywords : developmental dislocation of the hip ; open 
reduction ; pelvic osteotomy ; older children.

INTRODUCTION

The primary goal of correction of developmental 
dysplasia of the hip is concentric reduction of the 
hip. The principles of the treatment of DDH for a 
child after walking age are different from those for 
a newborn (2,3,11). In a child of walking age and 
 beyond, achieving a concentrically reduced hip 
while minimizing complication is more challeng-
ing. In the older child the reduction of the hip is 
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difficult because of adaptive shortening of the extra­
articular soft tissues, acetebular dysplasia, capsular 
constriction, increased femoral anteversion, fibro-
fatty tissues in the acetabulum, hypertrophied liga-
mentum teres, and fixed inversion of the limbus.

The one-stage surgical treatment for DDH, con-
sisting of open reduction, femoral shortening, and 
pelvic osteootomy, is an effective and safe treat-
ment method in DDH. Many authors have reported 
success with one-stage surgical treatment for DDH 
in children from two to five or six years old (1,5,7, 
13,14,15,16,24,25), and clinical and radiological as-
sessment at final follow­up showed that the outcome 
was not significantly different between the patients 
aged < 3 years and patients aged > 3 years (4).

We aimed to evaluate the outcome of one-stage 
surgical treatment for DDH aged from 1.5 to six 
years old. Patients were evaluated clinically and ra-
diologically. All patients in this study were operated 
by a single experienced paediatric surgeon.

MATERIAL AND METHODS

58 cases who underwent one-stage surgical treatment 
for DDH between January 2000 and December 2010 
were retrospectively reviewed. The patients who were 
initially treated in another hospital were excluded. 
 Patients with neurologic diseases or teratological 
 dislocations were not included. This study was approved 
by the institutional ethics committee.

We retrospectively reviewed a total of 58 (67 hips) 
patients. 11 (19%) patients were male, 47 patients (81%) 

were female. 14 (24.1%) patients had dislocation on the 
right side, 35 (60.4%) patients had dislocation on the left 
side, 9 (15.5%) patients had bilateral dislocation.

The patients were distributed into three groups 
 according to the age at which they were operated : 
Group I included 12 (20.7%) patients with 12 (17.9%) 
hips aged between 1.5 years and 2 years, and Group II 
35 (60.3%) patients with 44 (65.7%) hips between 2 years 
and 4 years, Group III 11 (19%) patients with 11 (16.4%) 
hips between 4 years and 6 years.

The operative treatment consisted of open reduction, 
Salter innominate osteotomy (SIO), femoral shortening, 
and derotation osteotomy.

We used Severin’s criteria for radiological assessment 
(Table III) and modified McKay’s criteria for clinical 
 assessment (Table I) (4,8). Dislocation on the preopera-
tive radiograph was evaluated according to the grading 
 system defined by Tönnis (22). In Group I there were 4 
Tönnis type III and 8 Tönnis type IV hips, in Group II 
there were 15 Tönnis type III and 29 Tönnis type IV hips, 
in Group III there were 3 Tönnis type III and 8 Tönnis 
type IV hips.

Avascular necrosis (AVN) was classified by the crite-
ria of Kalamchi and MacEwen (9). To evaluate acetabular 
dysplasia at the time of follow-up, the centre edge angle 
(CE angle) (26), and the acetabular head index (AHI) (21) 
were calculated. We defined satisfactory results as those 
in Severin groups I and II and unsatisfactory results as 
those in Severin groups III, IV and V.

Finally, the modified Trevor score (23) was applied for 
overall clinical and radiological evaluation (Table VI).

All radiographs were performed in the supine posi-
tion. The patient’s feet were internally rotated with the 
toes at 15 ± 5 degrees to ensure that the X-ray beam was 

Table I. — Modified McKay criteria
Grade Criteria
Excellent
Good
Fair
Poor 

Stable, painless hip, no limp, negative Trendelenburg sign, and a full range of movement
Stable, painless hip, slight limp, negative Trendelenburg sign, and a slight decrease in range of movement
Stable, painless hip, limp, positive Trendelenburg sign, and limitation of movement
Unstable or painful hip, or both ; positive Trendelenburg sign

Table II. — Clinical assessment results
Grade Group I

12 hips
Group II
44 hips

Group III
11 hips

Total
67 hips

%

Excellent
Good
Fair
Poor 

11
1
0
0

32
9
2
1

2
5
3
1

45
15
5
2

67.2
22.4
7.5
3
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centred on the superior aspect of the pubic symphysis. 
Anteroposterior radiographs were taken with a source-to-
film distance of 100 cm to assure the reproducibility of 
the radiographic measurements.

The follow-up ranged from 3 to 6.8 years, the mean 
follow-up was 4.00 ± 0.43 years. The mean follow-up 
was 4.54 ± 0.51 years (range 4-6.8 years) for Group I 
and 3.58 ± 0.32 years (range 2-6.5 years) for Group II, 
3.24 ± 0.43 years (range 2-6.0 years) for Group III.

Fig. 1b. — Six months after one­stage combined surgery

Fig. 1d. — Four years after operation, good clinical result

Fig. 1c. — After removal of material, six months after 
operation, good clinical result.

Fig. 1a. — Preoperative radiograph of a 3-year-old child with 
developmental dysplasia of the right hip.
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Postoperatively we applied a full-time abduction brace 
for 12 weeks.

Statistical analysis

The statistical analyses were performed using the 
 Statistic Package for Social Sciences (version 12.0, SPSS 
Inc., Chicago). Means for more than two groups were 
compared by ANOVA for normally distributed data and 
Kruskal­Wallist test for data without normal distribution 
(Post-hoc tests for subgroup comparisons). Categorical 
variables are compared by Chi-square test. Pared  samples 
were compared by Wilcoxon’s test. P < 0.05 was accept-
ed as statistically significant.

RESULTS

According to the modified McKay criteria, func-
tional results were excellent at last follow­up in 
45 hips (67.2%), good in 15 hips (22.4%), fair in 
5 hips (7.5%) and poor in 2 hips (3%).

In Group I, clinical results were excellent in 
11 hips (91.7%) and good in one (8.3%). In Group 
II, clinical results were excellent in 32 hips (72.7%), 
good in 9 hips (20.5%), fair in two hips (5.0%), and 
poor in one hip (2.3%). In Group III, clinical results 
were excellent in two hips (18.2%), good in five 
hips (45.5%), fair in three hips (27.3%), and poor in 
one hip (9.0%). 12 hips in Group I (100%) and 

Surgical technique

Patients were placed in supine position. The whole 
limb was included in the surgical field. The one­stage 
procedure consisted of open reduction, Salter osteotomy, 
femoral derotation, and shortening osteotomy. The surgi-
cal approach was made with two incisions. One of them 
was a Smith-Peterson incision and the other was a lateral 
proximal femoral incision. We performed the soft tissue 
procedure according to the technique described by Salter 
in his first report (18). Extending from the inferior to the 
posterosuperior aspect of the acetabulum, the capsule 
was incised in a T-shape, and a transverse incision along 
the femoral neck. The transverse acetabular ligament was 
divided (12,20). The anterior part of the capsule down to 
the femoral neck was excised together with the hypertro-
phied ligamentum teres. The psoas tendon was detached 
near its insertion. Pelvic osteotomy, psoas tendon release, 
femoral derotation, and shortening osteotomy were per-
formed under radio-scopic control. In order to achieve a 
force-free reduction, femoral osteotomy was performed 
at the level of the subtrochanteric femur and the femur 
was shortened by 1 cm to 2 cm. In association with the 
shortening, the derotation of the femur was performed. 
The amount of correction of derotation or femoral short-
ening was decided intraoperatively under direct visual-
ization. Varus position was not added to decrease the 
neck shaft angle. None of the femoral heads were fixed to 
the acetabulum by a Kirschner wire for maintenance of 
reduction.

Table III. — Severin’s table 
Grade Criteria
Excellent
Good

Fair
Poor

IA
IB
II
III
IV
V
VI

CE angle > 19°, age 6-13 years ; CE angle > 25°, age > 14 years
CE angle 15-19°, age 6-13 years ; CE angle 20-25°, age > 14 years
Moderate deformity of femoral head, femoral neck, or acetabulum, but otherwise the same as grade IA or IB
Dysplastic hip, no subluxation ; CE angle < 15°, age 6­13 years ; CE angle < 20°, age > 14 years
Subluxation
Femoral head in false acetabulum
Redislocation 

Table IV. — Radiological assessment results
Grade Group I 

12 hips
Group II
44 hips

Group III
11 hips

Total
67 hips

% 

Excellent
Good
Fair
Poor

11
1
0
0

30
10
3
1

7
2
1
1

48
13
4
2

71.6
19.4
6.0
3.0
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Group II, 4 hips (36.4%) in Group III yielded un-
satisfactory results.

However, there was no significant difference be-
tween group I and group II according to McKay’s 
clinical criteria at final follow­up (p > 0.05).

41 hips (93.2%) in Group II, 7 hips (63.6%) in 
Group III yielded satisfactory results clinically, 
whereas no hips in Group I and three hips (6.8%) in 

Fig. 2c. — After removal of material, six months after 
operation, good clinical result.

Fig. 2d. — 2 years after operation, good clinical result

Fig. 2a. — Preoperative radiograph of a 2.5-year-old child with 
developmental dysplasia of the right hip.

Fig. 2b. — Six months after one­stage combined surgery
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AI was 16.3° (12°-27°) and in group III it was 19° 
(12°-28°).

In group I, at final radiological examination the 
Wiberg’s mean CE angle was 27.8° (0°-42°), in 
group II it was 28° (19°-40°)and in group III the 
mean CE angle was 26.7° (17°-38°).

There was no significant statistical difference 
between the mean preoperative and postoperative 
AI values. There was also no significant statistical 
difference between the immediately postoperative 
mean values and the mean AI and CE angle at 
final follow­up, in all the studied subgroups 
(p > 0.05).

AVN was detected in 4 cases (6.9%) during fol-
low­up. In group I, no AVN was detected. In group 
II, AVN was detected in two hips (5.7%) : one of 
them had grade I and one grade II. In group III AVN 
was detected in two hips (18.1%) : one of them had 
grade I and one grade II. There was a significant 
statistical difference between group I, group II and 
group III, respectively (p < 0.05). No patient with 
AVN had subsequent surgery.

Limb lenth discrepancy of less than 1.5 cm was 
found in four cases, without need for further surgi-
cal intervention till the last follow-up.

According to the evaluation scheme of Trevor et 
al (23), the mean score of group I was 18.4, eleven 
hips (91.7%) were rated excellent, one hip (8.3%) 
good, no hips fair nor poor. The mean score of 
group II was 17.0, 32 hips (72.7%) were rated 
 excellent, 9 hips (20.5%) good, 2 hips (5.0%) fair, 
and one hip (2.3%) poor. The mean score of group 
III was 15.2, two hips (18.3%) were rated excellent, 
five hips (45.5%) good, three hips (27.3%) fair, and 
one hip (9.0%) poor.

There was no significant difference between 
group I and group II according to the evaluation 
scheme of Trevor et al (23) at final follow­up 
(p > 0.05). There was however a significant 

There was however a significant difference be-
tween group I and group III according to McKay’s 
clinical criteria at final follow­up (p < 0.05). Also, 
there was significant difference between group II 
and group III according to McKay’s clinical criteria 
at final follow­up (p < 0.05).

Radiological results were excellent in 48 hips 
(71.6%), good in 11 (19.4%), fair in six (6.0%), and 
poor in two (3.0%).

In group I, radiological findings were excellent in 
11 hips (91.7%) and good in one hip (8.3%), there 
were no fair nor poor hips. In Group II, they were 
excellent in 30 hips (68.2%), good in 10 hips 
(14.9%), fair in 3 hips (6.8%) and poor in one hip 
(2.3%).

In group III, they were excellent in 7 hips (63.6%), 
good in two hips (18.2%), fair in one hip (9.1%) and 
poor in one hip (9.1%).

12 hips (100%) in group I, 40 hips (90.9%) in 
group II and 9 hips (81.8%) in group III yielded 
 satisfactory results radiographically, whereas no 
hips in group I and 4 hips (9.1%) in Group II, 2 hips 
(18.2%) in group III yielded unsatisfactory results. 
At final follow­up according to Severin’s radio-
graphic criteria, there was no significant difference 
in all the studied subgroups (p > 0.05). We found 
satisfactory results, clinically in 60 hips (85%) and 
radiographically in 61 (91%).

In group I, the mean value of the acetabular index 
(AI) preoperatively was 38.9° (19°-46°), the mean 
immediately postoperative value was 26.3° (15°-
32°), In group II, the preoperative mean AI was 
37.3° (23°-47°), the mean immediately postopera-
tive value was 23.2° (17°-29°), In group III the 
mean AI preoperatively was 37.8° (18°-45°), the 
mean immediately postoperative value was 21.3° 
(16°-30°).

The final radiological examination in group I, 
showed a mean AI of 18° (12°­29°), in group II final 

Table V. — AVN results
Group AVN cases incidence of AVN (%)

Grade I Grade II
Group I (12 hips)
Group II (44 hips)
Group III (11 hips)

0
1
1

0
1
1

0
5.7
18.1
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joint to stabilize. It is generally accepted that 
 innominate osteotomy should be performed in 
 children older than 18 months of age and it usually 
provides correction of acetabular direction in terms 
of the AI (3,4,8).

The best time to perform an osteotomy of the 
 acetabulum for DDH patients is however still a 
 concern (18,27). Several authors suggest a one-stage 
procedure consisting of open reduction, pelvic oste-
otomy and femoral osteotomy (4,5,10,9,13,17,19,25,26), 
particularly in children older than three years of 
age (1,7,23,26). Many studies (2) found that it could 
be done safely for children between 12 and 
18 months of age without major disadvantages. 
Galpin et al (7) reported a series of 33 dislocated 
hips in patients older than two years of age who 
were treated with a one-stage open reduction, femo-
ral shortening, and pelvic osteotomy. They found 
satisfactory results clinically in 85% of hips and 
 radiographically in 75%. Salter and Dubos (19) 
showed 93.6% good to excellent results in children 
of younger age group. Karakas et al (10) operated on 
47 patients (55 hips), who were 4 years and more, 

 difference between group I and group III, and also 
between group II and group III (p < 0. 05).

There were no complications such as infection or 
graft displacement. Two hips redislocated and were 
classified as poor clinical result.

DISCUSSION

The aim of treatment in DDH is to obtain concen-
tric and stable reduction as soon as possible without 
complications such as avascular necrosis (3,8). Re-
duction must be obtained, redislocation must be 
prevented, and optimum relationship between ace-
tabulum and femoral head must be protected (4). If 
concentric reduction is obtained, acetabular dyspla-
sia can improve in time (8). Early treatment of dislo-
cation is necessary for acetabular development (3).

The single-stage surgery has advantages that in-
clude reducing the risk of severe AVN of the femo-
ral head while correcting associated femoral and 
acetabular deformities. The Salter osteotomy 
 provides anterolateral coverage of the femoral head 
that allows the acetabulum to develop and the hip 

Table VI. — Method of assessment using the modified scoring system of Trevor et al (23)

Symptoms and signs Severity Points
Pain

Movement

Limp

Function as described by the patient and assesed in the 
follow-up clinic

Radiological feature
The CE of Wiberg

Appearance of the femoral head

Shenton’s line 

none
Occasional
Persistent
Full
Slight limitation but no fixed deformity
More than half the normal range
less than half the normal range
little
Absent
Present
Full
Slightly limited
Severely limited
Age < 14 years                     Age ≥ 14 years
≥ 20°                                         ≥ 25°
15°-19°                                    20°-24°
10°-14°                                    15°-19°
< 10°                                         < 15°
Normal
Partial coxa plana or coxa magna
Complete coxa plana or other severe deformity
Intact
Broken

3
2
1
5
4
3
2
1
1
0
3
2
1

4
3
2
1
3
2
1
1
0
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outcome would be, because of the better growth and 
remodeling potential of the acetabulum in infancy 
and eary childhood (5,6,7).

The authors found no method to determine the 
specific reason for the fact that clinical results were 
statistically different between the age groups, but 
that the radiological findings showed no significant 
difference. Could it be attributed to the following 
reasons : abnormal walking habit has not corrected, 
the unbalance of the pelvis can not be corrected in 
the short term, the weak muscles on the dislocated 
side ?

The mean period of follow up in this study ranged 
from 3-6.8 years, which is not a long enough period 
for evolving osteoarthritic changes to show up in 
young patients. Prospective randomised controlled 
trials with larger sample sizes are needed to support 
our findings.

Our clinical results were not as good as those 
noted by other authors, especially the variation in 
the clinical outcome between the patients less than 
4 years and older than 4 years of age.

There was a significant difference between the 
group less than 4 years and the group older than 
4 years of age according to the evaluation scheme 
of Trevor at final follow­up.

Therefore, we believe that a one-stage open re-
duction, femoral shortening, capsulorrhaphy, and 
pelvic osteotomy corrects associated femoral and 
acetabular deformities is convenient and effective 
in children older than 18 months of age. This opera-
tion improves the cover of the femoral head and 
provide stability in the weight-bearing position. 
This procedure can be done safely, with reliable re-
sults and without an increase in the risk of avascular 
necrosis, but in our hands the best age at surgery is 
before 4 years of age.
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