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Outcome of one-stage treatment of developmental 
dysplasia of hip in older children

Basant Kumar Bhuyan

AbstrAct
Background: The principles of treatment of congenital dislocation of hip in old children are different than those of infants and 
neonates. The purpose of this study is to evaluate the radiographic and functional results of one-stage treatment (open reduction, 
femoral shortening derotation, and Salter’s osteotomy) of DDH in older children.
Materials and Methods: Between January 2005 and June 2010, 25 patients (30 hips) underwent one-stage triple procedure 
of open reduction, femoral shortening derotation, and Salter’s osteotomy for the treatment of DDH. Preoperatively, they were 
classified according to the Tönnis class. Clinical outcomes were assessed using the modified McKay’s criteria to measure pain 
symptoms, gait pattern, Trendelenburg sign status, and the range of hip joint movement. Radiographic assessment was made 
using Severin’s scoring method to measure the centre-edge angle and dysplasia.
Results: The mean age at the time of operation was 3.9 years (range 1.6–8 years), and the average duration of followup was 4.1 
years (range 2–7.6 years). The McKay’s score was excellent in 13 hips, good in 14 hips, fair in 2, and poor in 1 hip. The Severin’s 
class I and II was found in 25 (83.3%) hips at the time of final evaluation as compared to none at the time of presentation.
Conclusions: Young children having DDH can safely be treated with an extensive one-stage triple procedure of open reduction, 
femoral shortening derotation, and Salter’s osteotomy, without increasing the risk of AVN. Early diagnosis and intervention is the 
successful treatment of patients suffering from DDH.
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IntroductIon

Developmental dysplasia of the hip (DDH) denotes 
a wide spectrum of pathologic conditions, ranging 
from subtle acetabular dysplasia to irreducible hip 

dislocation.1 It is a very common to suspect and diagnose 
hip dysplasia when the children start walking in india due to 
lack of screening programme. The principles of treatment of 
dislocated hip joint for an older child are quite different from 
those of a new born.2 In a child of walking age and beyond, 
achieving a concentrically reduced hip while minimizing 

complications is more challenging. In the older child the 
reduction of hip is difficult because of adaptive shortening of 
the extraarticular soft tissues, acetabular dysplasia, capsular 
constriction, increased femoral anteversion, fibrofatty tissue 
in the acetabulum, hypertrophied ligamentum teres, and 
fixed inversion of limbus. If left untreated, these dysplastic 
changes lead to osteoarthritis in early adulthood.3,4

Bracing, traction, closed reduction, open reduction, and 
femoral or pelvic osteotomies are the frequently used 
treatment modalities for older children.5-7 The incidence 
of osteonecrosis of the femoral head has been reduced by 
avoiding immobilization of the hip in extreme abduction and 
by using femur-shortening osteotomies when appropriate.8 
Pelvic osteotomy continues to gain favor for the treatment 
of selected patients over 18 months of age.9,10

Traction has been used before reduction of a dislocated hip 
to decrease the risk of ischemia of the femoral head, but 
data supporting use of this treatment are inconsistent.11-13 
Closed or open reduction without a bony realignment 
procedure is associated with residual dysplasia.14,15 Femoral 
shortening has been shown to facilitate reduction and does 
not appear to increase the prevalence of osteonecrosis 
of the femoral head.16,17 Many authors have reported 
success with a single-stage procedure consisting of open 
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reduction, capsulorrhaphy, femoral shortening, and pelvic 
osteotomy.18-23

The one-stage surgical treatment for DDH, consisting of 
open reduction, femoral shortening, and pelvic osteotomy, 
is a demanding procedure, technically, than a staged 
procedure. We report retrospective analysis to evaluate 
the radiographic and functional results of one-stage triple 
operative procedure of open reduction, femoral shortening, 
and Salter’s osteotomy in older children.

mAtErIAls And mEthods

Between January 2005 and June 2010, 25 patients 
(30 hips) underwent one-stage triple procedure of open 
reduction, femoral shortening derotation, and Salter’s 
osteotomy for the treatment of DDH. The average age was 
3.9 years (range 18 months – 8 yrs) at the time of open 
reduction. Only the patients with idiopathic congenital 
dislocation of the hip were included in the study.

Clinical data regarding pain symptoms, gait pattern, range 
of hip joint motion and presence of Trendelenburg sign 
were recorded for each patient preoperatively and on 
the latest followup using the modified McKay’s criteria.24 
Tönnis classification system was used to assess the degree of 
dislocation of the femoral head.25 Radiographic evaluations 
included examination of preoperative and followup plain 
radiographs to classify patients according to the Severin’s 
grading system.26 Avascular necrosis was assessed using 
Bucholz and Ogden’s classification.27,28

Operative procedure 
Open reduction followed the recommendations of Salter29 
for the innominate osteotomy surgical technique and 
the femoral osteotomy was similar to that described by 
Predrag Klisic.30 The operative procedure started with 
the modified Smith-Petersen anterior approach (Bikini 
incision) [Figure 1a]. The muscles were reflected from the 
inner and outer aspects of the iliac crest and the hip joint 
was exposed [Figure 1b]. This was followed by the release 
of iliopsoas, excision of pulvinar, release of ligamentum 
teres, and incision of transverse acetabular ligament. Gentle 
traction was applied to the extremity to assess the degree of 
contracture of the muscles that crossed the hip joint. Due to 
the soft tissue contractures, the femoral head still was not 
reducible without applying excessive pressure.

Through a separate lateral approach, the proximal end 
of femur was exposed subperiosteally and a transverse 
osteotomy was made at the level of lesser trochanter. The 
amount of overlap in the femur was evaluated to determine 
the amount of femoral shaft to be resected. The osteotomy 

site was internally fixed with a four-hole small fragment 
plate [Figure 1c]. Shortening of 1–2 cm was found to be 
necessary to allow easy reduction of the femoral head while 
maintaining normal soft tissue tension across the hip.

At the time of open reduction femoral anteversion in excess 
of 60° as determined by forward angulation of the head and 
neck of femur with relation to the coronal plane of the femur is 
considered an indication for derotational osteotomy. Hip joint 
was reduced and held firmly in full internal rotation. Derotation 
was achieved by externally rotating the distal femoral fragment 
in relation to the proximal fragment until the patella pointed 
directly forward before applying the plate. It is important to 
avoid excessive derotation of femur as posterior instability may 
result if it is combined with Salter’s innominate osteotomy.

At the time of initial reduction, if coverage of the femoral 
head was poor (which was assessed by the evidence of 
inadequate coverage of femoral head anteriorly with hip 
in extension and laterally with hip in adduction) or if the 
acetabulum was clearly maldirected, then we proceed for 
Salter’s osteotomy. In this study all 25 patients (30 hips) 
required Salter’s osteotomy for stabilization of the hip 
joint. A pelvic osteotomy was performed as described by 
Salter using a Gigli saw [Figure 1d]. A full-thickness bone 
graft was removed from the anterior part of the iliac crest 
and trimmed to the shape of a wedge; the base should 
correspond approximately to the distance between the 
anterior superior and inferior spines. After osteotomy, 
the distal segment of the innominate bone containing 
the entire acetabulum was shifted forward, downward, 
and outward so that the osteotomy site was opened 
anterolaterally. The bone graft was inserted on its edge into 
the osteotomy site and held with two K-wires [Figure 1e, f].

The hip was reduced concentrically, and the stability was 
assessed with the limb in the weight-bearing position, i.e. 
in slight abduction and extension [Figure 1g]. Redundant 
capsule was excised when necessary and capsulorrhaphy 
performed with interrupted absorbable sutures. Throughout 
the operation, bleeding was controlled by packing and 
coagulation. The mean blood loss which is measured by 
weighing sponges and recording suction volumes is 220 ml 
(range 200- 250 ml). The average time for the combined 
operation of open reduction and osteotomy was 2.5 hours 
(range 2.25-2.75 hours).

Postoperatively, the hips were immobilized in a 1½ hip 
spica in position of slight flexion, abduction and internal 
rotation for 6 weeks. This was changed to an abduction 
splint for a further 4 weeks which allows non weight 
bearing flexion and extension mobilization of the hip joints. 
K-wires were removed after consolidation at the osteotomy 
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site usually at 6–8 weeks. Partial weight bearing started 
after 10 weeks with crutches for 2 weeks, followed by full 
weight bearing. Patients with bilateral dysplasia (n=5) had 
the procedures on both hips at an interval of 3–6 months 
(mean 4.5 months) as per patient’s convenience.

The patients were followed up in the outpatient clinic at 3 
month intervals during the first 2 years after surgery and 
then at yearly intervals. They were evaluated clinically 
during each visit for the range of motion of the affected 
hip, the quality of gait, and the presence of any pain. Each 
patient’s preoperative and postoperative radiographs were 
evaluated to determine the degree of displacement of the 
femoral head (the Tönnis grade), the acetabular index, 
C–E angle, the continuity of the Shenton’s line, and the 
presence or absence of avascular necrosis. All the patients 
with a minimum follow up of two years were included in 
this study. So there were 30 hips available for evaluation.

rEsults

There were 17 girls and 8 boys [Table 1]. There were 
20 unilateral dislocations (9 right unilateral dislocations, 
11 left unilateral dislocations) and 5 bilateral dislocations. 
The average age at the time of operation was 3.9 years 
(range 1.6–8 years). The average duration of followup was 
4.1 years (range 2–7.6 years). Immediate postoperative 
shortening of lower limb was 1–2 cm (average 1.5 cm) 
which improved to 0.2–1 cm (average 0.3 cm) during 
the latest followup examination. Femur derotated to an 
average of 23.2° (range 20°–30°) to correct the anteversion 
that was noted during the operation. Salter’s osteotomy 
was necessary to stabilize the reduction in all cases.

On the final clinical evaluation, the clinical results according 
to McKay’s scoring system [Table 2] were also favorable. 
At preoperative evaluation, 23 hips (76.6%) were in fair 
condition and 7 hips (23.3%) were in poor condition. At 
the end of the study, there were 13 hips (43.3%) in excellent 
condition, 14 (46.6%) in good condition, 2 (6.6%) in fair 
condition, and 1(3.3%) in poor condition.

According to Severin’s classification [Table 3] fourteen (46.6%) 
hips were Severin’s class V and 16 (53.3%) were Severin’s 
class IV prior to surgery. Postoperatively, 25 hips (83.3%) were 
rated class I (19 hips) and class II (6 hips). Five hips (16.6%) 
were rated class III (4 hips) and class VI (one hip) at the latest 
followup. Cases 17 and 20 are illustrative of excellent clinical 
and radiographic (class I) results [Figures 2a–c and 3a, b]. 
Cases 7, 13, and 16 showed good clinical and radiographic 
(class II) results [Figures 4a–c, 5a–c, and 6a–c]. Case 21 
developed failure (class VI) 10 months after surgery.

According to Tönnis classification [Table 4] of the degree of 
dislocation severity (preoperatively), there were 4 patients 
(13.3%) in grade I, 14 (46.6%) in grade II, and 12 (40%) 
in grade III, as compared to only 1 (3.3%) of grade II 
postoperatively.

The acetabular index was measured at each followup 
radiographs to assess acetabular development at the final 
followup. The average acetabular index was 23°±4.1°; 
it decreased from 42°±5° preoperatively to 21°±2° 
postoperatively. The average postoperative center-edge 
angle was 23.5° (range 21°–26°).

All radiographs were evaluated for evidence of avascular 

Figure 1: Peroperative photographs showing (a) Bikini incision; (b) exposure of the hip joint; (c) femoral osteotomy fixed with 4-hole small fragment 
plate; (d) pelvic osteotomy performed by using a Gigli saw; (e) bone graft taken from the proximal fragment of the ilium; (f) pelvic osteotomy fixed 
with a triangular bone graft and two K-wires; (g) reduction of the hip joint

dcba
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Table 1: Surgical and followup data
Case Sex Hip Operation Derotation 

(degrees)
Pelvic 
osteotomy

Followup data Limb length 
discrepancy* 

(cm)

McKay’s 
criteria

Radiographic 
severin’s 

class
Age 

(years + 
months)

Shortening 
(cm)

Duration 
(years + 
months)

Gait

1. M L 1 + 6 1 20 Salter 4 + 5 Normal -0.2 Good II
2. F R 2 + 1 1 25 Salter 3 + 6 Normal Excellent I
3. F B/L 2 + 7 1.5 25 Salter 3 + 7 Normal Excellent I
4. F R 1 + 8 1 20 Salter 2 + 3 Normal -0.3 Good I
5. M L 3 + 4 1.5 25 Salter 5 + 7 Short legged -0.4 Good III
6. F L 2 + 9 1.5 20 Salter 4 + 7 Normal Excellent I
7. M L 2 + 5 1.5 20 Salter 3 + 9 Normal Good II
8. F R 3 + 2 1.5 25 Salter 2 + 7 Normal Excellent I
9. F L 4 + 3 2 20 Salter 4+ 2 Trendelenburg Fair III
10. F B/L 4 + 8 2 25 Salter 5 + 5 Normal Excellent I
11. M R 1 + 7 1 20 Salter 6 + 11 Normal -0.2 Good I
12. M L 1 + 9 1 20 Salter 5 + 5 Normal Excellent I
13. F B/L 3 + 9 1.5 25 Salter 2+ 2 Normal Good II
14. F L 4 + 2 1.5 25 Salter 2 + 0 Normal Excellent I
15 F L 6 + 3 2 30 Salter 3 + 6 Short legged Good III
16. F R 5 + 8 2 25 Salter 7 + 6 Normal -0.3 Good II
17. M R 4 + 7 1.5 20 Salter 5 + 7 Normal Excellent I
18. F L 8 + 0 2 30 Salter 4 + 9 Trendelenburg Fair III
19. F B/L 7 + 5 2 25 Salter 3 + 5 Normal Good I
20. F L 6 + 9 2 25 Salter 2 + 7 Normal Excellent I
21. M R 5 + 7 2 30 Salter 3 + 9 Trendelenburg -1.0 Fail VI
22. F L 4 + 2 1.5 20 Salter 4 + 7 Normal -0.2 Good II
23. M R 3 + 3 1 20 Salter 5 + 3 Normal Excellent I
24. F B/L 2 + 3 1 20 Salter 2 + 1 Normal Good I
25. F R 1 + 8 1 20 Salter 3 + 4 Normal Excellent I
M- Male, F- Female, L-Left, R- Right, B/L- Bilateral *Data are for patients who had a unilateral dislocation only

necrosis. One patient (Case 5) developed lateral physeal 
damage (type II classification of Bucholz and Ogden). At 
the latest followup, the clinical results were good, although 
the radiographic results were Severin’s class III.

The hip was considered to be adequately reduced when the 
radiographs showed an intact Shenton’s line, a center-edge 
angle of more then 15°, and an acetabular index of less then 
28°. The adequacy of acetabular remodeling was evaluated 
by comparing the immediate postoperative radiograph 
with the latest followup radiograph. Improvement of the 
acetabular index by at least 8° and to 20° or less in the 
most recent radiographs was considered to be adequate 
correction.

Table 2: McKay’s criteria for clinical evaluation
Grade Rating Description
I Excellent Stable painless hip, no limp, negative Trendelenburg sign, full range of movement
II Good Stable painless hip, slight limp, negative Trendelenburg sign, slight decrease in range of movement
III Fair Stable painless hip, limp, positive Trendelenburg sign, and limited range of movement, or a combination of these
IV Poor Unstable or painful hip or both, positive Trendelenburg sign

Table 4: Tönnis classification for severity of dislocation
Grade Description
I The ossification center of the femoral head is displaced 

laterally but still inferior to the superolateral corner of the 
true acetabulum

II The ossification center of the femoral head is at the level of 
the superolateral corner of the true acetabulum

III The ossification center of the femoral head is superior to 
the superolateral margin of the true acetabulum

Table 3: Severin’s classification for radiographic results
Class Description Center-edge 

angle (Degrees)  
I Normal appearance ≥15(5-13 years)

≥20(>14 years)
II Mild deformity of the femoral head and 

neck or the acetabulum
≥15(5-13 years)
≥20(>14 years)

III Dysplasia or moderate deformity of 
the femoral head and neck or the 
acetabulum, or both

<15(5-13 years) 
<20(>14 years)

IV Subluxation of the femoral head -
V Articulation of the femoral head with a 

false acetabulum
-

VI Redislocation -
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Figure 2: A 4.7-year-old male child with A–P radiograph of right hip joint (Case 17) showing (a) dislocation; (b) adequate reduction at 8 months 
after surgery; (c) well-reduced hip joint within the remodeled acetabulum at 5.7 years followup

cba

Figure 3: (a) X-ray pelvis including both hip shows DDH of left hip (Case 20) in a 6.9 year old girl (b) X-ray of same patient at 2.7 year followup 
shows concentric reduction with radiographic result Severin’s class I

a b

Figure 4: A 2.5-year-old boy with untreated DDH of the left hip joint; postoperative X-ray left hip anteroposterior view (Case 7) showing (a) DDH of left hip  
(b) postoperative well reduced hip joint after single-stage triple procedure; (c) reduction maintained at 3.9 years after surgery

ba c

Evaluation of gait revealed that three hips (Cases 9, 
18, and 21) had a mild gluteus medius lurch and two 

(Cases 5 and 15) had a short legged gait. Subjectively, 
very few patients had any complaints. One patient had 
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infrequent discomfort, and three noted weakness (a mild 
Trendelenburg limp). No patient or parent complained 
of a limb length discrepancy. In general, the subjective 
evaluation did not correlate with the objective findings; 
it was therefore of little value in assessing the end results.

One patient (Case 21) had an open reduction and 
innominate osteotomy performed in a false acetabulum. 
Most recent followup shows Severin’s radiographic rating 
class VI [Figure 7a–c]. Postoperative stiffness of the hip 
occurred in one patient. Repeat arthrotomy at the time 
of plate removal disclosed extensive scarring but no other 
intraarticular obstruction or pathology.

dIscussIon

The primary goal of treatment of congenital dislocation 
of hip is concentric reduction. Failure to treat at an early 
age may lead to gait abnormalities, limitation of motion 
of the hip, joint pain, and osteoarthritis. However, the 
age beyond which surgical treatment is contraindicated 
has been the subject of debate due to the risk of serious 
complications. Concentric reduction in older children may 
be a challenge, more so when the femoral head is flattened 
or when the acetabulum is dysplastic. Reduction may be 
hindered by soft tissue contracture with undue pressure 
on the femoral head. This may result in poor development 
of hip joint and avascular necrosis of the femoral head.

Femoral osteotomy, including shortening, derotation 
osteotomy, combined with open reduction, capsulorrhaphy, 
and pelvic osteotomy, is an extensive procedure that 
can safely be undertaken in one stage. This one stage 
procedure which has been used in older children is the 
method of choice in the treatment of late diagnosed 
congenital dislocation of the hip. With femoral shortening 
as the fundamental step, this method can be applied in 
high dislocations to prevent undue pressure on the femoral 
head, which is the main cause of avascular necrosis, joint 
stiffness, and failures.

There have been numerous reports discussing the merits of 
a more aggressive surgical approach that includes a single 
procedure combining an open reduction with a femoral or 
pelvic osteotomy. Salter and Dubos showed 93.6% good to 
excellent results in children of younger age group.31 Klisic and 
Jankovic (n=60) reported 63% excellent to good results in 
the age group of 5–15 years.30 Karakaş et al. operated on 
47 patients (55 hips), who were 4 years and more, with 67% 
good or excellent clinical results and 65% good or excellent 
radiological results.32 Ryan et al. showed 92% excellent to 
good results clinically and 72% radiologically.33 Vallamshetla 
et al. operated on 15 patients (18 hips), who were 4 years and 
more, with 100% good or excellent clinical results (McKay’s 
criteria) and 100% Severin’s classification class I (10) and 
II (8).34 Umer et al. have reported 86.2% good to excellent 
clinical results and 51.7% Severin’s class I at final evaluation.35

Figure 6: Anteroposterior radiograph of a 5.8-year-old girl (case 16) showing (a) unilateral dislocation of the hip right side; (b) followup radiograph 
7 months after surgery with adequate reduction; (c) followup radiograph after 7.6 years of surgery, with well-developed congruous hip joint

ba c

Figure 5: Preoperative X-ray pelvis anteroposterior view of a 3.9 year old girl (Case 13) showing (a) bilateral DDH; (b) followup X-ray 2.2 years 
after surgery shows well-reduced hip joints; (c) well functional result with patient sitting cross legged

cba
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The results of the Salter’s osteotomy for treatment of DDH 
in 30 hips treated beyond 18 months of age were reviewed. 
Salter’s osteotomy was found to be useful for stabilizing 
hips after open reduction. The results of the study showed 
a significant improvement in the radiological features of 
the operated hip joints according to Severin’s classification. 
At the followup none of the patient had class V severity 
compared to 14 hips (46.6%) prior to surgery. There was 
only one hip in class IV post operatively as compared to 
16 hips (53.3%) preoperatively. Notably 83.3% of hips 
achieved an improvement of class I (19 hips) and class II 
(6 hips) at followup compared to none before surgery. 
Similarly, favorable results were also observed when clinical 
parameters were compared before and after surgery. 
At final followup, excellent to good results were noted in 
27 hips (89.9%) compared to none before surgery. Only 1 
(3.3%) hip joint demonstrated poor condition at followup 
compared to 7 (23.3%) prior to surgery. Principle of 
preserving the shape and capacity of the acetabulum by 
Salter’s innominate osteotomy is important for the future 
function and development of the joint as compared to 
Pemberton osteotomy which alters the shape of acetabulum 
and decreases its capacity.

Late-diagnosed congenital dislocation of the hip with one-
stage open reduction, femoral shortening, capsulorrhaphy, 
and pelvic osteotomy corrects associated femoral and 
acetabular deformities. This operation improves the cover 
of the femoral head and provide stability in the weight-
bearing position. This procedure can be done safely, 
with reliable results and without an increase in the risk of 
avascular necrosis.

The limitation of this study is that all the patients were not 
followed to skeletal maturity. The presence of residual hip 
dysplasia and problems relating to subluxation, trochanteric 

overgrowth and avascular necrosis if any should be 
recognized early and treated appropriately to ensure 
optimum results.
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