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ÖZET

AMAÇ: Pediatrik ortopedide, tedavisi en tartışmalı konulardan 
biri, Gelişimsel Kalça Displazisidir (GKD). Tanı ve tedavi zaman-
laması, bu durumu başarılı bir şekilde tedavi etmek için ana he-
deftir. Özellikle gelişmekte olan ülkelerde ilerleyen yaşa kadar 
teşhis edilemeyen vakalar halen görülmektedir. Gecikmiş tanı 
ve tedavi , ilerleyen yaşla birlikte daha kapsamlı ameliyatlara yol 
açar ve düşük memnuniyet oranlarına neden olabilir. Bu çalış-
manın amacı, Gelişimsel Kalça Displazisi’nin tek aşamalı tedavi-
sinin sonuçlarına, hasta yaşının etkisini değerlendirmektir.

GEREÇ VE YÖNTEM: 2004 ve 2010 yılları arasında hastane-
mizde tedavi edilen 23 hasta (34 kalça) çalışmaya dahil edildi. 
Ortalama ameliyat yaşları 7,5 olan  hastalara açık redüksiyon, 
femoral kısaltma ve Salter innominate osteotomi’yi içeren tek 
basamaklı tedavi uygulandı. Radyolojik sonuçlar, asetabular in-
deksteki, asetabuler açıdaki ve Severin radyolojik sınıflamasına 
göre düzelme ve son takiplerindeki Bucholz ve Ogden avasku-
ler nekroz (AVN) sınıflamasına göre değerlendirildi.

BULGULAR: Hastalarımızın ortalama takip süremiz 60 ay (24 ila 
84 ay arası) idi. Asetabuler indeks, ameliyat öncesi 39.7°±1.4° 
(25° - 52° arası) iken ameliyat sonrası 21.8°±1.8° saptandı. Ame-
liyat sonrası çekilen pelvis grafilerinde ölçülen asetabuler açıda 
ortalama düzelme miktarı 17.9°±0.8° saptandı. Bucholz ve Og-
den AVN sınıflamasına göre; 1 hastada Tip 1 (% 2.9) ve 1 hastada 
Tip 3 (% 2.9) AVN saptandı. Radyolojik olarak 8 yaş ve altında-
ki çocuklarda başarı oranı (85.7%) belirgin olarak yüksekti. (p 
=0.008)

SONUÇ: Asetabuler indeks ve Severin’in radyolojik sınıflamasın-
daki düzelmeye göre, 4 - 8 yaş aralığında tedavi edilen GKD’nin 
tek basamaklı tedavisi sonrası başarılı sonuçlar elde edilir. An-
cak 8 yaştan daha büyük çocukların radyolojik sonuçları 8 yaş 
altındakilere göre daha kötü sonuçlanmaktadır.

ANAHTAR KELİMELER: Gelişimsel Kalça Displazisi, Kalça, Fe-
mur, Ostetotomi

ABSTRACT

OBJECTIVE: One of the most controversial issues in pediatric 
orthopedics is Developmental dysplasia of the hip (DDH). The 
timing of diagnosis and treatment are is the main goal to tre-
at this condition successfully. Neglected cases that may rema-
in undiagnosed until advancing age are still seen especially in 
developing countries. Delayed diagnosis and treatment with 
advancing age leads to more extensive surgery and cause low 
satisfactory rates. The aim of this study is to evaluate the effect 
of patients’ age on the results of single-stage treatment of De-
velopmental Dysplasia of the Hip.

MATERIAL AND METHODS:  23 patients (34 hips) treated in our 
hospital between 2004 and 2010 were included in the study. 
Single-stage treatment including open reduction, femoral 
shortening, and Salter’s innominate osteotomy was applied to 
patients whose mean age of surgery was 7.5 years. Radiological 
results were evaluated in terms of improvement in the aceta-
bular index, in the acetabular angle and according to Severin’s 
classification, and Bucholz and Ogden’s avascular necrosis 
(AVN) classification at the final follow-up.

RESULTS: The average follow-up period was 60 (range: 24 - 84) 
months. While the acetabular index was 39.7°±1.4° (range: 25°- 
52°) preoperatively, it was measured as 21.8°±1.8° postoperati-
vely. The mean amount of improvement in the acetabular angle 
was 17.9°±0.8°. According to Bucholz and Ogden’s classification, 
one patient (2.9%) had Type 1 AVN and one patient (2.9%) had 
Type 3 AVN. Radiologically, the success rate (85.7%) was signifi-
cantly higher in children aged 8 years and younger (p = 0.008).

CONCLUSIONS: According to the improvement in the aceta-
bular index and Severin's radiological classification, successful 
results are obtained after a single-step treatment of DDH, which 
is treated in the 4-8 age range. However, the radiological results 
of children older than 8 years are worse than those under 8 ye-
ars old.
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INTRODUCTION

One of the most challenging conditions in pedi-
atric orthopedics is Developmental dysplasia of 
the hip (DDH) (1). The timing of diagnosis and 
treatment is the main goal to treat this conditi-
on successfully. DDH, which is diagnosed early 
in infants aged 0-6 months, can be successfully 
treated with conservative treatment methods 
such as the Tubingen device (2, 3). However, 
neglected cases are still seen that may remain 
undiagnosed until advancing age especially in 
developing countries and among low socioe-
conomic groups (4). It leads to more extensive 
surgery with advancing age. Also, it can cause 
low satisfactory rates dues to pronounced ace-
tabular dysplasia, permanent dysplastic chan-
ges, the elongated joint capsule, retraction of 
the muscles around the hip and loss of function 
in the hip, abnormal gait, and ultimately oste-
oarthrosis in early adulthood (5 - 7). Although 
the details of the surgical strategy differ from 
one center to another, skin traction is not re-
commended preliminary before the surgery, 
the common approach is to release the soft tis-
sue contractures, reduce the femoral head to its 
original location, and increase the acetabular 
coverage (8). With the advancing age, debates 
continue regarding the timing of these surge-
ries. Reducing the hip with developmental dis-
location of the hip, especially after the age of 
4 is a difficult task with frequent complications 
(4, 6).

Persistent acetabular dysplasia is another im-
portant problem among patients with late-de-
tected developmental hip dislocation. The 
acetabulum is shallow and dysplastic in these 
patients, since the stimulating effect of the fe-
moral head on the development of the aceta-
bulum disappears. Closed or open reduction 
without bone alignment, also depending on 
the age-related developmental capacity of the 
acetabulum, has been associated with perma-
nent dysplasia (8, 9). The evolution of the aceta-
bular index is the most important parameter to 
predict persistent acetabular dysplasia. If resi-
dual acetabular dysplasia is present, a surgeon 
should perform pelvic or femoral osteotomies 
(10). Pelvic osteotomy increases the covera-
ge of the femoral head, provides stability, and 

prevents residual dysplasia (8). Due to the pres-
sure-generating effect of the tendon and the 
capsule and the muscle contractures around 
the hip and on the femoral head that develop 
during and after reduction, avascular necrosis 
(AVN) is commonly encountered (4, 7).

Single-stage surgical treatment of DDH inclu-
des open reduction, femoral shortening, and 
pelvic osteotomy. While this procedure is per-
formed in patients over the age of 4, it is tech-
nically dependent and requires experience (4, 
6, 7). The current literature requires new stu-
dies with a large number of patients who have 
undergone single-stage surgical treatment of 
DDH with long follow-ups.

In this study, we aimed to evaluate the effect of 
patients’ age on the results of single-stage tre-
atment of Developmental Dysplasia of the Hip.

MATERIAL AND METHODS

The files of the patients between the ages of 4 
and 12 years, whose triradiate cartilages were 
not closed and treated between 2004 and 2010 
at the Metin Sabancı Baltalimanı Bone Health 
Research Hospital were retrieved and reviewed. 
Eight patients diagnosed with a neuromuscular 
disease and teratologic dislocation of the hip 
were excluded from the study. The clinical and 
radiological results of one-stage surgical treat-
ment performed on 34 hips of 23 patients (15 
females, 8 males) diagnosed with DDH were 
retrospectively evaluated. The patients had 
a mean age of 7.5±3 (range: 4 to 12) years at 
the time of surgery and were followed up for a 
mean period of 60±8 (range: 24 to 84) months. 
Eleven patients had bilateral DDH.

Preoperative, early postoperative, and final 
follow-up radiographs were evaluated by an 
independent orthopedic surgeon other than 
the performing surgeon. The patients were fol-
lowed up every six weeks for the first two visits, 
while the third follow-up was on the 24th week, 
and the fourth follow-up was on the 48th week. 
The patients were checked on an annual basis 
thereafter. The degree of hip dislocation on the 
preoperative radiographs was evaluated using 
the Tönnis classification. Final radiographs were 
evaluated based on Severin's radiological crite-
ria and the postoperative acetabular index (11). 
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All final follow-up radiographs were examined 
for the presence of AVN in the femoral head and 
were classified according to Bucholz and Og-
den’s classification in the case of AVN (12).

Ethical Committee

This retrospective study was performed under 
the approval of Metin Sabancı Baltalimanı Bone 
Health Research Hospital Ethics Committee 
(29.06.2010/74) and conducted in accordance 
with the Declaration of Helsinki.

Surgical Technique

All surgeries were performed by a single surge-
on. Skeletal traction was not applied initially. 
The hip joint was approached with a Smith-Pe-
terson incision, and a long lateral incision star-
ting from the greater trochanter was made for 
femoral osteotomy. Salter’s pelvic osteotomy 
was performed in 34 hips to realign the ace-
tabulum. Femoral shortening and derotation 
were performed from the proximal of the femur, 
through the intertrochanteric area. The amount 
of femoral shortening and derotation was de-
cided during surgery. After the first osteotomy, 
the femoral head was reduced to the acetabu-
lum, and the overlapping femoral segment on 
the osteotomy line was resected. The average 
amount of shortening was 1.7±0.25 (range:1 
to 3) cm. Derotation was performed in case an-
terior instability was observed while reducing 
the femoral head to the realigned acetabulum. 
Ten patient’s proximal femur were derotated 
from 10° to 20° to provide adequate stabiliza-
tion. Capsulorrhaphy was not performed in any 
patient. The initial, postoperative, and final fol-
low-up radiographs of our 7-year-old patient 
with bilateral Tönnis Stage 4 DDH are given in 
Figures (1, 2, 3).
 

Figure 1: Standing anteroposterior radiograph showing the 
pelvis before surgery.

Figure 2: Standing anteroposterior radiograph showing the 
pelvis after Salter’s pelvic osteotomy, femoral shortening, and 
intertrochanteric derotation osteotomy.

Figure 3: Anteroposterior radiograph of the pelvis at the 6th 

year final follow-up.

Postoperative Carepatient

All patients were immobilized in a pelvic pedal 
cast for six weeks with their hips in 20° to 60° 
of flexion, 30° to 60° of abduction, and neutral 
to 15° of internal rotation. After the cast was 
removed, range of motion exercises was initia-
ted and the patients were allowed to put on as 
much weight as they could tolerate. No additi-
onal orthoses were used. The plates and screws 
used for the fixation of the femoral osteotomy 
and the Kirschner wires used for fixation of Sal-
ter’s innominate osteotomy were removed after 
a mean period of 9±3 (range: 6 to 12) months.

Statistical Analysis

Statistical evaluations were made using the 
NCSS 2007 software for Windows. The paired 
t-test was employed to evaluate the pre- and 
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post-treatment values, while the chi-square 
and McNemar's tests were used to evaluate the 
qualitative data. Statistical significance was set 
at p<0.05.

RESULTS

According to the Tönnis classification, 27 hips 
were Grade 4, and seven hips were Grade 3. 
A total of 17 right hips and 17 left hips were 
operated on. While the acetabular index was 
39.7°±1.4° (range: 25° to 52°) preoperatively, it 
was measured as 21.8°±1.8° postoperatively. 
The mean amount of improvement in the ace-
tabular angle measured on the pelvic radiog-
raphs taken on the first postoperative day was 
17.9°±0.8°. According to Severin's classification, 
13 hips (38.2%) were Class 1, eight hips (23.5%) 
were Class 2, nine hips (26.5%) were Class 3, two 
hips (5.9%) were Class 4, and two hips (5.9%) 
were Class 6. According to Bucholz and Ogden’s 
classification, one patient (2.9%) had Type 1 
AVN, and one patient (2.9%) had Type 3 AVN. 
One patient who developed redislocation refu-
sed to undergo surgery again. Osteosynthesis 
was performed on one patient with a fracture 
that was detected on the femoral osteotomy 
line. This patient did not have any radiological 
problems. Infection, implant failure, or wound 
problems were not encountered in any patient. 
Radiological grades were significantly lower 
in patients who were older than 8 years, (p=< 
0.00015). The cut-off point for age was taken as 
8 years regarding the results of the Chi-square 
statistics. Satisfactory results for children who 
were 8 years or younger (85.7%) were signifi-
cantly better than that of the children who were 
older than 8 years (33.3%), (p=< 0.008). Our ra-
diological results are summarized in the table 
(Table 1).
Table 1: Radiological results of the patients.

DISCUSSION

The main goal of the treatment of DDH is to ob-
tain a painless, stable, non-functional hip with a 
normal gait and to protect it from early osteo-
arthrosis. This can only be achieved with a con-
centrically reduced hip. In a logistic regression 
analysis where they analyzed the effect of age 
at initial treatment on the development of AVN, 
they reported that their model predicted 83.9% 
accurately and the probability of AVN develop-
ment was higher in those with advanced age at 
initial treatment (13). Achieving successful re-
sults gets harder as patients get older (4, 8, 14).

According to the consensus among researchers, 
the earliest age at which Salter’s innominate os-
teotomy can be applied is 18 months (8). If the 
osteotomy is to be performed at an earlier age, 
the innominate bone and graft thicknesses are 
quite insufficient. In this case, the surgical inter-
vention is likely to result in loss of correction (8). 
Taghi et al. reported that the group with a mean 
age of 24.7 months at the first operation and 
undergoing Salter innominate osteotomy had 
a success rate of 86% according to the Severin 
score (15). According to Chapchal (16), the age 
at which the treatment is initiated is the most 
important factor in determining the treatment 
protocol. The author reported very successful 
results in patients between 18 months and 3 
years of age and in cases where the acetabular 
index did not exceed 35°. In another study con-
ducted by Gulman et al. on patient groups of 18 
months to 4 years, 4 to 6 years, and over 6 years 
of age who underwent innominate osteotomy, 
the researchers reported that the most succes-
sful results were obtained in the 18 months to 
4 years group (17). Salter, with his 15 years of 
experience and his study with Dubos (18), ob-
tained excellent and good results in 93.6% of 
the patients in the 1.5 to 4 years age group, 
while this rate decreased to 56.7% in the 4 to 
10 years age group.  According to Salter, the 
upper age limit for innominate osteotomy is 6 
years (18). However, with the addition of femo-
ral shortening, the surgery could be performed 
on patients between the ages of 8 and 12 years 
(8). Weinstein et al. (19) operated on 32 hips of 
25 patients with a mean age of 4 years and 2 
months, where the oldest patient was 8 years 
and 2 months. They additionally performed 
femoral shortening in 21 hips. The authors re-

 
 

 
 

Patient 
no. 

Age 
(years) 

Involved 
hip 

Follow-up 
period 

(months) 

Preop. 
Tönnis 
Stage 

Preop. 
AI 

(right) 

Postop. 
AI 

(right) 

Follow-
up AI 

(right) 

Preop. 
AI 

(left) 
Postop. 
AI (left) 

Follow-
up AI 
(left) 

Severin 
Class 

(right) 

Severin 
Class 
(left) 

1 12 Bilateral 78 4 44 26 26 45 28 27 3 3 
2 12 Right 80 4 48 30 30 

   
4   

3 9 Bilateral 76 4 45 29 27 46 28 26 2 2 
4 6 Bilateral 84 4 38 22 18 39 22 19 2 1 
5 6 Bilateral 74 4 35 17 16 38 22 20 1 1 
6 6 Left 76 3 

   
28 12 10   2 

7 11 Right 12 4 49 30 30 
   

6   
8 5 Bilateral 72 4 36 20 18 38 20 17 1 1 
9 6 Left 70 3 

   
39 24 24   1 

10 9 Left 69 4 
   

48 30 28   3 
11 4 Right 72 4 44 28 23 

   
1   

12 4 Bilateral 58 4 41 24 22 42 23 20 3 1 
13 9 Left 62 4 

   
52 29 34   4 

14 4 Bilateral 56 4 25 12 10 29 15 12 1 1 
15 7 Bilateral 55 4 34 19 20 38 22 20 2 3 
16 5 Right 56 4 43 23 20 

   
1   

17 12 Bilateral 49 3 51 28 34 48 25 29 6 2 
18 12 Left 46 4 

   
33 15 15 3   

19 9 Bilateral 44 4 44 25 20 47 29 29 2 3 
20 4 Bilateral 38 4 34 18 18 36 19 16 1 1 
21 8 Left 26 3 

   
35 15 16   3 

22 9 Right 24 3 33 15 15 
   

3   
23 7 Right 25 3 29 13 12 

   
2   

 
AI: acetabular index. 
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ported radiologically successful results in 75% 
of their series according to Severin’s classificati-
on and Type 4 AVN in three patients. Baki et al. 
(20) treated 15 hips (15 patients) with develop-
mental dysplasia in a single-stage surgery with 
open reduction and Salter innominate osteo-
tomy via a medial approach, and radiologically 
classified 10 hips as Class 1, four as Class 2, and 
one as Class 3 according to Severin’s criteria, for 
patients who were followed up for an average 
period of 9.6 (range:4 to 14) years postopera-
tively. The authors also reported that none of 
their patients had AVN. In Ryan et al.’s study (6) 
in which the results of the operative treatment 
of congenital hip dislocation in 18 children (25 
hips) were observed, the researchers reported 
excellent results in seven hips, good results in 
11 hips, moderate results in four hips, and poor 
results in three hips based on Severin's classifi-
cation. The authors also detected AVN necrosis 
in the proximal femur in four patients. In their 
study, Williamson et al. (21) reported that femo-
ral osteotomy and pelvic osteotomy gave bet-
ter results in patients with congenital hip dislo-
cation over 3 years of age with a long follow-up 
period. In addition, the same patient group had 
better radiological results on the fifth year final 
follow-up radiographs when compared to the 
patients who underwent femoral osteotomy 
alone. In another study, Konya et al. reported 
that Tönnis and Steel osteotomies offer satisfac-
tory short-term results in the surgical treatment 
of adult patients with mild to moderate dyspla-
sia (22). In our study, the CE angle of patients 
who were operated on before the age of 8 years 
as higher at the final follow-up. In addition, our 
radiological results were better in patients who 
were operated on before the age of 8 years. In 
the 4 to 8 years age group, the success rate had 
risen to 85%. Worse results were obtained in pa-
tients over 8 years of age (28.5%).

The prevalence of AVN in the 4 - 8 years group 
ranges between 3% and 60% (8). In a systemic 
review of comparative studies, they reported 
that the complication rate for Salter innomina-
te osteotomy was 9.4% and AVN was the most 
common complication (23). In another study, 
they reported that combining Salter innomi-
nate osteotomy with anterior open reduction 
has the lowest rate of AVN, and best clinical and 

radiological results in walking ages (24). It has 
been asserted that femoral shortening facili-
tates reduction in children over 3 years of age 
(8). Schoenecker and Strecker (25) have shown 
that this procedure reduces the incidence of 
AVN when performed on older children. The 
same authors compared femoral shortening 
with direct traction and demonstrated that fe-
moral shortening was more effective in preven-
ting AVN in their small series. Karakaş et al. (4) 
performed femoral shortening, varisation, and 
derotation osteotomy together with innomina-
te osteotomy in their study where they did not 
apply any preoperative traction to any patient. 
The authors reported AVN in 7.27% of the ca-
ses (4 hips) following single-stage surgery per-
formed on 55 hips and recounted that femoral 
shortening prevented excessive pressure that 
may develop in the femoral head, thereby re-
ducing the AVN incidence. McKay, on the ot-
her hand, reported AVN in 15% of their series 
and stated that patients with bilateral DDH had 
better results in terms of osteonecrosis after 
single-stage surgery in patients younger than 
5 years of age (26). Gulman et al., on the other 
hand, reported an AVN rate of 63.3% in their 
series, 34.6% of which were Type 2, Type 3, and 
Type 4 (17). In another study, Tuhanioglu et al. 
observed AVN in 11.11% of the cases in the Sal-
ter osteotomi group in their series (27). In our 
study, AVN of the femoral head was observed in 
two patients; according to Bucholz and Ogden’s 
classification, one was Type 1 and one was Type 
3 AVN. One patient who developed redisloca-
tion refused to undergo surgery again. Osteo-
synthesis was performed on one patient with a 
fracture that was detected on the femoral oste-
otomy line. This patient did not have any radi-
ological problems. Infection, implant failure, or 
wound problems were not encountered in any 
patient. Although the selection of a small group 
of patients with Tönnis grade 4 hip may be con-
sidered a limitation of this study, our study is 
different from previous studies because it in-
vestigated the efficacy of  a uniform treatment 
method in patients with Tönnis grade 4 hip in-
volvement (28, 29)

In conclusion, the most important finding of our 
study is that radiological success in the midd-
le term is highly dependent on the age of the 
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child. We also concluded that in DDH patients 
who were aged 4 to 8 years and were treated 
with a single-stage surgery with open reducti-
on, pelvic osteotomy, and femoral shortening, 
successful results were obtained in the middle 
term according to Severin’s classification, whe-
reas radiological success was significantly low 
in the middle term in children aged 8 years and 
over.
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