
175

Original  Article

© 2021 Marmara University Press, All Rights Reserved
ISSN: 1309-9469

MARMARA 
MEDICAL JOURNAL

https://dergipark.org.tr/tr/pub/marumj

ABSTRACT

Objective: We hypothesized that as the patient’s age increases, the outcomes of Salter pelvic osteotomy (SPO) get worse. This study 
aims to compare the results of surgery in developmental dysplasia of the hip (DDH) with at which age SPO is performed.
Patients and Materials: Forthy six hips of 36 patients with at least 1 year of regular radiological and clinical follow-up were included 
in this study. The patients were retrospectively divided into three groups, group I for ages between 18 months and 4 years, group II 
for ages between 4 and 6 years, and group III for ages over 6 years. The clinical and radiological results of the patients were compared 
between groups.
Results: At the time of surgery, the mean age of patients was 4.51 years (18 months-11 years). After a mean follow-up of 72.7 months; 
although there was no statistically significant difference between groups according to Severin’s radiological criteria, it was observed 
that the success of the clinical outcome decreased and the avascular necrosis (AVN) rates increased in children who were operated 
after the age of 6 years.
Conclusions: Although, SPO was an effective treatment option for patients with DDH after the age of walking, it might cause a 
decrease in the success of clinical outcomes and an increase in AVN after 6 years of age.
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1. INTRODUCTION

The ideal time for diagnosis and treatment of developmental 
dysplasia of the hip (DDH) is the neonatal period. Early 
diagnosis is very important for the success of treatment [1]. 
Guidelines for detection and improved screening techniques 
have aided in early diagnosis, significantly reducing the 
number of patients requiring closed or open procedures 
[2,3].
While open or closed reduction may be sufficient in the early 
period of DDH treatment, pelvic and/or femoral osteotomies 
may be necessary for addition to the reduction in the treatment 
of DDH after the age of walking. Salter pelvic osteotomy (SPO) 
is an effective surgical treatment option in patients with DDH 

after the age of walking and although it is recommended to 

be performed between 18 months and 6 years [4], there is no 

definite upper age limit [5].

In this study, we evaluated the effect of age, which the patients 

had been operated on, with the radiological and clinical results 

in the treatment of DDH. These patients were surgically treated 

with SPO with or without femoral shortening. This study aims 

to compare the results of surgery in DDH with the age at which 

SPO was performed.
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2. PATIENTS and METHOD

This study was approved by the Istanbul, Kartal Dr.Lutfi Kirdar 
Training and Research Hospital Ethics Committee (approval 
number: 2020/514/173/3).
In this retrospective study, we analyzed 46 hips of 36 patients 
who had undergone SPO surgery (with or without femoral 
shortening). Patients were followed up for at least 1 year. The 
patients comprised 33 (91.7%) girls and 3 (8.3%) boys with a 
mean age of 4.51 years (range, 18 months-11 years) at the time 
of surgery. Bilateral DDH was present in 10 (27.8%) patients, 
left hip involvement was present in 11 (30.6%) and right hip 
involvement was present in 15 (41.6%). The demographic data 
of the patients are given in table I.

Table I. Demographic data of the patients.
Patient demographics  n (number of 

patients)
Right DDH 15

Left DDH 11

Bilateral DDH 10

Female/ Male 33 / 3

Group I (18 months-4 years) 19

Group II (4-6 years) 11

Group III (6-11 years) 10

DDH: developmental dysplasia of the hip

The surgery was performed with single-stage surgery for all the 
patients. No preoperative traction was applied to any patient. 
Patients with a definite diagnosis of the disease and no prior 
operation were included in the study. Considering exclusion 
criteria, cases with other comorbidities such as cerebral palsy, 
arthrogryposis, myelomeningocele were excluded from the 
study. Type of surgery for each patient, patient’s age at the time 
of diagnosis, gender, level of pain, limping degree, and decreased 
range of motion of the hip joint were recorded on a data sheet. 
Patients were invited for follow-up physical examination and 
control radiographs of pelvic were obtained. Open reduction 
was performed through the anterior Smith Peterson approach in 
all hips [6,7]. The SPO decision for hips where open reduction 
could not be applied was determined by the Acetabular Index 
(AI) [8].
To investigate the effect of surgical age on clinical and radiological 
outcomes, the cases were retrospectively divided into three age 
groups. Nineteen (41.3%) cases between 18 months and 4 years 
were studied in group I (Figure 1), 16 (34.8%) cases between 4-6 
years in group II (Figure 2), and 11 (23.9%) cases over 6 years in 
group III (Figure 3).

Figure 1. Radiological evolution of an 19 month-old girl patient with 
DDH treated with Salter osteotomy and femoral osteotomy. (Grup I)

Figure 2. Radiological evolution of a 5-year-old girl patient with DDH 
treated with Salter osteotomy, shortening and femoral osteotomy. (Grup II)

Figure 3. Radiological evolution of a 8-year-old girl patient with DDH 
treated with Salter osteotomy, shortening and femoral osteotomy. (Grup III)
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The pelvipedal plaster applied during surgery was removed 
after 4 weeks and active hip movements were recommended 
without weight-bearing on the operated hip for the first 20 
days. The preoperative and postoperative pelvis radiographs 
were examined and the AI and centre-edge angle (CEA) which 
were the signs of lateral coverage and showing the long-term 
success of the surgery were measured. Postoperative radiological 
evaluation was made according to the Severin criteria [9] (Table 
II) and the clinical evaluation was performed according to the 
modified McKay criteria [10] (Table III).

Table II. Severin’s radiological evaluation criteria [9].
CLASS RESULTS

I (Very good) Normal hip
 A CEA>19º (6-13 years)

CE>25º (>14 years)
 B CE 15º-19º (6-13 years)

CE 20º-25º (>14 years)
II (Good) The head, neck or acetabulum has a mild deformity, 

but hip joint is concentrically reducted. CE values are 
the same as Class Ia and Ib.

III (Moderate)

Dysplastic hip (no subluxation)

CE<20º (>14 years)

CE<15º (6-13 years)
IV (Bad) Subluxated hip

 A Moderate subluxation CE>0º
 B Severe subluxation CE<0º

V (Very bad) The head is articulated with the secondary acetabulum 
at the top of the original acetabulum

VI (Redislocated) Redislocated hip
CEA: center-edge angel

Table III. Modified McKay clinical evaluation criteria [10]
Modified McKay clinical 
evaluation criteria group

STABILITY-PAIN-LIMPING-
TRANDELENBURG-RANGE OF MOTION-
DISLOCATION

Group 1 (Excellent) A stable and painless hip. No limping. 
Trandelenburg test (-). Full range of joint 
motion.

Group 2 (Good) A stable and painless hip. Normal walking or 
slight limping. Trandelenburg test (-). There 
is a slight limitation in the range of motion of 
the joint.

Group 3 (Moderate) A stable and painless hip. There’s limping. 
Trandelenburg test (+). There is a moderate 
restriction of the range of motion of the joint

Group 4 (Bad) An unstable, painful hip. There’s limping. 
Trandelenburg test (+). There is no dislocation 
even though the range of motion of the joint is 
very limited.

Group 5 (Unsuccessful) An unstable, painful or painless hip. There’s 
limping. Trandelenburg test (+). There is 
dislocation.

Postoperative avascular necrosis (AVN) was diagnosed 
according to Salter criteria [11]. Within one year after the 
reduction, absence of an ossification nucleus, non-growth of 
an existing ossification nucleus, increase in its density and 
fragmentation, metaphyseal enlargement and decrease in bone 
density of the femoral neck, and the development of deformity in 
the femoral head and neck were evaluated as AVN findings [11]. 
The radiological findings of the hips where AVN developed were 
identified and classified according to the Kalamchi-MacEwan 
classification [12] (Table IV).

Table IV. Kalamchi-Mac Ewen AVN classification [12].
GROUP FINDING
1 Changes in the center of ossification
2 Group 1+ Lateral physis injury
3 Group 2+Central physis injury
4 Group 3+Whole physis injury

Statistical Analysis

For the statistical analysis, IBM SPSS 25.0 (Armonk, NY: IBM 
Corp.) and MedCalc 15.8 (MedCalc Software Ltd, Acacialaan 
Ostend Belgium) was used. The definitive statistical analysis 
was used for ages and the characteristics of the groups, the 
clinical and radiological findings obtained for the groups, and 
developing complications were statistically analyzed by using 
the Mann-Whitney, Paired Samples t-test, and Student’s t-test. 
The values of p<0.05 were considered statistically significant.

3. RESULTS

There were no significant differences in terms of gender 
distribution, disease type of patients (patients with high hip 
dislocation, subluxation, acetabular dysplasia, or both), type of 
surgery, and additional operations (p>0.05). The patients 
were followed up for a mean of 72.7 months (range, 12-160 
months).
As a result of radiological evaluation in all groups, the mean 
values of AI were measured as 31.6° preoperatively and 16.6° at 
the late postoperative period. When the AI values were measured 
preoperatively and at the final follow-up examination were 
compared, it was determined that mean AI was improved 15° 
in all groups and this was statistically significant (p<0.05). Mean 
values of femoral neck-shaft angle were 139.6° preoperatively 
and 130.7° at the final follow-up examination. A significant 
decrease as 9° was observed at the final controls in all groups 
(p<0.05) (Table V).
In the clinical evaluation according to modified McKay criteria, 
excellent and good results were obtained in 16 of 19 hips (84.2%) 
in group I, in 13 of 16 hips (81.3%) in group II and 6 of 11 hips 
(54.5%) in group III. According to age groups, more successful 
results were obtained at (Group I) younger ages (Table VI).
According to Severin’s radiological criteria, excellent and good 
results were obtained in 79.1% of group I, 81.3% of group II, 
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and 81.8% of group III. There was no statistically significant 
difference between the groups (p>0.05) [9] (Table VI).
According to the Kalamchi-McEwan AVN classification, AVN 
was observed in 5 of 19 hips (26.3%) in group I, in 5 of 16 hips 
(31.2%) in group II and 10 of 11 hips (90.1%) in group III. A 
statistically significantly higher rate of AVN was determined in 
group III (p<0.05) [12] (Table VII).

Table V. Preoperative and final control mean AI and femur neck-body 
angle values of all patients.

Mean AI Mean femoral neck-shaft 
angle

Preoperative Final control Preoperative F i n a l 
control

31.6° 16.6° 139.6° 130.7°
15° correction 9° correction
Significant improvement (p<0.05) Significant decrease (p<0.05)

Table VI. Clinical and radiological evaluation according to groups

Group I

(18 
months-4 

years)

Group II

(4-6 years)

Group III

(>6years)
Statistical 
comments

Modified McKay 
criteria (Excellent 
and good results)

84.2% 81.3% 54.5% More successful

results at 
younger ages

Sever’s 
radiological 
criteria (Very 
good and good 
results)

79.1% 81.3% 81.8% No statistically 
significant 
difference

Table VII. Kalamchi-McEwen classification of AVN seen in groups

Group I Group II Group III Comment
Kalamchi-
McEwen 
(AVN 
rate)

5\19 (26.3%) 5\16 (31.2%) 10\11 
(90.1%)

AVN increases 
as surgical age 
increases

4. DISCUSSION

This study revealed that the majority of patients with DDH who 
underwent SPO surgery had satisfactory results according to 
Severin’s radiological criteria. However, this study also showed 
that functional outcomes and AVN rates were worse in children 
operated after the age of 6 when compared to younger age 
groups.
 In this study, we found radiologically satisfactory results 
(excellent and good results) The success rate was 79.1% in group 
I, 81.3% in group II, 81.8% in group III. There was no statistically 
significant difference between the groups (p>0.05) as observed 
by other studies [13,14,15,].

Barrett et al., did not specify an upper age limit for SPO, but 
reports revealed that successful outcomes were mostly between 
1.5 and 4 years of age [16]. Gulman et al.,
reported that when cases were divided into three groups as 18 
months-4 years of age, 4-6 years, and over 6 years, the most 
successful results with SPO were obtained in the patients 
between 18 months-4 years age group [17]. We, clinically 
achieved satisfactory (excellent and good results) results in 
group I (84.2%), group II (81.3%), and group III (54.5%). 
Although, groups I and II had similar satisfactory results, group 
III had statistically significantly poor results. Thus, we found 
that the clinical results were significantly poorer in group III, 
which included patients older than six years as observed by 
other studies [5,13,16,17].
It is a general belief that the age of the patient is an effective 
factor in the surgical outcomes and that this success is decreasing 
with the increased age [5]. Although, there is a consensus about 
the lower limit of age for SPO, there is serious debate about the 
upper limit [5,6]. According to Salter, the upper limit of age is 6 
years [11].
Avascular necrosis seen after SPO was reported mostly at rates 
between 1.2% and 63.4% [5,6,16,17]. In this study, we found the 
rate of AVN as 26.3% in group I, 31.1% in group II and 90.1% 
in group III according to age groups. We found that the ratio 
of AVN increased in the patients (10/11) who were older than 
6 years of age. The rate of AVN reported by Gulman et al., was 
63.3% which was extremely high compared to other studies and 
was attributed to inadequate surgical techniques and enforced 
indications [17].
In this study, the average correction of the CEA (9 degrees) and 
the AI (5 degrees) obtained by the Salter innominate osteotomy 
(SIO) were within the range of correction reported in most 
studies [8,13,17-19].
In conclusion, early diagnosis and treatment are very important 
in DDH. Although, SPO is an effective treatment option for 
patients with DDH after the age of walking, it might cause a 
decrease in the success of clinical outcomes and an increase in 
AVN after 6 years of age.
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