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Abstract
Background: Developmental dysplasia of the hip (DDH) is one of the most important and challenging conditions in the
field of pediatric orthopedics; if not diagnosed and treated in time, it would lead to remarkable morbidity. Methods of
treatment based on the patient’s age can vary. The aim of this study is to compare the outcomes of Salter osteotomy
surgery in two groups of patients under and over three years old.
Methods: In this retrospective study, medical records of patients who had undergone innominate Salter osteotomy,
within the past ten years, due to non-pathological DDH were collected. Mean follow up of all patients is 70.28 months
(min=25, max=118).
Results: Seventy patients were selected including 85 operated hips. Radiological satisfaction based on modified
Severin score system rate was 86% and 85% for lower three years old group and second group, respectively. In clinical
assessment, it was found that results in 82% of the patients under 3 years old and 82.9% of patients older than three
years old were satisfactory. There was no statistically significant difference between the two groups based on Modified
MacKay criterion.
Conclusion: Results in both groups of patients under and over 3 years old were found satisfactory. Difference in patient
satisfaction rates based on clinical and radiological outcomes was not statistically significant between the two groups.
It should also be noted that complications such as redislocation and deep wound infection would cause poor clinical
and radiological outcomes.
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Introduction
evelopmental dysplasia of the hip (DDH) is one
of the most important and challenging conditions
in the field of pediatric orthopedics; if it is not
diagnosed and treated in time, it leads to remarkable
rate of morbidity, including progressive damage and
defective development of the acetabular cavity (1-6).
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Since the etiology of DDH has been poorly
understood, early diagnosis and effective treatment
to prevent the progressive deleterious nature of
this disease is of particular importance (7). Major
treatment options focus on decreasing the pressure on
the joint by putting femoral head in acetabular cavity
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(8). In children younger than 18 months, non-surgical
treatment options seem to have better outcomes,
but in children over this age surgical intervention to
maintain appropriate articular surface is required
(4). Overall, in older children or patients with higher
grade of the disease, surgical treatments have better
outcomes and mainly concentrate on increasing
the coverage of femoral head in acetabulum with
or without osteotomy or femoral shortening. The
optimal age or age limit to perform Salter osteotomy
is controversial (9).
The aim of this study is to compare the outcomes of
surgery in two groups of patients under and over age
3, who underwent Salter innominate osteotomy with or
without femoral shortening.

a data sheet. Patients were invited for follow-up
physical examination and control radiographs of
pelvic were obtained. The following parameters were
also recorded: number of months from surgery, pain
and limping degree and limb length discrepancy.
Clinical assessment was based on Modified MacKay
scoring system and radiologic assessment was done
by modified Severin radiographic criteria. All analysis
was performed with IBM SPSS Statistics version 19.0;
T-test and chi-square tests were used for continuous
and categorical variables , respectively. P values of less
than 0.05 were regarded as statistically significant.

Materials and Methods
In this retrospective study, medical records of
patients who had undergone Salter osteotomy surgery
(with or without femoral shortening) for ten years
(2004 to 2014) in Imam Khomeini Hospital complex,
Tehran, Iran, were reviewed. A total of 309 patients
with DDH were selected according to our inclusion
criteria. Patients with definite diagnosis of the disease
and no prior operation were considered for this study
. Considering exclusion criteria, cases with other
comorbidities such as cerebral palsy, arthrogryposis,
myelomeningocele, were excluded from the study
remaining 210 subjects for the final analysis. Seventythree of the subjects had surgery over 3 years of age
and the rest had undergone operations before the age
of 3 years. We randomly selected thirty-five cases at
the age of over 3 years and fifty cases at the age of less
than 3 years. 32 cases older than 3 years (3 bilateral)
and 38 patients in the group of under 3 years (including
fifteen subjects with bilateral DDH) had complete
follow-up records and were finally included in the
study. Mean follow-up of all patients is 70.28 months
(min = 25 months, max=118 months). 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

Results
A total of seventy patients were ultimately selected,
in whom 85 hips had prior surgery (15 patients had
bilateral DDH). Patients were divided into two groups,
thirty-eight patients (fifty hips) were on the first group
of children who were less than 3 years old, and the
second group included 32 patients (35 hips) over 3
years old. 13 patients were male while 57 cases were
female (total of 70 patients). Among them, 38 patients
(54%) had left hip involvement, 17 patients (24%)
had right side involvement and 15 (22%) had bilateral
involvement [Table 1].
In the first group, among 15 patients with bilateral hip
dislocation, there were 1 boy and 14 girls. All girls with
bilateral involvement were over 3 years old. The mean
age of patients at the time of surgery was 34 months
(18-64) with a mean age of 24.7 months in the first
group and 47.5 months in the second group.
The mean age at last follow-up was 7.7 years and
10.09 years for the first and second group. Duration of
follow-up in both groups was calculated and recorded
as 68 and 73.5 months for the first and the second
group, respectively. No significant difference was
found.
Patients’ Clinical status and radiologic evaluations
were assessed. All patients in this study had undergone
Salter osteotomy and 40 hips (47%) had undergone
femoral osteotomy as well. 7 patients were under 3
years (8%) and 33 patients (38%) were over three

Table 1. Petients demographic information
Surgery age mean(month)
Last visit mean age(year)
Mean follow up duration(month)
Boy

Gender

Surgery side

Left

Right

Bilateral

Femoral shortening

Girl

Group 1

Group 2

Total

P value

24.7

47.5

34.12 )18-64(

0.001

68

73.57

70.18 )25-118(

0.311

34

23

7

10

7.7
4

19
12
7

10.1
9

19
3

33

8.71 )5-13(

13

57

70

38 )54%(

17 )24%(
15 )22%(
40 )47%(

0.001
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Table 2. Patients Radiologic Index
Group 1
)SD(
Group 2
)SD(

Pre op AC.index

Post op AC.index

Delta

Final CEA

39.5
)4.07(

20.72
)3.8(

18.8
)5.03(

25.52
)8.75(

39.31
)32-49(

21.28
)12-29(

17.93
)8-28(

24.59
)6-47(

38.9
)3.2(

Total
)min-max(
P value

0.472

22.3
)4.3(

0.083

16.6
)4.76(
0.048

23.26
)9.31(
0.263

Table 3. Patients Severin Radiologic Scoring System
Group 1

Group 2

IA

31 )62%(

22 )62.9%(

Fair

II

6 )12%(

Poor

IV

Satisfaction

VI

Excellent
Good

Unsatisfaction

IB

III
V

6 )12%(

7 )20%(

1 )2.9%(

4 )8%(

5 )14.3%(

0 )0%(

0 )0%(

0 )0%(0
3 )6%(

43 )87%(
7 )13%(

years old.
In radiological evaluation of patients in the first group,
mean preoperative and postoperative acetabular index
was 39.5 (SD: 4.07) and 20.72 (SD: 3.8), respectively. This
is indicative of 18.8 (SD: 5.03) change in mean acetabular
index. While in the second group, the mean preoperative
acetabular index was 38.9 (SD: 3.2) and mean postoperative acetabular index was 22.3 (SD: 4.3) with a
mean difference of 16.6 (SD: 4.46).
The acetabular index was improved in both groups, but
there was no statistically significant difference in mean
acetabular index before and after the surgery. (P: 0.472
and P: 0.083, respectively) However, in the first group
despite statistically significant reduction of acetabular
index the change was not clinically significant (P: 0.048)
[Table 2].
Radiological evaluation on control pelvic X-rays,
showed average Central Edge Angle in the first group as
25.52 (SD: 8.75) and in the second group as 23.26 (SD:
9.31). This difference was not statistically significant
(P: 0.263).
Based on Severin radiological subjective scoring
system, there were 30 hips (60%) in the first group,
which were considered as excellent, 13 hips (26%)
good, 4 hips (8%) fair and 3 hips (6%) poor. In the
second group, 22 hips (62%) were considered excellent,
8 hips (22%) good, 5 hips (14.3%) fair and no poor hips.

P value

0 )0%(
0 )0%(

30 )85%(
5 )15%(

<0.05

Therefore, satisfaction rate of 86% was calculated in the
first group, while in the second group it was 85%. There
was no statistically significant difference between the
two groups considering Severin radiological subjective
criteria (P >0.05) [Table 3].
In clinical evaluation of patients based on Modified
MacKay criteria, in the first group 15 hips (30%)
were considered as excellent, 26 hips (52%) were
good, seven hips (14%) fair and 2 cases (4%) poor,
while in the second group, 8 patients (23%) were
considered as excellent, 21 patients (60%) were good,
4 patients (11.4%) fair and 2 patients (5.7%) poor.
Based on Modified MacKay Criteria, results in 82% of
the patients in the first group and 82.9% of subjects
in the second group were satisfactory. There was no
statistically significant difference between the two
groups based on Modified MacKay criteria (P>0.05)
[Table 4].
In the follow up, we had 13 cases of Avascular Necrosis
of femoral head (15%) while 9 of them were children
under 3 years and the rest of them were above 3 years
old. Based on Kalamchi and MacEwen’s classification, 4
patients were categorized in class I, 2 in class II, 1 in
class III, and 6 in class IV of femoral head avascular
necrosis. All 6 patients in class 4 were under 3 years old
[Table 5].
Among our patients, 2 cases had infection, which
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Table 5. Patients Kalamchi and MacEwen’s classification
Class I
Class II
Class III
Class IV
Total

Group 1

Group 2

Total

3

1

4

0

1

1

0
6
9

2
0
4

2
6

13

were treated with debridement but their condition
eventually led to AVN. Two patients in the first group
had re-dislocation and were classified in poor groups,
based on both radiological and clinical criteria.

Discussion
Early diagnosis and treatment of DDH could
significantly reduce long term complications of the
disease (10). Review of literature showed that a large
proportion of the studies addressing surgical treatment
of DDH, has been conducted in developing countries
including India, China and Egypt. The goal of treatment
in patients with prolonged undiagnosed disease is to
achieve a concentric reduction level of femoral head and
acetabulum, which is appropriate for functional weightbearing (9). Another goal is to reduce undesirable
complications such as dislocation and subluxation of
the hip joint (11).
Various studies have shown non-surgical treatment as
skin traction and close reduction for prolonged DDH have
high rates of complication, and surgical management
would be eventually required (12-14). Mehmet Bulut
et al. have shown in their study that treatment of the
disease with only soft tissue is associated with high rates
of complications and is not recommended (15). In our
study, we studied patients above the age of 18 months
with diagnosed DDH who underwent Salter osteotomy
with or without femoral shortening. A Spica cast had
been applied for all operated patients and remained in
place for 8 weeks.
Studies have shown that Salter osteotomy clearly
improves radiological criteria such as acetabular
index postoperatively (16). There is controversy
about the age limit for this operation (9). However,
in his original article, Salter considered the method
appropriate for patients within 18 months to 6 years
of age (17). Ryan et al. reported one stage operation
(open reduction + innominate osteotomy +/- femoral
osteotomy) on children within 3 to 10 years of age
has been reported with satisfactory acetabular
remodeling and functional outcomes (8). Nakamura et
al. performed similar study and found the comparable
result with follow up duration as 10 to 23 years in
their study (18).
In our study, based on Severin radiologic criteria,
satisfaction rate among patients was 86%, and the
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Table 4. Patients modified Mac-kay scoring system
Group 1
Excellent
Good
Fair
Poor
Satisfaction
Unsatisfaction

15 )30%(
26 )52%(

Group 2
8 )23%(

21 )60%(

7 )14%(

4 )11.4%(

41 )82%(

29 )83%(

2 )4%(

9 )18%(

P value

2 )5.7%(
6 )17%(

<0.05

difference between the two groups of patients was not
statistically significant as observed by other studies
(19-21).
Based on clinical criteria, patient satisfaction rate
was 84%, and difference between two groups was not
statistically significant, as reported in other studies
(19-21).
Complications in our patients included 13 hips with
AVN. We found no significant rate difference between
two groups, (11% and 18%). Based on Kalamchi and
MacEwen’s classification, 6 patients were categorized
in class IV of femoral head avascular necrosis, all 6
patients in class 4 were under 3 years old and two hips
belonged to a bilateral DDH case. From this group, 6
cases with class IV AVN, 2 were diagnosed with postoperative redislocation and 2 with deep infection.
There were two cases of redislocation in our study.
Different dislocation rates of 4.5%, 5%, 24% and 64%
have been reported in the literature and all have been
associated with more complications, including AVN
and low satisfaction. Both cases of redislocation in our
study had underwent open reduction and Spica cast
for 3 months (9, 23-27).
We found no scientific reason of the high-observed
rate of class IV AVN in children under 3 years old.
The main limitation of this study is that it is a
retrospective study and the data collection and
recording may be impaired due to many factors and a
prospective study must be performed to reclaim more
reliable results. The other limitation is that we are not
able to come to any conclusion about long term results
as the time of our follow up is not long enough. There
might be significant difference in quality of life and
radiologic scores between the two groups in adult hood.
Finally, patients had been admitted to a referral and
training hospital and different surgeons had performed
desired operations.
In our study, performing Salter osteotomy with or
without femoral shortening to avoid complications has
identical satisfactory results in both children over and
less than 3 years old. There is no significant difference
between these two groups based on clinical and
radiological assessments. This operation is essential in
prevention of early onset osteoarthritis and could have
important social and economic benefits.
DDH is a disease in which timely diagnosis
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and treatment reduce its associated long-term
complications. We studied complication rate and
surgical outcome in children with prolonged,
undiagnosed DDH. The results in both groups of
patients aged under and over 3 years who underwent
Salter innominate osteotomy with or without femoral
shortening were found satisfactory. Patient satisfaction
difference rate, based on clinical and radiological
outcomes, was not statistically significant between the
two groups. It should also be noted that complications
such as redislocation and deep infection result in poor
clinical and radiological outcomes.
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