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3.2 to 8.9 years
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Abstract

Background: The one-stage procedure for treatment of older developmental dislocation of the hip (DDH) is used
widely. However, the best age group for this operation is still unknown. The aims of our study were to evaluate
middle-term outcomes of one-stage surgical treatment of a large number of patients with late-diagnosed DDH, and
to explore the best age group for treatment.

Methods: We retrospectively reviewed 652 patients with a total of 864 hip joints with DDH, all aged >18 months.
All the hip joints were treated with one-stage procedures including open reduction, pelvic osteotomy, and femoral
shortening. The patients were divided into three groups according to age at surgery: Group I: 1.5–2.5 years; Group
II: 2.5–8 years; and Group III: >8 years. The latest clinical and radiographic outcomes, complications and avascular
necrosis (AVN) of the femoral head were evaluated and compared among the three groups.

Results: The mean age at surgery was 5.8 years (range: 1.5–13.2 years). The average time of follow-up was 6.2 years
(range: 3.2–8.9 years). A total of 79.4% of good or excellent outcomes were obtained for clinical functional evaluation
according to the McKay classification. For radiographic outcomes, 732 hips (84.7%) were classified as good or excellent
according to the Severin classification. A total of 27.4% of all hips had a poor outcome according to the Kalamchi
and MacEwen classification for AVN. The poorest outcomes were observed for clinical, radiographic and AVN
results in Group III (p < 0.001). Compared with Group I, the better results for clinical and AVN outcomes were found
in Group II (p < 0.001). However, similar clinical outcomes were observed between Groups I and II (p > 0.05). A
significantly higher incidence of redislocation and residual acetabular dysplasia was observed in Tonnis grade II
and III hip dislocation (p < 0.001).

Conclusions: One-stage treatment of late-diagnosed DDH had a good outcome in young and middle group.
Younger patients achieved better results than older patients. However, the best age group was 2.5–8 years. Tonnis
grade II and III DDH is a risk factor for redislocation and residual acetabular dysplasia after the one-stage operation.
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Table 1 Summary of osteotomies of DDH in the present
study

Osteotomies Young Middle Older Total

Pelvic

Salter 83 336 10 429

Pemberton 123 211 8 342

Steel 0 29 62 91

Chiari 0 0 2

Femoral

Shortening 206 576 82 864

Derotation 28 432 64 524
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Background
Developmental dislocation of the hip (DDH) is one of
most frequent deformities in children [1-3]. The goal of
treatment of DDH is to achieve a stable and painless hip
[4,5]. The radiographic goal of DDH treatment is to
achieve a normal acetabular index and a reduced hip
joint according to Tonnis grade [6]. Although treatment
of DDH is often successful in infants, it is still a chal-
lenge in late-diagnosed DDH [7,8]. Late diagnosis has to
be avoided by ultrasound screening in technique de-
scribed by Graf way [9]. Muscle contractures around the
joint and soft tissue pathology hinder reduction and
prevent normal development of the femoral head by
inflicting pressure [4]. Long-term dislocation of the hip
can lead to an augmented femoral head and reduced
acetabulum. All of these factors may result in difficult
reduction of DDH.
Some recent studies have shown that one-stage treat-

ment of DDH in children of walking age is feasible [5].
In the procedure, femoral shortening can facilitate re-
duction and reduce the risk of osteonecrosis [10-12].
Among the various methods of pelvic osteotomy, the
most widely known is that of Salter, Pemberton and
Dega, which is used to redirect the true acetabulum in
order to obtain femoral head coverage [13-15]. The
Steel and Chiari osteotomy was used to older children
[16,17]. Many authors have reported success with a
single-stage procedure consisting of open reduction,
capsulorrhaphy, femoral shortening, and pelvic osteot-
omy [10,12,18,19]. Although one-stage treatment is
feasible for late-diagnosed DDH, the treatment of older
children is complex, with many unpredictable problems
[10,20]. There have been good and poor radiographic out-
comes in different studies.
In our hospital between 2005 and 2010, there were

864 hips in 652 children with late-diagnosed DDH who
were diagnosed after 18 months of age. They received
one-stage surgical treatment including open reduction,
capsulorrhappy, femoral shortening, and pelvic osteot-
omy. The purposes of the present study were to evaluate
middle-term outcomes (3.2 to 8.9 years, mean 6.2 years)
of one-stage surgical treatment of late-diagnosed DDH
at different ages and to explore the best age group for
treatment. Because of these purposes, the age of all pa-
tients at surgery is over 18 months. The latest clinical
and radiographic outcomes, complications and avascular
necrosis (AVN) of the femoral head were evaluated. The
risk factors for poor outcomes were also analyzed.

Methods
The study was approved by Clinical Ethics Committee of
Anhui Medical University. The informed consent for
participation in the study was obtained from parents of
children. We retrospectively reviewed 652 patients with
a total of 864 hip joints with DDH, all aged >18 months.
All hip joints were treated with one-stage open reduction
and Salter, Pemberton, Dega, Chiari or Steel osteotomy,
combined with femoral shortening and derotation osteot-
omy if necessary, by three senior surgeon from 2005 to
2010 at our hospital. Pelvic osteotomies were decided ac-
cording to age, grade of dislocation and acetabular index.
Femoral shortening osteotomies were performed on all
hip, however derotational osteotomies were done only
part of cases according to CTscan preoperatively (Table 1).
All patients in the present study are diagnosed DDH
treated by one-stage operation. The patients with DDH
did not receive one-stage operation that was excluded.
Patients with known neuromuscular, pathological dis-
location of the hip such as previous hip infection and
syndromic disorders were excluded.
In the 652 patients (864 hips), the mean age at surgery

was 5.8 years (range: 1.5–13.2 years). Two hundred and
twelve (32.5%) of the 652 patients had bilateral DDH,
and 440 (67.5%) had unilateral DDH. The patients were
divided into three groups according to age at surgery:
Group I (young): 1.5–2.5 years; Group II (middle): 2.5–8
years; and Group III (older) : >8 years (Table 2). The de-
gree of dislocation was determined by Tonnis grade [21].
Detailed clinical information about these patients is
shown in Table 2. The operative technique was similar
to that described in previous studies [7]. In brief, a clas-
sical Bikini approach was used and an iliopsoas tenot-
omy was routinely performed, followed by removal of
the ligmentum teres and incision of the transverse ace-
tabular ligament. Any fibrous/fatty tissue in the acetabu-
lar fossa was removed, and the limbus was preserved.
Different techniques of pelvic osteotomy were applied in
different patients according to our preoperative clinical
evaluation, age, X-ray (acetabular index) analysis and com-
puted tomography (CT) scan (development and rotation
of the acetabulum). Chiari osteotomy was used only in
two patients (aged 12.6 and 13.2 years) with poor acetabu-
lar conditions in whom central reduction was not possible.
Redundant capsules were excised and capsulorrhaphy



Table 2 Summary of clinical features of study subjects

Characteristics Young Middle Older Total

Patients (hips) 183(206) 391(576) 78(82) 652(864)

Age (y) 1.9 ± 0.23 4.6 ± 0.65 9.6 ± 1.2 5.8 ± 2.12

Sex

Male (%) 29(16.1) 57(14.7) 13(17) 99(15.2)

Female (%) 154(83.9) 334(85.3) 65(83) 553(84.8)

AI (d) 43.5 ± 5.12 41.2 ± 3.12 42.6 ± 1.5 42.2 ± 6.32

Tonnis grade (hips)

Grade I 34 86 16 136

Grade II 56 157 46 259

Grade III 77 186 10 273

Grade IV 39 147 10 196

Follow-up (y) 6.4 ± 2.81 6.12 ± 2.23 6.15 ± 2.45 6.20 ± 2.98

Table 3 Results according to Severin classification for
radiographic evaluation

Severin (%) Young Middle Older Total

Ia 94(45.6) 196(34.5) 8(9.7) 298(34.5)

Ib 36(17.5) 158(27.8) 13(15.9) 207(23.9)

II 42(20.4) 177(30.7) 8(9.7) 227(26.3)

III 25(12.1) 31(5.4) 13(15.9) 69(8.0)

IV 9(4.4) 8(1.4) 6(7.3) 23(2.7)

V 0 6(1.2) 21(25.6) 27(3.1)

VI 0 0 13(15.9) 13(1.5)
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performed. Femoral shortening and derotation osteot-
omy (DRO) were performed at the intertrochanteric
region through a separate lateral incision. The length
of femoral shortening was determined by the extent of
dislocation (distance from the centre of the femoral
head to the H line). Hip anteversion was measured by
preoperative three-dimensional CT to decide the degree
of femoral DRO. Osteotomy of the proximal femur was
then fixed by four holes or a 90° plate. Patients were
immobilized postoperatively with 45° abduction and 30°
flexion in a 1.5 hip spica for 6 weeks. Indications for oste-
otomy were as described previously [22]. No traction was
used preoperatively.
The medical records and serial follow-up radiographs

were reviewed. The mean time of follow-up was 6.2
years (range: 3.2–8.9 years). Clinical data including pain,
gait pattern, range of hip joint motion, and status of
Trendelenburg sign were evaluated for each patient at
the latest follow-up, using the McKay classification
[23,24] by two senior authors. The Severin grading sys-
tem [24,25] was used to evaluate the latest radiographic
outcome. AVN of the femoral head was assessed using
the Kalamchi and MacEwen classification [24,26]. Post-
operative complications and subsequent surgery were
observed during the follow-up period.
SPSS version 16.0 was used for data analysis. Factors

associated with AVN of the femoral head and the latest
McKay and Severin classifications were analyzed by mul-
tiple logistic regression models. Fisher’s exact test was
used to compare continuous variables among the three
groups. The χ2 or Fisher’s exact test was used to compare
categorical data. A p value <0.05 (two-sided) was consid-
ered statistically significant.

Results
Clinical and radiographic outcomes were followed. At
the time of latest follow-up, 732 (84.7%) of the 864 hips
had a satisfactory radiographic outcome (Severin class Ia,
Ib, or II) (Table 3). Analysis of functional outcome at the
latest clinical evaluation demonstrated that 687 (79.4%) of
the 864 hips had satisfactory outcome (excellent or good)
according to the McKay classification (Table 4). However,
237 (27.4%) of the 864 hips had osteonecrosis of the fem-
oral head classified as Kalamchi class II or higher (Table 5).
For other postoperative complications, 14 patients had
redislocation (1.6%) and 26 residual acetabular dysplasia
(3.0%) that required reoperation. A significantly higher in-
cidence of redislocation and residual acetabular dysplasia
(32 of 40 cases, 80%) was observed in patients with Tonnis
grade II and III hip dislocation (p < 0.001) (Table 6).
To see radiographic outcomes in different groups, we

used the Severin classification system. Thirty-four (16.5%)
of the 206 hips had a poor Severin classification (above
class II) in the young group. In the middle group, poor
Severin classification was observed in 45 (7%) of 576
hips. In the older group, we determined 53 (64.6%) of
the 82 hips had a poor Severin classification. According
to the data, the latest radiographic outcomes were sig-
nificantly worse in the older group when compared with
the young and middle groups (p < 0.001). Moreover, the
middle group had better radiographic results than the
younger children had (p < 0.01) (Table 3).
The clinical outcomes were evaluated according to

McKay’s scoring system. At the end of the study, 32
(15.5%) of the 206 hips were in fair or poor condition in
the young group. In the middle group, 77 (13.3%) of 576
hips were rated fair or poor. In the older group, 68
(82.9%) of 82 were rated as poor. The difference in the
McKay classification between the young and middle
groups was not significant. However, there was a signifi-
cantly higher incidence of poor McKay classification in
the older children (Table 4). A good Severin classifica-
tion usually resulted in a good clinical outcome in the
young and middle groups. However, in the older group,
poor radiographic outcome for Chiari osteotomy showed
good function of the hip. For Steel osteotomy in older
children, some patients obtained a good Severin classifica-
tion but poor clinical outcome.



Table 4 Results according to McKay classification for
clinical evaluation

McKay (%) Young Middle Older Total

Excellent 112(54.4) 362(62.8) 6(7.3) 480(55.6)

Good 62(30.1) 137(23.9) 8(9.8) 207(23.8)

Fair 28(13.6) 56(9.7) 43(52.4) 127(14.8)

Poor 4(1.9) 21(3.6) 25(30.5) 50(5.8)

Table 6 Correlation analysis between complications and
Tonnis grade

Tonnis Preoperative
n(%)

Redislocation Residual acetabular
dysplasia

I 136(15.7) 0 4

II 259(30.0) 8 9

III 273(31.6) 5 10

IV 196(22.7) 1 3
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To evaluate AVN of the femoral head postoperatively,
we used the Kalamchi and MacEwen classification. In
the young group, we observed poor classification in 71
(34.4%) of 206 hips. In the middle group, 101 (17.5%) of
576 hips had poor classification. Sixty-five (79.2%) of 82
hips showed a poor outcome. The older group had a sig-
nificantly higher incidence of osteonecrosis of the fem-
oral head compared with the young and middle groups.
The young group had a worse outcome when compared
with the middle group (Table 5).
Multiple logistic regression analysis was used to assess

the risk factors for poor Severin and McKay classifica-
tion and for AVN of the femoral head. The preoperative
variables included age, acetabular index, sex, and Tonnis
grade. Older age at surgery (p < 0.001) and higher Tonnis
grade (p < 0.001) were associated with a greater severity of
osteonecrosis and poorer McKay classification. The data
showed that too young age at surgery was a risk factor
for osteonecrosis of the femoral head. Older age at sur-
gery (p < 0.001) was significantly associated with a poor
Severin classification, whereas sex and preoperative ace-
tabular index and Tonnis grade were not associated with
radiographic outcome.

Discussion
The goal of treatment of DDH is the same in infants and
older children, which is concentric reduction and con-
gruity of the femoral head into the true acetabulum
[4,5,22,27]. In some studies, age at surgery was an im-
portant risk factor for treatment failure and treatment of
older children is still a challenge. Concentric reduction
in older children may be prevented by soft tissue contrac-
ture with undue pressure on the femoral head. Acetabular
dysplasia and flattened femoral head that is aggravated
with increasing age, lead to difficulty of reduction. Poor
Table 5 Results according to Kalamchi and MacEwen for
osteonecrosis evaluation

Kalamchi (%) Young Middle Older Total

Absent 89(43.3) 393(68.3) 12(14.7) 494(57.2)

I 46(22.3) 82(14.2) 5(6.1) 133(15.4)

II 38(18.4) 74(12.8) 24(29.3) 136(15.7)

III 25(12.1) 15(2.6) 26(31.7) 66(7.6)

IV 8(3.9) 12(2.1) 15(18.2) 35(4.1)
hip joint motion and osteonecrosis of the femoral head
may result from forced reduction. It has been reported
that femoral shortening can facilitate reduction, improve
joint motion, and reduce the risk of avascular necrosis of
the femoral head [12,14,20]. It has been reported that a
one-stage operation including open reduction and appro-
priate pelvic osteotomy may be the best option for treat-
ment of late-diagnosed DDH [14,19,20,28]. In the past 8
years, numerous older patients with DDH have been
treated with a one-stage operation in our institution. We
reviewed the outcomes of these patients with a minimum
of 3.2 years follow-up (Figure 1). Although there were
various osteotomies in the present study, most of our pel-
vic osteotomies were Salter and Pemberton osteotomy
(Table 1). Moreover, our three seniors have the same deci-
sion tree before operation. Pelvic osteotomies were de-
cided according to age, grade of dislocation and acetabular
index. We have so many patients, the effect of various
single-stage procedures were decreased to very small.
Many studies have reported the functional and radio-

graphic outcomes of a one-stage combined operation for
DDH. Most authors have achieved satisfactory results in
young children. Karakas et al. [12] obtained 67% clinically
and 65% radiographically good or excellent outcomes ac-
cording to McKay and Severin criteria in 55 hips with a
one-stage operation. Forlin et al. [29] reported on 20 chil-
dren (24 hips) with untreated DDH who had a one-stage
operation between the ages of 4 and 12 years. Seventeen
(70%) of those hips had good or excellent results accord-
ing to the McKay and Severin classifications. Meanwhile,
they reported poor outcomes in patients older than 7
years at the time of surgery. Umer et al. [4] reviewed 23
patients (29 hips) who were treated with a one-stage oper-
ation. The average patient age at the time of surgery was
6.84 years. After a mean follow-up of 19.6 months, 25
(86%) hips were classified as excellent or good outcome
according to the McKay classification. Ganger et al. [30]
reported that 80% of hips treated with a one-stage operation
had excellent or good results according to the Severin classi-
fication after a mean follow-up of 3.5 years. Galpin et al.
[20] reported that 75–85% of patients had good results
radiographically and clinically. All of these studies have
shown that the younger the patients receive the operation,
the better the results achieved. Our findings showed the



Figure 1 Shows a typical X-ray in a bilateral DDH, both before operation and at the follow up examination. A. Female patient aged 3.8
years with bilateral DDH. Plain X-ray anteroposterior (AP) view. B. Plain X-ray AP view 1 year after one-stage operation, showing good containment of
the femoral head. C. AP view 3.9 years postoperatively with excellent clinical and radiographic results.
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similar outcomes with these studies in clinical and radio-
graphic results. However, the best age group for a one-
stage operation for DDH is still unknown.
In the present study, we reviewed the outcomes of the

one-stage operation for treatment of DDH in 864 hips in
children older than 18 months. The McKay and Severin
classifications were used to evaluate the clinical and
radiographic results, respectively. We showed that 79.4%
of good or excellent outcomes were obtained for clinical
functional evaluation according to the McKay classification.
For radiographic outcomes, 732 hips (84.7%) were classi-
fied as good or excellent according to the Severin classifi-
cation after a mean follow up of 6.2 years. The results are
similar to those in other reports [7,29,30]. It has been
widely reported that AVN of the femoral head is still a
severe complication after treatment of DDH. Our results
showed that 27.4% of all hips had a poor outcome accord-
ing to the Kalamchi and MacEwen classification. Previous
studies have shown that sufficient femoral shortening and
appropriate position of the hip spica might avoid AVN
[21,23]. In the present study, sufficient femoral shortening
and stable reduction during the operation were required.
After operation, 45° abduction and 30° flexion of the hip
was immobilized for 6 weeks. Multiple logistic regression
analysis showed that age at surgery and Tonnis grade were
risk factors for AVN and poor McKay classification. For
poor Severin classification, only age at surgery was a risk
factor. These data support those of other researchers
[7,22]. In the present study, good Severin classification
showed good clinical outcome in the young and middle
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groups. However, patients in the older group with poor
radiographic outcome after Chiari osteotomy presented
with good function of the hip. Some older patients who
underwent Steel osteotomy obtained good Severin classifi-
cation but poor clinical outcome. Furthermore, we failed
in 21% of our cases in McKay scores, but failure analysis
shows that the majorities of poor scores of McKay were in
older patients. These results suggested that age at surgery
was an important risk factor for clinical outcome. It is im-
portant that walking-age children with DDH should be di-
agnosed early and treated by one-stage operation for a
satisfactory outcome (Figure 2).
Although we recommend early treatment of DDH by

one-stage operation in children above walking age, the
best age group at which to perform this operation is still
unclear. To explore the best age group, we divided our
patients into three groups according to age at surgery. In
the oldest age group, patients had the poorest Severin
classification for radiographic outcome among the three
groups, the poorest McKay grade for clinical results, the
poorest Kalamchi and MacEwen classification for osteo-
necrosis. Patients in the youngest age group showed
poorer results than the middle group for Severin and
Kalamchi and MacEwen classifications. The young and
Figure 2 shows X-ray in a unilateral DDH, before therapy and at the f
DDH. Plain X-ray AP view. B. Plain X-ray AP view 1.6 years after one-stage o
4.5 years postoperatively with excellent clinical and radiographic outcomes
middle groups had similar results for McKay classifica-
tion for clinical outcome. The finding that older patients
with DDH had the poorest results supports those of
other investigators. However, the best outcome in our
patients was in Group II (middle age group) rather than
Group I (young group). These data clearly showed that
the final outcome of the one-stage operation is greatly
influenced by the age of the child at the time of surgery,
as assessed by radiographic and clinical analyses. Our re-
sults suggested that age at surgery played an important
role in outcome of treatment of DDH with the one-stage
operation. The best outcome was in Group II (2.5–8 years)
rather than the youngest group. These mean that one-stage
operation for DDH may be not the younger the patient per-
formed at surgery time, the better the results was, rather to
a special age group. The age group for best outcome needs
further investigation.
Redislocation and residual acetabular dysplasia are in-

evitable complications during treatment of DDH. It has
been reported that incidence of these complications after
open reduction is 0–8% [11,31,32]. Bilateral DDH, en-
larged femoral head and abnormal femoral version, and
improper pelvic osteotomy may be risk factors for redis-
location and residual acetabular dysplasia [7,22,32]. In
ollow up examination. A. Female patient aged 2.1 years with left
peration, showing good containment of the femoral head. C. AP view
.
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the present study, 14 patients had redislocation (1.6%)
and 26 residual acetabular dysplasia (3.0%) and required
reoperation. The data were similar to previous studies
[7,31]. Data analysis showed that a significantly higher
incidence of redislocation and residual acetabular dys-
plasia (32 of 40 cases, 80%) occurred in patients with
Tonnis II and III hip dislocation. The results suggested
that DDH with Tonnis II or III dislocation was a risk
factor for redislocation or residual acetabular dysplasia
after the one-stage operation. These complications may
result from abnormal pressure of the femoral head on
the lateral edge of the acetabulum in patients with Tonnis
grade II or III DDH. The abnormal pressure leads to
poor development of the acetabulum and predisposes
the hip to redislocation or residual acetabular dysplasia
after operation.
However, there were some limitations to our study.

This was a retrospective study. The follow-up study was
not long enough to evaluate the eventual outcome. A
longer duration of follow-up would certainly be necessary
to determine the latest results. As there were various oste-
otomies in the present study, so there was a possibility
that the surgical method or the degree of dislocation could
confound the effect of treatment.
We have reported the results of a one-stage operation

for DDH in a large group of children aged >18 months,
with an average follow-up of 6.8 years. We confirmed
that the one-stage operation might be the best choice of
treatment for late-diagnosed DDH. The best age group
for the one-stage operation was the middle age group ra-
ther than the youngest one. To the best of our know-
ledge, this is the first study to explore the best age group
for treatment of DDH with a one-stage operation. Add-
itionally, we found that late-diagnosed DDH with Tonnis
grade II or III dislocation was a risk factor for postopera-
tive complications. These results suggested that the best
age was 2.5–8 years for the one-stage operation for DDH.
Conclusions
With the screening program according to Graf with
early ultrasonic examination of the hips, the late diagno-
sis could be avoided. For late diagnosis DDH, one-stage
treatment of late-diagnosed DDH had a good outcome.
Our cases may add actually persuasiveness that one-stage
operation is a good selection for late-diagnosed DDH.
Younger patients achieved better results than older pa-
tients. However, the best age group was 2.5–8 years.
Tonnis grade II and III DDH is a risk factor for redislo-
cation and residual acetabular dysplasia after the one-
stage operation.
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