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Abstract
 Background: The results of treatment for neglected devel-
opmental dysplasia of the hips (DDH) in children remains 
controversial. We sought to determine the clinical and radio-
graphic result of patients with neglected DDH with special 
emphasis on the functional outcome as determined by the 
Pediatric Outcomes Data Collection Instrument (PODCI) 
and determine which preoperative variables were related 
to the result. We also sought to determine if the functional 
results remain the same over time and if there is there a 
preoperative variable that can predict a poor outcome.
 Methods: This was a retrospective review of 15 patients 
(19 hips, 11 unilateral and 4 bilateral) treated after the age 
of 6 years (mean: 7.6 years) with one stage open reduc-
tion, femoral shortening, and innominate osteotomy with a 
minimum follow-up of 15 years. Clinical and radiographic 
evaluations were performed at 10 years and 15 years after 
the index procedure. Functional outcome was determined 
using the PODCI scale and the Iowa Hip Score; the radio-
graphic result was evaluated with the Severin classification, 
the center-edge angle, and the Tönnis grade of osteoarthritis. 
Linear regression analysis was used to determine the influ-
ence of preoperative variables on the result.
 Results: The patients were evaluated at two points in time: 
the first evaluation was performed at a mean 10.7 years after 
surgery (range: 10.0 to 12.2 years); at that time, the patients 
mean age was 17.8 years; 11 had pain and 14 had a limp, 
the mean Iowa hip score was 73.5 and the mean PODCI 

score was 88.05. The mean CE angle was 26.9°, one hip was 
considered a Severin type I, six as type II, eight as type III, 
and four as type IV; eight hips were considered Tönnis grade 
I, seven grade II, and four grade III. The second evaluation 
was performed at a mean 15.8 years after surgery (range: 
15.1 to 17.3 years); at that time, the patients mean age was 
22.9 years; 14 had pain and 14 had a limp, the mean Iowa 
hip score was 67.8, and the mean PODCI score was 85.73. 
The mean CE angle was 29.7°, one hip was considered 
a Severin type I, four as type II, 10 as type III, and four 
as type IV; two hips were considered Tönnis grade I, five 
grade II, nine grade III, and three grade IV. The results were 
significantly worse than those seen at the first evaluation. 
Linear regression analysis showed a tendency toward worse 
functional and radiographic results with increasing age at 
the time of treatment as well as with time of follow-up.
 Conclusions: The results demonstrate a directly inverse 
relationship between age at the time of treatment and func-
tional and radiographic results for patients with neglected 
DDH. A progressive deterioration of the results with further 
follow-up was also found.

Despite increased awareness and early screening 
programs, there are still many patients with devel-
opmental dysplasia of the hip (DDH) who are not 

diagnosed until after walking age and it is not uncommon 
to see older children who have received no treatment, es-
pecially in developing countries. The long-term follow-up 
and results of surgical treatment for younger children have 
been discussed by many authors and are generally considered 
to be good1-5; however, for older children it is still not yet 
clear whether treatment produces a worse result than does 
no treatment, and there is no consensus regarding the ideal 
management of an older child with a dislocated hip.
 Any kind of medical treatment should have the purpose 
of producing a better outcome when compared to the natural 
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history of the condition being treated. The management of 
dislocated hips in older children has been fraught with com-
plications including failure to achieve reduction, a high rate 
of avascular necrosis (AVN),6,7 joint stiffness, femoral head 
deformity, persistent subluxation, and redislocation. Avascular 
necrosis does not usually occur in untreated patients and, in 
a natural history study of untreated patients by Crawford et 
al.,8 it was found that patients had very satisfactory clinical 
and functional results into middle or even old age. 
 Another study by Vallamshetla et al.9 concluded that 
one-stage correction of congenital dislocation of the hip in 
an older child is a safe and effective treatment with good 
results in the short to medium term; however, the mean age 
at the time of operation was 5 years and 9 months and the 
issue of determining an upper age limit for the safe reduction 
of a dislocated hip is still debated.
 The goal of surgical treatment is to achieve balance 
between maintaining a stable concentric reduction with 
painless range of motion and function in order to obtain 
a durable hip into adulthood.10-12 The principal problems 
encountered when treating these hips are a high riding 
femoral head, contracted soft tissues, and a severely dys-
plastic acetabulum.13 In the older child, these contractures of 
muscles, tendons, and capsule not only prevent reduction but 
can result in increased pressure on the developing femoral 
head during or after reduction leading to ischemia. Traction 
has been utilized as a means of decreasing the prevalence of 
ischemia,13 but there is insufficient evidence to support the 
consistent use of this treatment.10 Femoral shortening has 
been proven to facilitate reduction and does not appear to 
increase the prevalence of AVN of the femoral head.10,11 In 
fact, some consider this to be a protective measure against 
AVN. It should be noted that the term “avascular necro-
sis” has recently been replaced by the more accurate term 
“proximal femoral growth disturbance” as it better reflects 
the underlying pathophysiology.
 The purpose of this study was to determine the clinical 
and radiographic result of patients with neglected DDH who 
were treated after the age of 6 years with special emphasis on 
the functional outcome as determined by the PODCI scale. 
An attempt was also made to determine which preoperative 
variables were related to the result.

Materials and Methods
A retrospective review was performed of the charts of 
2,217 patients treated at our institution between 1980 and 
1995 for DDH; only children over the age of 5.5 years 
without any previous treatment and a minimum follow-up 
of 5 years were considered for the study. Patients with a 
diagnosis of cerebral palsy, spina bifida, and other associ-
ated syndromes were excluded. All patients were treated 
with a single stage open reduction, femoral shortening, and 
innominate osteotomy.
 A total of 15 patients (19 hips; 11 unilateral and 4 bi-
lateral) met the criteria and are included in the study; all 

patients were girls. The mean age at the time of surgical 
treatment was 7.6 years old (range: 5.8 to 11.3 years). The 
preoperatively clinical variables evaluated were the presence 
of pain and the range of motion; the radiographic variables 
included the Tönnis classification to evaluate the level of 
the dislocation14 and the acetabular index to assess the grade 
of dysplasia.
 Skeletal maturity was assessed with a modification of the 
Oxford Bone Score,15 which considers nine distinct areas: 
the head of the femur, the greater trochanter, the lesser tro-
chanter, the ilium, the ischium, the lip of the acetabulum, 
the junction of the ischial and pubic rami, the pubis, and the 
triradiate cartilage. These were all evaluated on anteropos-
terior radiographs of the pelvis and both hips were graded 
according to established standards; a point-value was then 
assigned for each area. The total score was a sum of the 
score for each distinct area.
 Functional outcome was determined using the Pediatric 
Outcomes Data Collection Instrument (PODCI) and the 
Iowa Hip Score. The PODCI was developed by the Pediatric 
Orthopedic Society of North America to measure real-life 
functional levels of pediatric orthopedic patients; it yields 
four functional assessment scores, a global function score 
and a happiness score (each having a possible range from 
0 to 100). The adolescent version of the questionnaire was 
used, which has been previously validated in a similar popu-
lation of healthy adolescents who obtained scores close to 
the maximum of 100.16

 The radiographic result was evaluated with the modi-
fied Severin classification, the center-edge (CE) angle, and 
Sharp’s acetabular angle. 
 The modified Severin system was used to classify re-
sults.17 Type I was assigned if the hip was normal with a 
CE angle of Wiberg greater than 20°. Type II had a mild 
deformity of the head or neck but the hip was concentri-
cally reduced and the CE angle was greater than 20°. Type 
III hips were dysplastic without subluxation and had a CE 
angle less than 20°. Type IV hips were subluxated with a 
CE angle of 0° or less. Type V hips had the femoral head 
articulating within a secondary acetabulum. Type VI hips 
corresponded to a redislocation.
 The Tönnis grade of degenerative joint disease was used 
to evaluate the degree of osteoarthritis.18

 Statistical analysis was performed to determine the rela-
tionship of preoperative variables to the outcome variables. 
Paired univariate analysis of the outcome variables was 
carried out to reduce the set of measured variables for later 
multivariate analysis, which was done by linear regression, 
logistic regression, and hazard power ratios. Multivariate 
analysis was performed with IBM SPSS Statistics software 
version 16 (IBM, Armonk, New York, USA).
 All the clinical and radiographic evaluations were 
performed at two distinct points in time; the first evalu-
ation was performed at a mean 10.7 years after surgery 
(range: 10.0 to 12.2 years) and the second evaluation was 
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performed at a mean 15.8 years after surgery (range: 15.1 
to 17.3 years).

Results
Of the 15 patients included, all were girls, 11 had unilat-
eral dislocations and four had bilateral dislocations. None 
reported pain preoperatively. Preoperative range of motion 
showed an average flexion of 118° and average preoperative 
abduction of 39°. Seventeen hips were classified as Tönnis 
IV and two were classified as Tönnis III. The mean acetabu-

lar index was 43° (range: 30° to 56°). The mean Oxford Bone 
Score was 18.89 (range: 17 to 21). 
 Two patients presented a redislocation and were treated 
with revision open reductions, one of them also had a revi-
sion innominate osteotomy and one had a varus producing 
osteotomy of the femur. One patient presented a subtro-
chanteric fracture of the femur and was treated with closed 
reduction and spica cast. 
 The mean follow-up at the first evaluation was at 10.7 
years after surgery (range: 10.0 to 12.2 years); at that time, 

Figure 1 Linear regression analysis of Iowa Hip 
Score versus age at time of surgery.

Figure 2 Linear regression analysis of PODCI 
versus age at time of surgery.

Figure 3 Linear regression analysis of Iowa Hip 
Score versus follow-up time.
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the patients’ mean age was 17.8 years. Eleven had pain, 
according to the Visual Analog Scale (VAS) for pain the 
patients reported a mean of 2 (range: 0 to 6); however, if 
only the patients with pain were included, the mean VAS 
pain score was 4.6 (range: 2 to 6). Nine patients reported 
participating in sports at least once a week. Fourteen patients 
had a limp. The mean Iowa hip score was 73.5 and the mean 
PODCI score was 88.05. The mean CE angle was 26.9°; one 
hip was considered a Severin type I, six as type II, eight as 

type III, and four as type IV. Eight hips were considered 
Tönnis grade I, seven grade II, and four grade III. 
 The second evaluation was performed at a mean 15.8 
years after surgery (range: 15.1 to 17.3 years). At that time, 
the patients mean age was 22.9 years. Fourteen had pain 
and 14 had a limp, the mean Iowa hip score was 67.8 and 
the mean PODCI score was 85.73. The mean CE angle 
was 29.7°; one hip was considered a Severin type I, four as 
type II, 10 as type III, and four as type IV. Two hips were 

Figure 4 Linear regression analysis of PODCI 
versus follow-up time.

Figure 5 Linear regression analysis of PODCI 
versus Oxford Bone Score at time of surgery.

Figure 6 Linear regression analysis of final CE 
angle versus age at time of surgery.
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considered Tönnis grade I, five grade II, nine grade III, 
and three grade IV. Linear regression analysis showed a 
tendency toward worse functional and radiographic results 
with increasing age at the time of treatment as well as with 
time of follow-up, although this was not deemed statistically 
significant due to the small number of patients.
 A definite trend toward a worsening score on both func-
tional scales was seen with increasing age at the time of the 
open reduction as well as with further follow-up when linear 
regression analysis was applied (Fig 1 through 4).
 The Oxford Bone Score was calculated for all patients 
at the time of surgery, and the mean score obtained was 
18.89 (range: 17 to 21). When linear and logistic regression 
analysis were applied, the same tendency was observed for 
both the Iowa Hip Score and the PODCI (Fig. 5). Decreas-
ing outcome measures were found with increasing bone age. 
Linear and logistic regression analysis showed a tendency 
toward worse radiographic results with increasing age at the 
time of treatment.
 At the time of the first evaluation (mean: 10.7 years af-
ter surgery), all patients were directed to perform physical 
therapy to strengthen the hip, and the importance of main-
taining a body weight was emphasized. Interestingly, no 
patient showed any improvement on any clinical parameter 
despite these instructions, and in fact every patient showed 
worse outcomes at the time of the second evaluation both on 
the clinical scales and radiographic evaluations employed 
(Table 1).
 The radiographic results showed a similar trend; linear 
regression analysis for the center-edge angle in relation to 
the age at the time of surgery showed a similar tendency as 
the clinical results with the highest CE angles being found 
in the youngest patients and the lowest being found in the 
older patients (Fig. 6).
 Although our numbers are not large due to the relative 
paucity of this condition in modern times, we did not find that 
the one patient who was under six years of age at the time of 
surgery did significantly better on clinical and radiographic 
outcome compared to the oldest ones as demonstrated by 
an Iowa hip score of 82 at the time of first revision for the 
youngest patient and scores of 92 and 58 for the patients 
who were 11 years of age at the time of reduction. This large 

variability in the results makes generalization difficult and 
we found that the overall results were similar for all age 
groups.

Discussion
The primary goal of treatment of a developmentally dislo-
cated hip in an older child is to provide painless function 
of the hip into adulthood. It is not a prerequisite to have a 
located hip for adequate function to be present as has been 
stated previously19,20; patients with dislocated hips can live 
normal pain free lives even if it is a unilateral dislocation. 
 Crawford and Slovek21 reported on the long-term follow-
up of a series of eight patients with untreated dislocated hips 
of which two were unilateral and found that these patients 
achieved a better quality of life than have many patients of 
a similar age who have undergone surgical treatments aimed 
at reducing such late-presenting hip dislocations.
 Although it is still unknown whether there is a specific 
age when treatment produces a worse result than does no 
treatment, there have been numerous studies addressing this 
issue. Salter and Dubos22 performed one-stage open reduc-
tion and innominate osteotomy in children 4 to 10 years of 
age and noted that 43% remained subluxated or dislocated 
(Severin class III or IV) at a follow-up of 7 years. Karakas 
et al.23 published the results of a similar one-stage proce-
dure after a period of skin traction in children who were at 
least 4 years old and reported a good or excellent clinical 
result at an average of 8 years’ follow-up. They documented 
avascular necrosis in only 7% of their patients but did not 
classify the extent of the necrosis or its relationship to the 
end results. Klisic and Jankovic12 also reported on a series 
of 47 patients undergoing treatment, 68% of whom achieved 
good or excellent radiographic results; however, they noted 
that the clinical results were not always in accordance with 
the radiographic results.
 We do not use or advocate preoperative traction, it has 
been shown that femoral shortening allows the muscles that 
cross the osteotomy to function as if they were lengthened, 
it also avoids prolonged hospitalization, and it allows an 
open reduction to be done at the same time.11 
 Our results show a directly inverse relationship between 
age at the time of treatment and functional and radiographic 
results for patients with untreated DDH. Although some 
authors have reported mid-term radiographic outcomes in 
older children, it has been considered that the development 
of complications preclude the reduction of hips in older 
children, especially if the dislocation is bilateral. 
 It is difficult to determine a precise age to consider a limit 
for reduction. However, we could demonstrate that good 
results are more difficult to obtain with advancing age. This 
should be considered when deciding whether to perform an 
open reduction, especially in bilaterally dislocated hips as 
one must obtain excellent results twice in the same patient to 
have a better result than would have been obtained without 
treatment.

Table 1 Mean Clinical and Radiographic Outcomes 
at Initial Follow-Up (10.7 Years) and Final 
Follow-Up (15.8 Years)

Initial Follow-Up
(10.7 Years)

Final Follow-up
(15.8 Years)

Iowa Hip Score 73.6 67.8
PODCI 88.05 85.73
Severin Score 2.7 2.8
Tönnis Grade of OA 1.7 2.6
PODCI, Pediatric Outcomes Data Collection Instrument.
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 We also found a progressive deterioration of the results 
with further follow-up. Our findings suggest that, although 
outcomes are satisfactory in the short term, a longer duration 
of follow-up would show a deterioration of the results. It 
has been shown previously that even patients with a good 
Severin grade are predisposed to early osteoarthritis.12

 There is a case to be made for reducing hips to facilitate 
a subsequent total hip replacement in adulthood where the 
placement of the acetabular and femoral components is 
very difficult in high riding hips.23 However, this argument 
is countered by the consideration of the durability of the hip 
and there is insufficient evidence to support the view that a 
dislocated hip produces pain earlier in life than a reduced 
one.12,24-26 In fact, there is evidence that reducing a dislocated 
hip in an older child with the subsequent complications, 
femoral head deformities, and joint stiffness produce a pain-
ful hip earlier in life than would no treatment at all.19,24-26 
 Fortunately, with increased awareness and early detec-
tion, there are a decreasing number of patients who remain 
undiagnosed later into life. However, this also means that 
orthopedic surgeons will be less familiar with the outcomes 
for these patients and studies like this one should help when 
faced with a patient of these characteristics.
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