Acta Orthop. Belg.,2013,79, 159-165

ORIGINAL STUDY

Clinical and radiological outcomes are correlated with the age of the child in
single-stage surgical treatment of developmental dysplasia of the hip

Mehmet F. YaomurLuy, Ilhan A. BayHan, Umit TunanioGLu, Ahmet S. KiLine, Eyup S. KArRAKAS

From the Baltalimani Bone Diseases Educational and Research Hospital, Istanbul, Turkey

The principles of treatment of developmental disloca-
tion of the hip (DDH) in an older child are different
from those in a newborn. In the older child retraction
of the muscles around the hip, associated with a
marked acetabular dysplasia and elongation of the
joint capsule explain the difficulty and instability of
reduction and the frequency of complications. The
aim of this study is to evaluate the effect of age on the
results of a one-stage open reduction in developmen-
tal dislocation of the hip.

We present the results of 21 children (27 hips) with a
mean age of 6 years and 10 months at time of opera-
tion, consisting of one- stage open reduction, femoral
shortening and Salter or triple pelvic osteotomy. Two
groups were formed : one older and one younger than
8 years of age. We evaluated the patients according to
the Severin and Mc Kay classifications.

After an average follow-up of 49 months (24-
84 months) 74% of patients showed a very good or
good result according to Severin’s radiological classi-
fication and 63 % according to Mc Kay’s clinical clas-
sification. When analyzed with regard to age, we
found important differences in the clinical and radio-
logical results between the children younger and older
than 8 years.

Keywords : developmental dysplasia of the hip ; one-
stage surgical reduction ; age at treatment.

INTRODUCTION

Late presenting developmental dislocation of the
hip (DDH) is still a common problem in developing
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countries and among low socioeconomic groups (7,
11,13,21). When untreated, it results in soft tissue
contractures, persistent dysplastic changes in the
hip, pain, functional impairment, abnormal gait and
finally osteoarthritis in early adulthood (24,11,
12,13,16,20,23).

Main problems in the treatment of late presenting
DDH are high displacement of the femoral head,
marked insufficiency of the acetabulum and soft tis-
sue contractures around the hip (7,10,18). Reduction
of DDH is challenging and complications are fre-
quent (9,11,23). Inadequate soft tissue release may
cause femoral head compression that may lead to
transient and/or permanent ischaemia (5,8,23,24,26).
Although preoperative skeletal traction has been
used to prevent this complication for many years,
femoral shortening has been shown to be more
effective in preventing complications (13,77,23).
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Marked acetabular dysplasia is another important
problem in late presenting DDH. Due to lack of a
stimulating effect of the femoral head, the acetabu-
lum is dysplastic and shallow in these patients.
Closed or open reduction without osseous realign-
ment has been associated with residual dysplasia
due to decrease in growth capacity of the acetabu-
lum with age (1,3,6,15,21). Pelvic osteotomies are
required in order to increase the coverage of the
femoral head, establish stability and prevent residu-
al dysplasia (9,11,12,13,14).

Avascular necrosis is frequently due to increased
pressure on the developing femoral head by con-
tractures around the hip during and/or after reduc-
tion (8,23,26).

The single stage surgical treatment of DDH
consists of open reduction, femoral shortening and
pelvic osteotomy. The procedure is technically
demanding and requires experience, especially
when performed in patients over 4 years of age.

The aim of this study is to evaluate and identify
the factors influencing the results of one- stage open
reduction in DDH.

MATERIAL AND METHODS

Twenty-seven hips in 21 patients were prospectively
evaluated between 1996 and 2004. All cases were diag-
nosed late, were not associated with muscular or chromo-
somal disorders and did not have any prior treatment.
The average age at operation was 6 years and 10 months
(4-14 years) with an average follow-up of 49 months
(range : 24 to 84 months). Four patients were male and
17 were female. Six of the patients had bilateral DDH.
Patients were divided in two groups according to their
age (8 years and older- younger than 8 years).

All the children were operated by the senior author.
Preliminary skeletal traction was not used. The hip joint
was approached by the Smith-Petersen technique extend-
ed with a long lateral incision starting at the greater tro-
chanter. In 24 hips a Salter osteotomy and in 3 hips a
Steel osteotomy were added to reshape the acetabulum.
Shortening and derotation of the femur without varisa-
tion was accomplished at the level of the intertrochan-
teric region. The amounts of femoral shortening and
derotation were decided intraoperatively. This was
performed by reduction of the femoral head in the ace-
tabulum after osteotomy and excision of the overlapping
femoral segment. The acetabular osteotomy was done
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before the femoral osteotomy in order to optimize the
amount of shortening.The mean amount of shortening
was 1.7cm (range : 1 to 3 cm). Derotation was added if a
residual anterior instability was present after reduction of
the femoral head into the reoriented acetabulum. Seven
hips required derotation between 10 to 20 degrees to
achieve adequate stabilisation. Capsule plication was not
performed in any of the cases.

After surgery patients were immobilized for 6 weeks
in a half spica cast with the hip in 20 to 60° of flexion, 30
to 60° of abduction and neutral to 15° of internal rotation.
Range of motion exercises started after removal of the
cast and weight bearing was allowed when tolerated. Ad-
ditional braces or devices were not used. Plates and
screws were not removed before 7 months.

Patients were evaluated clinically and radiologically.
The preoperative, immediate postoperative and last fol-
low-up radiographs were evaluated by an independent
orthopaedic surgeon who was not involved in the study.
Radiographs prior to surgical treatment were evaluated
for the degree of dislocation using the Tonnis system (26).
Preoperative acetabular indices and continuity of the
Shenton line were recorded. Final radiographs were
graded according to the radiological criteria of Severin (25)
(Table I). Postoperative acetabular index, center-edge
angle of Wiberg and continuity of the Shenton lines were
recorded . Radiographs were also assessed for the pres-
ence of avascular necrosis of the femoral head and if
present they were classified according to Bucholz-
Ogden (5).

At last follow-up, patients were evaluated clinically.
Hip range of motion, Trendelenburg sign, pain, and clin-
ical leg length discrepancy were recorded. Clinical eval-
uation was carried out in accordance with the Mc Kay
scoring system (17) (Table II).

Statistical Method

Statistical calculations were performed with the NCSS
2007 program for Windows. Besides standard descrip-
tive statistical calculations (mean and standard devia-
tion), an unpaired test-test was used for the comparison
of two groups, a paired t-test in the assessment of pre-
and post-treatment values, and Chi square and Mc
Nemar’s tests for the evaluation of the qualitative data.
Statistical significance level was set at p < 0.05.

RESULTS

According to the Tonnis grading system, 6 hips
were class III and 21 were class IV. The Shenton
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Table I. — Radiological classification according to Severin (25)

Degree Radiological Appearance CEA Age

Ia Very good Normal > 19° 6-13 years
> 25° > 14 years

Ib Good Normal 15-19° 6-13 years

II Good Mild deformity in the femoral head, Same values as degree Ia-Ib

neck or acetabulum

111 Moderate Dysplasia without subluxation <15 6-13 years
<20° > 14 years

v Bad Subluxated

v Bad Articulation of the femoral head with false acetabulum

VI Bad Redislocated

CEA : Center-Edge Angle.

Table II. — Clinical evaluation according to modified Mc Kay criteria (17)

Degree Findings

I Very good Stable, no pain, no limp, trendelenburg negative, full range of motion

11 Good Stable, no pain, small limp, mild limitation of ROM

I Fair Stable, no pain, limp, Trendelenburg positive, limited range of motion or a combination of these
v Poor Unstable, or painful, or both, Trendelenburg pasitive

lines which were broken in all of the hips preopera-
tively were restored in 17 hips (63%) after surgery
(Table III).There was however no statistically
significant difference in the improvement of the
Shenton line between the children younger or older
than 8 years of age (Table IIIb). The overall average
preoperative acetabular index of 37.8° (25-52)
improved to 21.2° (10-32) postoperatively. The
average improvement of the acetabular index was
16.6°. Children aged 8 years and older showed
38.36% improvement of the acetabular index , from
an average preoperative index of 41.1° to 25.44°
postoperatively. In children under 8 years of age,
the average preoperative acetabular index of 36.17°
decreased to 19° postoperatively , an improvement
of 47.4%, showing a statistically significant dif-
ference with the older age group (p=0.013,
Table IVa) .The postoperative CE Wiberg angle
was also significantly better in the younger age
group (p = 0.049, Table IVa).

Postoperatively, according to the Severin grading
system, 9 hips (33.3%) were class 1a,3 hips (11.1%)

classlb, 8 hips (29.6%) class 2, 6 hips (22.2%)
class3 and 1 (3.7%) hip class 4 , showing an overall
satisfactory result of 74% (Table III).

When the radiological results (Severin grading)
were analyzed with respect to the child’s age it was
found that radiological grades decreased signifi-
cantly as the child was older (r (27)=0.60,
p < .001). In other words, results were better in chil-
dren who were younger. We further analyzed age-
related differences via chi-square statistics. When
the cut-off point was taken at 8 years of age , the
difference was significant. Chi-square statistics
indicated that the rates for satisfactory results in
children who were younger than 8 years of age
(85.7%) were significantly higher compared to
those in children 8 years and older (33.3%), (x*
(1)=6.67,p < 01).

At latest follow-up all but one of the patients
were free of pain. According to the Mc Kay hip
score, 6 hips (22.2%) were excellent, 11 (40.7%)
hips good, 8 (29.6%) hips fair and 2 hips (7.4%)
poor. Sixty-three percent of patients declared excel-
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Table III. — Data at last follow-up and applied surgical method

Children aged 8 years or older

Gender Age Affected Pain | Limb length Shenton- Severin McKay Surgical
At Side discrep. Menard. line class. hip technique
Op. (cm) score

male 13 |right (bilateral) - - intact clas3 fair triple

male 14 |left (bilateral) - - broken clas3 poor triple

female 11 |left - 3 broken clas4 poor salter

female 11 |left - 2 broken clas3 fair triple

female 8 left (bilateral) - - intact clasla excellent salter

female 8 right (bilateral) - 2 broken clas2 fair salter

male 9 right (bilateral) - - intact claslb good triple

male 10 |left (bilateral) - - broken clas2 fair triple

male 8 right - 1 intact clasla good salter

Children aged less than 8 years

Gender Age Affected Pain | Limb length Shenton- Severin McKay Surgical
At Side discrep. Menard. line class hip technique
Op. (cm) score

female 5 right - - intact clasla good salter

female 6 left - - broken clas2 fair salter

female 4 left - - intact clasla excellent salter

female 5 left - - intact clas2 good dega

female 4 left - - intact clasla good salter

female 6 right (bilateral) - - broken clas3 fair salter

female 6 left (bilateral) - - intact clas2 good salter

female 4 left - 1 intact clasla good salter

female 7 left (bilateral) - 2 broken clas3 fair salter

female 7 right (bilateral) - - intact clas2 good salter

male 6 left - - intact claslb good salter

female 4 right - - intact clasla excellent salter

female 4 right - - intact clas2 excellent salter

female 4 left - 1 broken claslb good salter

female 6 right - 2 broken clas3 fair salter

female 7 left - - intact clasla excellent salter

female 4 left (bilateral) - - intact clas2 good salter

female 4 right (bilateral) - - intact clasla excellent salter

lent and good results (Table IV). Clinical findings in
children, younger than 8 years of age (9 good and 5
excellent) were better when compared to the chil-
dren 8 years and older (2 good and 1 excellent), but
without statistically significant difference (p = 0.76,
Table IIIb).
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At last follow-up , except for two children who
had a leg length discrepancy of 2 cm, all leg lengths
in patients with bilateral DDH were equal. Among
15 unilateral DDH cases, 6 had an average leg
length discrepancy of 1.7 cm, ranging between 1.0
and 3.0 cm (Table IV).
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Table IVa. — Pre- and postoperative acetabular index (AI) and final CE angle of Wiberg according to age groups

Age < 8 years (n : 18) Age = 8 years (n: 9) p
Al preoperative 36.17 +8.41 41.11+6.75 0.156
Al postoperative 19.00 +5.14 2544 +5.57 0.009
Al improvement % 4740 +9.67 38.36 +8.21 0.013
CE Wiberg 27.39 +8.80 19.78 + 8.66 0.049
Table IVb. — Statistical evaluation of Shenton line and McKay score
< 8 years > § years

Postop Intact 13 72.2% 4 44 4% x2:198
Shenton Line Broken 5 27.8% 5 55.6% p=0.159
McKay Hip Score Poor 0 0.0% 2 22.2%

Fair 4 22.2% 4 44 4%

Good 9 50.0% 2 22.2% x2: 6.88

Excellent 5 27.8% 1 11.1% p=0.76

Avascular necrosis of the femoral head was ob-
served in 4 (14%) hips. According to the Bucholz
and Ogden Classification, 2 were type 1, one type 2
and onewas type 3. All type 1 patients had satisfac-
tory clinical results.

There were no redislocations, no infections, no
fractures at the osteotomy site nor implant failure or
wound problems.

DISCUSSION

The goals of treatment of DDH are to provide a
painless stable hip without functional limitations
and gait abnormalities and to prevent early osteo-
arthritis. This can only be achieved with a concen-
trically reduced hip. Good results become harder to
achieve with advancing age (9,10,11,12,20).

Isolated open reduction bears the disadvantages
of residual acetabular dysplasia, and increased risk
of avascular necrosis in older children. Femoral
shortening appeared to facilitate reduction in chil-
dren who were more than three years old (1,4,20). In
addition, it was concluded that a one-stage opera-
tion consisting of open reduction, femoral shorten-
ing and correction of an acetabular deficiency with
the appropriate pelvic osteotomy does not increase
the risk of osteonecrosis in older children (9,11,20).

A high-riding femoral head with contracture of
the musculature and soft tissues has been a major

problem to overcome in late presenting cases with
DDH. Though for many years preoperative skeletal
traction has been the most popular way to solve this
problem, the study of Schoenecker and Strecker has
shown that femoral shortening is more effective in
decreasing the risk of avascular necrosis of the
femoral head (23). Femoral shortening relaxes the
muscles crossing the hip joint. This facilitates re-
duction of the femoral head into the acetabulum and
by decreasing the pressure on the reduced femoral
head decreases the risk of avascular necrosis (/3,23).

Femoral shortening also allows rotational re-
alignment of the femoral head, increasing the stabil-
ity of the reduction.

It has been shown in prior reported series as well
as in our study, that femoral shortening has little ef-
fect on leg length difference. This may be explained
by the relative overgrowth of the femur after the
osteotomy and the transiliac lengthening effect of
the iliac osteotomy (/7). The leg length discrepan-
cies occurring in this series did not seem to have
caused any functional impairment.

In our series we performed the femoral osteoto-
my after the acetabular osteotomy. This makes it
possible to tune the femoral shortening and derota-
tion according to the new orientation of the acetabu-
lum. This is especially important to avoid excessive
retroversion of the femoral head, which may dete-
riorate the results especially when combined with
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Salter osteotomy which causes posterior insuffi-
ciency of the acetabulum (1,7,9).

The literature on treatment of DHH reports a
wide range of incidences of avascular necrosis of
the femoral head. Ours is comparable with other
studies in the same age group and using the same
method (8,10,11). Our follow-up time is not sufficient
to evaluate the late presenting Bucholz-Ogden type
2 osteonecrosis, so there is a slight risk for an in-
creased incidence of avascular necrosis with longer
follow-up.

One-stage treatment of DDH with various meth-
ods, has been reported by many authors. Salter and
Dubos performed an innominate osteotomy with
open reduction in children over 4 years of age and
reported 57% satisfactory radiological results (22).
Roth et al reported 46% good or excellent radio-
logical results in an older age group with DDH (20).
Barrett et al reported 63% clinical and 75% radio-
logical satisfactory results in a group of children
with a mean age of 5 years (7).

Galpin et al operated 32 hips (21 hips had femo-
ral shortening) in 25 patients with a mean age of
4 years and 2 months (the oldest was 8 years and
2 months) ; there were 75% satisfactory results ac-
cording to the Severin classification. The authors
reported 3 cases of type IV avascular necrosis (9).

Williamson et al in a study with long-term fol-
low-up reported that femoral osteotomy combined
with pelvic osteotomy yielded better results for
DDH patients over 3 years of age. They also men-
tioned that at last follow-up the radiological results
in this group were better than the 5 year follow-up
of femoral osteotomy alone (27).

Klisic and Jancovic treated 61 hips in 47 children
whose ages ranged between 5 to 15 with a one-stage
operation combining open reduction, femoral short-
ening, iliac osteotomy and reorientation of the prox-
imal femur and reported 63% good and excellent
combined radiological and clinical results (/3).

The age limit to successfully treat a dislocated
hip by reduction is not clear. Williamson et a/ found
no correlation between the age at presentation and
the end result but in their series there was only 1
patient older than 6 years of age (27). Klisic et al
reported that 7- to 8-year-old patients do better than
the older ones (/4). Karakas et al stated that children

Acta Orthopeedica Belgica, Vol. 79 - 2 - 2013

younger than 8 years of age show better radiologic
and clinical results (77).

Our study has shown 63% clinical and 74% ra-
diological satisfactory results respectively. These
results are comparable with those reported previ-
ously in this age group with similar treatment meth-
ods and they reflect the difficulties in treating late-
presenting DDH, especially in the older age group.
We have found that correcting the acetabulum is
harder over 8 years of age, which can be explained
by the increased stiffness of the symphysis pubis
which may have to be overcome with additional os-
teotomies to this site. The CE angle at last follow-up
is also higher in patients operated before 8 years of
age. Our radiological evaluation showed better re-
sults in children operated before 8 years of age. The
analysis of the clinical results shows the same ten-
dency.

Our follow-up time is not sufficient to conclude
about long-term results. Klisic et al found no sig-
nificant differences in results relating to the follow-
up time (/3). Long-term follow-up may provide
valuable data including late-presenting types of
avascular necrosis and degenerative changes. We
believe that it is reasonable to expect good long-
term results especially in patients with satisfactory
radiological results.

In light of our findings we think that one-stage
treatment including open reduction, pelvic osteoto-
my and femoral shortening is an effective method in
the treatment of children with late DDH, especially
for those younger than 8 years of age.
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