
SYMPOSIUM: THE HIP FROM CHILDHOOD TO ADOLESCENCE

Have Changes in Treatment of Late-detected Developmental
Dysplasia of the Hip During the Last Decades Led to Better
Radiographic Outcome?

Terje Terjesen MD, PhD, Joachim Horn MD, PhD

Published online: 20 August 2015

� The Association of Bone and Joint Surgeons1 2015

Abstract

Background Despite considerable changes in the treat-

ment of of late-detected congenital or developmental hip

dislocation (DDH) during the last 50 years, it is unclear

whether and to what degree these changes have led to

better long-term outcome for the patients.
Questions/purposes The aims of this study were to see

whether decreasing use of skin traction and instead a more

aggressive approach to open reduction resulted in (1)

reduced use of secondary procedures; (2) improved radio-

graphic appearance of the hips at long-term followup; and

(3) changes in the proportion of patients developing avas-

cular necrosis.

Methods Two groups of patients were compared retro-

spectively. Inclusion criteria were patient age older than 3

months and younger than 5 years at the initiation of

treatment, no associated anomaly, no previous treatment in

other hospitals, and available radiographs from the time of

diagnosis to skeletal maturity. Group A consisted of 56

patients (51 girls [91%]; 74 hips) primarily treated during

the period 1958 to 1962. Group B comprised 38 patients

(36 girls [95%]; 40 hips) treated during the period 1996 to

2002. The mean age at the time of hip reduction was 20

months (SD 9.6) in Group A and 17 months (SD 11.9) in

Group B. The mean time in skin traction had decreased

from 35 days (SD 12.5) to 11 days (SD 5.7) over the years

(p\ 0.001). Open reduction was performed in six of 74

hips (8%) in Group A and 15 of 40 hips (37%) in Group B

(p\ 0.001). The immobilization time in the hip spica had

decreased from 9 to 6 months (p\ 0.001). The indication

for secondary procedures to correct residual dysplasia was

center-edge angle\20� and was similar in both groups. A

modified version of the radiographic classification of

Severin was used to compare the results.

Results Secondary procedures to correct residual dys-

plasia were performed in 28 of 74 hips (38%) in Group A

and seven of 40 hips (18%) in Group B (odds ratio [OR],

0.35; 95% confidence interval [CI], 0.14–0.89; p = 0.025)

At skeletal maturity, the proportion of patients with satis-

factory radiographic results (Severin Grades I/II) was

larger in Group B (33 of 40 hips [82%]) than in Group A

(46 of 74 hips [62%]; OR, 0.35; CI, 0.14–0.89; p = 0.025).

Femoral head coverage, assessed as the center-edge angle,

was greater in Group B than in Group A (mean 26� versus
22�; CI, 0.8–7.9; p = 0.016). There was no difference in the

proportion of avascular necrosis of the femoral head (seven

of 74 hips [9%] in Group A and five of 40 [13%] in Group

B; OR, 1.4; CI, 0.4–4.6; p = 0.614).

Conclusions The move away from prolonged use of skin

traction and toward more frequent open reduction for

children with a late diagnosis of DDH appears to result in

fewer secondary procedures and a better radiographic

appearance of the hip at skeletal maturity. Based on the

present results, we cannot conclude whether preliminary
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traction is needed; this question should be evaluated in

future long-term studies with a prospective, randomized

design.

Level of Evidence Level III, therapeutic study.

Introduction

The aims of treatment of late-detected congenital or

developmental hip dislocation (DDH) are to obtain con-

centric hip reduction, maintain satisfactory femoral head

coverage during growth, and avoid complications. Despite

a vast number of clinical studies, no consensus has been

reached on the optimal management to obtain these goals.

Whereas closed reduction was common in the past [13, 27],

open reduction has become more frequently used during

the recent decades [2, 14, 21]. Both closed and open

reduction has been supplemented with additional proce-

dures like femoral and pelvic osteotomies, either at the

time of hip reduction or at a later stage.

Many studies have been published on short-term results

of treatment for late-detected DDH but there are relatively

few studies in which the patients have been followed to

skeletal maturity. Such long followup is necessary because

there is a trend to deterioration during the last part of the

growing period [6] and because growth disturbances of the

proximal femur may not be evident until adolescence [8,

14].

There is a lack of studies where different treatment

concepts have been compared. Because the radiographs

and clinical data on patients treated in our department

several decades ago were still available, we were able to

perform such a study. Around 1960 most children in

Norway with late-detected DDH were treated in our

department. The treatment was quite uniform with a rela-

tively long period of traction to obtain gradual closed

reduction and quite long immobilization in a hip spica. A

study of this method with 50 years followup recently has

been published [28]. Fifty-four of 71 patients (76%) were

also part of the present study (Group A). The added

information given in the present report is that the radio-

graphic results during childhood and at skeletal maturity

were analyzed in more detail and used for comparison with

our recently treated patients (Group B). This enabled us to

compare the patients treated around 1960 with those treated

40 years later to evaluate whether the changes in treatment

concepts have been of benefit to the patients.

The aims of this study were to see whether decreasing

use of skin traction and instead a more aggressive approach

to open reduction resulted in (1) reduced use of secondary

procedures; (2) improved radiographic appearance of the

hips at long-term followup; and (3) changes in the pro-

portion of patients developing avascular necrosis (AVN).

Patients and Methods

Two groups of patients with late-detected DDH (defined as

patient age[ 3 months at treatment start) were compared

retrospectively. Patients were included if they met the

following criteria: no associated anomaly, no neuromus-

cular disorder, no previous treatment in other hospitals,

patient age older than 3 months and younger than 5 years at

the initiation of treatment, and available radiographs from

the time of diagnosis to skeletal maturity. Patients with

acetabular dysplasia only or slight subluxation were not

included. The study was approved by the hospital’s privacy

and data protection officer (ref. 2014/14357).

Group A consisted of patients recruited through a search

of the diagnosis card index of patients with late-detected

DDH primarily treated during the period 1958 to 1962.

Seventy-five patients were identified, of whom 19 were

excluded for the following reasons: 13 lacked radiographic

followup at skeletal maturity, two had died before skeletal

maturity, three lacked primary radiographs (two) or a case

record (one), and one was [ 5 years at treatment start.

Thus, Group A included 56 of 75 patients (75%), who were

all followed to skeletal maturity. There were 51 girls (91%)

and five boys with a mean age of 17 months (SD 8.9; range,

2–48 months) at the time of diagnosis.

Group B comprised all the 39 patients who were treated

for late-detected DDH during the period 1996 to 2002. One

patient was excluded because the followup routines were

not followed. Thus, Group B consisted of 38 of 39 patients

who were all followed prospectively during childhood.

They were 36 girls (95%) and two boys with a mean age of

14 months (8.9; range, 2–47 months) at diagnosis.

Patients in Group A had bilateral DDH more often than

those in Group B (Table 1). Total dislocation occurred in

85% and subluxation in 15% of the hips in both groups.

There were no differences in radiographic parameters

between Groups A and B at the time of diagnosis (Table 2).

During the period the patients in Group A were treated,

longitudinal skin traction to obtain gradual closed reduction

was the main method for late-detected DDH in our

department. Details of the rather strict traction regime have

been explained earlier [28]. The aim was to achieve

reduction during the traction period; no formal ‘‘reduction

maneuver’’ was performed. However, a long traction period

is inconvenient for the child and the family and requires

special skill from the nursing staff to avoid complications

like skin lesions and failure of the child to thrive. This plus

reduction of the number of beds in our unit were the reasons

for reduced traction time in Group B. Then, the aim of

traction was no longer to obtain reduction, but to stretch the

soft tissues. The subsequent reduction was performed under

general anesthesia. If closed reduction was not obtained,

open reduction was performed under the same anesthesia.
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Table 1. Clinical data according to patient groups (Group A: patients treated 1958–1962, Group B: patients treated 1996–2002)

Parameters Group A Group B Difference p value

Number (number/total) Percent Number (number/total) Percent OR 95% CI

Gender

Girls 51/56 91 36/38 95

0.57

0.1–3.1 0.506

Boys 5/56 9 2/38 5

Affected side

Unilateral 38/56 68 36/38 95

0.12

0.0–0.5 0.002

Bilateral 18/56 32 2/38 5

Displacement type

Dislocation 63/74 85 34/40 85

1.01

0.3–3.0 0.985

Subluxation 11/74 15 6/40 15

Age at reduction

\ 18 months 28/74 38 25/40 63

0.37

0.2–0.8 0.012

C 18 months 46/74 62 15/40 37

Type of reduction

Closed 68/74 92 25/40 63

6.80

2.4–19.5 \ 0.001

Open 6/74 8 15/40 37

Mean (SD) Mean (SD) Mean difference

Time in traction (days; mean, SD) 35 (12.5) 11 (5.7) 24 19.9–27.6 \ 0.001

Time in hip spica (months; mean, SD) 9 (3.1) 6 (1.7) 3 2.5–4.5 \ 0.001

OR = odds ratio; CI = confidence interval.

Table 2. Radiographic parameters at diagnosis and at short- and medium-term followup according to treatment group

Time Radiographic parameter Group A Group B Difference p value

Mean SD Mean SD Mean 95% CI

Diagnosis Acetabular index (�) 36 3.6 37 5.3 �1 �2.9 to 0.9 0.322

Migration percentage 95 13.1 95 14.2 0 �6.7 to 6.3 0.953

Lateral metaphyseal distance (mm) 31 4.9 29 5.7 2 �0.5 to 3.8 0.126

Vertical metaphyseal distance (mm) �2 5.9 �1 5.0 �1 �3.2 to 1.4 0.446

1 year postoperative Acetabular index (�) 22 4.6 24 4.7 �2 �4.0 to �0.3 0.021

Migration percentage 3 7.3 11 11.7 �8 �11.3 to �4.1 \ 0.001

3 years postoperative Acetabular index (�) 19 5.0 21 5.0 �2 �3.5 to 0.5 0.130

Migration percentage 15 11.2 17 10.3 �2 �5.9 to 2.7 0.458

CE angle (�) 21 7.6 20 7.4 1 �2.1�3.9 0.552

Age 8–10 years Acetabular index (�) 18 5.9 15 5.3 3 0.4–4.9 0.022

Migration percentage (%) 22 11.2 16 8.5 6 1.6–9.7 0.007

CE angle (8) 20 7.5 24 7.9 �4 �6.5 to �0.4 0.025

Severin grade Number of hips Percent Number of hips Percent OR

I/II 44/74 59 27/39 69 0.65 0.3–1.5 0.307

III/IV 30/74 41 12/39 31

CI = confidence interval; CE angle = center-edge angle; OR = odds ratio.
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The mean time in skin traction had decreased markedly

from 35 days (SD 12.5; range, 16–76 days) in Group A to 11

days (SD 5.7; range, 0–28 days) in Group B (Table 1).

The mean age at the time of hip reduction was 20 months

(SD 9.6; range, 4–52 months) in Group A and 17 months

(SD 11.8; range, 4–50 months) in Group B (mean difference

3.7; confidence interval [CI], �0.4 to 7.7; p = 0.076).

Closed reduction was achieved in 70 hips (95%) in Group A

and 28 hips (70%) in Group B (p\0.001). Open reduction

was necessary in the remaining using an anterior approach

with a short transverse incision one fingerbreath distal to the

anterosuperior iliac spine, excision of ligamentum teres,

and release of the transverse acetabular ligament. Early

redislocation (in the first hip spica) occurred in three hips in

Group A (all had had closed reduction) and four hips in

Group B (three after closed and one after open reduction)

and was treated with closed rereduction in one hip and open

reduction in six hips. Thus, the number of open reductions

increased to six of 74 hips (8%) in Group A and 15 of 40

hips (37%) in Group B (odds ratio [OR], 6.8; CI, 2.4–19.5; p

\0.001). The three oldest patients in Group B (age 42–50

months) had no preliminary traction and underwent open

reduction, femoral shortening osteotomy, and a Dega-type

incomplete transiliac pelvic osteotomy [10].

The mean immobilization time in a hip spica (Table 1)

had decreased markedly, from 9 months (SD 3.1; range, 1–

20 months) in Group A to 6 months (SD 1.7; range, 2–9

months) in Group B (mean difference 3.5; CI, 2.5–4.5; p\
0.001). Position of hips in the spica was slight flexion and

40� to 60� abduction in Group A and approximately 90�
flexion and 40� to 50� abduction in Group B. The spica was
changed every 3 months.

During the period the patients in Group A were treated,

it was common to perform an early derotation femoral

osteotomy as part of the primary treatment, because there

was a belief that increased femoral anteversion was the

most common cause of recurrent subluxation and that early

derotation osteotomy would secure more concentric posi-

tion of the hip [24]. Derotation was performed within 3

years from the time of hip reduction in 33 patients and 43

hips (58%). A transverse osteotomy just distal to the lesser

trochanter was carried out. The distal fragment was rotated

externally 408 to 608 and fixation was secured with a four-

hole straight steel plate. No early derotation osteotomy was

performed in Group B.

Residual hip dysplasia or subluxation occurred in 30 of 74

hips (41%) in Group A and nine of 40 hips (23%) in Group B

(p = 0.143). The indication for late corrective surgery was

similar in both groups (center-edge angle under 20�) and did
not change substantially over both study periods.

Radiographic Evaluation

AP radiographs of the pelvis were taken with the child in

the supine position. Care was taken to position the child

with the legs parallel and to avoid rotation of the pelvis and

hips. For assessment of radiographic development of the

hips, these radiographs were used: the primary one and

those taken 1 and 3 years after hip reduction, at age 8 to 10

years, and at skeletal maturity. The last followup was at a

mean patient age of 18.8 years (SD 3.7; range, 15–29

years) in Group A and 14.4 years (SD 1.5; range, 12–17

years) in Group B (p\ 0.001). The radiographic assess-

ment and measurements were performed by the senior

author (TT) who has long experience with such evalua-

tions. This author participated in the treatment of patients

in Group B but not in Group A.

The acetabular index (AI) was measured according to

Kleinberg and Lieberman [12]. The proximal and lateral

displacement of the femoral metaphysis was measured

using the lateral edge of the proximal femoral metaphysis

and the medial edge of the acetabular roof as landmarks

[27]. The center-edge (CE) angle of Wiberg [29] was

included from 3 years after reduction. The migration per-

centage was measured according to Reimers [18]. When

migration is 33% to 89%, the hip is subluxated and 90% or

more means complete dislocation. Assessment of AVN of

the femoral head was performed by one of the authors (TT)

according to Kalamchi and MacEwen [8], but only Groups

II to IV were regarded as true AVN.

The radiographic outcome was evaluated with a modi-

fication of the classification of Severin [22]. We used the

same limit for CE angle in children younger than 14 years

as in older patients. Severin Grades I and II hips have CE

angles of 208 or above. Severin Grade III is acetabular

dysplasia with CE angle under 208. Severin Grade IV is

subluxation with CE angle less than 108, migration per-

centage above 33% plus a broken Shenton line. Hips with

CE angle 20� or higher had a satisfactory radiographic

outcome and those with CE angle \ 20� were termed

unsatisfactory.

Statistics

SPSS software, Version 21 (IBM, Armonk, NY, USA), was

used for statistical analysis. Categorical data were analyzed

with Pearson’s chi square test and continuous variables

with the t-test for independent samples. All tests were two-

sided. Differences were considered significant if the p

value was\ 0.05.
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Results

Surgical Correction of Residual Hip Dysplasia

Residual hip dysplasia or subluxation occurred in 30 hips

(41%) in Group A and nine hips (23%) in Group B (p =

0.143). Corrective surgery was performed less frequently in

Group B than in Group A (18% versus 38%; OR, 0.35; CI,

0.1–0.9; p = 0.025). There was a marked difference in

operative procedures (Table 3). Isolated femoral osteotomy

(varus and derotation) and isolated Spitzy shelf operation

[25] were most often performed in Group A, whereas

combined femoral and acetabular osteotomies were the

most common operations in Group B (Fig. 1). The

acetabular osteotomies were done with the Salter technique

[19] in Group A and the Dega technique [10] in Group B.

Mean patient age at operation was lower in Group B than in

Group A (7 years [SD 4.5] versus 11 years [SD 4.5]; mean

difference 3.4; p = 0.079). Preoperative CE angle did not

differ between groups A and B (10� [SD 5.4] versus 9� [SD
3.9]; mean difference 1.3; CI, �3.2 to 5.7; p = 0.563). The

mean improvement of CE angle 1 year postoperatively was

better in Group B (21� [SD 10.7] versus 10� [SD 8.3];

mean difference 11; CI, 3.2–18.6; p = 0.007) and Group B

had more often a satisfactory short-term effect, defined as

an improvement in CE angle of 10� or more 1 year post-

operatively (Table 3).

Because of an unsatisfactory result, a second operation

was performed in six hips (four femoral osteotomies and

two acetabular shelf operations) in Group A at a mean

patient age of 12.8 years with good short-term results in

two hips. A third operation (combined acetabular shelf and

femoral osteotomy) was performed because of relapse of

subluxation in one hip with a good effect. Only one hip was

operated on a second time in Group B (periacetabular

osteotomy at patient age 14 years).

Radiographic Results During Childhood and at Skeletal

Maturity

The mean AI was markedly increased (36�–37�) and

showed a satisfactory reduction of 13� to 14� during the

first year in both groups. At the 1-year followup the AI and

migration percentage were larger in Group B than in Group

A; at the 3-year followup, there were no differences, and at

age 8 to 10 years, AI and migration percentage were

smaller in Group B (Table 2). The mean CE angle was 19�
to 20� at the 3-year followup in both groups and larger in

Group B at age 8 to 10 years (24� versus 20�; p = 0.025).

This means that femoral head coverage was better in Group

B at age 8 to 10 years.

At skeletal maturity, femoral head coverage was better

in Group B with lower migration percentage and larger CE

angle (Table 4). The rate of hips with satisfactory outcome

(Severin Grades I/II) was greater in Group B than in Group

A (82% versus 62%; OR, 0.35; CI, 0.1–0.9; p = 0.025). In

Group A, there was no difference in Severin grades

between unilateral and bilateral cases (p = 0.254).

In Group B, open reduction was not performed in any

patients younger than 12 months of age, but was necessary

in 65% of the patients aged C 12 months (Table 5). The

radiographic outcome was satisfactory (Severin Grade I/II)

in 14 of 15 hips (93%). Although the numbers of hips in the

different age groups were small, the results showed no

deterioration with increasing age at reduction. In patients C

12 months the proportion of Severin Grade I/II hips was

larger after open reduction than after closed reduction in

Table 3. Frequency and short-term results of late surgical correction of residual hip dysplasia and subluxation

Parameters Group A Group B Difference p value

Number (number/total) Percent Number (number/total) Percent OR 95% CI

Late surgery

No 46/74 62 33/40 82 0.35 0.1–0.9 0.025

Surgery 28/74 38 7/40 18

Type of operation

Femoral osteotomy 12/28 43 1/7 14 0.001

Spitzy shelf operation 12/28 43 0/7 0

Salter acetabular osteotomy 4/28 14 0/7 0

Acetabular osteotomy and femoral osteotomy 0/28 0 6/7* 86

Results of surgery at 1 year postoperative

Satisfactory 10/28 36 7/7 100 0.59 0.4–0.9 0.002

Unsatisfactory 18/28 64 0/7 0

* Four Dega-type acetabular osteotomies and two Spitzy shelf operations; OR = odds ratio; CI = confidence interval.
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Group B (93% versus 50%; OR, 0.07; CI, 0.01–0.8; p =

0.016).

Age 18 months or older at reduction was a risk factor

for unsatisfactory results (Severin Grades III/IV) at

skeletal maturity in Group A (Table 6) but not in patient

Group B. Residual hip dysplasia during the followup

period was associated with unsatisfactory results at

skeletal maturity.

Table 4. Radiographic results at skeletal maturity according to treatment group and age at reduction

Age at reduction Radiographic parameter Group A Group B Difference p value

Mean SD Mean SD Mean 95% CI

All hips Migration percentage (%) 25 8.7 20 8.6 5 1.7–8.5 0.004

CE angle (�) 22 8.9 26 8.9 �4 �7.9 to �0.8 0.016

Number of hips (number/total) Percent Number of hips (number/total) Percent OR

All hips Severin Grade I/II 46/74 62 33/40 82 0.35 0.1–0.9 0.025

Severin Grade III/IV 28/74 38 7/40 18

\ 18 months Severin Grade I/II 22/28 79 21/25 84 0.70 0.2–2.8 0.614

Severin Grade III/IV 6/28 21 4/25 16

C 18 months Severin Grade I/II 24/46 52 12/15 80 0.27 0.1–1.1 0.057

Severin Grade III/IV 22/46 48 3/15 20

CI = confidence interval; CE angle = center-edge angle; OR = odds ratio.

Fig. 1A–C Radiographs show the hips of a girl (Group B) who underwent corrective surgery because of residual subluxation. Open reduction

had been performed at an age of 17 months. (A) Radiograph 1.5 years after reduction shows subluxation of the left hip (MP 48%). (B)
Radiograph 2 months after Dega pelvic osteotomy of the left hip shows good correction. Shortening osteotomy of the femur was also performed

and the cortical bone fragment removed from the femur was placed in the open wedge of the pelvic osteotomy. (C) Radiograph at age 14 years

shows adequate femoral head coverage with CE angle 31�.
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Proportion of Patients Developing Avascular Necrosis

AVN of the femoral head occurred in five patients (seven

hips [9%]) in Group A and five patients (five hips [13%]) in

Group B (p = 0.614). The distribution of AVN was Group

II in three hips and Group III in four hips in Group A. The

corresponding numbers in Group B were four and one.

AVN was seen more frequently after open reduction (four

hips [27%]) than after closed reduction (one hip [4%]) in

Group B (p = 0.036). AVN was a risk factor for unsatis-

factory results (defined as a Severin grade of III/IV) in

Group A but not in Group B (Table 6). The reason was that

four of five hips with AVN in Group B were Grade II [8]

and these four hips had a satisfactory outcome (Fig. 2).

Discussion

Late-detected DDH can be a difficult condition to treat.

The aims are restoration of normal hip anatomy and

avoidance of iatrogenic complications (AVN). There is no

consensus on which method is the most appropriate to

obtain these goals. To throw light on this problem, studies

with long followup and studies with comparison of dif-

ferent treatment concepts are needed. We recently

published a study with 50 years followup of traction

treatment to obtain gradual closed reduction [28]. Most of

these patients were used in the present study and their

results at skeletal maturity were compared with those of

our recently treated patients. Over the 50-year period of

this study, our practice pattern moved away from lengthy

periods of skin traction, and we used open reduction more

liberally. These changes resulted in improved femoral head

coverage and better radiographic results according to the

Severin classification at skeletal maturity, less frequent use

of secondary procedures to correct residual dysplasia, and

no apparent increase in the risk of AVN.

There were some limitations of the present study. The

age at reduction was some months higher in Group A than

in Group B; we therefore analyzed results according to age

at reduction. The followup period was somewhat shorter in

Group B and some of the patients had not reached skeletal

maturity. However, because all were older than 12 years,

the radiographic outcome would hardly change with longer

followup. The present outcome measure was radiographic

only. We consider radiographic results more important than

clinical results during childhood, because the patients

rarely have pain or other complaints at this age. Besides, in

our previous report of the patients in Group A [28] we

found a strong association between the radiographic and

clinical outcome (Harris hip score) at 50 years followup

and also a significant association between the radiographic

Table 5. Frequency of open reduction and radiographic outcome at skeletal maturity in Group B (number and percent of hips)

Age at reduction (months) Open reduction Radiographic outcome; Severin Grade I/II

Number of hips (number/total) Percent Number of hips (number/total) Percent

0–11 0/17 0

12–17 5/8 63 5/5 100

18–23 3/6 50 3/3 100

C 24 7/9 78 6/7 86

Table 6. Prognostic factors for radiographic outcome at skeletal maturity (given as number of hips) in Groups A and B

Parameters Group A p value Group B p value

Severin grade Difference Severin grade Difference

I/II III/IV OR 95% CI I/II III/IV OR 95% CI

Age\ 18 months 22/28 6/28 3.3 1.2–9.8 0.023 21/25 4/25 1.3 0.3–6.9 0.747

Age C 18 months 24/46 22/46 12/15 3/15

AVN 0/7 7/7 0.3 0.2–0.5 \ 0.001 4/5 1/5 1.2 0.1–12.8 0.875

No AVN 46/67 21/67 29/35 6/35

No residual dysplasia 33/44 11/44 0.014 28/31 3/31 0.050

Residual dysplasia 6/11 5/11 2/4 2/4

Subluxation 7/19 12/19 3/5 2/5

OR = odds ratio; CI = confidence interval; AVN = avascular necrosis of the femoral head.
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results at skeletal maturity and those at 50 years followup.

Thus, we think our outcome evaluation is representative

not only for the present situation, but also for the devel-

opment of the hips later during adulthood.

The proportion of corrective surgery for residual dys-

plasia was 18% in Group B and 38% in Group A. These

rates are in accordance with rates from 20% to more than

60% in previous studies with no clear association with

method of reduction (open or closed) [5, 9, 30–32]. The

rate of secondary surgery can be reduced by the use of

pelvic osteotomy at the time of reduction in patients older

than 18 months [4, 15, 19], but this policy would,

according to the present results, have implied unnecessary

pelvic surgery in several of the hips. The types of surgical

procedures differed between the patient groups. Around

1960 it was common to perform isolated femoral osteot-

omy or acetabular shelf operation. The results were

satisfactory after acetabular shelf operations but less sat-

isfactory after femoral osteotomy. Others have found that

isolated femoral osteotomy is not effective in children[8

years and when the AI is[ 25� [11, 30]. In such cases,

acetabular osteotomy is necessary to correct the acetabular

dysplasia. This was the most common procedure in Group

B, usually combined with femoral osteotomy in cases of

femoral valgus or increased anteversion. The more frequent

use of combined osteotomies in Group B probably con-

tributed to the better radiographic outcome in this group. In

keeping with others [10], we prefer the Dega-type pelvic

osteotomy, because it is more stable than the Salter type

and does not require internal fixation.

The aim of traction in Group A was to achieve gradual

reduction during a relatively long traction period. Closed

reduction was obtained in more than 90% of the hips and the

radiographic outcome at skeletal maturity was satisfactory

(Severin Grade I/II) in almost two-thirds. This confirms the

experience of other studies with long traction time (4-8

weeks) and gradual reduction [9, 15, 17] where failure to

obtain closed reduction in less than 10% of the hips and low

rate of AVN (\ 10%) were reported. Severin Grade I/II at

skeletal maturity was obtained in 83% to 96% of the hips

both when pelvic osteotomy had been performed at the time

of reduction [15] and when pelvic osteotomy was performed

later because of residual dysplasia [9, 17]. We have found no

previous studies that have compared this treatment concept

and regimes with less traction time and more open reduc-

tions as we did in this study.

Fig. 2A–C Radiographs show the hips of a girl (Group B) who underwent closed reduction at an age of 6 months and developed AVN. (A)
Radiograph at age 3 years shows AVN of the left hip. (B) At age 8 years, the AVN changes of the left femoral head have almost completely

normalized. (C) Radiograph at age 13 years shows AVN Group II in the left hip with tilting of the femoral head into valgus (Severin Grade II).
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The radiographic outcome of open reduction in Group B

was good with Severin Grade I/II hips in 93%. Our results

are in accordance with previous studies of open reduction

using the anterior approach with Severin Grade I/II in 96%

of the hips at skeletal maturity [26] and in 92% at a mean

followup of 6 years [2]. However, considerably worse

results after open reduction were reported by Holman et al.

[7] with only 33% Severin I/II hips after a mean followup

of almost 30 years.

One argument for using traction is that it reduces the

risk of AVN [20, 23]. However, other authors have found

that traction did not influence the rate of AVN [3, 16]. We

found no significant difference in the proportions of AVN

between the two treatment groups. Our rate of AVN

Groups II to IV was within the range of 5% to 43% in

previous studies on open reduction [1, 7, 14, 26]. AVN

occurred more frequently after open reduction than after

closed reduction in Group B, but most were Group II and

had a good prognosis. In Group A, AVN was a risk factor

for unsatisfactory results (Severin Grade III/IV) because of

more severe degrees of AVN.

In conclusion, the move away from prolonged use of

skin traction and toward more frequent open reduction for

children with a late diagnosis of DDH resulted in fewer

secondary procedures and a better radiographic appear-

ance at skeletal maturity. Based on the present results, we

cannot conclude whether preliminary traction is needed;

this question should be evaluated in future long-term

studies with a prospective, randomized design. Such

randomized studies are also needed in children older than

18 months to evaluate whether pelvic osteotomy should

be routinely performed at the time of reduction or be

postponed and performed only in those who develop

residual dysplasia.
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