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The natural history of acetabular dysplasia and later total 
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Background and purpose — The long-term prognosis of 
acetabular dysplasia without subluxation in developmental 
dislocation of the hip (DDH) is uncertain. The aim of this 
study was to assess the consequence of having acetabular 
dysplasia at skeletal maturity on the need for having a total 
hip arthroplasty (THA) up to the age of 60 years. 

Patients and methods — Inclusion criteria were age 
at diagnosis 0.5–3.0 years, initial treatment with skin trac-
tion to obtain closed reduction during 1958–1962, and no 
acetabular procedures to improve femoral head coverage. 48 
patients (57 hips) met these criteria, 41 girls and 7 boys. Hip 
dysplasia was defined as a center–edge (CE) angle at skeletal 
maturity of 10–19°, and hips with CE angles in the range 
20–25° were termed borderline dysplastic.

Results — At skeletal maturity, 18 hips had acetabular 
dysplasia with a mean CE angle of 15.8° (10–19), whereas 
19 hips were borderline with CE angles 20–25°, and 20 hips 
were normal (CE angles ≥ 26°). During the follow-up period 
16 hips had undergone THA, 11 of 18 hips with dysplasia, 
4 of 19 with borderline dysplasia, and 1 of 20 hips without 
dysplasia (p < 0.001). Hip survival in the 18 dysplastic hips, 
with THA as the endpoint, was 100% up to patient age 40 
years; thereafter survival fell to 83% at 50 years and 39% 
at 60 years. There was no significant correlation between 
CE angle at skeletal maturity and age at THA (p = 0.2). The 
mean age at the last follow-up in patients without THA was 
62 years (60–64).

Conclusion — Acetabular dysplasia without subluxation 
was a risk factor for THA, but less than one-fifth of the hips 
had undergone THA up to patient age 50 years.

The initial treatment of late-detected dislocation of the hip 
(DDH) is open or closed hip reduction, with or without pre-
liminary traction. Successful outcome means that the hip 
should last a lifetime, with avoidance of osteoarthritis (OA) 
and total hip arthroplasty (THA). In cases of persistent hip 
dysplasia with reduced femoral head coverage during child-
hood and adolescence, additional surgery such as pelvic oste-
otomy or hip shelf operation may be indicated to improve the 
outcome at skeletal maturity and later (1-3). There is, however, 
no agreement regarding the need for these operations. 

A prerequisite when defining indications for pelvic surgery 
is knowledge of the natural history of patients with acetabular 
dysplasia with or without subluxation. Such a study based on 
patients from our hospital was published some years ago (4) 
and showed that hip subluxation at skeletal maturity was a risk 
factor for development of OA during the follow-up period of 
44 years, which confirmed previous studies (5,6). The asso-
ciation between acetabular dysplasia without subluxation and 
later OA was weaker, which calls for further studies. 

OA after late-detected DDH increases with the length of 
follow-up, but the rates of OA and THA vary (7-10). Survival 
analysis with conversion to THA as the endpoint requires 
long follow-up. Thomas et al. (8) reported on late-detected 
DDH treated with open reduction and Salter-type pelvic oste-
otomy and found that the survival rate decreased markedly 
(from 86% to 54%) between 40 and 45 years’ follow-up. Such 
a rapid deterioration was not confirmed in another study on 
patients treated with preliminary traction and closed reduction 
(4). Thus, the pattern of hip survival after various treatment 
strategies needs more studies with longer follow-up. 

The present study among children treated for late-detected 
DDH before the age of 3 years has longer follow-up than pre-
vious studies and includes only patients without late pelvic 
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surgery to correct acetabular dysplasia. The primary aim was 
to compare the consequence of having acetabular dysplasia 
without subluxation at skeletal maturity, relative to those 
without, on the need for a THA up to the age of 60 years.

Patients and methods

Patients in this retrospective study were recruited from the 
period 1958–1962 through a search of the diagnosis card 
index for DDH at Sophies Minde Orthopaedic Hospital (now 
a division of Oslo University Hospital). The inclusion criteria 
were no associated anomaly, no neuromuscular disorder, no 
previous treatment in other hospitals, age at diagnosis 0.5–3.0 
years, initial treatment with skin traction to obtain closed hip 
reduction, and no concurrent or later pelvic procedures (oste-
otomy or shelf operation) to improve femoral head coverage. 
48 patients (57 hips) met these criteria, 41 girls and 7 boys 
with a mean age of 1.4 years (0.5–2.8) at diagnosis. DDH was 
unilateral in 39 patients and bilateral in 9. The left side was 
affected more often than the right side (37 vs 20). 45 hips had 

total dislocation and 12 had subluxation with femoral head 
coverage < 50%. 

The patients were initially treated with bilateral longitudi-
nal skin traction to obtain gradual closed reduction, as previ-
ously described (11). The average time in traction was 33 days 
(16–65). The mean age at spica cast application was 1.6 years 
(0.7–3.1). 27 hips were reduced at patient age < 1.5 years and 
30 hips at age ≥ 1.5 years. Hip spica was used for a mean 
period of 9.3 months (6–15). The spica was changed every 3 
months. Because of femoral valgus or increased femoral ante-
version, later proximal femoral osteotomy (with varus and/or 
derotation) was performed in 10 hips at a mean patient age of 
13 years (6–19). 

The study is reported according to STROBE guidelines.

Radiographic evaluation (Figure 1)
Conventional anteroposterior radiographs of the pelvis at 
skeletal maturity or later were available in all except 1 patient 
(who was 11.2 years at the last radiographic follow-up). Skel-
etal maturity was defined as patient age ≥ 15 years, when the 
physes of the proximal femur and acetabulum were closed. 

Figure 1. CE (center–edge) angle is the angle between 2 lines through 
the center of the femoral head (right hip): the perpendicular to the inter-
teardrop line and the line from the center to the lateral acetabular rim. 
MP (migration percentage, left hip); it is the percentage of the femoral 
head lateral to Perkins’ line (a/b x 100).

Figure 2. A. A 20-month-old girl with bilateral hip dislocation. She was 
initially treated with skin traction (30 days) to obtain closed reduc-
tion and thereafter hip spica cast for 12 months (the spica cast was 
changed every 3 months).

B. The same patient at skeletal maturity (age 15 years) with acetabular 
dysplasia in both hips, with CE angles 18° in the right hip and 17° in 
the left. A few days after this radiograph, a femoral inter-trochanteric 
osteotomy (derotation and varization) was performed in the left hip.

C. The patient at age 52 years. The dysplasia is unchanged compared 
with that in Figure 2 B. There is no sign of osteoarthritis and the patient 
had no hip complaints. No THA had been performed at the age of 61 
years.
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The mean patient age (except the patient mentioned above) 
was 26 years (15–56). A radiograph showing the pelvis and 
both hips was taken with the patient in the supine position, 
and care was taken to position the patient with the legs par-
allel and to avoid rotation of the pelvis and hips. The old 
radiographs (from diagnosis of DDH until 2002 when PACS 
was introduced at our hospital) were digitized for the current 
analysis. The radiographic assessment was performed by the 
author, who has long experience in evaluation of radiographs 
of hips in children and adults. The center–edge (CE) angle 
was measured as described by Wiberg (5), using the most 
lateral point of the acetabular roof as landmark (Figure 1). 
Femoral head coverage was also assessed by the migration 
percentage (MP) according to Reimers (12) using the same 
acetabular landmark as for the CE angle (Figure 1). The hip 
is located if the MP is < 33%, subluxated if it is 33–89%, and 
dislocated if MP is ≥ 90%. Avascular necrosis of the femoral 
head (AVN) was assessed according to Kalamchi and MacE-
wen (13). The radiographic outcome at skeletal maturity was 
evaluated using the classification of Wiberg (5). CE angle < 
20° means acetabular dysplasia, CE angle 20–25° means bor-
derline dysplasia, whereas normal hips have a CE angle > 
25°. Subluxation was for the present study defined as a CE 
angle < 10º and a broken Shenton line. A case with follow-up 
is presented in Figure 2.

Information regarding THA was provided by the Norwegian 
Arthroplasty Register (NAR), which started registration of 
THA in Norway in 1988. NAR has a registration completeness 
of 97% (14). The data was received in June 2022 with infor-
mation on whether or not the patients had undergone THA and 
the date at the time of THA. 

Statistics
SPSS (version 28) was used for statistical analysis (IBM 
Corp, Armonk, NY, USA). Categorical data were analyzed 
with the Pearson chi-square test. Continuous variables were 
analyzed using the t-test for independent samples. For correla-
tion between parameters, Pearson’s correlation coefficient (r) 
was used. All tests were 2-sided. Differences were considered 
significant when the p-value was < 0.05. Kaplan–Meier sur-
vival analysis with conversion to THA as endpoint was used 
to assess the long-term prognosis. 
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Results

20 hips were normal at skeletal maturity, with a mean CE 
angle of 30° (26–36) and a mean MP of 18% (6–23). 19 hips 
had borderline acetabular dysplasia, with a mean CE angle 
of 22° (20–25) and a mean MP of 24% (10–30). 18 hips had 
acetabular dysplasia, with a mean CE angle of 16° (10–19) 
and a mean MP of 31% (22–37). The correlation coefficient 
between CE angle and MP was –0.82 (p < 0.001), indicating 
a very good correlation between the methods in assessing the 
femoral head coverage.

16 hips had undergone THA (Figure 3). Significant risk fac-
tors for THA were acetabular dysplasia at skeletal maturity 
and avascular necrosis (AVN) of the femoral head (Table 1). 
The mean CE angle at skeletal maturity was 18° (SD 4.0) in 
hips with later THA and 25° (SD 5.6) in hips without THA (p 
< 0.001). THA had been performed in 1 out of 20 normal hips, 
in 4 of 19 hips with borderline dysplasia, and in 11 of 18 hips 
with hip dysplasia. The difference between the dysplastic hips 
and the other groups was significant (p < 0.001). Although the 
percentage of THA was greater in the borderline hips than in 
the normal hips (Table 1), the numbers of hips were too small 

48 patients with DDH 1958–1962, 
age 05–3.0 years, treated with closed reduction

n = 57 hips

Acetabular dysplasia
at skeletal maturity

n = 18

Borderline dysplasia
at skeletal maturity

n = 19

No acetabular dysplasia
at skeletal maturity

n = 20

Total hip arthroplasty
at follow-up

n = 11

Total hip arthroplasty
at follow-up

n = 4

Total hip arthroplasty
at follow-up

n = 1

Figure 3. Patient flowchart.

Table 1. Risk factors for total hip arthroplasty (THA) 
in 57 hips with follow-up to patient age ≥ 60 years

	 THA
Parameters	 n	 No	 Yes	 p-value a

Grade of DDH				    0.8
 Complete dislocation	 45	 32	 13	
 Subluxation	 12	 9	 3	
Laterality of DDH				    0.5
 Unilateral	 39	 29	 10	
 Bilateral	 18	 12	 6	
Age at hip reduction				    0.1
 < 1.5 years	 27	 22	 5	
 ≥ 1.5 years	 30	 19	 11	
AVN				    0.004	
 No	 54	 41	 13	
 Yes	 3	 0	 3	
CE angle b	 			   < 0.001
 < 20°	 18	 7	 11	
 20°–25°	 19	 15	 4	
 > 25°	 20	 19	 1 	

a Chi-square test. 
b Center–edge angle at skeletal maturity-
DDH = developmental dislocation of the hip
AVN = avascular necrosis of the femoral head
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for meaningful statistical analysis. In the 18 dysplastic hips, 
there was no significant difference in CE angle at skeletal 
maturity between the 11 hips that had undergone THA and the 
7 hips without THA (p = 0.7). 

The mean patient age at THA was 53 years (41–61), 52 
years in hips with acetabular dysplasia, 55 years in hips with 
borderline dysplasia, and 56 years in the 1 normal hip. The 
correlation between CE angle at skeletal maturity and age at 
THA was not statistically significant (r = 0.35; p = 0.2). 

The mean age at the last follow-up in patients who had not 
undergone THA was 62 years (60–64). Kaplan–Meier survival 
analyses with conversion to THA as endpoint are presented in 
Table 2 and Figure 4. Survival was 100% until patient age 40 
years and then decreased slightly to 95% at 50 years. Then, a 
more pronounced decrease was seen, ending with a survival 
rate of 74% at patient age 60 years. In order to assess the sig-
nificance of increasing age at hip reduction, survival analy-
sis was separately performed in the 30 patients who were ≥ 
1.5 years (range 1.5–3.1) at reduction. This group had similar 

is also an association, although weaker, between less severe 
abnormalities (acetabular dysplasia without subluxation) and 
later OA. Wiberg (5) reported on 17 patients with dysplasia 
and found a linear relationship between the CE angle and the 
age at OA onset. 7 hips were subluxated (mean CE angle 2°) 
and all of these developed OA at a mean age of 42 years. The 
remaining 10 hips that were not subluxated developed OA at 
a mean age of 57 years. This pattern of OA was not confirmed 
by Cooperman et al. (15), who studied 32 hips with acetabu-
lar dysplasia, but without subluxation (“an essentially intact 
Shenton’s line”). They found that almost all patients devel-
oped OA, but there was no linear relationship between the CE 
angle and the age at which OA developed. Our results were 
in accordance with those of Cooperman et al. (15). With a 
follow-up to patient age > 60 years, the rate of THA was high 
(61%), but there was no significant relationship between the 
CE angle and the age at THA.

Survival rates with THA as the endpoint vary considerably, 
probably because of differences in age at diagnosis of DDH, 
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Table 2. Kaplan–Meier survival analysis, with conversion to total hip arthroplasty as 
endpoint, in all hips, in hips with patient age ≥ 1.5 years at hip reduction, and accord-
ing to center–edge (CE) angle at skeletal maturity. Values are % (95% confidence 
interval) 

	 Total	 Age b	 CE angle	 CE angle	 CE angle
Patient	 material	 ≥ 1.5 years	 < 20°	 20–25°	 > 25°	
age a	 57 hips	 30 hips	 18 hips	 19 hips	 20 hips
 							     
40 100	 100	 100	 100	 100	
45   97 (92–100)	   93 (84–100)	   89 (74–100)	 100	 100	
50   95 (89–100)	   90 (79–100)	   83 (65–100)	   95 (85–100)	 100	
55   86 (77–95)	   80 (66–94)	   67 (45–89)	   90 (77–100)	   95 (85–100)
60   74 (63–85)	   67 (50–84)	   39 (16–62)	   80 (62–98)	   95 (85–100)

a Patient age at follow-up. 
b Patient age at hip reduction.

Figure 4. Kaplan–Meier survival analysis 
(with 95% confidence intervals) with total 
hip arthroplasty as the endpoint in all 57 
hips and in the 30 hips of patients ≥ 1.5 
years at the time of hip reduction.

Figure 5. Kaplan–Meier survival analysis 
with THA as the endpoint according to 3 
categories of CE angles at skeletal matu-
rity: dysplastic hips with CE angle < 20°, 
borderline hips with CE angle 20–25°, 
and normal hips with CE angle > 25°.

hip survival rate to the total material until age 
40 years. Thereafter, survival was 5% lower 
at age 50 years and 7% lower at age 60 years 
(Table 2). 

The lowest hip survival rates occurred in the 
18 hips with CE angle < 20°at skeletal matu-
rity (Table 2; Figure 5). Survival decreased 
from 100% at patient age 40 years, to 83% at 
50 years, and 39% at 60 years. In the hips with 
borderline dysplasia, survival rates were high: 
95% at patient age 50 years and 80% at age 
60 years. 

Discussion

The characteristics of the present study were 
initial skin traction to obtain gradual closed 
reduction, no pelvic operations to correct ace-
tabular dysplasia, and available radiographs at 
skeletal maturity or later. With follow-up to 
patient age ≥ 60 years, the study probably rep-
resents the longest follow-up of DDH to date. 
The main results were that 1/5 with dysplasia 
and 1/20 with borderline dysplasia received a 
THA. The overall hip survival (with THA as 
the endpoint) was very good (≥ 90%) until 
patient age 50 years, and acetabular dysplasia 
without subluxation was a risk factor for THA. 

Acetabular dysplasia with or without sub-
luxation is not uncommon after treatment of 
late-detected DDH (6,9). Previous studies, 
where no corrective pelvic surgery had been 
performed, have shown that subluxation is a 
clear risk factor for later OA (5,7,15). There 
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initial treatment policy, later additional surgical procedures, 
and follow-up time. Thomas et al. (8) studied patients who were 
> 1.5 years of age at the time of open reduction and simultane-
ous Salter type pelvic osteotomy. The survival rate fell from 
99% at patient age 33 years to 54% at 48 years. The reduction 
in survival was no less than 32% between the age of 43 and 48 
years. Such a large reduction in the same age span has not been 
confirmed in other studies of pelvic osteotomies (9,16). 

The long-term hip survival rates in the present dysplastic 
hips were compared with those after periacetabular osteotomy 
(PAO) (Table 3). Between patient age 40 and 50 years, hip 
survival decreased by approximately 27% after PAO and 17% 
without PAO. The greatest decrease of survival in the hips 
with no PAO (present study) was 44% between the ages of 
50 and 60 years. In this age span, a decrease of 32% after 
PAO was found (9). The long-term studies featured in Table 
3 indicate that the survival rate is good (86–100%) up to age 
40 years and thereafter a pronounced deterioration occurs, no 
matter whether or not late pelvic osteotomies have been per-
formed. Thus, to study the true outcome of different treatment 
concepts, a follow-up to patient age 60 years is desirable. 

This study has several limitations. First, it was retrospec-
tive and there was no control group. Second, the number of 
patients was rather limited, especially in the subgroups, which 
could affect the reliability of the statistical analyses. Third, 
the diagnosis of hip dysplasia was based on the CE angle, but 
recent studies have emphasized that dysplasia should not be 
based on this parameter alone (17). 3-dimensional CT showed 
that although lateral acetabular deficiency was present in all 
the patients, several other radiographic features of dyspla-
sia were also found (18). Fourth, the age at measurement of 
CE angles varied considerably. However, as a previous study 
showed that the CE angle in hips without subluxation did not 
change significantly after the age of 15–20 years (4), the CE 
angles in the oldest patients were probably representative for 

those at a younger adult age. Finally, because NAR started its 
registration of THAs in 1988 and reports a registration com-
pleteness of 97% (14) some THAs might have been lost to our 
registration. However, the patients had been examined clini-
cally for a previous study (11), which ensured that no THAs 
had been performed before NAR was active. The strengths of 
the study are the long follow-up time and that data on acetabu-
lar dysplasia at skeletal maturity and whether or not THA had 
been performed were available in all patients. 

In conclusion, what are the clinical implications of this 
study? First, it provides important knowledge to patients and 
caregivers regarding what long-term outcome can be expected 
after late-detected DDH when no pelvic osteotomies have been 
performed. Second, the results are relevant for the discussion 
of the indications and timing of treatment, which remains a 
controversial topic (19-22). The survival curves with THA 
as the endpoint are well suited for comparison with those of 
more modern treatment concepts including pelvic osteotomies, 
although the latter patients have preoperative hip pain, whereas 
pain had not been systematically recorded in the case reports 
of the present patients. PAO was initially recommended for 
patients with more pronounced degrees of hip dysplasia (9), 
but the procedure has in recent years also been used for symp-
tomatic patients with mild dysplasia. In patients ≤ 21 years 
with CE angles 18–25°, Swarup et al. (21) reported good clini-
cal and radiographic outcomes, but the follow-up time was 
short (minimum 1 year). Future studies with longer follow-up 
would be suitable for comparison with the present results. 
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