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Abstract

Purpose To follow-up the non-operated hips of patients who underwent unilateral rotational acetabular osteotomy (RAO)
for bilateral developmental dysplasia of the hip (DDH) for a minimum of 20 years to clarify (1) the timing of onset of hip
osteoarthritis (OA) in DDH, and (2) factors associated with the development of OA.

Methods This study included 92 non-operated hips of patients who underwent unilateral RAO for bilateral DDH. We exam-
ined the timing of OA onset and total hip arthroplasty (THA) and the joint survival rate in the studied hips. Furthermore, the
patients were divided into those with OA onset (progression group) and those without OA onset and compared in terms of
lateral center—edge angle (LCEA), sharp angle, acetabular head index (AHI), acetabular roof obliquity (ARO), joint congru-
ity, and the presence or absence of OA progression on the RAO side.

Results The progression group experienced OA onset 12 years after RAO and underwent THA 6 years after OA onset. The
20-year joint survival rate was 73% with the endpoint of OA onset and 81% with the endpoint of THA. The progression group
had significantly smaller LCEA and AHI and larger ARO. The risk of developing OA was 8.2 times greater in patients with
LCEA <7° than in those with LCEA > 7°.

Conclusion The patients with OA progression group experienced OA onset at an average age of 55 years. A small LCEA
(L£7°) was identified as a risk factor for the development of OA.
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Introduction

Developmental dysplasia of the hip (DDH) is a known
risk factor for the development of secondary hip osteoar-
thritis (OA) [1-3]. Recent large studies in Western popu-
lations have also demonstrated the association between
hip OA and DDH. Rotterdam study [4] found a 4.3-fold
increased risk of developing hip OA in patients with a lateral
center—edge angle (LCEA) of <25°, while CCHSIII study
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[5] demonstrated a correlation between CEA and joint space
narrowing.

Various pelvic osteotomy techniques have been proposed
for joint-preserving treatment of DDH [6-8]. Rotational
acetabular osteotomy (RAO) has provided good long-term
outcomes in patients followed for more than 20 years [9, 10],
but has been associated with learning curve effects and the
risk of complications [11]. Arthroscopic surgery for DDH
has also been discussed in recent years, although some cases
with poor outcomes have been reported [12, 13]. Many sur-
geons are therefore cautious about performing arthroscopic
surgery alone for DDH.

Knowing the long-term course of untreated DDH is
important for planning treatment strategies, including sur-
gery. Despite its usefulness in predicting the development of
OA, there have been few reports of long-term follow-up of
DDH [14-16], and furthermore, these studies have limita-
tions such as no description of the follow-up period, a short
follow-up period of around 10 years, no stated definition of
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DDH, inclusion of elderly patients, and inclusion of patients
with pre-existing OA changes. It also remains unclear when
OA develops in patients with DDH and what the risk factors
are for developing OA secondarily.

Thus, the objective of this study was to longitudinally
follow the non-operated hips of patients who underwent uni-
lateral RAO for bilateral DDH for a minimum of 20 years in
order to clarify the following:

1. the 20-year course of DDH (timing of OA onset), and
2. factors associated with the development of OA.

Patients and methods

This retrospective study was approved by the ethics com-
mittee at our hospital. Informed consent was obtained by an
opt-out approach.

Patients treated at Kanagawa Rehabilitation Hospital
before 1999 who underwent unilateral RAO for bilateral
DDH were included in this study, and their non-operated
hips were the subjects of this study. The eligibility criteria
were as follows: (1) LCEA as a measure of severity of DDH
was <25° (2) no pre-existing OA, defined as no symptoms
at the start of follow-up and a Kellgren-Lawrence grade [17]
of 0; and (3) patients who could be followed for at least 20
consecutive years after surgery. The exclusion criteria were
as follows: (1) a history of surgery on the studied hip in
childhood; (2) a history of prior RAO or THA; (3) a history
of trauma, Perthes’ disease, skeletal dysplasia, or cerebral
palsy; (4) distal transfer of the greater trochanter, femoral
osteotomy, or muscle release simultaneously with RAO; or
(5) RAO performed on the studied hip during the follow-up
period.

The following information was collected at the time
of unilateral RAO defined as the baseline: age at sur-
gery, sex, and studied side (left or right). In addition,
an anteroposterior (AP) plain X-ray of the pelvis taken
immediately before RAO was examined to determine
the LCEA, Sharp angle, acetabular head index (AHI),
acetabular roof obliquity (ARO), and joint congruity [18]
of the studied hip. The pelvic AP X-rays were performed
with the patient in supine, centered 2 finger breadth from
the pubic symphysis, which was aligned to the center of
the sacrum, at a distance of 110 cm from the X-ray film.
And X-ray were taken at follow-up to determine whether
OA had progressed on the RAO-treated side (Figs. 1
and 2). X-rays were also taken every one-two years over
time after unilateral RAO to determine when OA devel-
oped and when THA was performed on the studied hip.
For joint congruity, a Yasunaga’s classification [18] of
“excellent” or “good” was defined as good congruity, and

@ Springer

Fig. 1 Radiographic measurements showing: a center—edge angle, b
Sharp’s angle, ¢ acetabular head index (a/bx100), and d acetabular
roof obliquity

Yasunaga’s classification of “fair” or “poor” was defined
as poor congruity (Fig. 2). The onset of OA was defined
as a change in the Kellgren-Lawrence grade from O to 1
or higher.

92 hips were evaluated by 2 observers (HS: more than
40 years of experience, AA: more than 10 years of expe-
rience). In order to assess the interobserver reliability,
intraclass correlation coefficient of LCEA, Sharp angle,
AHI, ARO were measured in 20 randomly selected hips.
The results were 0.86 (95% CI 0.74-0.95), 0.77 (95% CI
0.52-0.90), 0.81 (95% CI 0.60-0.92) and 0.74 (95% CI
0.42-0.89) respectively, suggesting a good interobserver
reliability.
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RAO performed at our hospital
before 1999, 579 hips
Included
1) LCEA < 25°
2) no symptoms and KL grade O
J' 3) followed for at least 20 consecutive years

Fig.2 Joint congruity: a, b good, the joint space is adequately main-
tained; and ¢ not good, the joint space is partial narrowing or has dis-
appeared

Statistics

Patients’ baseline characteristics are reported as the mean
and standard deviation. For comparison, patients were
divided into those with and those without OA onset in
the studied hip during the follow-up period, referred to
as the progression group and the non-progression group,
respectively.

The Mann—Whitney U test was used to compare continu-
ous variables, and the chi-square test was used to compare
categorical variables. For multivariate analysis with the
presence or absence of OA onset as the outcome variable,
explanatory variables were selected by univariate analysis,
and Cox proportional hazards regression analysis was per-
formed to calculate the hazard ratio. For significant factors,
the cutoff values for OA onset were determined by ROC
analysis. The joint survival rate was estimated using the
Kaplan—Meier method. All statistical analyses were per-
formed with a significance level of 5% using JMP version
15.2 (SAS Institute, Cary, NC, USA).

\
[ Met eligibility criteria, 229 hips
J

(Excluded

- history of surgery, 11 hips

- previous deformities, 6 hips

- combined surgery, 96 hips

- RAO of the studied hip, 24 hips

\ 4 ‘k

[included in the ayalysis, 92 hips

J

Fig.3 A flowchart of showing patient selection and exclusion criteria

Results

Of the 579 patients who underwent RAO at our hospital
before 1999, 229 met the eligibility criteria for this study.
When the exclusion criteria were applied, we excluded 11
patients with a history of surgery on the studied hip in child-
hood; six patients with a history of trauma, Perthes’ disease,
skeletal dysplasia, or cerebral palsy; 96 patients who under-
went transposition of the greater trochanter, femoral oste-
otomy, or muscle release simultaneously with RAO; and 24
patients who underwent RAO of the studied hip during the
follow-up period. Thus, 92 patients were eventually included
in the study (Fig. 3).

Mean age of the patients at the time of RAO was
42.7+9.7 years. The mean follow-up period after RAO was
24.0+3.7 years. There were 90 women and two men.

Postoperative course

There were 27 patients (29.3%) in the progression group and
65 (70.7%) in the non-progression group. The patients in the
non-progression group were younger than those in the pro-
gression group (P=0.005), while there were no significant
differences in terms of sex ratio or laterality of the studied
side (Table 1). The 27 patients in the progression group had
OA onset at a mean of 11.7+ 6.1 years after RAO, and 17 of
them underwent THA at a mean of 5.7 +4.9 years after OA
onset (15.8 + 8.1 years after RAO).

The 10- and 20-year joint survival rates with the end-
point of OA onset were 83.7% (95% confidence interval (CI)
76-91) and 72.7% (95% CI 64-82), respectively (Fig. 4a),
while those with the endpoint of THA were 86.9% (95% CI
80-94) and 81.0% (95% CI 73-89), respectively (Fig. 4b).
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Table 1 Univariate analysis of

. e Progression (n=27) Non-progression P value
the relationship with OA onset (n=65)
in hip dysplasia
Sex Female 26 Female 64 0.536*
Male 1 Male 1
Side Right 15 Right 29 0.339%
Left 12 Left 36
Age (years old) 46.9+8.5 40.7+9.7 0.005%%*
LCEA (degree) 83+12.4 159+5.6 <0.001%*
Sharp angle (degree) 47.1+4.5 459+29 0.142%%*
AHI (%) 629+11.3 69.6+5.6 <0.001%*
ARO (degree) 17.9+9.5 12.6+4.5 <0.001%*
Joint congruity Good 11 Good 32 0.456*
Poor 16 Poor 33
Progression on RAO-treated side Yes 21 Yes 31 0.008*
No 6 No 34
AHI acetabular head index, ARO acetabular roof obliquity, LCEA lateral center—edge angle, OA osteoarthri-
tis, RAO rotational acetabular osteotomy
*Chi-square test
**Mann—Whitney U test
1 Radiographic evaluation
0.9 -
g'j Significant differences were found between the progres-
o 0. . . .
© His sion and non-progression groups in LCEA, AHI, and ARO
E 05 (Table 1). In the progression group, LCEA and AHI are sig-
204 - nificantly smaller (8.3 +12.4 degrees vs. 15.9+5.6 degrees,
=
? 03 - P<0.001, and 62.9+11.3% vs. 69.6 £5.6%, P<0.001,
0.2 respectively), while ARO is significantly larger (17.9+9.5
0‘(1) degrees vs. 12.6 +4.5 degrees, P <0.001). There was no sig-
0 60 120 180 240 300 360 nificant difference between thej Sharp anglfas between tl'le
Monithis oF followsip two gr.oups.(Pz 0.142). Gf)od joint congru{ty was seen in
a 11 patients in the progression group and 32 in the non-pro-
1 gression group, with no significant difference between the
.3 k‘— two groups (P=0.46). OA progression in the RAO-treated
0.8 . . . . .
007 hip occurred in 21 patients in the progression group and 31
© 0'6 in the non-progression group, which was a significant dif-
g 05 | ference (P =0.008) (Table 1).
E 0.4
® 03 Multivariate analysis
0.2
Gl In Cox proportional hazards regression analysis of the fac-
0 5 &5 1‘20 85 545 505 360 tors that showed significant differences between the two
onithiss o fooweus groups (i.e., age, LCEA, AHI, and ARO) V.Vlth the presence
b or absence of OA onset as the outcome variable, LCEA was

Fig.4 Kaplan—-Meier survival curves for; a the cumulative survival
rate in osteoarthritis progression, and b the cumulative survival rate
in total hip arthroplasty
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identified as an independent risk factor (Table 2). By ROC
analysis, the cutoff value of LCEA for OA onset was deter-
mined as LCEA <7° (R*=0.125, AUC =0.666, P <0.001).
Estimation of HRs by Cox proportional hazards regression
analysis showed that patients with LCEA <7° had an about
8.2 times higher risk of developing OA compared to those
with LCEA >7° (HR: 8.212,95% C13.78-17.82, P<0.001)
(Table 2).
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Table 2 Multivariate analysis showing the effect of variables on OA
onset in hip dysplasia

Level Number Hazardratio 95% CI P value*
Age - 92 1.00 0.98-1.03 0.728
LCEA - 92 1.12 1.00-1.24 0.042
AHI - 92 0.92 0.84-1.00 0.063
ARO - 92 0.99 0.90-1.08 0.791
LCEA <7 15 8.212 3.78-17.82 <0.001
>7 77

AHI acetabular head index, ARO acetabular roof obliquity, LCEA
lateral center—edge angle, CI confidence interval, OA osteoarthritis,
RAO rotational acetabular osteotomy

*Cox proportional hazard analysis

Discussion

DDH is a known risk factor for OA [1-5], and previous stud-
ies have reported that DDH is involved in 20-40% of OA
cases [2, 3]. A Japanese multicenter study [19] showed that
DDH was responsible for 80% of OA cases. However, it
remains unclear what proportion of DDH patients develop
OA, when DDH progresses to OA, and what factors predis-
pose to OA. The present study attempted to clarify these
issues through long-term follow-up of DDH.

The 10- and 20-year join survival rates with the endpoint
of OA onset were 83.7% and 72.7%, respectively, while
those with the endpoint of THA were 86.9% and 81.0%,
respectively. To our knowledge, there are only two studies
examining joint survival rate exclusively in DDH. Hisatome
et al. [20] studied the non-operated hips of patients who
underwent RAO and reported a 10-year joint survival rate of
92.9% with OA progression as the endpoint in 35 hips with
pre-hip OA, with no hip requiring THA. Wyles et al. [21]
studied 48 non-operated hips of patients who underwent uni-
lateral THA with a Tonnis grade of 0 and reported 10- and
20-year joint survival rates of 96.0% and 67% with endpoints
of Tonnis grade 3 or THA, respectively. The high 10-year
survival rate reported by Hisatome et al. may have been due
to the young age of the included patients (mean 38.2 years).
Our results confirm previous reports of relatively good 10-
and 20-year joint survival rates in DDH, and revealed that
joint preservation can be expected in about 70% of DDH
patients even after 20 years.

Next, we would like to discuss the general course of
DDH. In the present study, the mean age of the patients at
the start of follow-up was 43 years, and the mean follow-up
period was 24 years. The results suggest that about 70%
of asymptomatic DDH patients, which corresponded to the
non-progression group in this study, do not develop OA
until their late 60 s. In contrast, the patients in the progres-
sion group began to experience joint space narrowing after
12 years of follow-up and underwent THA in another six

years. Thus, asymptomatic DDH patients who developed
OA typically experienced OA onset around 55 years of age
and underwent THA around 61 years on average. The age
at which OA is most likely to occur has not been clarified.
In terms of age of OA onset, a multicenter study of new
outpatients in Japan [19] reported that the most common age
at initial diagnosis of OA was 50-59 years (27%), followed
by 60-69 years. The present study provides valuable data
that the onset of radiological OA in DDH is most common
around the age of 55 years. The results also suggest that even
DDH patients can achieve joint preservation into their late
60 s if they do not develop OA.

From the above, the following question arises: which
patients are more likely to develop OA? There are several
reports on radiological indicators of DDH and develop-
ment of OA (Table 3). Hasegawa et al. [14] studied 86 hips
with pre- or early-stage hip OA with acetabular dysplasia
or subluxation and found that in 39 pre-stage hips, LCEA,
AHI, slope of acetabular roof, acetabular depth ratio were
significantly smaller in those with subsequent OA progres-
sion, compared to those without OA progression. Jacobsen
et al. [15] compared 81 DDH hips and 136 normal hips and
found a correlation between LCEA and joint space nar-
rowing. Wyles et al. [21] studied 48 hips that underwent
unilateral THA for DDH with a Tonnis grade of 0 and iden-
tified LCEA <25°, Tonnis angle > 8°, femoral head later-
alization > 8 mm, femoral head extrusion index > 0.2, and
acetabular depth-to-width index < 0.3 as risk factors for OA
onset. Consistent with these reports, the present study also
showed a significantly higher degree of DDH in the progres-
sion group, suggesting an association between the severity of
DDH and the development of OA. Among the DDH indica-
tors evaluated, LCEA was identified as an independent risk
factor for OA onset, with patients with LCEA <7° having an
about 8.2-fold increased risk of developing OA compared to
those with LCEA > 7°.

Two explanations can be considered for the association
between LCEA and the development of OA: one relating
to the stress applied to the joint surfaces and the other to
joint instability. Evidence has suggested that a reduced load
transfer area in DDH may lead to premature degeneration of
cartilage (1). Pompe et al. [22] reported that a smaller LCEA
leads to a higher acetabular contact stress gradient and that a
LCEA of less than 20° is associated with increased stress on
the lateral acetabular rim. Other authors have also reported
that smaller LCEA results in a correspondingly smaller joint
surface area, which in turn increases joint stress [23]. Sato
et al. [24] postulated that in DDH hips, greater component
forces acting on the superior lateral aspect of the femoral
head would induce instability of the femoral head. An evalu-
ation of joint instability during gait using an accelerometer
also demonstrated a correlation between the degree of insta-
bility and LCEA [25]. LCEA is a measure of the relative
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Table 3 Prognostic predictors for dysplasia of the hip

Author Hips,n Mean follow-  Targets Risk factors
up (range),
years
Hasegawa [14] 86 12.8 (10-25) Pre-OA or early OA LCEA, Sharp, ARO, AHI, ADR, JOA (pre-OA)

Subluxation or acetabular dysplasia
Non-operated side in unilateral THA LCEA, acetabular index of depth to width, femoral-head

Murphy [16] 286 -

Jacobsen [15] 81
Wyles [21] 48

10.2 (9.1-11.9) -

20 (10-35) Tonnis grade 0

Non-operated side in unilateral THA

This study 92 24.0 (20-39)

J/S, JOA (early-OA)

extrusion index, ARO, lateral subluxation, superior subluxa-
tion, peak-to-edge distance

LCEA and J/S narrowing were correlated

LCEA <25, Tonnis angle > 8, femoral head lateralization > 8,
femoral head extrusion index > 0.2, acetabular depth-to-
width index <0.3

Non-operated side in unilateral RAO Age, LCEA (LCEA <7), AHI, ARO, postoperative course on

the operated side

ADR acetabular depth ratio, AHI acetabular head index, ARO acetabular roof obliquity, LCEA lateral center—edge angle, JOA Japanese ortho-
paedic association score, J/S joint space, MJS minimum joint space width, OA osteoarthritis, RAO rotational acetabular osteotomy, Sharp sharp

angle, THA total hip arthroplasty

coverage of the femoral head by the acetabulum. Among
several DDH indices, LCEA is the one that can adequately
assess hip coverage and is the most influential factor in the
development of OA.

The present results also suggest that DDH progression on
the RAO-treated side predisposes to OA on the non-operated
side. Unilateral RAO for bilateral DDH has been shown to
provide adequate support on the operated side and reduce the
burden on the non-operated side [20]. In other words, if the
leg on the RAO-treated side has impaired function as a sup-
porting leg, the burden on the non-operated side increases,
resulting in the progression of OA on the non-operated side
as well. Regular observation of the RAO-treated hip may
allow for early detection of OA progression on the non-
operated side. Even when the condition of the RAO-treated
hip deteriorates, appropriate therapeutic intervention on the
non-operated side may allow for joint preservation.

To determine whether RAO can prevent OA progression
and THA, the survival rate of RAO itself was also inves-
tigated. Of the 92 hips that had RAO performed, 56 hips
were graded as KL gradeO prior to surgery. Survival rate
with OA progression as the endpoint were 84.0% (95% CI
74-94) and 55.4% (95% CI 42-68), respectively (Fig. 5a),
which showed a significantly lower survival rate in the RAO
group (Log-rank test, P=0.02). With THA as the endpoint,
the survival rates were 98.2% (95% CI 95-100) and 82.1%
(95% CI 72-92) (Fig. 5b), respectively, which did not show a
significant difference. From these results, RAO did not nec-
essarily prevent OA progression. However, the survival rate
for the RAO-treated sided was higher than the non-treated
side up until 20 years, therefore RAO may be an effective
method for prolonging survival until THA.

There are several limitations with this study. First,
radiologic evaluation was performed using only AP plain
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radiographs of the pelvis. Unfortunately, the only images
available for longitudinal follow-up from before RAO to the
last observation point were the AP pelvic X-rays. However,
X-rays can be taken at any medical facility immediately
upon the initial presentation. Simply checking X-rays at ini-
tial presentation may therefore be a simple way to predict the
development of OA and the prognosis of DDH. The second
limitation is that this was a retrospective study. It is very dif-
ficult to prospectively follow patients with untreated DDH
for a long period of time. We believe that the present study is
valuable in that it is the only report of a longitudinal follow-
up of exclusively DDH patients over a period of more than
20 years. Third, the study did not include a pain assessment.
It is not possible to extract only OA-related pain from the
medical record entries because the possibilities of lumbar
spine disease or lesions outside the hip cannot be ruled out.
Instead, relying solely on radiological evaluation allowed for
objective assessment of OA. And finally, the current study is
based on an Asian population. In Western countries, primary
osteoarthritis is higher than in Asian countries. However, in
the Asian population, the incidence of secondary osteoar-
thritis due to DDH is higher than in the Western population.
This does not change the fact that DDH is a risk factor for
osteoarthritis, but the age of onset and long-term survival
may differ between the different population groups.

Conclusion

In patients with DDH, the joint survival rate with the
onset of OA as the endpoint was 72.7% and Joint pres-
ervation can be expected in about 70% of DDH patients
even after 20 years. However, DDH patients were most
likely to develop OA around age 55 and LCEA <7° was a



Archives of Orthopaedic and Trauma Surgery (2024) 144:997-1004

1003

Fig.5 Kaplan—-Meier survival 1
curves for the RAO hips; a

the cumulative survival rate in 0.9
osteoarthritis progression, and b

the cumulative survival rate in 0.8
total hip arthroplasty
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risk factor for the development of OA. RAO for DDH may
be effective in buying time until THA, but patients with
LCEA <7° are at high risk of developing OA and should
be followed-up frequently.
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