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Background   Hip osteoarthritis in Japanese patients is 
in most cases secondary and purpose to congenital dislo-
cation of the hip or acetabular dysplasia—often associ-
ated with a deformed femoral head. Thus, we examined 
the outcome of rotational acetabular osteotomy (RAO) 
procedures in patients with early-stage osteoarthritis 
secondary to developmental dysplasia of the hip, and its 
relationship to femoral head deformity.

Patients and methods   We retrospectively reviewed 
the outcome of RAO procedures in 49 hips of 48 patients 
(43 females). All patients had radiographic evidence of 
early-stage osteoarthritis. The mean age was 33 (13–54) 
years at surgery, and the mean duration of follow-up was 
13 (10–17) years. The roundness index of the femoral 
head was measured on preoperative radiographs. Clini-
cal follow-up was performed using the Merle d’Aubigné 
and Postel system.

Results   The mean preoperative clinical score was 13 
points; this had improved to 17 points at the most recent 
follow-up (p < 0.001). Radiographically, this procedure 
gave adequate improvement of femoral head coverage. 
At follow-up, stage of osteoarthritis was unchanged in 
38 hips and had progressed in 11 hips. 2 of the 11 hips 
with progression of the osteoarthritic stage had obvious 
technical failure and were excluded from subsequent 
comparisons. The mean preoperative round index of the 
femoral head was different for the 38 hips with no obvi-
ous progression than for the 9 hips that showed progres-
sion (55% and 68%, respectively; p < 0.001).

Interpretation   Patients with a deformed femoral 
head may experience progression of osteoarthritis 

within 10 years of the RAO procedure, even in early-
stage osteoarthritis.   

■

Developmental dysplasia of the hip is the most 
common cause of secondary osteoarthritis in 
young adults. Steel’s triple osteotomy (Steel 1973), 
Wagner’s spherical acetabular osteotomy (Wagner 
1976), the rotational acetabular osteotomy (RAO) 
developed by Ninomiya and Tagawa (1984), and 
Ganz periacetabular osteotomy (Ganz et al. 1988) 
allow the femoral head to be covered with articu-
lar cartilage and have been used successfully in 
patients with developmental dysplasia of the hip 
and no or early osteoarthritic involvement (Naka-
mura et al. 1998b, Schramm et al. 1999, Sieben-
rock et al. 1999, Nozawa et al. 2000, Takatori et 
al. 2001). Acetabular dysplasia is common in the 
general population in Europe (Jacobsen et al. 
2005). In Japan, hip osteorthritis is in most cases 
secondary, mainly due to congenital dislocation of 
the hip joint or acetabular dysplasia—often associ-
ated with a deformed femoral head (Hoaglund et 
al. 1985, Nakamura et al. 1989a).

 In this study, we estimated the deformity of the 
femoral head in 48 patients. Here we report on the 
relationship between the long-term outcome of 
RAO with a minimum follow-up of 10 years and 
the preoperative deformity of the femoral head in 
early-stage osteoarthritis.
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Patients and methods

Since 1985, we have performed the RAO procedure 
developed by Ninomiya and Tagawa (1984) in 236 
patients with developmental dysplasia of the hip 
(257 hips). Between 1985 and 1995, we performed 
RAO without concomitant femoral osteotomies for 
early-stage osteoarthritis (with acetabular dyspla-
sia) on 60 hips (59 patients). The indication was 
a center-edge angle (CE angle) (Wiberg 1939) of 
less than 20° on radiographs, progressive pain that 
interfered with daily activities, and an age of less 
than 60 years. 1 patient was excluded from the 
study group because she developed a systemic dis-
ease that affected her ambulation significantly after 
the operation.

10 patients were lost to follow-up after more 
than 10 years. We were able to contact 3 of these 
patients by telephone; however, they did not visit 
our hospital. We could not contact the other 7 
patients because they had moved elsewhere. Their 
mean age at the time of surgery was 35 (21–45) 
years, and the mean duration of follow-up was 
5 (1–7) years. Radiographically, none of these 
patients showed signs of progression of arthritis. 
The remaining 48 patients (43 females; 49 hips) 
with more than 10 years of follow-up attended for 
clinical and radiographic assessment. The mean 
length of the postoperative follow-up was 13 
(10–17) years. The mean age at operation was 33 
(13–54) years.

 Partial weight bearing with crutches was allowed 
in the sixth postoperative week, and full weight 
bearing at 4 months. The severity of osteoarthritis 
was radiographically staged into 4 groups as fol-
lows, based on the joint space, using a modified 
version of the classification system advocated by 
the Japanese Orthopedic Association (Nakamura 
et al. 1998). Early stage: more than 2 mm of joint 
space remaining. Early advanced stage: less than 
2 mm of joint space, but no contact with the sub-
chondral bone of the acetabulum and the femoral 
head. Late advanced stage: the subchondral bone 
of the acetabulum and the femoral head in contact 
within a localized area (less than 15 mm width) 
or less than 2 mm of joint space of more than 15 
mm width. End stage: extensive loss of joint space 
(more than 15 mm width). In patients with a normal 
contralateral hip, half of the contralateral hip joint 

space was used in the classification system instead 
of 2 mm.

 The functional results were evaluated by the hip 
joint scoring system of Merle d’Aubigné and Postel 
(1954), which assigns a maximum of 6 points for 
each of 3 categories: pain, mobility, and gait func-
tion. A full score of 18 denotes normal hip func-
tion. Accordingly, a score of 17 or 18 points was 
considered excellent; 15 or 16 points, good; 13 or 
14 points, fair; and 12 points or less, poor.

To evaluate deformity of the femoral head we 
used the roundness index, calculated as the ratio of 
the distances from the medial border to the top of 
the femoral head and the medial border to the lat-
eral border of the femoral head (Figure 1) (Okano 
et al. 2003).

Anteroposterior radiographs were taken pre-
operatively, 3 months postoperatively, and at the 
time of follow-up. We assessed position of the 
femoral head and hip morphology. The param-
eters evaluated included CE angle (Wiberg 1939), 
acetabular head index (AHI) (Heyman and Hern-
don 1950), and acetabular roof angle (Massie and 
Howorth 1950) (Figure 2).

 All radiographs were performed in the supine 
position. Anteroposterior radiographs were taken 
with a source-to-film distance of 110 cm. The 
patient’s feet were internally rotated with the toes at 
15 ± 5° to ensure that the X-ray beam was centered 
on the superior aspect of the pubic symphysis.

To test the reproducibility of the radiographic 
measurements, 3 authors (KO, HE, and MO) mea-
sured the CE angle, AHI, acetabular roof angle, and 
minimum width of the joint space in five randomly 
selected hips. Each observer measured each hip 3 
times, with a 1-week interval between measure-
ments. The values were then averaged. The data 
were analyzed for intraobserver and interobserver 

Figure 1. Roundness index: A/B × 100% 
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variances and the coefficient of variation was cal-
culated to be less than 5%. Thus, the reproduc-
ibility of the measurements was considered to be 
reasonable. 

We used the Mann-Whitney U test to detect any 
association between outcome and the radiographic 
parameter, roundness index. Statistical significance 
was assumed at p-values less than 0.05. 

Results

All patients had survived more than 10 years with-
out any secondary operations. Most of them could 
walk without a cane for more than 30 min. Func-
tionally, excellent or good results were seen in 44 
hips, fair results in 3 hips, and poor results in 2 hips. 
The mean Merle d’Aubigné clinical score improved 
from 13 (7–16) points preoperatively to 17 (11–18) 
points postoperatively (p < 0.001), mainly because 
of increased scores for pain reduction and walk-
ing ability. The mean pain score improved from 3.1 
(1–5) points to 5.6 (3–6) points (p < 0.001). The 
mean mobility score decreased significantly from 
5.7 (5–6) points to 5.3 (4–6) points (p = 0.007), and 
the mean walking ability score improved from 3.9 
(1–6) points to 5.8 (3–6) points (p < 0.001). 

Osteoarthritic stage was unchanged at the time 
of follow-up in 38 hips and had progressed in 11 
hips. At the time of follow-up, 5 hips were graded 
as being at the early advanced stage, 3 hips were 
graded as being at the late advanced stage, and 2 
hips were graded as being at the end stage. 2 of 
the 11 hips with progressed osteoarthritic stage had 
obvious technical failure and were excluded from 
subsequent comparisons. 1 of the excluded hips 
had incomplete coverage of the femoral head (AHI 

of 70%) and the other had intraarticular damage 
from the chisel. Thus, we compared the remaining 
9 hips with poor outcome without technical failure 
(the “poor” group) to the 38 hips with a good out-
come (the “good” group). The mean age at surgery 
and mean length of the follow-up period were 32 
(13–54) years and 13 years, respectively, for the 
good group, and 38 (32–47) years and 14 years for 
the poor group. Thus, both the age at surgery and 
the follow-up time were similar in the two groups.

The mean preoperative roundness index of the 
femoral head was different: 55% (45–63) in the 
good group and 68% (51–75) in the poor group 
(p < 0.001) (Figure 3). The CE angle, AHI, and 
acetabular roof angle were improved after sur-
gery (p < 0.001) with no significant preoperative, 
postoperative, and follow-up differences in these 
parameters between the groups (Table).

Complications

There were no cases of deep-tissue infection or 
major neurovascular complications. 2 patients 
developed transient irritation of the lateral femoral 
cutaneous nerve. Thrombosis of the deep femoral 
vein occurred in 1 patient. There was technical fail-
ure, as described above, in 2 patients. Both hips 
had been operated in the early years, soon after 
RAO had been introduced at our hospital. 

Discussion

Satisfactory long-term results of RAO have been 
reported for early-stage osteoarthritis secondary 

Figure 2. Radiographic parameters. A: CE angle; B: ace-
tabular roof angle. Acetabular head index (AHI) = a/b × 
100.

Figure 3. Roundness index of the femoral head and radio-
logical results (good versus poor: p < 0.001).
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to developmental dysplasia of the hip (Nakamura 
et al. 1998b, Takatori et al. 2001, Nozawa et al. 
2002). Furthermore, the efficacy of this procedure 
has also been shown in patients with severe dyspla-
sia of the hip at an early stage (Takatori et al. 1996, 
Nozawa et al. 2000, Clohisy et al. 2005). We found 
that RAO was not effective in maintaining the 
preoperative osteoarthritic stage in patients with 
a severely deformed femoral head, even in early 
osteoarthritis of the hip.

Our study has several limitations. Firstly, the 
round index that we proposed only addressed a 
two-dimensional aspect of the three-dimensional 
structure of the femoral head. However, we usu-
ally used anteroposterior radiographs to decide the 
indications for pelvic osteotomy. Secondly, 6 of 11 
patients in whom osteoarthritis progressed still had 
good clinical results (a total hip score of 15–16) 
at the time of follow-up. However, 5 of these 6 
patients experienced mild pain when walking.

Matsui et al. (1997) described factors that were 
significantly associated with the outcome of 
RAO procedures in early-stage osteoarthritis, and 
reported that among other factors, deformity of the 
head—while not a significant factor—might well 
influence the long-term outcome.

The influence of shape of the femoral head on the 
radiographic result of RAO in early osteoarthritis 
has been considered in previous studies. Ninomiya 
(1996) suggested that an additional procedure, 
such as valgus osteotomy, should be considered 
for acetabular dysplasia associated with a severely 
deformed femoral head. However, the authors did 
not define “severe deformity”. Nakamura et al. 
(1998a) divided patients with early osteoarthritis 
into two groups, “round” and “not-round”, accord-

ing to the shape of the femoral head—where 
“round” was defined as the curvature with an equi-
distant radius of the femoral head from the joint 
surface. The “not-round” group had a significantly 
poorer radiographic outcome than the “round” 
group. Takatori et al. (2001) reported that the 
osteoarthritis had progressed radiographically in 
8 of 15 patients with early osteoarthritis after 20 
years. All 8 hips in which the osteoarthritic stage 
had progressed had a deformed femoral head. In 
contrast, 4 of the 7 patients without progression of 
coxarthrosis had a spherical femoral head.

Primary osteoarthritis is an extremely rare con-
dition in Japan (Nakamura et al.1989). The most 
common causes of osteoarthritis include congenital 
dislocation of the hip joint and acetabular dyspla-
sia. Various degrees of femoral head deformity are 
associated with osteoarthritis secondary to devel-
opmental dysplasia of the hip (Figure 4). 

To our knowledge, there have been no reports 
detailing how deformity of the femoral head may 
influence the long-term outcome of RAO. We used 
the roundness index (Okano et al. 2003) and found 
that it was different in patients with good and poor 
results. All patients with a roundness index of more 
than 64% had progression of osteoarthritis. One 
possible reason for this radiographic deterioration is 
that the weight-bearing load was concentrated later-
ally on the femoral head as a shearing force, and 
resulted in progressive narrowing of the joint space 
over a period of more than 10 years (Figure 5). 

Preoperative functional radiography was also per-
formed in all our patients. 6 of 9 hips in the “poor” 
group showed good joint congruency on preopera-
tive anteroposterior plain radiographs of the hip 
in abduction. RAO for early-stage osteoarthritis 

Comparison of radiographic parameters between the “good” and “poor” groups (unaltered osteoarthritic stage and 
progressed osteoarthritic stage, respectively)

Radiographic  Good (n = 38)  Poor (n = 9)
parameter Preop. Postop. Follow-up Preop. Postop. Follow-up

Center-edge angle, mean (SD)   2.3 (9.1)   43 (13) a  46 (14)   0.89 (14)   38 (10) a   49 (12)
  range -17–18   22–75  23–75 -18–18   20–55   37–67
Acetabular head index, mean (SD)   55 (10)   98 (13) a  99 (16)   53 (14)   91 (13) a 100 (14)
  range   29–76   83–111  82–116   35–74   83–102   85–130
Acetabular roof angle, mean (SD)   28 (7.8) -8.2 (11) a -7.5 (12)   31 (4.6) -1.1 (12) a   -0.89 (13)
  range   10–47 -37–10 -40–15   15–50 -15–19   -25–18

a Postoperatively vs. preoperatively (within-group comparison): p < 0.001.
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in patients with a deformed femoral head must be 
considered carefully despite good congruency on 
preoperative radiographs in abduction.

Yanagimoto et al. (2005) reported indications 
for Chiari osteotomy based on the roundness 
index for advanced osteoarthritis. A flat femoral 
head, defined as a roundness index of more than 
65%, predicted a good surgical outcome; how-
ever, patients with a spherical femoral head may 
still experience early progression to osteoarthritis. 
If the preoperative roundness index of the femoral 
head is higher than 64%, progression of arthritis 
cannot be prevented by the RAO procedure in the 
long term, even in early coxarthrosis. Another kind 
of osteotomy, such as Chiari pelvic osteotomy 
(Chiari 1974), should be selected for patients with 
severe deformity of the femoral head.

In conclusion, early-stage osteoarthritis with a 
round femoral head is considered a good indication 
for RAO because of favorable results at 10 years 
and beyond. In contrast, patients with a severely 
deformed femoral head—defined as a round index 
of more than 64% and early-stage osteoarthritis—
may experience progression of osteoarthritis within 
10 years after RAO.
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