
Hip dysplasia is the most common cause of secondary 
osteoarthritis (OA).1,2) Murphy et al.3) noted that no pa-
tient with a well-functioning hip until the age of 65 years 
had had the following characteristics: a center-edge angle 
of less than 16°, an acetabular index of depth to width of 
less than 38%, an acetabular index of the weight bearing 
zone of more than 15°, uncovering of the femoral head 
of more than 31%, or an acetabulum in which the most 
proximal point of the dome had been at the lateral edge 
(zero peak-to-edge distance). A variety of techniques have 
been proposed to prevent the early onset of secondary OA 
including Nishio’s transposition osteotomy,4) Steel’s triple 
osteotomy,5) Eppright’s dial osteotomy,6) Wagner’s spheri-
cal acetabular osteotomy,7) Tagawa’s rotational acetabular 
osteotomy (RAO),8) and Ganz’ periacetabular osteotomy 
(PAO).9) 

PAO and RAO are now commonly used in surgical 
treatment of symptomatic acetabular dysplasia in Europe, 

North America, and Asia. These procedures reorient the 
acetabulum to reduce superolateral acetabular inclination, 
improve femoral head coverage, translate the joint center 
medially, and normalize loading of the anterolateral ac-
etabular rim.8,10)

The aim of this paper is to present the followings: 
the patient selection criteria for RAO, the surgical tech-
nique of RAO, the long-term outcome of RAO, and the 
future perspectives.

PATIENT SELECTION CRITERIA FOR RAO

The primary indications for RAO include pain lasting for 
more than 6 months, adequate range of motion, radio-
graphic evidence of residual hip dysplasia, and closure of 
the triradiate cartilage, which are identical to those for 
PAO.11,12) In a number of studies, abduction and internal 
rotation radiographs were used to determine if the femo-
ral head would roll into the acetabulum and obtain the 
expected congruity after surgery (Fig. 1A and B). The pre-
operative maximum lateral center-edge angle was 10° to 
20°.11,12) The mean age at the time of surgery was 27 to 53 
years.12)

There are some controversies on the patient selec-
tion criteria for PAO or RAO with regard to the advanced 
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stage or age at the time of surgery. Trousdale et al.13) re-
ported on 42 patients who underwent PAO. Among the 
patients with a Tonnis grade 1, 2, or 3, the results were best 
in those with grade 1 involvement and poor in those with 
grade 2 or 3 for a mean follow-up of 4 years. Nakamura 
et al.14) reported the long-term results of RAO in 131 pa-
tients (145 hips) who had been followed for a mean of 13 
years. A Merle d’Aubigne score of greater than 15 points 
was obtained in 90 of the 112 hips (80%) with prearthritic 
or early-stage arthritis but in only nine of the 33 hips with 
advanced-stage or end-stage arthritis. Siebenrock et al.15) 
suggested the factors that mitigate against a good clinical 
score of Merle d’Aubigne score (> 15 points) and preven-
tion of OA progression after a PAO were advanced stage 
and older age at the time of surgery. Recent studies re-
ported that properly selected patients with advanced-stage 
OA could have a good clinical score (> 80 points of Harris 
hip score or > 15 points of Merle d’Aubigne score) after 
RAO.16,17) Yasunaga et al.16) proposed the essential criteria 
for advanced-stage OA patients were a good postopera-
tive joint congruency (Fig. 2) expected and a preoperative 
minimum joint space width of > 2.2 mm. Hasegawa et 
al.17) also noticed a preoperative joint space of > 2 mm was 
essential for cases with advanced-stage OA.

With regard to the age at the time of surgery, several 
authors suggest the indication for osteotomy in older pa-
tients should be restricted to those with pre- or early-stage 
OA,18,19) with unilateral involvement,20) or with postopera-

tive good joint congruency expected.18,19)

SURGICAL TECHNIQUE OF RAO

RAO is performed fundamentally according to the tech-
nique of Ninomiya and Tagawa,8) apart from cutting the 
outer cortical bone of the ilium and ischium using an air 
drill and fixation of the rotated acetabulum.

Patient’s Position
The patient is placed in the exact lateral decubitus position 
with the extremity draped free on the table. No traction 
table or any other distraction device is used. Intraoperative 
fluoroscopy is used to confirm the appropriate osteotomy 
line, femoral coverage, and joint congruency.

Skin Incision
The skin incision (Fig. 3A) begins at the apex of the ilium 
and is curved downward and posteriorly for a distance of 
4 cm, distal to the base of the greater trochanter. The skin 
flap is divided subcutaneously and posteriorly (Fig. 3B).

Anterior Approach
The anterior approach is done between the tensor fascia 
lata and the sartorius. First, the lateral femoral cutaneous 
nerve should be detected and preserved. Then, the rectus 
femoris is exposed and cut (Fig. 3C). Anterior part of the 
gluteal medius is divided subperiosteally from the iliac 

A B C

Fig. 1. Preoperative and postoperative 
radiographs. Preoperative anteroposterior 
(AP) views in neutral position (A) and 
abducted position (B). (C) Postoperative 
AP view in neutral position.

A B C D

Fig. 2. Postoperative joint congruency 
is classified into 4 grades: excellent (A), 
good (B), fair (C), and poor (D).
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wing. 
The iliacus muscle is divided anteriorly and the 

bursa of ilio-psoas tendon is exposed. The bursa is cut, the 
ilio-psoas tendon is retracted anteriorly, and the ilio-pubic 
eminence is exposed. This is the osteotomy site of the pu-

bic bone (Fig. 3D).

Posterior Approach
The external rotators muscles are divided and the poste-
rior wall of acetabulum is exposed subperiosteally. Hohm-

Fig. 3. Surgical technique. (A) Skin incision. (B) The skin flap is elevated in posterior direction. (C) The rectus femoris is cut. (D) The site for osteotomy of 
the pubic bone is exposed. (E) The osteotomy line of the posterior wall of the acetabulum. A needle has been inserted in the joint. (F) The outer cortical 
bone of the ilium is cut with an air drill. (G) The outer cortical bone of the posterior wall and ischium has been cut. (H) The osteotomy of the anterior 
part of the ilium is shown. (I) The osteotomy of the posterior wall and ischium is shown. (J) The acetabulum is rotated in anterolateral direction. (K) The 
acetabulum is fixed with two poly-L-lactic acid (PLLA) screws. Ant: anterior, Inf: inferior, Sup: superior.
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ann retractors are placed at the greater sciatic notch and 
the lesser sciatic notch (Fig. 3E). Under the gluteus me-
dius, the iliac bone is exposed subperiosteally.

Arthroscopic Evaluation
Before osteotomy, the articular cartilage is evaluated with 
arthroscopy. The arthroscope is inserted at the anterior 
capsule with leg traction by an assistant. 

Osteotomy
At the anterior part, after the joint space is detected, the 
osteotomy line is decided. The osteotomy line is one fin-
gerbreadth above the joint space. At the posterior site, the 
osteotomy line is almost horizontal at the level of the base 
of the ischium. At the greater sciatic notch, the osteotomy 
line is mid-part between the joint space and the greater 
notch (Fig. 3E). Bone graft is taken from the external wall 
of the iliac wing.

Before the osteotomy, using an air drill, the outer 
cortical bone of the ilium and ischium is cut (Fig. 3F and 
G). With this technique, the cancellous bone can be cut 
smoothly with a curved osteotome and the inner cortical 
bone of the ilium can be cut precisely. 

The pubic bone is cut at the iliopubic eminence. The 
anterior ilium bone is cut with a curved osteotome. The 
sound of hammer permits detection when the tip of the 
osteotome reaches the inner cortical bone and excessive 
penetration into the intrapelvic space can be avoided (Fig. 
3H and I).

Rotation of the Acetabulum
Hooking over the osteotomy site of the pubic bone, an as-
sistant positions the patient’s hip in abduction-external 
rotation. Then, the acetabulum is rotated in an anterolat-
eral direction (Fig. 3J). In order to move the femoral head 
medially, the intrapelvic portion of the free acetabulum 
should be thinned and excess bone should also be re-
moved from the pelvic side. 

The rotation provides a more horizontal weight-
bearing area while maintaining the contact between the 
osteotomy sites in the pubic and ischium and returning 
the superiorly subluxated femoral head to a more normal 
position.

One or two trapezoidal bone grafts are taken from 
the external wall of the iliac wing and used to fill the space 
between the ilium and the rotated acetabulum. The ac-
etabulum is fixed with a Kirschrer wire temporarily.

After radiographic confirmation, the rotated ac-
etabulum is fixed with two poly-L-lactic acid screws. Bone 
chips are grafted at the space between the ilium and the 

rotated acetabulum. And fibrin glue is sprayed (Figs. 1C 
and 3K).

Postoperative Care
Postoperative traction or cast immobilization is not used. 
After one day of bed rest, the patient is allowed to use a 
wheelchair, and non-weight-bearing walking is allowed 
as tolerated. Partial weight-bearing is begun 3 to 5 weeks 
after surgery depending on articular degeneration. Full 
weight-bearing is started 4–6 months after surgery, follow-
ing the disappearance of the Trendelenburg sign. 

Pitfalls
Penetration of the osteotome into the joint should be avoid-
ed absolutely because it might cause progression of OA or 
osteonecrosis of the rotated acetabulum. The level of the 
osteotomy at the anterior ilium is very important. Until 
the experience is acquired, the level of the osteotomy at the 
anterior ilium should be confirmed under fluoroscopy. 

Direct insertion of the osteotome into the ilium 
might cause fracture of the ilium, especially in the case of 
advanced-stage OA. Our technique of cutting the outer 
cortical bone of the ilium and ischium with an air drill be-
fore the osteotomy is valuable for preventing fractures. 

LONG-TERM OUTCOME OF RAO

Kaneuji et al.21) reported a long-term outcome of rota-
tional acetabular osteotomy after a minimum of 20 years. 
In their report, the mean Harris hip score improved from 
preoperative points of 77 to final points of 90 in 23 hips 
with pre-OA and from 75 to 85 in 29 hips with early-stage 
OA. Hasegawa et al.22) also reported a follow-up study of 
eccentric rotational acetabular osteotomy with a mean du-
ration of 20 years. Although their report included 18 hips 
with pre-OA, 49 hips with early-stage OA, 40 hips with 
advanced-stage OA, and 23 hips with simultaneous inter-
trochanteric valgus osteotomy, the mean preoperative 
Harris hip score of 70 points improved to a mean of 88 
points. Thirty hips had a fair clinical outcome (Harris hip 
score < 80 points). In both reports, patients with pre-OA 
showed better clinical sores than patients with early-stage 
or advanced-stage OA. 

We reported a follow-up study of rotational acetabu-
lar osteotomy with a mean duration of 20 years.23) Twenty-
one patients with pre-OA (27 hips) and 110 patients with 
early-stage OA (118 hips) were available at a minimum of 
15 years. Of the total 131 patients (145 hips), the mean age 
at the time of surgery was 22 years in the pre-OA group 
and 38 years in the early-stage group. The mean follow-
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up was 21 years in the pre-OA group and 20 years in the 
early-stage group. The mean Merle d’Aubigne and Postel 
score improved from 15 to 18 points in the pre-OA group 
and from 15 to 16 points in the early-stage OA group, 
mainly because of increased scores for pain. A total of 14 
patients (15 hips) experienced worsening of their score 
from a mean of 14.5 to 12.0. Of these patients, the preop-
erative radiographic stage was pre-OA in only 1 patient (1 
hip). In these patients, 8 patients (9 hips) with early-stage 
OA had total hip arthroplasties (THAs). Our clinical find-
ings thus corroborate those of previous reports. 

Kaneuji et al.21) reported 6 of 23 hips (26%) with pre-
OA and 10 of 29 hips (34%) with early-stage OA showed 
radiographic OA progression; and 3 hips in each group 
were converted to THA. Hasegawa et al.22) reported 6 of 
18 hips (33%) with pre-OA and 6 of 49 (12%) hips with 
early-stage OA showed radiographic OA progression, and 
the survival rate with conversion to THA as the endpoint 
was 97% at 20 years. In our study,23) 2 of 27 hips (7.4%) 
with pre-OA and 24 of 118 hips (20%) with early-stage OA 
showed OA progression. The survivorship analysis, with 
radiographic signs of progression of OA as the endpoint, 
predicted a survival rate of 82% at 20 years and, with con-
version to THA as the endpoint, predicted a rate of 94% at 
20 years in all cases. 

We found two factors associated with radiographic 
OA progression: age at the time of surgery (older than 
46 years) and postoperative joint congruency (fair). 
Hasegawa et al.22) described 4 factors leading to a poor 
outcome: a small (< 2 mm) preoperative minimum joint 
space, joint congruency, simultaneous intertrochanteric 
valgus osteotomy, and lateral subluxation of the femoral 
head postoperatively. Regarding joint congruency, several 
authors emphasized that postoperative good joint congru-
ency is essential for a favorable outcome after PAO and 
RAO.21,24,25) Patients with previous surgery or who need 
simultaneous femoral osteotomy are at risk of unfavorable 
postoperative joint congruency, and favorable long-term 
results cannot be expected. 

In our study,23) there were 24 patients (24 hips) 
whose age of older than 65 years at the final follow-up and 
radiographic OA progression was prevented in 14 patients 
(58%). This result suggests that rotational acetabular oste-
otomy can change the natural history of the dysplastic hip 
according to the report by Murphy et al.3)

FUTURE PERSPECTIVES

The key challenges are (1) preoperative evaluation of 
articular cartilage; (2) indication for older patients; (3) 

intraarticular treatment combined with PAO or RAO. Ac-
cording to Millis and his associates,26,27) the success of PAO 
depends on articular cartilage that is sufficiently healthy 
to sustain normal load transmission. Shimogaki et al.28) 
also reported RAO caused considerable changes in joint 
morphology and histological changes in the articular car-
tilage, particularly in the medial part of the acetabulum. 
Yasunaga et al.29) found that even when postoperative joint 
congruency was classified as good in their criteria, there 
was the possibility of OA progression if the intraoperative 
arthroscopic evaluation is Outerbridge grade 4. Magnetic 
resonance imaging (MRI) can better assess the health of 
cartilage before surgery and predict which joints will still 
be painful postoperatively than plain radiographs.30) De-
layed gadolinium-enhanced MRI,30) magnetic resonance 
arthrography,31) or T2 mapping MRI32) is valuable for 
the preoperative precise evaluation of articular cartilage. 
Cunningham et al.33) reported a level II prognostic study. 
They concluded patients whose hips have a lower delayed 
gadolinium enhanced MRI of cartilage (dGEMRIC) index 
are less likely to benefit from PAO. Based on the evidence, 
the preoperative precise evaluation of articular cartilage is 
important for patient selection of PAO and RAO even in 
early OA. For symptomatic patients older than 40 years of 
age who have a dysplastic hip, the operative indications for 
THA or joint-preserving procedures are controversial.34-38) 
Sharifi et al.36) concluded PAO was more cost-effective 
than THA for patients with Tonnis grade 0, 1, and 2 OA. 
Hsieh et al.35) evaluated 31 patients who were managed 
with PAO for the treatment of Tonnis grade 0 to 2 OA in 
1 hip and THA for the treatment of Tonnis grade 3 OA in 
the other hip. More patients preferred PAO to THA (53% 
compared with 23%) at a mean of 6 years after PAO and 7 
years after THA. McAuley et al.39) reported the survivor-
ships of THA in patients 50 years of age and younger were 
89% at 10 years of follow-up and 60% at 15 years of follow-
up. PAO and RAO remain important options for older 
patients with early OA or younger patients with advanced 
OA who are not yet willing to undergo THA because of 
the high rates of revision THA needed owing to prolonga-
tion of the average lifespan. Although it is unclear why the 
outcome of RAO with cases of older age or advanced stage 
is acceptable, the cause may be associated with Asian pa-
tients’ short stature and low body mass index.

In some cases, PAO or RAO may be indicated for 
hips with lateral joint space narrowing and MRI evidence 
of articular cartilage damage but with widened and con-
gruent joint space in the abduction view. In these cases, se-
vere articular cartilage degeneration can be observed un-
der the arthroscope during surgery. Recently, arthroscopic 
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femoral osteochondroplasty for cam impingement with 
microfracture in degenerated cartilage of the acetabulum 
has been reported.40,41) The drilling procedure for dam-
aged articular cartilage as a bone marrow-stimulating 
procedure was first reported by Pridie42) in 1959 and is 
often performed as a treatment of osteochondral lesions of 
knees. For cases with degenerated cartilage, microfracture 
or drilling combined with PAO or RAO has a potential for 
regeneration of articular cartilage.

CONCLUSION

RAO is an effective and safe surgical procedure for symp-
tomatic dysplastic hips of pre- and early-stage OA with 
expected excellent or good postoperative joint congruency. 
Additional long-term follow-up studies are needed to 
demonstrate improvement over the natural history of hip 
dysplasia.
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