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Abstract Transtrochanteric rotational osteotomy (TRO)
is a controversial procedure with reported inconsistent
results. We reviewed 50 patients (60 hips) who underwent
this procedure for extensive osteonecrosis of the femoral
head, focusing on varization to determine its effectiveness
as a head-preserving procedure in young adults. The mean
age of the patients was 28 years (range, 18–46 years).
Using the Ficat-Arlet classification, 40 hips had Stage II
and 20 hips had Stage III involvement. According to the
classification system of Shimizu et al., the extent of the
lesions were Grade C in 54 hips and Grade B in six hips;
the location of the lesions were Grade c in 56 hips and
Grade b in four hips. Minimum followup was 18 months
(mean, 84 months; range, 18–156 months). The mean
preoperative Harris hip score was 44.7 points (range, 32–62
points) which improved to an average postoperative score
of 80.1 points (range, 44–100 points) at the latest followup.
Forty-four hips showed no radiographic evidence of progression of collapse. Ten hips showed progressive collapse,
seven hips showed progressive varus deformity, three hips
had stress fractures of the femoral neck, and one hip had
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infection. We believe TRO with varization is worth
attempting for extensive osteonecrosis of the femoral head
in young adults, although failures and complications are
not uncommon.
Level of Evidence: Level IV, case series. See the Guidelines for Authors for a complete description of levels of
evidence.

Introduction
Osteonecrosis of the femoral head (ONFH) presents a
clinical challenge because of its inconsistent and suboptimal results with head-preserving procedures. Nontraumatic
ONFH usually affects young adults during the third to
fourth decades of life, and most of the radiographically
larger lesions progress to collapse, resulting in osteoarthritis without treatment [24, 27, 28, 30, 43]. The risk of
collapse of the femoral head depends on the extent and
location of the lesion [1, 24, 36]. Despite improvements in
techniques and materials in total hip arthroplasty (THA),
survivorship in young patients is still suboptimal owing to
the high rate of complications [7, 18, 20, 33]. Although
head-preserving surgeries such as core decompression [10,
26] and vascularized and nonvascularized grafting [12, 26,
32, 45] appear to delay the progression of collapse and
subsequent arthritic changes, in these studies the indications vary in terms of etiologic factors, radiographic
staging, or indications for surgery, and the survival rate of
the femoral head decreases with increases in size and stage
of the lesion [1, 4, 10, 32].
Sugioka, the developer of the TRO, achieved a promising long-term survival rate of 78% to 86% using the
technique for treatment of nontraumatic ONFH in the
Japanese population [40–42]. Other Japanese and Asian
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studies have reproduced similar outcomes in patients with
ONFH using this technique [14–16, 21]. Inao et al. [15]
reported that 11 of 14 hips had no collapse of the femoral
head at a mean of 13.2 years followup after TRO. In
another study, Koo et al. [21] reported his patients experienced no additional collapse at a mean followup of
54 months. However, some studies in the American and
European literature reported high failure rates for TRO [3,
8, 9, 31, 44]. Despite strict adherence to the original
technique and protocol of Sugioka et al. [42], Rijnen et al.
[31] reported conversion of 17 of 26 hips (65%) to THA
during an average followup of 8.7 years. Similarly, Dean
and Cabanela [8] reported progression of collapse in 15 of
18 hips (83%) at a mean of 5 years after performing TRO
for ONFH. Eyb and Kotz [9] also reported that reoperation
including THA was necessary in 17 of 39 hips (59%) at a
mean of 49 months after TRO, with a high rate (46.2%) of
postoperative complications.
Several other studies have advocated varus osteotomy as
an effective head preservation surgery in which the lateral
intact area of the femoral head can be placed into the
acetabular weightbearing portion, thus preventing progression of collapse [19, 24, 34]. Sugioka [40] suggested
intentional varus positioning should be planned for patients
with advanced collapse and extensive lesions, and when the
ratio of the intact area of the femoral head to the acetabular
weightbearing area was greater than 36% on postoperative
anteroposterior (AP) radiographs, additional collapse was
observed in only four of 102 hips. Similarly, Atsumi and
Kuroki [2] reported a mean of 80.3% (range, 53%–100%)
extension of the intact articular surface of the loaded portion of the femoral head was obtained, compared with
preoperative values (mean, 6.9%; range, 0%–40%), on AP
radiographs with 10° to 25° intentional varus positioning in
the posterior rotation of TRO for patients with extensive
ONFH lesions. Collapse was prevented in 17 of 18 hips at a
mean followup of 42 months.
Therefore, we asked whether: (1) TRO with varization
would prevent progression of collapse in extensive ONFH
lesions as judged by clinical and radiographic survivorship,
and (2) staging, extent, and location of the lesion, and
preoperative and postoperative intact ratios differed in
patients with progressive collapse and no collapse. We then
determined (3) complication rates for TRO with varization
and (4) whether this procedure would result in substantial
leg-length discrepancy (LLD).

Material and Methods
We retrospectively reviewed 53 patients (64 hips) in whom
TRO had been performed for extensive nontraumatic
ONFH between April 1994 and February 2006. Three
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patients (four hips) were lost to followup less than
18 months after surgery; therefore, 50 patients (94% of
patients with 60 hips) were available for retrospective
review. The study population comprised 32 men and 18
women with a mean age of 28 years (range, 18–46 years).
Ten of the 50 patients had extensive bilateral disease. The
etiologies were alcoholism in 32 patients (38 hips), steroid
use in six patients (10 hips), and idiopathic in 12 patients
(12 hips). The minimum followup was 18 months (mean,
84 months; range, 18–156 months).
In all patients we obtained AP, Lauenstein lateral, and
Sugioka views and MRI 3 weeks before surgery. All
showed nontraumatic ONFH on radiographs and MRI; 40
had Stage II and 20 had Stage III involvement per the
Ficat-Arlet classification [11]. We used the classification of
Shimizu et al. [36] to define the extent and location of the
lesion on the MR images. According to this classification,
the extent of the lesion is defined as Grade A when the
.
maximal radial distance of necrosis is less than 1 4 of the
diameter of the head. Similarly, the extent of the lesion is
graded B when the maximal radial distance of the lesion is
.
between 1 4 to ½ the head’s diameter, and Grade C when it
is greater than ½ the head’s diameter. Likewise, the location of the lesion is defined as Grade a when it occupies
.
less than 1 3 of the acetabular weightbearing rim, Grade b
.
when it occupies between 1 3 to 2/3 and Grade c when it
.
occupies 2 3 or more, on coronal MR images. The lesions
with Grade c locations were further subdivided into Types
c1 and c2 as described by Sugano et al. [37, 38]. Both types
.
occupy greater than the medial 2 3 of the weightbearing
portion, but, whereas Type c2 lesions extend laterally to the
acetabular edge, Type c1 lesions do not.
A lesion was defined as extensive if it had at least an
extent of Grade C or location of Grade c: all 60 hips had
extensive lesions. Extent and location of involvement were
Shimizu Grades C and c in 50 hips, Grades C and b in four
hips, and Grades B and c in six hips, respectively (Fig. 1).
The locations of the lesions were Type c1 in 34 and Type
c2 in 22 hips [37].
The amount of varization was determined on the preoperative AP radiograph. We attempted to set the
maximum varization at a 110° to 120° angle; the amount of
varus was determined in individual cases by subtracting the
preoperative neck-shaft angle from 110° to 120°. The
amount of posterior or anterior intact area was evaluated on
a view described by Sugioka et al. [42], and anterior or
posterior rotation was planned accordingly. The ratio of the
intact to the total area was calculated as described by
Sugioka et al. [42]. Anterior TRO was performed in 54 hips
and posterior TRO was performed in six.
The senior author (WYS) performed all surgeries using
the modified Ollier’s approach with the patient in a lateral
position. The principal line of the osteotomy was
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Fig. 1 A lesion with Grade B extent and Grade c location according
to the classification of Shimizu et al. [36] is seen in this MR image.

performed as per the preoperative plan. Anterior rotation
ranged from 75° to 105° with a mean of 87°. Posterior
rotation ranged from 95° to 135° with a mean of 110°.
Fixation of osteotomy was performed while maintaining a
gap of a few millimeters inferiorly at the superior aspect of
the lateral cortex to compensate for loss of length owing to
varization (Fig. 2). Three or four cannulated 6.5-mm
screws were used in the first 44 hips, whereas 125°
dynamic hip screws were used in the later 16 hips.
Patients were kept in skin traction for 2 weeks and
performed intermittent quadriceps and active range of
motion exercises as tolerated. Nonweightbearing crutch
walking was encouraged after 2 weeks for a minimum of
3 months, followed by partial weightbearing for another
3 months. Crutch walking was continued until 4 to
6 months after surgery.
To determine the vascular status of the head, we performed scintigraphy 3 to 4 weeks after the surgery, and
blood perfusion of the proximal segment was evaluated.
All patients received an injection of 20 mL 99mTc methylene diphosphonate, and 3 hours later, anterior and
posterior radionuclide scans were obtained and the uptake
in the proximal segment was evaluated.
Patients were followed clinically and radiographically at
1- to 3-month intervals during the first year after the
operation, depending on the union at the osteotomy site and
clinical status of the patient, at 3- to 6-month intervals for 2
to 3 years, and at 6- to 12-months intervals thereafter.
All the patients were assessed with the Harris hip score
(HHS) [13] preoperatively and at the last followup. We
used a lower limb scanogram to measure any LLD.
An orthopaedic fellow (SH) not involved in the treatment calculated the immediate postoperative intact ratio by
taking angular measurements of the area of the lateral
loaded noncollapsed femoral head that corresponded to the

Fig. 2A–B Computed tomography scans after TRO show (A) the
proximal fragment was placed approximately 10 mm proximally from
the lower-most end of the osteotomy plane of the distal fragment of
the femur and (B) the greater trochanter was reattached more distally
than the distal trochanteric portion of the proximal fragment of the
femur to compensate for inevitable LLD after TRO.

acetabular roof on postoperative AP radiographs according
to the method described by Sugioka et al. [42].
Followup radiographs were evaluated to determine
progression of collapse. We defined collapse as progressive
when the maximum collapse of the transposed intact area
beneath the acetabular weightbearing portion on the final
followup AP radiograph was greater than 2 mm compared
with the immediate postoperative film. On the preoperative, immediate postoperative, and latest followup
radiographs, neck-shaft angle was calculated. The change
in varus angulation between the immediate postoperative
and the latest followup radiographs also was calculated to
evaluate progression of varus angulation.
We determined differences in staging, extent, and
location of the lesion, and preoperative and postoperative
intact ratios, between the progressive collapse group and
the no collapse group using Fisher’s exact test. A KaplanMeier survival analysis [17] was performed with corresponding 95% confidence intervals with conversion to
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THA as the end point. Statistical analyses were performed
using SAS1 (Version 9.1; SAS Institute Inc, Cary, NC).

Results
Forty-four of 60 hips (73%) showed no progressive collapse at the final followup. The Kaplan-Meier survivorship
with the end point defined as the time when the hip was
converted to THA was 82% at 132 months (95% confidence interval, 107–141 months) postoperatively (Fig. 3).
The average preoperative HHS was 44.7 points (range, 32–
62 points) which improved to an average postoperative
score of 80.1 points (range, 44–100 points) at the most
recent followup. Of the surviving 49 hips, 44 had a HHS
greater than 80 and five hips had a HHS between 70 and
80. At the most recent visit, 44 hips had no pain or limp
and five had some intermittent pain associated with or
without a limp. The remaining 11 hips were converted to
THA at an average of 20 months including five hips for
progressive collapse.
Progressive collapse developed in 10 hips and one of
these had postoperative cold uptake on the postoperative
bone scan. The postoperative intact ratio was greater
(p = 0.02) in the no collapse group than in the collapse
group. The number of patients with a Shimizu Grade c
location also was greater (p = 0.02 for c1; p = 0.01 for
c2) in the noncollapse group than in the collapse group
(Table 1). The average intact ratio increased from 28%

1.0

Cumulative Survival Rate

0.8

Table 1. Comparison of the collapse and noncollapse groups
Parameter

Noncollapse Collapse
group
group
(n = 44)
(n = 10)

Preoperative intact ratio (%)

29 (20–38)

p Value*

27 (19–36) 0.9

Postoperative intact ratio (%) 42 (36–46)

32 (28–36) 0.02

Ficat-Arlet Stage II
Ficat-Arlet Stage III

30
14

6
4

0.85
0.8

Extent of lesion=(Grade C)
(n = 49)

40

9

0.89

Location of lesion=(Grade c1) 26
(n = 30)

4

0.02

Location of lesion=(Grade c2) 16
(n = 21)

5

0.01

* Fisher’s exact test; values expressed as means, with ranges in
parentheses; =classification of Shimizu et al. [36] and Sugano et al.
[37].

(range, 19%–38%) to 40% (range, 28%–46%), and the
average neck-shaft angle decreased from 132° (range,
126°–138°) to 110° (range, 102°–119°) after surgery.
Stress fractures of the femoral neck developed in three
hips, one treated with nonoperative management and two
were converted to THA (Fig. 4). We observed progressive
varus deformity with the neck-shaft angle decreasing to
less than 100° in seven hips (11.6%). Three were converted
to THA because of combined advanced collapse of the
femoral head whereas four had refixation using dynamic
hip screws or subtrochanteric valgization osteotomy and
had not been converted at the time of the most recent
followup. One patient had a culture-confirmed deep
infection; this patient underwent resection arthroplasty and
later had conversion surgery to THA.
The maximum LLD in our patients was 12 mm and the
minimum was 4 mm, with a mean of 8 mm. All the
patients with surviving hips were symptom free of LLD
with or without appropriate shoe lift.

0.6

Discussion
0.4

0.2

0.0
0

50

100

150
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Fig. 3 A Kaplan-Meier survivorship curve with the end point defined
as the time when the hip was converted to THA shows 82% survival
at 132 months (95% confidence interval, 107–141 months)
postoperatively.
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ONFH is a potentially disabling condition which may
cause rapid femoral head collapse in young patients. The
failure rates of various femoral head-preserving surgical
procedures for an extensive ONFH lesion are high [1, 10,
12, 26, 32, 35, 45]. The reported success rate of TRO also
is inconsistent and controversial even though some authors
including Sugioka et al. reported TRO is an effective headpreserving procedure in younger patients [2, 3, 8, 9, 14–16,
21–23, 29, 31, 32, 39–42, 44]. We therefore questioned
whether TRO with varization would prevent progression of
collapse in extensive ONFH lesions and thus increase the
survivorship clinically and radiographically, whether there
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Fig. 4A–D (A) A preoperative AP radiograph shows Grades C and c
(c2) osteonecrosis in a 32-year-old man. (B) A radiograph obtained
2 years after TRO shows a vertical stress fracture of the mid neck
portion of the femur with minimal displacement. Radiographs
obtained (C) 3 years and (D) 5.2 years after TRO show union of
the previous stress fracture of the femoral neck.

are any differences in the staging, extent, and location of
the lesion, and we wished to determine preoperative and
postoperative intact ratios between the progressive collapse
and no collapse groups to see if these variables have any
effect on progression of collapse. We also wished to
determine the complication rate with this procedure and
whether it would result in substantial LLD.
Limitations to our study include the lack of control
patients with other treatment methods. Our patient population was selected and limited to patients in whom there
was some intact bone either posteriorly or anteriorly on
Sugioka’s view and laterally on the AP view. Therefore,

the outcomes cannot be generalized to a population in
whom the lesion extends onto the entire head with no intact
bone. However, nontraumatic ONFH usually affects the
anterior, superior, and lateral aspects, with the presence of
some intact bone posteriorly [12]. Therefore, anterior TRO
was performed in most of our patients. We used two types
of fixation. Cannulated screws are mechanically weaker
than a plate and screw construct [2, 22]. Chen et al. [6]
reported fixation only with screws resulted in higher stress
values in the proximal femur compared with the dynamic
hip screw. Of 10 cases of varization-related complications
(such as stress fracture, delayed union, and nonunion with
progressive varus deformity), nine were associated with
cannulated screw constructs and only one was associated
with dynamic hip constructs with stress fracture of the
femoral neck, which suggests the dynamic hip screw construct is a better choice of implant in this procedure. We
also agree that gradual stimulation with prolonged partial
weightbearing is essential for developing new trabeculae
by remodeling because rapid full weightbearing may lead
to degeneration of newly created articular cartilage in the
weightbearing area of the femoral head owing to unremodeled subchondral bone and supporting trabeculae [40].
Therefore, we believe one should wait for the appearance
of remodeling of supporting trabeculae and medial cortical
bone of the proximal femur, which can be achieved only by
prolonged gradual application of partial loads (Fig. 5).
The principal concept of femoral osteotomy in the
treatment of ONFH, first reported by Merle D’Aubigné
et al. [24] in 1965, is that the necrotic femoral head focus is
moved away from the major weightbearing portion
underneath the acetabulum and weightbearing forces are
transmitted to living areas of the femoral head. Sugioka
et al. [42] introduced the new concept of rotation after
trochanteric osteotomy to achieve transposition of the
intact articular surface of the femoral head to the weightbearing area as an effective treatment for ONFH, Masuda
et al. [23] reported 36 of 52 hips (69%) showed no evidence of progressive collapse of the femoral head during an
average 5.1 years followup, whereas Hisatome et al. [14]
reported survival of 80% for 25 hips at a mean of 6.4 years
after TRO. However, the middle and long-term success
rates from other studies, except for those from Japan,
generally have been reported as unfavorable (Table 2).
Forty four of 60 hips (73%) did not develop progressive
collapse at a mean of 84 months after TRO and varization
for ONFH in our series.
Possible reasons for high incidences of failure of TRO in
those reports may be related to technical difficulty or
improper surgical techniques including preservation of
nutrient vessels, varus position of the proximal femur after
osteotomy, fixation stability, and improper postoperative
management [3, 8, 9, 31, 44]. Sugioka et al. [42]
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Fig. 5A–D (A) An immediate postoperative AP view of a 23-yearold man with Ficat-Arlet Stage III shows fixation using three 6.5-mm
cannulated screws with varus position. (B) A radiograph obtained
obtained 1 year after TRO showed complete union of the TRO. (C) A
radiograph taken 4 years after TRO shows marked bony remodeling
of the proximal femur. (D) A radiograph obtained 10 years after
surgery shows no evidence of progression of collapse and mild
osteophytes of the femoral head.

emphasized considerable care is required during osteotomy
and rotation to preserve the vascular structure of the
proximal femur, but in some reports which revealed high
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rates of failure, postoperative vascular status of the femoral
head was not described [8, 9, 44]. Dean and Cabanela [8]
suggested early weightbearing after surgery, valgus position, and vascular compromise owing to a race-dependent
difference in the anatomy of the hip capsule (ethnic origin)
may have been factors in collapse of the femoral head after
this procedure. Belal and Reichelt [3] considered TRO
technically difficult and associated it with a high risk of
late complications including progressive collapse, with
failure of six of seven hips at a mean followup of 6.7 years.
Rijnen et al. [31] also stated the technique in Caucasian
patients was more demanding for TRO owing to the different dimension of the hips and larger body size and
weight of the patients. Sugano et al. [39] reported a 56%
success rate in 41 hips at mean followup of 6.3 years and
considered skillful performance of the technique one of the
important factors for success of TRO. We also experienced
progressive varus deformity in seven of 44 hips (16%) with
multiple cannulated screw fixation and negative uptake on
the postoperative bone scan in one hip early in this series.
Another important factor correlating with a high failure
rate of TRO may be improper selection of patients [9, 15–
17, 21, 23, 25, 29, 32, 39]. Some authors, including Saito
et al. and Sugano et al. [32, 39], have pointed out inappropriate patient selection in relation to the extent of
necrosis of the femoral head and stage of necrosis. Eyb and
Kotz [9] also concluded TRO is indicated only for young
patients with good function and sectors of necrosis of the
femoral head up to 90°. Sugioka [40] suggested greater
.
than 1 3 of the extent of the intact femoral articulator surface of the femoral head under the weightbearing portion of
the acetabulum on the preoperative true lateral radiograph
was indicated for TRO. Iwasada et al. [16] also reported no
progressive collapse at the final followup in 30 hips (62%)
at an average of 4.6 years after surgery and less than 30%
ratio of the intact area of the articular surface on the preoperative lateral radiograph showed additional collapse.
However, Onodera et al. [29] reported the extent of the
newly established healthy weightbearing area as seen on
the immediate postoperative radiograph was greater in the
satisfactory group than in the unsatisfactory group. As per
Sugioka et al. [41], the success rate was 93% in hips in
which greater than 36% of the intact area of the total
articular surface area of the femoral head corresponded to
the acetabular weightbearing area on the postoperative AP
radiograph. Sugioka [40] suggested intentional varus
positioning combined with rotation is an important factor
in obtaining a larger intact area for patients with advanced
collapse and an extensive lesion. In our patients we were
able to achieve a mean postoperative intact ratio of 33% in
60 hips (90%), although 50 hips (83%) had a preoperative
intact area less than 33%. This is because the additional
varization increased the postoperative intact area of the

A Head-preserving Surgery
Table 2. Results of TRO for ONFH in published studies
Study

Year of
publication

Number
of hips

Followup
(years)*

Sugioka et al. [42]

1982

128

2–9

98 (76%)

Sugioka [40]

1984

158

2–11

121 (76%)

Tooke et al. [44]

1987

18

1.6–6.1 (3.3)

Eyb and Kotz [9]

1987

39

1.1–8.8 (4.1)

23 (9%)
39 (69%)

Masuda et al. [23]

1988

52

1–10 (5.1)

Saito et al. [32]

1988

15

2–14

Sugioka et al. [41]
Sugano et al. [39]

1992
1992

295
41

Dean and Cabanela [8]

1993

18

Belal and Reichelt [3]

1996

7

Iwasada et al. [16]

1997

43

3–7.1 (4.6)

Inao et al. [15]

1999

12

10–17.7 (13.2)

Miyanishi et al. [25]

2000

125

3–16
3–11 (6.3)

Number of satisfactory
results (%)

4 (22%)

9 (60%)
132 (79%)
23 (56%)

(5)

3 (17%)

2.5–15.3

0 (0%)

(13.8)

30 (62%)
6 (50%)
97 (78%)

Hisatome et al. [14]

2004

25

3.4–12.4 (6.4)

20 (80%)

Onodera et al. [29]

2005

38

2–6.2 (4)

22 (58%)

Rijnen et al. [31]

2005

26

6.6–10 (8.7)

Current study

2008

60

1.5–13 (7)

7 (27%)
44 (73%)

* Values expressed as ranges, with averages in parentheses; TRO = transtrochanteric rotational osteotomy; ONFH = osteonecrosis of the
femoral head.

head below the acetabular weightbearing surface. Moreover, the average postoperative intact ratio of the collapse
group was less than that of the noncollapse group (32%
versus 42%). Our results agree with the fact that the
important correlating factor in successful head preservation
after TRO is maintenance of the ratio of the intact area of
the femoral head to the acetabular weightbearing area
greater than 36% postoperatively [25, 40, 41]. Our data
showed Shimizu Grade c location is another risk factor for
progressive collapse (Table 1). We observed no difference
between Ficat Stages II and III even though some authors
reported success also depends on stage [33, 39].
One of the major disadvantages of TRO is a high rate of
postoperative complications [8, 9, 16, 31, 44]. Progressive
varus deformity is the most frequent complication after
TRO [8, 9, 16]. Eyb and Kotz [9] revealed a high incidence
of complications (46%) including pseudarthrosis in five
hips and increasing varus angulation in four of 39 hips at a
mean followup of 49 months. Progressive varus deformity
developed in 16% of our 44 hips and three hips were
converted to THA. Progressive varus deformity was
attributable to not only 6.5-mm cannulated screw fixation
but also to the additional varus position of the proximal
part of the femur despite prolonged partial or nonweightbearing after TRO. Another important postoperative
complication is neck fracture [29, 32, 39]. Sugano et al.
[39] reported failure was attributable to complications,
including six (15%) postoperative fractures of the femoral

neck. Sugioka et al. [41] reported femoral neck fractures
were observed in four of 474 hips after TRO and the hip
complex obtained was disproportionate with respect to
mechanical strength and weightbearing capability, resulting in subsequent neck fracture. There were three hips (5%)
with delayed neck fracture in our series, two were fixed
with 6.5-mm cannulated screws and one with a dynamic
hip screw even though Sugano et al. [39] stressed using a
more solid method of fixation and mechanical reinforcement of the neck than screw fixation. Delayed neck fracture
in our patients seemed to be associated with varus positioning of the proximal femur after TRO, and the patients
needed more careful postoperative rehabilitation for a
longer time after TRO with varization.
LLD is associated with varus osteotomies around the
neck of the femur. Bombelli [5] reported a 30° varus
wedge osteotomy of the proximal femur produces an
approximately 29- to 38-mm LLD. We fixed the neck at a
higher level than the upper border of the lesser trochanter
to decrease the amount of LLD (Fig. 2). The final LLD in
our series was 4 to 12 mm. The possible cause of this
small LLD could be attributable to fixing the primary
osteotomy at a higher level even with the average varization of 20°.
The middle to long-term results of our patients who had
TRO plus varization were encouraging, considering the
extensive nature of their ONFH. Despite the associated
complications and failures, it seems a worthwhile head-
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preserving surgery for extensive lesions of ONFH. The
postoperative intact ratio is a significant factor in postoperative survival after TRO.
Acknowledgments We thank Prof. Man Sik Park (Statistical
Analysis of Medicine, Korea University, College of Medicine) for
useful advice on the statistical analysis.
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