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Spherical varus rotational osteotomy of the
femur using a navigation system as extra-
articular surgery for extensive osteonecrosis
of femoral head: a case control study
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Abstract

Background Curved varus osteotomy (CVO) is an effective femoral head-preserving surgical procedure for
osteonecrosis of the femoral head (ONFH) classified as type B or C1 according to the Japanese Investigation
Committee (JIC) classification; it reportedly provides better postoperative outcomes than transtrochanteric rotational
osteotomy (TRO). We have developed a new procedure called spherical varus rotational osteotomy (SVRO) in which
osteotomy of the femur into a spherical shape is followed by varus and anterior rotation using navigation to increase
indications and improve postoperative outcomes.

Methods Nine joints of eight patients who underwent SVRO and could be followed up for > 1 year were included in
the study. Disease types determined preoperatively according to the JIC classification were type C1 for four joints and
type C2 for five joints. Preoperative disease JIC classification stages were 3a for eight joints and 1 for one joint. SYRO
was performed using OrthoMap® 3D Navigation software, and the following variables were measured: surgery time,
intraoperative blood loss, difference between preoperative and postoperative angles of anteversion, postoperative
lower limb length discrepancy, and postoperative intact area occupancy. The Japanese Orthopaedic Association Hip
Disease Evaluation Questionnaire (JHEQ) was used for clinical evaluation. Visual Analog Scale and JHEQ scores were
evaluated preoperatively and at the final follow-up.

Results The measurement results were as follows: surgery time, 130 min; blood loss, 200 ml; angle of varus, 20°% angle
of anterior rotation, 30°; preoperative angle of anteversion, 15° postoperative angle of anteversion, 22° lower limb
shortening, 11 mm; preoperative intact area occupancy, 0%; and postoperative intact area occupancy, 74.2%. There
were no cases of progression in the postoperative stages or re-collapse.

Conclusion SVRO allows for the repositioning of the exterior and posterior intact areas, providing a broader intact

region postoperatively. This technique is particularly beneficial for young patients with ONFH and extensive necrosis
and is a less invasive alternative to TRO. This procedure has been shown to be effective in achieving favorable
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outcomes in patients with extensive necrosis who would have otherwise required rotational osteotomy, depending
on the necrosis location. Further longitudinal studies are necessary to validate these findings and establish long-term

benefits.

Keywords Extensive necrosis, CT-based navigation, Curved varus osteotomy osteonecrosis of the femoral head

Background

Curved varus osteotomy (CVO) has been performed as
a useful bone-preserving surgical treatment for young
patients with osteonecrosis of the femoral head (ONFH)
of type B or C1 according to the Japanese Investigation
Committee (JIC) classification [1], after it was first intro-
duced by Nishio [2] in 1971 for acetabular dysplasia. The
original method involves an osteotomy parallel to the
axis of the lower limb with no consideration of femoral
anteversion, resulting in errors in the angle of antever-
sion postoperatively. To perform osteotomies perpen-
dicular to the axis of the femoral neck in patients with
different angles of anteversion, we have been using intra-
operative images to determine the osteotomy plane with
the longest neck length before we perform an osteotomy
perpendicular to the axis of the femoral neck to the best
of our ability. However, it has been impossible to intra-
operatively determine the three-dimensional femoral
neck area based on two-dimensional images. Moreover,
the postoperative angle of anteversion varies markedly
depending on the incident angle of the image used as the
angle of anteversion changes substantially depending on
the hip flexion angle [3].

Compared with transtrochanteric rotational osteotomy
(TRO), which is an intra-articular procedure, CVO is
associated with less risk of vascular injury, less intense
postoperative pain, less significant lower limb shortening,
and better postoperative range of motion and is hence
the more preferred bone-preserving surgical treatment
[4]. Moreover, as necrosis is often localized anteriorly [5],
we have included additional anterior rotation in CVO
to obtain greater intact area occupancies. At this step,
attempting rotation after linear and cylindrical osteoto-
mies is disadvantageous in terms of osteotomy site stabil-
ity and bone union because there is an osteotomy surface
gap. Attempts to align the posterior wall, which is visible
in the operative field, mostly result in retroversion. In
fact, poor postoperative ranges of motion were found in
some cases in which anterior rotation was added to CVO.

We report here a newly developed surgical procedure
in which the transtrochanteric femur is hollowed to form
a spherical shape using the Stryker navigation system and
a Tagawa chisel before simultaneous varus and rotation
without changing the angle of anteversion.

Indications
For cases where a greater normal area can be obtained,
a simulation was conducted using navigation,

comparing the image obtained by rotating the MRI cor-
onal Sect. 30°backward along the cervical axis with the
central slice of the femoral head in the MRI Cor images.
Those that could acquire more than 40% of the normal
area in the central slice of the femoral head were consid-
ered suitable (Fig. 1A, B, C) [6].

Preoperative preparation

Computed tomography (CT) images (2.5-mm slices)
from the patient’s iliac crest to the femoral condyle
are acquired. The images are imported to the Stryker
Orthomap® 3D navigation system. After the necrosis
site is identified using the MRI necrosis area as a refer-
ence and filled in, the central axis is identified in the
coronal, sagittal, and axial sections of the hip. A sphere
passing through the greater trochanter apex and near
the lesser trochanter is determined so that the center of
rotation and the center of the femoral head are as close
as possible. After a 30° anterior rotation around the axis
of rotation identified earlier, a figure of the 20° varus is
constructed.

Surgical technique

In a complete lateral position, a 15-cm lateral longitudi-
nal incision from the greater trochanter top is made to
expose the intertrochanteric crest of the posterior wall of
the femur. Subsequently, the lesser trochanter is exposed,
and the iliopsoas tendon is cut. After registration using
the navigation, the surgairtome tip is identified using a
calibration tool, and a bone tunnel is made in the pos-
terior wall as per the preoperative plan. The calibration
tool is used again to recognize the center of the tip of a
Tagawa chisel R6Omm and 50 mm and a Hasegawa chisel
R45.40.35 mm to form an arc as per the preoperative
plan.

Various chisels are used to perform osteotomy (Fig. 2A
and B), and the anterior wall of the femur is cut using a
bone saw compatible with the curvature of the chisel
used (Fig. 2C and D). After subsequent varus and rota-
tion, the consistency with the imaginary proximal bone
fragment simulated is confirmed, and the fragment is
fixed using the original CHS (F-system) (Fig. 2E). The
greater trochanter is fragile because the concave side is
cut. In some early cases, greater trochanteric fractures
occurred early after the surgery. Thus, A-I pins have been
used since then to fix the greater trochanter (Figs. 3 and
4). In this case, the intact ratio on the central slice of the
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Fig. 1 A.JIC classification Type C2 Stage3a. B.Image in an abducted position. Case in which the intact area is sufficient. C. This procedure indicated when

simulation shows intact ratio > 40%

Fig.2 A Tagawa chisel is used for osteotomy. B. The center of the Tagawa chisel is traced with a cross mark. C. As osteotomy surface becomes spherical,
increased contact area enhances stability. D. A curved bone saw is used to cut the femur’s anterior wall. E. A pointer confirms and fixes alignment with

the imaginary proximal bone fragment

CT coronal image of the femoral head improved from 0%
preoperatively to 76% postoperatively (Fig. 5A and B).
Subjects: Nine joints of eight patients who underwent
spherical varus rotational osteotomy (SVRO) for idio-
pathic ONFH between February 2021 and May 2023
and could be followed up for >1 year were included in
the study. The average follow-up period was 21 months.

Seven patients were men, and one was a woman. Their
age at operation was 32 years (30, 44); body mass index
was 24.72 (23, 27.18); and preoperative JIC disease types
were type C1 for four joints and type C2 for five joints.
Preoperative disease stages were 1 for one joint and 3a
for eight joints. The etiologies were alcohol-induced in
four cases, steroid-induced in three cases, and strictly
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Fig. 3 The same patient as above after a 20° varus and a 30° anterior
rotation

Fig. 4 Postoperative 3D CT showing that the planned varus and anterior
rotation are achieved

idiopathic in two cases. One patient with bilateral ONFH
(N03.4) underwent SVRO for both sides on the same day.
In NO7, the contralateral joint was type C2 and stage 3b
for which transtrochanteric anterior rotational osteot-
omy was indicated. Thus, prophylactic SVRO was per-
formed on the affected joint, which was classified as stage
1 and type C2, on the same day as the contralateral side
because it was predicted to collapse (Table 1).
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Methods

SVRO was performed using the OrthoMap® 3D Naviga-
tion software (Stryker), and the following variables were
measured: surgery time, intraoperative blood loss, angle
of varus, angle of anterior rotation, difference between
preoperative and postoperative angles of anteversion,
postoperative lower limb length discrepancy (measured
at the lower end of the lesser trochanter), postoperative
intact area occupancy measured using CT coronal sec-
tion femoral head central slices [6]. Clinical evaluation
was performed to compare preoperative and final follow-
up Visual Analog Scale (VAS) and Japanese Orthopae-
dic Association Hip Disease Evaluation Questionnaire
(JHEQ) scores [7]. Statistical analysis was conducted
using the Kruskal-Wallis test.

Results

The measurement results were as follows: surgery time,
130 (97.5, 142.5) min; blood loss, 200 (157.5, 305); angle
of varus, 20° (20, 20); angle of anterior rotation, 30° (20,
30); preoperative angle of anteversion, 15° (10.5, 22);
postoperative angle of anteversion, 22° (12.5, 27); lower
limb shortening, 11 (7, 12.5) mm; preoperative intact
area occupancy, 0% (0, 18.8); and postoperative intact
area occupancy, 74.2% (56.35,76.5) Tables 2 and 3. Clini-
cal evaluation showed an improvement in VAS from
71 mm preoperatively to 12 mm postoperatively and an
improvement in JHEQ from 47 points preoperatively
to 73 points postoperatively (Table 4). All cases showed
bone union on CT images obtained 6 months postopera-
tively. Although the follow-up period was short, none of
the patients showed stage progression or re-collapse at
the final follow-up.

Postoperative treatment: Patients started weight bear-
ing 2 weeks after the surgery from 1/4 partial weight
bearing (PWB), which was increased to 1/3, 1/2, and 2/3
PWB at a 1-week interval. The patients were discharged
from the hospital and were asked to use the Lofstrand
crutch.

Discussion

In Japan, TRO [8] and CVO [2] have mainly been per-
formed as bone-preserving surgeries for ONFH. Core
decompression is performed for osteonecrosis; however,
outcomes for extensive necrosis are not favorable. Oste-
otomy is recommended for extensive necrosis such as
JIC types C1 and C2 [9, 10]. Lee et al. [4] compared TRO
and CVO and reported that CVO was superior in terms
of surgery time, blood loss, rate of recurrent collapse,
and osteoarthritis (OA) change;. Compared with TRO
that cuts the short external rotators, obturatorius exter-
nus muscle, iliopsoas muscle, and the greater trochanter
as well as the articular capsule during surgery, CVO is
advantageous as only the iliopsoas muscle is cut. There is
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Fig.5 A.Preoperative CT coronal section shows an intact ratio of 0%. B. Postoperative intact ratio improved to 76%

Table 1 Demographic data

Case no. Sex Age at operation Risk factor BMI (kg/mz) Type Stage Follow-up period (M)
1 M 29 A 274 l 3a 28

2 M 45 A 211 2 3a 30

3 M 44 A 27.0 l 3a 25

4 M 44 A 27.0 (@) 3a 25

5 M 31 | 230 l 3a 24

6 F 19 S 243 2 3a 22

7 M 42 S 30.2 Q 1 12

8 M 31 | 24.7 (@ 3a 12

9 M 32 S 2314 l 3a 12

Table 2 Surgery data SVRO better postoperative range of motion because CVO is an

130(97.5,142.5)
200 (157.5,305)

Operation time (min)
Blood loss (ml)

Angle of varus (°) 20° (20, 20)
Angle of anterior rotation 30° (20, 30)
LLS (mm) 11(7,12.5)

Table 3 Preoperative and postoperative angles of anteversion
and intact area occupancies

Preoperation Postoperation p

15°(10.5, 22)
0% (0, 18.8)

22°(12.5,27) 033
74.2% (56.6, 76.5) 0.003

Femoral anteversion
Intact ratio

Table 4 Clinical results

Preoperation Last follow-up p
VAS (mm) 71 (56.6,93) 12 (10, 16) 0.006
JHEQ (points) 47(31.5,57) 73 (66.5,79.5) 0.005

extracapsular procedure, and above all, there is less risk
of vascular injury. Quaranta et al. [11] mentioned in their
systematic review of osteotomies for idiopathic osteone-
crosis of the femoral head that the mean time from oste-
otomy to total hip arthroplasty (THA) was 7.6 years, with
a conversion rate of 46.2% after TRO compared with that
of 13.3% after CVO. Although the indications for each
osteotomy type differ, this difference demonstrates the
superiority of CVO.

As for the quality of life (QOL), Osawa et al. studied
patients who underwent CVO or THA at <50 years of
age and reported that survival rates and sports activi-
ties 10 years after surgery were similar between the CVO
and THA groups, concluding that CVO is effective in
younger patients as long as the indications are observed
[9]. Meanwhile, the QOL after TRO is reportedly infe-
rior to that after THA [12]. Moreover, because TRO is
a technically demanding procedure, surgical outcomes
vary substantially between different institutions although
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good postoperative outcomes have been reported in
Asia [13, 14]. In particular, in Western countries, recur-
rent collapse occurs early after surgery, and TRO is not
recommended because of its high complication rates
[15-17].

Conventionally, CVO has been indicated for JIC clas-
sification [1] type B cases and type C1 cases with less
extensive lesions. Based on two-dimensional frontal
images of three-dimensional left and right hips in an
abducted position, the procedure has been considered
suitable when the intact area accounts for at least 40%
of the acetabulum to prevent progression of OA [18,
19]. Because the suitability is considered based on two-
dimensional images, angles of varus in type B and Cl1
cases are required to be at least 20° and 30°, respectively
[20].

For expansion of the indications of CVO, a study has
reported that a greater angle of varus yielded good results
[21]; however, as the varus angle determines the amount
of lower limb shortening, greater angles reduced patient
satisfaction in a postoperative lower limb survey [22].
Furthermore, in the case of Type C2, TRO is applicable.

Ganz et. have stated that nontraumatic ONFH is typi-
cally localized anteriorly, superiorly, and exteriorly with a
posterior intact part [5], a method to move the posterior
part to the acetabulum without increasing or decreasing
it and without involving capsulotomy was developed. In
other words, the surgical indication of transtrochanteric
osteotomy was determined by not only considering it
two-dimensionally but also three-dimensionally.

Recently, intraoperative CT-based navigation systems
have become available and have been reported to per-
mit highly accurate osteotomies for not only THA on the
acetabular side [23] but also femoral osteotomy [24]. We
have also introduced a navigation technology in 2021.

To prevent lower limb shortening as much as possible
[25], we adopted the navigation technology and per-
formed osteotomies using curved chisels appropriate for
each osteotomy line. It was determined using a sphere in
which the center of rotation approximated the center of
the femoral head as close as possible and the measuring
arc of the sphere passed through the greater trochanter
top and the lesser trochanter top. The use of the naviga-
tion enabled us to trace the tip of curved chisels, such
as the Tagawa chisel, and perform osteotomies without
the risk of inadvertently allowing the tip of the chisel to
enter the anterior joint. We have developed a surgical
technique to minimize changes in the angle of antever-
sion and secure a sufficient intact area with varus and
rotation. Retrospective simulation of SVRO with a varus
angle of 20° and an anterior rotation angle of 30° in 30
cases in which patients underwent anterior rotational
osteotomy at our hospital showed that the intact area
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acquired postoperatively was >40% in approximately 80%
of the cases.

Clinical evaluation was conducted using PROMs, spe-
cifically JHEQ and VAS. Osawa et al. [26] reported that
the JHEQ score was 50.2 points 10 years after CVO sur-
gery. In this study, despite the shorter mean follow-up
period, the score was favorable (73 points). Further long-
term follow-up is necessary.

This surgical procedure allows for obtaining sufficient
postoperative intact areas using SVRO. This procedure is
less invasive and has a past record of good postoperative
clinical outcomes in cases of extensive ONFH for which
TRO has been indicated conventionally. This method is
likely to provide young patients requiring osteotomy with
significant benefits.

The limitations of this study include the small sample
size, short follow-up period, and lack of comparative
data.

Conclusion

SVRO, which is a variant of CVO modified to expand
the indications, was effective for patients with exten-
sive necrosis. The use of navigation allowed for accurate
spherical osteotomy simultaneously with varus, without
increasing or decreasing the anterior rotation. SVRO was
also useful for ONFH patients with extensive necrosis
who would have previously been treated with anterior
rotational osteotomy depending on the location of the
necrosis.

Abbreviations

cT Computed tomography

[@Ye] Curved varus osteotomy

JHEQ Japanese Orthopaedic Association Hip Disease Evaluation
Questionnaire

JIC Japanese Investigation Committee

LLS lower limb shortening

ONFH  Osteonecrosis of the femoral head

PWB Partial weight bearing

QOL Quality of life

SVRO Spherical varus rotational osteotomy
THA Total hip arthroplasty

TRO Transtrochanteric rotational osteotomy
VAS Visual Analog Scale
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