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Purpose. Symptomatic osteochondroma of the proximal femur necessitates a surgical excision. The purpose of this study was to
describe a novel technique of computer navigation-aided excision for osteochondromata of the proximal femur. Outcomes of
this technique are also presented. Methods. A total of 13 patients underwent computer navigation-aided excision of
osteochondromata of the proximal femur from February 2012 to August 2016 in our institution. They were enrolled in this
study. OrthoMap 3D (Stryker Orthopaedics, Mahwah, NJ, USA), a commercially available navigation software system, was
used to merge computed tomography images of the proximal femur with an osteochondromata with the image of a normal
proximal femur. Using the normal proximal femur as a template, intended resection margins for the proximal femur with
osteochondromata were planned and then executed using intraoperative navigation guidance. Patients were followed up
clinically and radiographically. The physical and mental health of patients was assessed with the Musculoskeletal Tumor
Society (MSTS) score. Results. Eight patients had isolated exostoses. Five patients had tumors associated with multiple
hereditary exostoses. For tumors projecting posteriorly or posteromedially, a posterolateral approach was used. For tumors
projecting anteriorly or medially, an anterior approach was used. Prophylactic fixation was performed in four patients who
required an anterior approach. The mean duration of the surgery was 189 minutes. There were no intraoperative fractures or
postoperative complications. A secondary procedure was not needed for any case. The mean MSTS score at a mean follow-up
of 17 months was 28.6 (maximum MSTS score: 30). Conclusions. This is the first study to report a novel application of
computer navigation for aiding the excision of osteochondromata of the proximal femur. It demonstrated favorable
postoperative functional scores with a low rate of complications. The applicability, safety, and efficacy of this technique were
demonstrated. It is particularly useful for resections involving large tumors that can obscure anatomical landmarks and for
patients with associated proximal femoral deformity.

1. Introduction

Osteochondroma is a benign bone tumor that usually affects
the pelvis, knee, tibia, and femur [1]. However, it can also
occur as a solitary tumor [2]. Multiple osteochondromata,
also known as multiple hereditary exostoses (MHE), can also
occur [3]. Most osteochondroma patients do not show suffi-
cient symptoms that necessitate surgery. Spontaneous
regression of osteochondroma has been reported [4, 5]. For
patients suffering from significant symptoms and those
who show malignant transformation, surgical removal is

needed [6, 7]. Osteochondroma that occurs in the proximal
femur can show symptoms such as pain [8, 9], impingement
[10], and sciatica secondary to nerve compression [11, 12].
Osteochondroma in the proximal femur can also lead to
abnormal proximal femur development and deformities
(including acetabular dysplasia and coxa valgus) [13, 14].
Resecting the osteochondroma of the proximal femur is dif-
ferent from resecting other osteochondromata (i.e., osteo-
chondroma found in places other than the proximal
femur). First, an osteochondroma of the proximal femur
has close proximity to vital structures, making it challenging
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to obtain adequate exposure. Second, the femoral neck is
subjected to high stress and high load. Third, prophylactic
fixation is frequently needed because the structural integrity
might be affected when resecting an osteochondroma of the
proximal femur. The objective of this study was to describe a
technique of using computer navigation to aid in the resec-
tion of osteochondroma in the proximal femur so that ade-
quate tumor removal could be achieved while the native
bone stock. Outcomes of patients using this procedure are
also presented.

2. Materials and Methods

From February 2012 to August 2016, patients who under-
went osteochondroma resection in the proximal femur aided
by computer navigation were identified. This study was
approved by the Medical Ethics Committee of the Beijing
Ji Shui Tan Hospital (BJST2021-52). Prior to study inclu-
sion, patients provided informed consent. Inclusion criteria
are as follows: (1) osteochondroma of proximal femur; (2)
the tumor was removed by computer-aided navigation tech-
nology during operation; and (3) the medical records and
follow-up data are complete, and the follow-up time is 6
months or more. Hospital records of these patients were
reviewed. A total of 13 patients with a minimum follow-up
of six months were found to be eligible for this study. The
mean follow-up was 17 months (range, 7-60 months). There
were seven males and six females. The age of the patients
ranged from 16 to 49 years (mean age: 29.9 years). Radio-
graphic imaging and computed tomography were performed
before surgery. Follow-up points included 3 months, 6
months, 12 months, 18 months, and 24 months. During
follow-up visits, radiographic imaging was performed. The
Musculoskeletal Tumor Society (MSTS) score [15] was used
to assess their functional outcomes.

2.1. Preoperative Planning and Surgical Technique. The pre-
operative plan created for each patient in this series was the

same. A commercially available navigation software system
(OrthoMap 3D, Stryker Orthopaedics, Mahwah, NJ, USA)
was used to create the preoperative plan. It was also used
for the intraoperative computer navigation.

For each patient, a gender- and size-matched normal
proximal femur was identified from our institution’s image
database. Specifically, the parameters used for the two fem-
ora were femoral head diameter, femur neck diameter, prox-
imal femur diaphyseal diameter, and femoral neck angle.
Computerized tomography (CT) images of the patient and
the normal femur were uploaded onto the navigation soft-
ware. These two images were then merged. Merged images
were used to confirm whether there was a satisfactory match
of the proximal femoral geometry. Intended resection mar-
gins were then drawn on CT images of patients’ proximal
femora using the normal proximal femur as a template. This
means of templating was intended to maximize bone preser-
vation. The time required for preoperative planning was esti-
mated to be between 60 and 90 minutes for each case.

The approach to access the proximal femur was chosen
by the attending surgeon for each patient according to the
orientation of the osteochondroma. Once adequate exposure
was obtained, tracking markers were secured to the femur
distal to the operative site using transosseous half pins. Reg-
istration of the patient’s femoral anatomy on the navigation
system was performed automatically using images acquired
with an isocentric C-arm system (Arcadis Orbic, Siemens
AG, Erlangen, Germany) during an intraoperative CT scan.
Using a navigation stylus, preoperative margins were
marked on the bone, and the appropriate axis for perform-
ing the resection was confirmed. Osteotomies were then per-
formed with a combination of osteotomes and high-speed
burr. The navigation stylus was then used to confirm that
the resection performed matched the preoperative plan. In
contrast to performing osteotomies while resecting malig-
nant bone tumors, care was taken to avoid overresection
(i.e., resecting more normal bone for a wider margin). When
performing osteotomies, underresection was preferred to

Table 1: Clinical data of 13 patients included in this study.

Case Age Sex Side MHE? Site of tumor
Location of pain/

presenting
symptoms

Approach
Prophylactic
fixation

Complications
Follow-up (as
of March
2015)

MSTS
score

1 38 M L No Posteromedial Gluteus Posterolateral None None 27 30

2 25 F L No Medial Thigh Anterior Nail None 17 27

3 29 M L No Posteromedial Inguinal Posterolateral None None 12 28

4 25 F L No Posterior Sciatica Posterolateral None None 12 30

5 18 M L Yes Anteromedial Thigh Anterior DHS None 9 28

6 19 F R No Medial Inguinal Anterior DHS None 8 30

7 24 F L Yes Anterior Inguinal Anterior DHS None 7 27

8 49 M L Yes Posterior Inguinal Posterolateral None None 12 28

9 37 M R Yes Posterior Sciatica Posterolateral None None 24 28

10 55 F L Yes Posteromedial Impingement Posterolateral None None 12 29

11 38 F L No Posterior Impingement Posterolateral None None 12 30

12 16 M L No Medial Inguinal Posterolateral None None 60 27

13 16 M R No Medial Inguinal Posterolateral None None 9 30
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Figure 1: Continued.
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overresection. When necessary, refinement of the resection
was performed using a burr when underresection was noted
on the navigation system to verify that the resection
matched the preoperative plan. Once resections were com-
plete, the passive range of motion of the hip was assessed
to confirm the lack of an overt impingement. The attending
surgeon decided whether a prophylactic fixation was needed.
Patients were allowed to perform partial-weight-bearing
ambulation in the immediate postoperative period and full-
weight bearing after the first month. Range of motion exer-
cises was initiated at two weeks postoperatively.

3. Results

The clinical data of 13 patients included in this study are
summarized in Table 1. In the present study, all patients
showed symptoms of pain and impingement. Two patients

also had sciatica. Eight patients had isolated exostoses. Five
patients had MHE (Table 1). Tumors projected posterome-
dially or posteriorly in nine patients. For these patients, the
resection was performed with a posterolateral approach.
Figures 1 and 2 show the operation of Cases 6 and 4,
respectively.

Case 6. The pelvic radiographs showed that the lesion was
located in the medial side of the proximal right femur
(Figure 1(a)). Through the intraoperative application of
computer navigation-aided resection, the morphology of
the proximal femur was simultaneously displayed on the
transverse, coronal, sagittal, and three-dimensional recon-
struction images of CT images (Figure 1(b)). The patient
exposed the tumor through the posterolateral approach
(Figure 1(c)) and then marked the boundary of the osteot-
omy under the guidance of a stylus (Figure 1(d)), and the

(c) (d)

(e)

Figure 1: Preoperative planning and intraoperative pictures of patient 6. (a) Preoperative AP pelvic radiographs. (b) Computer screenshot
during intraoperative navigation depicting axial CT image, coronal, and sagittal reconstructions. Preoperative plan for osteotomy marked in
magenta. The green line depicts intraoperative position of navigation stylus. The yellow circles depict the pre-233 operative plan for
resection margin. (c) Exposure via a posterolateral approach. (d) Osteotomy plane marked using a stylus. (e) Femoral neck following
tumor resection.
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tumor was removed. Figure 1(e) shows the morphology of
the proximal femur after tumor resection.

Case 4. Figures 2(a) and 2(b) show the patient’s preoperative
frontal and lateral radiographs. Intraoperative axial CT
images are shown in Figure 2(c), in which the designed
osteotomy boundary is marked in yellow. As seen in
Figure 2(d), the postoperative axial CT image showed that
the osteotomy boundary was consistent with the preopera-
tive design.

Four patients had tumors based medially or anteriorly.
For these patients, resection was performed with the
Smith-Petersen approach, also known as an anterior
approach. Prophylactic fixation was performed for four
patients. Of these four patients, three received a sliding hip
screw, and one received nailing intramedullary. Tumors in
these four patients were accessed with an anterior approach.
For nailing and plating, an incision was performed laterally.
The duration of the surgery ranged from 120 minutes to 285
minutes (mean: 189 minutes). There were no intraoperative

fractures. Complications were not observed either. No case
needed a secondary procedure that was unplanned. No
patient was unsatisfied with the result of the surgery. At
the last follow-up, MSTS score ranged from 27 to 30, with
a mean score of 28.6. The maximum possible MSTS score
was 30.

4. Discussion

Resecting osteochondroma and other tumors in the proxi-
mal femur is challenging due to the location. It is of para-
mount importance to obtain adequate exposure. To
provide surgical access to this location, a variety of
approaches have been reported, including the posterolateral
approach [8, 10, 11], the Smith-Petersen approach (also
known as the anterior approach) [16], the medial Ludloff
approach [17], and the digastric approach [18] with accom-
panying hip dislocation. To facilitate tumor removal, it is
obviously necessary to permit tumor visualization. It is also
necessary to achieve adequate exposure so that surgeons

(a) (b)

(c) (d)

Figure 2: Imaging studies of patient 4. (a) AP and (b) lateral preoperative radiographs. (c) Axial CT with resection plan marked in yellow.
(d) Postoperative axial CT.
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can avoid damaging the proximal femur during surgery. The
medial proximal femur is a biomechanically important
structure [19]. Femoral neck fractures as complications after
resecting osteochondroma at this location have been
reported [16, 20]. In the present study, patients underwent
resection with either a posterolateral approach or an anterior
approach aided by computer navigation for confirmation of
appropriate axes.

As a bridge connecting the femoral head and femoral
shaft, the femoral neck also undertakes the power trans-
mission between the pelvis and lower limbs, so it is also
a part with relatively large stress. Due to its deep anatom-
ical position, it is not easy to be exposed by surgery.
Therefore, the osteochondroma of the femoral neck may
have the problem of insufficient or excessive resection in
traditional resection. Incomplete surgical resection of
osteochondroma will increase the risk of osteochondroma
recurrence. Computer-aided navigation has several advan-
tages for orthopaedic oncology surgeries [21]. For exam-
ple, when operating at an anatomical site that is hard to
access, it can be used to provide extra confirmation. It
can guide the performance of complex three-dimensional
osteotomies. It can also improve the precision of the per-
formance of osteotomies [22]. Precision is a prerequisite
to achieving satisfactory surgical margins while preserving
vital structures. Using a computer-aided navigation system,
excessive removal of vital bone around the medial femoral
neck was minimized in the present study. When tumors
had significantly caused distortions anatomically and
resulted in few anatomic landmarks, the computer-aided
navigation system guided osteotomies. In the present
study, two patients had femoral neck tumors without cal-
car femorale involvement. For these two patients, the
computer-aided navigation system allowed us to perform
the excision while minimizing bone removal, thus avoiding
prophylactic fixation. When approaching a medially based
tumor, an anterior approach does not provide ample expo-
sure as a digastric approach. It could provide a direct
exposure as a Ludloff approach either. However, since all
orthopaedic surgeons are familiar with an anterior
approach, utilizing a computer-aided navigation system
can help surgeons perform osteotomies accurately.

For patients with femoroacetabular impingement
(FAI), computer can be used to model dynamic impinge-
ment and hip movements during preoperative planning
[23, 24]. In those studies, considering impingement and
dynamic factors, hip range of motion was predicted accu-
rately after osteoplasty. The present study was performed
based on the hypothesis that restoring the proximal
femur’s normal anatomy could improve pain caused by
bony impingement. Although computer modelling is more
comprehensive than our technique, our method has an
advantage in that it uses a computer navigation system
that is commercially available.

In conclusion, this study describes a novel application of
a computer-aided navigation system for aiding the resection
of osteochondroma of the proximal femur. It can help sur-
geons perform adequate tumor removal while minimizing
excessive removal of bone that is structurally important.
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