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RESEARCH ARTICLE

A computer-assisted navigation technique to perform bone tumor resection
without dedicated software

Carmine Zoccalia , Christina M. Walterb, Leonardo Favalec, Alexander Di Francescod and Barbara Rossic

aOncological Orthopedics Department, Musculo-skeletal Tissue Bank, IFO – Regina Elena National Cancer Institute, Rome, Italy;
bDivision of Neurosurgery, The University of Arizona, Tucson, AZ, USA; cOncological Orthopedics Department, IFO – Regina Elena
National Cancer Institute, Rome, Italy; dOrthopaedics and Traumatology Unit, “San Salvatore” Regional Hospital, L’Aquila, Italy

ABSTRACT
Purpose: In oncological orthopedics, navigation systems are limited to use in specialized centers,
because specific, expensive, software is necessary. To resolve this problem, we present a tech-
nique using general spine navigation software to resect tumors located in different segments.
Materials and Methods: This technique requires a primary surgery during which screws are
inserted in the segment where the bone tumor is; next, a CT scan of the entire segment is used
as a guide in a second surgery where a resection is performed under navigation control. We
applied this technique in four selected cases. To evaluate the procedure, we considered reso-
lution obtained, quality of the margin and its control.
Results: In all cases, 1mm resolution was obtained; navigation allowed perfect control of the
osteotomies, reaching the minimum wide margin when desired. No complications were reported
and all patients were free of disease at follow-up (average 25.5 months).
Conclusions: This technique allows any bone segment to be recognized by the navigation sys-
tem thanks to the introduction of screws as landmarks. The minimum number of screws required
is four, but the higher the number of screws, the greater the accuracy and resolution. In our
experience, five landmarks, placed distant from one another, is a good compromise. Possible dis-
advantages include the necessity to perform two surgeries and the need of a major surgical
exposure; nevertheless, in our opinion, the advantages of better margin control justify the appli-
cation of this technique in centers where an intraoperative CT scanner, synchronized with a navi-
gation system or a dedicated software for bone tumor removal were not available.

KEYWORDS
Navigation; bone tumor;
tumor resection; wide
margin

Introduction

Computer-assisted navigation techniques are fre-
quently used in spine surgery to obtain perfect control
of screw insertion and in hip and knee replacement
surgery where these techniques allow plane evaluation
for osteotomies, restoring greater physiologic
axis.[1–4]

The first applications of computer-assisted surgery
(CAS) systems in oncological orthopedics have had
promising results; unfortunately, dissemination is lim-
ited to specialized centers due to the necessity of spe-
cific software.

In this paper, we present our technique in which
we use the general spine navigation software to per-
form resections of bone tumors located in the limbs.
Preliminary results from the first four patients are pre-
sented for indications, advantages, disadvantages, pit-
falls and tricks that may be helpful for surgeons.

Materials and methods

The navigation system was a Brainlab ‘kolibri 2.0’; the
software used for navigation was ‘Spine & Trauma 3D’;
the dedicated osteotomes were produced by Brainlab
and represent a three-dimensional landmark system
recognized by the navigator.

Technique description

An adequate preoperative study is required to verify
whether this technique is suitable or not (Figure 1;
case 4 Table 1). The patient was studied based on the
diagnosis. In case of a malignant tumor, staging was
done. In all cases, an MRI was performed to better
identify the tumor’s extension. A preliminary approach
was performed, visualizing the bone immediately
next to the tumor, paying careful attention not to
contaminate the future wide margin (Figure 2(A)).
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Figure 1. Preoperative MRI and CT scan showing a low-grade chondrosarcoma of the proximal humerus. Images demonstrate that
a wide minimal resection sparing the joint is technically possible.

Table 1. Patients characteristics and surgeries.
Case Sex/age Diagnosis Indication Site of screws insertion Results Follow-up

Pt.1 M, 14 years Proximal femur
osteosarcoma

Pelvic osteotomy in extra-
articular resection

Iliac wing Success in resection 36 months

Pt.2 F, 27 years Unknown diagnosis,
osteoid osteoma of
the lateral/medial
femur condyle

Performing a minimal wide
resection after HIFU and
Radiofrequency therma-
blation failure

Diaphysis of the femur
proximal to the
disease

Minimal wide resection 28 months

Pt.3 F, 27 years Low-grade chondrosar-
coma of the distal
femur lateral/medial
condyle

Performing a minimal wide
resection sparing the
joint

Diaphysis of the femur
proximal to the
disease

Minimal wide resection 24 months

Pt.4 M, 46 years Low-grade chondrosar-
coma of the proximal
humerus

Performing a minimal wide
intercalary resection
sparing the glenohum-
eral joint

Humerus diaphysis distal
to the tumor

Minimal wide resection 24 months

Figure 2. (A) The first incision (a) is performed on the same line as the incision necessary for tumor removal (b), as close as pos-
sible to the tumor, with a wide margin; (B) an intraoperative view of the five screws inserted in the bone as fiducial landmarks;
(C) the scout-view showing the landmark screws.
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Under C-Arm system control, five screws (length: 8mm
– diameter: 3.5mm) were inserted in the bone
(Figure 2(B,C)). The access was closed and the patient
underwent a high resolution CT scan, including the
tumor area, and the bone segment where the screws
were inserted.

In the second case, the procedures were then simu-
lated through a dedicated dock-station where a fusion
with the previously performed MRI was done, because
the borders of the tumor were not clearly identifiable
at CT scan.

Within the following days, the patient underwent a
second operation. The new incision was designed to
remove the biopsy track and prolong the previous
incision (Figure 3(A)), reopening the previous access
and visualizing the screws; a landmark system was
inserted into the normal bone, as close to the tumor
as possible (Figure 3(B)). Before using the CAS system,
the infrared navigation camera was positioned in order
to see the landmarks and surgery area. The navigation
probe was used to direct the camera and the com-
puter to the right positions of the previously inserted
screws, using the ‘Paired Point Matching’ registration
method (Figure 3(C)). The CAS system identified the
screws to recognize the patient’s position.

The obtained accuracy was revealed by the soft-
ware and confirmed by the surgeon verifying the cor-
respondence between a real point touched with the
exploring probe and the corresponding one on the

CT-3D reconstruction on the navigation system’s
screen.

Successively, dedicated osteotomes were recog-
nized by the navigation camera (Figure 3(D)) and used
for resection (Figure 4(A)), continuously controlling the
margin on the navigation screen (Figure 4(B)). The
reconstruction was performed in a traditional way,
which depends on what the case necessitates. The
approach was then sutured. The postoperative X-ray
and CT-scan displayed a satisfying reconstruction
(Figure 5).

Alternative technique (case 3)

The first approach was performed directly under CT
guidance; five K-wires were inserted under local or
general anesthesia, in normal bone, near the affected
bone. The high definition CT scan was performed and
used for navigation and resection. The obtained accur-
acy and the histological margin were considered as
the primary endpoints; secondary endpoints were the
onset of complications and local recurrence.

The specimens were analyzed by a dedicated path-
ologist trained in muscular-skeletal tumors; all excision
margins were painted with India or China ink.
Successively, 1 cm sections of the specimen were per-
formed and the distance between the inked surface
and the tumor was measured. Supplementary sections
were performed based on the macroscopic

Figure 3. (A) The second incision is designed to remove the biopsy track; (B) a picture highlighting the first approach, opened a
second time and the landmark system inserted into normal bone; (C) the navigation probe is used to show the screws’ position to
the camera following the ‘paired point matching’ technique; (D) the dedicated osteotomies are calibrated and positioned for cam-
era recognition.
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examination or the surgeon’s suggestion; the goal of
the surgeries was to resect the bone within 1 cm from
the tumor, as near as possible without an intralesional
violation.

Infections, hematomas and iatrogenic fractures were
considered complications. The patients were followed

up every 3 months for the first 2 years with an MRI or
a CT scan to detect local recurrence.

The procedures were in accordance with the ethical
standards of the responsible committee on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2000. All Patients were informed of
the advantages and disadvantages of this technique.
They gave consent for surgery and case publication.

Results

Landmark screws positioning was performed in every
case, without incidents, even if in the first case, one of
the five screws was dislocated. In three out of four
cases, five screws were inserted as landmarks in the
normal bone; in the fourth, four k-wires were inserted
under local anesthesia and sedation.

After using the CAS system, the software estimated
an accuracy of 1mm, judged adequate to perform
resection; the resolution was verified in every case by
the surgeon. Macroscopic examination of the surgical
specimen demonstrated wide margin; the relative sec-
tions and histologies confirmed a good control of the
resection margin which was wide and inferior to 1 cm
and of 2–3mm when needed. No complications were
reported and all patients were free of disease at fol-
low-up (average, 25.5 months).

Discussion

Computer-assisted navigation is very effective to aid
orthopedic surgery for trauma, joint replacement, cru-
ciate ligament reconstruction and spine surgery;[1–5]

Figure 4. (A) Navigated osteotomies are used to perform resection; (B) the margin can be continuously controlled on the screen.
In the little squares, the navigation shows that there is 5mm 10mm, and 15mm beneath the osteotomy, respectively.

Figure 5. (A) Postoperative X-ray showing the reconstruction
with homograft, plate and screws; (B) postoperative CT-scan.
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and is routine for several brain approaches in neuro-
surgery.[6] More recently, computer-assisted navigation
was applied in bone tumor resections where a reduc-
tion of the number of accidental intralesional margin
surgeries was demonstrated.[7,8]

Computer-assisted navigation surgery was firstly
performed in sacral and periacetabular tumors where
the complex anatomy grants an easier recognition of
landmarks.[9–11] Since it is more difficult in iliac wings
and limbs, some authors proposed using K-wires posi-
tioned as guide under CT-control or custom-made
resection masks which allow to reproduce the
intended osteotomy on the real patient.[12–14] The
availability of specific software for bone tumor resec-
tion could consent a safer approach, nevertheless they
are only present in referred centers.

The present technique may allow surgeons to use
the navigation dock already present in most hospitals
for bone tumor resections too. The normal software
allows recognition of specific points in the bone seg-
ment. This process is very simple on the spine, where
the posterior arc is tri-dimensionally complex and it is
easy to match the points required by the software
with the corresponding points on the patient, as indi-
cated by the pointer (Region Matching). This process is
impossible on limbs or iliac wings. The proposed tech-
nique allows the introduction of landmarks, which are
easily recognized by the navigator.

In 2004, Hufner et al published three cases of sacral
tumor resections performed under computer-assisted
navigation control. They used pins inserted in the iliac
wing in local anesthesia as fiducial landmarks and a
spine software to recognize them.

Cho et al. in 2009,[15] published a similar technique
in which the landmarks were K-wires, inserted in the
operative theater under fluoroscopy control, but in
their cases the objective was just to perform the
osteotomies, sparing the joint; in our cases the navi-
gated osteotomes allowed us to perfectly contour the
tumor.

Even if in one case we used K-wires, for independ-
ent problems, we prefer screws because their recogni-
tion is probably more reliable and the second surgery
can even be done after the first one. Ieguchi et al.,[16]
in 2012, published a series of 16 patients who under-
went biopsies and excisions of soft tissue and bone
tumors, in which the landmarks were 10 skin markers.
They reported an average accuracy of 0.93mm with a
mean difference between the planned margin and
postoperative CT or excised histologic specimen vari-
able from 0 to 4mm.

The minimum number or screws the software
requires for the paired matching is four, but the

greater the number of screws, the higher the accuracy
and resolution. In our experience, five landmarks is a
good compromise between the need of good reso-
lution and the reduction of contamination.

Indeed, in the first case we performed, one of the
screws was not sufficiently fixed to the bone and in
the second surgery, during the calibration, it proved to
be mobilized, but the presence of a previously
inserted fifth screw allowed us to complete the calibra-
tion procedure and then the resection, so five land-
marks guarantee that navigation may proceed, even
when one landmark is not reliable.

Obviously, a greater number of screws and a higher
distance between them should assure a better reso-
lution but a larger oncological contamination; indeed,
in case of local recurrence the area accessed for the
screws’ insertions has to be removed en-bloc with
the mass.

The screws should be arranged three-dimensionally
and should be distant from one another as possible to
ensure a firm insertion; the screws should be as small
as possible to reduce variability when they are pointed
for pair matching. Indeed, the screws we used were
the thinnest screws routinely available in our hospital.

The screws during the first surgery and the land-
mark system during the second surgery should be
inserted in an area close to the tumor because the
accuracy of the navigation decreases if the distance
between them grows.

When performed correctly, this technique allows
perfect control of the margin, as shown in Figure 6;
possible disadvantages include the necessity to per-
form two surgeries and the need of a major surgical
exposure and a relative oncological contamination;

Figure 6. The anatomical specimen of a low-grade chondro-
sarcoma of the proximal humerus, showing the small wide
margin achieved.
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nevertheless, in our opinion, the possible advantages
of better margin control justify the application of this
technique in centers where an intraoperative CT scan-
ner synchronized with navigation is not available.

This technique is particularly suitable for cases where
a small wide margin is advisable, such as for low-grade
bone tumors, like low-grade chondrosarcoma (cases 3
and 4), and when an extremely precise osteotomy is
advocated, as for acetabular osteotomy in extra-articu-
lar hip joint resection (case 1), or when the bone stock
must be spared in condylar resection (cases 2 and 3).

Compliance with ethical standards

The procedures were in accordance with the ethical
standards of the responsible committee on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2000. All Patients were informed of
the advantages and disadvantages of this technique.
They gave consent for surgery and case publication.
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