L))

Check for
updates.

Case Report

Electromagnetic navigation guided tailored lamino-pedicular
intralesional marginal resection of recurrent sacral osteoblastoma:
a case report

Armand Dominik gkapinl’z", Peter Brumat"’*, Miha Vodi¢ar'?

'Department of Orthopaedic Surgery, University Medical Centre Ljubljana, Ljubljana, Slovenia; “Faculty of Medicine, University of Ljubljana,
Ljubljana, Slovenia

Contributions: (I) Conception and design: All authors; (II) Administrative support: None; (IIT) Provision of study materials or patients: M Vodi¢ar; (IV)
Collection and assembly of data: AD Skapin, P Brumat; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII)
Final approval of manuscript: All authors.

Correspondence to: Miha Vodi¢ar, MD, PhD. Department of Orthopaedic Surgery, University Medical Centre Ljubljana, Zaloska 9, 1000 Ljubljana,
Slovenia; Faculty of Medicine, University of Ljubljana, Vrazov trg 2, 1000 Ljubljana, Slovenia. Email: miha.vodicar@kclj.si.

Background: Electromagnetic navigation (EMN) is an advanced technology increasingly utilized in
orthopedic surgery for its ability to provide real-time intraoperative guidance. Its application in spinal
surgery is evolving rapidly, particularly for complex cases like tumor lesions. Spinal osteoblastomas,
characterized by their benign nature, primarily affect the posterior elements of the spine. They present
treatment challenges due to their potential for recurrence and proximity to critical structures. EMN-guided
surgery offers a promising approach to achieve precise tumor localization and tailored resection in such cases.
Therefore, reporting cases of spinal osteoblastomas treated with EMIN guidance significantly contributes to
understanding the efficacy and potential advantages of this innovative surgical approach.

Case Description: We present the case of a 17-year-old female with persistent sacral pain initially
diagnosed as an osteoid osteoma based on imaging findings. This led to gamma probe-assisted resection.
However, subsequent histopathological analysis revealed the lesion to be an osteoblastoma. Upon recurrence,
EMN-guided surgery was employed to achieve precise tumor localization and tailored resection of the
osteoblastoma in S1 vertebra. The surgical intervention resulted in complete tumor removal, leading to
symptom resolution during a 2-year follow-up period.

Conclusions: This case highlights the emerging role of EMN in the treatment of spinal tumors,
demonstrating its potential to improve precision and patient outcomes. The effectiveness of EMN-guided
surgery suggests its potential as a valuable tool in tumor resection procedures. Further research and reporting
will help confirm the efficacy of EMN and its integration into routine practice for the treatment of spinal

tumors.
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Introduction

Spinal osteoblastomas are rare primary osteogenic neoplasms
with an affinity for the posterior elements, typically involving
the lumbar spine and, least commonly, affecting the sacral
region, whereby extension from the posterior elements
into the vertebral body is not uncommon (1). Considering
their vast nature of presentation and high recurrence rate,
treatment options for symptomatic spinal osteoblastomas
vary, ranging from percutaneous minimally invasive
interventions to surgical en bloc resection (1,2).

Modern modalities of computer-assisted orthopedic
surgery (CAOS) enable the preoperative patient-
personalized three-dimensional (3D) planning and may
facilitate surgical treatment for locally aggressive and
recurrent osteoblastomas, thereby increasing the safety and
precision of challenging surgical resections (3).

We present a case of electromagnetic navigation
(EMN) guided tailored lamino-pedicular intralesional
marginal resection of recurrent S1 osteoblastoma. We
present this article in accordance with the CARE reporting
checklist (available at https://jss.amegroups.com/article/
view/10.21037/jss-24-58/rc).

Highlight box

Key findings

* Electromagnetic navigation (EMN) guided intralesional marginal
resection of spinal osteoblastoma demonstrated significant
advancement in spinal tumor surgery. EMN allowed for precise
tumor localization and tailored resection, resulting in complete
tumor removal and symptom resolution during a 2-year follow-up
period.

What is known and what is new?

e Spinal osteoblastomas pose management challenges due to their
potential for recurrence and proximity to critical structures.
While traditional surgical approaches exist, EMN-guided surgery
represents an innovative solution. This manuscript adds to existing
knowledge by demonstrating the efficacy of EMN in achieving
precise tumor localization and tailored resection in cases of spinal
osteoblastomas.

What is the implication, and what should change now?

e The effectiveness of EMN-guided surgery suggests its potential
as a valuable tool in spinal tumor resection procedures. Clinicians
should consider incorporating EMN into routine practice to
enhance precision and improve patient outcomes. Further research
and reporting will help confirm the efficacy of EMN and refine its
application in the treatment of spinal tumors, ultimately benefiting
patients.
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Case presentation

A disease-free 17-year-old female was referred to our
institution due to a persistent 9-month history of sacral pain,
without associated trauma or infection. She reported pain
during daily activities, resting and night-time, necessitating
the regular use of non-opioid analgesics. No neurologic
impairment or disturbances in the musculoskeletal system
were observed. The patient’s basic laboratory findings were
within normal range.

We performed an advanced imaging [computed
tomography (CT) scan, magnetic resonance imaging
(MRI), bone scintigraphy, and single-photon emission
CT (SPECT)/CT], which showed a round osteolytic
lesion approximately 19 mm in diameter with central
calcification located in the left lamina and pedicle of the S1
vertebra, surrounded by a wide zone of reactive sclerosis—
Enneking stage 2 (4) (Figure I). The case was discussed by
a multidisciplinary board, leading to the consensus that
the lesion was an osteoid osteoma, obviating the necessity
for a biopsy. Due to anatomical proximity of the sacral
nerves, radiofrequency ablation was contraindicated. We
performed a surgical intralesional resection with a left-
sided hemilaminectomy of L5 and S1, guided by a gamma
probe after preoperative intravenous technetium contrast
administration. Hemilaminectomy of L5 was primarily not
planned, however it was performed as a safety precaution
due to the gamma probe signaling pattern upon the
surgical access. The postoperative course was uneventful,
and the patient was discharged 2 days after surgery. The
pathohistological analysis of the biopsy revealed that the
lesion was not consistent with osteoid osteoma but rather
diagnosed as osteoblastoma. Given this information, we
planned a close clinical follow-up of the patient.

During the regular follow-up, 1 year after the surgery,
the patient reported a recurrence of sacral pain, similar to
the index issues. Advanced follow-up imaging (MRI, CT,
bone scintigraphy, and SPECT-CT) was performed. The
images showed a recurrence of osteoblastoma—a round
osteolytic lesion with central calcification approximately
15 mm in diameter located in the left pedicle and lamina
of the S1 vertebra surrounded by a zone of reactive
sclerosis—Enneking stage 2 (Figure 2). Given the clinical
and radiological findings, we once again opted for an
intralesional resection, this time using the assistance of
an EMN system (Guiding Star, Ekliptik d.o.o., Ljubljana,
Slovenia). The images of CT, MRI, and SPECT-CT scans
were preoperatively imported into the EBS medical software
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Figure 1 CT and SPECT-CT images showing a round osteolytic lesion in the S1 vertebra. CT, computed tomography; SPECT, single-

photon emission computed tomography.

Figure 2 CT and SPECT-CT images showing a recurrence of osteoblastoma in the S1 vertebra. CT, computed tomography; SPECT,

single-photon emission computed tomography.
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Figure 4 Intraoperative setup of the EMN system, showing the
field generator in the upper left corner, the reference sensor placed
on the L4 spinous process, a plastic retractor and a plastic/wooden

pedicle probe. EMN, electromagnetic navigation.

(Ekliptik d.o.0.) to generate a virtual 3D model of the
patient’s lumbosacral junction visualizing the exact location
of the recurrent osteoblastoma (Figure 3). With the help of a
software specialist, the surgeon planned the desired amount
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of resection and determined the appropriate margin. To
account for potential EMN error, the margin distance was
established at 2 mm from the tumor. The EMN system
used in this case works on the principle of surface-based
registration. During surgery, following an open posterior
midline approach to the lumbosacral junction, an EMN
reference sensor was positioned onto the L4 spinous process
(Figure 4). Afterward, several reference points were captured
on the exposed lumbosacral surface with a designated
EMN pointer probe. The digitized surface points were
then superimposed on the previously rendered 3D model,
allowing for exact intraoperative, real-time visualization of
the tumor localization. The tumor resection was performed
with a combination of piecemeal resection with a small
chisel and a disc rongeur and an employment of a high-
speed drill at the borders, with the extension of resection
determined preoperatively and confirmed intraoperatively
with the assistance of the EMN pointer probe (Figure 5). In
addition to the tumor, the S1 spinous process and the whole
left S1 pedicle were also removed to allow for better surgical
access. Consequently, we performed an instrumented
fusion of the L5 and S1 vertebrae with pedicular screws
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Figure 5 Real-time intraoperative visualization of the preoperatively planned resection margins.

and intracorporeal cage. The postoperative course was
again uneventful and the patient was discharged 4 days
after the surgery. Pathohistological findings confirmed that
the tumor was indeed a recurrence of the osteoblastoma.
During the follow-up, 2 years after the second surgery,
she remains pain free and neurologically intact without
radiological signs of recurrence and/or instability.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient’s legal guardian for the
publication of this case report and accompanying images.
A copy of the written consent is available for review by the
editorial office of this journal.

Discussion

The presented case emphasizes the challenges in
diagnostics and management of osteoblastomas of the spine
and demonstrates the value of EMN guidance for their

© AME Publishing Company.

treatment.

Osteoid osteomas and osteoblastomas are benign bone
tumors with a similar clinical presentation and histological
profile. Additionally, radiological findings may exhibit
a significant resemblance between the two. The main
distinction resides in the potentially higher biological
aggressiveness of osteoblastomas, which are typically larger
than osteoid osteomas (>2 c¢m) and are capable of local
invasion (1,5,6). Diagnostic inaccuracies are therefore not
uncommon.

Treatment options for osteoid osteomas typically
encompass less aggressive approaches, with spontaneous
resolutions observed in some cases (1,5-7). Surgical
management modalities include open excision, CT-
guided radiofrequency ablation, and various other
minimally invasive approaches such as cryotherapy, laser
photocoagulation, and ethanol injection. In contrast,
osteoblastomas usually mandate surgical intervention,
involving either intralesional or en bloc resection,
whereas in select cases, percutaneous radiofrequency or

cryoablation techniques may be used (1,5,6). The fully
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endoscopic approach for osteoblastoma resection offers a
potentially safe and effective technique, whereas carbon
ion radiotherapy may be recommended for recurrent
osteoblastomas following multiple surgeries (8,9).

In benign bone tumor surgery, gamma probe is utilized
for precise localization and complete removal of the tumor.
It is mainly used for resection of osteoid osteomas. Other
authors report good results using this technique (10).
Nevertheless, this was not the case in our patient in whom
there was a recurrence of osteoblastoma after gamma probe-
assisted surgery probably due to insufficient tumor removal.

Some authors suggest the utilization of the Enneking
staging system (4) as a guide in determining for
appropriate operative treatment of osteoblastomas. They
propose performing intralesional resection for stage
two osteoblastomas and en bloc resection for stage three
osteoblastomas (11). Conversely, based on the results of
a retrospective analysis of 50 consecutive cases, Cao er al.
suggest that intralesional marginal resection might serve
as a suitable therapeutic option for patients diagnosed with
stage two and three spinal osteoblastoma (12). Overall
recurrence rate for osteoid osteomas and osteoblastomas
is relatively high, with some authors reporting recurrence
rates of up to 16% following radiofrequency ablation for
osteoid osteomas and up to 19% following intralesional
resection for osteoblastomas (5,6,11,13,14). In our patient,
we have decided for intralesional resection in both instances.
Despite the initial diagnostic consideration of osteoid
osteoma, the decision for intralesional resection aligns
with recommended surgical strategies for the treatment of
osteoblastomas. On both occasions, the tumor exhibited
Enneking stage 2 characteristics, for which intralesional
resection is recommended.

The advantages of different CAOS methods in the
treatment of musculoskeletal diseases have been thoroughly
recognized in recent years. In line with the reported
case herein, they are particularly useful in challenging
circumstances with altered anatomy, revisions, deformities
and tumor cases, enabling an individual, patient-personalized
approach, emphasizing safety and accuracy (3,15). Given the
recurrence, specific osteoblastoma location within the lamina
and pedicle of the S1 vertebra, and the intricacies of technical
access, we opted for an EMN for its meticulous guidance
during the removal procedure. This decision was made based
on our past experience, where using EMN for benign bone
tumor removal proved successful not only in the spine but
also in other anatomically challenging areas, such as the
hip. To our knowledge, this is the first described case of
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spinal bone tumor removal using EMN in the literature.
Other authors report testing EMN for percutaneous or
open transpedicular screw placement with good results
(16,17), using it for percutaneous transforaminal endoscopic
discectomy (18), bone tumor removal in craniofacial surgery
(19,20), femoral and periacetabular osteotomies (21,22), and
also for distal locking of femoral intramedullary nails (23).

EMN operates by inducing an electromagnetic field with
a field generator placed near the operating site (Figure 4).
Instruments equipped with signal coils are detected within
this field and transmit their location data to a computer via
a wired connection. We used a reference sensor positioned
on the L4 spinous process, a pointer probe and a special
plastic/wooden pedicle probe. The biggest limitation
of the EMN is that the electromagnetic filed can be
disrupted by stainless steel or ferromagnetic instruments.
Therefore, for proper use of the EMN, plastic or titanium
instruments are required. To align the preoperative 3D
model with the patient’s spine, several reference points
on the exposed lumbosacral surface need to be captured
using the pointer probe. The pointer probe is also used to
intraoperatively confirm the planned resection margins.
With an accuracy of 1 mm (24), its unique strength lies in
the real-time intraoperative visualization of preoperatively
planned resection margins, especially in bone tumors that
do not exhibit a clear margin to the healthy tissue, providing
valuable feedback on the thorough neoplasm removal without
subjecting the patient to radiation exposure (Figure 5).
This enabled us to perform a true tailored lamino-
pedicular intralesional marginal resection of the recurrent
sacral osteoblastoma, whereby follow-up MRI revealed no
recurrence of osteoblastoma after the second surgery.

In comparison to other 3D-navigation guided surgical
modalities, the utilization of EMN mitigates the drawbacks
of radiation exposure and high cost while preserving accuracy
and precision with real-time imaging for intraoperative
confirmation of complete tumor extirpation (25). Regardless
of navigation system used, accurate intraoperative
localization with complete resection is key to preventing
recurrence, whereby partial/subtotal excision can bear a
50% recurrence rate (25,26).

Conclusions

The use of EMN in the surgical management of spinal
osteoblastomas represents a promising advancement in
orthopedic practice. With precise tumor localization,
EMN-guided surgery demonstrates potential for improving
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surgical outcomes and reducing the risk of recurrence.
This case underscores the importance of incorporating
innovative technologies like EMN into the practice of
spinal surgeons to enhance precision and efficacy in tumor
resection procedures. Continued research and reporting
will further validate the efficacy and refine the application
of EMN in routine practice, ultimately benefiting patients
with spinal tumors.
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