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Use of image-guided bone scalpel for resection of spine tumors:

technical note
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Abstract: In the literature, the use of navigation for spine tumor surgery has largely centered on implant

placement. We describe the cases of two patients with spinal tumors on whom we utilized our resection

technique of registering an ultrasonic bone scalpel (UBS) to a navigation system. In both cases, we achieved a

satisfactory tumor resection with negative margins and excellent neurologic outcomes. We feel that using the

navigation-registered UBS is a valuable tool to increase the operator’s ability to achieve desired resections

while minimizing the neurologic deficits and operative morbidity associated with these challenging surgical

cases.
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Introduction

Image-guided navigation is a commonly used surgical tool.
In oncologic cranial neurosurgery, for instance, it is used for
optimizing craniotomy size and placement, defining tumor
borders, and localizing important structures to achieve the
planned surgical goal while reducing complications (1,2).
Given the widespread use of image-guided navigation, it
should come as no surprise that more and more surgeons
are applying this valuable technology to spinal cases. The
most common application in spine surgery has been for
stereotactic placement of spinal instrumentation, such as
pedicle screws (3,4). Another use for image-guidance is in
spinal oncology, where Enneking grade of musculoskeletal
tumors often calls for aggressive resection strategies (5). For
instance, an Enneking appropriate wide or marginal excision
compared to an intralesional excision has a significant effect
on tumor recurrence for sacral chordomas and on both
survival and tumor recurrence for spinal sarcomas (6,7).
Given the importance of Enneking appropriate resection
strategies in spinal oncology, tools that could help achieve
this goal could prove useful. The following cases involving
primary spinal tumor resection illustrate our technique in
which an ultrasonic bone scalpel (UBS) was registered to an
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image-guided navigation system to assist with resection of
the tumor.

Case presentation
Case 1

The patient is a 69-year-old male who presented with low
back and buttock pain. He was neurologically intact with no
notable findings on physical exam. Computed tomography
(CT), followed by magnetic resonance imaging (MRI) of
his lumbar spine (Figure 1A4,B), were obtained, showing a
7.5 cm x 6.0 cm x 6.0 cm lytic lesion in his lower sacrum
and coccyx extending anteriorly into the presacral space.
A CT-guided biopsy was performed, which was consistent
with a chordoma.

An en bloc resection was planned with expertise from
a multidisciplinary team consisting of neurosurgery,
surgical oncology (with significant experience treating
gastrointestinal malignancies), and plastic and reconstructive
surgery. The surgical plan called for a sacrectomy below
the level of the S3 foramina with ligation of the bilateral
S3 nerves via a modified midline Kraske approach (8).
Prior to surgery, the patient underwent a repeat CT scan

AME Case Rep 2018;2:48


https://crossmark.crossref.org/dialog/?doi=10.21037/acr.2018.11.02

Page 2 of 6 AME Case Reports, 2018

Figure 1 Pre-operative sagittal and axial T'1-weighted MRI images with contrast (A,B), pre-operative sagittal and axial non-contrast CT'
images (C,D), ultrasonic bone scalpel configured for image-guided navigation (E), image of osteotomy cut on navigation platform (F),
intraoperative use of the ultrasonic bone scalpel using image-guided navigation (G), intraoperative image of tumor (H), marginally excised

specimen (I), post-operative sagittal and axial T1-weighted MRI images with contrast (J,K).

of the lumbar, sacral, and coccygeal region (Figure 1C,D) was positioned prone on an Andrews table. The incision and
with 0.8 mm axial cuts to facilitate accurate image-guided dissection spanned from L5 to the distal end of the sacrum
navigation. Intraoperative somatosensory evoked potentials and incorporated the prior biopsy tract, which was excised
and electromyography were utilized to allow monitoring of as part of the dissection. The image-guided navigation
the patient’s neurologic status throughout the operation. He tracking device was attached to the L5 spinous process and
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Figure 2 Pre-operative sagittal and axial T1-weighted MRI images with contrast (A,B), intraoperative fluoroscopic image illustrating

operative set-up (C), post-operative parasagittal non-contrast CT image (D), post-operative sagittal non-contrast CT image (E).

the pre-operative 0.8 mm cut CT scan was registered to the
patient using the navigation platform (BrainLAB Curve®,
BrainLAB AG, Munich, Germany). Navigation was used to
confirm the tumor location below the S3 neural foramina.
A midline laminectomy was then performed from S1 to the
superior portion of the S3 neural foramina. The thecal sac
was ligated just below the S3 nerve roots after neurolysis
of sacral nerves. In order to mobilize the sacrum, ligament
and fascial attachments were released. The UBS (Sonopet
Ultrasonic Aspirator®, Stryker Corporation, MI, USA) was
then registered to the navigation platform by attaching a
tracking probe clamp to the instrument (Figure 1E). The
navigated scalpel was used to ensure all sacral bone cuts
began >5 mm outside of the tumor margin and continued
both ventrally and laterally at least 5 mm outside the
margin as defined on imaging (Figure 1F). The navigated
bone scalpel was used to perform the sacral osteotomy
>5 mm outside the margins of the chordoma (Figure 1G).
The remainder of the case, including a coccygectomy, was
then performed in a standard fashion. The total operative
duration for the case was 5 hours and 11 minutes.
Pathology confirmed negative margins with no
violation of the tumor capsule. Figure 1H and 11 show
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an intraoperative view of the tumor and the marginally
excised specimen, respectively. Post-operatively, the patient
experienced mild urinary retention and had mild left
foot tingling. He was discharged to acute rehab on post-
operative day 8. Surveillance MRI scans at up to 36 months
(Figure 17,K) were negative for evidence of local recurrence.
After 3 years’ follow-up, the patient denies any urinary or
fecal incontinence, urinary retention, or sexual dysfunction
throughout his post-operative recovery.

Case 2

The patient is a 61-year-old female who presented with
several weeks of worsening back pain and new onset right
lower extremity radicular pain and urinary retention.
On exam, she had full strength and normal sensation in
both legs. An MRI revealed a homogenously enhancing
destructive L4 vertebral body mass with extension of the
mass into the inferior endplate of L3 and the superior
endplate of L5 (Figure 2A4,B). It also exhibited extension
into the paravertebral soft tissue and the spinal canal,
resulting in significant spinal canal and bilateral neural
foramina stenosis. A CT guided biopsy revealed a malignant

AME Case Rep 2018;2:48



Page 4 of 6

spindle cell neoplasm. CT scans of her chest, abdomen,
and pelvis did not reveal any evidence of malignancy
or metastasis. A multidisciplinary team consisting of
neurosurgery and surgical oncology proceeded with a staged
resection of the tumor, consisting of a posterior resection
and instrumentation followed the next day by an anterior
resection and instrumentation.

For the first stage of the procedure, a standard dissection
from L2 to S1 was performed. Pedicle screws were placed at
all levels from L2 to S1, except at L4, using a combination of
fluoroscopy and image-guided navigation (BrainLAB Curve®)
with the pre-operative 0.8 mm cut CT scan (Figure 2C).
Laminectomies were performed from the L3 pedicle to
the L5 pedicle, with the L4 pedicles removed bilaterally.
Using navigation, a discectomy was completed at L.3/4 and
L.4/5. The UBS (Sonopet Ultrasonic Aspirator®) was then
registered to the navigation platform as described in the
above case and utilized to perform the bone cuts through
the posterior vertebral bodies at L3 and LS5, outside of
the tumor margins. The navigated UBS was particularly
useful for ensuring the vertebral body bone cuts extended
anteriorly to the 10 o’clock and 2 o’clock position in order
to ensure that the bilateral anterior cuts could be completed
from a unilateral access. A sheet of Gore-Tex was then
positioned anterior to the thecal sac and L3 and L4 nerve
roots. Appropriate rods were placed and secured to the
pedicle screws. The following day, an anterior approach
was undertaken from the left side, given that the tumor
somewhat favored the left side, to complete the tumor
resection with an L4 corpectomy and partial L3 corpectomy
followed by instrumented fusion. The total operative time
of the procedure was 14 hours and 25 minutes (6 hours
and 10 minutes for the posterior stage and 8 hours and
15 minutes for the anterior stage). Post-operatively, the
patient did not experience any neurologic deficits. The final
diagnosis was poorly differentiated sarcomatoid carcinoma.
The patient underwent 70 Gray of adjuvant local radiation
in 39 equal fractions. No recurrence was noted on 3-month
follow up imaging (Figure 2D,E).

Discussion

The ability to apply standard image-guided navigation to
spinal procedures was initially limited by an inability to
accurately register the patient’s anatomy to pre-operative
imaging, as a result of motion between the mobile skin
surface and relatively rigid underlying bones (9). In 1996,
Foley and Smith published a solution to the limitations
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of registration by utilizing the dorsal aspect of the spine
for registration in conjunction with a dynamic reference
array that attaches directly to the spine (10). As the spine
curvature varies between pre-operative imaging obtained in
a supine position and surgery conducted in a prone position,
registration must be done on individual bones to ensure
accurate navigation. This limitation can be circumvented
if the imaging to be used for navigation is obtained after
surgical positioning is completed, for example with an
O-arm. Prior studies of navigation assisted pedicle screw
placement have demonstrated successful and safe insertion
of pedicle screws in all regions of the spine (cervical,
thoracic, lumbar, sacral levels) using navigation (11). In
one metanalysis which included all regions of the spine and
compared 8,539 screws, Shin ez 4/. found increased accuracy
of navigated pedicle screw placement, with pedicle breach
in only 6% of navigated screws compared to 15% with free
hand (12).

The logical progression for applying this tool to spine
surgery is to utilize image-guided navigation in surgical
spinal oncology to assist in defining tumor margins
intraoperatively. There are several manuscripts describing
use of stereotactic navigation in spinal tumor resection,
including resection of a series of complex cervical spinal
tumors, C1 aneurysmal bone cyst, and resection of a
sacral Ewing’s sarcoma (13-15). Many other articles have
reported using the navigation in spine tumor surgery for
implant placement (16-18). Dasenbrock er 4/. described
their experience completing a resection of three sacral
chordomas using image-guided navigation with the tracking
system registered to a drill for the bony resection and a
navigation probe used to confirm margins throughout the
case (19). Smitherman et a/. published their experience
using a navigation-registered osteotome and a navigation
probe for performing an en bloc resection of a thoracic spine
giant cell tumor (20). Our technique expands on previously
studied uses of image-guided navigation and is distinguished
from these reports by the use of an UBS registered to the
navigation system.

UBS utilize high frequency vibrations causing repetitive
impacts at the inelastic bone surface, resulting in cleavage
of the bone (21). Soft tissue, with more elastance relative
to bone, is better able to absorb impact energy, avoiding
inadvertent violation of soft tissue structures (22). UBS
systems come equipped with irrigation systems, which
provide cooling to the UBS blade tip and minimize thermal
damage to the surrounding tissues (21). Prior investigations

have reported on the safety of UBS in spinal surgery (23-25).
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Use of UBS in adult cervical spondylotic myelopathy, adult
cervical corpectomy, and adolescent posterior instrumented
fusion for idiopathic scoliosis have all been associated
with lower blood loss (26-28). Other potential advantages
include higher precision, lower rates of durotomies,
and decreased operative times (22,26,27). We feel these
potential advantages of using an UBS in bone dissection
distinguish it from manual osteotomes, which require
malleting to achieve bone cuts and are non-hemostatic in
their cutting action, and high-speed drills, which are less
precise and can be associated with high temperatures if
inadequate irrigation is used (29,30).

The authors acknowledge that utilizing image-guided
navigation for tumor resection oftentimes will require
otherwise unnecessary repeat imaging for navigation
protocols. As such, while there is likely decreased
intraoperative radiation compared to fluoroscopy, the
patient may actually incur more overall radiation from
repeat imaging studies and the thin slice protocol required
for navigation. In the future, there are several additional
modifications to our technique we would like to explore.
One nuance would be merging pre-operative MRI with CT
imaging to improve tumor definition, as described in the
manuscript by D’Andrea ez 4/. (13). Additionally, utilization
of a navigated monopolar cautery could prove useful for
maintaining margins and avoiding tumor capsule violation
when performing soft tissue dissections of these tumors.
Future studies examining if using navigation in this manner
allows for faster and more accurate implant placement and
tumor resection, thus decreasing radiation exposure to
staff and operative time for patients, will be important next
steps.

Conclusions

Any tool that could potentially optimize a surgeon’s ability
to achieve a clinically appropriate resection, should be
embraced, given the impact on patient outcomes. We feel
that spinal navigation represents such a tool, as described
here in two promising cases of successful surgical treatment
of spinal tumors. We feel that our experience using an
UBS registered to a navigation system has provided an
elegant and accurate tool for assisting in the resection of
challenging lesions.
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