
CLINICAL ARTICLE - SPINE

Intraoperative portable CT-scanner based spinal
navigation - a feasibility and safety study

Pavel Barsa & Robert Frőhlich & Vladimír Beneš III &

Petr Suchomel

Received: 5 May 2014 /Accepted: 14 July 2014
# Springer-Verlag Wien 2014

Abstract
Background Navigation based on an intraoperative CTscan is
not a new approach to spinal instrumentation. Innovative
intraoperative imaging technology, however, opens new hori-
zons to more precise image acquisition as well as to further
workflow. Planning of screw entry-points and trajectories in
this study had been based on intraoperative imaging obtained
by a portable 32-slice CT scanner. This prospective study
evaluates feasibility, accuracy, and safety of this novel ap-
proach in an initial series of 85 surgeries.
Method Medical records and radiological materials of 82
patients who underwent the first 85 consecutive stabilisations
were analysed. Incorrect screw position, medical and technical
complications as well as availability of this procedure in
particular spinal levels were the subject of evaluation.
Results Out of 571 implants inserted in all spinal levels, only
five screws (0.87 %) did not meet the criteria for correct
implant position. These screw misplacements had not been
complicated by neural, vascular or visceral injury and the
surgeon was not forced to change the position intraoperatively
or during the postoperative period. The quality of intraopera-
tive CT imaging sufficient for navigation was obtained at all
spinal segments regardless of a patient’s habitus or positioning
or comorbidity.
Conclusion Intraoperative portable CT scanner-based naviga-
tion seems to be an effective way of doing spinal instrumen-
tation guidance. High precision of implant insertion confirms
the preconditions of navigation usage during more complex
surgeries at any level of the spine.
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Introduction

In the field of neurosurgery, new frameless stereotactic navi-
gation systems have been reported since the 1990s [1]. Their
function is based on highly precise monitoring of labeled
instruments positioned in the registered surgical field. Even
if this procedure is associated with a certain degree of inaccu-
racy, mainly due to the movement of brain structures during
retraction and resection of brain tissue (brain shift); this meth-
od has been widely clinically adopted and has become a
standard in intracranial surgery [2].

Applying the same principle to spinal surgeries was more
complicated. The problems are caused by changes in the
alignment of individual vertebrae compared to intracranial
structures where the anatomical position is relatively constant.
Anatomical interpretation of the position in a moving spine, as
acquired during preoperative imaging, is virtually impossible
to predict over time. With the exception of individual verte-
brae and static spinal segments (ankylosis), it is not possible to
register anatomic spinal sections in a way corresponding with
the preoperative scan. Despite these problems, navigation
techniques appeared in spinal surgery in the 1990s. A spinal
navigation system based on thke optoelectronic principle was
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designed byNolte et al., based on laboratory work in 1995 [3].
Its function and safety in clinical practice was described in a
comparative study with fluoroscopy guided surgeries five
years later by Laine et al. [4]. Recently, the methods of
navigated procedures have been developing. A breakthrough
was the recent introduction of intraoperative 3D fluoroscopy
[5] and much more precise intraoperative CT [6–8] as the
initial imaging for the navigated spinal procedures. Intraoper-
ative imaging will capture the spinal segment of interest in the
anatomical position the surgeon will instrument. This way,
precision and security of individual steps can be ensured [9].

The authors of the presented paper analyzed prospectively
collected data in the series of first 85 consecutive surgeries
where navigated spinal instrumentation had been based on
intraoperative portable CT-scanner imaging. They analyzed
technical feasibility of the navigation and CT scan acquisition
in all spinal levels. This study further evaluated the accuracy
of screw insertion and safety of the procedure for the patient.

Methods

Surgical technique

Not less than 12 h before the surgery, a competent patient was
given all the relevant information about the treatment and
voluntarily gave the consent not only with the stabilization
but also with the intraoperative portable CT scanner-based
navigation. The informed consent included discussion of the
nature of the procedure, reasonable alternatives to the pro-
posed intervention, and the relevant risks and benefits associ-
ated with the procedure, including a possible higher radiation
dose from the portable scanner.

The patient position as in in classical fluoroscopy guided
surgeries should be simultaneously chosen so that the vertical
axis of the instrumented segment corresponds, if possible,
with the axis of the portable CT scanner gantry (Body Tom
TM®, NeuroLogical, Danvers, USA) (Fig. 1). In the area of the
median skin incision, ten fiducial markers provided by the
manufacturer of the navigation system (Stealth™, Medtronic,
Minneapolis, USA) were placed. They were used for surgical
field registration after the skeletization. A further feature in the
surgical field registration is the Stealth navigation tracking
device attached to a not moving spinous process of one of
the instrumented vertebrae (Fig. 2). A portable full body 32-
slice CTscanner acquires images of the selected spinal section
including the registration markers. It is automatically sent (in
the DICOM format) to the navigation system using a direct
Ethernet connection. In spinal fixation, we use helical scan-
ning to produce a 1.25 mm slice thickness. The picture is
reconstructed into a three-dimensional volume by the Stealth
navigation system that will render the skin surface (in the soft
tissue display mode) including the fiducial markers. In the 3D

calcified tissue display mode, we will identify the spinal
surface structures and insert virtual implant trajectories in this
view. The navigation system also facilitates eventual visuali-
zation of the screw trajectory course in sagittal, coronary, and
transversal planes. In addition, the navigation system offers
“probe view” software, which displays the transition of a
virtual implant through a bony structure, similarly to an
endosonography examination (Fig. 3). This way, we can de-
fine the length and diameter of the intended implant.

All the steps of instrumentation are made by the prepared
navigation plan. The exact position of the screw entry-point
may be determined using a navigated probe and may be
marked with a burr on the surface of the vertebra. The dip
should be deep enough to provide support for a technical
punch. We will use it to drill the trajectory to the specified
depth and orientation. After drilling the passage for the
screwwe may predrill the thread to bone or we may insert
the implant directly (self-tapping screws). In multiple stage
instrumentations a tracking device is attached to a spinous
process as close to the middle parts of the instrumented section
as possible. Instrumentation in this case starts from the pe-
ripheral part (e.g., in L3-L5 stabilization, we attach the frame

Fig. 1 The portable CT scanner in working position

Fig. 2 The navigation tracking device attached to the spinous process of
one of the instrumented vertebra at cervical level
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to L4 and instrumentation starts from L3 and L5). This way
navigation inaccuracy due to deflection of the tracking device
during the instrumentation may be minimized. After implant
insertion, we finish the decompression or reconstruction and
secure the individual segments of the internal fixator. The
correct implants position is confirmed before the end of pro-
cedure with a portable CT scanner (Fig. 4).

Patients

During the first 18 months of portable CTscanner usage in our
department (October 2012–April 2014), the technology of

navigated spinal procedures based on intraoperative CT imag-
ing was used in the initial series of 85 consecutive surgeries
performed in 82 patients, where we inserted a total of 571
screws. The patient group consisted of 43 men and 39 women
ofmean age of 54.1 years (range 25–79 years, median 56 years)
with the majority of patients being operated for a degenerative
condition in the lumbar spine. Exact information about the
indication for the surgical procedure is shown in Graph 1;
anatomic distribution of the implants is depicted in Graph 2.

Evaluation of accuracy of the screw placement

For the purpose of this study, the correct screw position is
defined as the positioning of the screw where no part of the

Fig. 3 Plan for pedicular screw insertion in the cervical spine

Fig. 4 Correct anatomical position of pedicle screws inserted at the level
of C5 Graph 1 Indications for spinal stabilizations
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screw shaft or tip penetrates the surface of the instrumented
bony structure. In this aspect, not only breeching of the pedicle
cortex but also perforation of the cortical bone covering the
surface of the vertebral body or surface of the vertebral fora-
men is defined as incorrect screw insertion [10].

Results

Altogether five screws out of 571 inserted spinal implants
(0.87 %) did not meet the criteria for correct position: in a
single L5 pedicle screw, the threads penetrated through the
caudal cortex of the pedicle; one thoracic screw in the T5 and
one in the T8 were found to perforate through the ventral
vertebral cortex less than 3 mm and a single screw inserted
into the T6 vertebra breached the medial pedicle cortex
(Fig. 5). The incorrect insertion in ventrally perforating tho-
racic screws had been adjusted before closing. In instrumented
cervical segments, one C3 pedicle screw perforated the cranial
end-plate due to rostral orientation of the screw. In our series,
there was no neurovascular structure or visceral injury or dural
sac laceration observed. Correct screw insertion prevented
breaking of the instrumented pedicle, and there were no clin-
ical consequences that would necessitate a reoperation to
optimize the implant position or decompression of neural
structures.

During the intraoperative CT based surgeries, we did not
have a single case of wrong level surgery or a case where the

surgical field lucidity was disrupted due to obesity of the
patient or anatomical localization with poor radiological vis-
ibility or due to radiological artifacts of metal instruments.

After the registration of the surgical field was completed,
the navigation system analyzed the precision of the registra-
tion process. Average value in our operated patients was
0.44 mm (range of 0.2–1.0 mm), and all calculated values
were sufficient to confidently perform instrumentation. In
general, higher precision was reached over a larger registered
field.

This method of navigated screw insertion based on intra-
operative portable CT scanner imaging was applicable in all
anatomical levels throughout the spine. In no case we were
forced to convert navigated screw insertion into a fluoroscop-
ically guided procedure. The Body Tom TM® gantry diameter
(85 cm) allowed us to perform image acquisition even in
obese patients. In specific anatomical situations, like in the
lumbo-sacral junction, the relatively broad angular scatter
requires changing the camera position so that it is able to
capture the position of passive reflectors in navigated instru-
ments. The change of camera position assumes the operating
theater staff cooperation. There is only a few seconds delay in
the overall time to complete the surgical procedure.

Inclusion of the intraoperative CT-based navigation is as-
sociated with an increased number of surgical steps. New
operation actions include: acquisition of the initial scan, pro-
cessing of the CT image, trajectory planning, and surgical
field registration. In our setting, the completion of these steps

Graph 2 The anatomic distribution of implants
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resulted in an 18–40 min increase in the operation time,
according to the extent of the instrumented area and complex-
ity of anatomy.

Using the intraoperative CT imaging navigation eliminates
the irradiation of the operating theatre staff during the inser-
tion of screws , as the surgical and anesthesia teams are out of
the irradiated area during the scanning. CT image acquisition
is associated with a higher radiation load for the patient. In our
patients, this radiation load is characterized by average values
of CTDI at vol 63.8 mGy and DLP 1,660.3 mGy.cm (median
65.6 mGy and 1,619 mGy.cm).

Discussion

Navigated spinal instrumentation in 571 inserted implants
series proved its precision and safety with an error rate of
0.87%. It was a series of 85 instrumented spinal procedures in
82 consecutive patients in whom we decided to test the
functionality of the new system to reveal eventual complica-
tion. In the group of the very first patients, we used anatomical
and even fluoroscopy control during implants insertion for
additional verification. After getting used to the system (five
to eight surgeries), we completely relied on the virtual reality
of the navigation system.

As we concentrated on gaining the maximum experience,
the navigation had been used even in the lumbar instrumen-
tation, i.e., in situations, where we would reach comparable
results as measured by the insertion precision and clinical
safety We even used standard fluoroscopic guidance during
the surgery. This step has significantly helped in gaining early
clinical experience that allowed us operate with higher confi-
dence even in anatomically more complex areas of the upper
cervical spine and the cervico-thoracic junction. Simulta-
neously, we gained experience with instrument navigation of
high angular range during lumbar stabilizations. Intersegmen-
tal angles in lumbar lordosis may reach tens of degrees. In this
situation, the optoelectronic camera systemmay not be able to

read the position of the registered instrument in the field and
requires a change of camera position. It is a situation showing
a weak point of the optoelectronic navigation system, and we
may presume that an electromagnetic navigation system inde-
pendent on visibility of the surgical field registration points
can solve these problems in the future [11–13].

Other issues to discuss are higher time demands and the
patient’s radiation exposure. The duration of surgery is
prolonged by acquiring the initial scan, processing of the CT
image, trajectory planning, and surgical field registration.
Increasing the operation time, measured from the skin inci-
sion to wound closure, was associated with increasing the
anesthesia duration and prolonging the period when the sur-
gical wound was open. About a half an hour delay found
during our procedures is significant in short stabilization [14].
With the increasing number of instrumented segments, the
time difference decreases when compared to fluoroscopically
guided surgeries. We suppose, particularly in large surgeries
of spinal deformities, that the time difference will not be
significant [15]. Theoretically, the time delay in navigated
procedures may be shortened using methods of automatic
registration. The CT scan acquisition is associated with higher
radiation exposition of the patient compared to standard
fluoroscopy; however, it eliminates the operating theatre staff
irradiation being out of the irradiated part of the operating
theatre [16]. Both of these moments, prolonging the surgery
duration and higher irradiation of the patient, should be
counterbalanced by the safety of the surgery itself.

Despite the increased number of surgical steps, the learning
curve is relatively less steep when both the surgeon and the
OT staff become proficient with a minimum amount of effort/
time during the series of the first five to eight procedures.

Further technological development in this area may focus
on possible automatic registration and on improving the vis-
ibility of marked instruments in the surgical field. Both aims
may be reached by changing the parameters of the electro-
optic system or via the stated replacement for another naviga-
tion modality. All the progress in this area may lead to further

Fig. 5 The CT scan obtained
after T6 pedicle screws insertion
had identified a medial cortical
breach of 2 mm in the left site.
This situation was considered to
be acceptable without the need for
replacement and uncomplicated
postoperative course confirmed
the consideration
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minimization of the surgical approach and to the utilization of
robotic placement for all spinal instrumentation [17]. The
clinical experience of the surgeon supported by anatomical
and biomechanical knowledge, in combination with the pro-
fessional approach of the full team, will still be a prerequisite
for optimal surgical results.

Conclusion

Navigation based on intraoperative portable CT-scanner im-
aging is one of the future paths leading to more precise
implant insertion into spinal structures. Our initial experience
has proven the performance of the system in the spinal surgery
field and has confirmed its usability in all the anatomical
levels of the spine. High precision of implant insertion con-
firms the preconditions of navigation usage during surgeries
of deformities in congenital or dysplastic or post-traumatic
situations as well as in anatomically complex areas of the
cervical spine and cervical-thoracic junction. Previous clinical
experience with a responsible team approach is a prerequisite
of good morphological and clinical results.

Conflicts of interest None.
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