
Introduction

Transarticular C1/2 screws are widely used in cervical
spine instrumentation [17]. The biomechanical stability of
C1/2 instrumentation with transarticular C1/2 screw fixa-
tion is superior to wiring techniques [15, 16, 47], resulting
in lower non-union rates [11]. Nevertheless, there are po-
tential risks of iatrogenic damage to the vertebral artery or

the spinal cord [1, 29, 37, 42]. Furthermore, the C1/2 joint
needs to be passed in order for the C1 lateral mass to be
fixed properly. This can be difficult to control with the im-
age intensifier [48]. Other authors have already suggested
that the use of a computer-assisted surgery (CAS) system
in the cervical spine may be beneficial [30, 41, 46].

The use of pedicle-screw-based spinal instrumentation
systems in the lumbar and thoracic spine has increased
tremendously in the last decade, due to the superior bio-
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mechanical properties and reposition possibilities [30]. In
the lumbar and thoracic spine, conventional screw inser-
tion techniques have been associated with lower screw
misplacement rates in cadaver studies as well as clinical
practice [8, 12, 18, 26, 27, 31, 32, 34, 36, 38].

The use of pedicle screws in the cervical spine remains
uncommon, although promising clinical results have been
published [2–4, 30]. Due to superior biomechanical stabil-
ity of pedicle srews compared to lateral mass screws [21,
25], pedicle screws may be used instead, especially in pa-
tients with poor bone quality or multilevel instabilities.
Nevertheless, depending on the size of the cervical pedi-
cles and the proximity of the vertebral artery as well as the
dural sac and the nerve roots, there are potential risks of
iatrogenic damage to neural or vascular structures [9, 10,
21, 33].

The purpose of this study, therefore, is to evaluate the
feasibility of installing transarticular C1-C2 screws as
well as pedicle screws in the cervical spine using a CAS
system.

Materials and methods

Thirteen human cadaveric cervical spine specimens (C0-C5) with
a mean age of 76.2 ± 12.8 years were wrapped in triple-sealed
plastic bags and kept frozen at –28°C prior to preparation and test-
ing. The specimens were then thawed at room temperature and all
musculature was removed while carefully preserving ligaments
and bony structures.

Radiographs were taken of the intact specimen to detect serious
neoplastic or degenerative disease. We used the Navitrack CAS
system (Sulzer Orthopedics Ltd., Switzerland), which has been
validated for the thoracic and lumbar spine [5, 7]. The optical
tracking version of the CAS system was modified to fit our surgi-
cal instrumentation. Imaging of the specimens was performed us-
ing a helicoidal CT scanner (Somatom Plus 4, Siemens, Germany),
with a 1-mm non-overlapping slice thickness. Three-dimensional
models of each vertebra from C1 to C4 were then produced with
the CAS system. For each of those vertebrae, we defined registra-
tion surfaces that were easily identifiable in an operative context.

In the first part of the manipulation, pedicle holes were drilled
at the C3 and C4 levels. We used a drill to prepare the pedicle
screw holes according to our technique in the lumbar and thoracic
spine. In our opinion, the advantage of the drill compared to a
pedicle awl is the greater sensitivity to bony resistance due to re-
duced friction of the rotating drill. After registration of the proper
vertebral level, pedicle screws were prepared with a 2.5-mm drill
in all specimens. In order to avoid bending problems caused by the
low stiffness of the 2.5-mm drill bit, we tracked a specially de-
signed drill guide (Fig. 1), rather than the drill itself. The orienta-
tion of the pedicle holes was not chosen in the exact axis of the
pedicle due to the ascending pedicle axis. The entrance point was
chosen at the upper margin of the pedicle with a descending direc-
tion so that the drill would not perforate the upper endplate of the
vertebra. The pedicle holes were drilled with the help of the CAS
system (Figs. 2, 3), and the screw length was chosen as long as
possible. Pedicle perforations were then manually controlled using
a palpation probe in all four quadrants. Any loss of cortex sensa-
tion was then noted.

In the second part of the manipulation using the same speci-
mens, C1-C2 transarticular instrumentation was performed with
the CAS system. The C1-C2 transarticular instrumentation was
done with a 1.4-mm Kirschner wire and a specially designed Kirsch-

ner wire guide (Fig.4), which was tracked by the CAS system.
The1.4-mm Kirschner wire is suitable for use with newly devel-
oped cannulated 4.0-mm self-drilling and self-tapping screws. This
type of instrumentation has the advantage over other methods that
no dislocation between C1 and C2 can occur during insertion of
the screw, as may happen after removal of a drill when using a
non-cannulated system. The special Kirschner wire guide was cal-
ibrated and then tracked by the CAS system. In order to reproduce
the in vivo conditions as far as possible, C1 and C2 were manipu-
lated and displayed simultaneously by the CAS system. Registra-
tion was performed by installing the dynamic reference on the
spinous process of C2. Under CAS guidance, a 1.4-mm Kirschner
wire was positioned and installed with our special guide (Fig. 4). In
a clinical context, cannulated 4.0-mm screws would have been in-
stalled over the Kirschner screws. However, since we were inter-
ested in validating the position of the Kirschner wires before screw
installation, manipulations were then completed.

Both manipulations having been completed, the specimens
were sent for CT image evaluation of the installed Kirschner wires
in the C1-C2 transarticular space as well as evaluation of the
drilled pedicle holes in C3 and C4. All images were acquired using
1-mm slice thickness. Positions were then assessed on a conven-
tional CT display, with cursor facilities for error measurements.

Results

All 13 cadaveric specimens were recovered, and found
free of neoplastic or serious degenerative disease. A total
of 52 pedicle holes had been drilled and 26 C1/2 Kirsch-
ner wires had been placed.

Fifty holes (96%) drilled in C3 and C4 pedicles had a
normal cortical palpation. Two holes (4%) had the feeling
of a lateral cortical effraction (in specimens 1 and 3), both
at the C3 level. In both cases, it was found that the dy-
namic reference had loosened. The dynamic reference
base was then fixed again and the vertebra was registered
again. After the new registration, drilling of the pedicle
hole was repeated. CT evaluation of the specimens con-
firmed the lateral perforations at C3 on specimens 1 and
3. The perforations were evaluated at less than 1 mm. Two
other medial perforations were detected, also under 1 mm,
at C3 (right pedicle) and C4 (left pedicle), where the pedi-
cle diameter was measured at under 4.0 mm. Thus, CT
evaluation showed that 48 pedicle holes (92%) were in the
correct position without perforation (Fig.5). Interestingly,
we obtained an exact correspondence between clinical
palpation and CT scan in 50/52 cases(96%) Dissection did
not reveal extracortical perforations. Vertebral arteries
were found intact in 100% of specimens.

Twenty-six Kirschner wires (100%) were found cor-
rectly positioned, with no cortical effraction measured on
the C1-C2 CT scans. The scansalso showed correct posi-
tioning of the Kirschner wires when crossing the C1/2
joint and penetrating the lateral mass of C1 in all speci-
mens. On visual inspection after complete dissection, no
perforation of the groove of the vertebral artery in C2 was
detected and no penetration of the Kirschner wires into
the spinal canal was detected.
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Discussion

Although pedicle instrumentation is very common in the
lumbar and thoracic spine, it is uncommon in the cervical
spine. This may be explained by the dimensions of the
cervical pedicle and the proximity of vascular and neural
structures. The most commonly used posterior instrumen-
tation technique in the cervical spine, i.e., lateral mass
screw fixation, results in a biomechanical stability clearly
below the level of stability achieved with pedicle screws
[21, 25]. This technique also carries a potential risk of ia-
trogenic damage to neural or vascular structures.

In 1993, CAS systems were developed for the installa-
tion of pedicle screws in the lumbar spine [6, 28, 34]
based on reports of misplacement rates of between 5%
and 40% using conventional techniques [13, 14, 19, 20,
39, 43–45]. In vitro studies showed that malplacement
rates of pedicle screws would be significantly reduced us-
ing a CAS system [8, 24, 35, 36]. In vivo studies have
confirmed those results [23, 27, 31, 32, 38].

To our knowledge, this is the first study to document
the performance of a conventional spinal CAS system in
the cervical spine. We extrapolated that the accuracy of
these systems would also be sufficient for cervical spine
surgery. The results are not statistically different from
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Fig.1 Specially designed drill guide with adapter for
the tracking system marker star. The drill guide is
also used as pointer for the registration of the verte-
bra

Fig.2 Specimen with dynamic reference base fixed
at the spinous process of C4, while drilling the left
pedicle in C4

Fig.3 Specially designed Kirschner wire guide with
adapter for the tracking system marker star. The
Kirschner wire guide can be opened and removed
from the Kirschner wire even when used percuta-
neously
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other published CAS series relating to surgery in the tho-
racic or lumbar spine (P > 0.10) [5, 7].

We decided to use a drill to prepare the pedicles due to
the reduced friction of a rotating drill compared to a pedi-
cle awl. The reduced friction leads to greater sensitivity in
feeling the bony structures passed while drilling the pedi-
cle as well as in feeling the anterior wall of the vertebral
body. As 2.5-mm drill bits bend a lot during drilling,
which results in reduced accuracy, we designed a drill
guide suitable for the CAS system. This drill guide can
also be used as a pointer, and has a pointer insert, which
means it can also be used for registration of the vertebra.

Our results show that this technique is suitable for pedicle
instrumentation. We had a perforation rate of 8% without
harm to vascular or neural structures. The two pedicle
perforations due to loosening of the dynamic reference
base (DRB) show that the fixation of the DRB at the ver-
tebra should be carefully controlled before every surgical
action. After the third specimen, we controlled the rigid
fixation of the DRB and performed a validation of the
drill guide before each pedicle drilling. In two cases we
observed an inaccurate validation due to displacement of
the DRB. After proper fixation of the DRB and a new reg-
istration of the vertebra, the pedicle holes were drilled
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Fig.4 Screen shot showing the CAS system screen during drilling
of the left-pedicle hole in C4

Fig.5 Example of a CT control scan after drilling of pedicle holes
in C3; the bone screw hole in the spinous process can also be seen
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without perforation. Fixation of a reference on the small
cervical spinous process is a major challenge. As conven-
tional lumbar vertebral clamps are big, they will loosen
more easily. Such fixations will have to be tailored to the
size of cervical vertebrae. As a consequence of this study,
the fixation of the DRB will be optimized in future.

The two minor perforations in pedicles with a width of
less than 4.0 mm point to possible anatomic restrictions.
In our opinion, pedicles with a width of less than 4.0 mm
should not be instrumented with pedicle screws. The pedi-
cle width of C3 averages 4.9 mm in males and 4.5 mm in
females; the minimum width reported is 3.0 mm. The
width of C4 averages 4.7 mm in males and 4.6 mm in fe-
males; the minimum width reported is 3.1 mm [10]. The
pedicle width in C5 and C6 is slightly higher. These ana-
tomic data show that some pedicles may not be suitable
for pedicle screws. Therefore, pedicle width should be
measured preoperatively using CT to prevent iatrogenic
damage, and should be taken into consideration in the pre-
operative planning concerning the type of instrumentation.

In contrast to pedicle instrumentation, transarticular
screw fixation in C1/2 is very common in cervical spine
surgery [17]. The biomechanical stability of C1/2 instru-
mentation with transarticular C1/2 screw fixation is supe-
rior to wiring techniques [15, 16, 47], resulting in lower
non-union rates [11]. Nevertheless, there are potential
risks of iatrogenic damage to the vertebral artery, the
spinal cord or the nerve roots [1, 29, 37, 42]. Furthermore,
the C1/2 joint should be passed, in order that the C1 lat-
eral mass is fixed properly [22]. This is not always easy to
control with the image intensifier [48]. Therefore, the use
of a CAS system may be beneficial. Besides, it may be
difficult to prepare the C1/2 drill hole with a straight drill
in the reduced position of the C1/2 segment due to
anatomical reasons. For these reasons, we have opted for
Kirschner wires to prepare the screw hole. To apply the
Kirschner wires properly, a special Kirschner wire guide
was designed, suitable for the CAS system. The Kirschner
wires placed with the Kirschner wire guide were all posi-

tioned correctly, with perforation of bony structures. As
the full length of the Kirschner wire can not be visualized
with the CAS system, an additional image intensifier
should be used to control the position of the Kirschner
wire at the anterior aspect of C1. As the reposition ma-
neuver is also performed using an image intensifier, this is
no problem. Our data showed that the C1/2 instrumenta-
tion using a CAS system is suitable for the clinical setup.
Compared to the normal technique of placing C1/2 screws
with image intensifiers in two planes, radiation exposure
will be reduced for the patient and the medical staff [40].
Therefore, we recommend the CASprocedure for C1/2 in-
strumentation. If cannulated screws should not be used, a
2.5-mm Kirschner wire or a 2.5-mm drill can be used with
a modified Kirschner wire guide or a drill guide in the
same way as with the pedicle screws.

Conclusions

This study evaluated two types of posterior instrumenta-
tion techniques of the cervical spine in combination with
a CAS system in vitro. The study showed that pedicle in-
strumentations in the cervical spine and transarticular
C1/2 instrumentations can be performed without risk of
iatrogenic damage when using a CAS system and taking
into account potential sources of inaccuracies as well as
anatomic limitations. Our results did not differ signifi-
cantly from other results published for CAS systems used
in the thoracic and lumbar spine. Users should take note
of known sources of possible faults causing inaccuracies,
e.g., loosening or displacement of the dynamic reference,
to prevent iatrogenic damage. Small pedicles with a width
of less than 4.0 mm may not be suitable for pedicle
screws.
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