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Abstract This study demonstrated that frameless stereo-
taxy can be applied safely to cervical disorders caused by
rheumatoid arthritis (RA). Sixteen patients with cervical
instability including atlantoaxial instability due to RA un-
derwent instrumentation surgery under an image-guidance
system from February 2000 through May 2001. Neural and
vascular injuries were evaluated, and postoperative com-
puted tomography (CT) was used to determine the accuracy
of screw placement. There were no neurovascular complica-
tions, and screw placement was highly accurate. Image-
guidance systems are useful tools for preoperative planning
and application of transarticular and pedicular screw place-
ment in the cervical spine of patients with RA.
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Introduction

Cervical disorders caused by rheumatoid arthritis (RA) in-
clude atlantoaxial (C1/2) instability and subluxation in the
mid- and low-cervical spine. These conditions sometimes
cause myelopathy, severe pain, or both, either of which
impairs the quality of life of RA patients.1 In such cases
surgery may be indicated. Posterior procedures using wiring
or hook systems have been employed, but they sometimes
result in loss of reduction or nonunion.2,3 C1/2 transarticular
screws have been adopted by many surgeons to achieve
C1/2 stabilization, and pedicular screws have also become
an option to achieve occipitocervical and intercervical sta-
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bilization.4,5 Both techniques provide greater biomechanical
stability than conventional posterior fusion methods,6,7 but
these procedures are technically demanding and pose the
potential risk of neurovascular injuries.8–10

Frameless stereotactic technology was first designed for
intracranial surgery for guidance of unseen lesions. An
image guidance system for spinal surgery was developed
for installation of pedicle screws in the lumbar spine. The
principle of this system is that the anatomy of the patient
is related precisely to the image data, making it possible to
achieve preoperative surgical planning and intraoperative
monitoring of the three-dimensional positioning of the sur-
gical field in real time. Using this system we can make a
preoperative surgical plan of the screw trajectory; and the
intraoperative screw position can be confirmed in the vir-
tual field on the computer screen. To improve the accuracy
of screw placement in the cervical spine of patients with
RA, we have adopted an image-guidance system and herein
report the usefulness and the limitations of this technique.

Materials and methods

From February 2000 through May 2001 a total of 16 patients
with cervical disorders due to RA were treated surgically
using the image-guidance system. There were 11 women
and 5 men with a mean age at the time of surgery of 62 years
(range 49–74 years). The cervical disorders were atlanto-
axial instability in 15 and subaxial instability in 1. All the
patients had a myelopathy, and two had severe neck pain.
According to the Ranawat classification,1 the neurologic
deficits were class 2 in three, class 3A in eight, and class
3B in five. Twelve patients underwent C1/2 transarticular
screw fixation (Magerl’s procedure)4; three underwent
occipitocervical fusion combined with C1/2 transarticular
screws using the Olerud cervical system (Nord Opedic,
Askim, Sweden); and one patient underwent posterior in-
strumentation with pedicular screws using the Olerud cervi-
cal system at the cervicothoracic junction. All patients had
autogenous iliac bone grafts. They were allowed and en-
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couraged to stand 1 week after surgery and wore a simple
cervical collar 3–4 months after surgery.

We used a frameless stereotactic image-guidance system
(Stealth Station; Sofamor Danek, Memphis, TN, USA) for
correct screw fixation of the cervical spine (Fig. 1). Pre-
operative computed tomography (CT) scans (1.25-mm axial
slices) with contrast medium in the cervical spine of the

patient were obtained (Light Speed QX/i; GE, Fairfield,
CT, USA). The data were translated to the computer
workstation of the system to reconstruct two- and three-
dimensional images of the vertebrae and the vertebral
artery, which was shown using contrast medium.

A surgical plan in which 4mm diameter screws were
set to pass the pedicles was devised before surgery on the
computer monitor image (Fig. 2). For C1/2 transarticular
fixation, C2 was the planned target because the vertebral
artery is located close to the course of the screwing (Fig. 3)
and the intraoperative spatial relation of C1 to C2 is differ-
ent in the surgical field from that in the computer field. As
reported in Magerl and Seemann’s original article,4 the vir-
tual entry point of a screw was created at the caudal edge of
the C2/3 joint. The exit point from C2 was located in the
dorsal half of the upper joint surface to avoid the vertebral
artery. For pedicular screwing in the vertebrae below C2, a
surgical plan of the screw trajectory was devised for each
vertebra to which a screw was to be inserted. As Abumi
et al. reported,5 the virtual entry point was slightly lateral
to the center of the articular mass and close to the inferior
margin of the inferior articular process of the cranially adja-
cent vertebra. The insertion angle in the sagittal and coro-
nal planes and the length of screwing were determined in
the virtual field on the computer screen.

A posterior approach was employed for all cases. For
C1/2 transarticular fixation, C1–4 laminae were exposed.
Two small stab wounds were made at the cervicothoracic
junction to provide the optimal trajectory for screw inser-
tion, if necessary. For occipitocervical fusion, the occipital

Fig. 1. Operative setup of the image-guidance system. The infrared
camera is positioned at the cranial end of the patient (arrow). The
probe with light-emitted diodes (arrowhead) is tracked by the infrared
camera system, and the position of the probe is displayed on the
computer monitor screen

Fig. 2. Computer display shown
at surgery. The position of the
device and surgical plan are
shown in four views. The wide
white arrow indicates the
position and direction of the
device, and the narrow gray
arrow indicates the planned
screw trajectory
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protuberance to the lowermost cervical fusion vertebra was
exposed.

The surgical reference frame was attached intraopera-
tively to the spinous process of C2 for C1/2 transarticular
fixation or each spinous process of the vertebra for pedicu-
lar screw insertion. Registration was performed by identify-
ing four or five points on the vertebra in the surgical field
and the corresponding points on that vertebra on the moni-
tor. More precise matching was obtained by indicating 30 or
more randomized points on the surface of the posterior
elements of the vertebra with the probe (surface registra-
tion). If the considered complete accuracy calculated by
this computer system was within 1mm, registration was
concluded. The system then allowed the surgeon to proceed
with preparation of the pilot hole. The positions of the
entrance holes for screws were made by an air drill, and
the holes were deepened by a pedicle probe according to
the planned screw trajectory shown by the navigation probe
with light-emitting diodes on the monitor screen. For
pedicular screwing below C2, a 4.0-mm self-tapping screw
of appropriate length was inserted into the hole under guid-

ance of the computer system. For transarticular fixation of
C1/2, a Kirchner wire was inserted into the hole. An intra-
operative X-ray image was used when this wire was inserted
into the atlas, which was repositioned by manually pushing
the C2 spinous process forward. The target point for this
wire was the anterior arch of C1 seen on the fluoroscope
screen; and the length of the screws was determined by
measuring the inserted wire. Self-tapping cannulated tita-
nium screws 4mm in diameter were then inserted under
computer guidance with simultaneous fluoroscopy.

Transverse and sagittal sections were generated to evalu-
ate screw positions with postoperative 1.25-mm slice CT
scans. Screw positions were graded into three groups: grade
1, perfectly placed screws; grade 2, partial cortical perfora-
tions lower than 2mm; grade 3, all perforations larger than
2mm.11

Results

The mean fiducial error at the intraoperative registration
ranged from 0.3 to 0.8mm (average 0.5mm). A total of
38 screws, including 30 C1/2 transarticular screws and 8
pedicular screws, were inserted using frameless stereotaxy.
There were no neurovascular injuries. All 38 screws were
exactly inserted inside the pedicles without perforating the
bone cortex of the pedicles and so were evaluated as grade
1 (Fig. 4). No instrumentation failure, loss of reduction, or
nonunion had occurred at the final follow-up (average 9
months; range 6–20 months). The myelopathy had been
alleviated in all patients.

Discussion

Transpedicular screw fixation including C1/2 transarticular
screw fixation is biomechanically superior to other conven-
tional procedures using wiring or clamping.4–7 Both C1/2
screw placement and pedicular screwing in the subaxial

Fig. 3. Spatial relation of the planned screw trajectory (white bars) in
regard to the vertebral artery, which is located close to the course of
screwing at the cranial end of C2 (arrowheads)

Fig. 4. Postoperative computed
tomography (CT) scan of C1 and
C2 in a 73-year-old man with
transarticular fixation between
C1 and C2. The transarticular
screws correctly pass through the
pedicle of C2
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cervical spine depends on anatomic landmarks and intraop-
erative fluoroscopy. However, because anatomic landmarks
are not always reliable, especially when the vertebral artery
runs an abnormal course, screw placement has a poten-
tial risk of neuro-vascular injury. Clinical reports on C1/2
transarticular screw fixation have indicated that screw mis-
placement occurred in up to 15% of patients and injury to
the vertebral artery in 2%–4%.6–9

It is difficult to evaluate the abnormal position of the
vertebral artery by conventional two-dimensional images
including CT scans, magnetic resonance imaging (MRI),
and angiography. Moreover, the bony structure of the ver-
tebrae of Japanese patients with RA is generally small and
osteoporotic, and in such cases the risk of vertebral artery
injury increases if fluoroscopy alone is used. One option to
reduce this risk is image-guided surgery. Surgical planning
with the computer-guidance system allows better recogni-
tion of the complex three-dimensional anatomy of the cer-
vical spine in RA patients. The optimal screw trajectory can
be planned on the computer screen prior to surgery; and
by matching the surgical field with the virtual field on the
screen, surgeons can insert screws according to the preop-
eratively planned optimal trajectory.

The usefulness of computer assistance for pedicle screw
installation in the thoracic and lumbosacral areas has been
reported.11 The accuracy of a computer-assisted image-
guidance system for correct pedicle screw fixation of the
cervical spine has been confirmed in laboratory tests,12 but
its clinical results in RA patients have not yet been clarified.
The current study was not large, but the results of surgery
under the image-guidance system were encouraging. Use of
this system in cervical instrumentation surgery for RA pa-
tients can aid in reducing the risk of screw misplacement.

At the time of preoperative CT examination, complete
reduction of C1/2 subluxation by positioning is difficult.
Hence the intraoperative spatial relation of C1 to C2 and
possibly the course of the vertebral artery outside the C2
vertebra are different in the surgical field from that seen in
the computer field. Therefore, the area of navigation during
C1/2 transarticular fixation is limited to C2. Fluoroscopy is
essential to confirm the position of C1. It is hoped that
development of more sophisticated software will permit
navigation of all mobile segments. Another limitation of the

image-guidance system is that achieving perfect installation
of screws according to the preoperatively planned optimal
trajectory requires complete handling of hardware includ-
ing a pedicle probe and motor system. Robotic surgery for
screw installation may be an option in the near future.
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