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Accuracy and Safety of the Placement
of Thoracic and Lumbar Pedicle
Screws Using the O-arm Intraoperative
Computed Tomography System and
Stealth Stereotactic Guidance
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In this retrospective review, the authors bring to light the technologic advances
that have resulted in 100% acceptable pedicle screw placement in the lumbar spine without
the need of the patient’s return to the operating room.

lacement of lumbar and tho-

racic pedicle screws must be

performed precisely to avoid

nerve root injury, cerebrospi-
nal fluid leak, or inadequate screw
fixation leading to dislodgement.
Even with extensive experience
and careful fluoroscopic guidance,
the surgeon will have a percentage
of screws violate the cortex, some of
which will require revision.! Often,
the error is not discovered until post-
operatively and requires reoperation
to correct the problem.? With the
advent of intraoperative computed
tomography (CT) scanning with the
O-arm® Surgical Imaging System (O-
arm) and the StealthStation® surgical
navigation system (Medtronic, Inc.,
Minneapolis, Minnesota), verifying
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screw placement on the operating
table and correcting the position of
any imperfect placement before the
end of the procedure is now pos-
sible. This review contains the re-
sults of consecutive pedicle screw
fusions of the thoracic and lumbar
spines performed by a single surgeon
in the first 18 months since acquisi-
tion of the O-arm device at the Port-
land Veterans Affairs Medical Center
(PVAMC).

METHODS

For 1- or 2-level fusions, the follow-
ing paramedian technique was most
often used. For longer constructs,
open midline incisions were most
often used. After establishment of
electromyography (EMG) moni-
toring of the lower extremities, pa-
tients were positioned prone on a
Mizuho OSI Jackson Table (Union
City, California). All Stealth-guided
instrumentation, including probes,
pedicle awls, taps, and screwdrivers,

were registered to the Stealth system
by the scrub technician. After skin
preparation and sterile draping of
the patient, if the intended fusion
was below the L3 level, the sterilely
draped O-arm was used as a fluoro-
scope to establish the location of the
medial aspect of the right iliac crest.
With care to avoid the cluneal nerves,
a 1-cm skin incision was made, and
the guide tube for the Stealth antenna
was impacted into the iliac crest with
fluoroscopic guidance.?

It was important to angle the
guide tube medially and inferiorly
so the antenna did not overhang the
skin incision on the ipsilateral side
or positioned such that the surgeon’s
hands or instrumentation would
obstruct the view of the antenna by
the infrared camera. A Jamshidi®
needle was then passed down the
guide tube and used to harvest bone
marrow blood used to soak the fu-
sion grafts. The Stealth antenna was
then impacted into the iliac crest. Be-
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cause the fusion was to be at L3 or
above, to keep the antenna close to
the working area, the Stealth antenna
was attached to an appropriate spi-
nous process through a small midline
incision. Anterior, posterior, and lat-
eral fluoroscopic images were then
obtained to center the subsequent CT
scan on the appropriate anatomy. The
surgical team then briefly exited the
operating room while a CT scan was
obtained, taking 13 or 26 seconds in
regular or high-definition mode. The
CT was transferred automatically to
the StealthStation, and no further
registration was required.

A Stealth probe was then used to
localize the skin incisions over the
midpoints of the transverse processes
or sacral alae. For a single-level fu-
sion, a 5-cm incision was made and
carried sharply through the lum-
bodorsal fascia. Blunt dissection
with a finger was used to split the
paraspinous muscle fibers longitudi-
nally and palpate the transverse pro-
cesses, the identities of which were
confirmed with the Stealth probe.
Dilators from the Minimal Exposure
Tubular Retractor (METRx®) Sys-
tem (Medtronic, Inc.) retractor set
were then used to place the vertical
MAST QUADRANT™ (Medtronic,
Inc.) Retractor System. Fiber optic
light sources were occasionally at-
tached, but the expense of these dis-
posables resulted in less use of this
adjunct. A horizontal retractor was
then placed with a blade 2-cm longer
on the lateral side at the level of the
transverse processes rather than the
medial side, which was at the level
of the facet. The microscope was
brought in to aid the assistant sur-
geon in seeing into the wound. The
transverse processes and lateral fac-
ets were denuded of soft tissue. The
Stealth probe was used to identify
the appropriate screw entry points. A
small cutting bur was used to make

Figure 1. Actual screen capture from the O-arm/Stealth showing refor-
matted computed tomography images in the axial plane of the screws
with associated sagittal and coronal images.

a pilot hole at this point. The pilot
hole location was verified with the
Stealth probe. An active pedicle awl
was used early in this series but later
abandoned as unnecessary. A Stealth-
guided tap of appropriate size was
then used to tap the pedicle and body
under continuous image guidance.
The hole was palpated for breeches
with a ball-tip probe and electrically
stimulated up to 30 mA. Depth mea-
surements were taken, and the ap-
propriate length screws were placed
with a Stealth-guided screwdriver.
Care was taken to ensure that the
screw was affixed to the screwdriver
without angulation, or an error could
be introduced. The screws were elec-
trically stimulated again. The wound
was copiously irrigated, and the re-
tractor left in place.

Attention was then turned to the
contralateral side, where the identi-
cal process was repeated. When all
the screws were placed, the patient
was covered with 2 longitudinally di-
rected half sheets, leaving only the
Stealth antenna protruding between
the sheets. A clear fluoroscopy drape

was cut open and placed over the
field to cover the antenna, which al-
lowed it to be tracked by the Stealth
camera. The O-arm was then used
without draping it to obtain another
scan verifying the screw locations.
After the scan was acquired, multipla-
nar images were reviewed after tilting
or rotating the images so the screws
were entirely within the plane of the
images on axial, coronal, and sagit-
tal images (Figures 1, 2, and 3). Rods
and bone graft fusion constructs were
then placed in routine fashion, and
the wounds were closed with absorb-
able sutures.

RESULTS

Over an 18-month period ending Oc-
tober 2013, 48 patients underwent
lumbar or thoracolumbar fusion pro-
cedures as described earlier by a sin-
gle surgeon:

¢ One procedure was for trauma
and involved a T11 to L3 fusion

* Two procedures were for malig-
nancy or infection involving 6 and 8
levels of instrumentation

¢ Thirty-eight procedures were for
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Figure 2. Axial (left) and coronal (right upper) and sagittal (right lower)

intra-operative O-arm CT scan reformatted to the plane of the screws.

symptomatic spondylolisthesis, re-
fractory foraminal stenosis, or repair
of a symptomatic pseudarthrosis after
a posterior interbody fusion with
cages done elsewhere

e Thirty-eight procedures were
single-level fusions; 7 were 2-level fu-
sions; 1 was a 5-level fusion; and 2
were 6- and 8-level fusions

A total of 232 pedicle screws were
placed. In no case was any screw re-
moved or replaced for malposition-
ing on intraoperative CT, indicating
a high degree of accuracy with this
system using imaging in the position
of surgery and the Stealth stereotactic
system. Three screws were carefully
inspected and determined to be ac-
ceptable but very close to the corti-
cal margin. Stimulation of the screws
produced no unacceptably low am-
perage thresholds (< 10 mA). Loss of
registration on the contralateral side
was noted in 2 cases when the land-
marks indicated by the Stealth probe
did not correlate with the surgeon’s
anatomical knowledge. This was
corrected by repeating the CT with
restoration of anatomic correlation.
Technical problems with the O-arm

delayed 3 cases, but in no case did
the device fail to operate after prob-
lems were corrected. There were no
wound infections, no new neurologic
deficits, and no transfusions. A single
patient was returned to the operat-
ing room for what was recognized
as a sterile fluid collection related to
bone morphogenetic protein. Operat-
ing time for a single-level fusion was
about 150 minutes; additional lev-
els added about 30 minutes each to
the procedure. Hospitalization for a
single-level elective fusion averaged
1.8 days.

DISCUSSION

In 1993, a survey of 617 cases de-
scribed a rate of unrecognized pedi-
cle screw misplacement of 5.2%.% By
2010, in a review by Sansur and col-
leagues of 10,242 surgeries for spon-
dylolisthesis, there were 75 (0.7%)
implant-related complications, not
otherwise defined.! There were 118
neurologic complications, of which
at least 26 (0.25%) resulted in an
implant removal.! Very high rates
of screw placement accuracy can be
achieved. Idler and colleagues re-

Figure 3. Anterior, posterior, and
lateral plain X-rays of the fusion
construct shown in Figure 1.

ported that 5 of 326 screws breeched
the cortex, all by < 2 mm, for an ac-
curacy of placement of 98.5%; no
neurologic problems resulted.’
Robotic-assisted pedicle screw
placement of 3,271 screws was re-
ported to result in a 98% acceptable
placement rate with no permanent
neurologic morbidity.® Alternatively,
free-hand placement without fluoros-
copy of 6,816 screws in 964 patients
over 7 years has been reported.”
One-hundred fifteen screws (1.7%)
breeched the pedicle in 87 patients
(9.0%); 8 patients (0.8%) required
revision surgery for malpositioned
screws.” However, not all recent re-
search have reported a rate this low.
In a review by Lotfinia and col-
leagues of postoperative CT scans,
247 pedicle screws were inserted in
53 patients.? Lateral screw misplace-
ment was observed in 59 screws
(23.9%) and medial pedicle wall vio-
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lation in 28 screws (11.3%). Of the
87 misplaced screws, 41 cases were
classified as minor (cortical perfora-
tion < 2 mm), 41 cases as moderate
(2.1 mm to 4 mm), and 5 cases as se-
vere penetration (> 4 mm).? Nerve
root injury with radicular pain and
neurologic deficits was observed in
8 patients with malpositioned screws
(15.1% of all patients).? Other re-
ports have suggested pedicle screw
misplacement rates of 4.2% in de-
generative spine disease and up
to 25% in scoliosis procedures.® In
a review of 4,570 pedicle screws in
1,666 adolescent patients with sco-
liosis, the screw malpositioning rate
when determined by CT was as high
as 15.7%.° In the thoracic spine,
both in clinical and cadaveric stud-
ies, pedicle cortex violation has been
reported in 10% to 50% of screws
when guided by anatomic landmarks
or fluoroscopy.'® A recent review of
transforaminal lumbar interbody
fusions at the University of Pitts-
burgh in Pennsylvania reported a
2.1% rate of symptomatic screw mis-
placement. "

Use of intraoperative electrophysi-
ologic monitoring has been useful in
detecting nerve root impingement
by pedicle screws and may improve
the safety of surgery.!*!*> As reported
by others, it has been this author’s
experience that high-stimulation
thresholds can be misleading, with
a significant false negative rate. The
only reliable result seems to be a very
low stimulation threshold, eg, lower
than 8 mA, which usually heralds a
cortical breech and deserves careful
investigation. Gunnarsson and col-
leagues noted that intraoperative
EMG activity in a series of 213 pa-
tients was 100% sensitive but only
28.6% specific for new postoperative
neurologic deficit.'?

In another recent report by Oer-
tel and colleagues, which described
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the use of O-arm and Stealth tech-
nology, 278 screws were placed in
139 vertebrae.'* Pedicle perforations
were noted in 3.2% of all the screws
and in 12.5% of 40 percutaneously
placed screws, but criteria for calling
a breach were very liberal. No neu-
rologic injuries were incurred, and
no returns to the operating room
were required. Oertel and colleagues
pointed out that O-arm advantages
included imaging the patient in the
position of surgery, no need for ad-
ditional registration, and relatively
high-quality imaging. They attributed
some inaccuracy to wiggling at the
interface of the Stealth-guided screw-
driver and polyaxial screws.

In this study, the authors did not
find that the use of the O-arm slowed
down surgery. The machine was
mobile and in the same fashion as
a C-arm required no remodeling of
the operating room for use. Obtain-
ing the initial scan was rapid, and no
further registration was required to
begin the procedure. The O-arm may
then be moved to another operating
room for parallel use if needed.

Use of Stealth-guided instrumen-
tation avoided the need for additional
fluoroscopy during the procedure,
both for verifying the levels exposed
by minimally invasive techniques
and for screw placement, saving both
time and radiation exposure to the
operating room personnel. Avoiding
redraping of the O-arm for the con-
firmation scan also saved time and
expense. It was critical to position
the Stealth antenna in such a way
that the surgeon’s hands and instru-
ments did not obstruct the view of
the antenna by the infrared camera.
Reformatted imaging after screw
placement, which fully visualized the
screws in the axial, sagittal, and coro-
nal planes, was very useful in assess-
ing potential cortical breaches.

A quality and cost review of a re-

turn to the operating room for re-
vision of misplaced pedicle screw
cases at the Oregon Health and Sci-
ence University in Portland, Or-
egon, from 2009 to 2011 revealed
11 cases. These 11 cases resulted in
gross charges of $507,721, and in the
10 cases for which a payment was
made, there were subsequent collec-
tions of $269,070.

CONCLUSION

The data presented here indicate that
the O-arm and Stealth technology
can result in 100% accuracy in ped-
icle screw placement in the lumbar
spine with no need to return to the
operating room for screw impinge-
ment on nerve roots or screw place-
ment outside the pedicle or vertebral
body. Intraoperative CT has also been
reported to be useful and cost-effec-
tive in detecting cervical spinal in-
strumentation misplacement. If
payers soon cease to compensate
hospitals and surgeons for complica-
tions, then it will become critical to
avoid symptomatic misplaced pedicle
screws. With the array of currently
available technology, returning to the
operating room for misplaced pedicle
screws could soon become a very rare
procedure. @
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