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Accuracy and Safety in Pedicle Screw Placement

in the Thoracic and Lumbar Spines : Comparison Study
between Conventional C-Arm Fluoroscopy and
Navigation Coupled with O-Arm® Guided Methods

Myung-Hoon Shin, M.D., Kyeong-Sik Ryu, M.D., Ph.D., Chun-Kun Park, M.D., Ph.D.
Departments of Neurosurgery, Seoul St. Mary’s Hospital, The Catholic University of Korea, Seoul, Korea

Objective : The authors performed a retrospective study to assess the accuracy and clinical benefits of a navigation coupled with 0-arm® system
guided method in the thoracic and lumbar spines by comparing with a C-arm fluoroscopy-guided method.

Methods : Under the navigation guidance, 106 pedicle screws inserted from T7 to S1 in 24 patients, and using the fluoroscopy guidance, 204
pedicle screws from T5 to S1 in 45 patients. The position of screws within the pedicle was classified into four groups, from grade 0 (no violation
cortex) to 3 (more than 4 mm violation). The location of violated pedicle cortex was also assessed. Intra-operative parameters including time re-
quired for preparation of screwing procedure, times for screwing and the number of X-ray shot were assessed in each group.

Results : Grade 0 was observed in 186 (91.2%) screws of the fluoroscopy-guided group, and 99 (93.4%) of the navigation-guided group. Mean
time required for inserting a screw was 3.8 minutes in the fluoroscopy-guided group, and 4.5 minutes in the navigation-guided group. Mean time
required for preparation of screw placement was 4 minutes in the fluoroscopy-guided group, and 19 minutes in the navigation-guided group. The
fluoroscopy-guided group required mean 8.9 times of X-ray shot for each screw placement.

Conclusion : The screw placement under the navigation-guidance coupled with O-arm® system appears to be more accurate and safer than that
under the fluoroscopy guidance, although the preparation and screwing time for the navigation-guided surgery is longer than that for the fluorosco-
py-guided surgery.

Key Words : Cervical trauma - Sub-axial injury classification scale - Cervical spine injury - Interobserver agreement - Intraobserver reliability.

INTRODUCTION

Since Magerl'” first placed trans-pediclular screw, pedicle
screw placement has been considered as an indispensable proce-
dure of spine surgery. Pedicle screw placement has been used to
obtain immediate stabilization of the pathologic segment after
surgery while the arthrodesis occurs. For safe placement of
screws, various conventional techniques have been introduced
focusing on the anatomical landmarks, entry point and insertion
angle. However, misplacement rates of conventional techniques
with or without X-ray guidance still have been noted up to 30%
in the lumbar spine and up to 55% in the thoracic spine®****,
Misplacement of screw has a potential to violate neural, vascular,

and visceral structures, which it may cause serious complication.
To improve accuracy of pedicle screw placement, new methods
using computer systems allowing real time image processing
have been explored since early 1990s!10151722:24-2729)
puter-assisted navigated surgery is expected to carry out the pre-
cise placement of instruments by providing real time informa-
tion of unexposed or partially exposed spinal structures.
O-arm® system (Medtronic, CO, USA) is one of the latest in-
traoperative imaging platforms to allow real-time multi-dimen-
sional surgical imaging optimized for orthopedic or spine sur-
geries (Fig. 1). This system could simply interface with the
navigation systems (Stealth Station®, Medtronic, CO, USA) pro-
viding the surgeon with information about the patient’s anato-

. This com-
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my for accurate placement of implants with minimum radia-
tion exposure.

The authors have performed a prospective study to assess the
accuracy and clinical benefits of a navigation coupled with O-
arm® guided method in the placement of pedicle screw in the
thoracic and lumbar spines by comparing with conventional
fluoroscopy guided method since 2008. And, as far as we know,
there has been no report of comparison between conventional
C-arm fluoroscopy and navigation coupled with O-arm® guid-
ed methods.

MATERIALS AND METHODS

Data sampling

From January 2009 to July 2009, the patients who had thorac-
ic or lumbar spine pathology required pedicle screw placement
were enrolled in the present study under a pre-designed con-
trolled protocol. During the first 4 months, pedicle screw place-
ments were consecutively conducted under the fluoroscopy-
guidance, and during the rest 2 months which O-arm® system
was able to use, all surgeries were performed under the naviga-
tion guidance.

Surgical procedures

Single surgeon (K. S. R.) had placed all pedicle screws (Legacy
system®, Medtronic, CO, USA). Posterior incision, muscle dis-
section, decompression and/or interbody fusion were per-
formed in all patients. In the fluoroscopy-guided group, pedicle
screw placement under the conventional fluoroscopy guidance
was carried out. The entry point was defined by determining the
anatomical landmarks such as transverse process, lateral facet
border. The trajectory of screw insertion was confirmed with lat-
eral fluoroscopic imaging. After determining the cancellous part
within the pedicle by using pedicle sounder, sequentially, tap-
ping, and screw placement were performed. The screw diameter
varied from 5.5 to 7.5 mm according to the operated level. Final-
ly, AP and lateral fluoroscopic images were obtained to check
whether the screws were positioned properly or not.

In the navigation-guided group, the reference frame was
clamped to the spinous process of the nearest vertebra to place
the pedicle screws just before introducing O-arm® system to the
radiolucent operation table. After O-arm® system was brought
into the operation field and linked to the navigation system, 3-di-
mensional (3D) computed tomography (CT) images of target
levels were obtained. Ordinary, minimally four segments of the
spine could be checked by single scanning. O-arm® system was
parked to allow maximum space of the surgical field for the oper-
ator and assist. The obtained images were automatically trans-
ferred and registered to the navigation system through a network
connection, and immediate navigation was allowable at the navi-
gation system in the axial, coronal, and sagittal planes. By using a
navigated pointer, ideal entry point and trajectory of pedicle
screws were defined. Preparing entry point with awl, probing,

Fig. 2. Intraoperative photography showing the pedicle screw placement
under the navigation guidance. Ideal entry point and trajectory of pedicle
screws were defined by using a navigated pointer. Preparing entry point
with awl, probing, tapping and screw placement were sequentially per-
formed by using a guider set-up for navigation with a tracking arrayand
following the information of multiplanar images on the navigation display.

tapping and screw placement were sequentially performed by us-
ing a guider set-up for navigation with a tracking array and fol-
lowing the information of multiplanar images on the navigation
display (Fig. 2). The diameter of screw was ranged from 5.5 to
7.5 mm according to the operated level.

Data assessment

By using postoperative high resolution CT scans, the position
of pedicle screws after placement was analyzed. According to
postoperative findings on the CT scan, the position of screw
was classified into four groups : Group A : perfectly within the
pedicle; Group B : violation the cortex less than 2 mm; Group C
: violation the cortex 2-4 mm; Group D : violation the cortex
more than 4 mm®*™. If the cortical violation by screw was no-
ticed, the location of violated pedicle cortex was evaluated. In-
traoperative parameters including preparation time of each im-
age guiding system for screwing procedure, screwing time and
number of total X-ray shots in each screwing procedure were
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Fig. 4. Bar graphs showing mean preparation time for screw placement
and screwing time in each group.

Table 1. Distribution of screws position

Navigation-guided Fluoroscopy-guided
group group
Grade 0 99 186
Grade 1 4
Grade 2
Grade 3 1
Total 106 204

Table 2. Distribution of violated cortex by the misplaced screw

Navigation-guided Fluoroscopy-guided
group group
Superior 1 6
Inferior 4 9
Lateral 2 0
Medial 0 3
Total 7 18
assessed.

Statistical verification was determined using SPSS for Win-
dows (version 11.0.1; SPSS Inc., Chicago, IL, USA). A p-value
<0.05 was statistically significant.

Fig. 3. Bar graphs showing the distribution of the level operated in each group.

RESULTS

Total 69 patients included in the present study. Forty-five pa-
tients underwent pedicle screws placement using the fluorosco-
py. The fluoroscopy-guided groups included 21 males and 24
females (mean age 59.4 years, ranged from 33 to 72). Twenty-
four patients were performed pedicle screw placement using
the navigation. The navigation-guided group consisted of 10
males 14 females (mean age 57.7 years, ranged from 39 to 76).
Fifty-six patients were diagnosed as degenerative spine diseases.
Nine metastatic spine tumors and 4 spine traumas were treated
with pedicle screw placement.

Using the fluoroscopy, 204 pedicle screws were placed from
T5 to S1, and using the navigation, 106 pedicle screws inserted
from T7 to S1. Distribution of the level operated in each group
was shown on Fig. 3.

In the fluoroscopy-guided group, 186 (91.2%) were observed
among in grade 0; whereas in the navigation-guided group, 99
(93.4%). Eighteen screws in the fluoroscopy-guided group vio-
lated the pedicle cortex, and 7 screws in the navigation-guided
group. The distribution of misplaced screws in each group was
listed on Table 1. Statistically, the fluoroscopy-guided group
showed more frequent occurrence of a misplaced screw than
the navigation-guided group (p<0.05, X* test). Regarding the
position of the violated cortex, inferior cortex was most com-
monly involved on each group [the fluoroscopy-guided group; 9
(50%), the navigation-guided group; 4 (57.1%)]. In the fluoros-
copy-guided group, there was no lateral cortex violation, and
no medial cortex violation was observed in the navigation-
guided group (Table 2).

Intraoperative parameters were shown on Fig. 4. Mean prep-
aration time for screw placement was about 4 minutes in the
fluoroscopy-guided, and 19 minutes in the navigation-guided
group. Longer preparation time was required in the navigation-
guided group (p<0.05, t-test). Each screwing time was 1 to 12.8
minutes (average 3.8 minutes) in the fluoroscopy-guided group
and 1.3 to 7.9 minutes (average 4.5 minutes) in the navigation-
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guided group. The navigation-guided group took more time in
screwing procedure (p<0.05, t-test). Mean number of X-ray shot
for each screw placement in the fluoroscopy-guided group was
8.9, while there was no radiation exposure during the screw
placement procedure in the navigation-guided group.

Postoperatively, 5 patients were operated using the fluorosco-
py presented transient leg paresthesia related to misplacement
of screw. Among them, one patients required reoperation for
the reposition of screw. In the meantime, one patient using the
navigation presented transient leg paresthesia correlated with
intraoperative screw malposition postoperatively, which had
been identified and corrected during operation.

DISCUSSION

With advance in computer technology, navigated operative
techniques have been widely applied to various surgical fields. In
instrumented spine surgery, navigated surgery has also evolved
from the conventional surgery under serial radiography or C-
arm fluoroscopy guidance.

Since early 1990s, a number of image guided navigation sys-
tems for the spine surgery have been introduced and clinically
attemptedl—4,5,7,9,10,14,16—18,20,21,23,24,26,27,29). Basically’ most Of those SYS_
tems are CT-based units, which require registering the preoper-
ative CT scans to the navigation workstation. Using skin sur-
face markers for registration was a first try to apply navigation
system in spine surgery. Roessler et al.*, noted the clinical re-
sults of 4 cases of frameless stereotactic navigated spinal surgery
registered using skin surface markers. According to their results,
the average accuracy was over 11.3 mm (range 5-20), thus it
was to abandon the clinical use. Use of anatomical fiducial mark-
ers with dynamic reference array (DRA) has improved the ac-
curacy of registration procedure. The reference frame (anatom-
ical fiducial markers) is directly attached to a bony structure of
the spine, and interacts with DRA. These tools contribute re-
duce the registration error by providing the flexible information
of ever-changing bony anatomy during operation. However,
preoperative CT scans should be obtained with the patient in
one position (usually supine), which would be different to the
real operating position. Dissimilarity between the positions
could make a registration error causing by the alteration of in-
tersegmental relation, then it could increase a risk of inaccurate
placement of instruments. In cases of spinal instability such as
unstable spondylolithesis or traumatic fractures, the disparity of
intersegmental relation would be wider according to the body
positions. In these conditions, the navigated surgery using the
preoperative data would be inaccurate.

Emerging fluoroscopy-based navigation system using the
conventional C-arm fluoroscope is expected to avoid the regis-
tration errors by providing real-time visualization during oper-
ation**. However, the images are limited in two-dimensional,
which do not offer the information of the axial images. Thus, in
cases of severe deformed spine, defining the exact configuration

of the target anatomy by observing only 2-dimensional views
would be difficult. Moreover, fluoroscopy-based procedure does
not assure the reduction of occupational radiation exposure as
much as CT-based navigation.

Kosmopoulos and Schizas'”, had conducted a meta-analysis
of the published literature to compare the accuracy of with-navi-
gation and without-navigation pedicle screw placement in the
human spine. They reported that, in thoracic spine, a median ac-
curacy of the with-navigation subgroup (82.2%) was significant-
ly lower than that of the without-navigation subgroup (94.3%),
although overall accuracy (from cervical to lumbar) of the with-
navigation subgroup was higher than that of the without-navi-
gation subgroup (95.2% vs. 90.3%). In their study, most articles
of the with-navigation subgroup had focused on CT-based or
fluoroscope-based navigation. Regarding those results, the nav-
igated surgery using preoperative CT or fluoroscope is not
comparable to the conventional surgery especially in thoracic
spine.

Recently, 3D fluoroscopy navigation systems have been
merged and clinically used'®***V. These systems are aimed at of-
fering real-time 3D reconstructive images and obviating a need
of a registration procedure by the immediate incorporation with
a workstation. Isocenteric fluoroscopy automatically rotates
around the patient positioned on the operating table, and auto-
mated images acquisition is undertaken. The obtained images
are reconstructed to axial, sagittal, and coronal views, which
provide the detailed information of the pertinent spinal anato-
my of the patient. These images are immediately transferred to
a computer workstation through an Ethernet network, and au-
tomatically registered for navigation procedure, which can save
the time. And, a registration error due to the disparity of inter-
segmental relation between preoperative images and the intra-
operative position of the preoperative CT-based system can be
avoided. Lekovic et al., had compared two image guided tech-
niques (virtual fluoroscope and isocentric C-arm 3D naviga-
tion) in thoracic pedicle screw placement of 37 patients and 277
pedicle screws, and noted that there were no statistical differ-
ences in rate or grade of cortical perforations between groups.
Xu et al.*”, had investigated the accuracy of three types of im-
age-guided pedicle screw insertion (CT-based, 2D fluoroscope-
based, and 3D fluoroscope-based) by a meta-analysis. Accord-
ing to their results, in the thoracic level, 3D-flouroscope based
method obtained a median accuracy of 97.16%, compared with
90.76% for CT-based and 85.48% for 2D fluoroscope-based.
However, although the clinical reports have noted the reliability
of 3D fluoroscope-based navigation, there is still a concern of
that the quality of reconstructive images is not proper to define
the exact spine anatomy, which can reduce the accuracy of in-
strumentation.

O-arm® system is the latest intraoperative imaging system in-
corporating with a flat panel detector, which provides standard
2D fluoroscopic images and multi-planar 3D CT-quality imag-
es. Similar to the 3D fluoroscopy, all images data obtained are
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automatically transferred to the navigation computer worksta-
tion and automatically registered. Comparing with 3D fluoros-
copy, O-arm® system has the several superiorities including high
quality of multi-planar images, larger field of view, and robotic
positioning. This innovative imaging system is expected to en-
hance the accuracy of spine instrumented surgeries.

Silbermann et al*), recently reported the results of compari-
son study for assessment of accuracy in lumbo-sacral spine ped-
icle screw placement between free-hand and O-arm® based nav-
igation techniques. And they noted that the accuracy rate was
94.1% in the free-hand group compared to 99% in the O-arm®
navigated group. In the present study, 93.4% of screws in the
navigation-guided group were perfectly located within the ped-
icle, comparing to 91.2% of screws in the fluoroscopy-guided
group. Moreover, medial cortex violation was more frequently
occurred in the fluoroscopy-guided group. Even in minor error,
medial cortex violation could cause exiting nerve root irritation
or injury. And in the thoracic spine, it can make serious spinal
cord injury. According to the results stated above, it is clear that
the navigation-guided surgery using O-arm® system is more
accurate and safer than the conventional instrumented surgery.

The other major advantage of navigation-guided surgery is to
minimize radiation exposure to the operator and assistants. The
hazard of irradiation has been well-known, and a lot of case re-
ports of occupational irradiation-related malignant tumors
have been stated in the orthopedic or interventional medical
area®!M121416222429) T the present study, mean number of X-ray
shots for each screw placement in the fluoroscopy-guided group
was 8.9, while there was no X-ray shot in the navigation-guided
group. It is definite that the navigation-guided surgery signifi-
cantly reduces the radian exposure to the operating staffs. Oth-
erwise, there would be a concern about the radiation exposure
to the patient. However, the amount of irradiation is only 60% of
ordinary CT scan according to the data proposed by the manu-
factured company (Medtronic, USA), and it is not significantly
harmful to the patient.

In using O-arm® system, there are also several shortcomings.
Long preparation time is one of those. For the full setting O-arm®
system, the machine should be moved to the operation table,
covered with sterile plastic drape, and adjusted to the proper lo-
cation to take images of targeted levels, with connecting to the
navigation computer workstation as well. Carrying out all those
steps could take a long time. In the present study, mean prepara-
tion time for screw placement was about 19 minutes in the navi-
gation-guided group, compared to only 4 minutes in the fluoros-
copy-guided group. At the beginning period, the authors had to
spend more than 30 minutes to set O-arm® system. However, the
setting time is getting shorten, and now it might spend under 15
minutes for full setting. After complete set of the navigation sys-
tem, a screwing procedure did not demand much time. The pres-
ent results of mean screwing time of each group showed 3.79
minutes in the fluoroscopy-guided group, and 4.45 minutes in
the navigation-guided group. Even though there is statistical sig-

nificance, the difference between both groups is not wide.

O-arm® system could provide the largest field of view among
all kinds of intraoperative imaging systems. However, still it is
not enough to operate multilevel surgery. Single scan of O-
arm® system can make the images of maximum 4 levels in the
lumbar spine. Therefore, for the multilevel surgeries, multiple
scans should be required.

The expense of O-arm® system is one of the disadvantages. It
is more expensive than any other navigation system, not to men-
tion C arm fluoroscopy. Furthermore, O-arm® system needs a
radiation shielding, larger operating room which is spacious
enough to accommodate 823x2812x1933 mm sized equipment
and additional staff who was trained to make machine operate
is also needed.

Considering these drawbacks of O-arm® system, it is reason-
able that using this system in inserting pedicle screws at lower
thoracic or lumbar spine is cost-ineffective. Furthermore, the ac-
curacy of fluoroscopy-assisted pedicle screw insertion was
comparable with that of CT navigation®® and even free-hand
technique in lumbar spine was safe and accurate®, it is unbene-
ficial and undesirable to using O-arm® system routinely in all
transpedicular screw insertion cases, especially in lumbar spine.
However, in cervical and upper thoracic spine, pedicle screw
insertion is surgically demanding, risky and it would make sur-
geons and patients be exposed to radiation more frequently ow-
ing to anatomical difficulties such as narrow pedicle diameter
and the vicinity of vital structures. Therefore, it is helpful and
worth high expenses to use O-arm® system in cervical and up-
per thoracic spine, or in the situation of anatomical variation.

Others are common limitations of all navigation guided sur-
gery. It is naturally complicated procedure than X-ray guided sur-
gery. Movement of the reference frame by respiration or muscle
traction can give inadequate information and result in misplace-
ment of implant. And this frame should be fixed on the stable
bony structure such as spinous process or pelvic wing. Because
it is placed within the operation field, sometimes it can disturb
the operation procedure. An operator or assistant may touch
the frame unknowingly during operation, which it can cause
loose connection and movement of the frame from original po-
sition. It can provide wrong navigation information.

Although the present study has the limitations such as a one-
center and a single surgeonss series, and its retrospective nature
in the small cohort, this study could demonstrate that the navi-
gation-guided surgery using O-arm® system is more accurate
and safer than the fluoroscopy-guided surgery in the thoraco-
lumbar pedicle screw placement.

CONCLUSION

The present study demonstrates that the navigation-guided
surgery using O-arm® system could substitute for the C-arm
fluoroscopy-guided one for the pedicle screw placement in the
thoracic and lumbar spines. The screw placement under the
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navigation-guidance coupled with O-arm® system appears to
be more accurate and safer than that under the fluoroscopy
guidance, although the preparation and screwing time for the
navigation-guided surgery is longer than that for the fluorosco-
py-guided surgery. Reduction of radiation exposure must be
the most important advantage of navigation coupled O-arm
guided method. Further larger series of prospective study is
necessary to determine the comparability of the navigated spine

surgery using O-arm

®

system.
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