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Objective: Evaluate the accuracy of computer-assisted pedicle screw placement in patients with degenerative lumbrosacral
spine using single-time, paired point registration alone technique in combination with the surgeon s experience.

Material and Method: A computer-assisted pedicle screw insertion in lumbrosacral spine were performed in 62 consecutive
patients (363 screws) using single-time, paired point registration without surface matching. After finding the entry point and
trajectory of the pedicle under image guidance, the surgeon then inserted pedicle screws by his experience. Postoperative
DynaCT scans were obtained and interpreted by two neuroradiologists. The Kappa statistic was used to measure the degree
of interobserver agreement. The screw position was graded as follows: Grade A = entirely within the pedicle; B = medial or
lateral pedicle wall breach less than 2 mm,; C = medial or lateral pedicle wall breach equal to 2-4 mm; D = medial or lateral
wall breach more than 4 mm. Clinical outcomes including a numeric pain score, neurologic symptoms, and complications
were reviewed from all charts of patients. Additionally, the registration error, registration time, screwing time, and estimated
blood loss were analyzed.

Results: A total of the 363 pedicle screws, the first neuroradiologist interpreted grade A in 95.6%, grade B in 4.1% and grade
Cin 0.3%, while the second neuroradiologist interpreted grade A in 95.3%, grade B in 3.6%, and grade C in 1.1%. There
was no incidence of grade D in this present study. No neurologic or vascular injuries occurred from pedicle screw placement.
The mean registration error was 1.54 + 1.28 (range, 0.9-2.5) mm with the mean time required for the registration process
for each patient was 3.64 + 1.92 (range, 2-8) minutes. The mean screwing time for each patient was 20.29 + 9.44 (range,
13-40) minutes. The mean pain score improved from 6.45 + 1.74 points preoperatively to 3.04 + 0.82 points postoperatively.
In the radiculopathy group, motor power gradually improved in all patients.

Conclusion: The use of single-time, paired point registration without surface mapping combined with surgeon s perception
for computer-assisted pedicle screw insertion has proven to be a safe and effective technique in degenerative lumbrosacral
spine. The author's technique did not rely solely on the image guidance. However, the navigation system would be very
beneficial to improve decision-making, especially in surgery of patients with distorted spinal anatomy. Besides, this technique
may decrease the overall operative time without compromise the accuracy of pedicle screw placement.
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Pedicle screw placement in lumbar and sacral
spine has widely been accepted by worldwide spine
surgeons to achieve solid fusion. Even though pedicle
screws were implanted by experienced surgeons with
anatomical landmarks and intraoperative fluoroscopy,
there still was a problem of pedicle screw misplacement,

Correspondence to:

lampreechakul P, Department of Neurological Surgery, Prasat
Neurological Institute, Bangkok 10400, Thailand.

Phone: 0-2354-7075

E-mail: bangruad@hotmail.com

J Med Assoc Thai Vol. 94 No. 3 2011

causing neurologic complication>. In vitro study to
access accuracy of spinal pedicle fixation under
fluoroscopy control in two planes, Weinstein et al®
reported 21% of misplacement rate with 92% of
cortical perforations within spinal canal. Also Castro
et al®, in vivo and vitro study using CT scan for
assessment of accuracy of pedicle screw placement,
showed a misplacement rate of 25% in cadavers and
up to 40% in the patient group.

After introducing anatomical landmarks on
the posterior aspect of the spine as fiducial points,
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which are easily distinguishable in both image space
and physical space, combined with a dynamic reference
frame (DRF) attached to the spinous process'”, spinal
image guidance has been developed and used to
improve the accuracy and safety of pedicle screw
placement. Although many studies published better
results of image-guided spinal surgery compared with
conventional technique*'Y, many spine surgeons
have not accepted this technology into their practice.
The major reason is time-consuming due to the
registration process, matching between the image-
based anatomy and the exposed operative anatomy.
There are two basic techniques used for the
registration process in computer-assisted spinal
surgery including paired point matching alone and
paired point matching supplemented with surface
matching!"?. Paired point registration begins with
selection of a minimum of three fiducial points on
the workstation 3D image and mapping them with
precisely identify points in operative field, whereas
surface registration is accomplished by touching
multiple random anatomic points on the posterior
vertebral segment. Surface matching technique
certainly adds time for the registration and eventually
lengthens the entire operative time*'?. Furthermore,
registration can be divided into single-level vertebral
registration for the whole spinal navigation*!?,
single-time registration for whole interested
vertebrae'¢!? and separate registration for each
vertebra!*!317-20 " Separate registration technique is
performed for each instrumented vertebral level to
minimize the problem of discrepancies in patient
position between preoperative CT scans (supine) and
intraoperative position (prone). Nevertheless, this
technique can lengthen the registration and total
operative time. Although image-guided spinal surgery
is useful for pedicle screw placement, it is not a
substitute for anatomical knowledge and surgical
experience but rather serves as an adjunct to the
surgeon’s judgment and technical skill*1621-23) In the
present study, the authors modified the technique as
simple as possible by avoiding surface and separate
registration. The purpose of the present study was to
define the accuracy of computer-assisted pedicle screw
placement using single-time, paired point registration
alone technique in combination with the surgeon’s
experience.

Material and Method

Between December 2006 and October 2008,
the authors studied 62 consecutive patients who

338

underwent lumbar or lumbrosacral fusion with pedicle
screws for degenerative conditions of the spine at
Prasat Neurological Institute. This present study
protocol was approved by the ethics committee of
Prasat Neurological Institute. All of the patients
were operated on by the single surgeon (PI). The
StealthStation Navigation System (Medtronic SNT,
Louisville CO, USA), which is the optical tracking
system, has been used in Prasat Neurological Institute
since August 2004. CT scans (Asteion, Toshiba,
Tokyo, Japan) of the vertebra to be instrumented
were obtained prior to surgery in all patients with the
protocol consisting of contiguous, non-skipped axial
slices with constant slice thickness of 2.0 mm. The
image data were transferred to the computer workstation
of the surgical navigating system via a compact disc.
At least six to ten fiducial points at the tip of spinous
processes and the tip of transverse processes were
selected by covering the whole instrumented surgical
area on the workstation monitor displaying in axial,
coronal, Sagittal and 3D reconstruction images (Fig. 1A).
All patients were positioned prone on a Wilson frame
adjusted to maintain lumbar lordosis (Fig. 1B). After a

Fig. 1

(A) 3D reconstructed image on workstation
monitor showed nine fiducial points at the tip of
spinous processes and the tip of transverse
processes were selected by covering the whole
instrumented surgical area. (B) Prone position of
the patient on Wilson frame. (C) The surgeon was
using registration probe (straight arrow) on the
spine of patient, attached with dynamic reference
frame (curved arrow). (D) The surgical assistant
was working via the touch screen monitor
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standard exposure of the spinal level to be instrumented
was performed, a DRF equipped with light-emitting
diodes (LEDs) was attached to the spinous process of
arostral vertebra (Fig. 1C). A camera array was moved
for proper distance to locate the spatial position of
LEDs on the reference frame and the registration probe.
The surgical assistant controlled the workstation
monitor, covered by a clear, sterile drape, via touch
screen monitor without any technician (Fig. 1D). Paired
point matching was completed by introducing a
registration probe equipped with five LEDs to touch
the anatomical landmarks on the exposed spine that
corresponded to the chosen registration points. A
registration error in millimeters was calculated on the
workstation monitor by accepting this error of less than
3 mm. After successful registration process, spinal
navigation was verified by touching several identifiable
points on the patient vertebra, ensuring that these
points correspond to the points on the computer
workstation. Combining with anatomical technique by
the surgeon’s experience, multiplanar image guidance
was used to assist to find the proper entry point and
trajectory of the pedicle by the registration probe
(Fig. 2). The posterior cortex of the entry point was
then removed by a rougeur and made a pilot hole with
an awl. The entry point and trajectory of the pedicle
were checked again by the registration probe. The
pedicle probe was advanced to create a path through
intrapedicular cancellous bone following with a tap
device without using image guidance anymore. Screw
diameter and length were estimated by the surgeon’s
perception. Before insertion of the pedicle screw, a ball-
tipped feeler was always used to confirm the integrity
of the pedicle wall. All of the pedicle screws of each
patient were placed under the same registration. CD
Horizon M8 (Medtronic Sofamor Danek USA), screws
diameter 5.5-7.5 mm, length 35-45 mm and rod diameter
5.5 mm were used in all cases. Screw positions were
verified with fluoroscopy postoperatively with only
one or two shot exposure.

DynaCT scans (AXIOM Artis FD Biplane
Angiosuite; Siemens Medical Solutions, Erlangen,
Germany), obtained on all patients for revealing the
screw position postoperatively, were analyzed by two
independent neuroradiologists, interpreting multiplanar
and 3D reconstructed image on 3D workstation
(Leonardo workstation; Siemens Medical Solutions,
Malvern, Pa) using InSpace software (Siemens Medical
Solutions) equipped with a measuring device accurate
to 1 mm (Fig. 3). The screw position was graded as
follows, Grade A = entirely within the pedicle, B =medial
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or lateral pedicle wall breach less than 2 mm, C = medial
or lateral pedicle wall breach equal to 2-4 mm and
D =medial or lateral wall breach more than 4 mm. The
degree of interobserver agreement was measured using
the kappa statistic. All charts of patients were reviewed
for preoperative and postoperative numeric pain score
(0= no pain, 10= worst pain), neurologic symptoms,
estimated blood loss, and complications. Additionally,
registration error, registration time, and screwing time
were analyzed. The data was analyzed using SPSS-
version 16. Descriptive statistics in term of frequency,
mean + standard deviation, and range were used to
report all results.
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Fig.2  Workstation screen demonstrated navigation for

left L3 under multiplanar plane

Fig. 3

Multiplanar and 3D reconstructed image of
DynaCT scans showed satisfactory position of
pedicle screws
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Results

There were 18 men and 44 women with a
mean age of 58 + 9 (range, 39-76) years. Their
diagnoses included spondylolisthesis in 43 patients,
degenerative scoliosis in nine, spinal stenosis in four
and spondylolisthesis post lumbar surgery in six.
For previous surgery cases, the diagnoses included
spondylolisthesis post laminectomy in three and
adjacent segment disease post pedicle screw
placement in three. The mean follow-up period was
17.63 + 4.67 (range, 10-24) months. Three hundred
sixty three pedicle screws were placed including four
in the right L1 level, five in the left L1, 12 in the right
L2, 12 intheleft L2, 39 in the right L3, 39 in the left L3,
59 in the right L4, 59 in the left L4, 59 in the right L5,
59 in the left LS, eight in the right S1 and eight in the left
S1. Single-level pedicle screw insertion was performed
in 19 patients, two-levels in 27, three-levels in nine,
four-levels in five and five-levels in two.

Postoperative DynaCT scans revealing screw
position were reviewed by two neuroradiologists
(Table 1, 2). For the three hundred sixty three pedicle
screws, the first neuroradiologist interpreted grade A
in 95.6%, grade B in 4.1%, and grade C in 0.3%, while

the second neuroradiologist interpreted grade A in
95.3%, grade B in 3.6%, and grade C in 1.1%. There was
no incidence of grade D in the present study. The rate
of pedicle violation (combined Grade B, C, and D)
evaluated by the first and second neuroradiologist
were 4.4 and 4.7%, respectively. There were three
medial pedicle breaches in grade B and one in grade C
reported by the first neuroradiologist, whereas there
were two medial pedicle breaches in grade C reported
by the second one. Twelve lateral pedicle breaches
were assessed in grade B by both neuroradiologist
and two in grade C by the second one. Kappa value
was 0.69, which represented good agreement between
both neuroradiologists.

Clinical presentation of the patients could be
divided into 3 groups; first, thirty-five patients
presented with pain (back and/or radicular pain);
second, nine patients with radiculopathy; third,
the remaining eighteen patients with pain and
radiculopathy. The mean pain score preoperatively
was 6.45 + 1.74 (range, 2-8) points, while the mean
score postoperatively was 3.04 + 0.82 (range, 2-5)
points. In the radiculopathy group, motor power
gradually improved in all patients within six months to

Table 1. Evaluation of pedicle screw position, assessment by the first neuroradiologist

Spinal level No. of screws Grade A Grade B (M/L*) Grade C (M/L*) Grade D (M/L¥*)
L1 9 9 0/0 0/0 0/0

L2 24 24 0/0 0/0 0/0

L3 78 78 0/0 0/0 0/0

L4 118 113 0/5 0/0 0/0

L5 118 112 1/5 0/0 0/0

S1 16 11 2/2 1/0 0/0

Total (%) 363 (100) 347 (95.6) 15(4.1) 1(0.3) 0

* M = medial violation of the pedicle wall; L = lateral violation of the pedicle wall

Table 2. Evaluation of pedicle screw position, assessment by the second neuroradiologist

Spinal level No. of screws Grade A Grade B (M/L*) Grade C (M/L*) Grade D (M/L¥*)
L1 9 8 0/1 0/0 0/0

L2 24 24 0/0 0/0 0/0

L3 78 78 0/0 0/0 0/0

L4 118 111 0/6 0/1 0/0

L5 118 112 0/5 0/1 0/0

S1 16 13 0/1 2/0 0/0

Total (%) 363 (100) 346 (95.3) 13 (3.6) 4(1.1) 0

* M = medial violation of the pedicle wall; L = lateral violation of the pedicle wall
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one year. No neurologic or vascular injuries occurred
from pedicle screw placement. No screws required
repositioning.

The mean registration error was 1.54 + 1.28
(range, 0.9-2.5) mm with the mean time required for the
registration process for each patient was 3.64 + 1.92
(range, 2-8) minutes. The mean screwing time for
each patient was 20.29 + 9.44 (range, 13-40) minutes.
Estimated blood loss averaged 455 + 17 (range,
150-1,600) ml.

Discussion

The most important plane for pedicle screw
insertion is the axial plane, which is the only plane
that can demonstrate violation of spinal canal by
misplaced screw placement. Standard fluoroscopy
and fluoroscopy-based navigation provide only
anteroposterior and lateral view, whereas computer-
assisted image guidance also provides the axial view®?.

The registration process of CT-based
image guidance is an important step in achieving
successful navigation®'*??. Because of concern about
discrepancies in anatomical orientation due to change
in patient position between preoperative data (supine
position) and intraoperative field (prone position),
separate registration was then advocated in many
studies”!*1317192) However, registration at each spinal
level separately especially in multilevel disorders adds
significant time to the operative procedure and makes
surgeons cumbersome.

Kalfas et al'® proposed two options for
registration; first method was to select new registration
points at the new level; second method was to verify
on a bone landmark of the new level by using the
registration data of the previous level. Later, Lee
et al compared single-level vertebral registration
for whole instrumented vertebrae and separate
registration to assess the accuracy of pedicle screw
placement in 47 patients. They found that separate
registration at each instrumented level enhanced the
accuracy of the pedicle screw placement. All five poorly
placed screws in a group of single-level registration
occurred at levels that were not registered.

A prospective study by Laine et al, single-
time, paired point matching alone for whole
instrumented vertebrae, used six fiducial points and
specific instruments (pedicle probe and awl) equipped
with light emitting diodes. The malplacement rate
of computer-assisted surgery was 4.3%, while
conventional technique 14.3%. One malpositioned
screw in conventional method caused nerve root
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injury. Afterwards, Laine et al'" published another
randomized controlled study to assess the accuracy of
pedicle screw insertion with and without computer
assistance by the same previous technique. The
malplacement rate of the computer-assisted group
and the conventional group were 4.6% and 13.4%,
respectively. Complications in the conventional
group included two nerve root lesions, one endplate
fracture, one major intraoperative bleeding, and one
postoperative death.

Papadopoulos et al'®, in a prospective study
of accuracy of single-time multilevel registration with
point merge and surface merge for multilevel pedicle
screw placement, concluded that this technique may
decrease operative time without compromising the
increased accuracy of pedicle screw placement in the
setting of degenerative lumbar spine.

Holly et al"® compared the navigational
accuracy of paired point matching alone and paired
point in conjunction with surface- matching registration
separately of seventy-five pedicle screws placing
in three embalmed human cervicothoracic spinal
specimens. They concluded that paired point matching
alone offered equivalent navigational accuracy to paired
point matching supplemented with surface matching
and was likely to result in decreased operating room
time.

In point-based registration of rigid body, West
et al® suggested four guidelines for the placement of
fiducial points to minimize the target registration error:
1) avoid near-collinear configurations, 2) use as many
points as possible, 3) arrange the markers as far from
each other as possible and 4) ensure that the target is
in the center of the registered fiducial points. In the
present study corresponding to West et al, the fiducial
points were selected at least six to ten points in
noncollinear configuration surrounding the whole
instrumented vertebrae. Only tips of transverse and
spinous process were chosen as fiducial points in order
to easily identify intraoperatively, whereas some
studies®'¥ included other parts such as superior and
inferior articular process that are not easy to find out
the exact points.

In the present study, the authors modified
the technique to comfortably use computer-assisted
spinal surgery using single-time paired point matching
without surface registration for whole instrumented
level combined with the anatomical knowledge of the
surgeon. After complete registration and verification,
interactive image guidance then was used to assist the
surgeon to orientate unexposed spinal anatomy for
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finding the entry point and trajectory of the pedicle.
Another factor of frustration during the screwing
process is staring at the monitor by the eyes deviating
from the surgical field to view the image-guided
information. Therefore, screwing process in this
present study was performed by the surgeon without
using image-guided awl, probe, tap and screwdriver
instrument.

Pedicle screw placement by computer-
assisted surgery requires surgeons who have an
experience in conventional surgical techniques and
image guidance system('2%2 This present study
was started beyond learning curve of the surgeon
who was familiar with the use of computer-assisted
spinal guidance and had experience in conventional
techniques using anatomic landmarks. Therefore, the
mean time for registration and screwing were decreased
because of confidence of the surgeon and no need
to use intraoperative fluoroscopy frequently.
Furthermore, the surgeon used the navigation system
just for guidance of the entry point and trajectory
without utilization of other image-guided accessories,
which spend more time. For these reasons, this
technique may indirectly lead to decreasing the overall
operative time. Nevertheless, the surgeon must be
aware about some accuracy degradation by any cause
for example unintended movement of the reference
frame. Verification step to identify anatomy in the
next level can be repeated throughout the screwing
procedure when the surgeon has some doubt of
accuracy.

Of the 363 screws placed, both neuroradio-
logists reported the screw position similarly in grade A
of 95.6% and 95.3%. The first neuroradiologist
reported overall pedicle breaches in 4.4%, whereas
the other neuroradiologist reported in 4.7%. Gertzbein
et al®, in a study of the accuracy of pedicle screw
placement, found that the distance of 0-4 mm beyond
the medial border of the pedicle could be considered
within the safe zone. In addition, Schulze et al*® found
that the neurologic symptoms rarely occurred unless
the violation of the pedicle wall was more than 6 mm. In
the present study, all medial pedicle breaches (grade B
and C) were less than 4 mm that were considered in the
safe zone.

Actually, CT-based navigation does not
provide real-time image guidance due to differentiation
in position before and during the procedure.
However, degenerative lumbar spine diseases are
usually associated with decreasing of intersegmental
movements. Thus, positional error should be reduced
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in this present study because all patients had
degenerative changes. There was no study comparing
the alteration between supine and prone position on
the Wilson frame that was used in the present study.
Benfanti et al®”, in evaluation of the effect of hip
position on total and segmental lumbar lordosis in
patients and volunteers in standing and prone on
the Wilson frame, concluded that hip flexion was
associated with a significant decrease in lumbar
lordosis that should be preserved during instrumented
lumbar fusion for maintenance of normal sagittal
alignment.

In vitro study to determine occupational
radiation exposure during lumbar fluoroscopy of
Rampersaud et al®” concluded that fluoroscopically
assisted thoracolumbar pedicle screw placement
exposed the spine surgeon to significantly greater
radiation levels than surgeons performing non-spinal
musculoskeletal procedures. In the present study,
fluoroscopy was used only postoperatively to confirm
pedicle screw position, therefore radiation exposure to
surgeons and operating room staff was reduced by
this modified technique.

In situations when normal spinal anatomic
landmarks have been altered or obscured such as
revision surgery in case of previous posterolateral
fusion and degenerative scoliosis. Image-guided spinal
surgery may be useful to improve the accuracy in
pedicle screw placement. Austin et al'” compared
three techniques to insert pedicle screw in a scenario
that all posterior landmarks had been obliterated and
found that CT-based surgery was superior to either
fluoroscopy-based or open laminoforaminotomy
technique. The registration process used a point-based
mapping with four fiducial points for each of the
specimens because the specimens were fused together,
and then any of the segments were less likely to move.
In addition, Lim et al®® determined the accuracy rate
of CT-based image-guided pedicle screw insertion
in previously fused lumbar spines using paired point
combined with surface matching. They reported
pedicle wall violation in 4.1% of all pedicle screws
without neurologic deficit and revision of malpositioned
screws. For scoliosis, the rotation of pedicle makes
anatomic relationships distorted, so it is difficult to
place the pedicle screw by conventional techniques®.
Besides, fluoroscopy and fluoroscopy-based image
guidance have a limitation owing to producing
only two-dimensional images. Then, image-guided
spinal navigation has become a useful tool for this
situation®*-9,
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Currently, spinal image guidance by 3D
fluoroscopy or intraoperative CT scanner can obviate
the need for the registration process®-*". Nevertheless,
these innovative technologies are still not widely used
in routine practice owing to high equipment cost.

Conclusion

In the present study, the use of single-time,
paired point registration without surface mapping
combined with surgeon’s perception for computer-
assisted pedicle screw insertion has proven to be
a safe and effective technique in degenerative
lumbrosacral spine. The authors’ technique did not
rely solely on the image guidance. However, the
navigation system would be very beneficial to improve
decision-making, especially in surgery of patients with
distorted spinal anatomy. Besides, this technique may
decrease operative time without compromising the
accuracy of pedicle screw placement.

Acknowledgements

The authors wish to thank Dr. Punjama
Lertbutsayanukul and Dr. Sunisa Hungspreug, neuro-
radiologists from the department of neuroradiology of
Prasat Neurological Institute, for evaluation of pedicle
screw position in this present study.

Potential conflicts of interest
None.

References

1. Laine T, Schlenzka D, Makitalo K, Tallroth K, Nolte
LP, Visarius H. Improved accuracy of pedicle
screw insertion with computer-assisted surgery.
A prospective clinical trial of 30 patients. Spine
(PhilaPa 1976) 1997, 22: 1254-8.

2. Gertzbein SD, Robbins SE. Accuracy of pedicular
screw placement in vivo. Spine (Phila Pa 1976) 1990;
15:114.

3. Esses SI, Sachs BL, Dreyzin V. Complications
associated with the technique of pedicle screw
fixation. A selected survey of ABS members. Spine
(PhilaPa 1976) 1993; 18: 2231-8.

4. Castro WH, Halm H, Jerosch J, Malms J, Steinbeck
J, Blasius S. Accuracy of pedicle screw placement
in lumbar vertebrae. Spine (Phila Pa 1976) 1996; 21:
1320-4.

5. West JL 111, Bradford DS, Ogilvie JW. Results of
spinal arthrodesis with pedicle screw-plate fixation.
J Bone Joint Surg Am 1991; 73: 1179-84.

6. Weinstein JN, Spratt KF, Spengler D, Brick C, Reid

J Med Assoc Thai Vol. 94 No. 3 2011

10.

11

12.

13.

14.

15.

16.

17.

18.

S. Spinal pedicle fixation: reliability and validity of
roentgenogram-based assessment and surgical
factors on successful screw placement. Spine
(PhilaPa 1976) 1988; 13: 1012-8.

Foley KT, Smith MM. Image-guided spine surgery.
Neurosurg Clin North Am 1996; 7: 171-86.
Schwarzenbach O, Berlemann U, Jost B, Visarius
H, Arm E, Langlotz F, et al. Accuracy of computer-
assisted pedicle screw placement. An in vivo
computed tomography analysis. Spine (Phila Pa
1976) 1997;22:452-8.

Merloz P, Tonetti J, Pittet L, Coulomb M, Lavallee
S, Troccaz J, et al. Computer-assisted spine
surgery. Comput Aided Surg 1998; 3: 297-305.
Austin MS, Vaccaro AR, Brislin B, Nachwalter R,
Hilibrand AS, Albert TJ. Image-guided spine
surgery: a cadaver study comparing conventional
open laminoforaminotomy and two image-
guided techniques for pedicle screw placement
in posterolateral fusion and nonfusion models.
Spine (Phila Pa 1976)2002; 27: 2503-8.

Laine T, Lund T, Ylikoski M, Lohikoski J, Schlenzka
D. Accuracy of pedicle screw insertion with and
without computer assistance: a randomised
controlled clinical study in 100 consecutive
patients. Eur Spine J 2000; 9: 235-40.

Holly LT, Bloch O, Johnson JP. Evaluation of
registration techniques for spinal image guidance.
J Neurosurg Spine 2006; 4: 323-8.

Albert TJ, Klein GR, Vaccaro AR. Image-guided
anterior cervical corpectomy. A feasibility study.
Spine (Phila Pa 1976) 1999; 24: 826-30.

Lee TC, Yang LC, Liliang PC, Su TM, Rau CS,
Chen HIJ. Single versus separate registration
for computer-assisted lumbar pedicle screw
placement. Spine (Phila Pa 1976) 2004; 29: 1585-9.
Kalfas I[H, Kormos DW, Murphy MA, McKenzie
RL, Barnett GH, Bell GR, et al. Application of
frameless stereotaxy to pedicle screw fixation of
the spine. J Neurosurg 1995; 83: 641-7.
Papadopoulos EC, Girardi FP, Sama A, Sandhu HS,
Cammisa FP Jr. Accuracy of single-time, multilevel
registration in image-guided spinal surgery. Spine
J2005; 5:263-7.

Braun V, Rath SA, Antoniadis G, Richter HP. In
vivo experiences with frameless stereotactically
guided screw placement in the spine—results
from 75 consecutive cases. Neurosurg Rev 2001;
24:74-9.

Glossop ND, Hu RW, Randle JA. Computer-
aided pedicle screw placement using frameless

343



19.

20.

21.

22.

23.

24.

25.

26.

344

stereotaxis. Spine (Phila Pa 1976) 1996; 21: 2026-34.
Girardi FP, Cammisa FP Jr, Sandhu HS, Alvarez L.
The placement of lumbar pedicle screws using
computerised stereotactic guidance. J Bone Joint
Surg Br 1999; 81: 825-9.

Schlenzka D, Laine T, Lund T. Computer-assisted
spine surgery. Eur Spine J 2000; 9 (Suppl 1):
S57-64.

Rampersaud YR, Pik JH, Salonen D, Farooq S.
Clinical accuracy of fluoroscopic computer-
assisted pedicle screw fixation: a CT analysis.
Spine (Phila Pa 1976) 2005; 30: E183-90.

Kalfas IH. Image-guided spinal navigation:
application to spinal metastases. Neurosurg
Focus 2001; 11: e5.

Metz LN, Burch S. Computer-assisted surgical
planning and image-guided surgical navigation
in refractory adult scoliosis surgery: case report
and review of the literature. Spine (Phila Pa 1976)
2008;33: E287-E292.

West JB, Fitzpatrick JM, Toms SA, Maurer CR Jr,
Maciunas RJ. Fiducial point placement and the
accuracy of point-based, rigid body registration.
Neurosurgery 2001; 48: 810-6.

Schulze CJ, Munzinger E, Weber U. Clinical
relevance of accuracy of pedicle screw placement.
A computed tomographic-supported analysis.
Spine (Phila Pa 1976) 1998; 23: 2215-20.

Benfanti PL, Geissele AE. The effect of

27.

28.

29.

30.

31

intraoperative hip position on maintenance of
lumbar lordosis: a radiographic study of
anesthetized patients and unanesthetized
volunteers on the Wilson frame. Spine (Phila Pa
1976) 1997;22:2299-303.

Rampersaud YR, Foley KT, Shen AC, Williams S,
Solomito M. Radiation exposure to the spine
surgeon during fluoroscopically assisted pedicle
screw insertion. Spine (Phila Pa 1976) 2000; 25:
263745.

Lim MR, Girardi FP, Yoon SC, Huang RC, Cammisa
FP Jr. Accuracy of computerized frameless
stereotactic image-guided pedicle screw placement
into previously fused lumbar spines. Spine (Phila
Pa 1976)2005; 30: 1793-8.

Amiot LP, Labelle H, DeGuise JA, Sati M, Brodeur
P, Rivard CH. Computer-assisted pedicle screw
fixation. A feasibility study. Spine (Phila Pa 1976)
1995;20: 1208-12.

Takahashi J, Hirabayashi H, Hashidate H, Ogihara
N, Kato H. Accuracy of multilevel registration
in image-guided pedicle screw insertion for
adolescent idiopathic scoliosis. Spine (Phila Pa
1976)2010; 35: 347-52.

Tormenti MJ, Kostov DB, Gardner PA, Kanter AS,
Spiro RM, Okonkwo DO. Intraoperative computed
tomography image-guided navigation for posterior
thoracolumbar spinal instrumentation in spinal
deformity surgery. Neurosurg Focus 2010; 28: E11.

J Med Assoc Thai Vol. 94 No. 3 2011



NSANHIANNLNUENUBINTITHAR | pedicle screw Tmyhnauﬁmmasmwmyﬁﬂuu?wm
nee mnﬂuwmmu lumbrosacrum mnmmnmwmaummwnua single-time, paired point
registration IASIAMTWIRANNRIUALILSEALNS dUBIARL U NN

sy 1danL5Tna, Tus aalzan, Jainae §slaln

Sngilszaen; tierraduanuunne 99901815818 pedicle screw Ineilaponiiamesaann16inluglas
ﬁﬁn%@nﬂ”mﬁuﬁ@mﬁmm jumbrosacrum Tag/lamaiia single-time, paired point registration [AgIA74
HANKAUIUL ST LN 190018 9AREUNNE

'Jﬂmma‘:':ﬁn’ﬁ mmmm?ﬂ pedicle screw Z‘mﬂhﬁ@mwm@izﬁ'oﬂmmummn?mnﬂwmmu lumbrosacrum
m‘x‘l/)ﬂuﬂli_/%l‘VNWJﬁI 62 718 (363 screws) fﬁ)ﬁlmfl% single-time, paired ,oomt reg/strat/on fﬁ)El?J?’)FI@’m
717 surface matching MAIRINNIIINNII AU TR pedicle nelanasly image guidance ua9
Ansunneazla pedicle screw El@fﬁ)ﬁlﬁl%ﬂ?;’ﬁﬂﬂ%‘m%@ﬂm’) wmmmwﬂomzlmmwm DynaCT wazazgn
Ltﬂﬁﬁlﬂz\ﬁlﬁl?ﬂﬁLLW‘I/IEIVI’I\H‘:,’L/UI/?::ZV’]W 2 ‘VI’I‘LJ ADAILLIY Kappa ﬂﬂ‘l&’?il’l?ﬂ]?ﬁ)?é‘:ﬁ)?.lﬂ’)?L?/?%W’E]\??L"i/i?’l\?
wmmmmmx EI’ILL?/W\HI@\? screw m@mnmmu A= mwm@ﬂmﬂu pedicle; B = JJﬂ’?ﬁ“Vl&’@ﬁJ‘LJ\??]@\? pedicle
NN medial Y78 lateral u@zfmn 2 wu.; C = dnsne @L’J‘LN?/@\? ped/c/e NN medial Y78 lateral 3‘;’7/797\7 2-4 {u.;

D = llﬂ’)?i/l;’@m&ﬂilm pedicle NN medial wire lateral 1/’7f7f7'3’l 4 Nu. N@@Wﬁmm@un@ﬂmm' a numeric
pain score, @fm’)ﬂmmmwzuuﬂsxmmmm’mzt,mmmu lZﬁ)?Uﬂ??ﬁl??@ﬁ@ﬂ’%’mu‘l/\/wﬂ@ﬂﬂlﬂ'?El‘VIﬂ?’)EI
mwqummwmwmmmmi reg/strat/on seeiiaan lunng registration, ?;’EI::LQ@’)MH’??ZZV screw UALLFNI
mmwzvzumsmmmmqmmmmﬂ

NRNITANE; @’mmmm:m screw 7’)\7‘1/7.1/@ 363 7 ﬁ.‘yﬂﬁLLW‘V)EITV),’I‘lJLL?ﬂLLi/ﬁﬁJﬁL?jum?ﬁ) A 95.6%, B 4.1% Waz
C 0.3% vusiisdunnemuigesuanaiuingg A 95.3%, B 3.6% uaz C 1.1% fmaﬁ?mf’mm D g
YumWim:muu,mhlwum?mm@um@?zuuﬂimﬁwummmm@mvnmﬂ@ pedicle screw LﬂE/ﬁ’?L@ﬁEl‘ll@\?
AVVNEANAIATBNNG registration F’)’E] 1.54 + 1.28 4u. (3¢ 1/7’3’)\7 0.9-2.5) LL@“’f’?’)L@@EﬂIE)\?LQ@’WlY“ﬂ%ﬂ’??
registration An 3 64 + 1.92 Wil (?5‘1/70’7\7 2-8) zvlqummm?v'lﬂzumﬂm screw ‘z/@qm/omm@mu@w 20.29 +
9.44 ‘LJ’?‘V) (?3,’7/7’3’7\7 13-40) ﬂ’zmﬂwmmwmuﬂqmmumn 6.45 + 1.74 LLEIJJﬂ@iJﬁI’WIﬁ)L?j‘LJ 3.04 + 0.82 LLEIJJ
W@dﬂﬁﬁlﬁ)?uﬂ@.&l?’]ﬂ radiculopathy mm%mnmmu@muElw:/ﬂqzmnmﬂ

ﬂ'i?./ ﬂ’lﬁ‘??f single-time, ,oa/red point registration fmﬁlﬂ?’)ﬁl@’mmﬂ?f surface mapping KANKAIUALNT

?mfy@\mmuwmﬂumﬂm pedicle screw Tﬁ)ﬂi%ﬂﬂﬂWQLﬁ@ﬁ‘%’?ﬂN’]ﬁlﬁ) Zﬁ)?i/ﬂ’)?Wﬂ@u@Q?’)Lﬂquﬂuﬂ

ﬁilf’?’?")llﬂ@@ﬁmE/LL@A‘:JJ?J?;’ZVWﬁﬂ’7W2‘léﬂﬁ‘;’ﬁmﬁu%@ﬂ%wﬂ@ﬁhmﬂﬂﬂﬁ‘mm lumbrosacrum fmﬂmﬂummwuwuﬁ

Zzﬂmu@ﬂnmwmm image guidance miiuesnglsdam ssunniaadss Tuminnn luniniunssndula
Z‘ﬁmqu:@mqmYumﬁmmgﬂqw mmﬂ@muﬂmwwmmmmmn?:@nzvuwmu@nmnumﬂuﬂu

0199 TILANTLEIZIIAINTHAA Iagsanianua Ing [ luAuu L2890 ld screw anad

J Med Assoc Thai Vol. 94 No. 3 2011 345




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


