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(range, 15–40%)17,19). Furthermore, clinical studies that per-
formed adequate postoperative computed tomography (CT) as-
sessments also observed pedicle screw malpositioning at rates 
of 13.4–40% for conventional procedures1,8,9). Screws that perfo-
rate the pedicle cortex may increase the risk of dural tearing, neu-
ral damage, and vascular or visceral complications. Moreover, 
malpositioning of pedicle screws may result in the loss of fixa-
tion, especially if it occurs at the lower end of a construct. There-
fore, proper placement of pedicle screws is important not only for 
the prevention of neurological injury, but also for the mainte-
nance of long-term spinal stability. Hence, the use of guidance 
modalities for improving the accuracy of pedicle insertion could 
offer both immediate and long-term positive outcomes.

This study aimed to assess the results of transpedicle screw 
insertion as performed using a two-dimensional (2-D) fluoros-

INTRODUCTION

Transpedicle screw insertion is commonly used to treat vari-
ous spinal disorders, including fractures, scoliosis, spondylolis-
thesis, and degenerative instabilities. Pedicle screw insertion is a 
delicate operation because of the variability in the width, height, 
and spatial orientation of the spinal pedicles. In performing a 
conventional procedure with a posterior approach to the spine, 
a surgeon uses his/her anatomical knowledge to define the en-
try point of the pedicle in the dorsal part of the vertebra. Pilot 
holes are prepared, and screws are inserted into the pedicle with-
out any direct visual control. A slight error in direction may re-
sult in a significant error in the position of the tip of the screw. 
Previous studies on conventional surgical procedures have 
shown a significant rate of incorrect pedicle screw placement 
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lower plate were used to correct the image distortions, while 
those in the upper plate were used to determine the position of 
the X-ray source. For determining the position of the X-ray 
source, passive markers were fixed on the calibration device, 
and the 3-D optical tracking system was used to localize the flu-
oroscopic imaging device. The correction of the original images 
was possible because the radio-opaque elements in the lower 
plate were projected on the images.

The reference frame (Fig. 1B) was a rigid body equipped with 
passive markers and firmly attached to the vertebra (the one to 
be operated on) to both follow and compensate for any motions 
caused by respiration or displacement, thereby providing the 
real-time position of the vertebra in the “surgical space.” Subse-
quently, a radiographic view for calibrating the C-arm was ac-
quired. Afterwards, 2 single radiographic views from the anteri-
or-posterior (A-P) and lateral positions within the area to be 
operated on were acquired (Fig. 2). The data were automatically 
transferred to the computer (Fig. 1A). After the computer cali-
brated the acquired radiographs, the fluoroscope was turned off 
and removed from the operating field. The calibrated views 
were then displayed on the computer screen, including the AP 
and lateral views. A computer-generated projection of the sur-
gical tools was also displayed with each view. This was equiva-
lent to the representation under conventional constant fluoro-
scopic control. On this screen, real-time navigation in several 
views was possible.

copy-based navigation system.

MATERIALS AND METHODS

Patients
We retrospectively reviewed 96 con-

secutive patients who underwent pos-
terior lumbar fixation with 477 inserted 
screws between October 2007 and June 
2012. All patients presented with in-
tractable pain, neurological signs, or 
both. In all cases, preoperative CT and 
magnetic resonance imaging were per-
formed. 

System set-up and surgical procedure
All surgeries were performed by a senior spinal neurosurgeon 

using a standard posterior approach. If required, decompressive 
procedures were performed, including partial or total facetecto-
mies, discectomies, and laminectomies. All surgeries were per-
formed using a 2-D fluoroscopy-based navigation system. In 
particular, a 2-D optical localizer [Medtronic; Stealthstation 
Treon Plus Surgical Navigation (Fig. 1A) and the Mach 4.0TM 
graphical user interface, which provides target-centric accuracy 
and color 3-D guidance] was used to track the position of the 
surgical tools (pointer, bradawl, and screw guide), patient refer-
ence frame, and a C-arm image intensifier near the operating 
table based on passive markers provided for each component 
and the aid of a 3-D optical localizer (Fig. 1B).

The distortion typically characterizing fluoroscopic images is 
attributable to 3 factors : 1) the planarity of the image intensifier 
input screen, 2) the insufficient rigidity of the C-arm, and 3) the 
surrounding magnetic field. For correcting the image intensifier 
distortions and calibrating the images, a calibration grid (2 paral-
lel plates with radio-opaque elements arranged along them) (Fig. 
1C) was rigidly attached to the input screen of the image intensi-
fier. The aim was to understand the mapping between the image 
pixels and the “physical” surgical space to calibrate the computer-
generated projection of the surgeon’s tool with different radio-
graphic information (e.g., radiographic view from the lateral po-
sition in the operating field). The radio-opaque elements in the 

A B C
Fig. 1. A : Stealth Station Treon Plus® (Medtronic Surgical Navigation Technologies). B : Navigated tools and markers. Each tool is equipped with pas-
sive markers (blue arrow). The reference frame (red arrow) is also visible. C : The calibration grid is fixed to the image intensifier and contains radio-
opaque elements arranged on 2 parallel plates.

Fig. 2. Two single radiographic views. The anterior-posterior and lateral views are acquired within 
the intended operative area.
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(>4 mm); and 8, as minimally misplaced (≤2 mm) (Table 2). 
The remaining 461 screws (96.7%) were judged to be inserted 
correctly. We did not observe any frank misplacement in the 
cranium, penetration in the disc, or over-penetration along the 
anterior position in the reformatted images. None of the 16 pa-
tients with screw misplacement required revision surgery since 
they were asymptomatic and showed no radiographic signs of 
postoperative instability. Other complications, such as nerve 
root injury, cerebrospinal fluid leakage, and internal organ inju-
ry, were not observed in the patient population.

DISCUSSION

In conjunction with the increasing use of pedicle screws for in-
ternal stabilization of the lumbar spine, numerous reports on the 
accuracy of this procedure have been published. Clinical studies 
of conventional pedicle screw placement have reported a malpo-
sition rate of up to 42% in the thoracic and lumbar spine12). A 
meta-analysis of the literature published between 1966 and 2006 
(130 studies involving a total of 37337 pedicle screw insertions) 
determined a mean misplacement rate of 8.7%7). Further, one 
study of 4790 implanted screws reported a misplacement rate of 
5.1%11). However, the most common method of investigation in 
these reviews employed plain radiographs, which can reveal only 
the presence or absence of a pedicle screw violation. Therefore, a 
more accurate method of investigation would reveal the true 
(higher) rate of pedicle screw violation.

Many studies have demonstrated that CT is more accurate 
than conventional radiography in determining the location of 
pedicle screws. CT scans have revealed ~10-fold more pedicle 
violations than radiographs2). The discrepancy between radio-
graphs and CT scans is most striking for medially misplaced 
screws, with CT depicting 8–10 times as many frank or ques-
tionable misplacements of the pedicle cortex as compared to 
conventional radiographs1). In one study, 49 out of 123 pedicle 
screws (39.8%) had perforated the pedicle wall1), while another 
study found that 48 out of 167 screws (28.7%) had penetrated 
the pedicular cortex3). Using a postoperative CT assessment, Ju 
et al.5) reported that 58 of 144 pedicle screws (40.3%) were im-
properly placed, while Laine et al.9) observed that 32 out of 152 
screws (21.1%) had perforated the pedicle cortex. High rates of 
pedicle screw malpositioning (21.1–40.3%) have also been re-
ported in clinical studies that use conventional insertion tech-
niques and adequate postoperative CT assessment.

Image-guidance techniques were first implemented in 1995 
for use in spinal surgery procedures, and were designed to in-
crease the accuracy of spinal instrumentation placement6). In 
the past 2 decades, image-guided technology has greatly broad-
ened the scope of modern spinal surgery and been used in clin-
ical practice. Among the available image-guidance techniques, 
the currently used ones include CT-based navigation and intra-
operative 2-D or 3-D fluoroscopy-based navigation. Compared 
to 2-D fluoroscopy-based navigation, both CT-based naviga-

Evaluation method
Postoperative CT was performed 1 month after surgery in all 

patients to evaluate the implant position and the coronal and 
sagittal reformatting of the lumbar spine. A 256 channel-Philips 
Brilliance i-CT scanner was used to obtain 3.0 mm-thick sec-
tions with a field of view adequate for visualization of the spine. 
The screw position was assessed by independent observers (one 
neurosurgeon and one radiologist). The evaluation of screw 
placement was performed according to the criteria devised by 
Learch et al.10) The screw position was classified as “cortical en-
croachment” (or questionable violation) if the pedicle cortex 
could not be visualized or as “frank misplacement” when the 
screw was outside the pedicle boundary. Frank misplacement 
was further classified according to the distance that the edge of 
the screw thread extended outside the pedicle cortex; the screws 
were classified as minimally misplaced (≤2.0 mm), moderately 
misplaced (2.1–4 mm or <1 screw thread diameter), or severely 
misplaced (>4 mm or >1 screw diameter). Bilateral pedicle 
screws were usually placed in the S1 vertebra and were there-
fore not included in our misplacement analysis.

RESULTS

The mean age of the patients was 62.5 years (Table 1). Indica-
tions for surgery were isthmic spondylolisthesis (n=39), steno-
sis (n=31), fracture (n=10), infection (n=6), foraminal stenosis 
(n=6), and “other” (n=4). The level most frequently fused was 
L4–5 (67 patients). A single-level fusion was performed in 53 
patients (55.2%); 2-level fusion, in 35; 3-level fusion, in 5; 4-lev-
el fusion, in 2; and 5-level fusion, in 1. 

Of the 477 pedicle screws inserted in 96 patients, 16 (3.3%) 
showed frank misplacement. Of these, 3 screws were classified 
as moderately misplaced (2.1–4 mm); 5, as severely misplaced 

Table 1. Demographic data

Age (year) Men Women Total
21–30   0   2   2
31–40   1   2   3
41–50   3   6   9
51–60 11 16 27
61–70 11 30 41
71–80   7   7 14
Total 33 63 96

Table 2. Screw placement evaluated using CT

Screw placement    No. of screws (%)
Correct   412 (86.4)
Encroachment (or questionable)     49 (10.3)
Minimal (≤2 mm)     8 (1.7)
Moderate (2.1–4 mm)     3 (0.6)
Severe (>4 mm)     5 (1.0)
Total  477 (100)
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sertion in the present study, 3.3% of the screws were not cor-
rectly placed. Several possibilities could explain these results. 
First, a difference in the angulation between the virtual and in-
traoperative images appears to have been present. Oertel et al.13) 
found a difference of 2.8±1.9° between the virtual and intraop-
erative pedicle screws, probably because of improper fixation of 
the tools to the implants. Another possibility is the inadequate 
fixation of the frame to the spinous process, which can result in 
minimal frame dislocation18). In obese or osteopenic patients or 
those with significant spinal deformity, the interpretation of 
some of the images may be difficult and adversely affect the nav-
igation4). For obtaining higher accuracy for screw insertion, 
knowledge about the above-mentioned factors is important, and 
efforts will be needed to correct for these types of errors. 

CONCLUSION

New methods of pedicle screw placement that use computer 
systems and allow real-time image processing have been ex-
plored since the early 1990s with the aim of improving accuracy. 
The present results indicate that 2-D fluoroscopy-based naviga-
tion systems provide are more accurate, safer, and useful than 
conventional instrumented surgical techniques.
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