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Abstract

Background The purpose of this study was to evaluate the
accuracy of pedicle screw placement, its advantages, and
limitations in posterior instrumentation of thoracolumbar
and lumbar burst fractures assisted only by lateral fluoro-
scopic imaging.

Materials and methods Pre- and postoperative computer-
ized tomographic (CT) scans of 117 patients with thora-
columbar and lumbar burst fractures, who underwent pos-
terior instrumentation with pedicle screw fixation, were
prospectively analyzed. Accuracy of screw placement,
reconstruction of the vertebral height, and correction of the
kyphotic angle were studied. Position of the pedicle screws
were determined, and cortical breach was graded on the
postoperative axial CT scans. Percentage of vertebral height
reconstruction and kyphotic angle correction were calculated
from the postoperative midsagittal CT scans.

Results  Four hundred and sixty-eight pedicle screws in 234
motion segments were included in this study. 427 screws
were centrally placed with an accuracy rate of 91.24%. Out
of the 41 (8.76%) screws that breached the pedicle wall,
32 (6.84%) screws had violated the medial wall, while 9
(1.92%) screws breached the lateral wall. There were no “air-
ball” screws. No screw penetrated the anterior wall. Postop-
eratively, none of the patients deteriorated neurologically,
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and no screw required revision. Postoperatively, there was
significant restoration of vertebral height and correction of
kyphosis (P < 0.05).

Conclusion Pedicle fixation performed on a Relton-Hall
frame is relatively simple and, when performed carefully
using only lateral fluoroscopic imaging, has a lower potential
for complications due to cortical breach.

Keywords Spinal injury - Burst fractures - Pedicle
screws - Computed tomography

Introduction

In recent times, there has been an increasing tendency
toward internal fixation of the spine. The advancements in
biomechanics, metallurgy, and safe anesthetic techniques
have made internal fixation a method of choice in different
disorders such as spinal injuries, deformities, and instabili-
ties [1]. Presently, posterior segmental transpedicular con-
structs represent the most popular form of spinal instrumen-
tation. Pedicle screws have evolved as the most preferred
internal fixation device for the spine. Application of pedicle
screws is based on the rationale that the pedicle is the strong-
est site accessible posteriorly through which a three-dimen-
sional rigid fixation of the vertebra can be obtained [2]. The
anatomy and structure of the pedicles provide a relatively
rigid and stable construct for stabilization of the spine in a
wide range of disorders. It has been proved that the pedicle
is the strongest part of the vertebra, even in osteoporotic
bone. Pedicle fixation can also be done in the absence of
posterior elements.

In thoracolumbar and lumbar fractures, pedicle screws
are considered to be the implant of choice, as short seg-
mental stabilization can be achieved while other motion
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segments are preserved. The methods described for pedi-
cle screw insertion are intersection technique, pars inter-
articularis technique, and mammillary process technique.
The major concern with pedicle screw fixation is related to
the safety of these devices. The complications of misplaced
screws include pedicle wall breach, leading to spinal cord
or nerve root injury and damage to other vital structures
[3-5]. For accurate screw placement, intraoperative fluoros-
copy, image-guided techniques or computerized navigation
systems have been devised [6—10]. This study was under-
taken to evaluate the accuracy of pedicle screw placement
in thoracolumbar and lumbar spine with only lateral C-arm
image assistance.

Materials and methods

In a prospective study, 135 consecutive patients with thora-
columbar and lumbar burst fractures who underwent poste-
rior spinal stabilization using Moss-Miami transpedicular
screw construct, between August 2009 and August 2014,
were analyzed. In 18 patients, the available data were insuf-
ficient; thus, 117 remaining cases (a total of 468 pedicle
screws at 234 motion segments) were included in the study.
There were 72 patients with thoracolumbar fractures (D12
and L1), and 45 patients had fractures of the lumbar spine
(L2, L3, and L4). The male-to-female ratio was 11.8:1.
The mean age at the time of injury was 31.8 years (range
19-56 years). The most common mechanism of injury
was fall from height, and most common level was L1. All

Fig. 1 a Preoperative midsagittal CT scan showing loss of vertebral
height and kyphosis. b Postoperative midsagittal CT scan showing
restoration of vertebral height and correction of kyphosis. ¢ Preopera-
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patients included in this study were operated and followed
up by the senior author. Institutional ethical committee clear-
ance was obtained. All patients were operated within 24 h
of presentation. The surgical technique was similar in all
patients.

Clinical assessment

Neurological examination was done at presentation and
every 6 h subsequently, until recovery from spinal shock.
The neurological status was classified according to the
American Spinal Injury Association’s modification of Fran-
kel grading [11].

Radiological evaluation

Antero-posterior and lateral radiographs of the spine were
obtained to determine the level and type of spinal injury.
Computerized tomographic (CT) scans were done in all
patients. On the midsagittal CT scan, the segmental kyphotic
angle across the fractured vertebra was measured by Cobb’s
method [12], and loss of vertebral body height was calcu-
lated by the formula described by Mumford et al. [13]. The
least midsagittal dimension of the spinal canal was calcu-
lated in the axial CT scans as described by Hashimoto et al.
[14] (Fig. 1). The same formulae were subsequently used
to determine the immediate postoperative kyphotic angle,
vertebral height restoration, and canal decompression.
Postoperative axial CT scans, at the levels of pedicle screw
fixation were evaluated to determine the accuracy of screw

tive axial CT scan showing narrowing of spinal canal. d Postoperative
CT scan showing decompression of canal due to ligamentotaxis
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placement in the pedicle and breach of the anterior wall.
Medial or lateral pedicle wall violations were graded as per
the method described by Gertzbein et al. [3] (Fig. 2). The
screw path length, screw diameter, and pedicle screw path
angle were measured in all cases to analyze the accuracy of
the inserted screws. The preoperative CT scans at the lev-
els that had medial or lateral wall breach were re-assessed
to determine the cause of pedicle breach. All digitalized
CT scans were analyzed using image analysis software
Digimizer version 4.6.1 by two independent investigators
in a blinded fashion (MPK&GSG).

Operative technique

The anesthetized patient was positioned prone on a Relton-
Hall frame, to allow postural reduction of the fracture and
decompression of abdominal contents (Fig. 3). Pedicle
screw insertion assisted only by lateral fluoroscopic image
was carried out, in the following steps. The spine was
meticulously exposed up to the transverse processes, bilat-
erally, through a posterior midline approach. Using a bone
nibbler, 3-5 mm of the inferior part of the facet joint was
exposed, and the base of the superior facet was identified.
The pedicle insertion site was localized using the intersec-
tion technique. The C-arm was positioned and adjusted so
that the right and left pedicles were perfectly superimposed.
A pilot hole was made using a sharp-tipped awl to create a

posterior cortical breach, 5 mm in depth (Fig. 4). A gear-
shift probe (2-mm blunt tip pedicle finder) was introduced
into the pilot hole and advanced, searching for a cancellous
“soft-spot,” indicating passage into the pedicle. The probe
was inserted without excessive force into the body up to
a depth of 30-35 mm. Antero-posterior images were not
used. A blunt K-wire was introduced to palpate 5 distinct
bony borders: four walls (medial, lateral, superior, and infe-
rior) and the floor (Fig. 5). If a breach was noted, the probe
was redirected to an appropriate position in the pedicle. The
pedicle was tapped along the whole tract. Following this, the
tract was palpated again to make sure that all five osseous
borders were still intact (Fig. 6). The screw was then placed
along the pedicle into the vertebral body in the same align-
ment. Lateral fluoroscopic imaging was used throughout the
procedure to ensure accurate placement of the screw. After
all the screws were inserted, contoured rods were fixed to
the screws, and optimal distraction was done (Figs. 7, 8).
Screws were torqued with the rods, and the construct was
stabilized with a transverse device. At the end of the proce-
dure, the position of implants was verified on fluoroscopic
imaging (Fig. 9). Wound closure was done in layers. In gen-
eral, 30-mm-long screws, 5 mm in diameter, were used in the
lower thoracic pedicles and 35—40-mm-long screws, 6 mm
in diameter, for lumbar pedicles [15].

Postoperatively, the patients were immobilized in a
polyethylene molded body jacket. Associated injuries and

Fig. 2 a—c Preoperative axial CT scans and corresponding postoperative CT scans showing d centrally placed screws, e medial wall breach by

the right screw and f lateral breach by the right screw
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Fig. 3 a Patient positioned
prone on a Relton-Hall frame. b
Pr operative lateral radiograph
showing kyphosis. ¢ Intraopera-
tive lateral fluoroscopic image
showing postural reduction

Fig. 4 a Exposure of the spine one level above and one level below
the fractured vertebra, through a posterior midline approach. Sharp
tipped awl placed at entry point of the pedicle screw. b Localization

complications were treated accordingly. Antero-posterior,
lateral radiographs and CT scan were obtained. They were
followed up every 3 months for neurological and radiologi-
cal assessment for a minimum period of 18 months.

Statistical analysis

Statistical calculations were made using Statistical Package
for Social Sciences (SPSS) for Windows version 13. The
interobserver and intraobserver variation for all measure-
ments were analyzed using interclass correlation coefficient.
No significant difference was noted. Postoperative recon-
struction of the vertebral height, correction of the kyphotic
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of the pedicle screw entry point using intersection technique. ¢ Lat-
eral fluoroscopic view to ensure sharp tipped awl is in the center of
the pedicle

angle, and percentage of canal decompression were assessed
using paired student’s ¢ test. For all statistical tests, P < 0.05
was considered to be significant.

Results

Out of 468 screws that were implanted from D11 to LS5,
427 screws were centrally placed in the pedicle with no
medial or lateral pedicle wall violation, with an overall
accuracy rate of 91.24%. Forty-one screws (8.76%) vio-
lated the pedicle wall (either medially or laterally) of which
nine screws (1.92%) penetrated the lateral pedicle cortex,
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Fig. S a Blunt tipped probe being inserted into the pedicle. b The probe is passed along the center of the pedicle seen in the lateral view. ¢ A
blunt K-wire is passed into the tract to ensure the four walls of the pedicle and the anterior vertebral body are not breached

Fig. 6 a Intraoperative photograph and b fluoroscopic image showing tapping of the pedicle parallel to the tract created by the blunt probe. ¢
Lateral fluoroscopic image showing pedicle screw being inserted parallel to the blunt K-wire in the opposite pedicle

whereas 32 screws (6.84%) penetrated the medial pedicle
cortex (Table 1). None of the screws penetrated the anterior
vertebral body cortex, and there were no “air-ball” screws.
When the transverse pedicle width and screw path length at
different levels (measured by preoperative CT scans) and
the dimensions of the pedicle screw inserted (measured by

postoperative CT scans) were compared, it was found that
the screw diameter and screw length were always signifi-
cantly less than the pedicle dimensions.

In the 41 cases of pedicle wall violation, comparison
between transverse pedicle angle (measured on preopera-
tive CT scans) and pedicle screw path angle (measured
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Fig. 7 a Intraoperative photograph and b lateral fluoroscopic view showing pedicle screws above and below the fractured vertebra. ¢ Contoured

rods help in correction of kyphosis

Fig. 8 a Distraction being applied at the upper pedicle screw. b Contoured rods correct kyphosis. ¢ while distraction restores vertebral height

by postoperative CT scans) revealed a statistically signifi-
cant difference between the angle of screw insertion and
transverse pedicle angle of the vertebra. When the pedi-
cle screw violated the medial wall, the mean + SD trans-
verse screw angle was 16° + 4.1°, whereas the mean + SD
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transverse pedicle angle measured preoperatively at the
same levels was 8.6° + 2.6°. When the pedicle screw vio-
lated the lateral wall, the mean + SD transverse screw
angle was 6.7° + 1.6°, whereas the mean + SD transverse
pedicle angle measured at the same levels was 7.7° + 1.9°
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Fig. 9 a Final construct stabilized by transverse device. b Lateral fluoroscopic image showing position of implants

Table 1 Details of pedicle screws inserted and pedicle wall viola-
tions at different levels

Vertebral level Number of cortical breaches by pedicle

(n = number of screws  screws
inserted) - -
Medial Lateral Total (%) Right Left

D11 (n=62) 1 3 4 (6.45) 3 1
D12 (n=98) 6 1 7(7.14) 3 4
Ll (n=104) 8 1 9 (8.65) 7 2
L2 (n=120) 9 2 11 (9.1) 7 4
L3 (n =46) 6 0 6(13.06) 5 1
L4 (n =30) 4 0 4(13.33) 3 1
L5 (n=28) 0 0 0 0 0
Total (n = 468) 32 9 41(8.76) 29 12

Table 2 Number and grade of pedicle wall breach (n = 468)

Grade Breach dis- Frequency = Mean + SD of the absolute
tance (mm) (%) difference between screw
path angle and pedicle angle
0 0 427 (91.24) 174 +0.67
I <2 mm 19 (4.06) 325+1.20
I 2-4 mm 11 (2.35) 7.83+£3.74
111 >4 mm?* 11(2.35) 11.36 +4.60

#The maximum breach distance in this study was 6 mm

(Table 2). None of the breaches were due to morphologi-
cal abnormalities of the pedicle. This explains that the
screws breached the pedicle wall due to an error in the
angle of insertion. There was a statistically significant
difference between the preoperative and postoperative

kyphotic angle, loss of vertebral height, and canal com-
promise (Table 3).

Discussion

The technique for pedicle screw insertion described in this
study is relatively simple and provides the following advan-
tages. The patient is positioned prone on a Relton-Hall
frame; thereby the decompression of abdominal contents
prevents inadvertent injury to anterior vital structures and
decreases blood loss. It also produces postural reduction
and allows easy identification of facet joints and the entry
point for pedicle screws. The lateral view on fluoroscopy
ensures accurate placement of the screws. The relative sta-
bility of the construct allows restoration of vertebral height
by distraction and the contoured rods correct kyphosis. Even
though restoration of vertebral height and kyphotic angle is
controversial, we are of the opinion that restoration of nor-
mal anatomy is paramount. Optimal restoration of vertebral
height is crucial, as indirect decompression of the spinal
canal is achieved by ligamentotaxis [16-20].

For accurate pedicle screw placement by conventional
technique, both antero-posterior and lateral fluoroscopic
images are commonly used. Recently, computerized navi-
gation has been advocated to increase the accuracy of pedi-
cle screw placement. In the current study, the accuracy of
pedicle screw insertion with only lateral fluoroscopic image
assistance was found to be comparable to the results of Odg-
ers et al. [21] and other methods (Table 4). The poor results
in some of the earlier studies on conventional method of
pedicle screw insertion were mainly due to non-adherence
to the morphological characteristics of the pedicles [9].
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Table 3 Pre- and postoperative

Preoperative Postoperative Percentage of correction P value

parameters (mean + SD) (mean + SD) (mean + SD)

Kyphotic angle 18.84 +12.82 481 +5.33 60.5+4.9 <0.05

Loss of vertebral height 325+ 1045 82+18 245+ 12.8 <0.05

Canal compromise 46.6 +7.7 26.6 +2.3 21.2+13.1 <0.05
Table 4 Comparison with other References Type of study Accuracy (%)
authors

Castro et al. [22] Conventional (AP + lateral images) 60.2

Gertzbien and Robbins [3] Conventional (AP + lateral images) 71.3

Laine et al. [10] Conventional (AP + lateral images) 78.9

Odgers et al. [21] Conventional (lateral images) 89.1

Weinstein et al. [23] Conventional (AP + lateral images) 79

Kalfas et al. [6] CT-based computer guidance 91.3

Amiot et al. [7] CT-based computer guidance 95.5

Merloz et al. [8] CT-based computer guidance 94.2

Schwarzenbach et al. [9] CT-based computer guidance 97.3

Laine et al. [10] CT-based computer guidance 95.7

Current study

Conventional (lateral images) 91.24

When analyzed, it was seen that an erroneous angle of
screw insertion was the major cause of wall violations [9,
22]. Assuming a constant starting point is chosen and the
screw is inserted at an angle corresponding to the transverse
pedicle angle as determined from the preoperative CT scan,
the pedicle wall violation can be avoided [23]. The pedicle
diameter, screw path length, and transverse pedicle angle
are different at different spinal levels [5]. Majority of the
breaches in this study were less than 4 mm. None of the
cases required revision, and no patient had postoperative
neurological deterioration. The high rate of accuracy in our
study can be attributed to the following reasons: selection
of the correct entry point, placement of the probe and tap
along the center of the pedicle seen in the lateral fluoro-
scopic view, and directing the pedicle screws along the exact
pedicle angle up to the appropriate depth.

The advantages of using only lateral fluoroscopic images
are: The fixation can be performed using a conventional
operation theater table, whereas, for antero-posterior
fluoroscopic image, a special radiolucent operating table is
required. Secondly, the patient is positioned on a Relton-
Hall spinal extension frame which allows postural reduction
of the fracture. Thirdly, lateral image assistance helps in
assessing the correction of kyphotic angle and restoration
of vertebral height. Lower radiation exposure to both the
surgeon and the patient is achieved without compromising
on accuracy. The drawback of this study is the lack of a
control group, in whom both antero-posterior and lateral
fluoroscopic image assistance is used for insertion of pedi-
cle screws. However, as our patients were positioned on a
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Relton-Hall frame, which is radio-opaque and interferes with
antero-posterior imaging, no such control group could be
studied.

Conclusion

Pedicle fixation done as per the current study is relatively
easy and has a lower potential for complications and lesser
radiation exposure. The accuracy of pedicle screw placement
using technique by intraoperative lateral C-arm images (and
no antero-posterior images) in thoracolumbar and lumbar
spine was found to be comparable to other methods of pedi-
cle fixation.
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