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Abstract
Study Design: A cross-sectional magnetic resonance imaging (MRI)-based anatomical study.

Objectives: Instrumentation of the thoracic spine may be challenging due to the unique pedicle morphology and the proximity of
vital structures. As prior morphological studies have mostly been done in Caucasians, our study aims to determine the optimal
pedicle screw size for transpedicular fixation in an Asian population.

Methods: A retrospective analysis of 400 patients who had undergone MRI of the thoracic spine was performed. A total of 3324
pedicles were included. Pedicle morphology was graded qualitatively based on the size of its cancellous channel, and quantitatively
with the following parameters: pedicle transverse diameter, pedicle screw path length, and pedicle angle. Subgroup analysis based
on gender was performed.

Results: Mean pedicle transverse diameter was the narrowest at the T4 (2.9 + | mm) and T5 (3.1 £+ I.I mm) level. The mean
pedicle screw path length progressively increased from T1 (34 + 4.6 mm) to T12 (47 + 4.6 mm). The mean pedicle angle was the
largest at T1 (34° + 7.9°) and decreased caudally, to 9.4° + 3.8° at the T12 level. Females had significantly lower mean pedicle
diameter and screw path length than males at every vertebral level; however, they had a larger pedicle angle at T8 to T10. The
most common size of the pedicle cancellous channel was more than 4 mm.

Conclusion: Morphological differences in the Asian pedicle suggest that caution needs to be taken during thoracic spine
instrumentation, particularly in Asian females who have significantly smaller pedicles. In such cases, the use of alternative tech-
niques or intraoperative navigation may be useful.
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knowledge on the morphology of the thoracic spine in an Asian
population.”® Therefore, the aim of our study was to perform a

Introduction

Transpedicular screw fixation is extensively used in spine sur-
gery due to its biomechanical advantages over other methods of
fixation." It is frequently used in a setting of deformity cor-
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rection and for the treatment of spinal instability due to tumor,
infection, or trauma.>* However, there are challenges associ-
ated with transpedicular screw fixation, especially in the thor-
acic spine, due to the unique morphology of the pedicle and its
close proximity to vital structures. Although the morphology of
the thoracic pedicle has been studied extensively in cadavers
and computed tomography (CT) scans, there is limited

2Yong Loo Lin School of Medicine, National University of Singapore, Singapore
3 Lee Kong Chian School of Medicine, Nanyang Technological University,
Singapore

Corresponding Author:

Jacob Yoong-Leong Oh, Department of Orthopaedic Surgery, Tan Tock Seng
Hospital, 11 Jalan Tan Tock Seng, 308433, Singapore.

Email: jacob_oh@yahoo.com

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non
@ ® @ @ Commercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of the
c

ND

pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

work as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open Access


https://orcid.org/0000-0002-2747-4500
https://orcid.org/0000-0002-2747-4500
https://orcid.org/0000-0002-2832-8433
https://orcid.org/0000-0002-2832-8433
mailto:jacob_oh@yahoo.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/2192568220906137
http://journals.sagepub.com/home/gsj
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

438

Global Spine Journal 11(4)

Figure |. Magnetic resonance axial cut image of the T6 vertebrae: (A) the intertransverse line (a), transverse pedicle diameter (b), and pedicle
screw path length (c); (B) the anterior-posterior midsagittal line (d) and pedicle angle (e).

magnetic resonance imaging (MRI)-based morphological anal-
ysis of the thoracic spine in our Asian population in order to
determine the safety margins for transpedicular screw fixation.

Methods

Institutional review board approval was obtained for this study
(DSRB 2018/00831). A retrospective analysis of 400 patients
who had undergone MRI of the thoracic spine from 2017 to
2018 was performed. All patients underwent MRI for the inves-
tigation of thoracic back pain or for screening purposes as part
of a workup due to pathology elsewhere in the cervical or
lumbar spine. Vertebrae with disease such as tumor, infection,
trauma, or deformity were excluded from the study. A total of
3324 pedicles (1662 vertebrae) were included for the final
study. All MRI scans were performed with a 1.5-T MR unit
(Philips Ingenia, Eindhoven, Netherlands) with a maximum
gradient strength of 45 mT/m and 200 mT/m per millisecond
slew rate. The T2-weighted imaging parameters were TR/TE:
2000/90; matrix 1280 x 1280, with a 4 mm slice thickness. The
patients’ demographic data such as age, race, gender, weight,
height, and body mass index (BMI), was also collected.

Morphological Analysis

The method we adopted for morphological analysis of each
vertebra was similar to that described by Olsewski et al’ and
Vaccaro et al.”

The following reference lines were drawn at each vertebrae
level: (a) a horizontal line drawn across the 2 transverse pro-
cesses (intertransverse line) (Figure 1A), and (b) a line drawn
from the spinous process perpendicular to the intertransverse
line (anteroposterior mid-sagittal line) (Figure 1B).

The following morphological parameters were measured at
each vertebrae level:

1. Pedicle transverse diameter (TD)—the inner cortical
diameter at the narrowest part of the pedicle isthmus
(Figure 1A).

2. Pedicle screw path length (SPL)—the hypothetical
length of a pedicle screw, measured as the distance
from the posterior cortex of the lamina through the
longitudinal axis of the pedicle (Figure 1A).

3. Pedicle angle (PA)—the angle between the longitu-
dinal axis of the pedicle and the midsagittal line
(Figure 1B).

Pedicle morphology was also assessed qualitatively using
the following classification as described by Sarwahi et al'’:
type A, pedicle cancellous channel of more than 4 mm; type
B, cancellous channel of 2 to 4 mm; type C, cortical channel of
2 to 4 mm; type D, cortical or cancellous channel of less than
2 mm. The morphological parameters were measured by
3 different members of the study team.

Statistical analysis was performed using Stata, version 13
(StataCorp LP, College Station, TX), with statistical signifi-
cance being defined as a P value of <.05. The mean and stan-
dard deviation for each morphological parameter was
calculated, and the Student’s unpaired ¢ test was used to com-
pare morphological parameters between gender. One-way anal-
ysis of variance (ANOVA) was used to compare the
measurements between vertebral levels.

Results

Patient Demographics

A total of 400 patients were included in the study, comprising
237 males and 167 females, with a male:female ratio of 1.4:1.
The mean age of the patients was 61.6 + 16.9 years (range, 19-
98 years). Body mass index (BMI) measurements were avail-
able for 238 patients, and the mean BMI was 24.8 + 5.1 kg/m?
(range, 14.6-45.6 kg/m?). All patients were of Asian descent.
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Table I. Pedicle Screw Path Length, Diameter, and Angle at the
Various Vertebral Levels.

Pedicle
Transverse Pedicle Screw Pedicle
Level Diameter (mm), Path Length (mm), Angle (deg),
(n = 1662) Mean + SD Mean + SD Mean + SD
Tl (n = 45) 56 + 1.2 340 + 4.6 340 + 79
T2 (n = 86) 42 + 1.2 36.0 + 5.7 259 + 6.2
T3 (n=122) 32+ 1.0 370 + 55 20.1 + 4.6
T4 (n = 159) 29 + 1.0 386 + 5.0 174 + 3.8
T5 (n = 174) 3.1 + 1.1 404 + 5.1 164 + 3.4
T6 (n = 180) 33 + 1.1 42,1 + 54 155 + 3.1
T7 (n = 170) 35+ 1.0 435 + 49 145 + 3.2
T8 (n = 179) 36 + 1.2 448 + 5.3 13.6 + 3.3
T9 (n = 168) 39 + 1.1 454 + 5.1 13.0 + 3.1
TI10 (n = 165) 45 + 1.3 449 + 49 119 + 3.5
TIl (n=127) 55+ 14 45.1 + 4.8 1.1+ 4.1
TI12 (n = 87) 56 + 14 470 + 4.6 94 + 38

Table 2. Pedicle Morphology at the Various Vertebral Levels.

Level (n = 3324) Type A Type B Type C
Tl (n = 90) 90 — —
T2 (n=172) 156 16 —
T3 (n = 244) 205 37 2
T4 (n = 318) 230 84 4
T5 (n = 348) 252 96 —
T6 (n = 360) 272 88 —
T7 (n = 340) 292 48 —
T8 (n = 358) 313 41 4
T9 (n = 336) 296 38 2
TIO (n = 330) 293 35 2
TII (n = 254) 240 12 2
TI2 (n = 174) 165 9 —
Total 2804 (84.4%) 504 (15.2%) 16 (0.4%)

There were 324 Chinese patients (81%), 44 Indian patients
(11%), and 32 Malay patients (8%).

There were 3324 pedicles (1662 vertebrae) included in the
study. The tabulated results of the mean pedicle SPL, pedicle
TD, and PA of the study population are shown in Table 1. The
mean pedicle TD was the narrowest at the T4 (2.9 + 1 mm)
and TS5 (3.1 + 1.1 mm) level, and largest at T12 (5.6 +
1.4 mm). The mean pedicle SPL progressively increased from
T1 (34 + 4.6 mm) to T12 (47 + 4.6 mm). The mean PA was
the largest at T1 (34° + 7.9°) and decreased caudally, to
9.4° + 3.8° at the T12 level. One-way ANOVA was done to
evaluate all the parameters, which revealed that the mean
pedicle TD, pedicle SPL, and PA were different at different
thoracic levels (P < .001).

Most of the pedicles were of type A morphology (2804
pedicles, 84%), while 504 pedicles (15%) were of type B
morphology, and 16 pedicles (0.5%) were of type C mor-
phology. There were no type D pedicles in our study
(Table 2).

Mean Pedicle Transverse Diameter {mm)
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Figure 2. Mean pedicle transverse diameter by gender.
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Figure 3. Mean pedicle screw path length by gender.

Gender Differences in Morphology

Subgroup analysis based on gender was performed. There was
no difference in age or BMI between the male and female
groups of patients (P < .05).

The mean pedicle TD was significantly larger in males than
in females at every vertebral level (P < .05) (Figure 2). Mean
pedicle SPL also was significantly longer in males than in
females at every vertebral level (P < .001) (Figure 3). There
was no difference in the mean PA between the male and female
groups of patients at every level, except for T8, T9, and T10
(P <.05). The mean PA at T8 to T10 was larger in females than
in males (Figure 4).

Discussion

Pedicle screw fixation of the spine allows for 3-column fixation
and has been shown to be biomechanically superior to other
spinal fixation constructs.>'""'* However, pedicle screw fixa-
tion in the thoracic spine may be challenging for various rea-
sons. First, the pedicles are significantly smaller than in the
lumbar spine; and second, vital structures such as the aorta are
in close proximity, with cadaver studies demonstrating hardly
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Figure 4. Mean pedicle angle by gender.

any epidural space between the thoracic pedicle and dura.'?
With such a narrow margin of error in the thoracic spine, it is
crucial to understand the anatomy and morphology of the thor-
acic pedicle in order to achieve the maximum benefits that
transpedicular screw fixation can offer, with avoidance of com-
plications. This is especially pertinent in the Asian population
due to the differences in body habitus compared with the Cau-
casian population, on whom most morphological studies have
previously been done.®™® Previous studies done to evaluate the
thoracic pedicle morphology in an Asian population have small
study sizes, with no MRI-based study done to date.'*'® The
aim of our study was to establish the thoracic pedicle morphol-
ogy based on MRI, in a large Asian population.

In our study, we found that the smallest inner diameter of the
thoracic pedicle was at T4 and TS5, and the mean pedicle diam-
eter from T3 to T9 was consistently less than 4 mm. In partic-
ular, the mean diameter in females was 2.5 to 2.7 mm at those
levels. Similarly, Datir et al'* reported that the mean diameter
at T4 was 3.6 mm and suggested that a 4-mm screw should be
used with caution in the mid-thoracic region in an Asian pop-
ulation. This is in contrast to a Caucasian-based study by Zin-
drick et al® who found that the mean pedicle width at T5 varied
from 2.5 to 7 mm, with a mean diameter of 4.7 mm, which is
larger than that in our Asian population studied. With regard to
gender differences, although Hou et al'” have previously
reported no difference in pedicle diameter except at T9 and
T12, our study found that female pedicle diameter was signif-
icantly narrower at every thoracic level.

In determining the appropriate pedicle screw size, consid-
eration needs to be given that in the presence of a cancellous
channel, the pedicle may be able to accommodate a larger
screw size than its endosteal width due to its viscoelastic
expansion and plastic deformation.'®!'® Nevertheless, while the
screw diameter needs to be maximized to provide optimum
stability and confer adequate pull-out strength, care needs to
be taken in the thoracic region to avoid pedicle wall blow-out
and its potential complications.

Our findings suggest that extra caution needs to be taken
when instrumenting the mid-thoracic level due to the narrow
pedicle diameter, particularly in Asian females at T4 and T5

with a narrow or absent cancellous channel, as pedicle expan-
sion during screw insertion will be limited. Preoperative plan-
ning is crucial in such cases to anticipate possible breaches and
if necessary, the utilization of hooks, the “in-out-in” technique,
or intraoperative navigation can be considered to facilitate bet-
ter fixation.

With regard to the mean pedicle SPL, we found the length
was shortest at T1 and increased caudally, a trend similar to
other morphological studies.®'* A short screw may reduce the
resistance to pull-out; however, there is a risk of anterior cor-
tical perforation and injury to the aorta with longer screws.
From our study, a 35-mm screw length appears to be ideal for
the upper thoracic region (T1 to TS), while the lower thoracic
region may accommodate a 40-mm screw safely.

The PA was the highest at T1 (34°) and gradually decreased
caudally to 9.4° at T12, similar to that reported in other
studies.'*'* However, we found that females had a significantly
higher PA at T8 to T10 compared with males. We postulate that
this may be due to females having a shorter SPL, hence a higher
PA may be necessary to optimize the length of the screw.

Our study is the first in the literature to evaluate the mor-
phology of a normal thoracic pedicle based on MRI. CT has
traditionally been the modality of choice in evaluating pedicle
diameter and length, as the accuracy of MRI may be affected by
susceptibility artefacts between cancellous and cortical bone.
However, other studies utilizing MRI to evaluate pedicle mor-
phology in scoliosis have shown good concordance with data
derived from CT.?® As for evaluating pedicle morphology qua-
litatively, Sarwahi et al*' showed that pedicle classification by
types based on MRI showed 86.7% concordance relative to CT
imaging. In addition, one limitation of CT in determining pedi-
cle morphology accurately is that the axial cut obtained is often
not in line with the pedicle axis, as alignment of the gantry is
only in the sagittal plane.?* For accurate measurements, the CT
images may require reformatting to align the axial view in the
pedicle axis, as some other studies have done.”***

The limitations of our study include the lack of inter- and
intraobserver variability assessments. We sought to address
this by briefing the reviewers together on the measurement
protocols as described previously. For quantitative measure-
ments, interobserver variability may be minimized by ensuring
that measurements were taken using standardized reference
lines. For qualitative assessments, the pedicle classification
system we used has previously been demonstrated to have good
interobserver reliability. '

Conclusion

Our study presents the largest series of thoracic pedicle morphol-
ogy evaluation in the literature. Morphological differences in the
Asian pedicle suggest that caution needs to be taken in instru-
mentation of the thoracic spine, especially in the mid-thoracic
region, particularly in Asian females who have significantly
smaller and shorter pedicles. In such cases, the use of hooks, the
“in-out-in” technique or intraoperative navigation may be con-
sidered to achieve optimal fixation of the thoracic spine.
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