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a b s t r a c t

Objective: To determine various morphometric parameters like transverse and sagittal pedicle width;
interpedicular distance; antero-posterior and transverse canal diameter and canal surface area at thor-
acolumbar junction (T11, T12, L1, L2) in central Indian population and compare results with similar
studies available in literature.
Material and methods: A prospective, computerized tomography scan based morphometric analysis of
thoracolumbar junction was conducted at medical college and tertiary care centre in central India. All
asymptomatic cases more than 18 years age with normal lateral radiograph and CT scan of thor-
acolumbar junction and free from any spinal pathology or trauma were included in the study. Parameters
measured were transverse and sagittal pedicle width; interpedicular distance; antero-posterior and
transverse canal diameter and canal surface area at thoracolumbar junction (T11, T12, L1, L2).
Results: Mean transverse pedicle width was maximum at T11 and minimum at L1 in both males and
females, whereas sagittal width was maximum at T11 and minimum at L2 in both the groups. Inter-
pedicular distance was largest at L1 in both the groups. All the measurements were significantly different
(P < 0.05) in males and females. Mean antero-posterior and transverse diameter was maximum at T12
and L2 respectively in both male and female study population. Canal surface area was maximum at L1
among males (230.10 mm2) as well as females (209.02 mm2).
Conclusion: There is significant variation in morphometric parameters of thoracolumbar junction in
different races and population. Thorough knowledge of morphometry of a particular population is
essential for dealing with pathology or trauma of thoracolumbar junction.
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1. Introduction

Thoracolumbar spine (T11, T12, L1, and L2) is the transition point
aoo), drambuj21@gmail.com
(Brijesh Kumar Singh), sdr.

a), mallikaneuro@gmail.com
between themore rigid thoracic spine and themore flexible lumbar
spine. This region is subsequently predisposed to unique patterns
of pathology.1 Unfortunately, in adults the part of the spinal cord
that terminates at the mechanically vulnerable thoracolumbar
junction encompasses the primary efferents for all the lumbosacral
roots, and hence canal encroachment can lead to cataclysmic
neurological sequelae. Sagittal alignment and pedicle and vertebral
canal morphometry of thoracolumbar junction are the crucial pa-
rameters which can assist in better perception and management of
thoracolumbar ailments.2e4

Notwithstanding the diversified studies available of thoracic
and lumbar vertebral morphometry separately or in groups,5,6

studies pertaining to thoracolumbar junction morphometry
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Table 1
Demographic profile of patients.(n ¼ 200).

Variables

1. Sex distribution:
Males-
Females-

109
91

2. Age distribution:(years)
<20
21-30
31-40
41-50
51-60
61-70
>70

08
35
53
51
36
16
01

3. Mean height:
Males-
Females-

158.02 cms
147.8 cms

4. Mean weight:
Males-
Females-

68.7 kgs.
56.9 kgs.

Fig. 1. Showing (A) Transverse pedicle width,.Anteroposterior and transverse canal
diameter (B) Sagittal pedicle width and (C) Interpedicular distance at thoracolumbar
junction.

Table 2
Mean (SD) of TPW, SPW and IPD of pedicles.

Pedicle Measurements in CT
(mm)

Females Males Total P value

Mean SD Mean SD Mean SD (Male vs
female)

TPW T11 6.56 1.45 7.32 1.38 7.01 1.45 0.009
TPW T12 5.98 1.47 6.88 1.39 6.51 1.49 0.004
TPW L1 5.56 1.34 6.69 1.43 6.23 1.50 <0.001
TPW L2 5.85 1.26 6.85 1.49 6.44 1.48 0.001
SPW T11 14.27 1.95 15.56 1.88 15.03 2.00 0.001
SPW T12 13.63 2.15 14.92 1.90 14.39 2.09 0.002
SPW L1 13.56 1.79 14.58 1.60 14.16 1.74 0.004
SPW L2 13.49 1.85 14.31 2.15 13.97 2.06 0.016
IPD T11 14.98 2.07 16.17 1.64 15.68 1.91 0.002
IPD T12 17.15 2.28 18.39 2.17 17.88 2.29 0.005
IPD L1 17.95 2.01 19.27 2.45 18.73 2.36 0.007
IPD L2 17.17 2.31 18.56 2.51 17.99 2.51 0.006

TPW- Transverse pedicle width, SPW-Sagittal pedicle width, IPD- Inter pedicular
distance.
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employing Computerized Tomography (CT) scan are few and far
between. Also, there are very few studies from India. As per au-
thor’s knowledge, this is the first study from central India popula-
tion with maximum number of vertebrae studied.

The intent of this studywas to inspect pediclemorphometry and
canal measurements of thoracolumbar junction using Computer-
ized Tomography (CT) Scan in the normal population of this region
and to thereby construe a normal range.

2. Material and methods

2.1. Inclusion criteria

1. All subjects older than 18 years with normal neurological
examination.

2. Lateral radiograph and CT scan of thoracolumbar junction (T11,
T12, L1 and L2) reported as normal by radiologist and
neurosurgeons.
2.2. Exclusion criteria

� Age <18 years
� Major trauma (such as a motor vehicle collision)
� Diseases of the vertebral column, spinal canal, paravertebral soft
tissues or retroperitoneum; traumatic vertebral fractures; and
Osteoporotic vertebral collapse.

� Segmentation anomalies at thoracolumbar junction.
2.3. Protocol

A plain CT scan (Bright Speed, GE Healthcare) of thoracolumbar
Fig. 2. Vertebral canal sur
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junction (T11,T12,L1,L2) was done for all the subjects included in
study and following parameters were measured:

1. Pedicle Measurements (Fig. 1)
a. The narrowest dimensions in both the transverse and sagittal

planes between outer-to-outer cortex were chosen as the
transverse (Fig. 1A) and sagittal pedicle (Fig. 1B) width
respectively.

b. The interpedicular distance was measured at the midshaft of
the pedicle (Fig. 1 C).

2. Vertebral canal Measurements
face area at T11 level.



Fig. 3. Transverse pedicle width (TPW) at T11, T12, L1 and L2 level in males and
females.

Fig. 4. Sagittal pedicle width (SPW) at T11, T12, L1 and L2 level in males and females.
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Fig. 5. Vertebral canal anteroposterior (A) and transverse diameter (B) at different
levels in male and female population.
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a. Antero-posterior and transverse diameter (Fig. 1A) of verte-
bral canal at mid body level and surface area of canal (Fig. 2)
were measured.
3. Results

A total of 200 patients were included in the study of which 109
(54.5%) were males and rest were females. More than half of the
le 3
an (SD) of antero-posterior diameter, transverse diameter and surface area of vertebr

ertebral canal Measurements CT Scan (MM & MM2) Female

Mean SD

C APD T11 13.61 1.53
C APD T12 15.22 1.46
C APD L1 15.12 1.23
C APD L2 14.37 1.37
C TD T11 16.61 1.53
C TD T12 18.98 1.75
C TD L1 19.54 2.07
C TD L2 19.85 1.88
C SA T11 161.85 37.72
C SA T12 198.20 34.94
C SA L1 209.02 32.40
C SA L2 196.80 37.08

TD- Vertebral canal transverse diameter.
SA- Vertebral canal surface area.
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subjects aged between 31 and 50 years. Mean height in males and
females were 158.02 cms and 147.8 cms respectively. Mean weight
in males and females were 68.7 kgs and 56.9 kgs respectively
(Table 1).

Mean (SD) transverse and sagittal pedicle width and inter-
pedicular distance in mm were measured based on CT image
(Table 2). Mean transverse pedicle width was maximum at T11 and
minimum at L1 in both males and females (Fig. 3), whereas sagittal
width was maximum at T11 and minimum at L2 in both the groups
(Fig. 4). Interpedicular distancewas largest at L1 in both the groups.
All the measurements were significantly different (P < 0.05) in
males and females (Table 2).

Table 3 shows mean (SD) antero-posterior diameter, transverse
diameter and canal surface area of T11 to L2 vertebrae. Mean
antero-posterior and transverse diameter was maximum at T12
and L2 respectively in both male and female study population
(Fig. 5). Canal surface area was maximum at L1 among males
(230.10mm2) as well as females (209.02mm2) (Fig. 6). Difference in
all measurements between males and females was statistically
significant (P < 0.05). (Table 3).

4. Discussion

Thoracolumbar spine is the transition point between the more
rigid thoracic spine and the more flexible lumbar spine and, is
resultantly susceptible to unique patterns of pathology in this
al canal. VC APD- Vertebral canal anteroposterior diameter.

Males Total P Value

Mean SD Mean SD (Males vs Females)

14.49 1.44 14.13 1.54 0.004
15.90 1.31 15.62 1.41 0.017
15.81 1.25 15.53 1.28 0.007
15.19 1.69 14.85 1.61 0.011
18.31 2.35 17.61 2.21 <0.001
20.92 1.99 20.12 2.11 <0.001
21.25 1.98 20.55 2.18 <0.001
21.47 2.13 20.81 2.17 <0.001
180.41 38.60 172.80 39.14 0.019
221.61 39.01 212.01 38.97 0.003
230.10 37.99 221.46 37.12 0.005
220.12 48.54 210.56 45.48 0.011



Fig. 6. Vertebral canal surface area at T11, T12, L1 and L2 level in males and females.
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region.7 The anatomy of the rib cage significantly influences the
biomechanical properties of the thoracolumbar spine. Above T10,
ribs 3 through 8 articulate anteriorly with the sternum and poste-
riorly with their associated vertebral body and transverse process,
as well as with the vertebral body above via an inferior demi facet.
This configuration stabilizes the thoracic spine and increases its
rigidity twofold to threefold.8 Below this level, the rigidity of the
thoracic spine is reduced as the anatomy evolves into the config-
uration of the more mobile lumbar spine. Thoracolumbar spinal
pathology places the conus medullaris and cauda equina at risk,
and injury to these neurological structures has profound functional
consequences. The conus medullaris and cauda equina mark the
transition between the central and peripheral nervous systems.
Injury results in a constellation of upper and lower motor neuron
symptoms, depending on the exact site of the lesion. The location of
the conus medullaris varies by developmental stage. At birth, the
cord fills the vertebral canal and terminates at the lumbosacral
junction.9 The distal tip of the spinal cord then ascends with infant
development, probably because of the differential growth between
the spinal column and spinal cord. In adults, the tip usually ter-
minates at the mid aspect of the first lumbar vertebra. However, its
position varies between the lower 11th thoracic and upper 3rd
lumbar vertebrae.10 Traditionally, it has been taught that the
termination also varies with the position of the spine, although a
recent study by Bauer and colleagues found no change in the po-
sition of the conus with flexion.11 However, they did demonstrate
that the cauda equina displaces medially over the conus with
flexion.

A comprehensive knowledge of anatomy and normal spectrum
of parameters like sagittal and transverse pedicle width and
vertebral canal anteroposterior and transverse diameter of this
region are imperative tools in proper devising of management.
These measurements diversify in consonance with age, gender,
body habitus and race of the subjects. Geographical and genetic
considerations leading to these variations are well recognized.
Despite plentiful studies in literature, describing normal
Table 4
Transverse pedicle width (TPW) in different studies.

Studies T 11 T 12

Male Female Male Fe

Present study 7.32 6.56 6.88 5.
Kim et al.12 7.9 7.3 7.9 7.
Zindrick et al.13 7.8 7.1
Mitra et al.15 e

Datir et al.16 7.4 7.7
Pai et al.17 7.4 7.7
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measurements of thoracic and lumbar region, there is still a dearth
of data analyzing the thoracolumbar vertebral dimensions, espe-
cially from central India. Therefore, we panned the present study to
determine pedicle morphometry and canal measurements of
thoracolumbar junction. We have included measurements of T11 to
L2 vertebrae in the present study. Various parameters measured
and compared in the present study are discussed below.

4.1. Transverse pedicle width

This is themost important parameter in determining the pedicle
screw diameter which can be safely placed. In the present study,
TPWof thoracic vertebrae [T 11 (7.01 ± 1.45) and T 12 (6.51 ± 1.49)]
is more than lumbar vertebrae L 1 (6.23 ± 1.50). On moving from L1
to L2, it again increases (Fig. 3). A similar trend of TPW was seen
even if we analyze measurements in males and females separately.
It is inferred that TPW is higher among males in comparison to
females. In a study by Kim et al. it was shown that the average
diameters of T11 and T12 vertebrae were higher than that of L1and
L2 and transverse diameter of the pedicle was wider in males as
compared to females at all the vertebral levels.12 In a study by
Zindrick et al., TPW of T11 was more than T12 and it progressively
increased to L2.13 In an Indian study done by Singel et al.,14 they
found diameter of lumbar vertebrae more in female than males,
which is in contrast to our findings. Based on our results, at all the
four levels studied, safe screw diameter inmale and female patients
is 6.5 mm and 5.5 mm respectively. TPW values were slightly lower
in our study in comparison to western literature and comparable to
results of most of the studies conducted on Indian population.

4.2. Sagittal pedicle width and interpedicular distance

In the present study, we found that SPW showed a decreasing
trend as we move down from T11 to L2. At all levels, it was
significantly higher in males as compared to females (Fig. 4). We
share the similarity of findings with the study done byMitra et al.15
L 1 L 2

male Male Female Male Female

98 6.69 5.56 6.85 5.85
6 7.0 6.6 7.5 6.9

8.7 8.9
7.5 5.85 7.59 6.15
e

e



Table 5
Sagittal pedicle width (SPW) in different studies.

Studies T 11 T 12 L 1 L 2

Male Female Male Female Male Female Male Female

Present study 15.56 14.27 14.92 13.63 14.58 13.56 14.31 13.49
Zindrick et al.13 17.4 15.8 15.4 15.0
Mitra et al.15 e 15.68 15.7 15.27 15.7
Datir et al.16 17.7 18.7 e

Pai et al.17 15.4 15.8 e

Table 6
Vertebral canal Antero-posterior diameter (VC APD) in different studies.

Studies T 11 T 12 L 1 L 2

Male Female Male Female Male Female Male Female

Present 14.49 13.61 15.90 15.22 15.81 15.12 15.19 14.37
Gupta and Singla 16.86 17.71 17.48 16.91
Marchesi et al.18 16.3 17.7 17.8 16.8
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A similar observation was also made in a study by Zindrick et al.13

where in case of thoracic vertebrae SPW of T11 was greater than
T12 (17.4 vs 15.8) whereas Datir et al.16 and Pai et al.17 found SPWof
T12 > T11. In their study on lumbar measurements, Singel et al.
found SPW of L1 was more in females (15.7 vs 14.7) than males
while SPWof L2 was lower in females.14 In our study, IPD increased
from above downwards except at L 2 in both the genders which
were analogous to a study by Datir et al.16 and Mitra et al.15
4.3. Vertebral canal APD, TD and SA

Canal measurements influence the chances of developing
neurological deficits in spine injury as well as degenerative pa-
thologies. So, It is important to know the baseline values of canal
diameters and surface area of a particular population.

Marchesi et al. performed radiological and cadaveric canal
measurements from T6 to L5. At thoracolumbar junction, they
found maximum VC APD at T12 followed by L1 and minimum VC
APD at T11.18 In their study, VC TD was maximum at L1 and L2 and
minimum at T11. At all levels, they noted higher TD as compared to
APD. We also found similar trends in the present study (Fig. 5). In
present study, male and female population was separately
analyzed. Although the measurement trends were similar in both
sex, males have significantly larger diameters in comparison to
females. In the present study, vertebral canal surface area increased
from T11 (172.80) to L1 (221.46) and then decreased at L2 (210.56)
(Fig. 6). Similar trend was noted in both sex and values in males
were significantly higher.

All the parameters measured in our study differ from other
studies done in different population groups, which proves the
importance of morphometric studies in different population
groups. A thorough anatomical knowledge and morphometric
orientation of spine of that particular population is necessary for
planning and execution of successful spine surgery. Tables 4e6
shows comparison of TPW, SPW and VC APD respectively in
different studies conducted in different geographical population.

Although our study provides important information regarding
thoracolumbar junction morphometry, it has certain strengths and
limitations. A large sample size is the cardinal strength of our study.
We performed the meticulous morphometric analysis by using CT
scan which is precise and unerring as compared to conventional
radiograph. With CT we are able to calculate the accurate trans-
verse diameter and surface area which are equally vital in pre-
dicting the spinal stenosis. As anomalies of this region are well
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known in pediatric population but they are not analyzed in this
study. We calculated dimensions at mid vertebral level while the
degenerative pathology are commonly found to affect the inter-
body level. A comparative analysis with patients of thor-
acolumbar stenosis is required for better correlation.

5. Conclusion

� CT scan is more precise in anatomic morphometric measure-
ment of thoracolumbar spine in normal asymptomatic
population.

� These morphometric dimensions show ethnic, racial and
geographical discrepancies and hence normal reference values
of the population of a particular region is of paramount
importance.

� These reference values can be of assistance in preoperative
management; surgical planning and post-operative follow up of
patients with thoracolumbar stenosis.

� Data comparison with patients of thoracolumbar stenosis re-
sults in proficient analysis of result.

� Similar study in pediatric population is required for veracious
assessment of congenital anomalies.
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