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Purpose Several studies have been conducted to determine morphometry of lumbar
vertebrae, mostly in western population and data on other populations is relatively
sparse. Most of these studies have been carried out using fresh cadavers or osteolog-
ical collections and several of them having limitations such as a small sample size and
lack of demographic information. We conducted morphometric analysis of the lumbar
vertebrae in a relatively large number of Indian patients using computed tomography
scan. Vertebral body and pedicle dimensions of lumbar spinal elements were docu-
mented in Indian population and compared with other studies from the subcontinent
as well as from other parts of the world. The morphometric data thus compiled may
help in the development of new spinal implants for transpedicular screw fixations.
Methods An observational study was conducted and a total of 302 patients were
evaluated. Thin section computed tomographic images of the 12th thoracic vertebra
(D12) to 1st sacral vertebra (S1) were acquired and various dimensions of vertebral
body and pedicle were recorded and analyzed.

Results Generally, the lumbar vertebral and pedicle dimensions were found to be
greater in male patients. Comparison of dimensions in different populations revealed
statistically significant differences in pedicle dimensions between Indian population
and others.

Conclusion Morphometric analysis of lumbar vertebrae using computed tomogra-
phy scan provides measurements of different vertebral dimensions. This will help in
development of spinal implants in future to meet the specific needs of the studied
population.
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Introduction

Vertebral column forms central axis of the body and it gives
main support to bones and muscles.! Knowledge of verte-
bral morphology helps us to understand spine biomechan-
ics. Thorough knowledge of lumbar morphometry is very
helpful in correcting deformities and stabilizing the spine
with the help of different spinal implants during spinal sur-
geries or in the setting of trauma.?* To ensure precise screw
positioning, it is essential that the surgeons have an intimate
knowledge of spinal anatomy and be able to localize the
bony and neural structures accurately while performing the
procedure.*®

In different spinal ailments including trauma transpedic-
ular fixation of the spine is an effective vertebral stabiliza-
tion method. It is important to achieve proper placement
of pedicle screw for a successful outcome in the spinal
surgeries.®!® Mismatching of pedicle and screw size may
result in serious complications like loosening of the screw,
fracture of the pedicle, dural tear, leakage of cerebrospinal
fluid, nerve-root injuries. and in worst cases injury to spinal
cord itself.5!"13 Thus, detailed understanding of morphome-
try of the pedicle is important to prevent potential complica-
tions due to use of inappropriate sized pedicle screws.

Several studies have been conducted to determine mor-
phometry of lumbar vertebrae, mostly in western popula-
tion. Most of these studies have been carried out using fresh
cadaver or osteological collections. Moreover, many of these
studies have limitations such as a small sample size and lack of
demographic data including race, age, and sex.'*'” Computed
tomographic images have been employed more recently to
study lumbar vertebral anatomy.'3-?° Recent use of computed
tomography (CT) for measurement of different vertebral
dimensions like pedicle diameter, interpedicular distance,
transpedicular angle, and other vertebral dimension has led
to better evaluation of vertebral morphometry compared to
plain X-rays and cadaveric studies.

In this study, we have conducted morphometric analysis
of the lumbar vertebrae in Indian population in a relatively
large number of patients by using CT scan. The morphometric
data thus compiled may serve as a basis for the development
of new spinal implants for transpedicular screw fixations.

Materials and Methods

This observational study was conducted in one of North
India’s premier tertiary care institute and this research
had been approved by the institutional review board of the
authors’ affiliated institutions. A total of 302 patients under-
going CT evaluation in the radiology department were evalu-
ated over a period of 1 year. Patients undergoing diagnostic CT
scan for abdominal or genitourinary complaints and patients
attending the radiology department for an abdominal CT
scan for indications other than the vertebral column pathol-
ogy during the study period were included in the study.
Exclusion criteria included all individuals with age < 20 years
or age > 40 years, cases with gross spinal pathology and neu-
rological deficit due to spinal condition, major chronic sys-
temic disease like chronic liver disease and chronic kidney
disease, cases of clinically labeled dwarfism, and scans with
motion/metallic artifacts.

CT scan was performed using 64-slice multidetector
CT scan (Brilliance 190P 64-channel CT scanner, Philips).
Noncontrast CT was performed from the level of diaphragm
to pubic symphysis with area to be covered (field of view)
from D12 vertebral level to the S1 vertebral level. The scan
was acquired with slice thickness of 3 mm and then 1 mm
thick images were reconstructed in bone window setting
from the source data. Then the images were reformatted in
axial, sagittal, and coronal planes and analyzed.

In our study, we measured different parameters of each
vertebra from D12 to S1 level. For simplicity, we divided
these parameters broadly into two groups:

1. Pedicle dimensions (=Fig. 1A, 1B and 1D):
Pedicle width-distance between medial and lateral sur-
face of pedicle at midpoint.

Pedicle height-distance between superior and inferior
border of pedicle at midpoint.

Interpedicular distance-maximum distance between
pedicles.

Transpedicular angle-angle between a line passing
through the center of the pedicle in longitudinal axis and
a line parallel to the vertebral body midline.

CT ratio-pedicle transverse diameter/mean vertebral
body width, expressed in percentage.

Fig. 1 Computed tomography (CT) lumbar vertebra in axial (A, B), mid-sagittal (C), and parasagittal (D) planes depicting pedicle width (E, F),
interpedicular distance (G, H), vertebral width (I, J), vertebral depth (K, L), transpedicular angle (x-y-z), anterior (M, N) and posterior
(O, P) vertebral height, and pedicle height (Q, R).
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2. Vertebral body dimensions (=Fig. 1A and 1C):
Upper and lower vertebral depth-distance between ante-
rior and posterior surface of vertebral body in the plane of
the upper and lower endplates, respectively.

Upper and lower vertebral width-distance between
the lateral borders of the vertebral body in the plane of
the upper and lower endplates, respectively.

Anterior vertebral body height-distance between the
upper and lower endplates of vertebral body at anterior
margin.

Posterior vertebral body height-the distance between
the upper and lower endplates of vertebral body at pos-
terior margin.

Data was processed and analyzed on SPSS version 17
(SPSS Inc.; Chicago, Illinois, United States), with p-value
of 0.05 set to be significant. “Unpaired t-test” was used
to compare different dimensions of lumbar spine of

Indian patients with other population and “independent 2.

t-test” was used to compare between male and female
population.

Results

Out of 302 patients studied, 174 (57.6%) were male and 128
(42.4%) were female. Note that 176 (58.3%) of them were
between the age of 20 and 30 years and 126 (41.7%) were
between the age of 31 and 40 years.

1. Pedicle dimensions (=Table 1):

Mean pedicle width consistently increased from L1 to
L5 in both males and females. The maximum mean pedicle
width was at L5 and minimum at the L1 level. The pedicle
wiOdth was significantly (p < 0.05) greater in males com-
pared to females. Pedicle height decreased marginally from
D12 to L4 followed by increase at the L5 level in both males
and females. The minimum pedicle height was noted at
L4 and maximum at D12 level. The pedicle height was sig-
nificantly (p < 0.05) more in males compared to females at
all levels.

Interpedicular distance constantly increased from D12 to
L5 level in both males and females. The minimum interpe-
dicular distance was noted at D12 and maximum at L5 level.
The interpedicular distance was significantly (p < 0.05)
more in males compared to females. The transpedicular
angle decreased from D12 to L2 level followed by increase at
L3 and then gradually increased from L3 to L5 level in both
males and females. Maximum transpedicular angle was
noted at L5 and minimum at L2 level. There was insignifi-
cant (p-value > 0.05) difference present in the transpedicular
angle between males and females.

CT ratio decreased marginally from D12 to L2 followed
by increase from L3 to L5 level. The maximum CT ratio
was recorded at D12 and minimum at L2 in both males
and females. There was no significant difference between
males and females; however, significant difference
between right and left was seen at all levels.

Dimensions of vertebral body (~Table 2):

Upper vertebral depth progressively increased from
D12 to L5 level, then it decreased at S1 in both males
and females. The minimum upper vertebral depth was at
D12 and maximum at L5. Upper vertebral depth was sig-
nificantly (p < 0.05) larger in males compared to females
at all levels. Lower vertebral depth increased from D12 to
L4 followed by decrease from L5 to S1 level in males but in
females it progressively increased from D12 to L5 followed
by decrease at the S1 level. The maximum lower verte-
bral depth was seen at L4 level in males and at L5 level
in females, whereas minimum lower vertebral depth was
noted at S1 level in both males and females. Lower verte-
bral depth was significantly (p < 0.05) more in males at
all level.

Upper vertebral width progressively increased from
D12 to S1 level in both males and females. The mini-
mum upper vertebral width was at D12 and maximum at
S1 level. Upper vertebral width was significantly (p < 0.05)
larger in males compared to females at all levels. Lower
vertebral width increased from D12 to L5 but decreased
at S1 level in both males and females. Lower vertebral

Table 1 Measurements (in mL) of mean * SD of pedicles width, pedicles height, interpedicular distance, and transpedicular angle

(in degree) in males (M) and females (F)

D12 L1 L2

L3 L4 L5

M F M F M F

M F M F M F

(right) 1.72 1.97 1.60 1.45 1.43 1.41

Pediclewidth |[11.4% |10.57+ |9.08+ [8.42+ |9.60+ [8.61%

10.81+ |10.01+ [11.85+ |11.14+ |14.43+ |13.48+
1.69 1.47 1.75 1.58 2.24 2.29

(left) 1.74 1.95 1.61 1.65 1.61 1.55

Pediclewidth |[11.69% |10.77+ |9.79+ ]9.02+ |10.46% |9.53%

1149+ |10.54 [12.63+ |11.77+ 1478+ |13.84+
1.73 1.68 1.97 1.59 2.05 1.97

1.86 1.85 1.85 1.64 1.75 1.71

Pedicle height |14.6+ [14.16+ |14.44+ |13.77+ |14.25+ |13.25% |14.15+ |13.21% [13.11% [12.14+ |13.44% |1253+

1.81 1.75 1.80 1.88 1.75 1.83

distance 2.36 2.03 2.22 2.00 2.79 2.26

Interpedicular |20.97 + |20.17 £ |21.64+ [20.65+ |22.57% |21.36+ |24.70+ [23.34% |27.65+ |26.93% |34.02+ |32.47+

2.42 2.37 3.24 3.31 4.37 4.35

angle (right)  [4.66 4.22 3.26 2.95 3.57 3.1

Transpedicular {30.85+ [31.35+ |26.43+ |26.55% |26.15+ |26.61+ [28.10+ |27.89+ [30.83% |31.17+ |40.30% |40.44+

3.81 3.42 4.36 3.96 8.59 8.42

angle (left) 4.34 6.36 3.45 4.39 3.42 3.22

Transpedicular {32.47 + |33.95+ |28.43+ |28.85% |28.20+ |28.66% [29.36+ |29.78+ [31.71% |32.28+ |39.17% |40.23 +

3.69 3.58 4.49 4.12 7.77 8.40

Abbreviation: SD, standard deviation.

Indian Journal of Neurotrauma Vol. 19 No. 1/2022 © 2021. Neurotrauma Society of India.



CT Morphometry of Lumbar Spine in Indian Population Singh et al.

Table 2 Measurements (in mL) of mean £ SD vertebral body dimensions in males (M) and females (F)

D12 L1 L2 L3 L4 L5 S1
M H M F M H M F M H M F M H

Upper 27.09 +£[25.10+|28.61+|26.53+|30.37+|28.30+|31.37+|29.77+|31.56+|30.12+|32.41+|30.94+|25.10+ | 23.47
vertebral | 2.59 2.46 2.61 2.22 3.26 2.36 2.78 2.87 2.27 2.22 2.35 2.41 3.19 3.09
depth

Lower 27.88 £(25.82+(29.49+|27.31+|30.60+|29.00+|31.25+|29.58+|32.15+|30.00+|31.66+|30.30+|22.78+(22.03
vertebral | 2.53 2.73 2.90 3.24 2.60 2.39 2.39 2.28 3.04 3.29 2.89 2.52 2.66 2.98
depth

Upper 36.99+|34.62+|40.15%|36.95+(42.55+|39.49+ 4434+ (41.54+|46.42 +|43.59+|48.79+|46.00 £|49.08 £ [46.17 =
vertebral | 2.89 2.82 3.09 3.14 4.08 2.97 3.17 3.47 3.98 3.58 5.54 3.66 4.40 4.74
width

Lower 39.30+|36.73+|42.26+|39.85+ |44.35+|42.07 £ | 46.66 + | 43.98 + | 46.86 + | 44.92 + | 46.93 + |45.91 + | 30.78 £ | 29.67 *
vertebral | 3.16 2.99 4.50 3.13 3.27 5.53 3.38 3.44 3.85 3.32 3.36 3.39 3.45 4.46
width

Anterior |22.59+|21.85+|24.13+|23.28 £|25.53+|24.58+|26.09+|24.90+|25.72+|24.77 +|26.35+|25.22 +|30.14+|28.78 +
vertebral | 2.18 1.78 1.88 1.74 1.96 2.79 2.10 2.05 2.01 2.30 2.27 2.73 2.93 3.05
height

Posterior | 24.34 £ |23.06 + | 25.55 + | 24.36 + | 26.50 £ | 24.90 + | 26.83 + | 24.34 + | 24.49 + | 22.34 +|22.62 + | 21.34 £ | 22.40 + | 20.69 *
vertebral | 2.13 1.89 2.66 2.67 2.03 3.32 1.90 2.16 2.09 3.26 2.00 2.90 2.84 2.74
height

Abbreviation: SD, standard deviation.

width was significantly (p < 0.05) larger in males at all
level. Anterior vertebral body height gradually increased
from D12 to L3 but marginally decreased at L4 followed
by increase at L5 and S1 level in both males and females.
Anterior vertebral body height was significantly (p < 0.05)
greater in males at all levels. Posterior vertebral body
height gradually increased from D12 to L3 level followed
by decrease from L4 to S1 level in both males and females.
Posterior vertebral body height was significantly (p < 0.05)
more in males at all levels.

Discussion

There are multiple studies in the literature on the anatomic
and radiographic morphometry of the lumbar spine. However,
the values vary significantly across races, genders, and study
groups. Majority of studies available have been performed in
non-Asian population. Very limited data regarding the ana-
tomic detail of lumbar spine is available among Asian popu-
lation.?"?> On review of literature there are multiple studies
on Indian population of different regions; however, several of
these studies have limitations such as small sample size and
lack of information on demographic data like race, age, and
sex.2+% Differences have been reported between Indian and the
western population by Chadha. et al and Acharya. et al on the
different dimension of lumbar vertebrae, but these studies did
not mention the differences between male and female vertebral
parameters and also these studies were conducted on relatively
small sample size.?*?> This necessitated the need for morpho-
metric analysis of the lumbar spine among Indian population.
Our study compiled morphometric data of lower thoracic and
lumbar vertebrae (from D12 to S1 vertebra) in an Indian popu-
lation by CT-based measurements which were more clinically
relevant and accurate in contrast to cadaveric or manually mea-
sured data. The present study provides a comparison with other

Indian, Asian, as well as western population and also provides
comparison between males and females. The morphometry of
lumbar vertebrae thus obtained will provide necessary param-
eters for developing accurate size spinal implants and pedicle
screws for Indian population in future.

1. Pedicle dimension:

In our study, we noted that mean pedicle width increased
gradually from L1 to L5 level with maximum mean pedicle
width at L5 and minimum at L1 level. The pedicle width
diameters were smaller in female at all levels. Various
other studies showed similar trends but ours is the larg-
est series and compared both males and females of Indian
population (=Table 3). Multiple international studies from
Asian countries which showed similar trends include one
of Alam et al, where they conducted CT-based measure-
ments of lumbar vertebrae on 49 patients in Pakistan.??

The pedicle height progressively decreased from D12 to
L4 then increased at L5 both in males and females and the
pedicle height was greater in males. Various studies showed
similar results like by Sreevidya et al and Singh et al,
but these were cadaveric studies.’>? Few studies like that of
Aroraetal and Seema. et al found that the pedicle height grad-
ually increased from L1 to L5 level.5'° This was in contradic-
tion to our study. Alam. et al in Pakistani population showed
pedicle height decreased from L1 to L5 level.?? Wolf. et al in
Israeli population showed that the pedicle height decreased
from L1 to L3 then increased at L4 and L5 level.?! This pat-
tern was slightly different from our study. Interpedicular
distance increased from D12 to L5 level in both males and
females. Similar patterns were seen in various studies done
in other populations, however, absolute measurements dif-
fered (»Table 4).

CT ratio (pedicle transverse diameter/vertebral body
transverse diameter, expressed in percentage) decreased
marginally from D12 to L2 followed by increase from L3 to
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Table 3 Pedicle width comparison with other Indian and Asian studies

Our study L1 L2 L3 L4 L5
Male (n = 174) 9.43 +1.60 10.03+£1.43 11.19+1.69 12.24+£1.75 14.60 £ 2.24
Female (n=128) 8.72+1.45 9.07 £ 1.41 10.27 £ 1.47 11.45+1.58 13.66 £ 2.29
Other Indian studies
Chadha. et al (n=31) 6.69 +1.55 7.26+1.43 8.43+1.42 10.81+1.17 13.47 £1.78
Acharya. et al (n = 50) 7.2+0.93 7.62+0.84 8.97 £1.09 11.12+£1.01 13.91+£1.16
Rajput. et al (n=25) 7.24+2.22 7.86 +2.66 9.11+2.79 1045 +2.35 12+439
Kumar. et al (n=61) 8.845+1.90 9.05+1.94 10.85+1.62 12.6+1.78 17.1+£2.40
Mitra. et al (n = 20) 7.5 7.59 8.65 9.81 14.64
Singh. et al (n = 20) 7.5+£1.54 7.8+1.75 9.7 £2.03 12.1£2.24 17129
Sreevidya. et al (South Indian 8.2+2.9 8§+1.7 8.5+1.8 10.2+1.4 13.1+2.5
population, n = 20)
Arora. et al (Delhi population, 7.51 7.95 8.75 13 15.34
n=26)
Singel. et al (Saurashtra 8.2+6.7 8.5+6.5 10.4+7.0 13.5+£7.0 13.5+£9.7
population, n = 60)
Other Asian studies
Marasini. et al (Nepalese 7.17 7.62 9.5 10.57 11.3
population, n = 246)
Wolf et al 5613 7.7+1.5 8.9+1.9 11.4+£1.8 13.7+2.2
(Israeli population, n = 55)
Alam. et al (Pakistani 6.25 7.29 10.59 10.59 13.53
population, n = 49)
Maaly. et al (Egyptian 7.7+1.6 87+14 10.6+1.6 13.6+1.9 183+25
population, n = 76)
Kang et al 8.61+1.70 8.95+1.50 10.63 £1.40 12.14 £2.01 17.08 £2.40
(Korean population, n = 50)
Table 4 Interpedicular distance comparison with other studies
L1 L2 L3 L4 L5

Our study (n=302)

Male 21.64+2.22 22.57+2.79 24.70 £2.42 27.65+3.24 34.02 +4.37

Female 20.65 +2.00 21.36+2.26 23.34£2.37 26.93 +£3.31 32.47 £4.35
Mitra. et al (n = 20)

Male 37.3 38.5 38 37.1

Female 37.5 38 40 37
Seema. et al (n=100) 23.95+0.30 24.96 = 0.40 26.64 +£0.32 27.89 £ 0.41 30.93+0.28
Marasini. et al (n = 246) 25.54 27.03 27.7 28.62 31.39
Alam. et al (n = 49)

Male 24.2 24.34 24.13 24.48 28.43

Female 235 23.46 22.36 23.81 25.96

L5 level. The maximum value was noted at D12 and mini-
mum at L2 level (=Table 5). Till now “CT ratio” as a param-
eter was only documented in Korean population by Kang et
al, where they used maximum transverse diameter of ver-
tebral body as the denominator.2? They measured CT-based
dimensions of lumbar vertebrae of 50 patients and showed
the maximum CT ratio at L5 (31.13%) and minimum at L2
(20.46%). The authors in the study on Korean population

Indian Journal of Neurotrauma Vol. 19 No. 1/2022 © 2021. Neurotrauma Society of India.

observed that there was definite correlation between ver-
tebral width and pedicle width measured by CT at specific
vertebral level. Vertebral width can be measured with rea-
sonable accuracy on plane radiograph taken in true antero-
posterior (AP) projection. However, since pedicles are
obliquely placed structures, it is not possible to know its
accurate dimensions on AP or lateral radiographs. Thus, by
knowing the CT ratio beforehand at specific vertebral levels
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and vertebral width measured on AP radiographs, one can
very well estimate the pedicle width at that vertebral level.
In our study, we used mean of upper and lower vertebral
body width as the denominator and measured the “CT
ratio” in the Indian population. Similar pattern was seen in
our study; however, our values were higher than those doc-
umented in Korean population.
. Vertebral dimension:

Anterior vertebral body height gradually increased from
D12 to L3 level, marginally decreased at L4 followed
by an increase at L5 and S1 level in both males and
females. Similar results were recorded by Singh. et al in
20 cadavers in North Indian population.?® Wolf et al*! in
his study observed that anterior vertebral body height
gradually increased from L1 to L5 which was different
from our results (~Table 6). Alam. et al showed that the
anterior vertebral body height increased from L1 to L3 in
male and female population of Pakistan as depicted in
our study.?? Posterior vertebral body height gradually

Table 5 Ct ratio (in %) comparison with other studies

increased from D12 to L3 followed by progressive decrease
from L3 to S1 level in both males and females (~Table 7).
Cadaver study on Indian patients by Singh. et al and CT
morphometry in Pakistani population by Alam. et al men-
tioned similar pattern of posterior vertebral body height
measurements in both males and females.?>?

Upper vertebral depth increased from D12 to L5 then it
decreased at S1 in both males and females. Similar pattern
was observed by Alam. et al in Pakistani population in both
males and females. Also, the values of upper vertebral depth
were greater in males compared to females at all levels sim-
ilar to our study.?

Upper vertebral width increased from D12 to S1 in both
males and females. Similar results were found by Singh. et
al on 20 cadaveric study.?® Alam. et al in Pakistani popula-
tion and Kang. et al in Korean population CT morphome-
try, observed similar trends of increase of upper vertebral
width craniocaudally from L1 to L5.2?* Lower vertebral
width increased from D12 to L5 but decreased at S1 level

Our study (n=302) Kang et al
(Korean population, n = 50)
Male (n = 174) Female (n = 128) Mean Mean
Right Left Right Left
D12 29.89 30.64 29.62 30.18 30.09 23.31
L1 22.03 23.75 21.93 23.49 22.80 20.36
L2 22.09 24.07 21.11 23.37 22.66 20.46
L3 23.76 25.25 23.41 24.65 24.27 22.57
L4 25.41 27.08 25.17 26.59 26.07 24.71
L5 30.15 30.88 29.34 30.12 30.13 31.13
Abbreviation: CT, computed tomography.
Table 6 Anterior vertebral height comparison with other studies
Our study Our study Singh et al Wolf et al Alam et al Alam et al
(Male, n = 174) (Female, n=128) | (n=20) (n =55) (Male, n = 33) (Female, n = 16)
L1 | 24.13+£1.88 23.28+1.74 23.3+2.41 249+2.4 24.5 23.9
L2 | 25.53+£1.96 24.58 £2.79 24.7 £2.31 254+1.1 26.65 25.61
L3 | 26.09+2.10 24.9+2.05 25.7+2.16 25,6+ 1.6 27.3 27.05
L4 | 25.72+2.01 24.77 £2.30 25.4+2.39 26.5+0.6 27.46 26.92
L5 | 26.35+£2.27 25.22+2.73 26.1+2.10 28.6+1.3 27.6 26.72
Table 7 Posterior vertebral height comparison with other studies
Our study Our study Singh et al Alam et al Alam et al
(Male, n = 174) (Female, n = 128) (n=20) (Male, n = 33) (Female, n = 16)
L1 25.55 +2.66 24.36 + 2.67 26.4+1.77 28.2 25.6
L2 26.5+2.03 24.9 £3.32 26.5+2.35 29.23 26.69
L3 26.83+1.90 24.34+2.16 26.5+2.03 28.55 27.47
L4 24.49 +£2.09 22.34 £3.26 25.5+2.22 27.1 26.21
L5 22.62+£2.00 21.34+£29 23.1+£4.72 24.84 23.9
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in both males and females. Similar study by Singh. et al on
20 cadavers in North Indian population noted that lower
vertebral width increased from L1 to L2 then decreased at
L3 followed by an increase at L4 and L5 levels.” This pat-
tern was not seen in our study. The study of Alam. et al on
Pakistani population showed similar patterns in both males
and females as seen in our study with lower vertebral width
greater in males.?? So our study results are very similar to
Pakistani population study results for pedicle and vertebral
body dimensions but not to other Asian population where
statistically significant differences were noted.

Conclusion

The limited available data on the anatomical details of lum-
bar spine for large sample size of Indian and Asian population
necessitated need for morphometric analysis of lumbar ver-
tebrae among Indian patients. Computed tomographic image
evaluation for lumbar morphometry is clinically more rele-
vant and accurate than cadaveric or manually measured data.
This study may provide necessary parameters for developing
accurate size spinal implants and pedicle screws for Indian
population in future.
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