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ABSTRACT:

The study was conducted on random sample of 82 dried (13 cervical (excluding C1 & C2) + 46 thoracic + 23 lumbar)
vertebrae. The data on the age, sex and built was not available. Using sliding caliper, vertebral body height anterior (VBHa),
vertebral body height posterior (VBHp), vertebral body height central (VBHCc), spinal canal depth (SCD), spinal canal width
(SCW), spinous process length (SPL), upper end plate width (UEPW), upper end plate depth (UEPD), lower end plate width
(LEPW) and lower end plate depth (LEPD) were measured. Mean vertebral body height (VBH) and spinal canal depth
(SCD) appears to be maximum in lumbar vertebrae (VBHa 2.26cm, VBHp 2.27, VBHc 2.29, SCD 1.37cm) whereas mean
spinal canal width (SCW) is maximum in cervical (2.18cm) and mean spinous process length (SPL) is found to be maximum
in thoracic (3.60cm). Mean UEPW (3.85cm) , UEPD (2.90 cm), LEPW (4.06cm) and LEPD (2.87cm) are maximum in
lumbar vertebrae. Differences for all the vertebral measurements except spinal canal depth (SCD) are statistically highly

significant among cervical, thoracic and lumbar vertebrae.
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INTRODUCTION

While living in digital world we are very much
affectionate towards our electronic gadgets. Starting
from the day till its end our body is fully under their
control and moreover COVID-19 era has made them
our necessary addiction as from school to office, from
home to market everything has gone online. So,
maximum hours of the day we are spending either
lying on the bed or sitting on the chair following
different body postures, physical body movements got
restricted to much extent and as result chronic pain in
the neck, back and lower back is getting prominent.
Vertebral column formed from the articulation of 33
vertebrae connected by ligaments and intervertebral
discs and categorized into cervical (07), thoracic (12),
lumbar (05), sacrum (05) and coccygeal (04).
Although its function is to protect spinal cord passing
through the spinal canal but additionally it transmits
body weight in walking and standing. Structural

anatomy of vertebral components in humans can be
affected severely by incorrect body postures that leads
to abnormal spinal curvatures, degenerative disorders,
spinal tuberculosis etc..

Typical features of different types of vertebrae such
that presence of vertebral body having upper and
lower end plates that holds the intervertebral discs
with opposed surfaces of adjacent vertebral bodies,
vertebral foramen that encloses the spinal cord along
with meningeal layers and their related vessels and
nerves, spinous process act as supporting structure for
the attachment of various muscles of the back directly
or indirectly 2.

Morphometric analysis of cervical spinous process is
of remarkable significant in understanding the
pathology and planning of the treatment of various
clinical conditions and the measurements recorded
can be taken as reference values which could be used
as a diagnostic tool for spine pathology *”’. Also shape
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and size of the upper and lower end plates of the
lumbar vertebrae helps in correlating clinically with
the complications generated due to disc arthroplasty
surgery °. While literature on the various dimensions
of vertebral body, spinal canal, spinous process and
upper and lower endplates in typical cervical, thoracic
and lumbar vertebrae is still lacking.

The purpose of the present study was to understand
and relate the vertebral morphometry with special
reference to its clinical and functional importance.

MATERIAL AND METHODS
A total of 82 dried (13 cervical (excluding C1 & C2)
+ 46 thoracic + 23 lumbar) vertebrae without

Fig.7: UEPD Fig.8: CEPW

determine of age and sex from the Department of
Anatomy, Desh Bhagat Dental College and Hospital
were included in the study and measured for the
vertebral body height anterior (VBHa), vertebral body
height posterior (VBHp),vertebral body height central
(VBHQCc), spinal canal depth (SCD), spinal canal width
(SCW), spinous process length (SPL), upper end plate
width (UEPW), upper end plate depth (UEPD), lower
end plate width (LEPW) and lower end plate depth
(LEPD) using the sliding caliper (Fig.1 to Fig.10) .
Vertebrae who are broken were excluded from the
study.

Fig.9: LEPD Fig.10: LEPW

After recording the measurements, data is analyzed using the software version SPSS 16.

RESULTS

Table 1 to 3 indicates the descriptive statistics of
cervical (Table 1), thoracic (Table 2) and lumbar
(Table 3) vertebrae for various parameters. It has been
observed that mean vertebral body height (VBH)
appears to be maximum in lumbar vertebrae (VBHa
2.26cm, VBHp 2.27, VBHc 2.29) followed by
thoracic (VBHa 1.75cm, VBHp 1.74, VBHc 1.77) and
cervical (VBHa 1.26cm, VBHp 1.22, VBHc 1.45)
vertebrae in all directions i.e. anterior, posterior and
central. Centrally mean vertebral body height (VBHc)
is more in all the three types of vertebrae in
comparison to their mean vertebral body height
anteriorly (VBHa) and posteriorly (VBHp).

Mean spinal canal depth (SCD) is found to be
maximum in lumbar vertebrae (1.37cm) followed by
cervical (1.33cm) and thoracic (1.31cm) vertebrae
whereas mean spinal canal width (SCW) is maximum

in cervical (2.18cm) followed by lumbar (1.91cm) and
thoracic (1.45cm) vertebrae. Mean spinous process
length (SPL) is found to be maximum in thoracic
(3.60cm) and is minimum in cervical (1.83cm)
vertebrae.

Further it has been observed that mean values for
upper end plate width (UEPW) are more in
comparison to lower end plate width (LEPW) in all
three types of vertebrae. Inter-comparison trend shows
that mean values for UEPW are maximum in lumbar
vertebrae (3.85cm) followed by thoracic (2.48cm) and
cervical (2.25cm) whereas same trend has been
observed for UEPD mean values i.e. lumbar (2.90cm),
thoracic (1.98cm) and cervical (1.52cm).

Similarly, maximum mean values for LEPW is found
in lumbar vertebrae (4.06cm) followed by thoracic
(2.66cm) and cervical (2.03cm) vertebrae whereas
LEPD mean value is also maximum in lumbar
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(2.87cm) followed by thoracic (2.08cm) and cervical ~ (1.48cm) vertebrae.

Table 1: Descriptive Statistics of Cervical Vertebrae.

Statistics
Cervical VBHa | VBHp | VBHc | SCD | SCW | SPL | UEPW | UEPD | LEPW | LEPD
N 13.00 | 13.00 | 13.00 | 13.00 | 13.00 | 13.00 | 13.00 | 13.00 | 13.00 | 13.00
MEAN (cms)| 1.25 1.22 1.45 1.33 2.18 1.83 2.25 1.52 2.03 1.48
SEM 0.03 0.03 0.06 0.03 0.05 0.18 0.08 0.10 0.07 0.05
Median 1.20 1.20 1.50 1.30 2.20 1.60 2.30 1.40 2.00 1.50
SD 0.10 0.10 0.22 0.12 0.19 0.64 0.29 0.37 0.26 0.16
Minimum 1.10 1.00 1.00 1.20 1.90 1.20 1.80 1.20 1.70 1.30
Maximum 1.40 1.40 1.80 1.50 2.50 3.10 2.90 2.60 2.50 1.80

Table 2: Descriptive Statistics of Thoracic Vertebrae.
Thoracic | VBHa | VBHp | VBHc | SCD |[SCW | SPL |UEPW | UEPD |LEPW | LEPD

N 46.00 | 46.00 | 46.00 |46.00|46.00]46.00| 46.00 | 46.00 | 46.00 | 46.00
MEAN (cms) | 1.75 1.74 1.77 131|145 |3.60 | 2.48 198 | 266 | 2.08
SEM 0.03 | 0.03 | 0.03 |0.02]0.03]|0.08| 003 | 0.05 | 0.05 | 0.05
Median 1.70 1.70 180 [130]140 350 ] 250 | 2.00 | 260 | 2.10
SD 022 | 021 | 019 |045]020|057| 022 | 034 | 031 | 0.37

Minimum 1.40 1.40 140 | 1.00]110]270 ] 2.00 140 | 2.10 1.40
Maximum 230 | 270 | 240 |170]190|510| 290 | 270 | 3.50 | 2.80

Table 3: Descriptive Statistics of Lumber Vertebrae.
Lumbar | VBHa | VBHp |[VBHc| SCD |[SCW| SPL |UEPW | UEPD |LEPW | LEPD

N 23.00 | 23.00 |23.00(23.00]23.00|23.00| 23.00 | 23.00 | 23.00 | 23.00
MEAN (cms) | 2.26 227 229137191249 | 385 | 290 | 4.06 2.87
SEM 007 | 006 |005]|004]008)011| 013 | 0.10 | 023 | 0.08
Median 2.20 230 [ 230[140)180 250 | 3.70 | 280 | 4.20 | 2.90
SD 033 | 028 | 0.25[020]039)052| 061 | 049 | 0.61 | 0.38

Minimum 1.50 170 |170]110|130|140] 290 | 2.00 | 2.80 | 2.20
Maximum 3.00 280 | 270|180 )280)350| 510 | 3.80 | 490 | 350

Analyzing the comparative difference, t-vlaues have been calculated among cervical vs thoracic (Table 4),
cervical vs lumbar (Table 5) and thoracic vs lumbar (Table 6) for vertebral measurements.

It has been observed that differences for all the vertebral measurements except spinal canal depth (SCD) are
statistically highly significant among cervical, thoracic and lumbar vertebrae.

Table 4: Mean difference and t-test between Cervical and Thoracic Vertebrae.

Cervical Vs 95% Confidence
Thoracic Interval of the
Difference
Mean Difference |Std. Error Diff.| Lower Upper t-value | Sig. (2-tailed)

VBHa -0.50 0.06 -0.63 -0.38 -7.84 .000***
VBHp -0.53 0.06 -0.65 -0.40 -8.58 .000***
VBHc -0.31 0.06 -0.44 -0.19 -5.07 .000***
SCD 0.02 0.05 -0.07 0.12 0.54 0.59
SCW 0.73 0.06 0.60 0.85 11.86 .000***
SPL -1.77 0.18 -2.14 -1.41 -9.70 .000***
UEPW -0.23 0.08 -0.39 -0.08 -3.12 .003**
UEPD -0.46 0.11 -0.68 -0.24 -4.23 .000***
LEPW -0.63 0.09 -0.81 -0.44 -6.67 .000***
LEPD -0.61 0.11 -0.82 -0.39 -5.68 .000***

*p<0.05 ** p<0.001 ***p<0.001
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Table 5: Mean difference and t-test between thoracic and lumbar vertebrae.

Thoracic Vs 95% Confidence
Lumbar Std. Interval of the
Mean Error Difference
Difference| Diff. Lower | Upper | t-value | Sig. (2-tailed)
VBHa -0.51 0.07 -0.64 -0.37 -7.51 .000***
VBHp -0.52 0.06 -0.65 -0.40 -8.59 .000***
VBHc -0.52 0.05 -0.63 -0.42 -9.73 .000***
SCD -0.07 0.04 -0.15 0.02 -1.59 0.12
SCW -0.46 0.07 -0.60 -0.32 -6.52 .000***
SPL 1.12 0.14 0.83 1.40 7.90 .000***
UEPW -1.37 0.10 -1.57 -1.17 -13.51 .000***
UEPD -0.92 0.10 -1.12 -0.71 -9.00 .000***
LEPW -1.40 0.11 -1.62 -1.18 -12.77 .000***
LEPD -0.79 0.10 -0.98 -0.60 -8.19 .000***
*p<0.05 ** p<0.001 ***p<0.001
Table 6: Mean difference and t-test between Cervical and Lumbar Vertebrae.
Cervical 95% Confidence
Vs Std. Interval of the
Lumbar Mean Error Difference
Difference| Diff. Lower | Upper | t-value |Sig. (2-tailed)
VBHa -1.01 0.09 -1.20 -0.82 -10.72 .000***
VBHp -1.05 0.08 -1.22 -0.88 -12.84 .000***
VBHCc -0.84 0.08 -1.01 -0.67 -10.08 .000***
SCD -0.04 0.06 -0.17 0.08 -0.72 0.48
SCW 0.26 0.12 0.03 0.50 2.25 .031*
SPL -0.66 0.20 -1.06 -0.26 -3.34 .002**
UEPW | 160 018 | -1.97 | -123 | -881 .000%**
UEPD -1.38 0.16 -1.70 -1.06 -8.76 .000***
LEPW -2.03 0.18 -2.39 -1.66 -11.40 .000***
LEPD -1.39 0.11 -1.62 -1.17 -12.42 .000***

*p<0.05 ** p<0.001 ***p<0.001

DISSCUSION

The present study shows (Tables 1 — 3) that vertebral
body height central (VBHc), is greater than that of
anterior and posterior vertebral heights among all
three types of vertebrae similarly trend has been
observed for the spinal canal width (SCW).

Vertebral body height is found to increase after
vertebroplasty in which bone cement is injected into
the vertebral body for stabilizing or supporting the
compression fractures in the spine but its clinical
significance is still unknown °. Vertebral body heights
are found to be highly similar in humans and because
of upright position, end-plates width and depth
increases more caudally in the human spine as it
demands relatively larger vertebral bodies to balance
the higher axial loads and thus shows the larger
intervertebral disc heights *° .

On the other hand, upper end plate width (UEPW) is
greater than lower end plate width (LEPW) in cervical
vertebrae only as in case of thoracic and lumbar
vertebrae it is lesser than that of LEPW whereas upper
end plate depth (UEPD) is greater than lower end
plate depth (LEPD) in both cervical as well as lumbar
vertebrae than that of thoracic where it is found to be
lesser than LEPD. Upper and lower end plates of
adjacent vertebrae can be used to measure Cobb’s
angle ™.

Thoracic spinous process is found to be larger than
that of lumbar and cervical vertebrae (Tables 1 — 3)
because of postural muscles which are more
pronounced as also noticed by Busscher et al.*

Our results (Table 1) for spinal canal depth (SCD) of
cervical vertebrae (Mean 1.33cm) were almost equal
to the findings of the studies conducted by Lee et al.*
on Korean population (SCD mean range 1.28 — 1.34
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cm) and Castro et al.*® on Japanese population (SCD
mean range 1.24 — 1.33 cm) and further it is suggested
that cervical canal measurements are quite helpful in
preoperative planning of cervical surgeries
Variations in the dimensions of spinal canal may also
attribute to difficulties during neuroaxial anesthesia in
Lumbar Disc Herniation (LDH) patients *°.

Thus, measurements at different sides and positions of
the vertebrae at different levels of vertebral column
plays a significant role in various clinical aspects.
Variations observed indicates the adaptations to a
greater range of flexion-extension Even racial
differences can be monitored for sagittal diameter of
the lumbar vertebral canal %.

Ageing and bone loss is common process, which
increase the frequency of developing osteoporosis and
its common complication is vertebral compression
fractures. It has been also observed that vertebral
height loss of >50% resulted in vertebral body
instability ***®. Two important parameters that help in
its prognosis and treatment are vertebral body height
and kyphotic angle *°. Further anterior and posterior
vertebral heights can be used for estimating kyphotic
angle and it is found that this angle (kyphotic angle)
may be increased by 1% when the height difference of
7mm is observed between posterior and anterior
vertebral heights .

Summarizing, one way or the other morphometric
dimensions plays a remarkable role in understanding
various vertebral anomalies and for planning or
managing the related treatment or surgeries and for
designing surgical appliances or prosthesis. Increased
bone size at any level in the vertebral column might
resist the normal movement of the body which could
further compress the nerves or blood vessels lying
internally or crossing nearby. Moreover, baseline data
of various vertebral measurements also helpful in
studying the racial or ethnic differences.

CONCLUSION

The morphometric analysis of various vertebral
dimensions of cervical, thoracic and lumbar vertebrae
are of great clinical significance in planning and
managing surgical treatments and also serve as a
useful guide in designing surgical instrumentation and
prosthesis.
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