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ABSTRACT

Background: Lumbar region is the most vulnerable area for the common symptom of backache. The
lumbar part of spinal canal encloses the cauda equina. Narrowing of the canal can be either
developmental or acquired. This leads to compression of the cauda equina and subsequently pain
develops which may be further associated with neurological features. The aim of the present study was to
measure the dimensions of lumbar vertebrae.

Methods: The present study was a descriptive and cross-sectional type. It consisted of 266 images of
computed tomography scan of individuals. The various dimensions of lumbar vertebral canal and body
were measured in millimeter. The descriptive statistical analysis was done.

Results: The mean of the transverse diameter of lumbar vertebral canal increased from L1 to L5 but the
antero-posterior diameter decreased from L1 to L4 followed by increased at LS. It was also observed that
both transverse and antero-posterior diameter of body progressively increased from L1 to L5 vertebrae.
The canal-body ratio was inconsistent for lumbar vertebrae. There were significant differences in various
dimensions of lumbar vertebrae between males and females.

Conclusions: The anatomical knowledge of the dimensions of canal and body of lumbar vertebral may
be helpful for the clinicians during radiological interpretations and surgical procedures of lumbar spine
pathology.
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INTRODUCTION

The Vertebral column is the central bony pillar of
the body." It is a curved linkage of individual bone
or vertebra. Each vertebra has a vertebral foramen.
A continuous series of vertebral foramina runs
through the articulated vertebrae posterior to their
bodies and anterior to vertebral arch. Collectively
constitutes the vertebral canal. It transmits and
protects the sp1nal cord, nerve roots, their coverings

spinal stenosis.®® Currently, the Canal and Body
ratio is also taken as mdex for calculating the
degree of spinal stenosis.” The aim of the present
study was to establish a baseline data for lumbar
spinal canal and body which may help clinicians
for diagnosis and plan for proper treatment of
lumbar spinal stenosis.

and vasculature.” It protects the spmal cord and also
supports the weight of the head, upper limbs and the
trunk, which it transmits to the lower limbs.'
Lumbar spinal stenosis is the narrowing of lumbar
spinal canal which may compress the spinal cord
and nerves at the level of the lumbar vertebra.’ It
may cause low back pain, pain or abnormal
sensations in the lower limbs or loss of bladder and
bowel control.*

Low back pain is one of the common health
problems affecting up to 85% of people at least
once in their lifetime.” The measurement of
dimensions of lumbar canal and body has become
an important tool for diagnosis and treatment of

METHODS

A descriptive cross sectional study was conducted
at Kathmandu University School of Medical
Sciences, Dhulikhel during the period from
February to March, 2020. A total of 266
Computed Tomography (CT) images of adult
individuals (142 males and 124 females) were
collected from Department of Radio-diagnosis.
Ethical approval was received from Institutional
Review Committee (Ref. no. 03/20). The images of
individual with normal spinal architecture were
included and those having history of spinal
surgery, deformities and pre-existing spinal
pathology was excluded for the study. Various
dimensions of vertebral canal and body of all
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lumbar vertebrae was measured in axial and sagittal
sections by lines drawn on the CT scan images and
the values were directly recorded from the monitor
screen in millimeter. Transverse diameter (TD) of
vertebral canal was measured as the distance
between the medial surface of the right and left
pedicles (Figure 1)."° Antero-posterior diameter
(APD) of vertebral canal was measured as the
distance from posterior margin of vertebral body to
anterior margin of junction of two laminae (Figure
2).!" Transverse diameter (TD) of vertebral body
was measured at the distance between lateral
margins vertebral body (Figure 3).10
Antero-posterior diameter (APD) of vertebral body
was measured from midpoint of anterior to posterior
margins of vertebral body (Figure 4).'' The
canal-body ratio (CBR) was calculated by dividing
TD of spinal canal by TD of vertebral body."? The
observed data was entered in Microsoft Office
Excel 2013 and data was analyzed by using SPSS
version 20.0.

Transversddianelur

Figure 1 and 2. Showing measuring transverse
diameter and antero-posterioor diameter of lumbar
vertebral canal. Figure 3 and 4 showing measuring
trabsverse diameter and antero-posterioor diameter
of lumbar vertebral canal.

both genders. It was also found that the mean val-
ues were found to be higher in males than fe-
males at all level of vertebrae with statistically sig-
nificant(p<0.005) differences (Table 2). A  grad-
ual increase in antero-posterior diameter of verte-
bral body was found from L1 to L5 vertebrae
(Table 1) which was also observed in both genders.
In males, the mean values were noticed to be
significantly higher (p<0.05) than females at all
level of vertebrae (Table 2). It was also observed
that the canal-body ratio was not found constant at
any vertebral level in both sexes (Table 1 and
Table 2).

Table 1. Descriptive analysis of dimensions of lumbar
vertebrae in millimeter.

Verte-  Vertebral canal Vertebral body Canal-

bral level body

ratio
TD APD TD APD

L1 21.60+1.98 17.61+1 35.53+£3.3 25.77 0.60
.81 1 +2.44

L2 22.38+2.31 17.4542 37.21£3.5 27.10 0.60
17 7 +2.50

L3 23.09+£2.30 16.62+2 39.20+3.4 28.55 0.58
.33 6 +2.45

L4 24.36+2.98 16.34+2 41.74+3.5 29.29 0.58
.53 3 +2.18

L5 28.49+3.68 16.87+9 44.78+4.3 31.17 0.54
.10 9 +2.92

Table 2. Descriptive analysis of dimensions of lumbar
vertebrae of both genders in millimeter.

RESULTS

It was found that the transverse diameter of the
vertebral canal showed a gradually increased from
L1 to LS. It was minimum at L1 and maximum at
L5 (Table 1 and 2). The differences between the
mean transverse diameters in males and females at
all the five lumbar vertebral levels were found to be
highly significant (p<0.05) except at L4 (Table 2).
Antero-posterior diameter of vertebral canal showed
a gradual decreased from L1 to L4 followed by
increased at L5 (Table 1). Similar pattern was seen
among females (Table 2). This decreased pattern
was observed from L1 to L3 followed by increased
from L4 to L5 vertebral level among males. The
present study showed the progressive increase in
transverse diameter of vertebral body from L1 to L5
vertebrae (Table 1). The same trend was observed in

Vertebral level L1 L2 L3 L4 L5
Ver- TD Males 22.01+122.86+ 23.52+ 24.72+ 29.19+3.94

tebra 92 228 231 26l

1 Females 21.6242 21.844 22.60+ 23.95+ 27.69+3.19
Cal- 12 222 219 332

na

p-value <0.001 <0.001 0.01 0.38 0.01

AP Males 17.724117.37+ 16.30+ 16.32+ 16.40+2.84
D .56 217 223 237

Females 17.7342 17.30+ 16.62+ 16.21+ 16.43+2.35
.02 2.03 238 231

p-value 0.89 021 0.02 03 0.93
Ver- TD Males 37.23+3 39.03+ 41.00+ 43.60+ 46.90+3.95

tebra 15 340 3.15 3.13
1 Females 33.55+2 35.10+ 37.11+ 39.57+ 42.313.50
Body 21 243 251 2.65

p-value <0.001 <0.001 <0.001 <0.001 <0.001
AP Males 26.72+228.23+ 29.60+ 30.20+ 32.39+2.84
D 40 239 237 220
Females 24.67+2 25.78+ 27.33+ 28.23+ 29.76+2.32
.01 193 195 1.62
p-value <0.001 <0.001 <0.001 <0.001 <0.001
Canal- Males 0.59 0.58 0.57 057 0.62

bO(!y Females 0.64 0.62 0.61 0.6 0.65
ratio

DISCUSSION

Vertebral column morphology is influenced by
various factors such as environmental and
mechanical factors of our everyday lifestyle and
internally by hormonal, genetic and metabolic

JCMS I Vol-16 | No 2 | Apr-Jun 2020 58




Mansur et al. Radiometric Analysis of Canal and Body of Lumbar Vertebrae among..

factors. These all affect its ability of everyday life
to react to the dynamic forces which are much
influenced by occupation, locomotion and posture.”
It is made to act as shock absorber, lower down the
impact and longitudinal stiffness and help in proper
muscular function. The alteration of this normalcy
in curve has been noticed to be associated with
sciatica and low back pain.'

The assessment of the size of the vertebral canal is
an important diagnostic procedure for low back
pain of unknown etiology. Any pathological
changes in the diameter of the Vertebral canal might
be associated with low back pain.'* Size of the
canal diameter is one among several factors
responsible for lumbar spinal spondiolysis." It is
one of the most common reason for spinal surgical
interventions nowadays but still radiological data
defining set measurement points to quantify
stenosis are limited.'®

A cranio-caudal increased in the mean transverse
diameter of vertebral canal values from L1 to L5
was recorded in the present study. The similar trend
was also recorded by a study conducted in western
part of Nepal."”” The finding of this study is also
supported by studies conducted in Gujarati, Indian"’

and Egyptian populatlon '8 However, the ﬁndmg of
the present study is in contrary to the finding of
Zindrick et al., who have reported a decreasing
transverse diameter of lumbar vertebral canal from
L1 to L5." On the other hand, Speciale et al found
that the transverse diameter was constant at L1 and
L2 and then increased gradually till L5 vertebra.*
This variation may be due to it being the tendency
for greater diameters at L4 and L5 level which is an
adaptation to accommodate sacral nerve roots
during angular movements of the vertebral column.

The transverse diameter of lumbar vertebral canal
was found higher in males than females at all level
of vertebrae. Eisenstein found that the mean values
of transverse diameter of lumbar vertebral canal
were found higher in males than females at all level
of vertebrac  with statistically  significant
differences’ which are accordance with the
findings of this study. Interestingly, Sethi et al.,
mentioned mean values for transverse diameter
were higher in females than males at all level of
vertebrae with statistically significant differences.'®
However, a study showed no si ignificant differences
between males and females.'* This difference may
be due to the greater differences in general somatic
size of the body of males as compare to females.

There was a discrepancy in the literature regarding
antero-posterior diameter of lumbar vertebral canal.
The mean antero-posterior diameter showed
gradual decreased from L1 to L4 vertebral level
then increased at L5 level in the present study. In

contrast, some studies depicted a cranio-caudal
decreased in the antero-posterior diameter from L1
to L5."" Moreover there are few data in the
previous studies which showed a cramo caudal
increased in antero-posterior diameter.”** A study
revealed that the mean values for antero-posterior
diameter decreased from L1 to L3, then increased
from L3 to L5, making L3 the narrowest lumbar
segment in the sagittal plane.”> A study also
observed antero-posterior diameter increased from
L1-L2 and reduction in the diameter occurred at
level L3. It again showed increase from L4-L5.% It
was also observed that the mean values for antero-
posterior diameter of vertebral canal were found to
be higher in males than females at L2 and L4
vertebral levels whereas these values were found to
be higher among females at L1, L3 and LS5
vertebral levels. Contrary to this study, Zhou et al
and Alam et al., suggested that the antero-posterior
diameter was hrgher among males than females at
all levels of vertebrae.”*?” A study done in India in
the people of Telangana quoted the values to be
higher among females than males.”® The differences
between male and female are found to be
insignificant as compared to earlier research work
in South Indian population.”” These variations may
be due to genetic and environmental factors.

The present study showed the gradual increment in
mean vertebral body transverse diameter from L1 to
L5 which was similar to the result noted by a study
done in western region of Nepal. "> Abbas et al.,
also got the same pattern in lower three lumbar
vertebrae.”> Cranio-caudal increase in transverse
vertebral diameter is ascribed by increasing weight
of the body. On the other hand, Tan et al got the
lower value of mean Vertebral body transverse
diameter at L5 than L4.*° Variation in vertebral
morphometry is common in different parts of the
world due to racial and ethnic variations.

The studies have quoted that the transverse
diameter of vertebral body followed an increasing
trend from L1 to L5 vertebrae’ > which are
accordance with this study. The North Indian males
have hlgher values of transverse drameter of
vertebra in comparison to females’® which is
agreement with this study. This study showed the
higher mean vertebral body transverse diameter
among males than females with gradual increment
from L1 to L5 which 1s agreement with the result
obtained by Alam et al.”” Growth hormone and sex
steroids may be responsible factors for sexual
dimorphism. The wider male’s vertebra is
necessary to support larger male’s skeleton. Only
females showed the similar result in the studies of
Rakhawy et al., and Zhou et al., who found the
gradual 1ncreased mean Vertebral body transverse
diameter in lower three lumbar vertebrae.'*** The

transverse diameter of vertebral body increases
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cranio-caudally suggesting gradual increased in size
of the vertebral column due to its weight bearing
actions.

The present study showed that there was gradual
increment in the mean vertebral body antero-
posterior diameter from L1 to L5 being minimum at
L1 and maximum at L5. The similar pattern was
found by Abbas et al in the lower three lumbar
vertebrae.” In contrast Tan et al found the gradual
increment of vertebral body antero-posterior
diameter from L1 to L3 and decreased at L4 and it
was maximum at L5°° This suggesting
environmental and ethnic factors as source of
geographical differences.

The mean vertebral body antero-posterior diameter
showed gradual increment from L1 to L5 in both
sex in the present study. The similar pattern was
found only in the females by Alam et al.,”” and
Amonoo-kuofi.** Zhou et al., also found the s1rn11ar
result in both sex in lower three lumbar vertebrae in
their study.”> In contrast, Alam et al, and
Amonoo-kuofi found the less mean Vertebral body
antero- posterlor diameter at L5 than L4.*"*® The
increase in size of lower lumbar vertebrae is
endorsed to it being the area for various movements
and the maximum load bearing.

Variations can occur in relation to general somatic
size within a population but transverse diameter of
the spinal canal of any Iumbar vertebra is
proportional to the size of the vertebral body at that

level.** The size of vertebral body should vary
proportionately with the build of an individual.
Calculation of canal-body ratio for different
segments helps in specifying whether an
individual’s measurement on spinal canal are
within normal limits for the respective vertebral
body size or not thus helping to identify spinal
canal stenosis.” In a study, Jadhav et al., observed
that the canal- body ratio was not constant at any
vertebral level in both sexes’ which are quite
similar to the present study. In contrast, Nirvan et
al., got the constant canal-bod7y ratio at all lumbar
vertebral levels in both sexes. ' It may be due to the
fact that there are ethnic as well as racial variations
in the size of lumbar vertebrae.

CONCLUSIONS

The mean values for the transverse diameters of the
vertebral canal were increased from L1 to LS5
whereas the antero-posterior diameters were
decreased gradually from L1 to L4 followed by
increased at L5. A gradual increment in the
transverse and the antero-posterior diameter of
vertebral body were observed from L1 to L5
vertebrae in both sexes. The canal-body ratio was
not found constant at any vertebral level in both
sexes. This anatomical knowledge of the
dimensions of lumbar vertebral canal and body may
be helpful for the clinicians in the diagnosis and
making plan for treatment of lumbar spine
pathology. It could also generate a baseline data for
Nepalese population which can be assisted in the
further research activities.
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