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Introduction: The lumbosacral spine is the region of transition from the appendicular to the axial skeleton.
Accidents, degenerative conditions, congenital defects and neoplastic metastases often affect the lumbar region.
Low back pain resulting from lumbar canal stenosis is one of the major complaints in young to adult population.
Apart from that lumbar vertebrae morphometry is required in many surgical as well as anaesthetic procedures.

Aims and objectives: The present study was undertaken to determine the morphometry of human cadaveric
lumbar vertebrae and to compare findings with other authors and forming a baseline data in relation to various
lumbar canal pathologies that can be of help to the medical and surgical experts.

Materials and methods: Dried lumbar vertebrae were obtained from the Department of Anatomy of Regional
Institute of Medical Sciences, Imphal, India. Vertebrae belonging to same set and without any external deformity
were chosen and separated into typical and atypical ones.  Measurement of Midsaggital diameter, Interpedicular
distance, and Anteroposterior diameter of lateral recess was done using digital vernier calliper.

Observations and Results: The study showed increase in all the diameters from L1 to L5 with a narrowing in all
cases at L3 level. Therefore, L3 remains the transition point in all the measurements and thus one of the possible
sites for nerve root compression due to canal stenosis, which is one of the major causes of low back pain.

Conclusion: The present data forms a baseline of adult lumbar vertebral morphology and is useful source of
information to surgeons, physicians and anatomists. It is also helpful for the screw and implant manufacturers.
Further study with sex and ethnic consideration can generate forensic and anthropological data.

KEY WORDS: Lumbar vertebrae, Lumbar canal stenosis, Morphometry, Midsaggital diameter, Interpedicular
distance, Lateral recess diameter.
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consists of five non-rib bearing, mobile bony
segments between the rigid thoracic and fused
sacral vertebrae, which act as a conduit for the
cauda equina [1]. Lumbar vertebrae are unique
in their large size, absence of costal facets and
transverse foramina and wide body. Pedicles are

The lumbosacral spine is the region of transi-
tion from the appendicular to the axial skeleton.
When we walk, there is significant biomechani-
cal load placed across the lumbar towards
sacral junction. Usually the lordotic lumbar spine



Int J Anat Res 2019, 7(2.1):6381-86.    ISSN 2321-4287 6382

short, spinous process almost horizontal,
thickened and quadrangular. The transverse
process of fifth lumbar vertebra is massive and
the body is usually the largest and markedly
deeper anteriorly, contributing to the lumbosac-
ral angle [2].
Accidents, degenerative conditions, congenital
defects and neoplastic metastases often affect
the lumbar region. Around 75% of patient
complaint of low-back pain and some show
progressed presentations like herniated disc in
around 3-5 % cases while 1-2 % is found to have
compression of nerve root [3]. One of the
reasons of compression is the unyielding bony
nature, which is liable to abnormal stenosis or
narrowing [4]. Spinal stenosis can be classified
as: (i) central, when it affects the spinal canal;
(ii) foraminal, when it affects the intervertebral
foramen (iii) lateral, when it affects the lateral
recesses [5].
Garfin et al and Ciricillo SF et al  stated that
apart from being a common finding in patients
over 55 years of age, vertebral canal stenosis
maybe a finding in newborns indicating its
congenital origin too[6,7]. The acquired spinal
stenosis occurs mainly due to age related
degeneration of the intervertebral disc and
ligamentum flavum. Mild symptoms may be
managed by multimodality treatment whereas
severe symptoms need decompression surgery.
In recent days, nonfusion stabilization of the
lumbar spine has become a popular treatment
modality because of its less or no negative
effects on the adjacent segments and also
excellent restoration of inter-segmental motion
to the magnitude of the intact spine [8]. The
surgical intervention and instrumentation
requires thorough knowledge of the anatomy of
the lumbar region [9, 10].
In Neurosurgery, technique like anterior access
to L1-L5 vertebrae for lesion excision,
corpectomy, vertebral body reconstructions with
cages, realignment, plating and screwing etc
require adequate morphometric knowledge
about the body of lumbar vertebrae and the discs
and standard volumetric data [11]. For the
morphometry of lumbar vertebra, certain
diameters are important and studies show that
measurement of the interpedicular distance, the
mid-sagittal diameter and the antero-posterior

diameter of the lateral recess may be a prelimi-
nary but informative data in the diagnosis of
lumbar spinal canal stenosis [12].
The aim of the study is to study the morphom-
etry of the lumbar vertebrae and comparing it
with findings available and forming baseline
data that can guide the surgeons and clinicians
in their diagnosis and treatment.

MATERIALS AND METHODS

This was a cross sectional study done in the
Department of Anatomy of Regional Institute of
Medical Sciences, Imphal, India.  10 sets i.e. 50
dried normal and fully ossified cadaveric lum-
bar vertebrae were studied. Deformed And bro-
ken vertebrae were excluded. Sex, age and
ethnicity was not considered.  Typical vertebrae
L2-L4 and L1, L5 were separated.
Following measurements were recorded
1. Midsaggital diameter.
2. Interpedicular distance.
3. Anteroposterior diameter of lateral recess.
The interpedicular distance was measured as
the distance between the inner borders of both
the pedicles while the midsagittal diameter was
measured as the distance between the lamina
posteriorly at the midline and posterior border
of body of the vertebra. The anteroposterior
diameter of lateral recess (depth) is measured
from the dorsal surface of the vertebral body to
the most ventral segment of the superior articu-
lar facet (fig 1) [12].
The measurements were done (fig 2) using a

Fig. 1:  Diagrammatic representation of the three
measurements taken

Fig. 2: Measurement of various diameters using digital
vernier calliper.
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digital vernier calliper (Precision 0.01 mm).
Three readings were taken for each measure-
ments and mean of these was obtained to
exclude the personal error. All measurements
were recorded in mm.
Data were collected, revised and analyzed by
using SPSS statistical package version 21.
The following analysis has been made:
Descriptive statistics: For quantitative data we
used:  Mean and standard deviation.
For qualitative data: number (n) and percentage
(%)
RESULTS

Mean Mid Sagittal diameter at L1,L5 level was
13.10 ± 1.124 -14.77 ± 1.414 mm, at L2 level
was 14.33 ± 1.147 mm, at L3 level was 13.28 ±
1.283 mm and at L4 level was 13.38 ± 1.577 mm
(Table1, 2 ); (Figure 3). Interpedicular distance
at L1,L5 level was 20.24 ± 1.839 -24.70 ± 0.967
mm, at L2 level was 21.06 ± 1.251 mm ,at L3
level was 20.87 ± 1.445 mm and at L4 was 21.88
± 1.760 mm (Table1, 3; Figure 4). Anteroposte-
rior diameter at lateral recess was 8.73 ± 0.896
mm -9.75 ± 0.161 mm at L1, L5 level , at L2 was
9.66 ± 0.668 mm, at L3 was 9.15 ± 0.879 mm
and at L4 was 9.74 ± 0.161 mm (Table 1, 4:
Figure 5)
There has been increase in average Mid Sagit-
tal diameter, Interpedicular distance and Antero-
posterior diameter at lateral recess from L1 to
L5 except at L3.
There has been reduction in all diameters at L3
level and so it may be inferred that L3 remains
the center point for transition in the diameters
and hence more susceptible to stenosis and
spinal nerve compression.

Table 1: Measurement of midsagittal diameter,
interpedicular distance, anteroposterior diameter of
lateral recess of lumbar vertebral canal at L1-L5 level.

13.35 19.88 9.62

13.58 19.52 9.85
12.02 22.59 9.76
13.01 16.22 8.96
13.67 20.82 8.68
14.79 22.09 7.82
11.22 19.07 7.34

14.6 21.63 7.61
12.43 21.05 8.95
12.4 19.6 8.78

13.98 21.58 9.24
15.34 21.97 8.43
14.2 22.19 10.02

12.94 18.59 9.14
12.83 19.87 9.97
13.7 21.43 10.77
15.7 19.57 9.34

16.18 22.14 9.59
14.86 21.76 10.36

13.6 21.5 9.76
12.68 20.57 8.25
14.26 21.07 9.14
12.6 22.78 8.75

11.11 23.71 9.04
13.83 19.98 10.86

13.39 20.05 10.03
14.4 19.97 8.16

14.79 21.7 8.81
11.45 19.41 10.02
14.35 19.5 8.5
11.17 19.53 10.2

15.8 20.98 10.6
12.67 24.28 9.16
12.7 23.18 9.15

13.36 21.39 10.84
12.03 24.94 9.97

14.68 20.98 9.4
12.15 20.65 8.99
13.57 22.4 10.65
15.75 20.5 8.5
14.54 24.35 9.88
15.5 23.66 9.7

13.07 23.45 9.65
16.83 23.61 9.78
13.93 24.56 9.49
14.65 25.83 9.52
14.34 25.97 9.9
15.58 24.53 9.8

12.58 25.36 9.99
16.75 25.75 9.8

L 3

L 4

L 5

Verteb ral  
Level

A nterop os terior 
D iam eter  of lateral 

Recess in m m

In terp edicular 
Distan ce in m m

Sag ittal d iam et er o f 
V ertebra l canal in  m m

L 1

L 2

Table 2: mean mid sagittal diameter at level L1- L5.

Vertebral level
Mean of mid sagittal 

diameter (mm)
Standard 
deviation

L1 13.1 1.124

L2 14.33 1.147

L3 13.28 1.283
L4 13.38 1.577

L5 14.77 1.414

Table 3: Measurement of inter-pedicular distance at level
L1- L5.

Vertebral level
Mean of 

interpedicular 
distance (mm)

Standard 
deviation

L1 20.24 1.839

L2 21.06 1.251

L3 20.87 1.445

L4 21.88 1.76
L5 24.7 0.967

Table 4: Measurement of anteroposterior diameter of
lateral recess at level L1-L5.

Vertebral level
Mean of ap diameter 
of lateral recess (mm)

Standard 
deviation

L1 8.73 0.896

L2 9.66 0.668
L3 9.15 0.879

L4 9.74 0.812

L5 9.75 0.161
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Fig. 3: chart showing distribution of mid sagittal
diameter at level L1-L5.

Fig. 4: chart showing distribution of interpedicular dis-
tance at level L1-L5.

Fig. 5: Chart showing  distribution of anteroposterior
diameter of lateral recess at level L1-L5.

DISCUSSION

the impact and longitudinal stiffness and help
in proper muscular function. The alteration of
this normalcy in curve has been found to be
associated with sciatica and low back pain [14].
Gradual anatomical  narrowing causes lumbar
spinal canal stenosis and associated clinical
symptoms ranging from bilateral lower limb
pain, paresthesia and low back pain [15, 16].
Degenerative spondylolisthesis, which is often
observed with lumbar stenosis, anteroposterior
displacement of a vertebral body results from
facet joint erosion and muscular, capsular,
ligamentous attenuation, which occurs most
frequently at L4-L5 and L5-S1 levels [17].
The ethnical and racial differences over differ-
ent geographical areas have influences over the
various lumbar canal diameters. Thus, a
population specific definitive normal value is
required for reference whenever we are estimat-
ing the lumbar canal stenosis and associated
pathologies [18].
The best method to diagnose spinal canal steno-
sis is computed tomography with added myel-
ography but plain computed tomography along
with magnetic resonance imaging is also a good
alternative [5]. There have been various
morphometric studies done with the help of
radiographs, Computed tomography and
Magnetic Resonance Imaging and they comprise
the majority of morphometric analysis but
direct measurement from vertebrae is compara-
tively less [19].
A study done by Amonoo Koufi HS, however re-
ported that direct morphometric analysis can
give better and accurate as well as reproduc-
ible data [20].
In a study done by Kapoor Y et al, sagittal diam-
eter ranged from 13.06-14.75 mm which is quite
similar to my result of 13.10-14.77 mm at L1, L5
levels [3].
In study by Mohammed El-Rakhawy et al,
Interpedicular distance ranged from 21.6-25.1
mm, which is quite similar to my finding of 20.
24-24.70 mm at L1, L5 levels [12].
Kayaoglu et al found spinal stenosis in 2.4% of
their cases that required reoperation after
lumbar disc surgery [21]. Stenosis in their study
was noted mainly in vertebrae L4, L5 and S1,
and disc pathologies and radiculopathies were

One of the most common complaints among
patients worldwide is low backache and it is
amongst the top musculoskeletal symptoms
observed [13].
Assessment of dimensions of lumbar vertebral
canal is an important tool for diagnosing low
backache [12].
Normally there are regional curves when verte-
bral column is observed on a  sagittal plane. It
is made to act as shock absorber, lower down
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also found there. In a study done by Tarek Aly et
al on patients by Computed Tomography, it was
found that narrowing occurred at L3 [22].
Similar reduction in all the diameters at L3
vertebral level was found in study done by
Mohammed El-Rakhawy et al and Kapoor Y et al
[3, 12]. As per Fernando et al, study on patients
by computed tomography showed that the
asymptomatic group had a wider foramen from
L3 to L5 than with patients with canal stenosis,
which revealed lower figures for all diameters
of the lumbar canal [23]. In this study, diameter
increased from L1-L2 and reduction in all the
diameters occurred at level L3. It again showed
increase from L4-L5.
R. Spector et al   in his article stated that “Cauda
Equina Syndrome”, maybe caused by space
occupying lesions in the lumbosacral spinal
canal [24]. It may lead to low back pain,
sciatica, lower extremity sensorimotor loss and
bowel and bladder dysfunction, reduced rectal
tone. It occurs due to damage to the nerve roots
forming the cauda equina and is mostly preva-
lent at L4-L5 or L5-S1 spinal segments. Treat-
ment of choice is urgent surgical decompres-
sion of the spinal canal. Normal lumbar anatomy
and morphometry is required to diagnose acute
stenosis.
In the present study, we found that narrowing
of diameter occurs at L3 level for all the
measurements and we found baseline morpho-
metric data of the lumbar vertebrae. However,
in our study we did not include age, sex and
ethnicity. Therefore, an extended study with
more sample size over a geographical area and
specific population and gender can give us data
that are more informative.  Comparisons with
Computed tomography and Magnetic Resonance
Imaging finding can also be done to find the
sensitivity of those modalities in specific cases.
From this study, the existence of variation and
morphometric pattern can be known. This would
be of extreme help to the orthopaedic surgeons,
radiologists, screw and implant manufacturers.
Complications after lumbar inter-body fusion,
which can be done by both anterior and poste-
rior approach, can be prevented. It will also help
the physicians towards a better diagnosis and
revising the rehabilitation and physiotherapy
protocols.
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