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Abstract
Aim: To provide normal values for the lumbar spinal canal, lumbar vertebral body, and dural sac
dimensions and canal body ratio by MRI for a Jordanian population sample.
Material and methods: Three well-trained observers reviewed 218 lumbar MRI scans performed
between 2019-2021 (1090 lumbar levels) and obtained from the central computerized medical archive
of three main governmental hospitals in north, central, and south Jordan. All MRIs with alignment
abnormalities (scoliosis and kyphosis), canal compression, vertebral disease (including fractures), or
technical artifacts were excluded. The following were measured from L1 to L5 levels: the midsagittal
diameters of the spinal canal and vertebral body, axial anteroposterior (AP), and transverse diameter of
the vertebral body, dural canal, and dural canal area. Data on sex and age were also documented.
Results: The studied MRI scans included 113 males (51.8%) and 105 females (48.2%). Age ranged
between 23-86 years old (mean 52.23+13.125). The mid sagittal mid vertebral AP diameter of the
lumbar spine range was 2.8-3.1 cm. The mid-sagittal spinal canal diameter range was 1.3-1.5 cm. Canal
body ratio was 3.3-3.6. The AP, transverse dural sac diameter ranges were 1.2-1.4 cm and 1.5-1.9 cm,
respectively. Finally, the dural sac area ranged from 331-362 mm?,
Conclusion: The dimensions of the lumbar spinal canal, vertebral bodies, and vertebral canal ratio at
all levels were documented for a Jordanian population sample. Dimensions varied according to sex and
when compared with other ethnic groups (Asian and African). The findings suggest that canal stenosis
criteria should take these differences into consideration.
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INTRODUCTION

Spinal canal stenosis is quite a common
problem, especially in the elderly, with younger
people rarely affected [1]. It is most commonly
caused by degenerative changes of the spine,
mainly: disc herniation, facet synovial
hypertrophy, ligamentum flavum hypertrophy,
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facet joint hypertrophic osteoarthritic changes,
osteophytes, and spondylolisthesis. Other
causes, such as intraspinal tumor, congenital
stenosis, and fractures, are also documented [2].
The most common site for degenerative spinal
changes and spinal canal stenosis is the lumbar
region [2, 3]. This region is the focus of our
study, the aim of which was to achieve
clinically valuable morphometric research.
Radiological measurements of the spinal canal
are an essential part of the diagnosis of spinal
canal stenosis and ectasia. Prior to determining
the cutoff values for abnormal spinal
morphometry, it is first necessary to establish the

© 2023 DSR Publishers/The University of Jordan. All Rights Reserved.


https://doi.org/10.35516/jmj.v57i4.2073
about:blank

Morphometry of Lumbar spine MRI

Hana’ Qudsieh et al.

normal values for a certain population. Various

parameters have been used to evaluate the

dimensions of the lumbar spinal canal and
foraminal stenosis. The most frequently applied
radiological parameters in different radiological

imaging modalities are [4-6]:

1) The midsagittal anteroposterior (AP)
diameter of the bony spinal canal: this
represents the short distance between the
posterior aspect of the vertebral body and the
anterior margin of the posterior elements,
either in the axial or sagittal plane. It is
usually measured by a CT scan or
conventional X-ray. Normal values vary at
different lumbar levels from 27-32 mm [4,
5].

2) The midsagittal AP diameter of the dural
sac: an AP diameter of less than 12mm
indicates stenosis, whereas less than 10 mm
is stenosis [7].

3) The Torg Pavlov ratio (TPR), or canal body
ratio (CBR): This is usually measured in the
sagittal plane. The ratio used to be applied in
the cervical spine, mainly on X-ray and CT
scan. Few studies have measured this ratio
on lumbar MRI, with varying results of
0.51-0.69 mm [8-10].

4) The interpedicular distance: this is the
distance between the two pedicles in a
frontal X-ray. Minimal normal values vary
from L1, 23-24 mm to maximal at L5, 29.8—
30.9mm [4,5].

5) The cross-sectional area of the spinal canal:
a surface area reduction of the spinal canal
of less than 100 mm? on two intervertebral
levels is strongly associated with clinical
spinal canal stenosis [4, 5].

6) Lateral recess height: This is the distance
between the most anterior point of the superior
articular facet and the posterior aspect of the
vertebral body in axial images; a reduction in
lateral recess height below 3 mm is indicative
of lateral recess stenosis [4, 5].

7) The maximal AP diameter of the neuronal
foramen: This is measured in the sagittal
plane and represents foraminal stenosis. A
threshold below 3 mm indicates foraminal
stenosis [4, 5].
Despite  the

presence of numerous
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parameters used to measure spinal canal
stenosis, both normal window and cutoff values
have been documented variably.

Conventional X-ray and computed
tomography are used worldwide to assess the
osseous spinal canal. However, soft-tissue
abnormalities and structures may commonly
contribute to secondary lumbar canal stenosis.
Thus, MRI is preferred for evaluation of both
soft tissue and bone structures [4,5].
Accordingly, the morphometric measurements
in this study were taken using MRI rather than
conventional X-ray or CT scan for more
precise, reliable results.

To our best knowledge, no previous studies
have assessed the normal morphometry of the
lumbar spine on MRI for a Jordanian population.
This study, therefore, aims to provide normal
values for the lumbar spinal canal, lumbar
vertebral body, and dural sac dimensions, and
canal body ratio for a Jordanian population
sample measured using MRI.

MATERIAL AND METHODS

This retrospective study was approved by
the Institutional Ethics Committee. Patients’
written consent was requested due to the
retrospective nature of the data collection and
minimal risk. Some 218 MRI images (Siemens
1.5 Tesla) scanned between 2019-2021 in three
governmental hospitals in the north, center and
south of Jordan were reviewed by three trained
observers under the direct supervision of a
neuroradiologist using the Picture Archiving
and Communication  System  (PACS).
Measurements  were  performed  using
(MPTronic medical software ezDICOM CD
VIEWER). All MRI images which showed
fractures, spinal canal lesions, vertebral bony
lesions, scoliosis, kyphosis, or technical artifact
in the lumbar area were excluded.

On sagittal T2-weighted image (WI1) of the
lumbar spine, the midsagittal mid vertebral AP
dimension (M) was measured for all lumbar
vertebrae at the site of the posterior
basovertebral vein penetration, parallel to the
axis of the vertebra. At the same site, the AP
dimensions of the spinal canal (N) were also
measured all lumbar levels.
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Figure 1. A 44-year-old male: sagittal T2WI of lumbar
MRI. The black line (M) represents the AP dimension of the
vertebral body at L4 level. The red line (N) represents the AP
dimension of the spinal canal at L4 level

On the MRI axial T2 WI of the lumbar spine, was calculated by free-hand drawing
the AP and maximal transverse dimensions of measurement using the same previously
the dural sac (C and D) and vertebral body (A mentioned viewing system.

and B) were measured. The dural sac area (E)

Figure 2. A 44-year-old male with low back
pain: axial T2 WI of lumbar MRI. The black line
(A) represents the AP dimension of the vertebral

body. The yellow line (B) represents the maximum
transverse dimension of the vertebral body. The
red line (C) represents the maximal AP of the
dural sac. The green line (D) represents the
maximal transverse dimension of the dural sac.
The area inside the blue free-hand drawings (E)
represents the dural sac area
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The mean values and standard deviation (SD)
scores were calculated for  different
measurements of the canal body ratio (CBR)
(N/M) and the dural sac body ratio (DBR) (C/A).
The p-value was estimated as well, and a value
less than 0.05 was considered significant.

RESULTS

A total of 218 MRI scans were examined.
Data from 113 males (51.8%) and 105 females
(48.2%) were collected. The mean age was
52.08 £13.28 for females and 52.38 £13.04 for
males, with no significant difference between

the two groups (p=0.865).

Table 1 shows the mean and SD values for
all dimensions at different levels, including the
vertebral body and dural sac dimensions. The
mean scores of the midsagittal CBR, which
represents the ratio between the midsagittal AP
of the spinal canal to the midsagittal vertebral
body (N/M), of L1, L2, L3, L4, and L5
vertebrae were 0.53+0.12, 0.46+0.09, 0.40+
0.09, 0.42+£0.09 and, 0.49£0.58, respectively.
The lowest mean was found at the L3 vertebral
level, and the highest at the midsagittal CBR at
L1 vertebral level.

Table 1. Mean and SD values for all dimensions at different levels

Level M N N/M E A C C/IA
L1 282 £0.34 | 145+0.204 0.53 % .12 197+048 |331+044 |135+0.29 | 041+0.10
L2 2.93+0.33 1.35+0.198 0.46 +0.09 1.8+0.45 3.47+04 1.28+032 | 037%0.1
L3 3.04+0.34 1.28+£0.20 0.40 £ 0.09 162+046 |358+038 |122+034 | 034+0.11
L4 3.12+0.43 1.3+0.23 0.42 +0.09 158+0.52 | 3.62+0.37 1.28+0.37 | 0.36+0.11
LS 294+041 1.33+0.26 0.49 £ 0.58 162+066 |356+041 |129+039 | 036+0.11

N.B.: M: Midsagittal AP diameter of the vertebral body; N: Midsagittal AP diameter of the spinal canal;
N/M: Canal body ratio; E: The area of the dural canal; A: Axial AP diameter of the vertebral body; C: Axial AP diameter

of the dural sac; C/A: Axial dural sac body ratio

The mean scores of the areas of the dural sac
(E) at L1, L2, L3, L4, and L5 vertebrae were
197+048, 1.8+045 162+046, 158+
0.52, and 1.62+0.66, respectively. The
smallest mean area was found at L4 and the
largest at the L1 vertebral level.

The mean axial DBR (C/A) (the ratio
between the AP of the dural sac to the AP of the

vertebral body in the axial plane) as measured
at L1, L2, L3, L4, L5 vertebrae were 0.41 +
0.10, 0.37+0.1, 0.34+£0.11, 0.36 £0.11 and
0.36 £ 0.11, respectively. The lowest mean
axial DBR was at L3, and the highest mean
axial DBR was found at the L1 vertebral level.

Analyses of levels L1 to L5 for both genders
are presented in Table 2.

Table 2. Midsagittal vertebral body and spinal canal measurements with the CBR (female =

105; male = 113)
N

Level M N/M
Male Female Male Female Male Female

L1 3.00+£0.32 2.67 £0.27 1.42+0.21 1.48 £+0.19 0.48 £0.12 0.57 £0.09
p-value <0.0001 0.049 <0.0001
L2 3.10 £ 0.28 [ 2.76 £0.30 1.31+0.20 | 1.40+0.18 0.43+0.077 ] 0.52+0.10
p-value <0.0001 0.001 <0.0001
L3 3.17 £0.34 [ 2.91+0.30 1.25+0.22 [ 1.32+0.19 0.40 £0.094 ] 0.49 +0.83
p-value <0.0001 0.010 <0.0001
L4 3.25+0.48 [ 2.98 £0.33 1.31+024 [1.31£022 0.41+0.09 | 0.44 +£0.09
p-value <0.0001 0.891 0.006
L5 3.04 +0.47 [ 2.84+0.32 1.38+£0.27 [ 1.29+0.24 0.53+0.80 | 0.46 +0.098
p-value <0.0001 0.007 0.344

N. B.: M: AP mid-sagittal mid vertebral dimension of vertebral body; N: AP measurement of spinal canal; N/M: canal body ratio
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A significant difference between males and
females in the AP midsagittal mid vertebral
dimension of the vertebral body was found at all
five vertebral levels (p<0.0001). The mean
values of the sagittal AP diameter of the spinal
canal showed significant differences between
both sexes at vertebral levels of L1 (p = 0.049),
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L2 (p= 0.001), L3 (p= 0.010), and L5 (p=
0.007), but not L4 (p =0.891). The CBR mean
values were significantly different for males and
females at vertebral levels L1 (p < 0.0001), L2 (p
<0.0001), L3 (p <0.0001), and L4 (p = 0.006).
However, CBR did not show a significant
difference at L5 (p = 0.344) (Figure 3).

Gender

Hn
i
1 2 3 4 3

Figure 3. Difference in CBR by gender at different lumbar vertebral levels (blue represents
males and red females)

As shown in Table 3, a significant difference
was observed between males and females in the
axial AP diameter of the vertebral body at all
five levels (p <0.0001). On the contrary, no

significant differences were found between
males and females for either the dural sac area
(E) or the AP dimension of the dural canal (C)
at any of the five levels.

Table 3. Vertebral body and spinal canal AP axial dimension, dural sac area and DBR (female =
105) (male = 113)

Level E A C C/IA
Male Female Male Female Male Female Male Female
L1 1.95+0.48 | 1.99+0.48 | 3.49+0.36 | 3.15+0.44 | 1.35+0.36 | 1.34+0.20 | 0.39+0.11 | 0.43+0.091
p-value 0.212 <0.0001 0.291 0.617
L2 1.76+0.49 | 1.85+0.40 [ 3.62+0.31 | 3.31+0.44 | 1.28+0.42 [ 1.29+0.17 | 0.36+0.12 | 0.40+0.09
p-value 0.146 <0.0001 0.778 0.005
L3 1.62+40.51 | 1.63+0.40 | 3.69+0.40 | 3.48+0.35 | 1.24+0.44 [ 1.22+0.18 | 0.35+0.15 | 0.35+0.07
p-value 0.921 <0.0001 0.582 0.601
L4 1.58+0.57 | 1.59+0.48 | 3.71+0.39 | 3.52+0.34 | 1.29+0.47 | 1.28+0.25 | 0.35+0.14 | 0.37+0.88
p-value 0.843 <0.0001 0.717 0.397
L5 1.68+0.75 | 1.57+0.55 | 3.68+0.42 | 3.43+0.37 | 1.32+0.48 | 1.26+0.27 | 0.36+0.14 | 0.37+0.08
p-value 0.212 <0.0001 0.291 0.617

N. B.: E: Area of the dural canal; A: AP dimension of vertebral body in axial plane; C: AP dimension of dural canal;
C/A: Dural body ratio
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For the DBR, a significant difference was only
found at L2 (p=0.005) and there were no
significant differences at all other vertebral levels.

Table 4 shows that the transverse dimension
of the wvertebral body (B) means were

significantly different between males and
females at all measured vertebral levels. Whilst
the means of the transverse dimension of the
dural sac (D) were not different between sexes
at any of the measured vertebral levels.

Table 4. Transverse dimension of the vertebral body and spinal canal at different levels

Transverse dimension of vertebral body (B) Transverse dimension of the dural sac (D)

Level Total Male Female p Total Male Female p

L1 4.476+0.526 | 4.700+0.457 | 4.235+0.490 | <.001 1.887+0.349 1.855+£0.299 | 1.920£0.394 | 0.165
L2 4.673+0.573 | 4.938+0.453 | 4.387+0.552 | <.001 | 1.8144+.37057 | 1.770+0.379 | 1.863+0.357 | 0.065
L3 4.881+0.573 | 5.107+0.450 | 4.638+0.594 | <.001 1.697+0.379 | 1.641+0.359 | 1.756+0.391 | 0.24
L4 4.939+0.545 | 5.0851+.538 | 4.7817+0.520 | <.001 1.540+0.330 1.521+0.361 | 1.561+0.293 | 0.36
L5 4.984+0.579 | 5.192+0.527 | 4.760+.550 | <.001 1.563+0.410 1.560£0.443 | 1.565+.373 | 0.924

DISCUSSION population, we note that the vertebral body

Many definitions have been used for lumbar
spinal canal stenosis to help diagnose this
clinical condition. According to the British
Association of Spine Surgeons ‘spinal canal
stenosis describes a narrowing of the spinal
canal that gives rise to symptoms due to
compression of the spinal nerves or sometimes
the spinal cord’ [1]. These symptoms include:
low back pain, leg pain, numbness, weakness,
and claudication. Lumbar spinal canal stenosis
is defined in the guidelines of the North
American Spine Society as ‘buttock or lower
extremity pain, which may occur with or
without low back pain, associated with
diminished space available for the neural and
vascular elements in the lumbar spine’ [11, 12].
Both definitions link clinical symptoms with
radiological findings, although the radiological
criteria for the narrowing of the spinal canal
stenosis are still clearly undetermined.

The CBR (N/M), dural sac area (E), and
dural sac dimensions (C/D) are different
measurements used to assess spinal canal
narrowing radiologically. Before determining
the cutoff values of a narrowed or dilated spinal
canal, the normal range must be set using the
most accurate imaging modality for lumbar
spinal canal assessment. Comparative studies
between different imaging modalities found
that MRI is the most sensitive and best mode for
the spinal canal [7] due to its ability to visualize
both soft tissue and bony structures [13, 14].

As well as the normal values for the lumbar
spine that our study has presented in a Jordanian
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dimensions decrease from L1 to L4/L5, with a
maximum transverse dimension at L5 and
maximum AP dimension at L4. This variation in
dimension gives ‘geometric’ stabilization of the
vertebral column during flexion, extension, and
axial rotational movement. Further, it preserves
normal alignment and lumbar lordosis.

The larger bony skeleton in males in
comparison to females was also recognized in our
results. Despite the significant difference of the
bony vertebral dimension between different males
and females, there was no such significant
difference for the dural sac dimensions (C/D) and
dural sac area (E). Our results also indicated that
the dural sac area was largest at the L1 level and
smallest at L4. This may explain why the L4-L5
level is the most affected by clinical spinal canal
stenosis, in addition to the fact that the maximal
axial load is greater at this level.

The definition of the CBR (N/M) is different
from the DBR (C/A) and should not be used
interchangeably, as many researchers have done.
On axial T2 WI, the dural sac outline and borders
were recognized from nearby structures, mainly
epidural fats and ligaments; however, they are less
recognizable in the sagittal images. Therefore, the
measurement of the dural sac is preferred on axial
rather sagittal images. The difference in the values
of CBR (N/M) and DBR (C/M) was obvious at
the L5 level, where the intraspinal tissue around
the dural sac is more abundant.

We compared our results with studies on
Indian, Korean, and Black populations, as
shown in Table 5 [8-10, 13].
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Table 5. Different ethnic lumbar spine morphometry studies

Study Sample size (patients) Results of the parameters used at different levels
Premchandran et al. 154 - Area of the Dural Sac:
[8] (Indian) Males: (L1: 228.18) (L2: 223.35) (L3: 219.35) (L4: 226.57)
(L5: 215.92)
Female: (L1: 198.57) (L2: 191.43) (L3: 190.66) (L4: 196.36)
(L5: 187.11)
- CBR:

Male: (L1: 0.69) (L2: 0.65) (L3: 0.63) (L4: 0.55) (L5: 0.52)
Female: (L1: 0.68) (L2: 0.60) (L3: 0.59) (L4: 0.54) (L5: 0.51)

- Dural sac diameter (mm):

Male: (L1: 18.05) (L2: 17.31) (L3:16.48) (L4: 16.18) (L5: 15.83)
Female: L1 15.68/ L2 14.06/ L3 14.98/ L4 14.14/ L5 13.92

Inder Pawar et al. [13] | 30

- The mean spinal canal diameter (mm):

(Indian)

(L1: 11.85 + 1.14) (L2: 12.27 + 1.20/) (L3: 12.73 + 1.15)
(L4: 12.98 + 1.09) (L5: 13.11 + 1.40)

Lee et al. [9] 1800

- The mid sagittal diameter of spinal canal (mm):

(Korean)

Male: (L1: 15.4) (L2: 14.3) (L3: 13.6) (L4: 14) (L5: 14.6)

-Mid sagittal diameter vertebral (mm):

(L1: 29.1) (L2: 30.8) (L3: 32.3) (L4: 33.7) (L5: 33.2)

- CBR:
Male: (L1: 0.53) (L2:0.46 ) (L3:0.42) (L4: 0.42) (L5: 0.44)

Eisenstein et al. [10] 433

- Mid sagittal diameter of spinal canal (mm):

Blacks in South
Africans

Male: (L1: 16.6) (L2: 15.8) (L3: 14.9) (L4: 15.6) (L5: 16)

- Mid sagittal diameter vertebral (mm):

Male: (L1: 29.2) (L2: 30.6) (L3: 32.2) (L4: 34) (L5: 32.2)

- CBR:
Male: (L1: 0.6) (L2: 0.5) (L3: 0.5) ( L4: 0.5) (L5: 0.5)

Evidence from these studies shows that the
lower vertebral mid sagittal dimension is larger
in Black and Korean populations compared to
Jordanians, especially at the L5 level.
Moreover, the mid sagittal diameter of the
spinal canal is found to be larger in Black, and
almost similar to Korean, but smaller in Indian,
with a smaller dural sac area.

The disparities in the outcomes between
these population samples with varying ethnic
backgrounds—Black, Middle Eastern, and Far
Eastern races—, as recognized upon reviewing
the limited available evidence, may indicate
that spine morphometry has population-specific
variations. This highlights the need for more
data on various population groups and possibly
advanced statistical methods to show these
differences. This might not be feasible in Jordan
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due to the homogenous nature of the Jordanian
population and limited variety of ethnic or
racial origins [15].

This research has its limitations. We
examined a smaller number of MRIs than
expected due to feasibility issues, such as
having to obtain separate permission to access
the PACS system of the three governmental
hospitals; moreover, there was, at the time of
the research, no central dataset for the PACS
system connecting all governmental hospitals.
Nonetheless, data were collected from three
different geographic areas—north, central, and
south Jordan—to overcome the limited access
and ensure geographical representativeness.
Data were also collected during a period of
lockdown due to COVID-19, which added to
the challenges of this research.
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Lack of reporting details on clinical
symptoms in the PACS data for patients who
were scanned by MRI made investigating
associations between different dural sac/ spinal
canal parameters and clinical symptoms
unfeasible. Thus, we could not determine the
radiological criteria used to distinguish the
clinically significant or surgically-indicated
management of canal narrowing.

CONCLUSION:

The study obtained Ilumbar spinal
morphometry for a Jordanian population. Our
findings provide baseline normative data for the
evaluation of patients presenting with low back
pain and who are suspected to have lumbar
canal stenosis in the Jordanian population.

Dural canal dimensions and area, as well as
the CBR, are valid parameters for determining
clinical spinal canal stenosis; however, these
are still not fully developed, especially with no
clear clinically based radiological criteria.
Investigating the relationship between the
severity of clinical symptoms and these
parameters in a case-control study is strongly
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