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ABSTRACT

Aim To investigate morphometric determinants of lumbar canal in
patients treated in Cantonal Hospital Zenica, and their variation
according to gender.

Methods Morphometry of lumbar spinal canal was assessed in 52
patients treated at the Department of Neurosurgery of Cantonal
Hospital Zenica in the period between September 2022 and No-
vember 2022. Data were collected retrospectively: anteroposterior
and transverse diameter of lumbar vertebrae and intervertebral dis-
cs, as well as anteroposterior diameter of the spinal canal.

Results Gender appeared to be an important morphometric deter-
minant, since it significantly differed when it comes to lumbar ver-
tebral anteroposterior and transverse diameter, being mostly larger
in males.

Conclusion This study increases anatomical knowledge of the
vertebras and spinal canal of the lumbar region. Therefore, the me-
asured dimensions of the lumbar vertebrae and spinal canal could
be used as a baseline point for evaluation of patients presenting
with low back pain and potential spinal canal stenosis.
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INTRODUCTION

One of the leading causes of disability in the
world is low back pain. In the period between
1990-2017 life with disability (YLDs) increased
from 42.5 to 64.9 million, respectively (1,2). The
highest increase of the prevalence of this entity
was noted in the low-income and middle- income
countries (2). This disease has become a growing
burden for healthcare system, and it is one of
the main reasons for work absence in the popu-
lation (2,3). It is a common medical condition,
frequently occurring with non-specific signs and
symptoms (4,5). Disc herniation in the lumbar re-
gion of the spine is one of the most common cau-
ses of lower back pain. It can lead to morpholo-
gical changes in the spinal canal such as stenosis
of the canal or narrowing of the lateral recess and
neural foramen (6,7). The spinal canal is made up
of vertebral foramina, which protect spinal cord.
Spinal cord ends at the level of L2 vertebra with
its caudal part called conus medullaris (8,9).

The aim of this study was to evaluate the lumbar
spinal canal morphometry in correlation with pa-
tients’ gender and calculating the Torg-Pavlov ra-
tio (TPR). In general, scientific data collected on
the topic of lumbar spinal stenosis are still insuf-
ficient and not homogeneous, in the population of
the Balkans, especially Bosnia and Herzegovina
(B&H). The data obtained in this study may also
be useful to the surgeon in establishing a thresh-
old value in the diagnosis of lumbar spinal steno-
sis and deciding whether conservative or surgical
treatment is necessary. This therefore leads to a
more complete and accurate diagnosis, treatment
and rehabilitation for the patient.

MATERIALS AND METHODS

Patients and study design

For this retrospective, descriptive, analytical study,
data were collected in the period between Septem-
ber and November 2022. Morphometry of lumbar
spinal canal was assessed in 52 patients who were
admitted to the Department of Neurosurgery of the
Cantonal Hospital Zenica. The observed variables
were age, gender and body mass index (BMI), and
morphometric characteristics of the spinal canal
of the lumbar spine. Patients with lower back pain
with suspected stenosis of the lumbar part of the
spinal canal diagnosed by magnetic resonance

imaging (MRI) were included in the study. MRI
images of patients who did not have an indication
for surgery were used. Exclusion criteria were pre-
vious lumbar spine surgery, massive lumbar disc
herniation, expansive vertebral lesions, scoliosis,
kyphosis and spondylolisthesis of lumbar spine.

The study was conducted with the approval of the
Ethics Committee of the Cantonal Hospital Zeni-
ca. All patients signed informed consents.

Methods

While undergoing the MRI (Siemens Magneto-
mAvanto 1,5 T, Erlangen, German), the patients
were positioned in the prone position. Weight and
height of the patients and their BMI were collec-
ted from medical history of patients.

The measuring was done on MRI images found in
digital radiology imaging system IMPAX (Agfa
Healthcare Impax, version 6.5.3.2525, Mortsel,
Belgium), which allows direct measuring of anato-
mical structures necessary for the study in all pla-
nes. The analysis and measurement (in mm) of each
recording were carried out by researchers with mo-
nitoring by a specialist neurosurgeon. The standard
study protocols were applied on the lumbosacral
spine region (MRI 1,5 T; T1 and T2 sequences).

The measurement on all levels of the lumbosa-
cral spine (L1 - L5) and their belonging interver-
tebral discs (L1/L2 — L5/S1) was done, as well
as the anteroposterior diameter of spinal canal on
the level of belonging intervertebral disc. Mea-
surements of anteroposterior diameter of verte-
bral body and anteroposterior diameter of spinal
canal were taken for the study. The anteroposte-
rior diameter of the lumbar vertebral body was
measured between the midpoints of their superi-
or and inferior endplates (9). The anteroposterior
diameter of the spinal canal was measured from
the posterior surface of the body of the vertebra
to the closest point of the corresponding spinal
laminar line (Figure 1) (9). The Torg-Pavlov ratio
TPR was calculated by dividing the anteroposte-
rior diameter of the spinal canal and the antero-
posterior diameter of the vertebral body (9).

Statistical analysis

Mean and standard deviation (SD) values of the
examined variables were presented. The nor-
mality of the distribution was analysed with the
Kolgomorov-Smirnov test. The Student T test
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Figure 1. Anteroposterior diameter of the spinal canal mea-
sured on MRI (axial T2 view): 1 — level of L1/L2 intervertebral
disc (Department of Neurosurgery, Cantonal Hospital Zenica,
2017.)

was used to determine statistically significant
differences in variables with a normal distribu-
tion. The non-parametric Mann-Whitney U test
was used to determine statistically significant
differences for variables with deviations from the
normality of the distribution. Statistical signifi-
cance was set at p<0.05.

RESULTS

The study included 52 patients. After the exclu-
sion of three patients according to the exclusion
criteria, the final sample consisted of 49 pati-
ents, 25 (51.0%) males and 24 (49.0%) females.
A mean age was 58.8+10.1years (ranging from
31 to 74 years); BMI mean of 25.7+4.6 (ranging
from 18.5 to 31.6) was found. There was no mea-
surable significant difference in age (p>0.05) and
BMI (p>0.05) in relation to gender.

L1 vertebrae of males showed significantly
(p<0.05) larger vertebrae and intervertebral disks
compared to females. The results in males were
as follows: anteroposterior 29.9 (+3.1) mm and
transverse 41.5 (+3.8) mm diameter of the ver-
tebrae and anteroposterior 39.0 (+3.1) mm and
transverse 53.8 (+4.7) mm diameter of the inter-
vertebral disks, and in females: anteroposterior
27.0 (£2.5) mm and transverse 38.1 (£3.6) mm
diameter of the vertebraec and anteroposterior
35.9 (£3.0) mm and transverse 49.0 (£3.2) mm
diameter of the intervertebral disks. On the L4
level of the lumbar spine, mean anteroposterior

Table 1. Anthropometric measures among male and female
patients who underwent MRI imaging

Mean (+SD)
Variable Males Females p
(N=25) (N=24)

Age (years) 58.7 (11.0) 58.8 (£9.4) >0.05
BMI 25.8 (£6.0) 25.7(x2.7) >0.05
Ver- .
tebraDlameter (mm)

AP 29.9 (+3.1) 27.0 (£2.5) 0.001

Transverse 41.5 (£3.8) 38.1 (£3.6) <0.001

AP spinal canal
L1 AP intervertebral disc L1/L2
Transverse intervertebral

13.6 (22.2) 14.0 (£2.3) >0.05
39.0 (£3.1) 35.9 (+3.0) 0.001

53.8 (£4.7) 49.0 (+3.2) <0.001

disk L1/L2

TPR 0.6 (£0.1) 0.6 (x0.1) >0.05
AP 31.4(£2.8) 28.2(+3.5) 0.001
Transverse 43.1 (£3.9) 39.7 (#3.7) 0.004

AP spinal canal
L2 AP intervertebral disk L2/L3
Transverse intervertebral

11.6 (32.9) 11.5 (£2.9) >0.05
40.6 (+3.9) 38.2 (+4.6) 0.001

57.6 (£5.0) 52.7 (+4.4) >0.05

disk L2/L3

TPR 0.7 (£0.1) 0.6 (£0.1) >0.05
AP 33.0 (£3.2) 30.0 (+2.8) 0.001
Transverse 44.8 (+4.0) 41.7 (£3.9) 0.008
AP spinal canal 10.4 (£3.1) 9.9 (£3.8) >0.05

L3 AP intervertebral disk L3/L4

Transverse intervertebral

433 (+4.8) 40.5 (£3.4) 0.026

58.1(£6.6) 55.9 (+4.7) >0.05

disk L3/L4

TPR 0.6 (£0.1) 7.0 (4.1) >0.05
AP 32.0 (+3.3) 31.0 (£2.6) 0.032
Transverse 46.0 (5.0) 43.0 (£3.4) 0.022

AP spinal canal
L4 AP intervertebral disk L4/LS
Transverse intervertebral

10.8 (43.6) 10.4 (+3.3) >0.05
44.7 (£5.6) 41.6 (+3.9) 0.029

61.8 (£6.5) 56.5(+3.5) 0.001

disk L4/L5

TPR 0.7 (£0.1) 6.0(x2.3) >0.05
AP 32.8 (x4.4) 30.6 (+3.9) >0.05
Transverse 47.0 (£6.5) 44.6 (x4.7) >0.05

AP spinal canal
L5 AP intervertebral disk L5/S1
Transverse intervertebral
disk L5/S1
TPR 0.6 (£0.1) 4.5(x1.4) >0.05
SD, standard deviation; AP, anteroposterior; BMI, body mass index;
TPR, Torg — Pavlov ratio

12.0 (£3.2) 13.0 (33.2) >0.05
43.8 (+4.4) 40.1 (+5.5) 0.013

59.0 (£7.0) 55.6 (£5.1) >0.05

32.0 (£3.1) mm and transverse 44.5 (+4.5) mm
diameter of the vertebrae, and anteroposterior
43.2 (£5.0) mm diameter of the intervertebral
disk were measured.

Statistically significant differences within the
values of the anteroposterior diameter of the
vertebral body between males and females were
confirmed for the L1 (p=0.001), L2 (p=0.001),
L3 (p=0.001) and L4 (p=0.032) levels. Statisti-
cally noteworthy differences were found for the
transverse diameter at the same levels as for the
anteroposterior diameter. The anteroposterior
diameter of the spinal canal had no significant
differences in relation to gender categories. The
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anteroposterior diameter within the individual
intervertebral levels differed at all levels: L1/L.2
(p=0.001), L2/L3 (p=0.001), L3/L4 (p=0.026),
L4/L5 (p= 0.029), and L5/S1 (p=0.013). The
transverse diameter at the level of the interver-
tebral disc was statistically significantly diverse
only at the L1/L2 (p=0.001) and L5/S1 (p=0.05).

DISCUSSION

Data about lumbar spine morphometry are essen-
tial for the assessment of low back pain and lum-
bar spinal stenosis (LSS) (9). It is also important
for understanding the biomechanics of the spine
as well as surgical interventions (10). There are
many studies which investigated the morphome-
try of vertebra and spinal canal, mostly in western
population (4,8). They were mostly conducted by
using cadavers or osteological specimens. Sam-
ple sizes of these studies were adequate, but they
did not show the differences of diameters betwe-
en the patient’s gender. More recently computed
tomography and magnetic resonance imaging
have been used for evaluation of spinal morp-
hometry and they have shown to be superior to
cadaveric studies, as well as x-ray ones. Diameter
of the spinal canal varies within the spine regions
with its width being the largest in the lumbar re-
gion. The highest diameter measured was at the
point of L5 vertebra being around 17.5 mm (5,9).

Research has shown that the size of lumbar ver-
tebra is dependent on age, gender, race and level,
and it is associated with degenerative lumbar pat-
hologies, which are the risk factors that clinicians
should observe in patients while deciding on the
adequate treatment for low back pain (10).

In a study conducted on the Indian population,
anteroposterior diameter of the spinal canal gra-
dually decreased from Th12 to L4 and marginally
increased at L5 (9). The results of this study show
also that AP diameter of spinal canal decreased
from L1 to L3 in both males and females, but it
slowly increased at the levels of L4-L5, indicating
that the first three levels of lumbar spine should be
carefully observed in patients with low back pain
symptoms. Transverse diameter of the vertebral
bodies was higher in males than in females on all
levels of the lumbar spine. Also, the results of the
study conducted on the Indian population noted
greater values of all measured diameters in males,
which was also the case in our study (9).

AP diameter of the spinal canal was larger in fe-
males only at the L1 and L5 level, while in the
rest of the vertebras of the lumbar spine it re-
mained larger in males. A study conducted on the
Pakistani population showed greater spinal canal
diameters in males, with a significant statistical
difference at the level of L5, as well as dimen-
sions of the vertebra, both anteroposterior and
transverse diameter (11). Furthermore, Alam et al.
(11) found that the anteroposterior and transverse
diameter of the intervertebral disk was larger in
males at all levels of the lumbar spine than in fe-
males. On the opposite, TPR was noted to be big-
ger on the levels of L2 and L3 in females than in
males in same study (11). In a comparative study,
Wang et al. (12) analysed the differences in the
morphological characteristics of the spinal canal
between the Chinese and Indian populations; the
AP diameter of the spinal canal for all levels of
the lumbar spine in their study was smaller com-
pared to our results. The reason for these differ-
ences is the morphometric contrast between the
observed populaces (13). El-Rakhawy et al. (14)
stated that there are differences in AP diameter in
relation to gender groups at the L2, L3, and L4
levels, which partially coincides with the results
of our study. Namely, statistically significant dif-
ferences in AP diameter were observed at all lev-
els except for LS.

Analysing the transverse diameter of the spinal
canal, Amoon-Kuofi et al. (15) concluded that its
length increased from L1 to L5 level, which is
also the case with the results of our study for both
gender categories. Similar results were obtained
by Postacchini et al. (16), and Eisenstein et al.
(17) in cadaveric studies.

Regarding the transverse diameter, our study
results support the existence of a significant dif-
ference between males and females for L1-L4
levels, which is consistent with the findings of
Tacareta et al. (18) in the population of Tirkiye.

The values of the TPR were without significant
deviations in men and women in our findings,
which is opposite to the results described by
Qudsieh H et. al. (19). Interestingly, TPR could
be used as a predictive factor for lumbar spinal
stenosis since significant association of the TPR
and occurrence of spinal canal stenosis at L2, L3,
L4, and L5 (20-21) was found. Previous resear-
ch on the TPR ratio supports its predictive value
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when it comes to lumbar spinal stenosis. Even
more, Lee et al. (22) reported that the values of
the TPR of the lumbar spine are correlated with
the same ratio of the cervical spine in patients
with diagnosed stenosis.

Ultimately, knowing the morphometric characte-
ristics of the lumbar part of the spinal canal has
its clinical implications. A significant increase in
the number of degenerative spine diseases in the
world requires a better understanding of diagno-
stic methods so that the outcome of the disease can
be predicted. The total prevalence of degenerative
diseases increased by 27.3% (23). The importance
of morphometric measurements of the spinal canal
is crucial in the evaluation of spinal stenosis (24-
26), and as the most significant indicator of spinal
stenosis. Eisenstein et al. (17) state that AP is the
most important diameter in the evaluation of spi-
nal canal stenosis. The role of the TPR has been
confirmed by several studies (27-29), and accor-
dingly, it is necessary to consider it as a diagno-
stic indicator and predictive value of the outcome
when it comes to lumbar canal stenosis.

The limitations of this study are a small number
of patients and the subjective nature of measure-
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