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ABSTRACT

Objective: To evaluate the value of coeliac artery (CA) and superior mesenteric artery (SMA) origin levels as an anatomic marker in
the detection of lumbosacral transitional vertebrae (LSTV) and vertebral enumeration.

Patients and Methods: Institutional review board approval was obtained. Routine lumbar magnetic resonance (MR) imaging that
included sagittal cervicothoracic scout images in 972 cases were evaluated retrospectively. Six segments were created in the vertebral
column with 7 lines. CA and SMA ostiums were localized in these segments.

Results: Coeliac artery and SMA levels were detected more caudally in lumbarized S1 and more cranially in sacralized L5 cases

compared to non-LSTV cases.

Conclusion: Coeliac artery and SMA origin levels as anatomical markers are not dependable for vertebral numbering due to their

wide variability.
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1. INTRODUCTION

The lumbosacral transitional vertebrae (LSTV) are defined as
congenital spinal anomalies consisting of sacralization of the
lower lumbar vertebral segment or lumbarization of the upper
sacral vertebral segment. The prevalence of LSTV in the general
population was reported as between 4% and 30% [1,2].

Computerized tomography (CT) is considered to be the best
imaging method for detecting LSTV due to high spatial resolution.
However, CT imaging with the indication for LSTV would
unnecessarily cause ionizing radiation exposure. In addition, CT
is not a preferred method in assessing non-traumatic back pain.
In these clinical circumstances, magnetic resonance imaging
(MRI) is often preferred, given its high contrast resolution in the
vertebral column and surrounding soft tissues [1].

Magnetic resonance imaging has also some downsides in
vertebral enumeration and detection of LSTV, such as limitation
in visualizing the thoracolumbar component, inefficacy in the

identification of transitional vertebra and failure to distinguish
the hypoplastic rib and the prolonged transverse process of
lumbar vertebrae.

The lumbosacral transitional vertebrae identification is crucial
as incorrect vertebral numbering can cause clinically irrelevant
radiologic findings and surgery at the wronglevel [3]. In addition,
the “Bertolotti syndrome” described by Mario Bertolotti in 1917,
which relates LSTV to back pain, is a controversial subject [4].

A standard method for vertebral numbering has not been
established. Sagittal cervicothoracic scout images can be used
if images are available. Otherwise; aortic bifurcation, right renal
artery origin, conus medullaris or iliolumbar ligament level
determination can be used as an anatomical indicator. However,
all these techniques can lead to inaccurate results [5,6].
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In this study, we aimed to clarify the effectiveness of the coeliac
artery (CA) and superior mesenteric artery (SMA) in vertebral
numbering and LSTV detection.

2. PATIENTS and METHODS

This study was approved by the Marmara University, School of
Medicine Ethics Committee (approval number: 09.2015.354)
and was performed in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

Magnetic resonans imaging findings of 972 patients with
lower back pain or lumbar radiculopathy were evaluated
retrospectively. Patients with a history of serious spinal or pelvic
trauma, stage 2 and over spondylolisthesis, previous infection
and lumbar spinal surgery were not included in the study because
they may have changed the normal anatomy significantly. Cases
with significant spinal malformation and severely torturous
abdominal aortic aneurysms were not evaluated.

All images were acquired with a 3.0 Tesla MR device (Verio,
Siemens Healthcare, Erlangen, Germany) using dedicated lumbar
spinal coil with standard lumbar MR protocol and without contrast
material. All studies included T2-weighted turbo spin echo (TSE)
whole spinal column counter images. For the lumbosacral vertebral
imaging; sagittal and axial T1-weighted TSE (TR/TE: 380/ 9.4ms)
and T2-weighted TSE (TR/TE: 3390/106) were obtained. Axial
images had a matrix of 256x133 with a slice thickness of 4mm and
a gap of 0.4 mm and sagittal images had a matrix of 256x320 with a
slice thickness of 4mm and a gap of 0.4 mm.

Two radiologists, with a spinal radiology experience of 10 years and
1 year, evaluated the images by consensus. Sagittal cervicothoracic
counting images were used as the gold standard method for
vertebral numbering. The cervicothoracic counting images of
all cases were evaluated in terms of proficiency. Following this
assessment, the vertebrae were numbered using the picture
archiving and communications system (PACS) program with cross-
link and vertebral labelling capabilities [ ] Cervical, thoracical, and
lumbar vertebrae were numbered through the caudal direction
from C2 (2nd cervical vertebra) level to S1 (1st sacral vertebra)
level in cervicothoracic counting images; with the assumption that
the cervical region carrying 7 vertebrae and the thoracic region
carrying 12 vertebrae was the anatomical standard.

Sagittal T1 and T2, and axial T2 weighted images were used to
assess the origin of CA and SMA. The first main vascular structure
originating from the abdominal aorta was defined as the celiac
truncus, and the second main vascular structure was defined as
the SMA. These vascular structures were classified according to the
vertebra corpus and intervertebral discs, where they were adjacent
to the cross-link function. For standard assessment, the exit points
from the aorta of the vascular structures were determined.

For scoring and statistical evaluation; six regions were created in
the vertebral column with 7 lines passing through the middle of
the T12-L1-L2 vertebra corpus and the T11-12, T12-L1, L1-L2
and L2-L3 intervertebral disc spaces. Starting from the cranial
region, each region was numbered from 1 to 6, and the CA and
SMA ostiums were located accordingly.

Anatomical structures located at the boundary of two regions
were given the number of the region corresponding to the
majority of the diameter percentages.The minimum and
maximum values, mean, median and 95% confidence intervals
for each parameter were calculated using this numbering system.

With this numbering; the area between the lines passing through
the T11-T12 intervertebral disc space and the middle of the T12
vertebral corpus was identified as 1, between the middle of the
T12 vertebral corpus and the T12-L1 intervertebral disc space as
2, between the T12-L1 intervertebral disc space and the middle
of the L1 vertebral corpus as 3, between the middle of the L1
vertebra corpus and the L1-L2 intervertebral disc distance as 4,
between the L1-L2 intervertebral disc distance and the middle of
the L2 vertebra corpus as 5 and between the middle of L2 vertebra
corpus and the L2-L3 intervertebral disc distance as 6 (Figure 1).

Figure 1. Sagittal T2-weighted MRI. Six artificial segments with seven lines

Finally, to evaluate the relationship between LSTV and disc
degeneration, reduction of the intervertebral distance in the lumbar
level was scored by numbering between 0 (none) and 5 (all levels).

Statistical Analysis

For the statistical analysis of the data obtained in the study,
‘Statistical Package for Social Sciences’ (SPSS, Chicago, USA)
version 21.0 was used. Kolmogorov-Smirnov distribution
test was used to determine descriptive statistical methods
(frequency, mean, percentage, standard deviation) as well as
normal distribution when study data were evaluated.

In the case of two or more groups in comparison of quantitative
data; Kruskal Wallis test was used for comparison of non-normal
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distribution parameters between groups. Spearman correlation
analysis was performed for the relationship of the parameters.
P values less than 0.05 were considered statistically significant.

3. RESULTS

There were 597 female (61.4%) and 375 male (38.6%) patients in
the study (F/M= 1.6). The mean age was 43.8.

The lumbosacral transitional vertebrae was detected in 178
(18.3%) of the 972 cases evaluated in the study. 125 of LSTV
cases had sacralized L5 and the other 53 had lumbarized S1.

In all cases; the CA ostium level was located between the 1st and
4th regions. It was most frequently located in the second region
(50.6% of cases), followed by Region 1 (30.2%) (Figure 2). In the
non-LSTV group, the CA ostium level was mostly in the 2nd (56
%) and 1st regions a (27 %). In lumbarized S1 cases, it was in the
3rd (45 %) and 2nd regions (35 %) and in the 1st (72 %) and 2nd
region (28 %) in sacralized L5 cases.
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Figure 2. Distribution of CA levels

Overall SMA ostium level was observed between the 1st and 5th
regions. SMA ostium level was most frequently located in the
3rd region (52.5 %), followed by the 2nd region (27.5 %) (Figure
3). In the non-LSTV group, it was mostly in the 3rd (59 %) and
2nd regions (25 %), whereas in sacralized L5 cases it was in the
2nd (64 %) and 3rd regions (28 %) , and in lumbarized S1 cases
it was in the 4th (49 %) and 3rd regions (35 %).
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Figure 3. Distribution of SMA levels

According to these findings, CA and SMA levels showed a
significant difference in distribution (p<0.001). In other words,
CA and SMA are located higher in lumbarized S1 patients
compared to non-LSTV cases. Similarly, CA and SMA of
sacralized L5 cases are located lower than non-LSTV cases.

Accordingly, CA and SMA level were more caudally in
lumbarized S1 and more cranially in sacralized L5 cases
compared to non-LSTV cases.

Loss of disc height was not observed in 54.4% of cases, yet it was
detected in 23.6% of the cases at one level, in 12.4% at two, in
5% at three, in 3% at four levels and in 1.5% at all levels. There
was no significant difference in loss of disc height between the
three groups (Non-LSTV, sacralized L5 and lumbarized S1) (p
=0.335).

4. DISCUSSION

The results of this study showed that CA and SMA origin levels
are located more caudally in the case of the lumbarization and
more cranially in the sacralization, and are not dependable for
vertebral numbering.

The prevalence of LSTV in the literature is reported between
4% and 37%.

The systematic evaluation of some studies conducted between
2000 and 2020 found a mean LSTV prevalence of 19.4% [6-
18]. LSTV was detected in 18.3% of 972 cases in our study.
L5 sacralization was observed in 12.9% of all cases and S1
lumbarization was observed in 5.5% of all cases. These results are
in the range of current literature in terms of LSTV prevalence.

In the current literature, some studies postulate a difference in
LSTV prevalence in female and male patients. In the study of
Nardo et al., LSTV prevalence was found to be 11.1% in female
patients and 28.1% in male patients (p<0.001) [17]. Similarly,
in the study of Ugar et al., LSTV prevalence was found to be
17% in female patients and 20.9% in male patients (p=0.002)
[16]. However, Tang et al. did not find a significant difference
in LSTV prevalence between female and male patients [7].
Likewise, in our study, we did not find a significant difference in
LSTV prevalence between female and male patients.

In a study of 534 patients with lumbar MRIs, Lee et al,
reported that CA level was at the T12-L1 intervertebral disc
level in 34% of the cases. They also reported that it was most
commonly observed in the upper half of the L1 vertebrae in the
lumbarization group and in the lower half of the T12 vertebrae in
the sacralization group. There was also a statistically significant
difference between these three groups (p <0.01) [14]. In this
study and in our study, the celiac artery was found to be lower
in the lumbarized group and higher in the sacralized group
compared to the normalgroup.

In our study, the CA ostium was most commonly observed in
the second region (50.6%) between the line passing through the
middle of the T12 vertebra corpus and the T12-L1 intervertebral
disc space, followed by the 1st region (30.2%) which is between
the line passing through the T11-T12 intervertebral disc space
and the middle of the T12 vertebra corpus. In 80% of cases, the
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CA was observed at the T12 vertebral body level. CA ostium
levels were significantly different between LSTV and non-LSTV
cases. In lumbarized S1 cases, CA ostium levels were observed
in the lower vertebral regions compared to cases without LSTV
and sacralized L5. In cases of sacralized L5, it was located in the
upper vertebral region compared to the non-LSTV group.

Lee et al,, reported that 34% of SMA cases were observed in the
upper half of the L1 vertebrae in their study. It was also reported
that 73.8% of all cases were located in the T12-L1 intervertebral
disc and the upper half of L1. They noted that the most frequent
area where it was located was the lower half of the L1 vertebra
(47.1%) in the lumbarization group and at the level of T12-L1
intervertebral disc (35.1%) in the sacralization group. There was
also a significant difference between these three groups (p <0.01)
[14]. In aTokgoz et al. study performed with 1049 cases, SMA
was observed at the level of the L1 vertebral corpus in 55.1% of
non-LSTV cases. It was noted that 58.8% of the lumbarization
group was found at the L1 vertebral body level, 28.5% at the L1-
L2 intervertebral disc level, and 42.9% of the sacralization group
at the level of the T12 vertebral corpus. A significant difference
was found in the comparison of these three groups [15].

In our study, the SMA ostium was most frequently observed in
the third region (52.5%). In 27.5% of the cases, it was observed
in the second region. SMA levels were significantly different
in the groups with and without LSTV. SMA ostium levels
in lumbarized S1 cases were observed in the lower vertebral
regions compared to cases without LSTV and sacralization L5.
In the case of sacralized L5, it was located in the upper vertebral
region compared to the non-LSTV group.

Vascular structures can be substituted for transitional vertebrae
when vertebral numbering has to be performed without whole
spinal radiographs and cervicothoracic counters. A higher
than expected localization of vascular structures may be a
sacralization; lower localization may be an indication of the
presence of lumbarization. However, the output levels of CA
and SMA can not be reliably used in vertebral numbering
because of their wide distribution and their differentiation by
lumbarization or sacralization with LSTV presence.

To conclude, correct vertebral numbering is undoubtedly
necessary to prevent errors which can occur in vertebral
surgery or interventional procedures. Implementing anatomical
indicators for this purpose does not seem to be efficient. In
the light of our findings, we recommend obtaining whole
spinal graphs or sagittal counter images before procedures and
interventions that require vertebral numbering.
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