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Symptomatic and morphometric analysis of lumbosacral transitional
vertebrae: assessments by age and gender

Lumbosakral gecis vertebralarinin semptomatik ve morfometrik analizi:
yas ve cinsiyete gore degerlendirmeler
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Department of Anatomy, Erzincan Binali Yildirim University Health Sciences Institute, Erzincan, Turkey

Abstract

Aim: Lumbosakral transitional vertebrae (LSTV) are anatomical variations where a vertebra exhibits characteristics of both
lumbar and sacral vertebrae. This study aims to assess anatomical changes in LSTV patients by measuring intervertebral
disc height (IVDh), vertebral foramen anteroposterior diameter (FVAPd), and intervertebral foramen height (FIVh), with
consideration of age and gender differences.

Material and Methods: This retrospective study included 274 patients diagnosed with LSTV. All images were acquired with
a 1.5T magnetic resonance imaging device and a 32-channel lumbar coil. The presence of LSTV, forming the morphological
data, was identified from coronal and sagittal reformat images and was classified as either lumbarization or sacralization.
Morphometric data (IVDh, FIVh and FVAPd) were acquired from axial, sagittal, and coronal planes using both soft tissue and
bone window settings.

Results: The mean age of patient was 41.6+13.0 years, and most of them were female (55.8%). LSTV was predominantly
lumbarization (96.4%), with sacralization in the remaining cases. The overall mean FVAPd was 11.2+2.4 mm, mean IVDh was
9.1+1.8 mm, and mean FIVh was 18.8£2.4 mm on the right and 19.1+2.4 mm on the left. [IVDh levels were consistent across
age groups, while FVAPd values were similar between genders. Patients aged 40 and under had higher FVAPd and FIVh levels,
and male patients had higher IVDh and FIVh levels compared to females.

Conclusions: The morphometric characteristics of LSTV may vary according to age and gender. Considering these factors

in accurately identifying the anatomical variations of LSTV may play a significant role in determining appropriate treatment
and management strategies.
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Amag: Lumbosakral gecis vertebralari (LSTV), bir omurun hem lumbal hem de sakral vertebra &zelliklerini gosterdigi
anatomik varyasyonlardir. Bu calisma, LSTV'li hastalarda yas ve cinsiyet farkhliklarini dikkate alarak, intervertebral disk
yuksekligi (IVDh), vertebral foramenin anteroposterior ¢capi (FVAPd) ve intervertebral foramen yiksekligini (FIVh) 6lcerek
anatomik degisiklikleri degerlendirmeyi amaglamaktadir.

Gerecg ve Yontemler: Bu retrospektif calismaya LSTV tanisi almis 274 hasta dahil edilmistir. Tim MR gorintileri 1.5T
manyetik rezonans gorlntileme cihazi ve 32 kanalli lumbar coil ile elde edilmistir. Morfolojik veriler olusturan LSTV'nin
varligi, koronal ve sagittal reformat goriintllerden tespit edilerek lumbalizasyon veya sakralizasyon olarak siniflandiriimistir.
Morfometrik veriler (IVDh, FIVh ve FVAPd), hem yumusak doku hem de kemik pencere ayarlari kullanilarak aksiyal, sagittal
ve koronal diizlemlerden elde edilmistir.

Bulgular: Hastalarin ortalama yasi 41.6+13.0 yil olup, ¢cogunlugu (%55.8) kadindi. LSTV vakalarinin biyik cogunlugu
(%96.4) lumbalizasyon, geri kalan vakalar ise sakralizasyon seklinde gortilmustir. Genel olarak ortalama FVAPd 11.2+2.4 mm,
ortalama IVDh 9.1+1.8 mm, ortalama FIVh sagda 18.8+2.4 mm ve solda 19.1+£2.4 mm olarak bulunmustur. IVDh diizeyleri yas
gruplari arasinda tutarllik gosterirken, FVAPd degerleri cinsiyet acisindan benzerdi. 40 yas ve altindaki hastalarda FVAPd ve
FIVh dizeyleri daha yiiksek, erkek hastalarda ise kadinlara kiyasla IVDh ve FIVh diizeyleri daha ylksek bulunmustur.

Sonug: LSTV'nin morfometrik 6zellikleri yas ve cinsiyete gore farklihk gosterebilir. Bu faktorlerin dikkate alinarak LSTV'nin
anatomik varyasyonlarinin dogru bir sekilde tanimlanmasi, uygun tedavi ve yonetim stratejilerinin belirlenmesinde 6nemli

bir rol oynayabilir.

Introduction

Lumbosacral transitional vertebraes (LSTVs) are congenital
anomalies of the spine, characterized by the sacralization of the
lowestlumbar vertebra or the lumbarization of the highest sacral
vertebra [1]. LSTVs can lead to nerve root inflammation, which
may result in "sciatica" or radicular pain patterns [2]. Although
LSTVs are more commonly observed in older age and males,
the prevalence in the general population has been reported
to range from 4% to 35% [3]. This variation underscores the
importance of precise morphometric analysis and standardized
diagnostic approaches to accurately identify and classify LSTVs.

LSTVs presents a range of variations, from partial or complete
sacralization of the L5 vertebra to partial or complete
lumbarization of the S1 vertebra [4]. When L5 is entirely fused
with the sacrum, four lumbar vertebrae are present. Conversely,
if S1 is fully separated from the sacrum, the spine contains
six lumbar vertebrae, which leads to an increased lordotic
curvature [5]. Transitional vertebrae can modify the spine's
normal load distribution and movement patterns, potentially
causing a range of symptoms from chronic low back pain to
radiculopathy, depending on the degree and type of vertebral
transition [6]. Morphometric

measurements, including

Anahtar Kelimeler: lumbalizasyon, lomber kanal, lumbosakral gecis vertebrasi, sakralizasyon, sakral kanal

intervertebral disc height (IVDh), anteroposterior diameter of
the vertebral foramen (FVAPd), and height of the intervertebral
foramen (FIVh), offer valuable information about altered
biomechanics, disc degeneration, and nerve compression [7, 8].

Due to the higher prevalence of LSTVs in older age and males,
we assumed that morphometric measurements might differ
by age and gender. Additionally, these measurements may
vary between patients with pain and those without. Therefore,
this study aimed to investigate the relationship morphometric
measurements (IVDh, FVAPd, FIVh) derived from magnetic
resonance imaging (MRI) of patients with transitional vertebral
anomalies and their age, gender, and pain status.

Material and Methods

Following the principles set forth in the Declaration of Helsinki,
this retrospective study was conducted at the Erzincan Binali
Yildinm University, Mengiicek Gazi Training and Research
Hospital, Radiodiagnostics Department between January
2022 and July 2022. The study received approval from the
Binali Yildinm University Clinical Research Ethics Committee
(Approval Date: 30.03.2023, Number: 2023-07/4). The local
ethics committee waived the requirement of informed
consent due to the retrospective nature of the research.
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Study population

A total of 1164 patients who visited the Radiodiagnostic
Department and underwent MRI of the lumbosacral region
during the aforementioned dates were retrospectively
examined in this study. Due to the possibility of altered normal
anatomy, patients with disk degeneration, those over 69 years
old, those with scoliosis, spondylolisthesis, pelvic or spinal
trauma, and those who had previously undergone lumbar
surgery were not included in the study. After this exclusion
process, 274 patients with LSTVs were enrolled in this study.

Patient files and electronic records were used to obtain
demographic and clinical information, including age, gender,
pain status, and MRI findings.

Acquisition and Processing of Images

MRI images were obtained using a 1.5T MRI device equipped
with a 32-channel lumbar coil (Magnetom Aera, Siemens,
Erlangen, Germany). The images were acquired with the
patient in the supine position. Sagittal T2-weighted images
(time of repetition [TR]: 4120 ms, time of echo [TE]: 104 ms,
average: 2, field of view: 280 mm, slice thickness: 4 mm, voxel
size: 0.9 X 0.9 X 4 mm), sagittal T1-weighted images (TR: 646
ms, TE: 9 ms, average: 2, field of view: 280 mm, slice thickness:
4 mm, voxel size: 0.9 X 0.9 X 4 mm), and axial T2-weighted
images (TR: 5070 ms, TE: 88 ms, average: 1, field of view: 190
mm, slice thickness: 4 mm, voxel size: 0.7 X 0.7 X 4 mm) were
obtained and processed in multiplanar reconstruction and
volume rendering technique formats. Three-dimensional
images in the axial, sagittal, and coronal planes were used to
obtain morphometric and morphological data in both soft
tissue and bone window settings.

All MRI images were re-evaluated by a radiologist with 10
years of experience. The images were transferred to a Picture
Archiving and Communication System (Akgiin PACS Viewer
v7.5, Akguin Software, Ankara, Turkey) workstation for analysis
and to perform measurements in standard digital imaging
and medical formats.

Assessment of Images

The presence of LSTV, forming the morphological data,
was identified from coronal and sagittal reformat images
and was classified as either lumbarization or sacralization.
Morphometric data (IVDh, FIVh and FVAPd) were acquired
from axial, sagittal, and coronal planes using both soft tissue
and bone window settings.
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The measurement of the intervertebral disc space was
conducted in the sagittal plane by measuring the distance
between the upper and lower concave points of the L4-5
lumbar vertebral bodies, using the bone window setting. In
the axial plane, FVAPd was measured at the widest distance at
the relevant level using the bone window setting. At the L4-5
level, the height between the superior vertebral notch of the
lower vertebra and the inferior vertebral notch of the upper
vertebra was measured as the intervertebral foramen height
using the bone window setting.

Statistical analysis

All of the data were analyzed with IBM SPSS Statistics for
Windows 22.0 (IBM Corp., Armonk, NY, USA). The normality
distribution of the numerical variables was evaluated with
the Kolmogorov-Smirnov test. All numerical data showed a
normal distribution and were reported as mean + standard
deviation (SD). Student's T-test was used for comparisons of
numerical variables between two groups, while ANOVA (post
hoc: Bonferroni test) was used for comparisons involving
more than two groups. Categorical variables were given as
numbers and percentages, and inter-group comparisons were
conducted with the Chi-square and Fisher exact tests. Pearson
correlation analyses were applied to evaluate the relationships
between the numerical variables. Significance was accepted
at P < 0.05 (*) for all of the statistical analyses.

Results

The patients included in the study had a man age of 41.6 +
13.0 years (range: 12-64), and most of them were female (n =
153, 55.8%). There was no significant difference in the mean
age between female and male patients (42.2 £ 13.1 vs. 41.8 +
13.0, p = 0.386). LSTV appeared as lumbarization in 96.4% of
the patients (n = 264), while in the remaining patients, it was
in the form of sacralization (n = 10, 3.6%). Pain was present
in 61.7% of the patients (n = 169). The distribution of age,
gender, and pain were similar between the lumbarization and
sacralization groups. The mean IVDh (9.5 + 2.1 mm vs. 9.1 +
1.7 mm, p = 0.541) and mean FVAPd (11.2 £ 2.8 mm vs. 11.2
+ 2.4 mm, p = 0.996) were not significantly different between
the lumbarization and sacralization groups, while the mean
FIVh values for both the right and left sides were higher in
the lumbarization group compared to the sacralization group
(18.8£2.4mmvs. 16.9 £ 1.6 mm, p = 0.004 for right FIVh; 19.2
+23mmyvs. 17.0 + 2.4 mm, p = 0.011 for left FIVh). Their basic
characteristics are shown in Table 1.
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The mean IVDh levels did not significantly differ across age
groups. The mean FVAPd levels were higher in the 40 and
under age group compared to the other age groups, but were
lower in the 60-69 age group (< 40 years: 11.8 + 2.4 mm vs.
40-59 years: 10.9 £ 2.2 mm vs. 60-69 years: 9.7 + 2.2 mm, p
< 0.001). Similarly, both right and left mean FIVh levels were
higher in the 40 and under age group and lower in the 60-69
age group compared to the other age groups (< 40 years: 19.3
+ 2.1 mm vs. 40-59 years: 18.6 = 2.3 mm vs. 60-69 years: 17.4 +
2.2 mm, p < 0.001 for right FIVh; < 40 years: 19.7 £ 2.2 mm vs.
40-59 years: 18.9 + 2.4 mm vs. 60-69 years: 17.9 £ 2.3 mm, p <
0.001 for left FIVh) (Table 2).

The mean IVDh (9.7 £ 1.8 mm vs. 8.6 £ 1.5 mm, p < 0.001),
mean right FIVh (19.1 £ 2.6 mm vs. 18.5 £ 2.2 mm, p = 0.001),
and mean left FIVh levels (19.7 £ 2.6 mm vs. 18.6 = 2.1 mm,

p < 0.001) were higher in male patients compared to female
patients, while mean FVAPd levels did not differ between
genders (11.3 £ 2.5 mmvs. 11.2 £ 2.4 mm, p = 0.714). Patients
with pain had a higher mean IVDh level compared to those
without pain (9.3 £ 1.7 vs. 8.7 £ 1.8, p = 0.011), while the
other morphometric measurements showed no significant
differences between patients with and without pain (Table 2).

Age exhibited a negative correlation with FVAPd levels (r =
-0.262, p < 0.001), right FIVh levels (r =-0.210, p < 0.001), and
left FIVh levels (r = -0.209, p = 0.001). A positive correlation
was found between IVDh levels and both right and left FIVh
levels (r = 0.286, p < 0.001; r = 0.264, p < 0.001; respectively).
No significant correlation was observed between FVAPd levels
and the other morphometric data (Table 3).
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Discussion

In this study, we found that lumbarization group was more
prevalent than sacralization group among LSTV patients, with
significant differences in FIVh values between these groups.
Age was negatively correlated with FVAPd and FIVh levels,
while pain presence was associated with higher IVDh levels.
Additionally, male patients exhibited higher IVDh and FIVh
values compared to female patients. These findings highlight
the morphological variations in LSTV based on age, gender, and
pain, providing important insights into its clinical implications.
Despite being a frequently observed congenital anatomical
variation in the lumbosacral region, the pathophysiology and
biomechanical effects of LSTV are still not fully understood.
Previous studies have reported that the prevalence of LSTV
varies between 4% and 35% [3]. This variation could be
attributed to evaluation and interpretation errors, differences in
individual diagnostic and classification criteria, and factors that
may cause confusion among the study group data in various
research studies across different studies [9-12]. In addition to
these factors, age and gender differences play a significant role
in the prevalence and manifestation of LSTV [13]. Studies have
indicated that the frequency of LSTV can vary according to age,
with certain age groups potentially more susceptible to the
symptomatic effects of this anatomical variant [14]. Moreover,
gender differences may also influence the presentation and
severity of symptoms associated with LSTV, as well as the
structural characteristics of the vertebrae involved [15, 16].

Morphometric analysis, which involves precise measurements
of anatomical structures such as intervertebral disc height, the
anteroposterior diameter of the vertebral foramen, and the
height of the intervertebral foramen, is crucial in diagnosing
LSTV accurately [17, 18]. The integration of detailed
morphometric analysis into the evaluation of LSTV not only
aids in the correct classification of the anatomical variation
but also enhances the understanding of its biomechanical
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consequences [18]. By incorporating age and gender
considerations into morphometric analysis, clinicians can

achieve a more personalized and accurate diagnosis, which
is essential for developing appropriate treatment plans. This,
in turn, can lead to better management of symptoms and
improved outcomes for patients affected by this condition.

A previous study reported that the mean L4-5 IVDh
measurements in the sagittal plane were 9.4+2.9 mm, with
men showing higher values than female (10.0+£2.9 mm vs.
8.6+2.7 mm) [17]. Studies have indicated that the mean L4-5
IVDh levels in young healthy adults are approximately 12 mm
[19]. Our study found that IVDh measurements were consistent
with the literature and were higher in men than in female. A
sagittal diameter below 12 mm is regarded as pathological,
with measurements under 10 mm being indicative of severe
spinal stenosis [20]. Several factors can contribute to the
narrowing of the vertebral canal's diameter, which can result
in the spinal cord being compressed and the onset of a clinical
condition with neurological symptoms.

The literature contains very few studies on spinal canal
diameter in patients with LSTV. FVAPd measurements did not
show any gender differences. However, there was a negative
correlation between FVAPd measurements and age, with
significantly lower levels observed in patients over 60 years
old. A negative correlation between increasing age and
spinal canal diameter has also been reported in a previous
study [21]. Changes in the aging spine generally occur in the
discs and facet joints, but the bony lumbar vertebrae also
undergo significant changes, typically decreasing in height
and widening, with the vertebral body increasingly wedging
posteriorly at L4-L5 as aging occurs [22, 23].

Spinal nerves pass through the intervertebral foramina. As a
result, the ratio between FIVh and the space occupied by the
nerve roots within these foramina influences the probability of
root compression [24]. The spinal nerves and vessels that exit



through the FIV are one of the potential sources of pain in the
lumbosacral region [25]. In the presence of LSTV, the altered
anatomy of the region requires careful consideration during any
surgical procedures or interventions in this area. Studies have
shown that LSTV is correlated with an increase in nerve root
symptoms and a higher incidence of foraminal stenosis [26, 27].
FIVh levels showed a decrease with age, in line with the literature
[28]. Also, FIVh levels were higher in males than in females [29].

This study had certain limitations. Firstly, the study was
conducted at a single center. The patient population in the
study might have been confined to a particular geographical
region or clinical environment, potentially limiting the
generalizability of the findings. Secondly, the study did
not include healthy individuals without LSTV, which could
complicate the determination of LSTV's specific effects.
Controlled studies would provide clearer insights into the
impact of LSTV on spinal biomechanics and symptomatology.
Thirdly, while the study focused on specific morphometric
parameters (IVDh, FIVh, FVAPd), it did not account for other
potentially relevant factors, such as body mass index, physical
activity levels, or comorbidities that might influence spinal
morphology and LSTV's clinical presentation. Including these
variables in future research could help identify additional
factors that interact with LSTV to affect spinal health. Lastly,
long-term follow-up data for the patients were not available.
This might provide more meaningful insights into whether
LSTV, which may be mild or asymptomatic in the early stages,
eventually leads to more noticeable symptoms or how its
effects on spinal biomechanics change over time.

Conclusions

LSTV are the most commonly encountered benign anatomical
variations in the lumbosacral spine by spine surgeons. The
biomechanical changes caused by LSTV can differ based on
the patient’s age and gender. Thus, morphometric analyses
that consider factors such as age and gender are of critical
importance in the diagnosis and treatment of LSTV. These
analyses can play a key role in accurate diagnosis, symptom
management, and the formulation of treatment plans,
enabling the development of more personalized approaches
tailored to the individual needs of patients.
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