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Abstract

Keywords

Background and aims: Low back pain is one of the most common
musculoskeletal disorders, significantly affecting quality of life. Lumbar Low back pain
lordosis, as a contributing factor to low back pain, requires a thorough
investigation of its associated determinants. This study aimed to examine the
relationship between age, gender, and body mass index (BMI) with lumbar MRI

lordosis using magnetic resonance imaging (MRI). Obesity

Lumbar lordosis

Methods: In this cross-sectional study, 100 patients with low back pain (aged
22-64 years) who were referred to an imaging center were recruited through
sequential sampling. Demographic data were obtained via questionnaires and
medical records, and BMI was calculated based on standard protocols using
measured weight and height. Using T1- and T2-weighted MRI scans, lumbar
lordosis parameters—including lumbar lordosis angle, lumbar index, vertebral
height, and depth—were measured. The sample size was determined based on
previous similar MRI-based studies, and with 100 participants, the statistical
power was considered sufficient to detect significant differences (p < 0.05).
Data were analyzed using SPSS software, with a significance level set at p < 0.05. Received: 2025/05/5

Results: The mean lumbar lordosis angle was significantly higher in women Accepted : 2025/09/8
(51.6°) compared to men (43.4°) (p < 0.05). Obesity was identified as an
independent contributing factor to increased lumbar lordosis in both sexes.
Participants who were overweight exhibited significantly greater lordosis than
those with normal weight (p < 0.05). Furthermore, there was a significant
positive correlation between age and lumbar lordosis in both genders (p < 0.05).

Conclusion: Gender, obesity, and age are key factors associated with increased
lumbar lordosis. Weight management, especially in women, along with early
screening in high-risk populations, may serve as effective preventive strategies.
Future research should investigate occupational, lifestyle, and physical activity
factors, as well as parity in women, as potential modifiers of lumbar curvature.
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EXTENDED ABSTRACT

INTRODUCTION

Low back pain is one of the most common
musculoskeletal disorders, affecting millions of people
worldwide and posing a substantial burden on public
health systems. It often leads to functional limitations,
reduced work productivity, and diminished quality of
life. Among the various anatomical and biomechanical
factors implicated in the development of low back pain,
lumbar lordosis, the inward curvature of the lumbar
spine, has been frequently studied. Abnormalities
in lumbar lordosis, whether in the form of hypo- or
hyperlordosis, can alter spinal load distribution and
contribute to mechanical stress on intervertebral discs
and surrounding structures, thereby increasing the
risk of pain and injury.

Traditional radiographic methods for assessing
lordosis are limited by exposure to ionizing radiation,
positioning errors, and lower reproducibility. MRI, in
contrast, provides superior visualization of bony and
soft tissue structures without radiation and allows for
more precise measurement of sagittal parameters.

Given the complex interplay of anatomical,
physiological, and demographic variables, identifying
the determinants of lumbar lordosis is crucial for
understanding individual predisposition to low back
pain. Factors such as age, gender, and body mass
index (BMI) are believed to influence the curvature
of the lumbar spine, but existing evidence remains
inconclusive and sometimes contradictory.

Therefore, this study aimed to investigate the
relationship between age, gender, and BMI with
lumbar lordosis using magnetic resonance imaging
(MRI), which provides high-resolution, accurate
visualization of spinal anatomy and curvature.
Understanding these associations may contribute to
improved diagnostic strategies and the development
of targeted interventions for the prevention and
management of low back pain.

METHODOLOGY
Study population

In this cross-sectional study, a total of 100 patients
with low back pain were referred to the MRI imaging
center. The participants ranged in age from 22 to 64
years and were selected using a sequential sampling
method. This approach ensured that individuals who
met the inclusion criteria were enrolled in the study
consecutively as they presented at the imaging center,
allowing for a diverse representation of patients
experiencing low back pain.

Inclusion and exclusion criteria

Inclusion criteria consisted of adults with clinically
confirmed low back pain who were referred for
lumbar spine magnetic resonance imaging (MRI) as
part of their diagnostic evaluation. Exclusion criteria

included a history of spinal surgery, known congenital
spinal deformities, traumatic spinal injuries, or
systemic diseases such as ankylosing spondylitis or
rheumatoid arthritis that could independently affect
spinal curvature. These conditions were diagnosed
based on clinical records and prior imaging, where
available.

Data collection

Demographic  information, including age,
gender, and occupation, was collected through
structured questionnaires and supplemented by the
patients’ medical records when necessary. Although
occupational and physical activity data were gathered,
heterogeneity prevented their use in statistical
modeling. In women, the number of pregnancies
was recorded but not included in the analysis due to
limited sample size.

To assess body composition, weight and height
were measured using standard clinical procedures,
and body mass index (BMI) was calculated by dividing
weight in kilograms by the square of height in meters
(kg/m?). BMI was then categorized according to the
World Health Organization (WHO) classifications:
underweight (<18.5), normal weight (18.5-24.9),
overweight (25-29.9), and obese (=30). This allowed
the researchers to examine variations in spinal
curvature across different weight categories, which has
been hypothesized to influence lumbar alignment due
to increased axial loading and compensatory postural
changes.

The primary imaging modality used for assessing
lumbar lordosis and related anatomical parameters
was magnetic resonance imaging (MRI), chosen for
its high-resolution, non-invasive visualization of both
bony and soft tissue structures. All MRI scans were
performed using a standardized protocol, including
both T1-weighted and T2-weighted sequences in the
sagittal plane. Sagittal T1- and T2-weighted sequences
were obtained (TR/TE parameters: T1: 400/8 ms; T2:
2800/120 ms; slice thickness, 4 mm; field of view,
25-30 cm). Positioning was standardized across all
subjects to reduce variability.

These sequences provided detailed anatomical
contrast necessary for accurate identification of
vertebral body morphology and intervertebral disc
spaces. The sagittal midline images were carefully
selected for measurements to ensure consistency and
anatomical accuracy. Images in which the spinous
processes, spinal canal, and spinal cord were clearly
visualized were considered mid-sagittal and included
in the analysis. Several key parameters of lumbar
lordosis were measured. MRI generates detailed spinal
images by aligning hydrogen protons in a magnetic
field and detecting radiofrequency signals emitted
when the protons return to equilibrium. Differences
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in tissue relaxation times (T1, T2) enable high-
resolution visualization of vertebral bodies, discs, and
soft tissues.

The lumbar lordosis angle was determined by
drawing lines parallel to the superior endplate of
the L1 vertebra and the superior endplate of the
S1 vertebra and then calculating the angle formed
between these lines. This angle is commonly used
to quantify the curvature of the lumbar spine and is
considered an important index in evaluating postural
and spinal alignment abnormalities. In addition to the
lordosis angle, the lumbar index was measured. This
index is calculated as the ratio between the depth and
length of the lumbar curve, providing a dimensionless
measure of spinal curvature that can help normalize
for individual anatomical variation.

Vertebral height and depth were also measured at
each lumbar level (L1 to L5) to assess the shape and
proportion of vertebral bodies, which may reflect
degenerative changes, compression, or anatomical
variability influencing spinal curvature. Vertebral
height was defined as the vertical distance from the
superior to the inferior border of a vertebral body
in the mid-sagittal plane, while vertebral depth was
measured as the anterior-posterior length of the
vertebral body. These measurements allowed for
calculation of the vertebral height-to-depth ratio, a
parameter that has been associated with biomechanical
stability and spinal loading patterns.

All imaging measurements were performed
by an experienced radiologist who was blinded to
the participants demographic and clinical data
to minimize measurement bias. Intra-observer
reliability was ensured by repeating a subset of
measurements after a one-week interval, yielding high
correlation coefficients and indicating consistency in
measurement techniques.

Statistical analysis

Data were analyzed using SPSS version 22.
Descriptive statistics were calculated. Associations
were tested using Pearson correlation, t-tests, and one-
way ANOVA with Tukey’s post-hoc test. Significance
was set at p < 0.05.

Sample size justification: with 100 participants,
the study had >80% power to detect differences of 25°
in LLA between subgroups. The findings from this
study aim to contribute to a better understanding of
the biomechanical and anatomical factors underlying
lumbar lordosis and its clinical implications in the
context of musculoskeletal pain.

RESULTS

The measured lumbar lordosis angle (LLA) ranged
between 32° and 60°, with a significantly higher mean
in females (51.6°) compared to males (43.4°) (p <

Association of Age, Gender, And Body Mass Index (Bmi) ...

0.05). LLA increased significantly with age in both
sexes (p < 0.05). Vertebral height (LH) was greater
in males (161.4 mm) than in females (154.3 mm) (p
< 0.05), but it decreased significantly with age across
both sexes (p < 0.05). Vertebral depth (LB) was higher
in females (46.44 mm) than in males (44.1 mm) (p
< 0.05). The calculated lumbar index (LI) showed
a statistically significant difference between males
(27.45) and females (29.61) (p < 0.05).

LLA increased with body weight in both sexes,
but this increase was statistically significant only
in females (p < 0.05). LH decreased significantly
with increased body weight in both sexes, with
the reduction more pronounced in females (153 +
5.5 mm) than in males (164 + 6.3 mm) (p < 0.05).
While LLA did not significantly vary with height, LH
increased with height in both sexes, with a greater
increase observed in males (168 + 6.6 mm) than in
females (151 + 5.1 mm) (p < 0.05). LB increased with
weight in both sexes (p < 0.05), and LI also showed a
significant positive correlation with weight (p < 0.05),
although no significant association with height was
found.

Anterior and Posterior Vertebral Dimensions

Anterior vertebral height increased from L1 to L5
in both sexes. In males, it rose from 27.13 mm at L1 to
31.18 mm at L5; in females, from 25.24 mm to 29.22
mm. Posterior vertebral height decreased gradually
from L1 (28.24 mm in males, 24.3 mm in females)
to L5 (26.36 mm in males, 23.1 mm in females). In
males, L1 exhibited a wedge index (WI) less than 100,
indicating a kyphotic segment, while L2-L5 were
lordotic. In females, all lumbar vertebrae (L1-L5)
had WI values consistent with lordotic morphology.
Significant differences were found between anterior
and posterior vertebral heights (p < 0.05). The
deepest lordotic angle was located at L4 in males and
at L3 in females. Posterior vertebral height declined
significantly with increasing weight in both sexes,
more notably in females (p < 0.05).

DISCUSSION

The human spine naturally exhibits curvatures
in the sagittal plane, which are essential for optimal
biomechanical performance, flexibility, and shock
absorption. Among these curvatures, lumbar lordosis
refers to the anterior convexity of the lumbar region
and plays a pivotal role in maintaining posture
and distributing mechanical loads. This curvature
primarily arises from the anatomical structure of the
vertebral bodies and intervertebral discs. Despite its
clinical significance, especially in the evaluation of
postural abnormalities, the measurement methods for
lumbar lordosis remain a subject of debate.

In the present study, the lumbar lordosis angle
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(LLA) was measured using magnetic resonance
imaging (MRI) and Cobb’s method, which offers higher
precision, eliminates exposure to ionizing radiation,
and provides greater reproducibility compared to
conventional radiographic and computed tomography
techniques. The LLA observed in this study ranged
from 32° to 60°, which aligns with the MRI-based
findings of Abdelmonem et al., who reported a range
of 30° to 67°. However, some radiographic studies have
reported wider ranges, from 31° to 88°, potentially
due to variations in patient positioning (standing
for radiographs versus supine for MRI) and differing
measurement protocols. Notably, the present study
revealed that the mean LLA was significantly greater
in females (51.6°) compared to males (43.4°).

This sex-related difference may be attributed to
anatomical factors such as a broader pelvic structure,
a lower center of gravity, and relatively weaker core
musculature in females. Supporting this, previous
research by Song et al. reported increased lumbar
curvature in pregnant women due to hormonal
changes, abdominal weight gain, and muscle laxity.
Moreover, Nourbakhsh et al. found that both the
number of pregnancies and the progression of
gestation correlated with increased LLA, likely as
a compensatory mechanism to maintain postural
stability. The study also demonstrated a significant
positive correlation between BMI and LLA, a finding
consistent with Song et al, who suggested that
obesity shifts the center of gravity anteriorly, leading
to compensatory hyperlordosis. Excess body weight
may also increase compressive forces on the lumbar
spine and, in conjunction with weakened abdominal
muscles, contribute to a pathological increase in
lumbar curvature.

Age was another important factor, with LLA
increasing significantly in both sexes as age
advanced. This trend may be explained by age-
related degeneration of intervertebral discs, posterior
vertebral height reduction, and atrophy of the
paraspinal muscles. Nevertheless, while some studies,
such as those by Kang et al., found no significant
association between age and lordosis, others, including
Ovyakhire et al., confirmed this relationship using
upright radiographic imaging. Such discrepancies
may be attributed to differences in imaging modalities
or population characteristics. Interestingly, although
stature was significantly associated with lumbar
vertebral height (LH), no meaningful correlation was
observed between height and LLA, indicating that
a longer spine does not necessarily entail a greater
curvature.

Anatomically,  anterior  vertebral  height
consistently exceeded posterior height across lumbar
levels, forming lordotic segments. This was more
pronounced in females, potentially due to higher

mechanical loads and weaker muscular support. Males
exhibited greater vertebral height, while vertebral
depth (LB) and lumbar index (LI) were higher in
females, highlighting structural sex differences.
Overall, MRI-based analysis confirmed significant
associations between LLA and variables such as sex,
age, BMI, and vertebral morphology. These findings
offer valuable reference data for defining normal and
pathological ranges of lumbar curvature and may aid
in orthopedic planning.

Compared with radiography, MRI provides
superior reliability for spinal curvature measurements
because it avoids projectional distortion and radiation
exposure. However, supine positioning in MRI
may underestimate standing curvature, which is a
limitation. Although parity in women, occupation
type, and physical activity levels were collected, they
were not statistically modeled due to heterogeneity and
small subgroup sizes. These variables may represent
important modifiers of lumbar curvature and should
be considered in future studies.

Limitations

1. Cross-sectional design prevents causal inference.

2. Supine MRI positioning may underestimate
physiologic lumbar lordosis compared to upright
posture.

3. Occupational and lifestyle factors were not fully
accounted for.

4. Relatively small sample size limits subgroup
analyses (e.g., pregnancy history).

Future studies should explore the impact of
occupational stressors and prolonged postural habits
on lumbar lordosis development.

CONCLUSION

Lumbar lordosis parameters demonstrate
significant variations according to sex, age, and body
composition. Women exhibited greater lordosis
angles and lumbar indices, while men had greater
vertebral height. Weight and age were key modifiers
of vertebral morphology. Despite methodological
strengths, the study was limited by the lack of power
analysis-based sampling, unmeasured confounders,
and the use of supine MRI. These findings provide
valuable normative MRI-based data for lumbar spine
assessments in individuals with low back pain.
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