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ABSTRACT

Background: Schmorl’s nodes, which form when intervertebral discs push into neighboring vertebral endplates, are
frequently observed in numerous spinal disorders. This review seeks to illuminate their positional patterns—
encompassing both upper and lower endplates—in order to deepen our understanding of the underlying causes and the
clinical ramifications these nodes may present.

Methods: In a cross-sectional study, the spinal radiographs of 500 adults—taken for various medical reasons—were
carefully examined. Both sagittal and coronal views were scrutinized using standardized protocols to identify and classify
Schmorl’s nodes based on whether they appeared on the upper or lower vertebral endplates in different regions of the
spine. Statistical evaluations, including chi-square tests and logistic regression, were then conducted to explore
distribution patterns and potential links with demographic factors.

Results: Schmorl’s nodes were identified in 35% of participants, appearing most frequently in the lower thoracic and
lumbar spine. The incidence on lower endplates was markedly higher than on upper endplates (p < 0.001). Moreover,
both age and body mass index showed a positive correlation with Schmorl’s node occurrence. The article includes tables
detailing the distribution of these nodes across various spinal levels and endplate locations, as well as figures that
illustrate representative radiographic examples.

Conclusion: This study reveals a clear tendency for Schmorl’s nodes to form on lower vertebral endplates, especially in
the lower thoracic and lumbar regions. The findings underscore that both biomechanical stresses and degenerative
changes have a substantial influence on their emergence. Future inquiries are needed to assess the clinical significance of
Schmorl’s node distribution in spinal disorders.

Keywords: Schmorl’s nodes, vertebral endplates, spinal imaging, radiographic study, spinal distribution.

INTRODUCTION

First identified by the German pathologist Christian
Georg Schmorl in 1927, Schmorl’s nodes are
characterized by the nucleus pulposus herniating through
the vertebral endplates and into the adjacent vertebral
body!. They are often found inadvertently on spinal
imaging and have been linked to numerous conditions,
such as degenerative disc disease, osteoporosis, and
trauma®. Their reported prevalence varies widely,
spanning anywhere from 6% to 76% across different
demographics. This is mainly because of variations in
imaging modalities, populations studied, and diagnostic
criteria >

The pathophysiology of SN remains a subject of debate.
Biomechanical theories postulate that the increased axial
load and stress in the spine form SN, mainly in the areas
where there are higher mechanical forces®. In contrast, the
weakening of endplates through vascular insufficiency
has also been cited as an etiology for SN formation®. The

study may give a hint to the distribution of SN within
various spinal regions and endplate locations that could
indicate etiology and possible clinical relevance. The
earlier studies mainly addressed the prevalence and
association of SN with certain spinal pathologies, like
scoliosis and herniated discs’®. However, not much has
been done on comprehensive analysis of the distribution
patterns of SN concerning the upper and lower endplates
of the spine. This is essential for clinicians and
researchers to understand the biomechanical and
degenerative processes involved in the formation of SN.

The objective of this study will be to examine Schmorl's
nodes in distribution on the human spinal endplates-both
the superior and inferior-to determine prevalence. This
systematic survey of the population of SN found across
all endplates will further outline patterns of relevance to
mechanisms underpinning its pathophysiology and
possibly of clinical consequence.
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MATERIALS AND METHODS
Study Design and Population

A cross-sectional study was carried out at the orthopaedic
Department of IMS, BHU, Varanasi between January
2023 and December 2024. A total of 500 adults aged 18
to 75 years were enrolled who underwent spinal imaging
either as MRI or CT scans for a variety of clinical
indications. The exclusion criteria included those patients
with congenital spinal anomalies, previous spinal surgery,
or whose images were not of sufficient quality to be
analyzed.

Imaging and Assessment

Spinal images were obtained using standardized MRI and
CT  protocols. Two  experienced radiologists
independently reviewed the images to identify Schmorl’s
nodes, defined as herniations of disc material into the
vertebral endplates, appearing as rounded or oval defects
with high signal intensity on T2-weighted MRI or low
attenuation on CT scans [9]. Discrepancies were resolved
by consensus.

Classification of Schmorl’s Nodes

SN were classified based on their location on the upper or
lower endplates of vertebral bodies across the cervical,
thoracic, lumbar, and sacral regions. The presence of
multiple nodes within a single vertebral segment was
recorded. Additional data on age, gender, body mass
index (BMI), and spinal pathology were collected.

Statistical Analysis

Descriptive statistics were used to summarize the
prevalence and distribution of SN. Chi-square tests
assessed the association between SN distribution and
categorical variables. Logistic regression analysis
determined the predictors for SN presence on upper or
lower endplates.

A p-value of <0.05 was considered statistically
significant. Statistical analyses were performed using
SPSS version 25.0.

RESULTS

Schmorl’s nodes were identified in 175 out of 500
participants (35%). The prevalence was higher in males
(40%) compared to females (30%), and increased with
age, being most common in the 50-65 years age group.
Elevated BMI was also significantly associated with the
presence of SN (p <0.01).

Distribution Across Spinal Regions

The lower thoracic (T10-T12) and lumbar (L1-L5)
regions exhibited the highest prevalence of SN,
accounting for 60% and 30% of cases, respectively. The
cervical and sacral regions showed lower prevalence rates
of 5% and 5%, respectively (Table 1).

Endplate Localization

A significant majority of SN were located on the lower
endplates (70%) compared to the upper endplates (30%)
across all spinal regions (p < 0.001) (Table 2). This
distribution was consistent in both the thoracic and
lumbar regions.

Association with Demographic Factors

Logistic regression analysis revealed that age (OR=1.05,
95% CI: 1.02-1.08), male gender (OR=1.5, 95% CI: 1.1-
2.0), and higher BMI (OR=1.03, 95% CI: 1.01-1.05) were
significant predictors for the presence of SN on lower
endplates (Table 3).

Radiographic Examples

Figure 1 illustrates a Schmorl’s node on the lower
endplate of the L4 vertebra on MRI, while Figure 2
shows a node on the lower thoracic spine on a CT scan.

Table 1: Prevalence of Schmorl’s Nodes by Spinal Region

Spinal Region Number of SN Cases (%)
Cervical 9 (5%)
Thoracic 105 (60%)
Lumbar 52 (30%)
Sacral 9 (5%)
Total 175 (35%)
Table 2: Endplate Localization of Schmorl’s Nodes

Endplate Location Number of SN Cases (%)
Upper Endplates 52 (30%)
Lower Endplates 123 (70%)
Total 175 (100%)

Table 3: Logistic Regression Analysis for Predictors of SN on Lower Endplates
Variable OR 95% CI p-value
Age 1.05 1.02-1.08 <0.001
Male Gender 1.5 1.1-2.0 0.015
BMI 1.03 1.01-1.05 0.002
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Figure 1: Prevalence of Schmorl’s Nodes by Spinal Region

Shows the prevalence of Schmorl’s Nodes by spinal region, highlighting the thoracic and lumbar regions with the highest
prevalence.

Endplate Localization of Schmorl’s Nodes

Upper Endplates

Lower Endplates

Figure 2: Endplate Localization of Schmorl’s Nodes

lustrates the distribution of Schmorl’s Nodes between upper and lower endplates, with a clear dominance on the lower
endplates.
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Figure 3: Logistic Regression Predictors for Schmorl’s Nodes on Lower Endplates
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Depicts the logistic regression predictors (age, male
gender, and BMI) with their odds ratios and 95%
confidence intervals.

DISCUSSION

This study elucidates the distribution patterns of
Schmorl’s nodes (SN) across the human spine,
highlighting a predominant occurrence on lower
endplates, particularly within the lower thoracic and
lumbar regions. The above findings are in line with
earlier literature, which shows a higher prevalence of SN
in areas submitted to greater mechanical stress, because
of their role in weight-bearing and spinal flexibility '*!!-

It has been observed that there is a strong correlation
between SN and lower endplates, indicating the
biomechanical weakness of these regions to disc
herniation under axial loads. The lower thoracic and
lumbar spines experience considerable mechanical forces
that could make the lower endplates vulnerable to nucleus
pulposus herniation!?. Additionally, degenerative changes
caused by aging such as disc dehydration and endplate
sclerosis may further enhance the vulnerability of lower
endplates to SN formation'?,

The association between increased BMI and the
occurrence of SN further emphasizes the pathogenic role
of obesity-induced mechanical stress in spinal
degeneration. Increased body mass places additional axial
load onto the spine, which may ease the process of
herniation'#. The apparent gender-related gap was noticed
with the prevalence of SN being higher among males,
which could perhaps be accounted for by differences in
occupational physical demands or biomechanics of the
spinal column among genders’>. In addition, the
association of SN with age is in line with the fact that
spinal degeneration progresses with age and leads to
structural changes that favor the development of SN!S,
These findings suggest that SN are not isolated
radiographic incidentals but may represent a sign of
underlying spinal pathologies and biomechanical
stressors. The clinical implications of SN distribution
should be further studied. Although SN are mostly
asymptomatic, their presence has been associated with
back pain and spinal instability in some studies!’.
Understanding their distribution can help clinicians
diagnose and manage spinal disorders, especially in
patients  presenting with  degenerative  changes.
Limitations of this study include its cross-sectional
design, in which causality can not be determined, and its
reliance on radiographic imaging of skeletal structures,
which could omit smaller or less prominent SN.
Longitudinal follow-up studies are necessary to clarify
the temporal relationship between SN development and
spinal degeneration. Of further interest may be to explore
the clinical consequences associated with different
distribution patterns of SN.

Conclusion

It depicts a radiographic study that this particular
condition known as Schmorl's nodes occurs more in the

lower endplates, specifically the lower thoracic and
lumbar spine. This distribution was highly associated
with age, gender being male, and higher body mass index.
This will thus indicate a very significant biomechanical
and degenerative component of SN development.
These aspects increase the awareness regarding spinal pat
hologies and create an urgent requirement to further devel
op clinical implications on the SN distribution.
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