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Correlation between Magnetic Resonance Imaging Modic Endplate
Changes and Histopathological Inflammatory Activity in Lumbar
Degenerative Disc Disease

Aluka Sundeep Kund Reddy’, Siddharth Malik’, Anuragdeep Syal’, Ravisha Gautam®, Karan
Mathur’, Ashirwad Pasumarthy’

Learning Point of the Article:
Magnetic resonance imaging Modic Type I changes strongly correlate with histopathological inflammation in lumbar degenerative disc
disease and may serve as a useful non-invasive marker of active disease.

Introduction: Lumbar degenerative disc disease (DDD) is a condition that is a major cause of individuals having persistent lower back pain and
functional deficits. Modic endplate alterations detected using magnetic resonance imaging (MRI) have evolved into key diagnostic features for
evaluating vertebral and disc pathologies. Researchers have yet to carry out adequate studies to ascertain the relationship between
histopathological inflammatoryactivity and these imaging outcomes.

Materials and Methods: This hospital-based cross-sectional analytical study included 50 patients with lumbar DDD undergoing surgical
intervention. Pre-operative MRI was used to classify Modic endplate changes into Types I, II, and III categories. Vertebral endplate and disc
tissue samples were collected intraoperatively for histopathological assessment of inflammatory activity. The authors analyzed their data with
the help of the Statistical Package for the Social Sciences 26.0. The researchers conducted Chi-square testing to identify the relationship between
Modictypesandinflammation, with P < 0.05 as the threshold for testing the relationship between the two.

Results: Modic Type Il changes appeared in 44% of the S0 patients, whereas Type I changes showed up in 40%, and Type III changes appeared in
16% of the cases. In 42% of cases, doctors observed moderate inflammation, whereas 30% showed severe inflammation. The study found that
Modic Type I changes developed a strong link to severe inflammatory activity because 50% of Type I cases showed severe inflammation. The
study showed that Type II changes mainly caused mild-to-moderate inflammation. The study found a statistically significant correlation
between Modic changes and histopathological inflammation (P = 0.002). The study found that higher inflammation grades resulted in increased
pain severity.

Conclusion: The research demonstrates that MRI Modic endplate changes, which include Type I changes, show a strong link to
histopathological inflammatory activity that occurs in lumbar DDD. The study results show that MRI functions as an effective non-invasive
method to evaluate internal inflammation, which helps medical professionals make treatment decisions.
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Introduction

Lumbar degenerative disc disease (DDD) is the main reason
why individuals all over the globe experience chronic low back
pain, whichin turn causesimpairments. Because the illnesshasa
negative effect on both developed and developing countries in
terms of medical expenditures and quality of life, it drives up
healthcare prices. Intervertebral disc and vertebral body
degeneration, as well as the age-related decline in disc hydration
and proteoglycan content, annular fissure development, and
biomechanical instability, all play a role in the onset of DDD
[1]. Inrecent years, there has been a surge in interest in studying
alterations in vertebral endplates as a possible sign of the
degenerative processes that underlie DDD [2]. According to
Modic et al,, there are three distinct ways to categorize the
alterations they firstidentified based on the magnetic resonance
imaging (MRI) signal’s characteristics. When persons undergo
Modic Type I modifications, the highest correlation between
active inflammatory processes and pain sensations is

established [3,4].

Since the intervertebral disc does not get blood flow, the
vertebral endplate functions as the principal mechanism that
nourishes the disc while preserving its structural integrity.
Reportedly, endplate degeneration or injury leads to functional
loss, which in turn causes more disc damage and sets off
inflammatory processes (report 5). The development of
vascular granulation tissue, increased cytokine production, and
the arrival of inflammatory cells all contribute to an ongoing
state of inflammation within the vertebral bone marrow, as
shown by histopathological evidence, leading to Modic Type I
changes [5,6]. Degeneration occurs via fatty marrow
replacement due to Modic Type II alterations, according to the
research, as this condition exhibits less active inflammation that
occurs between two distinct stages of degeneration [7].
Researchers have made some progress, but they still do not
know how the Modic alterations seen by MRI correlate with the
histological signs of inflammation in patients.

Because of its better soft-tissue contrast, MRI has become the
gold standard for assessing spinal degenerative diseases,
allowing for the early identification of biochemical and
structural abnormalities. Since MRI findings cannot be directly
compared with histological data, the medical community relies
on them as independent evidence. We now know that
inflammation is a key driver of pain and the course of DDD
illness; so, the medical community must fill this information
vacuum by determining the accuracy with which imaging data
depict biological changes, particularly inflammation. Better
diagnosis accuracy, more therapy choices for doctors, and better
patient evaluation with sophisticated prognosis methods may
be achieved by establishing a link between MRI modal

alterations and histological inflammatory activity [ 7].

The inflammatory theory indicates that a connection is
established when low-grade bacterial infection with
Propionibacterium acnes affects Type I Modic changes, which
subsequently results in the formation of Modic changes [8].
The medical industry is conducting research on the most
effective antibacterial and anti-inflammatory treatments to use
on specific groups of patients. Further research is needed to
confirm the relationships among these outcomes, which is
importantin order to grasp their clinical meaning [9].

Histopathological evaluation remains the gold standard for
assessing inflammatory activity. Correlating MRI findings with
histopathology may improve understanding of disease
progression and guide treatment strategies. The most accurate
approach for studying inflammatory infiltrates,
neovascularization, cytokine activity, and all other cellular and
molecular signs of inflammation is histopathological
investigation [10]. The researchers conducted their study to
investigate how MRI-identified Modic changes affect the
relationship between imaging patterns and clinical symptoms.
The researchers will study lumbar degenerative disc
degeneration patients to find out if histological inflammatory
activity corresponds with MRI Modic endplate changes. We
need to understand this relationship because it will help us
develop better diagnostics and treatments for DDD and create
specific evidence-based management methods. The
researchers demonstrate how radiological imaging relates to
disease processes to achieve better patient outcomes.

Materials and Methods

Study design

This hospital-based cross-sectional analytical study was
conducted in the Departments of Orthopaedics, Radiology,
and Pathology of a tertiary care teaching hospital over a period
of 18 months (January 2024-June 2025) to evaluate the
relationship between MRI Modic endplate changes and
histopathological inflammatory activity in patients with lumbar
DDD. The study protocol was approved by the Institutional
Ethics Committee, and written informed consent was obtained
from all participants before enrollmentin the study.

Participants

Inclusion criteria

« Patients aged between 18 and 70 years

« Patients diagnosed with lumbar DDD based on clinical and
radiological findings

o Patients undergoing lumbar spine surgery
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Distribution of Modic Changes on MRI

Typel Typell Type Il

volume during the study period, feasibility
considerations, and sample sizes reported in previous
studies evaluating Modic changes and inflammatory
activity. No formal a priori sample size calculation was
performed.

Studyparameters

The study utilized three types of Modic endplate changes
(Typel, Type 11, and Type III) MRI results as its primary
variables, together with histopathological data, which
showed inflammatory cell infiltration, vascular
proliferation, edema, and fibrosis, and the presence of
vital granulation tissue. The researchers used clinical data

Figure 1: Distribution of magnetic resonance imaging Modic endplate changes and that contained information about symptom duration and

correspondinghistopathological inflammatory activity among study participants.

(discectomy/laminectomy/spinal fusion)

« Patients with pre-operative MRI showing Modic endplate
changes

« Patients who provided written informed consent.

Exclusion criteria

« Patients with spinal infections (e.g., tuberculosis, pyogenic
spondylodiscitis)

« Patients with spinal tumors or metastaticlesions

« Patients with previous lumbar spine surgery

« Patients with inflammatory spinal disorders (e.g., ankylosing
spondylitis)

« Patients onlong-term immunosuppressive therapy

« Patients are unwilling to participate in the study.

Studysampling

A purposive sample was used to select people who were
eligible to take part in the research. The orthopedic
outpatient clinic assessed patients who showed symptoms ~ *
of lumbar degenerative disc disease. The researchers g,
evaluated all surgical candidates who took part in the trial
until they had the required sample size. This strategy ~ “°
allowed researchers to include all patients with pertinent 3o
medical history and tissue samples to be analyzed by
histopathology. %

10

Studysamplesize 0

Atotal of 50 patients were included in the study. As this was
an exploratory cross-sectional study involving surgically
treated patients with available histopathological specimens,
the sample size was determined based on the expected case

pain intensity, and treatment outcomes, together with

demographic data that comprised age and sex. The
researchers implemented a systematic method to gather and
analyze the studied parameters.

Studyprocedure

All eligible patients underwent clinical assessment together
with lumbar spine MRI, which followed standard medical
procedures. Experienced radiologists conducted their review of
MRI findings in order to determine the Modic changes
classification. Patients received surgical treatment after doctors
assessed their medical requirements. The surgical team
collected vertebral endplate tissue samples together with
adjacent disc tissue specimens, which they obtained through
sterile methods. The samples were immediately treated with
formalin and sent to the pathology department for examination.
Histopathological examination used hematoxylin and eosin
staining together with special stains, which were applied when
required. A pathologist who did not know the MRI results

Pain Severity (VAS Score)

Mild (1-3) Moderate (4-6) Severe (7-10)

Figure 2: Relationship between pain severity (Visual Analog Scale score) and
histopathological inflammatory activity in lumbar degenerative disc disease.

Journal of Orthopaedic Case Reports | Volume 16 | Issue 7 | July 2026 | Page 592-598




ReddyASK, etal

www.jocr.co.in

Table 1: Baseline demographic and clinical
characteristics (n7=50)

Age 18-30 years 8 (16)
Age 31-40 years 12 (24)
Age 41-50 years 15 (30)
Age 51-60 years 10 (20)
Age >60 years 5(10)
Male 32 (64)
Female 18 (36)
Symptoms >12 months 20 (40)
L4-L5 involvement 24 (48)
L5-S1 involvement 20 (40)

assessed both the presence and the severity of inflammatory
changes.

Study data collection

The research team used a pre-existing form to collect study data.
The researchers meticulously documented patient
demographicinformation along with their medical background
and MRI findings, surgical results, and tissue analysis results.
The histopathological data delivered both qualitative and semi-
quantitative assessments of inflammatory conditions, whereas
the MRI data demonstrated the specific type and severity of
Modic changes. The research team maintained the complete
accuracy of all database entries they created.

Dataanalysis

The researchers used the Statistical Package for the Social
Sciences (SPSS) 26.0, which stands for the SPSS, to conduct
their data analysis. The study used mean values and standard
deviations to present continuous data while using frequency
counts and percentage distributions to present categorical data.
The researchers used Fisher’s exact test and the Chi-square test
to examine the relationship between MRI modalities and
histological inflammatory status. The researchers considered
results to be statistically significant when the P-value fell below
the 0.05 threshold. The researchers established the level of
correlation between variables where it was considered
necessary.

Results

A total of 50 patients with lumbar DDD undergoing surgical
intervention were included in the study. The majority of

patients were aged 41-50 years (30%), and males constituted
64% of the study population. Most patients had symptoms for
more than 12 months (40%). The L4-L5 level was the most
commonly affected disclevel (48%), followed by L5-S1 (40%)
(Table1).

MRI evaluation demonstrated Modic Type II changes in 44% of
patients, followed by Type I changes in 40% and Type III
changes in 16%. Histopathological examination revealed
moderate inflammatory activity in 42% of cases, severe
inflammation in 30%, and mild inflammation in 28%. A
significant association was observed between Modic Type and
inflammatory activity (y2 test, P =0.002). Severe inflammation
was most frequently observed in patients with Modic Type I
changes, whereas Modic Type II changes were predominantly
associated with mild-to-moderate inflammatory activity (Table
2andFig. 1).

Pain severity showed a positive correlation with
histopathological inflammation. Severe pain (Visual Analog
Scale [VAS] 7-10) was reported by 48% of patients, whereas
moderate pain was observed in 40%. Among patients with
severe inflammatory activity, 86.7% reported severe pain.
Increasing inflammatory grades were associated with greater
pain severity, indicating a significant relationship between
biological inflammation and clinical symptom burden (Table 3
and Fig.2).

Overall, the findings demonstrated that Modic Type I changes
were strongly associated with active inflammatory pathology
and higher pain intensity, whereas Type IT and Type III changes
represented relatively less active stages of degeneration. These
results support the role of MRI as a reliable non-invasive
indicator ofunderlying inflammatory activity in lumbar DDD.

Discussion

The authors investigated the correlation between MRI Modic
endplate alterations and histopathological inflammatory
activityinlumbar DDD. It was discovered that the Modic TypeI
alterations were strongly linked with increased inflammatory
activity and that the intensity of inflammation directly
influenced the intensity of pain. Based on the existing data,

Table 2: Correlation between magnetic resonance
imaging Modic changes and histopathological

inflammation
Modic type  Mild Moderate Severe Total
Type 1 2 8 10 20
Type II 10 10 2 22
Type 111 2 3 3 8

Chi-square test: P=0.002
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Table 3: Correlation between pain severity and
histopathological inflammation

Inflammation

Moderate

Mild pain Severe pain

grade
Mild 4 8
Moderate 2 10
Severe 0 2 13

vertebral endplate pathology is one of the primary factors that
contribute to the development and expression of DDD
symptoms. Although contributing to the body of knowledge,
the findings of the study shed some light on the relationship
between endplate changes, Modic changes, and degenerative
changes.

The relationship between degeneration and inflammation
appears to be bidirectional. Degenerative changes in the
vertebral endplate and intervertebral disc may initiate
inflammatory responses through structural disruption,
cytokine release, and vascular ingrowth, while persistent
inflammation may further accelerate disc degeneration and
endplate damage. In the present study, Modic Type I changes
were associated with higher inflammatory activity, supporting
the concept that active degeneration and inflammation coexist
during the early phases of disease progression. Although
symptom duration was recorded, no formal statistical analysis
was performed to evaluate the association between disease
duration and Modic Type. Future studies with larger sample
sizes should investigate whether longer disease duration is
associated with progression from Modic Type I to Type II or
TypeIll changes[11].

Moderate-to-severe histopathological inflammation cases
showed a higher likelihood of developing Modic Type I
alterations according to the research findings. Pathophysiology
currently demonstrates that Modic Type I changes represent an
active stage of inflammation, which creates vascular granulation
tissue combined with bone marrow edema. Feng et al.
demonstrated through their research that structural endplate
damage triggers Modic changes by establishing a strong
connection between vertebral endplate abnormalities and
Modic changes, which they measured with an odds ratio of 4.29
and a P < 0.001. The findings revealed that 27.8% of endplates
showed endplate defects, which caused a decrease in disc height
and anincrease in bulging and a decrease in disc signal intensity,
all of which indicated disc degeneration. The research shows
that structural degradation and what researchers consider
Modic TypeI changes both strongly correlate with the presence
of inflammatory activity [ 12].

The research states that Type II Modic changes are signs of
active fatty degeneration, and Type I changes are 40 times
slower. These percentages are consistent with the trends
observed in spinal degeneration. The findings showed that
Type II changes were more prevalent than Type I changes, but
Type Il changesresulted inless severe inflammation. Results are
inline with earlier research that has associated the alterations in
the Modic Type I (M1), Modic Type II (M2), and bone
endplate lesions with the different levels of pain experienced
throughout the trial. Weakening the M1 and disc signals
relieved the pain of 49 patients with persistent low back pain
who had ongoing M1 lesions along with reduced disc height
and increasing endplate lesions. This study demonstrates the
mechanism of Modic changes as clinical predictors of ongoing
pathological conditions, as 36% of the patients still experienced
pain during the 1-year follow-up. Inline with other research, this
study established that increased inflammation correlates with
increased pain and that Modic Type L is a predictor of chronic
disease [13].

The present study, witha P =0.002, showed that MRI results are
a true reflection of latent biological processes, as they have
created a statistically significant correlation between the
changes in the Modic and histological inflammation. This
discovery is credible by the findings of Lv et al., who studied 75
patients to determine the correlation between endplate defects
and Modic changes, disc degeneration, and facet joint disease.
Their study found a strong relationship between the grade of
endplate abnormalities and disc degeneration, Modic Type II
changes, and clinical outcomes such as the VAS and the
Oswestry disabilityindex (ODI). The conclusion of the present
study that the incidence rate of endplate defects was 48% was
consistent with the finding of the previous study that endplate
defects were more severe at L4-LS5 levels. The two studies have
shown consistent results that indicate that this area experiences
greater mechanical stress, which exposes it to inflammatory and
degenerative diseases [ 14].

The researchers of this study found a relationship between the
level of pain and inflammation in their studies. The research
demonstrated that severe inflammation brought about
excruciating pain because the symptoms stemmed from
inflammatory activities in the bone marrow and spinal
endplates. Lv et al. [14] demonstrated a positive correlation
between structural degenerative changes and clinical outcome
measures, including VAS and ODI scores, indicating that both
inflammatory and degenerative processes contribute
significantly to symptom severity. These observations support
the findings of the present study, which showed that higher
grades of histopathological inflammation were associated with
greater pain intensity in patients with lumbar DDD.
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The vertebral endplate is the main structural component that
leads to disc degeneration, according to Rajasekaran et al. [ 15],
who showed that the disc, endplate, and bone marrow
collaborate as a disc-endplate-bone marrow complex. Any
degeneration of any of the components, as demonstrated in the
review, leads to structural cross-talk, which subsequently leads
to chronic inflammation in the spinal bone marrow. This study
validates earlier studies that MRI-identified inflammatory
changes are in line with histological evidence of inflammation.
This paper demonstrates that the unified diseased complex
explains the inflammatory activity and structural deterioration,
and it also explains the Modic changes and other imaging
findings.

To gain a more comprehensive insight into inflammatory
disorders, the article by Rajasekaran et al. [ 16] provides a novel
definition of disc-endplate-bone-marrow complex (DEBC)
that utilizes MRI results and short tau inversion recovery
sequence data. The seven levels of activity observed in the 8680
endplates of 1085 individuals with low back pain included acute
Type A inflammation and chronic Type B inflammation, the
latter being the most prevalent (51.8%). The researchers found
that disc herniation with active DEBC changes was linked to a
much higher risk of post-operative infection (2.4 vs. 0.47; P
0.002) and the highest odds ratio of surgical requirement (5.2).
Based on the results of the study, patients with degenerative
spine diseases can significantly benefit when the inflammatory
activity is properly identified. The study did not employ DEBC
categorization, but it did establish a relationship between the
changes in Modic Type I and the histopathological
inflammation, which supports the active disease states outlined
inthe DEBC system.

Findings from this research are consistent with those from Feng
et al, showing that endplate disease is associated with disc
degeneration. There is a direct correlation between endplate
abnormalities and Modic alterations in the distribution of the
lumbar spine, as shown by the study conducted by Feng et al.
Disc signal intensity and height were both decreased as a result
of these anomalies, confirming the earlier onset of degeneration
due to endplate injury. The present work contributes to this
knowledge by showing that histologically detectable
inflammatory activity occurs with such structural alterations.
Consistent with the expected progression of DDD, whose

symptoms often manifest in the 40s and 50s, the majority of the
participants in the current research are middle-aged, meaning
they are between the ages of 41 and 50. According to the study
that was used to conduct the comparison, 64% of the
respondents were men, suggesting that their physical activity
and working circumstances caused them to have higher levels of
spinal degeneration. Because Type I changes indicate the
presence of inflammation in lumbar DDD, the present study
provides critical evidence that MRI Modic modifications have
clinical relevance [12]. The research establishes a connection
between imaging results and biological processes through
histopathology and radiology outcomes. The results show that
Modic changes, endplate abnormalities, and disc degeneration
are linked to clinical symptoms, which now display
characteristics of disc, endplate, and bone marrow disorders.
The statement needs to include that MRI serves as a valuable
tool to provide essential data concerning both structural
changes and inflammatory processes. Nevertheless, it is
important to emphasize that MRI might fail to detect all disease
processes, as stated by Rajasekaran et al. [15]. MRI might need
to be reclassified in the DEBC system. To gain complete insight
into DDD, the research study involves imaging techniques and
histopathological research. The strengths of this study include
direct histopathological assessment and correlation with MRI
findings. Limitations include the relatively small sample size,
single-center design, and inclusion of only surgically treated
patients, which maylimit generalizability.

Conclusion

MRI Modic endplate changes, particularly Type I changes,
demonstrate a significant association with histopathological
inflammatory activity in lumbar DDD. MRI may therefore
serve as a valuable non-invasive tool for identifying active
inflammatory disease and guiding clinical decision-making.

Clinical Message

Modic Type I changes on MRI may indicate active inflammation in
lumbar degenerative disc disease and can assist clinicians in
identifying patients who may benefit from targeted treatment
strategies.
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