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INTRODUCTION

One of the primary causes of disability worldwide is low back pain (LBP), and it is more 
common in adults and older individuals.[1] It is widely acknowledged that LBP is largely 
caused by lumbar intervertebral disc degeneration, and that the degree of disc degeneration is 
generally correlated with the severity of chronic lower back symptoms.[2] Among the numerous 

ABSTRACT
Objectives: The objective is to determine disc degeneration in the lumbar spine using the quantitative 
Pfirrmann scale in magnetic resonance imaging (MRI) and to correlate the Pfirrmann scale with body mass 
index (BMI).

Methods: Fifty-eight participants with low back pain (LBP) referred for MRI were included in the study. Before 
the scan, patient details such as height, weight, age, and BMI were collected. To evaluate quantitative Pfirrmann 
disc degeneration, a region of interest was placed at the nucleus pulposus (NP) of all the disc levels (L1–L5) on the 
T2-weighted image, and for fat only at the degenerated level. Pfirrmann grading was performed at all disc levels 
(L1–L2 to L5–S1). Grades III, IV, and V are associated with BMI at the L4–L5 and L5–S1 levels. The data were 
collected and analyzed.

Results: Of 58 participants, 37 were male and 21 were female. A significant difference was observed in fat content 
between males and females, with females exhibiting higher fat content in L4 and L5 compared to males. There was 
a significant correlation across all fat levels (L1–L5) as well as the NP of adjacent lumbar levels. In addition, no 
statistically significant difference was found between BMI and lumbar disc degeneration.

Conclusion: Even though disc degeneration was evident across several BMI groups, the results showed there 
was no significant association between disc degeneration and BMI. Thus, the study concludes that other 
factors, such as age and body composition, also play an essential role in triggering disc degeneration, in 
addition to BMI.
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factors that affect musculoskeletal health, body mass index 
(BMI) has become a crucial but intricate element. It is a 
simple yet valuable screening tool commonly used to assess 
and categorize body weight. It also serves as a quick and 
cost-effective method to identify potential weight-related 
health risks.

The spinous processes, size, shape, and structure of 
the vertebral body are some of their distinguishing 
characteristics.[3] The lumbar vertebrae are separated 
by intervertebral discs, which are articulating, 
fibrocartilaginous, cylindrical structures connecting the 
vertebral bodies. They can be microscopically split into 
an outer annulus fibrosus that surrounds a central nucleus 
pulposus (NP).[4] The most commonly used imaging 
technique for diagnosing degenerative disc disease (DDD) 
is magnetic resonance imaging (MRI).[5] A grading system 
for disc degeneration was developed by Pfirrmann et 
al. (2001), based on the appearance of discs on sagittal 
T2-weighted MRI scans.[6] Pfirrmann disc degeneration 
grading estimates the water content on a grade from I to 
V.[7]

Intervertebral disc degeneration is characterized by 
morphological changes, including reduced disc height, 
bulging of the intervertebral disc, annular tears, and the 
formation of osteophytes.[8] Although they are suitable 
for qualitative review, they are challenging to apply for 
quantitative analysis. At an early stage, NP signal strength 
changes enable easier quantitative evaluation.[9] The 
NP and annulus fibers in normal intervertebral discs 
produce a strong signal on T2-weighted MR imaging. 
Disc degeneration is characterized by a decrease in 
signal from the inner fibers of the annulus and NP.[10] 
Quantitative measures of disc degeneration on MRI have 
been developed and utilized to overcome some of the 
limitations of the Pfirrmann 5-grade classification system. 
Quantitative Pfirrmann disc degeneration involves 
measuring the signal intensity of the NP, disc membrane, 
ligaments, fat, and air.[5] Compared to conventional 
subjective scales, quantitative assessments are more 
sensitive to change and are generally reported to have 
excellent reliability.[11]

Intervertebral discs are prone to degenerative modifications, 
and the occurrence of these is closely linked to aging, high 
BMI, smoking, hereditary factors, mechanical factors, and 
misuse.[12] Previous studies highlight the use of lower-field 
MRIs or qualitative assessments for disc degeneration. 
While some literature discusses disc degeneration 
longitudinally, few studies have made a direct connection 
between BMI and disc degeneration at different stages 
of life. The current study expands existing knowledge by 
providing useful information that directly links BMI to 

disc degeneration parameters at a specific point in time. 
The present study, with this background, aimed to assess 
the association between BMI and disc degeneration in the 
lumbar spine using 3T MRI.

MATERIALS AND METHODS

Study details

A prospective, cross-sectional study was conducted at the 
Department of Radio-diagnosis and Medical Imaging, 
Yenepoya Medical College Hospital, Derlakatte, Mangalore, 
between May 2024 and January 2025. The study started after 
obtaining clearance from the Scientific Review Board and 
the Yenepoya Ethics Committee. Fifty-eight participants 
with LBP were included in the study. The participants’ 
average age ranged from 30 to 60  years. Participants with 
MRI contraindications, such as metallic implants, cardiac 
pacemakers, cochlear implants, neurostimulators, spinal cord 
injury, smoking, age above 60 years, hereditary factors such 
as scoliosis and kyphosis, and non-cooperative participants 
were excluded. Before the MRI scan, patients were informed 
about the procedure, and each participant gave their 
informed consent.

Sample size

The sample size for this study was determined in accordance 
with the research objective to assess disc degeneration in 
the lumbar spine using the quantitative Pfirrmann scale on 
MRI.

The expected standard deviation of NP over the membrane 
is 1.18. The following formula is used to compute the sample 
size.

2 2

2

Zn
E
σ

=

Z = 1.96, the standard normal score
σ =1.18, the anticipated standard deviation
E = 0.305, 5% relative precision of NP over membrane.

To estimate disc degeneration in the lumbar spine with 95% 
confidence and 5% relative precision, 58  patients with LBP 
must be included in the study.

Imaging protocol

All 58 participants underwent a lumbar spine MRI using a 
GE Signa Pioneer 3T MRI machine. A spine coil was used for 
imaging the lumbar region, with participants in the supine 
head-first position. The sequences and parameters used are 
depicted in Table 1.
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Procedure

Before the MRI scan, the participant’s BMI was calculated 
by obtaining their sex, age, height, and weight. To assess 
the Pfirrmann disc degeneration, a region of interest was 
placed at the NP of all the disc levels (L1–L5) on the T2-
weighted image, and for fat only at the degenerated level and 
is depicted in Figure 1,[12] as BMI and disc degeneration are 
correlated. The mean and standard deviation of the NP and 
fat were measured. The World Health Organization (WHO) 
classification of weight status was used to categorize BMI, i.e., 
underweight (<18.5 kg/m2), normal range (18.5–24.9 kg/m2), 
overweight (25.0–29.9 kg/m2), and obese (≥30 kg/m2). It was 
correlated with the Pfirrmann disc degeneration scale.[13] The 
Pfirrmann grading system, based on T2-weighted images, 
was applied to all disc levels, specifically L1–L2, L2–L3, L3–
L4, L4–L5, and L5–S1. BMI was associated with Pfirrmann 
grades III, IV, and V at L4–L5 and L5–S1 levels.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) software 
(SPSS Inc., Chicago, IL) version 29.0.10 was used to analyze 
the data. Descriptive statistics were used to summarize the 
collected data, including the mean and standard deviation 
for continuous variables, and frequency and percentage for 
categorical variables. To compare age, height, weight, BMI, 
NP, and fat between males and females, the independent 
sample “t” test was used. A  one-way analysis of variance 
(ANOVA) was used to compare the NP and fat across 
different BMI ranges. To find the relation between the NP 
of each lumbar level (L1–L5), fat across all levels (L1–L5), 
and the relation between NP and fat, the Pearson correlation 
coefficient (“r”) was used. The association between BMI 

categories and Pfirrmann grades III, IV, and V at L4–L5 and 
L5–S1 levels was done using the Fisher-Freeman-Halton 
exact test. The P < 0.05 is considered statistically significant.

RESULTS

The present cross-sectional study, conducted between May 
2024 and January 2025, included 58 participants (37  males 
and 21 females), who met the requirements for inclusion and 
exclusion criteria.

Using descriptive statistics, the mean values for age, height, 
weight, and BMI were calculated. Table  2 shows that the 
participants’ ages ranged from 30 to 66 years, with a mean of 
48.64 ± 10.55 years. Height ranged from 142 to 177 cm, with 
a mean of 161.76 ± 7.98 cm, and weight ranged from 45 to 
110  kg, with a mean of 68.72 ± 13.32 Kg. The BMI ranged 
from 16.1 to 54.6 Kg/m2, with a mean of 26.28 ± 6.09 Kg/m2. 
This reflects the diverse characteristics of the population.

An independent “t-test” was used to compare the signal 
intensity of fat between the males and females. At the 
L1  level, the comparison of signal intensity of fat among 
males and females was (P = 0.697). Similarly, at L2 (P = 0.641) 
and L3 (P = 0.261), significant differences were observed in 
L4  (P  =  0.014) and L5 (P = 0.013), where females showed 
higher fat content than males.

Table  3 depicts the frequency and percentage analysis 
revealing a clear trend from lower to higher grades across 
the groups L1–L2, L2–L3, L3–L4, L4-L5, and L5–S1. L1–L2 
is primarily composed of lower grades, with grades I and II 
accounting for over 80%. In contrast, L5–S1 is dominated 
by higher grades, with 67.2% in grade  V. Intermediate 
groups (L2–L3, L3–L4 and L4–L5) show a gradual shift, 
with increasing frequencies in grades III to V. This pattern 
suggests a progression toward more advanced grades from 
L1–L2 to L5–S1.

BMI was categorized according to the WHO classification of 
weight status, i.e., underweight (<18.5 kg/m2), normal range 
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese 
(≥030 kg/m2) (1). Figure 2 shows that out of 58 participants, 
6.9% (4) were underweight, 36.2% (21) were in the normal 
ra7ge, 37.9% (22) were overweight, and 19% (11) were 
obese. This distribution highlights the study’s inclusivity in 
representing patients across all BMI categories and reflects 
the diversity of the population.

Table 4 and Figures 3 and 4 explore the association between 
BMI and disc degeneration at L4–L5 and L5–S1 levels for 
Pfirrmann grades III, IV, and V using the Fisher-Freeman-
Halton-Exact Test. Among 58  patients, no significant 
association was found (P = 0.6498 and P = 0.6233), indicating 
that BMI does not significantly affect the severity of disc 
degeneration at this level.

Table 1: Parameters of the acquired sequences.

Sequence TR (ms) TE (ms) FOV (cm2) NEX
3 Plane localizers 973 80.1 40*40 0.60
Sag T2 top FRFSE 4000 113.5 30*30 1.00
Sag T2 mid FRFSE 4000 112.7 30*30 1.00
Sag T2 bot FRFSE 4000 112.7 30*30 1.00
Sag T2 FRFSE 3587 111.1 30*30 2.00
Sag T1 FSE 557 15.9 30*30 1.50
Ax T2 FRFSE 6732 92.8 30*30 2.00
Ax T1 FSE 487 8.4 30*30 2.00
Sag STIR FRFSE‑XL 4701 42.7 30*30 1.50
Cor STIR FRPROP 5332 56.4 30*30 1.56
TE: Echo time, TR: Time of repetition, NEX: Number of excitations, 
FOV: Field of view, Sag: Sagittal, Ax: Axial, FRFSE: Fast relaxation 
fast spin echo, FSE: Fast spin echo, STIR: Short tau inversion 
recovery, FRFSE‑XL: Fast relaxation fast spin echo extended length, 
PROP: Propeller
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Comparison based on BMI and signal intensity of NP 
across all lumbar levels. At NP L1 (P = 0.778) across 
different BMI ranges that are <18.5 kg/m2, 18.5–24.9 kg/m2, 
25–29.9 kg/m2, and >30 kg/m2. Similarly, at NP L2 (P = 0.628), 
at L3 (P = 0.221), at L4 (P = 0.785) and L5 (P = 0.0587). One-
way ANOVA test was used, which suggests no statistically 
significant differences in NP levels (L1–L5) across different 
BMI categories [Figure 5].

The relationship between BMI and signal intensity of fat 
across different lumbar levels [Figure 6]. The findings reveal 
that fat at the L1 was P = 0.98 across different BMI ranges, 
that is, <18.5  kg/m2, 18.5–24.9  kg/m2, 25–29.9  kg/m2, and 
>30 kg/m2. Similarly, fat at L2 was P = 0.961, at L3 P = 0.807, 
at L4 P = 0.297, and at L5 P = 0.553. One-way ANOVA test 
also showed no significant differences in fat levels (L1–L5) 
across BMI categories.

DISCUSSION

The current study focuses on BMI, age, and sex. The findings 
indicate that females have significantly higher fat deposits 
at the vertebrae level L4 (P = 0.014) and L5 (P =  0.013) 
compared to males. Similar findings were observed in a 
study conducted by Vardhan et al., which revealed that disc 
degeneration was more prevalent in males.[14] In contrast, 
females had higher fat deposition at the L4 and L5 vertebrae 
levels.[14]

The current study assessed Pfirrmann grades at all disc levels 
and found that grades IV and V were more prevalent in the 
L4–L5 and L5–S1 levels. At L4–L5, among 58 participants, 
grade IV accounted for 74.1% and grade V for 8.6% of the 
cases. Whereas at L5–S1, grade IV was 25.9% and grade V 
was 67.2%, indicating advanced degenerative changes in 
lower lumbar levels were significantly greater at L5-S1 
compared to the upper level. According to a study by Oh 
et al., Pfirrmann grades III and IV were more prevalent in 

Figure 1: Depicts the region of interest (ROI) measurement of the 
nucleus pulposa (NP) and fat. (a) Depicts ROI measurement of NP 
at degenerated disc level L4 and (b) depicts ROI measurement of fat 
adjust to degenerated disc level L5.

a b

Table  3: Frequency and percentage distribution of Pfirrmann 
grading across lumbar disc levels (L1–S1).

Disc level Pfirrmann grade Frequency Percentage
L1–L2 Grade I 27 46.6

Grade II 22 37.9
Grade III 8 13.8
Grade V 1 1.7

L2–L3 Grade I 7 12.1
Grade II 28 48.3
Grade III 21 36.2
Grade IV 2 3.4

L3–L4 Grade II 10 17.2
Grade III 33 56.9
Grade IV 14 24.1
Grade V 1 1.7

L4–L5 Grade III 10 17.2
Grade IV 43 74.1
Grade V 5 8.6

L5–S1 Grade III 4 6.9
Grade IV 15 25.9
Grade V 39 67.2

Table 2: Descriptive statistics for age, height, weight, and BMI.

n=58 Range Mean SD
Age (years) 30–66 48.64 10.55
Height (cm) 142–177 161.76 7.98
Weight (kg) 45–110 68.72 13.32
BMI (kg/m2) 16.1–54.6 26.28 6.09
BMI: Body mass index, SD: Standard deviation 4 (6.9)
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Figure 2: Body mass index (BMI) categorization among the study 
participants.
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the lower lumbar levels, specifically L4–L5 and L5–S1 levels, 
compared to other lumbar disc levels.[15] At the L4–L5 level, 

grades IV and V were 46.2% and 10.3%, respectively. At the 
L5–S1 level, grade IV was 47.9% and grade V was 10.4%.[15]

Table 4: Association between BMI categories and disc degeneration at L4–L5 and L5–S1 level.

Crosstabs BMI (%) Total (%) P‑value
Normal Obese Overweight Underweight

L4–L5
Grade III 5 (50.0) 2 (20.0) 2 (20.0) 1 (10.0) 10 (100.0) 0.6498
Grade IV 13 (30.2) 9 (20.9) 18 (41.9) 3 (7.0) 43 (100.0)
Grade V 3 (60.0) 0 (0.0) 2 (40.0) 0 (0.0) 5 (100.0)
Total 21 (36.2) 11 (19.0) 22 (37.9) 4 (6.9) 58 (100.0)

L5–S1
Grade III 1 (25.0) 0 (0.0) 2 (50.0) 1 (25.0) 4 (100.0) 0.6233
Grade IV 7 (46.7) 3 (20.0) 4 (26.7) 1 (6.7) 15 (100.0)
Grade V 13 (33.3) 8 (20.5) 16 (41.0) 2 (5.1) 39 (100.0)
Total 21 (36.2) 11 (19.0) 22 (37.9) 4 (6.9) 58 (100.0)

BMI: Body mass index
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Figure  3: Association between body mass index (BMI) categories 
and disc degeneration grade at the L4–L5 level.

Figure  5: Depicts the relationship between body mass index and 
signal intensity of the nucleus pulposa across all lumbar levels.
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Figure 4: Association between body mass index categories and disc 
degeneration grade at the L5–S1 level.

Figure  6: Depicts the relationship between body mass index and 
signal intensity of fat across all lumbar levels. SD: Standard deviation.
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In the present study, Pfirrmann grading was applied across 
all lumbar levels. In contrast, Yu et al. implemented both 
the Pfirrmann grading system and a modified Pfirrmann 
grading system to assess pathological conditions such as 
spondylolisthesis, lumbar spinal stenosis, and lumbar disc 
herniation.[16]

The current study demonstrated an association between BMI 
categories and disc degeneration at the L4–L5 and L5–S1 
levels. The results showed no significant association between 
disc degeneration and BMI categories, with P = 0.6498 at the 
L4–L5 level and P = 0.6233 at the L5–S1 level, indicating that 
BMI does not significantly affect disc degeneration severity at 
the L4–L5 and L5–S1 levels. A study conducted by Samartzis 
et al. found that multilevel disc degeneration was noted in 
41.4% of individuals with normal weight, 24.6% of those with 
underweight, 54.9% of those with overweight, and 65.2% of 
those with obesity.[17] DDD score pairwise comparisons revealed 
a significant difference between normal and overweight subjects 
(P < 0.001) and between underweight and normal subjects (P 
< 0.001), but there was no significant difference between obese 
and overweight subjects (P = 0.092).[17]

The current study shows no significant correlation between 
BMI and lumbar disc degeneration. Segar et al. found that age 
showed a strong correlation (r = 2.04) with disc degeneration, 
while BMI had a weaker association (r = 1.01), suggesting 
that age is a more significant factor in disc degeneration 
than BMI.[18] Another study reported that higher BMI was 
associated with lumbar spine stenosis and not with lumbar 
disc herniation or degenerative spondylolisthesis, indicating 
that increased BMI may not be a significant predictor for all 
types of lumbar disc diseases.[19] Videman et al. suggested that 
increased BMI may have a protective effect on intervertebral 
discs rather than contributing to degeneration. These studies 
indicate that factors such as age and body composition play a 
more critical role in spinal health.[20]

Although the present study found no significant association 
between BMI and disc degeneration, various studies have 
reported a significant association between higher BMI and 
lumbar disc degeneration. According to a study conducted by 
Vardhan et al., individuals with sedentary lifestyles had a higher 
prevalence of degenerative changes, especially at the L5-S1 
level.[14] In addition, a higher BMI was associated with more disc 
degeneration, particularly among those aged 61–70. This finding 
contrasts with the present study, which shows no significant 
correlation between BMI and lumbar disc degeneration.[14] 
Liuke et al. revealed that a BMI over 25 kg/m2 increases the risk 
of disc degeneration, and that the effect of high BMI is greater 
in youth and middle age.[21] This result contradicts the findings 
of the present study, which show no significant correlation 
between BMI and lumbar disc degeneration.[21] Salo et al. found 
a significant association between occupational physical loading 
and severe lumbar disc degeneration, specifically at the L5–S1 

level, in post-menopausal women.[22] In addition, the study 
suggests that confounding factors such as smoking, age, and 
higher BMI are significantly associated with severe lumbar disc 
degeneration, which contrasts with the present study’s findings, 
which show no significant correlation between BMI and lumbar 
disc degeneration.[22]

The current study recommends that, instead of focusing solely 
on BMI as a risk factor, future research should investigate 
more specific markers, such as muscle mass, fat composition, 
and mechanical stress loading patterns, to examine the 
relationship between body mass and disc degeneration. 
Advanced imaging methods such as quantitative MRI 
(T2 mapping or T1ρ imaging) can provide more detailed and 
objective assessments of disc degeneration.

The limitations of the current study include its single-center 
design, which may limit the external validity of the findings, 
and the relatively small sample size, which may restrict the 
generalizability of the results to broader populations. The 
exclusion of participants with factors such as aging, smoking, 
and hereditary factors might also have a major impact on 
disc degeneration and can be considered in future research.

CONCLUSION

Using the Pfirrmann grading system on 3T MRI, the present 
study examined the correlation between BMI and lumbar 
disc degeneration. The findings indicate that there was no 
significant association between disc degeneration and BMI, 
despite disc degeneration being evident across several BMI 
groups. Thus, the study concludes that other factors, such 
as age and body composition, also play a significant role 
in triggering disc degeneration, in addition to BMI alone. 
The study also noted gender variations in fat content, with 
females accumulating more fat at L4–L5 than males. In light 
of these results, additional research is required to investigate 
the association between disc degeneration and BMI using 
a larger sample size, additional risk factors, and advanced 
imaging techniques.

Recommendation: The authors recommend that future studies be 
conducted with a larger cohort with corresponding factors such as 
smoking and physical load.
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