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Abstract: Aim: To determine the association between lumbar disc degeneration and lumbar multifidus muscle 

fatty atrophy in patients with chronic low back pain using Magnetic Resonance Imaging (MRI).  

Methods: This prospective observational study was conducted from April 2023 to April 2024 in the Department of 

Radiodiagnosis at the esteemed Maharajah’s Institute of Medical Sciences (MIMS) in Viziangaram, Andhra Pradesh, 

India, with a sample size of 125 who met the inclusion and exclusion criteria. The subjects underwent MRI LS 

(lumbosacral)-spine on 1.5 Tesla Philips Ingenia machine. The grading of intervertebral disc degeneration at L4-L5 and 

L5-S1 disc levels was done according to Pfirrman classification on T2W imaging sequence in the sagittal plane. Using 

axial T1W imaging, the total muscle cross-sectional area (TMCSA) of the LMM, the pure fat cross-sectional area 

(PFCSA), and percentage of PFCSA to TMCSA at L4-L5 and L5-S1 disc levels were obtained. Chi-square test was 

applied to find association between varying grades of disc degeneration and severity of fat infiltration at L4-L5 and L5-

S1 regions. 

Results: The majority of the subjects had Grade III disc degeneration at both L4-L5 and L5-S1 intervertebral disc levels. 

A significant association was found between the grade of lumbar disc degeneration and degree of lumbar multifidus 

muscle fatty atrophy in middle-aged patients with chronic low back pain; the obtained p-value at L4-L5 and L5-S1 was 

<0.001. 

Conclusion: The results revealed a significant relation between the severity of fat infiltration in the LMM and varying 

grades of disc degeneration at the L4/L5 and L5/S1 regions. The data obtained from the study underscores the 

importance of assessing both LMM fatty atrophy and lumbar disc degeneration in patients with chronic LBP. 

Index Terms: Lumbar multifidus muscle fatty atrophy, Disc degeneration, Low back pain 

I. INTRODUCTION  

Low back pain(LBP) is a major public health issue worldwide. It is estimated that 619 million people live with LBP, 

making it the leading cause of disability globally1. LBP  affects individuals of any age, including children and adolescents. 

However, the peak incidence occurs around 50–55 years of age. Women tend to experience LBP more frequently than 

men 2. Chronic LBP is defined as backache lasting longer than 3 months 3. Rates increase with age, starting in the thirties. 

LBP often presents without a clear cause but can be linked to lumbar disc herniation, most commonly occurring in the 

lower back 4. Risk factors include a sedentary lifestyle, decreased physical activity, and overweight. These factors can 

lead to weak and atrophied paraspinal muscles, particularly the lumbar multifidus muscle (LMM). LMM dysfunction or 

injury can cause prolonged neurological inhibition, further contributing to chronic LBP. There are two main mechanisms 

for muscle atrophy in the paraspinal muscles: disuse and denervation. Disuse is less likely as atrophy is localized, while 

denervation is more common in disc herniation and nerve compression 5. LMM fatty atrophy is strongly associated with 

LBP6. Magnetic resonance imaging (MRI) can detect this fatty atrophy, which appears in high-intensity areas within the 

muscle6. This study aimed to investigate the association between lumbar disc degeneration and LMM fatty atrophy in 
patients suffering from chronic low back pain (LBP). 
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II. METHODS 

This prospective observational study was conducted from April 2023 to April 2024 in the Department of 

Radiodiagnosis at the esteemed Maharajah’s Institute of Medical Sciences (MIMS) in Viziangaram, Andhra Pradesh, 

India.  

Participants 

The study included 125 patients. All participants provided written informed consent before enrolment.  

Patients were selected based on the following criteria: 

 Age: 21 to 50 years old 

 Medical history: Chronic low back pain for more than three months 

Exclusion Criteria 

Patients meeting any of the following criteria were excluded from the study. 

 Age above 50 years 

 Spinal fractures 

 Spinal cord injuries 

 Spinal infections 

 Spinal tumors 

 Previous lumbosacral surgery 

 Contraindications for MRI scans 

Procedure 

Image acquisition was done on a 1.5 Tesla Philips Ingenia machine. The DICOM files of MRI examinations of study 

subjects were viewed on Osirix version 9.5. These slices were acquired at L4-L5 & L5-S1 levels to focus on the lumbar 

multifidus muscle (LMM). T1-weighted images were preferred for evaluating muscle fat content. T2-weighted FSE 

MRI sequences were used to assess the lumbar intervertebral discs. Sagittal planes were used to determine the grade 

of lumbar intervertebral disc degeneration according to the Pfirrmann classification. 

Pfirrmann grading system7. 

Grade Height of the IVD Annulus and Nucleus Reference Image 

I.  Normal  High T2 signal with a homogeneous 

nucleus and clear distinction of annulus 

& nucleus 

 
II.  Normal  High T2 signal nucleus with central low 

T2 signal horizontal line and clear 

distinction of annulus & nucleus 

 
III.  Normal /slightly 

decreased 

Low T2 signal with an inhomogeneous 

nucleus and unclear distinction of 

annulus & nucleus 
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IV.  Moderately 

decreases 

 Very low to moderate T2 signal 

inhomogeneous nucleus and lost 

distinction of nucleus & annulus  

 
V.  Collapsed  Very low T2 signal 

inhomogeneous nucleus and lost 

distinction of nucleus & annulus  

 

To evaluate LMM, axial T1-weighted slices were taken at levels at the L4/L5 and L5/S1 intervertebral discs to detect the 

cross-sectional areas. Total muscle cross-sectional area (TMSCA) of LMM & pure fat cross-sectional area (PFCSA) 

were calculated by segmenting the muscle area and T1 hyperintense fat areas on the muscle using segmentation cross-

sectional area module in 3D slicer segmentation free software by uploading the DICOM files in the software. After 

estimating cross-sectional areas, the percentage of PFCSA to the TMCSA was calculated. 

Four-grade fat infiltration classification method for lumbar paraspinal fat infiltration8 

• Grade 1:  Normal muscle with < 10% of fatty infiltration [Fig-3]. 

• Grade 2: Mild muscle degeneration, 10 to 30% fatty infiltration [Fig-4]. 

• Grade 3: Moderate muscle degeneration, 30 to 50% fat infiltration [Fig-5]. 

• Grade 4: Severe muscle degeneration, > 50% of fatty infiltration [Fig-6]. 

 

III. STATISTICAL ANALYSIS 

Statistical analyses were done using IBM SPSS Statistics software version 29, released in September 2022. The chi-

square test was used to determine the association between the severity of fat infiltration and varying grades of disc 

degeneration at L4-L5 and L5-S1 regions. The level of significance was set at p-value<0.05. 

 

IV. RESULTS  

A total of 125 subjects were included in the study, with ages ranging from 21-50 years, there was slight female 

preponderance with 51.2%(n=64) and males constituting 48.8%(n=61(Table:2).56%(n=70) of the subjects were in the 

age group of 31-40 years.(Table:1) 

Variable Categories n % 

 

 

Age (years) 

21-30 24 19.2% 

31-40 70 56 % 

41-50 31 24.8% 

Table 1: Age distribution among study patients (N=125). 

Figure 1: Showing Age distribution. 
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Variable Categories n % 

 

Gender 
Males 61 48.8 

Females 64 51.2 

Table 2: Age distribution among study patients (N=125). 

Figure 2: Showing Gender distribution. 

 

Most subjects had Grade III lumbar disc degeneration at L4-L5(n=48) & L5-S1(n=51)levels. In this study, there was no 

relation between gender and the degree of lumbar disc degeneration (Table: 4), whereas a significant relation was found 

with fatty muscle infiltration with p-value of <0.0002 at L4-L5 and 0.0042 at L5-S1 intervertebral disc space levels 

(Table: 6). With advancement of age, there was a notable escalation in the severity of fatty infiltration within LMM, as 

depicted in Table: 5. Furthermore, the correlation between the grade of lumbar disc degeneration and the severity of fatty 

infiltration in the lumbar multifidus muscles was statistically significant at the L4/L5 and L5/S1 levels. 

 

Region 

 

Grades 

21-30 years 31-40 years 41-50 years  
2 

value 

p- Value 
n % N % n % 

 

 

 

Grade 1 2 8.3% 4 5.7% 2 6.4%  

 

20.94 

 

 

0.007 

Grade 2 13 54.1% 20 28.5% 6 19.3% 

Grade 3 7 29.1% 28 40% 13 41.9% 

24

70

31

0

10

20

30

40

50

60

70

80

21-30 years 31-40 years 41-50 years

Age distribution 

Sex distribution 

Males Females

http://www.ijsdr.org/


ISSN: 2455-2631                                                   May 2024 IJSDR | Volume 9 Issue 5 
 

IJSDR2405178 www.ijsdr.orgnternational Journal of Scientific Development and Research (IJSDR) I 1337 

   

 

L4-L5 Grade 4 2 8.3% 18 25.7% 7 22.5%  

Grade 5 0 0.0% 0 0.0% 3 9.6% 

 

 

 

L5-S1 

Grade 1 2 8.3% 4 5.7% 1 3.22%  

 

 

16.48 

 

 

 

0.036 

Grade 2 9 37.5% 13 18.5% 6 19.35% 

Grade 3 10 41.6% 32 45.7% 9 29.03% 

Grade 4 3 12.2% 21 30% 13 41.93% 

Grade 5 0 0.0% 0 0.0% 2 6.45% 

Table 3: Age Comparison of grades of Disc Degeneration at L4-L5 and L5-S1 levels based on the 

age of the patients. 

 

 

 

Region 

 

Grades 

Males  Females  
2 

value 

p- Value 
N % n % 

 

 

 

L4-L5 

Grade 1 3 4.9% 5 7.8% 1.77 

 

 

0.78 

Grade 2 22 36.0% 17 26.5% 

Grade 3 22 36.0% 26 40.6% 

Grade 4 13 21.3% 14 21.8% 

Grade 5 1 1.6% 2 3.1% 

 

 

 

L5-S1 

Grade 1 4 6.5% 3 4.6% 0.0 

 

0.1 

 

 

Grade 2 13 21.3% 15 23.4% 

Grade 3 26 42.6% 25 39.06% 

Grade 4 18 29.5% 19 29.6% 

Grade 5 0 00% 02 3.12% 

Table 4: Comparison of grades of Disc Degeneration at L4-L5 and L5-S1 levels based on the gender 

of the patients. 

 

 

Regions Fat infiltration 21-30 

years 

31-40 

years 

41-50 

years 

2 

Value 

p-value 

n N n 

 

L4-L5 

Normal (57) 17 28 12 21.8605 0.0013 

Mild (51) 7 27 17 

Moderate (13) 0 3 10 

Severe (4) 0 1 3 

 

 

L5-S1 

Normal (29) 7 17 5 29.3956 0.0092 

Mild (72) 15 36 21 

Moderate (19) 2 11 6 

Severe (5) 0 2 3 

Table 5: Association between severity of fat Infiltration based on the age at L4-L5 and L5-S1 region. 
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Regions Fat infiltration Males Females 2 

Value 

p-value 

N n 

 

L4-L5 

Normal  40 17 19.6559 0.0002 

Mild  17 34 

Moderate  3 10 

Severe  1 3 

 

 

L5-S1 

Normal  20 9 13.20 

 

0.0042 

Mild  36 36 

Moderate  3 16 

Severe  2 3 

Table 6: Association between severity of fat Infiltration based on gender at L4-L5 and L5-S1 region. 

 

Regions Fat infiltration Grade 

1 

Grade 

2 

Grade 

3 

Grade 

4 

Grade 

5 

2 

Value 

p-value 

N N n n N 

 

L4-L5 

Normal  5 24 22 6 0 69.82 <0.001 

Mild  3 15 23 10 0 

Moderate  0 0 2 10 1 

Severe  0 0 1 1 2 

 

 

L5-S1 

Normal (29) 5 10 10 4 0 68.72 <0.001 

Mild (72) 2 17 31 22 0 

Moderate (19) 0 1 9 9 0 

Severe (5) 0 0 1 2 2 

Table 7: Association between severity of fat Infiltration at varying grades of Disc degeneration at L4-

L5 and L5-S1 regions. 

 

Axial T1W images  of MRI LS spine showing different grades of LMM fatty muscle atrophy 

  

Fig 3: Shows Grade 1 LMM fatty atrophy, with 8 % 

fat infiltration 

Fig 4: Shows Grade 2 LMM fatty atrophy, with 22 % fat 

infiltration 

http://www.ijsdr.org/


ISSN: 2455-2631                                                   May 2024 IJSDR | Volume 9 Issue 5 
 

IJSDR2405178 www.ijsdr.orgnternational Journal of Scientific Development and Research (IJSDR) I 1339 

   

 

  

Fig 5: Shows Grade 3 LMM fatty atrophy, with 34 % 

fat infiltration 

Fig 6: Shows Grade 4 LMM fatty atrophy, with 67 % fat 

infiltration 

V. DISCUSSION 

The transversospinales muscle group lies deep in the Erector Spinae, consisting of semispinalis, multifidus, and 

rotatores. The multifidus muscle extends from cervical to sacral levels, lying lateral to spinous processes and covering 

laminae of the underlying vertebrae from cervical to upper lumbar levels, then expanding to encompass the sacrum at 

lumbosacral levels9. Multifidus muscle atrophy is seen in individuals with spine pathology10.This prospective 

observational study on 125 subjects aimed to find an association between the atrophy of the lumbar multifidus muscle 

and the degree of disc degeneration at L4/5 and L5/S1 intervertebral disc spaces to find an association with low 

backache. 

Out of 125 subjects, the majority(n=70) were in the age group of 31-40, and our study is concordant with the study by 

Sanjay SC et al 11. There was a slight female preponderance, with 51.2 % (n= 64) concordant with the study by Faur C 

et al 12. Grade III lumbar disc degeneration at both L4-L5 and L5-S1 intervertebral disc levels was noted in most subjects, 

and our study is concordant with Sanjay SC et al11. No relation was found in this study between gender and the degree 

of lumbar disc degeneration, making this study concordant with the study by Sanjay SC et al11. 

The results of this study showed a noticeable increase in fatty infiltration within the lumbar multifidus muscles as people 

age. The data presented clearly illustrates this trend. The study also found a significant relationship between gender and 

fatty infiltration of the lumbar multifidus muscle, with females being more susceptible to fatty atrophy of the LMM. 

This study is concordant with the study by Kjaer P et al.,13 which reported a higher risk to females and a higher incidence 

in adults than adolescents. 

The correlation between grade of lumbar disc degeneration and severity of fatty infiltration in LMM was statistically 

significant at both the L4-L5 & L5-S1 levels in this study, compared to the study by Özcan-Ekşi et al 14, which also 

showed that patients with severe intervertebral disc degeneration had increased fatty infiltration in the multifidus 

and erector spinae muscles. The study by Özcan-Ekşi et al. 14 also showed that women had greater lumbar intervertebral 

disc degeneration scores at L4-L5 and L5-S1 and had more fatty infiltration in multifidus and erector spinae muscles at 

L4-L5 and L5-S1. 

VI. CONCLUSION 

This study revealed a significant association between the severity of fat infiltration in the LMM and varying grades 

of disc degeneration at the L4-L5 and L5-S1 regions. The data obtained from the study underscores the importance of 

assessing both LMM fatty atrophy and lumbar disc degeneration in patients with chronic LBP, which could potentially 

aid in developing more targeted treatment strategies for this prevalent and debilitating condition. Further research in 

this area could potentially lead to improved diagnostic and therapeutic interventions for individuals suffering from 

chronic low back pain. 

http://www.ijsdr.org/
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ABBREVIATIONS  

LBP-Low back pain  

LMM-Lumbar multifidous muscle, 

MRI- Magnetic resonance imaging  

TMSCA Total muscle cross-sectional area 

PFCSA- Pure fat cross-sectional area  

DICOM- Digital Imaging and Communications in Medicine 

FSE-Fast spin echo 
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