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Abstract

Objective: To explore the relationship between the degree of fatty 
infiltration of the lumbar multifidus muscle and the maximum com-
pression degree of the lumbar spinal canal in patients with lumbar disc 
herniation (LDH); The second objective is to investigate the relation-
ship between the degree of fatty infiltration of the lumbar multifidus 
muscle and the Oswestry Disability Index.

Methods: A total of 200 LDH patients in our hospital from July 2019 
to September 2023 were selected. The maximum compression degree 
of the lumbar spinal canal (Lumbar canal compromise, MLC) were ob-
tained from T2-weighted axial MR images at mid-disc, at the level of 
maximum cord compression and the level below. And the total Cross-
Sectional Area (CSA) of the multifidus muscle, the fat infiltration area 
(FCSA) were measured by Image J suftware at this level. The ratio of 
FCSA/CSA is the Degree of Fat Infiltration (DFI). The relationships be-
tween DFI and MLC, and between DFI and ODI, were assessed using 
multivariate linear regression models. 

Results: Greater DFI was associated with increased MLC (P = 0.032) 
at the same level; DFI was positively correlated with ODI scores.

Conclusion: The imaging manifestation of lumbar multifidus muscle 
degeneration in LDH patients is an increase in the degree of fat infil-
tration, and the larger the DFI, the greater the degree of spinal canal 
compression and the greater the degree of lumbar back dysfunction.
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Introduction

Background: The incidence of Lumbar Disc Herniation (LDH) 
is increasing year by year in the middle-aged and elderly popu-
lation. The protrusion of lumbar intervertebral discs compress-
ing nerves, resulting in pain and neurological symptoms, is a 
characteristic of this disease. Lumbar disc herniation begins 
with the degeneration of the spine and the loss of structural 
integrity [1,2]. Lumbar disc herniation begins with degenera-
tion of the spine and loss of structural integrity. The lumbar 
multifidus muscle is an important structure to maintain the bal-
ance of flexion and extension of the spine [3,4]. Patients with 
chronic low back pain will have a certain degree of changes in 
the muscles around the spine, such as area reduction and fat in-
filtration [5,6]. Decompression surgery is considered a practical 
option for patients with progressive LDH. In addition, changes 
in the shape of the lower back muscles have important effects 
on their function and behavior. It is necessary to further inves-
tigate the relationship between muscle morphology, clinical 
outcomes, and functional status. Therefore, the purpose of this 
study was to investigate between the degree of fatty infiltration 
of the lumbar multifidus muscle and the maximum compres-
sion degree of the lumbar spinal canal in patients with Lumbar 
Disc Herniation (LDH). The second objective is to investigate 
the relationship between the degree of fatty infiltration of the 
lumbar multifidus muscle and the Oswestry Disability Index. Re-
cent studies have shown that degeneration of the lumbar back 
muscles, especially the multifidus muscle, is often damaged in 
lumbar degenerative diseases and it atrophies in patients with 
lumbar disc herniation or chronic low back pain. Therefore, the 
presence and degree of morphological changes in the muscles 
of LDH patients deserve further attention [7]. Previous studies 
have shown that the relationship between multifidus muscle fat 
infiltration and the occurrence of degenerative lumbar spon-
dylolisthesis, but there are few studies on whether multifidus 
muscle degeneration is involved in the occurrence of lumbar 
disc protrusion [8]. This study directly measures the fat area in 
the multifidus muscle by retrospectively analyzing the cross-
sectional MRI images of the multifidus muscle at the L4/5 and 
L5/S1 intervertebral space levels in LDH patients. Through sta-
tistical analysis of the related factors of multifidus muscle fat 
infiltration in patients, the relationship between multifidus 
muscle fat infiltration and the degree of lumbar spinal canal in-
jury is discussed.

Materials and methods 

Inclusion criteria: Spinal stenosis at L4/5 or L5/S1 with or 
without low back pain and lower extremity pain.

Age 40-70 years.

Clear MRI images. 

Exclusion criteria: Spinal trauma, deformity, scoliosis, tumor, 
infection, ankylosing spondylitis, previous history of lumbar 
spine surgery.

Incomplete imaging and clinical data.

General information

 From January 2019 to September 2023, a total of 200 pa-

tients with lumbar disc protrusion were included according to 
the inclusion and exclusion criteria; the age was 40-70 years, 
with an average of (57.07±5.12) years; body mass index, BMI 
16.67-28.69 kg/m2, with an average of (23.51±2.59) kg/m2; 
visual analog scale, VAS score 3-8 points, with an average of 
(5.96±1.43) points; Oswestry disability index, ODI 25-49 points, 
with an average of (35.59±4.38) points (Table 1). This study has 
been approved by the Ethics Committee of Banan Hospital Af-
filiated to Chongqing Medical University, and all patients have 
signed informed consent forms.

Data and measurement

The measurement of lumbar muscle was performed using 
Image J imaging software (version 1.43; National Institutes of 
Health, Bethesda, MD, USA, available for download at http://
rsbweb.nih.gov/ij/download.html) and 32-bit osirix software 
program (version 3.8.1; Pixmeo, Geneva, Switzerland) to posi-
tion the image slices perpendicular when necessary [9]. The 
level and degree of the maximum spinal canal occupancy (MLC) 
were determined using the following formula: MLC = [1 - D (D1 
+ D2)/2] × 100, as defined by 14 (Figure 1A) [10]. The multifi-
dus muscle was measured at the midline of both sides of the 
intervertebral disc, at the level of the maximum spinal cord 
compression and below (Figures 1B and C). Measurements in-
cluded: Total Cross-Sectional Area (CSA), Fat Area (FA), and the 
ratio of FA/CSA (fat infiltration). The values of the sum of CSA or 
FA on the left and right sides at all levels were calculated, and 
the mean of the ratio of FA/CSA was calculated for analysis. The 
measurement of CSA used a highly reliable threshold technique 
described in a previous study [15] (Figure 1C). The relevant pa-
rameters were measured jointly by two spinal surgeons and the 
average value was taken.

Statistical methods

Statistical analysis was performed using SPSS 25.0 software. 
Measurement data were expressed as mean ± standard devia-
tion. The independent sample t-test was used for the compari-
son of two sets of measurement data that met the normal dis-
tribution, and the rank-sum test was used for those that did not 
meet the normal distribution. Count data were expressed as 
rates and frequencies, and the chi-square test was used. P<0.05 
was considered statistically significant.

Result

The clinical characteristics of the patients, MRI measure-
ments, and functional scores are shown in Table 1. The CSA 
range of 200 patients is 16.25-27.86 cm2, the FA range is 
1.28-3.43 cm2, the FA/CSA is 8.91-19.28 (%), the average is 
37.55±6.13 (%); the MLC range is 27.31-50.17%, the average is 
37.55±6.13%; ODI score: 25-49%, the average is 35.59±4.38%; 
VAS score: 3-8 points, the average is 5.96±1.43 points. Statistical 
analysis was used to calculate the mean and standard deviation 
of the multifidus muscle measurement values. A multivariate 
linear regression model was used to investigate the relationship 
between DFI and MLC, and the relationship between DFI and 
MLC is listed in Table 2. Similarly, multivariate linear regression 
models were used to investigate the association between DFI 
and ODI, and the relationship between ODI and MLC is listed in 
Table 3. A larger DFI is associated with a higher MLC at the same 
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Figure 1: A: Calculates the measurement values required for MLC. D, D1, and D2 respectively represent the measure-
ment of the spinal canal diameter at the compressed area, above the normal area, and below the normal area.
B: Total CSA of the MF muscle on the axial t2-weighted image at the L4/5 level.
C: The image shows the application of the signal threshold filter (Figure 1) to highlight the fat area and obtain the mea-
surement value of the FA muscle.

Table 1: Basic situation of patients and imaging measurement statistics.

Age Sex Segment BMI CSA (mm) FA (mm) FA/CSA(%) MLC (%) ODI (%) VAS

Range 41-70 Man: 68 
Women: 32

L4/5:71 
L5/S1:29 16.25-27.86 14.36-17.79 1.28-3.43 8.91-19.28 27.31-50.17 25-49 3 -8

Mean 57.07±5.12 50 50 23.51±2.59 16.37±1.35 2.36±0.69 9.37±4.37 37.55±6.13 35.59±4.38 5.96±1.43

Table 2: The Relationship between DFI and MLC.

DFI% MLC% T-value p-value

Sum 9.37±4.37 37.55±6.13 2.128 0.024

L4/5 9.49±3.68 34.02±4.32 3.576 0.032

L5/S1 10.08±4.19 38.96±6.80 1.679 0.019

Table 3: Relationship between DFI and ODI Score.

DFI% ODI% T-value p-value

Sum 9.37±4.37 35.59±4.38 3.073 0.020

L4/5 9.49±3.68 35.13±4.38 2.726 0.024

L5/S1 10.08±4.19 35.62±4.38 4.351 0.017

level (P=0.024). At the same time, a larger DFI is also associated 
with a higher ODI (P=0.02).

Discussion

Studies have shown that the L4/5 and L5/S1 segments have 
large mobility, bear high and concentrated stresses, and lum-
bar intervertebral disc protrusion is common in these two seg-
ments. Bone, joint, muscle, and ligament jointly maintain the 
stability of the spine, and any change in the structure will cause 
instability of the spine [11]. Compared with other paraspinal 
muscles, the multifidus muscle dysfunction can lead to a de-
crease in the stability of the lumbar spine. At present, the re-
search on the degeneration of the muscles around the spine 
focuses on the multifidus muscle [12,13]. Previous studies have 
found that compared with asymptomatic patients, the low 
back muscles of patients with low back pain show degenerative 
changes in terms of morphology (size, asymmetry, fat infiltra-
tion) and functional defects (delayed contraction, decreased 
muscle strength) [14-16]. In recent years, the research on fat 
infiltration in lumbar degenerative diseases has been increasing 
year by year. In the article “Study on the Relationship between 
Multifidus Fat Infiltration and Degenerative Lumbar Spondy-
lolisthesis”. Tian Yahao [17] and others also explored that the 
imaging manifestations of multifidus muscle degeneration in 
patients with lumbar spondylolisthesis were an increase in the 
degree of fat infiltration, a decrease in the area of muscle tis-

sue, and the degree of fat infiltration in the slipping segment 
was greater than that in the non-slipped segment. This study 
also discussed that the area of fat infiltration was closely re-
lated to the patient’s age. With the increase of age, the fat area 
gradually increased. The correlation between multifidus fat in-
filtration and lumbar sagittal parameters indicates that muscle 
characteristics may be related to sagittal alignment. However, 
there is little discussion on the relationship between the degree 
of multifidus fat infiltration and the degree of compression of 
the lumbar spinal canal [18].

This study screened 200 patients with lumbar intervertebral 
disc protrusion, collected the fat infiltration area of the multifi-
dus muscle in the lower back at the maximum spinal canal com-
pression level, and then calculated the degree of lumbar spinal 
canal injury. Data analysis of the results showed that there is a 
significant correlation between DFI and the MLC at the maxi-
mum compression level. The greater the spinal canal compres-
sion, the greater the fat infiltration. This is the same in both 
the L4/5 segment and the L5/S1 segment. The possible reason 
is that the more severe the lumbar degeneration, the greater 
the fat infiltration of the multifidus muscle, and the greater the 
imbalance of the sagittal plane of the spine due to the weak-
ness of the muscle, resulting in more intervertebral disc pro-
trusion, which ultimately leads to an increase in spinal canal 
compression [19]. Also believe that muscle mass may be one of 
the many factors affecting sagittal balance. Our research results 
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also show a positive correlation between MLC and ODI scores. 
The more intervertebral disc protrusion, the more severe the 
spinal canal compression, the more severe the low back and 
leg pain symptoms, and the higher the ODI score. At the same 
time, the greater the fat infiltration of the low back muscles, the 
worse the muscle strength and the lower the quality of life. Dr. 
Neda Naghdi in “Morphological Changes of Deep Extensor Neck 
Muscles in Relation to the Maximum Level of Cord Compression 
and Canal Compromise in Patients with Degenerative Cervical 
Myelopathy” analyzed the relationship between the degree of 
spinal canal compression in the four segments of C3-C7 in pa-
tients with cervical spondylosis and the neck extensor muscles. 
The same as this study is that the greater the fat infiltration of 
the neck muscles, the greater the maximum compression of 
the cervical spinal cord. The difference is that this study also 
compared the relationship between the degree of cervical spi-
nal cord injury and fat infiltration, which is also positively cor-
related [10].

In the current study, the degree of fat infiltration at the maxi-
mum level of spinal canal occupancy was measured on the MRI 
horizontal section, only assessing the relationship between the 
morphological changes of the multifidus muscle at the maxi-
mum compression level of MLC, and no direct comparison of 
fat volume was made. If the selected measurement levels are 
inconsistent, it may affect the results and the measurement of 
related paraspinal muscles [20,21]. Our research results also 
found that the more fat infiltration, the greater the asymme-
try of the muscles on the left and right sides. Whether these 
markers of muscle degradation can be changed through pre- or 
postoperative rehabilitation exercises, thereby affecting the pa-
tient’s quality of life score and lumbar function, this requires 
further research [22]. Studied the relationship between differ-
ent muscle qualities of the spine and different spinal pelvic pa-
rameters. They found that the reduction of pelvic anteversion 
is related to the reduction of the quality of the psoas muscle. 
This will be useful for studying whether the change of lumbar 
kyphosis and sagittal parameters will lead to changes in the 
morphology, composition, or functional outcomes of the para-
spinal muscles. In view of the correlation of DFI with lumbar 
degenerative diseases, our research results are of great signifi-
cance. We are now expanding this work to further evaluate the 
changes in the degree of fat infiltration of the multifidus before 
and after fusion surgery to study whether the morphology and 
composition of fat infiltration of the multifidus can predict post-
operative outcomes, and whether it is related to the probability 
of postoperative infection.

Conclusion

In summary, the imaging manifestations of lumbar multifidus 
muscle degeneration in patients with lumbar intervertebral disc 
protrusion show that the larger the ratio of multifidus muscle 
fat infiltration, the greater the degree of spinal canal compres-
sion, and the greater the degree of low back dysfunction. Mul-
tifidus muscle fat infiltration is a risk factor for LDH.
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