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Association of MRI findings with paraspinal
muscles fat infiltration at lower lumbar
levels in patients with chronic low back pain:
a multicenter prospective study

Heyi Gut', Jingrui Hongt', Zhongwei Wang?, Jiaxin Chen', Feng Yuan', Yuanming Jiang', Yingjuan Yang®,
Mingbin Luo®, Zhenguang Zhang", Bo He'", Yilong Huang'" and Li Sun*’

Abstract

Objective In chronic low back pain (CLBP), the relationship between spinal pathologies and paraspinal muscles fat
infiltration remains unclear. This study aims to evaluate the relationship between MRI findings and paraspinal muscles
morphology and fat infiltration in CLBP patients by quantitative MRI.

Methods All the CLBP patients were enrolled from July 2021 to December 2022 in four medical institutions. The
cross-sectional area (CSA) and proton density fat fraction (PDFF) of the multifidus (MF) and erector spinae (ES) muscles
at the central level of the L4/5 and L5/S1 intervertebral discs were measured. MRI findings included degenerative
lumbar spondylolisthesis (DLS), intervertebral disc degeneration (IVDD), facet arthrosis, disc bulge or herniation, and
disease duration. The relationship between MRI findings and the paraspinal muscles PDFF and CSA in CLBP patients
was analyzed.

Results A total of 493 CLBP patients were included in the study (198 females, 295 males), with an average age of
45.68+12.91 years. Our research indicates that the number of MRI findings are correlated with the paraspinal muscles
PDFF at the L4/5 level, but is not significant. Moreover, the grading of IVDD is the primary factor influencing the
paraspinal muscles PDFF at the L4-51 level (Bgs 5 14/5=1.845, P<0.05); DLS was a significant factor affecting the PDFF
of MF at the L4/5 level (B=4.774, P<0.05). After including age, gender, and Body Mass Index (BMI) as control variables
in the multivariable regression analysis, age has a significant positive impact on the paraspinal muscles PDFF at the
L4-S1 level, with the largest AUC for ES PDFF at the L4/5 level (AUC=0.646, cut-off value=47.5), while males have
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value=24.535).

lower PDFF compared to females. BMI has a positive impact on the ES PDFF only at the L4/5 level (AUC=0.559, cut-off

Conclusion The degree of paraspinal muscles fat infiltration in CLBP patients is related to the cumulative or
synergistic effects of multiple factors, especially at the L4/L5 level. Although age and BMI are important factors
affecting the degree of paraspinal muscles PDFF in CLBP patients, their diagnostic efficacy is moderate.

Keywords Chronic low back pain, Quantitative MRI, Paraspinal muscles, Fatty infiltration, MRI findings

Introduction

Low back pain (LBP) has now become the leading cause
of disability worldwide [1, 2]. Chronic low back pain
(CLBP) accounts for approximately 23% of LBP cases
[2], which is closely related to spinal stability imbalance
[3]. The intervertebral discs primarily bear the vertical
load on the lumbar spine. The good functional status of
the paraspinal muscles is crucial for maintaining spinal
structural stability [4, 5]. Muscle atrophy and fat sub-
stitution in the paraspinal muscles are major features of
muscle remodeling in CLBP patients, and fat infiltration
may exacerbate CLBP [6-9]. Therefore, quantifying para-
spinal muscles fat infiltration has significant value in pre-
venting the recurrence of CLBP.

Imaging parameters for evaluating paraspinal muscles
mainly include muscle cross-sectional area (CSA) and
the degree of fat infiltration [7, 9-15]. In recent years, the
proton density fat fraction (PDFF) can be obtained with
high resolution and accuracy through available Itera-
tive Decomposition of water and fat with Echo Asym-
metry and Least Square Estimation (IDEAL-IQ) [16],
which aids in accurately quantifying the fat content in the
paraspinal muscles, especially the intramuscular fat [6,
7, 12, 17]. This helps to further explore the relationship
between lumbar spinal lesions and the paraspinal mus-
cles in patients with CLBP.

The diversity and complexity of etiology limit the pre-
vention and treatment strategies of CLBP. It is crucial to
elucidate the interrelation between changes in paraspinal
muscles and the common etiologies seen in patients with
CLBP. Intervertebral disc degeneration (IVDD) is usually
considered the primary cause of CLBP, especially at the
L4-S1 level [16, 18]. IVDD is the basis of various clini-
cal spine diseases [18, 19]. Research has shown that fatty
infiltration of the paraspinal muscles is closely related to
severe pain or functional disorders, as well as abnormal
lumbar structures [20]. However, the factors influencing
the rise in paraspinal muscles fatty infiltration or muscle
atrophy, as well as the relationship mechanism of para-
spinal muscles between fatty infiltration and spinal dis-
eases, are still subjects of ongoing research. This includes
conditions such as IVDD [6, 8, 9, 11, 12, 14, 20-22], disc
herniation [7, 9, 11, 23], degenerative lumbar spondylolis-
thesis (DLS) [10, 24], facet joint disease [11, 15]and spinal
stenosis [13, 23, 25]. There is currently still controversy

over the relationship between different etiologies or dis-
ease durations and paraspinal muscles fat infiltration in
CLBP patients. Currently, those studies still have some
questions: Are these associations most significant when
each factor is in isolation, whether the different durations
of CLBP affect these associations? Whether the sever-
ity or combination of different factors or MRI-identified
pathologies also affect these associations?

Therefore, the main purpose of our study was to use a
novel quantitative MRI to evaluate paraspinal muscles in
the posterior column, specifically the multifidus(MF) and
the erector spinae(ES), and to explore the cross-sectional
associations between different spinal pathologies (Inter-
vertebral disc and facet-related lumbar MRI findings),
both individually and in combination, with paraspinal
muscles fat infiltration, simultaneously explore the cor-
relation between different disease durations and these
muscles fat infiltration in CLBP patients. If we can iden-
tify, or begin to rule out, any association between degen-
erative lumbar diseases and paraspinal muscles, it might
help us better understand how, or whether, these contrib-
ute to the association with CLBP.

Materials and methods

Study subjects

In this study, 493 CLBP patients from four medical insti-
tutions were recruited from July 2021 to December 2022.
The study was approved by the institutional review board
and followed the ethical standards of the 1964 Declara-
tion of Helsinki. Informed consent was obtained from
all patients. General information and the disease dura-
tion of the patients were collected. Inclusion criteria: (1)
CLBP patients with disease duration>3 months; (2) Age
range from 14 to 80 years. Exclusion criteria are as fol-
lows: (1) Contraindications to MR examination and those
who cannot cooperate with scanning; (2) Visceral origin
of back pain (e.g., urolithiasis); (3) Spinal trauma, tumors,
infections, surgeries, etc.; (4) Musculoskeletal diseases
and similar family history; (5) Pregnancy; (6) Athletes or
regular fitness enthusiasts; (7) Treatment within the last
3 days before scanning; (8) Diabetes and other chronic
diseases.
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Table 1 Parameters of the acquired sequences

Sequence TR(ms) ST(mm) SL(mm) FOV(cm?) ETL bandwidth(kHz) NEX SN
Sagittal TIWI 378 4 1 32x32 3 41.67 3 15
Sagittal T2WI 2820 4 1 32x32 19 41.67 2 15
Axial T2WI 2633 3 0.5 22%22 18 50 4 15
IDEAL-IQ 139 4 - 24 x24 3 8333 3 24

TE: echo time; TR: time of repetition; ST: slice thickness; SL: slice increment; FOV: field of view; NEX: number of excitation; SN: slice number

Fig. 1 The axial position of L4/5 lumbar disc based on IDEAL-IQ in MRI

(A)PDFF maps of paraspinal muscles; (B) manual segmentation of paraspinal muscles, MF (red) and ES (blue)

MRI data collection

All participating medical institutions used a 3.0T MRI
scanner (MR750w, GE Healthcare, Waukesha, USA). A
24-channel phased-array spine coil was used for lumbar
scanning. The scanning parameters of all centers are the
same. During scanning, to reduce respiratory motion
artifacts, an abdominal pressure band with appropriate
pressure was applied to the subject’s abdomen. Specific
scanning parameters are detailed in Table 1.

Image analysis

All raw data were transferred to the Advantage Work-
station 4.6 (GE Healthcare) for processing. On regular
sequences, two experienced readers blindly assessed
different MRI findings at the L4-S1 level. DLS, IVDD,
facet arthrosis, disc bulging, and disc protrusion were
evaluated according to the criteria referenced in stud-
ies [26—29]. In case of discrepancies, the two radiologist
readers discussed to reach a consensus. This study also
adopted the method of Hancock [30] et al. to perform a
combined analysis of MRI findings to assess the impact
when multiple degenerative changes coexist in the same
participant. For the measurement of CSA and PDFF of
the paraspinal muscles, the central level of the L4/5 and
L5/S1 intervertebral discs were studied. Both readers
outlined the boundaries of the left and right MF and ES
on the fat fraction map of the IDEAL-IQ sequence and
the axial T2WI (Fig. 1). The average PDFF of MF and ES
was obtained on the IDEAL-IQ sequence for each level,

and the average PDFF of the four muscle blocks on each
level was calculated. Similarly, the CSA images of MF and
ES were drawn on the axial T2W1I, obtaining the CSA of
ME, ES, and the paraspinal musculature (PSM, MF+ES).
Randomly select a portion of the CSA and PDFF data for
repeatability testing, and after a certain interval, the same
reader measures again, unaware of the previous measure-
ment results.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 soft-
ware (IBM Corp, Armonk, NY, USA). The Kolmogorov-
Smirnov test was used for normality testing. Continuous
variables are expressed as mean+standard deviation, and
categorical variables are expressed as counts and percent-
ages. Disease duration was divided into two groups based
on the median (one group<2 years, the other group>2
years). In the comparison of different grading levels of
the same MRI findings with the CSA and PDFF of the
paraspinal muscles, the Mann-Whitney U test was used
between the two groups, and the Kruskal-Wallis test was
used among the three groups; the correlation between
DLS and disease duration with the CSA and PDFF of the
paraspinal muscles was analyzed using the point bise-
rial correlation analysis; the correlation between IVDD,
Facet arthrosis, the number of MRI findings, and the
CSA and PDFF of the paraspinal muscles were analyzed
using the Spearman correlation analysis. Additionally, we
conducted univariate and multivariable linear regression
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Table 2 Demographics and characteristics of the patients

Variables(n=493) Mean+SD Min-Max
Sex, n(%) Female  198(40.2)
Male 295(59.8)
Age(year) 45.68+1291 14.00-78.00
BMi(kg/m?) 22.76+272 16.65-37.04
Disease duration(year) 3.74+449 0.25-30.00
L4/5
CSA(mm?) MF 841.56+162.71 44580-1416.05
ES 1434.09+359.8 579.90-3378.00
PSM 227565+443.08  1328-4522.00
PDFF (%) MF 17.38+7.17 4.20-48.55
ES 17.68+7.25 3.75-44.90
PSM 17.53+6.61 4.60-43.33
L5/51
CSA(mm?) MF 1020.83+£18457  499.75-1664.50
ES 1009.38+37526  281.50-2697.90
PSM 2030.21+465.21 900.60-3942.00
PDFF(%) MF 20.03+8.08 4.00-56.04
ES 29.33+9.98 6.30-56.87
PSM 2468+832 6.90-51.55

Values are expressed as numbers (%), mean+SD, or minimum-maximum

SD: Standard Deviation; BMI: body mass index; CSA: cross-sectional area; PDFF:
proton-density fat fraction; MF: multifidus; ES: erector spinae; PSM: paraspinal
musculature

analysis, incorporating age, gender, and BMI as control
variables to explore the independent factors influencing
paraspinal muscles fat infiltration. In the regression anal-
ysis, DLS was treated as a binary variable (presence or
absence). IVDD was analyzed as ordinal variables based
on its grading scales. For types of disc lesions, “normal”
was defined as 0, while “disc bulge” and “herniation” were
defined as 1 in the regression analysis. Subsequently,
PDFF was dichotomized based on the median to con-
struct a binary logistic regression model. The diagnostic
performance of age and BMI on the increase in PDFF of
the MF, ES, and paraspinal muscles at the L4/5 and L5/S1

Missing data in disease
duration Measurements
16
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levels was evaluated using Receiver Operating Character-
istic (ROC) curves and the area under the curve (AUC).
Finally, the intra-class correlation coefficient (ICC) was
calculated to estimate the consistency of the measure-
ments within observers.

Results

Patient characteristics

A total of 493 CLBP patients were included in this study
(198 females and 295 males), with an average age of
45.68+12.91 years and a BMI of 22.76+2.72 kg/m?, as
shown in Table 2; Fig. 2.

Comparison of different MRI findings of CLBP patients at
the L4/5 level with the CSA and PDFF of the paraspinal
muscles

The intra-observer consistency for CSA and PDFF
was good (CSA: ICC=0.906, PDFF value: ICC=0.875,
P<0.05). Table 3 shows the differences in different MRI
findings at the L4/5 level for CLBP patients regarding
the CSA and PDFF of the paraspinal muscles. DLS has a
statistically significant relationship with the PDFF of MF
and PSM(p<0.05). The grading of IVDD and the num-
ber of MRI findings have a significant relationship with
the PDFF of paraspinal muscles (p <0.05). The higher the
grading of IVDD or the more MRI findings, the higher
the PDFF of the paraspinal muscles. The type of interver-
tebral disc lesion has a statistically significant relation-
ship with the PDFF of ES and PSM (p<0.05). The disease
duration has a statistically significant relationship with
the PDFF of MF (p<0.05). However, the MRI findings
mentioned above did not show statistical significance
with the CSA of paraspinal muscles (p>0.05). The grad-
ing of Facet arthrosis has no statistical significance with
the PDFF of paraspinal muscles (p>0.05), only exhibiting
statistical significance with the CSA of ES (p<0.05).

Missing data in number
of MRI findings
13

N=493

Missing data in BMI
Measurements
8

Missing data in PDFF/CSApysce

Measurements
20

Fig. 2 Flow diagram of the patients
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Comparison of MRI findings in CLBP patients at the L5/S1
level with the CSA and PDFF of paraspinal muscles

Table 4 shows the differences in different MRI findings at
the L5/S1 level for CLBP patients regarding the CSA and
PDFF of the paraspinal muscles. DLS has a statistically
significant relationship with the CSA of MF (p<0.05).
Compared to the non-DLS group, the DLS group has
a significantly reduced CSA of MFE. DLS has no statisti-
cally significant relationship with the CSA of ES, PSM,
and the PDFF of paraspinal muscles (p>0.05). The grad-
ing of IVDD and disease duration have a statistically sig-
nificant relationship with the PDFF of paraspinal muscles
(p<0.05). The more severe the IVDD and the longer the
disease duration, the higher the PDFF of the paraspi-
nal muscles. However, the grading of IVDD and disease
duration have no statistically significant relationship with
the CSA of paraspinal muscles (p>0.05). The grading of
Facet arthrosis, type of intervertebral disc lesion, and the
number of MRI findings have no statistically significant
relationship with the CSA and PDFF of paraspinal mus-
cles (p>0.05).

Relationship between different MRI findings of CLBP
patients and the CSA and PDFF of paraspinal muscles
Figure 3 shows the relationship between DLS, IVDD,
facet arthrosis, disease duration, and the CSA and PDFF
of paraspinal muscles at the L4/5 and L5/S1 levels in
CLBP patients. The correlation analysis results show that
the grading of IVDD has a positive but not significant
correlation with the PDFF of MF, PSM at the L4-S1 level,
and the PDFF of ES at the L4/5 level (r,,,,=0.21, P<0.05).
Facet arthrosis only has a weak positive correlation with
the PDFF of PSM at the L4/5 level (r=0.101, p<0.05).
DLS only has a weak positive correlation with the PDFF
of MF and PSM at the L4/5 level (ry;=0.139, rpg,=0.121,
P<0.05). The number of MRI findings at the L4/5 level
has a weak positive correlation with the PDFF of MF, ES,
and PSM (ry;;=0.101, rp¢=0.186, rpg\=0.161, P<0.05), but
is not related to the PDFF of the corresponding muscles
at the L5/S1 level (P>0.05).

Linear regression of different MRI findings of CLBP patients
and the PDFF of paraspinal muscles

Supplementary Tables 1 and Fig. 4 show the linear regres-
sion analysis of the PDFF of paraspinal muscles at the
L4/5 and L5/S1 levels. At the L4/5 level, univariate lin-
ear regression analysis shows that the grading of IVDD,
and the number of MRI findings all have an impact on
the PDFF of MF, ES, and PSM (P<0.05). After includ-
ing these factors in the multivariable analysis, the results
show that the grading of IVDD is a significant influ-
encing factor for the PDFF of PSM and ES (Bpc=1.845,
Bpsy=1.789, p<0.05), and DLS is a significant influencing
factor for the fat infiltration of MF (B=4.774, p<0.05).
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However, after including age, gender, and BMI as con-
trol variables in the analysis, the impact of DLS and the
grading of IVDD on the PDFF of paraspinal muscles is
no longer statistically significant (P>0.05). At the L5/S1
level, univariate linear regression analysis shows that the
grading of IVDD and disease duration are factors influ-
encing the PDFF of paraspinal muscles (p<0.05). After
including these factors in the multivariable analysis, the
results show that disease duration only has a statistically
significant impact on the PDFF of ES (p<0.05), while the
grading of IVDD is an independent factor influencing
the PDFF of MF and PSM (p<0.05) but not ES (P>0.05).
Again, after including age, gender, and BMI as control
variables, the impact of the grading of IVDD and dis-
ease duration on the PDFF of paraspinal muscles is no
longer statistically significant (P>0.05). Each multivari-
able linear model includes key statistics such as the F
statistic, R-squared value, degrees of freedom (df), and
Durbin-Watson statistic to assess the normality of resid-
uals.(At the L4/5 level, PDFF of MF R?=0.330,F=21.167,
P<0.001, df=490, Durbin-Watson=1.595;PDFF of ES
R?=0.212, F=11.572 ,P<0.001, df=490, Durbin-Wat-
son=1.663;PDFF of PSM R?=0.204 ,F=11.052, P=0.002
,df=489 ,Durbin-Watson=1.515;At the L5/S1 level, PDFF
of MF R®=0.483,F=40.189, P<0.001 ,df=492 ,Durbin-
Watson=2.105;PDFF of ES R*=0.173 F=9.010 P=0.004
df=491 Durbin-Watson=1.545;PDFF of PSM R>=0.280
,F=16.711, P<0.001, df=491 ,Durbin-Watson=1.600).

ROC analysis of age and BMI on paraspinal muscles PDFF at
L4/5 and L5/S1 levels

Binary logistic regression showed that BMI was statisti-
cally significant only for PDFF of the ES at the L4/5 level
(AUC=0.559, sensitivity=0.276, specificity=0.854, cut-
off value=24.535, p<0.05). ROC analysis of age with
PDFF of the MF, ES, and PSM at the L4/5 and L5/S1 lev-
els showed that age had the highest AUC for ES PDFF at
the L4/5 level (AUC=0.646, sensitivity=0.622, specific-
ity=0.619, cut-off value=47.5, p<0.001). Detailed analy-
sis results are presented in Supplementary Table 2.

Discussions

The association between different spinal diseases from MRI
and the paraspinal muscles CSA in CLBP patients

Our study evaluates the association between differ-
ent MRI findings and CSA of the paraspinal muscles in
patients with CLBP, the results indicated no significant
association between all MRI findings (IVDD, disc bulge/
herniation, facet arthrosis, DLS) and changes in the CSA
of the paraspinal muscles, which is consistent with some
other studies [14, 31, 32]. This might be due to changes
in muscle tissue composition and the significant vari-
ance in the CSA of muscle among different individu-
als and populations. When muscle tissue atrophies, the
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Fig. 3 Heatmap showing the r-index between the parameters between different MRI findings in CLBP patients. For each tile, the darker the color, the
stronger the correlation. a indicates point biserial correlation analysis, and b indicates Spearman correlation analysis.*, indicates P< 0.05; MF: multifidus;
ES: erector spinae; PSM: paraspinal musculature; DLS: Degenerative lumbar spondylolisthesis; IVDD: Intervertebral disc degeneration

paraspinal muscles undergo fatty infiltration. To a certain
degree, because of the compensation and replacement by
fatty tissue, the overall CSA of the paraspinal muscles has
not changed significantly over a specific timeframe [7,
33, 34]. In the process of muscle degeneration, it might
take a considerable amount of time for muscle atrophy to
become apparent.

The correlation between DLS, IVDD, and paraspinal
muscles fat infiltration in CLBP patients

DLS is a condition where the upper vertebral body shifts
forward or backward concerning the lower one due to
degenerative elements, mainly occurring in the L4 ver-
tebral body [14]. At present, DLS is commonly thought

to be an outcome of various contributing factors, one
key factor being fatty infiltration of the paraspinal mus-
cles [35-38]. Previous research has pointed out that fat
deposition within muscle tissue, insulin resistance, and
mitochondrial dysfunction can lead to a decrease in skel-
etal muscle strength and tension. As fatty infiltration of
paraspinal muscles increases, the insulin resistance and
mitochondrial strength of muscle maintenance of lum-
bar stability will decrease, which may lead to the occur-
rence of DLS [39-41]. Recent research indicates that fatty
infiltration of the paraspinal muscles is an independent
factor influencing DLS in the L4 vertebra in asymptom-
atic adults, and has a high predictive value for the occur-
rence of DLS [10]. The results obtained by Guo et al [42].
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Fig. 4 Linear regression analysis between different MRI findings and paraspinal muscles PDFF. Red indicates p <0.05, and black indicates p>0.05; MF:
multifidus; ES: erector spinae; PSM: paraspinal musculature; DLS: Degenerative lumbar spondylolisthesis; IVDD: Intervertebral disc degeneration

Showed that the MF fatty infiltration in patients with
degenerative lumbar instability was significantly larger
than in the control group. Our study results also showed
mixed results, namely, there is a weak positive correlation
between DLS and PDFF of ME, with DLS having a more
substantial effect on the PDFF of MF at the L4/L5 level
compared to the IVDD at this level. In contrast, at the
L5/S1 level, DLS is not associated with fatty infiltration of
the paraspinal muscles.

The MF atrophy and fat infiltration may serve as poten-
tial risk factors for the development of degenerative
spondylolisthesis [43]. The MF is the most developed and
important muscle in the lumbar spine, which is a collec-
tion of paraspinal muscles with relatively smaller cross-
sectional dimensions but extending almost the entire
length of the spine, playing a role in lateral bending (tilt-
ing) and rotation (twisting) [44, 45]. Additionally, com-
pared to the ES, the MF has a closer relationship with
the lamina and spinous processes with more susceptibil-
ity to pathological changes and is more likely to change
at the L4/L5 and L5/S1 disc levels [45]. At present, the
mechanism of the relationship between MF atrophy

fatty infiltration, and spinal diseases is still unclear. The
two main mechanisms often mentioned are disuse and
denervation [21]. We speculate that lumbar spondylolis-
thesis causes nerve compression, placing the MF under
chronic overload and leading to disuse and denervation.
This could be a key factor contributing to increased fatty
infiltration and atrophy in the MF, which further reduces
lumbar stability and gradually worsens the degree of
slippage.

Some literature reports a significant correlation
between IVDD and paraspinal muscles fatty infiltra-
tion, with the MF showing the strongest association with
IVDD [7, 14]. As the Pfirrmann grading of disc degenera-
tion increases, the fatty infiltration of the MF significantly
increases [14], while the correlation between the PDFF
of the ES and the Pfirrmann grading of disc degenera-
tion is lower [7]. This is contrary to our research results,
which show that the grading of IVDD has a positive but
insignificant correlation with the PDFF of MF, PSM at
neighboring 14-S1 disc level, and the PDFF of ES at L4/
L5 level. On the other hand, certain studies argue that
there is no statistically significant or weak relationship
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between IVDD and paraspinal muscles fatty infiltration
[20, 21], which is consistent with our research results. In
our study, compared with the group without disc bulge/
herniation, the disc bulge/ herniation group exhibited
higher PDFF values of the ES and the PSM at the L4/L5
disc level, representing a statistically significant differ-
ence. However, our correlation analysis results showed
no significant association between whether the disc
was bulging/ herniation and the fatty infiltration of the
adjacent ES or PSM. This inconsistency is the study by
Ozcan-Eksi et al [46], which suggests patients with severe
lumbar disc herniation show higher fatty infiltration of
the MF and ES.

Analysis of factors influencing paraspinal muscles fat
infiltration in CLBP patients

The findings of the multivariable linear regression in our
study show that IVDD impacts the fat infiltration of the
ME, the ES, and the PSM. Notably, the grading of IVDD
is an independent influencing factor for the fat infiltra-
tion of the PSM at the L4-S1 disc level and the ES at the
L4/L5 level, DLS is a significant influencing factor for fat
infiltration of the MF. Additionally, in our study, there
was no association between the number of MRI find-
ings and the CSA of paraspinal muscles in the posterior
column, but there was a significant statistical difference
and a weak correlation with the PDFF of MEF, ES, and
PSM at the L4/L5 level. As the number of MRI findings
increased, the PDFF of PSM at the L4/L5 level gradually
heightened, which is consistent with the results of recent
research [11, 30]. Moreover, we evaluated the associa-
tion between the duration of pain in CLBP patients (<2
years, >2 years) and the morphology and fat infiltration
of paraspinal muscles in the posterior column. The longer
the duration of pain, the more the PDFF of MF and PSM
at the L4-S1 level and the PDFF of ES at the L5/S1 level
increased, with statistically significant differences. Corre-
lation analysis and multivariable linear regression results
show a weak positive correlation between the duration of
pain and the increase in PDFF of the ES, and this influ-
ence is only present at the L5/S1 level but is not signifi-
cant. This effect disappears after adjusting for covariates.
We speculate that the longer the duration of CLBP, the
stronger the potential impact on the fat infiltration of the
ES compared to the MF.

Previous studies have reported that age and gender
affect overall muscle mass, which further affects back
muscle atrophy and fat infiltration, and as age increases,
fat infiltration increases [7, 47]. One study found that
women have more fat infiltration in the MF and ES at
the L4/L5 and L5/S1 levels, as well as men have more
fat infiltration in the PSM at the L5/S1 level [46], which
may be related to the decrease in muscle function due to
hormone deficiency after menopause [33, 48], and the
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chosen level of the intervertebral disc [14]. While the
LBP has been reported to have a significant correlation
with BMI, the association between paraspinal muscles fat
infiltration and BMI remains a matter of debate [14, 22,
33]. Therefore, after adjusting for control variables such
as age, gender, and BMI, which might influence muscle
fat., the impact of IVDD and DLS on paraspinal muscles
fat infiltration remains unclear. This also indirectly indi-
cates that age, gender, and BMI are important influencing
factors for the degree of paraspinal muscles fat infiltra-
tion in CLBP patients. In this study, at the L4-S1 level, age
has a positive impact on the increase in PDFF of paraspi-
nal muscles, and BMI has a statistically significant posi-
tive effect on the rise in ES PDFF only at the L4/5 level,
while males had a lower PDFF compared to females,
which is consistent with previous research findings [7,
14, 22, 46, 47]. To evaluate the impact of age and BMI
on the increase in paraspinal muscles fat infiltration, we
divided PDFF into two groups based on the median and
classified PDFF by age and BMI The results showed that
BMI was statistically significant only for the ES PDFF at
the L4/5 level (AUC=0.559, cut-off value =24.535), while
age had the highest AUC for ES PDFF at the L4/5 level
(AUC=0.646, cut-off value =47.5). In summary, although
age and BMI are important factors affecting the degree of
paraspinal muscles fat infiltration in CLBP patients, their
diagnostic efficacy in evaluating the increase in PDFF of
paraspinal muscles is moderate.

Studies affirm that the stability of the spine is main-
tained not only by the paraspinal muscles but also by
other components such as the vertebrae, intervertebral
discs, facet joints, ligaments, muscles, and tendons [49,
50]. These structures, while independent, are interre-
lated and can compensate when any one element is dam-
aged or degenerates. Although there is research on a
causal relationship between spinal pathology and muscle
atrophy in animal models, the direction of causality in
humans is still unclear [8]. Thus far, there is no consensus
on the causal relationship between various factors and
paraspinal muscles atrophy and fat infiltration in CLBP
patients, and the exact contributions of IVDD and DLS to
the alterations of pain and the muscles in CLBP patients,
are still undefined. It is still unclear whether interverte-
bral disc degeneration is significantly positively corre-
lated with paraspinal muscles fat infiltration and whether
the IVDD or DLS is the independent influencing factor
for evaluating changes in paraspinal muscles quality. The
causal explanation between the increase in PDFF of para-
spinal muscles and lumbar diseases in patients with low
back pain remains speculative.

Based on the literature review and the results of this
study, we are inclined to believe that there is a complex
interplay between muscle degeneration and surround-
ing anatomical/pathological findings as well as individual
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factors. The fat infiltration of paraspinal muscles in CLBP
patients is influenced by the combined or synergistic
effects of various factors, especially at the L4/L5 level.
The relationship between IVDD and paraspinal muscles
fat infiltration in the posterior column of the spine in
CLBP patients may not be purely causal. Future research
will explore the specific combinations of factors that sig-
nificantly contribute to the overall impact on paraspinal
muscles fat infiltration.

There are several limitations of this study. Currently,
histopathology is considered the gold standard for
quantifying fat content. Our research results were not
compared with live tissue histopathology, so we cannot
demonstrate a causal relationship between these fac-
tors and paraspinal muscles fat infiltration. Neverthe-
less, these findings emphasize the complex biomechanics
between lumbar degenerative diseases, adjacent PSM,
intervertebral discs, and facet arthrosis. The paraspinal
muscles have a longitudinally distributed structure, but
this study only selected the posterior column muscle
planes corresponding to the L4/L5 and L5/S1 interverte-
bral discs as the levels of interest, because they are the
disc levels where lumbar degenerative diseases are prone
to occur. Additionally, our sample size for the prospec-
tive cross-sectional study was relatively small, although
we included patients from four different medical institu-
tions to increase sample diversity and the generalizability
of the results. We regret that the relatively small sample
size may have contributed to the uncertainty and lack
of statistical significance in some subgroup analyses in
this study, which also affected the comparative analysis
between specific groups. Due to the limited sample size,
this study did not group MRI findings of CLBP patients
by disease duration. We speculate that the degree of para-
spinal muscles atrophy and fat infiltration may change
over time or pre- and post-treatment. In future studies,
we will consider expanding the sample size and plan to
conduct follow-up and collect high-quality longitudinal
data to advance this line of research.

Conclusion

The results of this study show that the degree of para-
spinal muscles fat infiltration in CLBP patients is related
to the cumulative or synergistic effects of multiple fac-
tors, especially at the L4/L5 disc level. The relationship
between IVDD and paraspinal muscles fat infiltration in
the posterior column of the spine in CLBP patients may
not be purely causal. Although age and BMI are impor-
tant factors affecting the degree of paraspinal muscles fat
infiltration in CLBP patients, their diagnostic efficacy in
evaluating the increase in PDFF of paraspinal muscles is
moderate. In our study, with the increase in the number
of imaging findings, fat infiltration of the posterior col-
umn muscles at the L4/L5 level increased, and the longer
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the duration of pain, the gradual increase in the ES fat
infiltration at the L5/S1 level, but the correlation was
weak. Whether there is a potential “dose-time-response
relationship” among the three requires further study.

Abbreviations

CLBP  Chronic low back pain

MRI Magnetic resonance imaging
CSA Cross-sectional area

PDFF  Proton density fat fraction

MF Multifidus

ES Erector spinae

DLS Degenerative lumbar spondylolisthesis
IVDD  Intervertebral disc degeneration
BMI Body Mass Index

LBP Low back pain

PSM Paraspinal musculature

ROC Receiver Operating Characteristic
AUC Area under the curve
ICC Intra-class correlation coefficient
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