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Purpose: While low back pain (LBP) constitutes a global life disorder cause, the contribution of paraspinal muscles to its pathogenicity
remains elusive. We characterized the paraspinal muscles of patients with LBP using lumbar three-dimensional computed tomography (CT)
and magnetic resonance imaging (MRI) mDIXON-Quant, and evaluated the risk factors combined with clinical data.

Methods: A retrospective study involving 181 patients (1040 years) who underwent lumbar 3D-CT and MRI mDIXON from
January 1, 2021 to December 31, 2022, and divided into normal, non-chronic LBP [non-CLBP], and CLBP groups. Clinical data,
paraspinal muscle cross-sectional area, Hounsfield unit for CT values, and fat fraction derived from mDIXON-Quant were compared.
Three readers analyzed the images independently; intra- and interobserver agreement was measured. Spearman analysis and multiple
logistic regression were used to analyze the correlation between clinical data, radiologic and paraspinal muscle parameters.
A nomogram was constructed for individualized prediction.

Results: Correlation analysis revealed that body mass index, visual analog scale score, Pfirrmann grade, annulus fibrosus tear, lumbar
lordosis (LL), and Modic changes correlated with LBP (all P<0.05). The Pfirrmann grade and annulus fibrosus tear showed positive
correlation (r=0.673, 0.559), whereas LL was negatively correlated (r=—0.469). The multifidus CT values were negatively correlated
with LBP at L4-5/L5-S1; the multifidus fat fraction was positively correlated at L4-5/L5-S1 (r=0.734, r=0.584, P<0.001). The
multiple logistic regression showed that L4—5 multifidus fat fraction (P=0.046, OR=1.167), Pfirrmann grade (P=0.017, OR=0.063), LL
(P=0.002, OR=0.828) and annulus fibrosus tear (P=0.005, OR=0.024) were risk factors for predicting LBP in the non-CLBP group; in
the CLBP group, BMI (P=0.048 OR=1.225), L4-5 multifidus fat fraction (P=0.001 OR=1.299), LL (P=0.003, OR=0.841) and
Pfirrmann classification (P=0.009, OR=0.046) were risk factors.

Conclusion: BMI, L4-5 multifidus fat fraction, LL, and Pfirrmann grade are risk factors for CLBP in patients under 40; whereas
annulus fibrosus tear is an independent risk factor for non-CLBP, nomograms derived from these parameters can help predict LBP and
MRI mDIXON-Quant is recommended for quantitatively analyzing paraspinal muscle fat infiltration.
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Introduction
Since 1990, low back pain (LBP) has gradually become a major cause of life disorders worldwide.! According to the
definition of the National Institutes of Health (NIH), LBP is a type of pain that lasts for at least 3 months and that is being
experienced for longer than half a day in the last 6 months.?

Many factors lead to LBP, and it is now generally accepted that LBP is associated with lumbar disc degeneration, atrophy,
and fat infiltration in the multifidus and erector spinalis muscles.** Paraspinal muscles (multifidus, erector spinae) are the main
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stabilizers of the lumbar spine. Previous studies demonstrated the correlation between fat infiltration in paraspinal muscles and
LBP,” while some studies have suggested an association between endplate degeneration and altered sagittal angulation of the
spine.®’ The onset age of LBP is at a younger age, but the current research mainly focuses on older people and has not been
widely implemented in young and middle-aged populations.®

Computed tomography (CT) and magnetic resonance imaging (MRI) are commonly used imaging techniques to assess
lumbar disc degeneration and fat infiltration of the paraspinal muscles.® CT measures the CT value and cross-sectional area
(CSA) of the paraspinal muscles and is used to reflect muscle density and performance—the higher the degree of fat
substitution in muscle, the lower the CT value.” MRI mDIXON-Quant (PHILIPS Healthcare) uses three-dimensional (3D)
acquisition of gradient echo sequences and acquires six echoes, which can achieve multiple contrast display and fat
quantification. It has the advantages of being noninvasive, convenient to collect, and highly reproducible. Previous studies
had shown that mDIXON can be used to quantify muscle adipose tissue, both intramuscular and intermuscular, at high
resolution.'® Yet, few studies have compared both techniques for the evaluation of paraspinal muscles.'"

In this study, we excluded the effects of degenerative lumbar spondylolisthesis, facet joint osteoarthritis occurring in older
patients, as well as endocrine effects due to menopause in women, and used CT and MRI mDIXON-Quant for the quantitative
analysis of the paraspinal muscles to understand the reliability of these methods. We additionally combined them with other
imaging features and clinical data to investigate the risk factors for LBP in young and middle-aged patients.

Materials and Methods

We retrospectively analyzed a total of 181 patients (age range, 1040 years) who simultaneously underwent MRI
mDIXON-Quant and 3D-CT of the lumbar spine at our hospital from January 1, 2021, to December 31, 2022, among
which were 66 normal cases, 32 patients with non-chronic LBP (pain lasting < 3 months), and 83 patients with chronic
LBP (pain lasting>3 months). The two imaging modality mentioned above were performed in the normal population for
routine physical examinations or for differential diagnosis of other diseases (Table 1).

The inclusion criteria were as follows: 1) complete imaging and clinical data; 2) being able to follow up; 3) no history of drug
abuse; 4) no history of abdominal or pelvic surgery. The exclusion criteria were the following: 1) age <10 years or >40 years; 2)
history of previous spinal trauma or surgery; 3) presence of kyphosis, scoliosis, or congenital dysplasia; 4) previous history of
vertebral infection, tuberculosis, or myelopathy. The study was conducted in accordance with the Declaration of Helsinki and
approved by the Institutional Review Board of Shengjing Hospital of China Medical University (protocol code: 2023PS382K).

CT and MRI Scanning Techniques

Axial and reformatted sagittal images were acquired using a CT scanner (Philips IQon-Spectral CT or Philips iCT 256, The
Netherlands). The CT scanning parameters were as follows: tube current modulation, 120 kVp; rotation speed, 0.33 s/rotation;
helical pitch, 0.671; collimation, 64x0.625 mm; and matrix, 512x512, with a slice thickness of 1 mm at 1-mm increments.

Table | Descriptive Statics of Demographic and Clinical Data

Variables 1 1l m P PI P2 P3
Normal (n=66) Non-CLBP (n=32) CLBP (n=83)

Age (y) 27.76%10.21(10—40) 31.06+6.64(15—40) 29.92+7.51(11-40) 0.503

Gender (Male/Female) 30/36 19/13 54/29 0.054

BMI (kg/mz) 22.6412.72(18.91-28.29) | 25.15+2.88(19.77-28.98) | 25.63+2.95(18.78-31.11) <0.001 0.0l <0.001 | 1.000
VAS scores (1-10) NA 6.22+1.56(4-8) 6.55+1.25(4-8) NA NA NA 1.000
Lumbar back fasciitis 2 7 5 0.004 0.003 0.13 1.000
Pfirrmann Grade (<IV, IV-V) 64/2 10/22 17/66 <0.001 <0.001 | <0.001 | 0.906
Modic Changes 0 4 I 0.009 0.097 0.012 1.000
Annulus fibrosus tear 9 31 65 <0.001 <0.001 | <0.001 | 0.214
Lumbar lordosis angle 40.94+8.54(19-62) 28.88+10.28(10-50) 28.99+9.69(5—48) <0.001 <0.001 | <0.001 | 1.000

Note: All values are expressed as mean, standard deviation, and range.
Abbreviations: CLBP, chronic low back pain; Non-CLBP, none chronic low back pain; NA, Not Applicable; P, comparison of three groups; P|, comparison between groups
I and II; P2, comparison between groups | and lll; P3, comparison between groups Il and IIl.
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Table 2 Parameters of MRl m-DIXON-Quant
Parameters TIW_ T2W_ T2W_ T2W_ mDIXON-
mDixon_TSE mDixon_TSE mDixon_TSE TSE_DRIVE Quant Axial
Sagittal Sagittal Coronal Axial
Flip Angle (°) 10 90 90 90 3
Repetition time (ms) 6.6l 2500 3039.99 31125 5.66
Echo time (ms) 1.03 80 80 120 1.05
Section thickness/intersection gap (mm) 4/2.0 4/4.4 4/4.4 4/4.4 6/3.0
Field of view (mm) 320 295 326 173 380
Matrix number 640%640 384x384 640%640 480%480 192%192
Number of excitation 2 2 2 | |

MRI was performed using an Ingenia 3.0T magnetic resonance system (Philips Healthcare, Netherlands) with a spine
coil used for participants. The MRI sequences are listed in Table 2.

Image Analysis

All measurements were performed independently by two senior radiologists and one senior spinal surgeon (with 10 years
of experience) using a postprocessing workstation (IntelliSpace Portal Version 6.5, Philips Healthcare), and the mean
values were calculated. The intra-observer and inter-observer agreement of the measurements was excellent (intraclass
correlation coefficient [ICC] 0.78-0.90).

We analyzed images on Neusoft PACS phantom workstation (V5.5.0, Neusoft Group Co., Ltd., China) and regions of
interest (ROIs) were manually drawn along the muscle margins on axial CT and MRI. The collected data were from the
L4 upper and lower endplates, L4—-5 middle of the intervertebral disc, L5 upper and lower endplates, and L5-S1
intervertebral disc level. The paraspinal muscle area, Hounsfield unit (HU) on CT, and fat fraction were calculated on
the painful side, using the average of both sides if the pain location is uncertain.

The following parameters were obtained (Figures 1 and 2): 1) lumbar lordosis (LL) was measured from the L1 upper
endplate to the S1 upper endplate; 2) a high-intensity annular fracture at the edge of the fibrous ring was judged to be an
annulus fibrosus tear; 3) low back fasciitis showed a low signal on TIWI and a high signal on T2WI; 4) evaluation of
L4-5 and L5-S1 discs was performed in the MRI sagittal plane, and high values were taken—those with Pfirrmann
grading 1, 2, or 3 were classified as category one (normal or mild) and those with Pfirrmann grades 4 and 5 were
classified as category two (moderate/severe degeneration); 5) the endplate Modic changes were judged as follows: low
signal at T1 and high signal at T2 on the MRI for type I, high signal at both T1 and T2 for type II, and low signal at both
for type I1I; 6) the CSA of the multifidus and erector muscles was measured at the same level, and the region of interest

(A) (B) (© (D) (E1) (E2)

Figure | (A) Lumbar lordosis angle; (B) Fiber ring damage; (C) Lumbar back fasciitis; (D) Pfirrmann classification Grade V; (EI) and (E2) Modic change type II.
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(A) (B)

Figure 2 Image shows an example of the region of interest (ROI) of paraspinal muscle on axial plane and acquisition of the quantitative indicators.(A) for CT; (B) for
MRI m-DIXON-Quant.

was drawn along the edges of the muscles using the CT value (HU) and fat fraction on MRI mDIXON-Quant to indicate
the degree of fat infiltration (FI); and 7) a visual analog scale (VAS) was used to assess the severity of pain in patients,
with 0 representing no pain and 10 representing the most severe pain.

Statistical Methodology

Data were analyzed using SPSS (R26.0, IBM), MedCalc (Version 19.6.4, Ostend, Belgium), and GraphPad Prism
(Version 9.0.0, Dotmatics), and the normal distribution of each group was analyzed. The Mann—Whitney U-test and
Kruskal-Wallis test were used for non-normally distributed data, while normally distributed data were compared using
Student’s #-test or Fisher’s test, and categorical data were compared using chi-square tests.

Correlations between demographic data and radiological and clinical parameters were analyzed using Spearman’s
analysis. Univariate and multivariate logistic regression were used to screen for significantly different variables. The ICC
was used to calculate the agreement between readers’ assessments of the parameters. A nomogram was constructed using
R (version 4.2.0). Statistical significance was set at P<0.05.

Results

A total of 181 patients (age range, 10—40 years) were enrolled in this study, including 66 in Group I (normal), 32 in
Group II (non-CLBP), and 83 in Group III (CLBP). The body mass index (BMI), LL, Pfirrmann grade, and annulus
fibrosus tear were significantly different in the three groups (P<0.05), and a further two-by-two comparison revealed that
the difference between Groups II and III was not statistically significant (P>0.05) (Table 1).

CSA of Multifidus and Erector Spinae
CT measurements showed statistically significant differences between the three groups of multifidus in the upper and
lower endplates of L4, and statistically significant differences were also uncovered in multifidus between Groups I and 111
(P<0.05). The same was true for the erector spinae at the same level, and statistically significant differences were found
between Groups I and II. (P<0.05) (Table 3).

MRI results showed statistically significant differences between the three groups in the multifidus muscle at the L4
upper endplate level as well as between Groups I and III (P<0.05). The erector spinae at the L4 upper and lower endplate
levels were significantly different among all three groups (P<0.05) (Table 4).
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Table 3 Paraspinal Muscle Area and Statistical Difference Measured Under CT

Level CSA (mm?) | I m P PI P2 P3
Normal (n=66) Non-CLBP (n=32) CLBP (n=83)
L4 upper endplate Multifidus 493.94+128.03 (237-853.5) 597.02+210.78 (329-1151) 595.89+175.39 (273—1145) 0010 0.064 0.001 1.000
Erector 1361.58+395.01 (708-2764) 1576.08+481.81 (596.5-2708) | 1451.28+443.58 (741.5-2879.5) 0.047 0.043 0.537 0.426
L4 lower endplate Multifidus 672.3+142.2 (351-1135.5) 758.39+192.55 (402.5-1128.5) 744.36+178.24 (357-1137) 0013 0.063 0.025 1.000
Erector 1168.65268.21 (461-1694.5) | 1367.59+360.78 (695.5-2094.5) 1236.28+372.49 (628-2732) 0.046 0.04 0.182 1.000
L4-5 Multifidus 699.83+183.1 (4401593 5) 763.53+188.06 (392—1150.5) 752.162195.94 (384—1469.5) 0.057
Erector 1020.58+243.03 (295-1607) 1073.5+302.45 (497-1640) 1039.7+306.32 (274-1679) 0.688
L5 upper endplate Multifidus 732.38+151.74 (419.5-1098.5) | 815.98£197.93 (416.5-1209) 784.31+193.38 (370.5-1218.5) 0.083
Erector 896.06+315.13 (173-2393) 919.27+322.27 (310-1468) 856.73+287.91 (219.5-1578) 0.585
L5 lower endplate Multifidus 706.8+130.15 (484-1070.5) 773.25+193.98 (459—1163) 741.04+168.54 (385-1264) 0.174
Erector 455.29+208.36 (160-1014.5) 436.54201.72 (146-966) 419.58+182 (116.5-1029) 0810
L5-S| Multifidus 616.22+152.08 (280-1016) 674.11%165.87 (426-1082) 637.83149.27 (276-942) 0239
Erector 3148117221 (44.5-895.5) 308.49+158.79 (65-672) 298.66+123.9 (43.5-643.5) 0.99%

Note: All values are expressed as mean, standard deviation, and range.

Abbreviations: CSA, cross-sectional area; CLBP, chronic low back pain; Non-CLBP, none chronic low back pain; NA, Not Applicable; P, comparison of three groups; Pl, comparison between groups | and Il; P2, comparison between

groups | and Ill; P3, comparison between groups Il and Il
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Table 4 Paraspinal Muscle Area and Statistical Difference Measured Under MR

Level CSA (mm?) I ] m P PI P2 P3
Normal (n=66) Non-LBP (n=32) CLBP (n=83)
L4 upper endplate Multifidus 469.76x113.53 (276-852) 530.34+177 (320-1052.5) 539.72+151.53 (226-860) 0.0l16 0.445 0.013 1.000
Erector 1329.534£332.54 (718-2176.5) 1645.7+466.05 (870-2536) 1558.61+466.8 (824.5-2789) 0.001 0.004 0.008 1.000
L4 lower endplate Multifidus 693.39+130.46 (448.5-1088) 767.27+202.83 (496-1340) 753.84+192.28 (340-1288) 0.081
Erector 1194.75+268.76 (735-1930) 1416.39+409.28 (771.5-2332.5) 1320.78+397.99 (681.5-2860) 0.031 0.039 0.187 0.822
L4-5 Multifidus 697.21+143.83 (489-1031) 764.88+204.08 (524.5-1331.5) 752.78+186.65 (346—1141) 0.084
Erector 1151.024240.52 (641-1662) 1323.924332.23 (737.5-1928) 1256.67+370.6 (629-2814) 0.054
L5 upper endplate Multifidus 677.3%135.6 (457.5-1029.5) 727.58+182.93 (459.5-1123.5) 724.33+184.63 (357-1134) 0.233
Erector 1075.84233.43 (510-1556) 1230.81£295.27 (769.5-1812.5) 1140.28+£352.1 (525.5-2346) 0.078
L5 lower endplate Multifidus 774.42+143.9 (531-1157.5) 823.09+214.76 (490-1363) 806.06+215.28 (323.5-1310) 0.558
Erector 831.17+337.19 (215.5-1616.5) 861.52+376.21 (427.5-1757.5) 737.45+332.7 (169-1784) 0.060
L5-SI Multifidus 764.15+148.05 (514.5-1127) 823.9+229.53 (483—1354) 802.24+199.79 (429.5-1256.5) 0.395
Erector 684.78+322.23 (74-1490.5) 650.25+330.58 (190-1482) 577.38+303.46 (114.5-1647.5) 0.086

Note: All values are expressed as mean, standard deviation, and range.

Abbreviations: CSA, cross-sectional area; CLBP, chronic low back pain; Non-CLBP, none chronic low back pain; NA, Not Applicable; P, comparison of three groups; Pl, comparison between groups | and Il; P2, comparison between

groups | and Ill; P3, comparison between groups Il and Il
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CT Values and MRI Fat Fraction of the Multifidus and Erector Spinae
The CT values of the multifidus in the L4 upper endplate, L5 lower endplate, and L5—S1 were significantly different
(P<0.05). The difference between Groups I and III at the L5 lower endplate and L5-S1 was statistically significant
(P<0.05); the CT value of the erector spinae was significantly different among the levels of the L4 lower endplate, L4-5,
L5 upper and lower endplate, and L5-S1, and the difference between Groups I and 111 was statistically significant (P<0.05).
The fat fraction (FF) on MRI mDIXON-Quant showed statistically significant differences in the multifidus at the level
of the L4 lower endplate, L4-5, L5 upper and lower endplates, and L5-S1. A pairwise group comparison revealed
differences between Group I and III (P<0.05). The differences in the erector spinae were also significant among all three
groups compared at the above levels (P<0.05) (Table 5).

Correlation Analysis

The BMI, VAS score, Pfirrmann grade, annulus fibrosus tear, LL, and Modic changes were all correlated with LBP (all
P<0.05), of which the Pfirrmann grade (r=0.673) and annulus fibrosus tear (r=0.559) showed a moderate positive
correlation, and LL showed a negative correlation (r=—0.469).

The CSA of the multifidus on CT was correlated at the L4 upper and lower endplates, L4-5 (P<0.05), whereas the CSA
of the erector was not correlated at any level. The CSA of the multifidus on MRI was correlated at the L4 upper and lower
endplates (both P<0.05), and the area of the erector was correlated at the L4 upper endplate, L5 lower endplate, and L5-S1
(all P<0.05). The CT values of the multifidus were negatively correlated with LBP at L4 upper endplate, L4-5, L5 lower
endplate and L5—-S1; the CT values of the erector spinae yielded negative correlations at all levels (all P<0.05); the FF of the
multifidus exhibited positive correlations above moderate at L4—5 and L5-S1 (r=0.734, r=0.584, P<0.001), and the FF of
the erector spinae bore a weak positive correlation at the same levels (r=0.193, r=0.221, P<0.05) (Figure 3 and Table 6).

Multivariate Regression Analysis and Nomogram
For non-CLBP patients with a disease duration of <3 months, L4—5 multifidus FF (P=0.046, OR 1.167), LL (P=0.002,
OR 0.828), Pfirrmann grade (P=0.017, OR 0.063), and annulus fibrosus tear (P=0.005, OR 0.024) were risk factors.
For CLBP patients with a disease course of >3 months, BMI (P=0.048 OR=1.225), L4—5 multifidus FF (P=0.001, OR
1.299), LL (P=0.003, OR 0.841), and Pfirrmann grade (P=0.009, OR 0.046) were risk factors (Table 7).
These four parameters were used to build a nomogram respectively (Figures 4 and 5), with each feature correspond-
ing to the value of the score in the uppermost scale and the sum of the scores corresponding to the hazard coefficient on

the lowermost axis.

Discussion

In this study, we used CT and MRI mDIXON-Quant simultaneously to quantitatively analyze the CSA and fat infiltration
(FI) of the multifidus and erector muscles and combined it with clinical data for LBP correlation and risk factor analysis.
The results showed that there were statistically significant differences between BMI, LL, Pfirrmann grading, annulus
fibrosus tear, and multiple segments of paraspinal muscle area, CT value, and fat fraction, in which LL, Pfirrmann
grading, fibrous ring injury, and FI of the L4-5 multifidus had moderate or greater correlation with LBP, and further
revealed that FI of the L4—5 multifidus, LL, and Pfirrmann classification were risk factors for CLBP. Nomogram
constructed based on the above parameters helps to individualize the prediction.

This study found that there was a statistically significant difference in the area of the multifidus between the normal
group and CLBP, with the average age of CLBP group being 29.92+7.51 (11-40) years old. It was believed that
paraspinal muscle atrophy of CLBP appeared at about 30 years, consistent with the results of Murata et al,'* while Sasaki
et al and Janssen et al suggested that multifidus atrophy appeared at 45-50 years of age or after the age of 50 years.'>'*
There was a statistically significant difference in the CSA of the erector between the normal group and the non-CLBP
group, as seen in patients with a disease duration of <3 months who already had muscle atrophy, in agreement with the

study by Yaltirik et al,'> while Kim et al suggested that it takes 3 months or even longer for muscle atrophy to appear.'®
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Table 5 CT Value and MRI Fat Fraction of Paraspinal Muscles

Level HU 1 1] m P PI P2 P3 FF% 1 ] m P Pl P2 P3
Normal Non-CLBP CLBP Normal Non-CLBP CLBP
(n=66) (n=32) (n=83) (n=66) (n=32) (n=83)
L4 upper Multifidus | 50.97+7.58 47.1948.5 47.4549.13 0.040 | 0.152 | 0.065 | 1.000 | Multifidus 22.64+8.38 24.25+8.42 25.06+9.23 0.305
endplate (28-67) (27-60) (12-63) (11-46) (12-42) (12-66)
Erector 45.85+7.38 41.1948.92 42.2949.33 0.053 Erector 23.32+8.38 23.3618.13 24.9+9.04 0916
(28-65) (17-56) (13-62) (11.5-47) (11-39) (11-63.5)
L4 lower Multifidus | 46.8919.01 44.22+8.48 45.25+9.41 0.326 Multifidus 21.56+7.74 25.69+9.56 25.96+8.59 0.001 0.096 0.001 1.000
end plate (18-65) (26-57) (25-64) (10-45) (11-48) (10-58)
Erector 43.4218.2 37.69+10.15 | 39.23%+11.17 | 0.014 | 0.051 | 0.034 | 1.000 Erector 22.4+7.92 24.42+8.87 24.95+8.4 0.049 0.796 0.043 1.000
(22-61) (13-50) (—2-63) (10.5-48) (10.5-46) (9-57.5)
L4-5 Multifidus | 48.0919.05 | 44.75+10.18 45+9.33 0.068 Multifidus 17.74+8.4 32+8.27 38.53+9.634 <0.001 | <0.001 | <0.001 | 0.039
(24-69) (15-57) (23-70) (7-44) (17-50) (23-78)
Erector 43.2118.98 37%11.07 37.24+11.07 | 0.001 | 0.031 | 0.001 | 1.000 Erector 23.18+8.55 24.48+8.2 26.51+9.5 0.038 0.934 0.032 | 0.985
(18-61) (7-50) (1-62) (12-51.5) (10-41) (11.5-65)
L5 upper Multifidus | 45.32+10.43 | 42.03+11.85 | 42.22+10.79 | 0.204 Multifidus 23.53+8.32 29.34+10.54 30.19+11.34 <0.001 0.017 | <0.001 | 1.000
endplate (14-65) (21-63) (10-60) (11-50) (12-55) (11-72)
Erector 40.33+9.58 35.28+12.04 | 34.65+11.59 | 0.007 | 0.096 | 0.008 | 1.000 Erector 24.4£8.42 27.97+10.2 28.81+11.13 0.016 0.225 0.015 1.000
(12-58) (9-59) (2-53) (11.5-52.5) (11-53.5) (10.5-71.5)
L5 lower Multifidus | 43.8519.71 3931+11.96 | 38.48+12.82 | 0.039 | 0.309 | 0.042 | 1.000 | Multifidus 23.78+8.72 34.09+11.02 34.58+11.77 <0.001 0.010 | <0.001 | 1.000
endplate (20-71) (2-61) (—8-64) (13-48) (19-60) (11-73)
Erector 37.35+9.29 31.22+13.51 31.19£13.59 | 0.013 | 0.1l | 0.015 | 1.000 Erector 28.32+8.91 32.64+10.51 33.16x11.4 0.017 0.148 0.020 1.000
(15-63) (—6-58) (—28-53) (14-49.5) (19-58) (10-72)
L5-SI Multifidus | 42.47+10.01 | 36.38+14.21 35.61+13.11 | 0.004 | 0.096 | 0.004 | 1.000 | Multifidus 26.41+8.71 36.72+10.66 42.4+11.84 <0.001 0.263 0.008 1.000
(19-61) (—6-64) (—14-58) (10-48) (19-67) (17-77)
Erector 37.83+9.83 31.25+13.62 | 32.47+11.79 | 0.015 | 0.064 | 0.031 | 1.000 Erector 30.39+8.82 34.63+10.97 35.97+11.56 0.010 0.263 0.008 1.000
(14-60) (—4-57) (—12-53) (13.5-52) (17-64.5) (=71

Abbreviations: HU, Hounsfield unit; FF, fat fraction; CLBP, chronic low back pain; Non-CLBP, none chronic low back pain; P, comparison of three groups; P1, comparison between groups | and II; P2, comparison between groups | and lI;
P3, comparison between groups Il and Il
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Figure 3 Correlation heat map.

In this study, correlation analysis showed that BMI was positively correlated with LBP and multivariate regression
analysis further identified BMI as a a risk factor for CLBP. It had been shown that a BMI of >25.5 kg/m? is associated
with reduced paraspinal muscle area, which is a risk factor for LBP.'*!” Increased storage of extracellular lipids in the
paraspinal muscle in people with high BMI affects muscle nutrition, leading to muscle weakness and steatosis.'®

Changes in the sagittal angle of the spine are currently considered a factor for chronic low back pain, and changes in
spinal-pelvic parameters are associated with sarcopenia.”'® This study only included LL; combined with the results of
multivariate regression analysis, LL was found to be a risk factor for and negatively correlated with LBP, suggesting that
maintaining a physiological LL can reduce the incidence of LBP. It is worth noting that LL may be caused by poor
posture (decreased LL) and muscle atrophy in patients with LBP, which needs to be recognized in clinical practice.

In addition, we found that annulus fibrosus tear was a risk factor in patients with LBP of <3 months duration, similar
to the study by Long et al,*° whereas in patients with chronic LBP, it was not. This is because a high concentration of

inflammatory mesons stimulates nerve endings to produce pain in the early stage of injury, which gradually turns into
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Table 6 Correlations Between Demographic Data, Clinical Data, CT Parameters, and MRI Parameters and LBP

Variables R P Level CT, Paraspinal Muscles CSA MR, Paraspinal Muscles CSA CT, HU MR DXION FF%
Multifidus Erector Multifidus Erector Multifidus Erector Multifidus Erector
R P R P R P R P R P R P R P R P

Age (y) 0.038 0.614 L4 upper endplate 0.211 | 0.040 | 0.076 | 0.308 | 0.211 | 0.004 | 0.211 0.004 | —0.164 | 0.027 | —0.148 | 0.048 | 0.129 | 0.113 | 0.025 | 0.743

Gender —0.168 | 0.023 L4 lower endplate 0.188 | 0.011 0.050 | 0.506 | 0.150 | 0.043 | 0.127 | 0.088 | —0.085 | 0.256 | —0.179 | 0.016 | 0.274 | <0.001 | 0.182 | 0.014

(Male/Female)

BMI (kg/m?) 0.415 | <0.001 L4-5 0.183 | 0.013 | 0.012 | 0.869 | 0.097 | 0.192 | 0.142 | 0.056 | —0.173 | <0.001 | —0.260 | <0.001 | 0.734 | <0.00I | 0.193 | 0.009

VAS scores 0.754 | <0.001 L5 upper endplate 0.140 | 0.157 | —0.069 | 0.353 | 0.113 | 0.129 | 0.059 | 0.431 | —0.119 | 0.l —0.216 | 0.003 0.277 | <0.001 | 0.206 | 0.005

(1-10)

Lumbar back 0.030 0.686 L5 lower endplate 0.108 | 0.149 | —0.065 | 0.386 | 0.059 | 0.431 | —0.171 | 0.021 | —0.179 | 0.016 | —0.199 | 0.007 | 0.287 | <0.001 | 0.197 | 0.008

fasciitis

Annulus fibrosus 0.559 | <0.001 L5-S1 0.070 | 0.348 | —0.001 | 0.993 | 0.072 | 0.335 | —0.181 | 0.015 | —0.236 | 0.001 -0.236 | 0.013 0.584 | <0.001 | 0.221 | 0.003

tear

Pfirrmann Grade 0.673 <0.001

(<IV, IV=V)

Modic Changes 0.208 0.005

Lumbar lordosis —0.469 | <0.001

angle

Note: Correlations were performed using Spearman correlation tests.

Abbreviations: CSA, cross-sectional area; HU, Hounsfield unit; FF, fat infiltration.
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Table 7 Multivariate Analysis for Predicting Non-CLBP and CLBP Risk Factors

Variables None-CLBP CLBP
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age (y) 1.049[0.994-1.107] 0.082 1.029[0.991-1.069] 0.132

Gender (Male/Female) 1.754[0.745-4.127] 0.198 2.34[1.152-4.332] 0.017

BMI (kg/m?) 1.454[1.237-1.708] <0.001 1.089[0.792—-1.497] 0.060 1.382[1.218-1.567] <0.001 1.225[0.906—1.656] 0.048
Lumbar lordosis angle 0.865[0.818-0.914] <0.001 0.828[0.735-0.932] 0.002 0.866[0.825-0.908] <0.001 0.841[0.749-0.944] 0.003
Pfirrmann Grade (<IV, IV-V) 0.014[0.003-0.07] <0.001 0.063[0.006-0.613] 0.017 0.08[0.002-0.036] <0.001 0.046[0.005-0.458] 0.009
Annulus fibrosus tear 0.005[0.001-0.042] <0.001 0.024[0.002-0.317] 0.005 0.44[0.018-0.105] <0.001 0.517[0.079-3.384] 0.491
MR L4-5 Multifidus, CSA 1.002[1-1.003] 0.013 1.002[0.998—-1.006] 0.426 1.001[1-1.002] 0.043 1.001[0.997—1.005] 0.624
MR L4-5 Erector, CSA 1.002[1-1.005] 0.066 1.002[1-1.004] 0.052

MR L5-SI Multifidus, CSA 1.002[0.999-1.004] 0.138 1.00170.999-1.003] 0.196

MR L5-S| Erector, CSA 1[0.998-1.001] 0.624 0.999[0.998-1] 0.060

CT L4-5 Multifidus, HU 0.961[0.918-1.007] 0.094 0.863[0.744—1.001] 0.052 0.964[0.93-1] 0.048 0.95[0.826—1.093] 0.471
CT L4-5 Erector, HU 0.938[0.897-0.98] 0.004 0.939[0.906-0.975] 0.001

CT L5-SI Multifidus, HU 0.955[0.921-0.991] 0.015 1.082[0.963—1.216] 0.185 0.951[0.923-0.98] 0.001 1.06[0.949—1.184] 0.298
CT L5-SI Erector, HU 0.948[0.912-0.986] 0.007 0.956[0.926-0.987] 0.005

MR L4-5 Multifidus, FF 1.216[1.134-1.304] <0.001 1.167[1.003—1.359] 0.046 1.32[1.224-1.423] <0.001 1.299[1.118-1.508] 0.001
MR L4-5 Erector, FF 1.019[0.969-1.073] 0.458 1.045[1.005—1.086] 0.029

MR L5-S| Multifidus, FF 1.128[1.071-1.189] <0.001 0.986[0.855—1.38] 0.849 1.181[1.124-1.242] <0.001 1.007[0.876—1.157] 0.923
MR L5-S| Erector, FF 1.044[1.001-1.089] 0.048 1.056[1.02—1.093] 0.002

Abbreviations: CSA, cross-sectional area; HU, Hounsfield unit; FF, fat infiltration; Cl, confidence interval; CLBP, chronic low back pain; Non-CLBP, none chronic low back pain.
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Figure 5 Nomogram created by combining the parameters predicting CBLP.

mechanical compression of the nucleus pulposus over time, and the pain caused by inflammatory stimulation is
reduced.”*

The results showed that the Pfirrmann grade had a moderate positive correlation with LBP and that it was a risk
factor. Brinjikji et al and Cooley et al confirmed that lumbar disc herniation is related to fat infiltration of the paraspinal
muscles.”>** Tt is believed that lumbar disc herniation compresses the dorsal branch of the spinal nerve, resulting in
muscle denervation, muscle atrophy, and fat infiltration in nutritional disorders. Furthermore, the degree of muscle
atrophy and fat infiltration is relatively strong and on the same side of lumbar disc herniation,® causing an imbalance in
muscle strength on both sides, which aggravates pain, while patients with LBP lack exercise, resulting in gradual muscle
wasting and degeneration.”’

We found that the FF of the L4—5 and L5—S1 multifidus and erector muscles had a moderate positive correlation with LBP,
and the FF of the L4—5 multifidus was a risk factor. This is consistent with previous research.® From an anatomical perspective,

the multifidus is located medially and is unidirectionally innervated by the medial branch of the dorsal spinal nerve, whereas
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the erector is mostly innervated by several branches; therefore, multifidus atrophy tends to be segmental atrophy,*® and the
incidence of disc degeneration is highest in L4—5, where CLBP occurs. Therefore, the FF of the multifidus is more pronounced
at L4-5, consistent with the findings of earlier studies.””*® Thakar et al concluded that the multifidus and erector play an
important role in maintaining lumbar spine stability and that the erector constitutes a compensatory mechanism for multifidus
atrophy.?’ Huang et al found that reduced CSA of the multifidus is correlated with LBP,'” while Huang et al believed that
paraspinal area reduction is not a risk factor.*® In the present study, MRI-measured CSA of the multifidus had a positive
correlation at L4—5 and the area of the erector showed a negative correlation at L5—S1, which also confirmed that the erector
functions in a compensatory manner in accordance with Huang et al.'”

Both CT and MRI can be used for qualitative and quantitative analyses of the paraspinal muscles and have good
reliability. However, there are differences between the various studies.*' > This study found that both the CT value and
MRI mDIXON-Quant can perform quantitative analysis of CSA and FI, but the correlation of CT value was lower than
FF in L4-5/L5-S1, which was a risk factor for LBP, indicating that FF can better reflect the degree of fat infiltration,
considering MRI is superior in identifying muscle volume and fat content. The mDIXON-Quant is a valuable technology
for fat quantification. It can produce six images in a single scan, namely, fat, water, in-phase, out-of-phase, R2*map, and
fat-fraction maps. The latter can determine fat content very accurately without the use of other tools in a noninvasive,
easy, and reproducible manner.>*>

This study has several limitations. First, it is a single-center, retrospective study with limited size. Ideally,
a prospective and multi-center comparison would have been required. Second, the results are not representative of all
ages and races, as data on young and middle-aged patients are lacking. Third, we did not include the psoas major muscle,
considering that it is not significantly altered in LBP and lumbar degenerative disease,'® since multifidus and erector play
a more decisive role. Fourth, the samples enrolled were of less advanced stage with fewer Modic changes (only 8 cases).
Therefore, to reduce bias, these factors were not included in the risk factor analysis.

Conclusions

In conclusion, BMI, L4-5 multifidus fat fraction, LL, and Pfirrmann grade are risk factors for CLBP for patients aged
under 40 years, whereas annulus fibrosus tear is an independent risk factor for patients with disease duration of <3
months, nomograms derived from these parameters can help predict LBP. MRI mDIXON-Quant is recommended for the
quantitative analysis of paraspinal muscle fat infiltration.
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