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Objective: To investigate the differences, correlations, and clinical significance of the paraspinal muscles among patients with isthmic
spondylolisthesis (IS), degenerative lumbar spondylolisthesis (DLS), and age-matched healthy subjects.

Methods: This study involved 159 age-matched patients with L4 anterior spondylolisthesis. The patients were divided into the IS
group (n = 81) and DLS group (n = 78). Eighty-four age-matched healthy adults were enrolled as the control group. The cross-
sectional area (CSA) of paraspinal muscles (multifidus [MF], erector spinae [ES], and psoas [PS]) and the relative CSA of the
paraspinal muscles (paraspinal muscle CSA/vertebral CSA) were measured in the IS group, DLS group, and control group. The degree
of fat infiltration was simultaneously observed.

Results: There was no significant difference in age or sex among the three groups. The relative CSA of the MF and PS was higher in
control group than in IS and DLS groups (p < 0.05). The relative CSA of ES was higher in IS and control groups than in DLS group (p
< 0.05). The relative CSA of total paraspinal muscles decreased in the order of control group > IS group > DLS group (p < 0.05).
Logistic regression analysis showed that the relative CSA of MF, and the degree of fat infiltration of ES were independent protective
factors for IS (odds ratio < 1, p < 0.05). The relative CSA of MF was an independent protective factor for DLS (odds ratio < 1, p <
0.05), whereas BMI and the degree of fat infiltration of MF were independent risk factor for DLS (odds ratio > 1, p < 0.05).
Conclusion: Compared with the control group, patients with IS and DLS showed varying degrees of degeneration, and the degree of
degeneration in patients with DLS was more severe at the same age. Lower fat infiltration and higher paraspinal muscle CSA are
protective factors for IS and DLS, whereas the higher BMI is risk factor for DLS.
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Introduction
Lumbar spondylolisthesis refers to the forward or backward displacement of a lumbar vertebra and has become a more
common disease in clinical orthopedics.'” Lumbar spondylolisthesis can be caused by dysplasia, isthmus fissures,
degeneration, trauma, and pathologic processes. IS and DLS are the most common types.’ The incidence of lumbar
spondylolisthesis varies among different regions according to race and genetics.* Previous studies have shown that the
prevalence of lumbar spondylolisthesis is 22.5% in China and 21.2% in the United States.> Other studies have revealed
that the prevalence of IS and DLS is 6.8% and 24.8%, respectively.®

In recent years, numerous studies have elaborated the similarities and differences in the etiology, pathogenesis, and
compensatory mechanisms of different types of lumbar spondylolisthesis. The paraspinal muscles play an important role
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in the pathogenesis and compensatory mechanisms of different types of lumbar spondylolisthesis. The main function of
the lumbar paraspinal muscles is to maintain the upright posture and dynamic stability of the spine.” A recent study
showed that the multifidus (MF) of patients with IS exhibited selective atrophy, whereas the erector spinae (ES) showed
moderate compensatory hypertrophy.® Another study confirmed that the paraspinal muscle atrophy ratio of the MF and
ES was an independent predisposing factor to DLS.’

However, these studies on the paraspinal muscle changes in different types of lumbar spondylolisthesis were limited
because most of them only focused on the pathological changes of paraspinal muscles in a single type of spondylolisth-
esis. Additionally, patients with DLS have generally been older than patients with IS in these studies. The current study
was performed to investigate the differences in sex, body mass index, CSA of the paraspinal muscles (MF, ES, and PS),
and degree of fat infiltration between patients with IS and DLS; explore the differences and significance of the paraspinal
muscles between patients with spondylolisthesis (IS and DLS) and healthy subjects; and analyze the paraspinal muscle-
related risk factors in different types of lumbar spondylolisthesis.

Methods

Patient Population

This study was approved by the Ethics Committee of local hospital and the informed consent was obtained from all
patients before enrollment. This study was performed in accordance with the Declaration of Helsinki. We retrospectively
reviewed the records of 159 age-matched patients with lumbar spondylolisthesis with complete imaging data in a single
institution, including 81 patients with IS (IS group) and 78 patients with DLS (DLS group); And the patients included in
IS group and DLS group have clear surgical indications in our hospital. The control group was composed of 84 age-
matched healthy adults without any disease recruited by the physical examination center of our hospital.

The inclusion criteria were L4 single-segment low-grade (Meyerding grade 1) lumbar spondylolisthesis diagnosed by
imaging examination and complete and clear imaging data obtained by lumbar X-ray, computed tomography, and
magnetic resonance imaging (MRI) examination. The exclusion criteria were multi-segment spondylolisthesis; previous
spinal trauma, tuberculosis, tumor, or infection; severe lumbar spondylolisthesis; idiopathic, congenital, or other
structural spinal deformities; and a history of lumbar fracture.

Radiological Measurements

All patients with lumbar spondylolisthesis (IS and DLS) and healthy controls underwent lumbar MRI examination. The
middle image for each intervertebral disc place at L4/5 was selected by locating lines on T2-weighted cross-sectional
MRI (Figure 1). ImageJ software was used to measure the CSAs of the paraspinal muscles, including the CSA of the MF
(MCSA), CSA of the ES (ECSA), and CSA of the PS (PCSA); the average value was used for analysis (Figure 1). To

Figure | (A) A 50-year-old woman was diagnosed as isthmic spondylolisthesis at L4 on X-ray. (B) The middle image for each disc place at L4/5 was selected by locating lines
on T2-weighted cross-sectional magnetic resonance images. (C) Measurement of the cross-sectional areas of the multifidus (MF), erector spinae (ES), psoas (PS), and
vertebral body (VB).
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Figure 2 Degree of fat infiltration of multifidus shown on magnetic resonance imaging. (A) Grade 0 (normal infiltration), with an infiltration rate of 0% to 10%. (B) Grade |
(mild fat infiltration), with an infiltration rate of 10% to 25%. (C) Grade 2 (moderate fat infiltration), with an infiltration rate of 25% to 50%. (D) Grade 3 (severe fat
infiltration), with an infiltration rate of >50%.

reduce individual differences, the CSA of the L4 vertebral body (VCSA) was measured at the same time, and the relative
CSA of the paraspinal muscles was calculated (MCSA/VCSA, ECSA/VCSA, and PCSA/VCSA). The sum of the MCSA,
ECSA, and PCSA; the total paraspinal muscle CSA (TCSA); and the relative TCSA (TCSA/VCSA) were also calculated.
All participants were evaluated by visual semiquantitative assessment of fat infiltration, which was divided into four
grades (Grade 0: normal muscle condition, fat infiltration of <10% of the muscle’s CSA; Grade 1: mild muscle
degeneration, fat infiltration of 10%-25%; Grade 2: moderate muscle degeneration, fat infiltration of 25%-50%; and
Grade 3: severe muscle degeneration, fat infiltration of >50%) (Figure 2).'%'" The relative CSA and fat infiltration of the
paraspinal muscles were used to evaluate the degree of paraspinal muscle degeneration.

Statistical Analysis

Statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). All continuous data are
expressed as mean + standard deviation. One-way analysis of variance was performed to analyze the differences in
radiological parameters among the IS group, DLS group, and control group. The chi-square test was performed to
analyze categorical variables. The Pearson’s correlation coefficient test was used to assess the relationships between the
relative CSA of the paraspinal muscles and the VAS score of low back pain. To reduce the influence of confounding
factors, we first screened out the factors with significant differences among the different types of lumbar spondylolisth-
esis by univariate analysis. Multivariate logistic regression was then performed to analyze the risk factors and
protective factors for different types of lumbar spondylolisthesis. A p value of <0.05 was considered statistically
significant.

Results

Patient Population

The characteristics of the three groups are summarized in Table 1. There was no significant difference in age or sex
among the three groups. The IS group comprised 81 patients (28 men, 53 women), the DLS group comprised 78 patients
(27 men, 51 women), and the control group comprised 84 patients (35 men, 49 women). Women accounted for 65.4% of
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Table | Characteristics of Patients in the Three Study Groups

IS Group | DLS Group | Control Group

Number of cases (n) | 8l 78 84

Sex (Male/female) 28/53 27/51 35/49

Age (yr) 55.40+5.22 | 57.08+6.44 56.33+4.46
BMI 23.88+3.37 | 24.49+3.74 21.99+3.00

Notes: Data are given as (n) or mean +SD; P < 0.05 was considered significant.
Abbreviations: IS, isthmic spondylolisthesis; DLS, degenerative lumbar spondylolisthesis;
BMI, body mass index (The body-mass index is the weight in kilograms divided by the
square of the height in meters).

all patients with lumbar spondylolisthesis (65.4% in IS group and 65.3% in DLS group). The BMI was higher in IS group
and DLS group than in the control group (p<0.05).

Radiological Measurement

The radiological characteristics among the three groups are shown in Table 2. The MCSA/VCSA and PCSA/VCSA were
higher in the control group than in the IS and DLS groups (p<0.05). The ECSA/VCSA was higher in the IS group and
control group than in the DLS group (p<0.05). The TCSA/VCSA decreased in the order of control group > IS group >
DLS group (p<0.05).

The degree of fat infiltration of the MF, ES, and PS was significantly higher in the DLS (male or female) than IS
group (p<0.05). The degree of fat infiltration of the MF and PS was significantly higher in the DLS group than in the
control group (p<0.05). The degree of fat infiltration of the ES was significantly lower in the IS group than in the control
group (p<0.05).

In the IS and DLS groups, the degree of fat infiltration of the MF was significantly higher in women than in men.
Among women, the ECSA/VCSA and TCSA/VCSA were significantly higher in the IS than DLS group (p<0.05).

Pearson Correlations

In the IS group, the VAS of low back pain demonstrated a significant negative linear relationship with the MCSA/VCSA
(r=-0.355, p =0.025) and TCSA/VCSA (r = —0.324, p = 0.042) (Figure 3). Conversely, In the DLS group, the VAS of
low back pain demonstrated a significant negative linear relationship with the MCSA/VCSA (r = —0.349, p = 0.028),
PCSA/VCSA (r = —0.430, p = 0.006), and TCSA/VCSA (r = —0.384, p = 0.015) (Figure 4).

Logistic Regression Analysis

We performed a multivariate logistic regression analysis of different types of lumbar spondylolisthesis (Tables 3 and 4).
The MCSA/VCSA, and the degree of fat infiltration of the ES were protective factors for IS (odds ratio [OR]<1, p<0.05).
The MCSA/VCSA was an independent protective factor for DLS (OR<1, p<0.05)), whereas BMI and the degree of fat
infiltration of the MF were independent risk factors for DLS (OR>1, p<0.05).

Discussion
Prevalence of Lumbar Spondylolisthesis and Sex-Related Differences in Paraspinal

Muscles

A previous review showed that the female: male prevalence ratio in patients with lumbar spondylolisthesis was
approximately 2:1.% Inculet et al'? also found that significantly more women than men had lumbar spondylolisthesis.
Our data supports previous findings that women are more likely to have symptomatic lumbar spondylolisthesis when
compared to men. Additionally, the degree of degeneration of the paraspinal muscles is higher in women than in men,
and women have more severe in DLS than IS. Wang et al’ indicated that a possible reason for the lower rate of
spondylolisthesis in men than in women is that men tend to have stronger protective paraspinal muscles. When the waist
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Table 2 Radiological Measurements of Lumbar Spondylolisthesis in the Three Study Groups

IS Group DLS Group Control P value
Group
IS Group VS IS Group VS DLS Group VS
DLS Group Control Group Control Group

TCSA/VCSA 3.77+0.75 341081 4.44+0.77 0.044 0.000 0.000
MCSA/VCSA 0.90+0.19 0.84+0.23 1.20£0.21 0.215 0.000 0.000
ECSA/VCSA 1.74£0.47 1.54+0.37 1.78+0.48 0.033 0.736 0.013
PCSA/VCSA 1.13£0.31 1.03+0.35 1.46+0.36 0.199 0.000 0.000
The degree of MF fat
infiltration (n)

Grade 0 13 3 19

Grade | 44 15 33

Grade 2 22 34 30

Grade 3 2 26 2

Average grade 1.16+0.72 2.06+0.83 1.18+0.81 0.000 0.879 0.000
The degree of ES fat
infiltration (n)

Grade 0 50 I 15

Grade | 25 54 57

Grade 2 6 I 12

Grade 3 0 2 0

Average grade 0.46+0.63 1.05+0.62 0.96+0.57 0.000 0.000 0.354
The degree of PS fat
infiltration (n)

Grade 0 75 56 76

Grade | 5 20 8

Grade 2 | 2 0

Grade 3 0 0 0

Average grade 0.09+0.32 0.31+0.52 0.10+0.30 0.001 0.855 0.001

Notes: Data are given as (n) or mean +SD; P < 0.05 was considered significant.
Abbreviations: IS, isthmic spondylolisthesis; DLS, degenerative lumbar spondylolisthesis; CSA, cross-sectional area; TCSA, total paraspinal muscle CSA; VCSA, vertebral
CSA; MCSA, multifidus CSA; ECSA, erector spinae CSA; PCSA, psoas CSA; MF, multifidus; ES, erector spinae; PS, psoas; VS, versus.

sustains a strong load for a long period, the paraspinal muscles tend to lose elasticity and toughness, resulting in
biomechanical imbalance and eventual lumbar spondylolisthesis. In addition, studies have also shown that the strength of
the paraspinal muscles is affected by hormone levels in women.>'*'* When hormone levels remain relatively high, the
strength of the paraspinal muscles is greater, and vice versa. Women are prone to endocrine disorders, especially estrogen
and progesterone disorders. Such disorders are more likely to occur during pregnancy and menopause, and women have
a higher risk of lumbar spondylolisthesis during these two periods. The estrogen level gradually decreases with aging,
leading to a decrease in paraspinal muscle strength and a decrease in bone mineral density, thus increasing the probability
of spondylolisthesis. Therefore, because of the influence of many comprehensive factors, the prevalence of lumbar
spondylolisthesis and the degree of paraspinal muscle degeneration are higher in women than in men.

Differences in CSAs of Paraspinal Muscles Among the Three Groups

Differences in MCSA

The MF is considered the most important muscle for extension and stabilization of the lumbar spine.'” The MF is
a paraspinal muscle located in the innermost part of the spine. It has the largest attachment area, allowing it to control the
rotational movement and shear force between the spinal segments. The present study showed that the MCSA/VCSA was
significantly lower in the DLS and IS groups than in the control group, suggesting that the MF in patients with lumbar
spondylolisthesis (IS and DLS) was significantly atrophied. This is consistent with the results of previous studies.
Kalichman et al'® found that patients with lumbar spondylolisthesis (IS or DLS) had developed segmental atrophy of the
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Figure 3 Correlation between the VAS of low back pain and (A) MCSA/VCSA, (B) ECSA/VCSA, (C) PCSA/VCSA, and (D) TCSA/VCSA among all the patients with IS. The
VAS of low back pain demonstrated a significant negative linear relationship with MCSA/VCSA and TCSA/VCSA (A and D). There was no significant relationship between
the VAS of low back pain and ECSA/VCSA and PCSA/VCSA (B and C).

MEF. Similarly, Wang et al’ found obvious degeneration and atrophy of the MF through an analysis of lumbar MRI in 149
patients with DLS. Thakar et al® assessed the CSA of the paraspinal muscles in 120 adults with IS and reported that the
CSA of the MF was significantly lower than that of healthy controls (p=0.009).® However, the causal relationship
between lumbar spondylolisthesis and MF atrophy remains controversial. Franke et al'’ postulated that the MF is only
innervated by the medial branch of the posterior branch of the lumbar nerve; the nerve root compression caused by
lumbar spondylolisthesis can easily lead to denervation of the MF, resulting in MF atrophy. The MF is divided into five
myotomes, each innervated by a single spinal segment.'® Muscle fibers attached to the spinous process of a particular
vertebra are segmentally innervated by the medial branch of the dorsal ramus, which originates inferior to the respective
vertebra.® The deep fibers of the MF are composed of type I (slow-twitch) fibers. These fatigue-resistant fibers are suited
to low-load tonic activity and are more vulnerable to immobilization or pain than type II (fast-twitch) muscle fibers,
which can explain the selective atrophy of the ME.®

Differences in ECSA

The ES consists of a spinous muscle, longus muscle, and iliocostal muscle. Like the MF, the ES controls the direction of
the spine and extends the spine backward. We found that the ECSA/VCSA was significantly higher in the IS and control
groups than in the DLS group, indicating that ES hypertrophy occurs in patients with IS and that ES atrophy occurs in
patients with DLS. The MF and ES work synergistically to maintain spinal balance. When the MF is atrophied, the
hypertrophied ES will partially replace the function of the MF. The change in the relative hypertrophy of the ES is
a compensatory change in vertebral instability.
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Figure 4 Correlation between the VAS of low back pain and (A) MCSA/VCSA, (B) ECSA/VCSA, (C) PCSA/VCSA, and (D) TCSA/VCSA among all the patients with DLS.
The VAS of low back pain demonstrated a significant negative linear relationship with MCSA/VCSA, PCSA/VCSA, and TCSA/VCSA (A, C, and D). There was no significant
relationship between the VAS of low back pain and ECSA/VCSA (B).

Our findings regarding hypertrophy of the ES in patients with IS are consistent with previous studies. Thakar et al®
analyzed the characteristics of the paraspinal muscles in 120 patients with IS and found that compared with that of the
healthy control group, the MF of patients with IS showed selective atrophy, whereas the ES showed moderate
compensatory hypertrophy. In terms of dystrophy of the ES in patients with DLS, our results are inconsistent with
previous studies. Wang et al’ found that compensatory hypertrophy of the ES can occur in patients with DLS.
Kalpakcioglu et al'® also reported that the incidence of ES hypertrophy in patients with DLS was significantly higher
than that in the control group. We therefore infer that the ES of patients with DLS in the present study might have begun

Table 3 Multivariate Logistic Regression Analysis of is
and Control Group

Variable B SE OR P
BMI 0.296 0.179 1.344 0.98
MCSA/VCSA -9.982 3.473 0.000 0.004
PCSA/VCSA —3.498 2.165 0.030 0.106
TCSA/VCSA 0.646 1.100 1.908 0.557
ES fat infiltration -3.312 1.044 0.036 0.002

Note: P < 0.05 was considered significant.

Abbreviations: BMI, body mass index; CSA, cross-sectional area;
MCSA, multifidus CSA; PCSA, psoas CSA; TCSA, total paraspinal muscle
CSA; VCSA, vertebral CSA; ES, erector spinae; SE, standard error; OR,
odds ratio.
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Table 4 Multivariate Logistic Regression Analysis of DLS
and Control Group

Variable B SE OR P

BMI 1.167 0.455 3.213 0.010
MCSA/VCSA —13.136 6.112 0.000 0.032
ECSA/VCSA —0.568 1.646 0.567 0.730
PCSA/VCSA —3.483 3.231 0.031 0.281
MF fat infiltration 2.796 1.071 16.371 0.009
PS fat infiltration 2.887 4.224 17.938 0.494

Note: P < 0.05 was considered significant.

Abbreviations: BMI, body mass index; CSA, cross-sectional area;
MCSA, multifidus CSA; ECSA, erector spinae CSA; PCSA, psoas CSA;
VCSA, vertebral CSA; MF, multifidus; PS, psoas; SE, standard error; OR,
odds ratio.

to degenerate and atrophy because of the relatively higher age of our study population. The compensatory capacity of the
ES is limited; additionally, some patients may have passed the compensatory period and begun to develop decompensa-
tion, thus explaining the absence of proliferation and hypertrophy. Therefore, the ES undergoes significantly more
compensatory hypertrophy in patients with IS than in patients with DLS.

Differences in PCSA

The PS originates from the T12-L5 vertebrae; the lateral intervertebral disc runs vertically downward on the anterior
surface of the pelvis and terminates in the lesser trochanter of the femur. Its main functions include hip flexion, external
rotation, lumbar flexion, lateral flexion, and maintenance of lumbar kyphosis and stability.> We found that the PCSA/
VCSA was significantly lower in the IS and DLS groups than in the control group, suggesting that the PS in patients with
IS and DLS was significantly atrophied. We infer that when the lumbar spine is unstable, the PS located in front of the
vertebral body can enhance the contractile force, restore the upright posture of the spine, and increase the physiological
kyphosis of the lumbar spine to maintain the overall stability of the spine. Long-term stress contraction eventually leads
to the same degree of decompensated atrophy as seen in the MF, which is supported by some studies but not by others.
Thakar et al® analyzed the characteristics of the paraspinal muscles in 120 patients with IS but found no significant
reductions in the ratio of the PCSA to vertebral body area (0.61+0.19, 0.63+0.20, p=0.427) in patients with IS versus
controls. Wagner et al*' found that the absolute PCSA was significantly decreased in patients with DLS characterized by
severe lumbar disability.

Differences in TCSA

In terms of the TCSA/VCSA, the current study showed significantly more severe atrophy in the IS and DLS groups than
in the control group, consistent with the results of previous studies. Barker et al** found that the percentage of CSA
decrease in the paraspinal muscles was positively correlated with the degree of pain. Therefore, we should also consider
that many patients with spondylolisthesis fear exercise because they cannot tolerate the associated low back pain.?
Related studies have suggested that disuse and inflammation caused by low back pain can lead to atrophy of the back
muscle tissue.”* The present study included patients with IS and DLS with related clinical symptoms; thus, the total
paraspinal muscles of patients in the IS and DLS groups exhibited degeneration and atrophy. However, the TCSA/VCSA
in the IS group indicated significant compensatory hypertrophy compared with that in the DLS group. The occurrence of
DLS is mainly related to abnormalities of the intervertebral discs and the changes in the articular process angle.”> In
patients of the same age and with the same degree of spondylolisthesis, local instability of the spine occurs in patients
with IS because of the fracture of the isthmus articular process, and the resistance to shear force of the articular process
thus decreases. To maintain spinal stability, the posterior muscles and ligaments bear more pressure. Therefore, the
paraspinal muscles undergoes significantly more compensatory hypertrophy in patients with IS than in patients
with DLS.
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Differences in Degree of Fat Infiltration of Paraspinal Muscles Among the Three
Groups

Fat infiltration is due to decreased skeletal muscle mass caused by the aging process and the replacement of muscle by
non-contractile connective tissue.'® The degree of fat infiltration is an important index with which to evaluate the quality
of the paraspinal muscles.”® We found that the degree of fat infiltration of the MF, ES, and PS in patients with DLS
patients (both men and women) was significantly higher than that in patients with IS, indicating that the severity of
paraspinal muscle degeneration was much greater in patients with DLS than IS. As indicated above, the mechanism of IS
results in more severe compensatory hypertrophy of the paraspinal muscles than occurs in DLS; the degree of fat
infiltration is relatively low. The reasons for this have been discussed in several reports. Previous studies have shown that
the BMI and subcutaneous fat levels may also affect fat penetration.”” More specifically, paraspinal muscle density has
been shown to decrease as the BMI increases.”® Fortin et al** performed a 15-year longitudinal follow-up study and
found a significant relationship between the increase in the BMI and the presence of fat infiltration in the paraspinal
muscles. Our study showed that the average value of BMI was higher in patients with DLS than IS, leading us to
conclude that paraspinal muscle degeneration is significantly more severe in DLS than IS. Other studies have shown that
the fat content of the lumbar muscles is positively correlated with age.?*° Shahidi et al*' reported that the fat content
changes with age in individuals with pathological changes. Tamai et al** also found that Goutallier grading (muscle
mass) is associated with age. Although age was not statistically significant in the current study, the average age of
patients with DLS was higher than that of patients with IS, showing some similarity with previous studies.

This study also showed that the fat infiltration of the MF and PS was significantly higher in patients with DLS than in
healthy controls (p<0.05), whereas the degree of fat infiltration of the ES was not significantly different. This suggests
that the ES of patients with DLS undergoes a certain extent of compensatory hypertrophy. In addition, we found that the
degree of fat infiltration of the ES was significantly lower in patients with IS than in healthy controls (p<0.05), whereas
the degree of fat infiltration in the MF and PS was not significantly different. The ES in patients with IS showed obvious
compensatory hypertrophy. We can cautiously conclude that compensatory hypertrophy of the ES occurs in both IS and
DLS, but especially in IS.

The Correlation Between the VAS of Low Back Pain and Paraspinal Muscles

Pain and an inactive lifestyle may cause paraspinal muscle atrophy, which is significantly associated with pain.** In
addition, previous studies have confirmed the increase in atrophy of the paraspinal muscles in clinical chronic low back
pain patients.*® In this study, the results demonstrated that the VAS of low back pain have a significant negative linear
relationship with the paraspinal muscles in IS and DLS groups, which was consistent with previous studies.

Prediction and Analysis of Risk Factors for Lumbar Spondylolisthesis

We performed a multivariate logistic regression analysis of different types of lumbar spondylolisthesis and found that the
MCSA/VCSA, and the degree of fat infiltration of the ES were protective factors for IS. In contrast, the MCSA/VCSA
was an independent protective factor for DLS, whereas BMI and the degree of fat infiltration of the MF were independent
risk factors for DLS. These findings are similar to previous studies but also have some differences. A recent study
showed that the ES atrophy ratio and the signal intensity ratio of the MF were independent predisposing factors to lumbar
spondylolisthesis (OR>1, p<0.05), whereas the MF atrophy ratio was an independent protective factor (OR<I,
p<0.05).”'¢ Lee et al'® found that increased fat infiltration in the MF with decreased fat infiltration in the ES was the
best predictor of DLS.

Limitations

The current study had some limitations. First, it was a retrospective study with limited case numbers. Second, it mainly
focused on IS and DLS; patients with other types of lumbar spondylolisthesis were not included, which may have caused
some bias of the results. More clinical cohort studies with larger sample sizes involving different concepts are needed to
better understand the soft tissue changes in patients with different types of lumbar spondylolisthesis. Additionally, all
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lumbar spondylolisthesis were both at L4-5 in this study, so patients with different segments of lumbar spondylolisthesis
should be included in future studies to better confirm the radiological changes of different types of lumbar
spondylolisthesis.

Conclusion

Compared with the control group, patients with IS and DLS showed varying degrees of degeneration, and the degree of
degeneration in DLS patients was more severe at the same age. The incidence of lumbar spondylolisthesis and the degree
of paraspinal muscle degeneration were higher in women than in men. The VAS of low back pain has a significant
negative linear relationship with the paraspinal muscles. The MCSA/VCSA, and the degree of fat infiltration of the ES
were protective factors for IS. For DLS, the MCSA/VCSA was an independent protective factor, whereas BMI and the
degree of fat infiltration of the MF were independent risk factors.
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