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Abstract: Objective: To investigate the correlation between the severity of lumbar spinal stenosis (LSS) and the
atrophy of lumbar paraspinal muscles. Methods: A retrospective analysis was conducted on 200 patients with LSS
(stenosis group) and 60 individuals without lumbar spine disease (control group) treated at the Department of
Orthopedics, Kunming Traditional Chinese Medicine Hospital, from January 2022 to October 2024. Using a 1.5T
MRI system, we measured the total cross-sectional area (TCSA) and total fat-free cross-sectional area (TFCSA) of the
multifidus, erector spinae, and psoas major muscles. Muscle atrophy was evaluated using the TFCSA/TCSA ratio,
and its correlation with LSS severity was analyzed. Results: The stenosis group showed significantly lower TFCSA/
TCSA ratios in the multifidus, erector spinae, and psoas major compared to controls (P<0.05). LSS severity was
negatively correlated with the TFCSA/TCSA ratios of the multifidus (r=-0.504, P<0.05) and erector spinae (r=-0.562,
P<0.05), but not with the psoas major (P>0.05). Similarly, the number of stenotic segments was negatively correlat-
ed with multifidus (r=-0.381) and erector spinae (r=-0.420) atrophy (P<0.05). TFCSA/TCSA ratios were significantly
lower on the symptomatic side for all three muscles (all P<0.05). Conclusion: The severity and extent of LSS are
significantly associated with atrophy of the multifidus and erector spinae, but not the psoas major. Greater muscle

atrophy corresponds to a higher number of stenotic segments.
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Introduction

Lumbar spinal stenosis (LSS) is a common
degenerative spinal disorder characterized by
narrowing of the lumbar spinal canal, resulting
in compression of the nerve roots and leading
to symptoms such as lower back pain, radiating
leg pain, and neurological deficits [1-3]. The
pathogenesis of LSS is multifactorial, involving
intervertebral disc degeneration, osteophyte
formation, and facet joint hypertrophy [4].
Recent studies have increasingly focused on
the impact of LSS on paraspinal muscles, par-
ticularly the association between muscle atro-
phy and stenosis severity [5].

The lumbar paraspinal muscles - including the
multifidus, erector spinae, and psoas major -
constitute the spine’s active stabilizing system

and are essential for lumbar movement and spi-
nal stability [6]. The multifidus, the deepest of
these muscles, originates from the transverse
processes and inserts onto the spinous pro-
cesses. It plays a major role in spinal extension,
lateral flexion, and rotation, contributing more
than two-thirds of spinal stabilization by rapidly
generating force during dynamic activities [7].
The erector spinae, originating from the poste-
rior sacrum, lumbar spinous processes, and
thoracolumbar fascia, serves as a key extensor
group. These muscles are among the first to
exhibit degenerative changes in lumbar spine
disorders, and their degeneration correlates
strongly with age and intervertebral segment
pathology [8]. The psoas major, originating from
the lumbar vertebral bodies and transverse pro-
cesses and inserting at the lesser trochanter of
the femur, is involved in lumbar stabilization,
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hip flexion, and generating propulsive force dur-
ing gait [9].

Recent research has further highlighted the
role of paraspinal muscles in lumbar degenera-
tive conditions. Wang et al. [8] reported signifi-
cantly greater fatty infiltration in the multifidus
at the herniated segment in patients with lum-
bar disc herniation compared to the contralat-
eral side, with a positive correlation between
fatty infiltration and chronic low back pain. Fl et
al. [10] identified degenerative spondylolisthe-
sis as an independent risk factor for fatty infil-
tration in paraspinal muscles, with a strong
association between multifidus degeneration
and increased pelvic tilt angle. Moreover, mo-
derate-to-severe canal stenosis may disrupt
neural input to the multifidus, promoting mus-
cle atrophy and fatty infiltration, thereby com-
promising spinal stability and negatively im-
pacting postoperative outcomes [11]. These
findings underscore a strong link between mul-
tifidus atrophy and degenerative lumbar disor-
ders. However, the specific relationship bet-
ween LSS severity and morphological or func-
tional changes in lumbar paraspinal muscles
remains inadequately explored.

To address this gap, we conducted a retrospec-
tive study evaluating clinical data from patients
with LSS, using MRI to quantify the cross-sec-
tional area of the multifidus, erector spinae,
and psoas major. This study aims to clarify the
correlation between paraspinal muscle atrophy
and the severity, number of stenotic segments,
and laterality of symptoms in LSS. Our findings
may provide a valuable reference for optimizing
clinical diagnosis and treatment strategies in
patients with LSS.

Materials and methods
Study design

The sample size was calculated using PASS
software, based on a=0.05, 3=0.2, and an ex-
pected correlation coefficient of r=0.4 from
previous studies [12]. A minimum of 48 sub-
jects per group was required. Accounting for a
10-20% dropout rate and the hospital’'s admis-
sion volume, the final sample size was set at a
minimum of 58 participants per group.

This retrospective study included 200 patients
with LSS and 60 individuals without lumbar
spine disease, treated at the Department of
Orthopedics, Kunming Traditional Chinese Me-

4248

dicine Hospital between January 2022 and
October 2024. LSS patients were categorized
into three groups based on stenosis location:
L3/4, L4/5, and L5/S1. Ethical approval was
obtained from the Ethics Committee of Kun-
ming Traditional Chinese Medicine Hospital
(Approval No. 2024-018-01).

Inclusion Criteria: (1) First-time diagnosis of
LSS based on criteria from Practical Ortho-
paedics (4th edited.) [13]: MRI showing dural
sac compression, CT showing hypertrophied
articular processes, and clinical findings con-
sistent with imaging; (2) Single-level central or
lateral recess stenosis; (3) Age 40-60 years; (4)
BMI between 18 and 28 kg/m?; (5) No history
of hypertension, diabetes, or cardiovascular
disease; (6) Complete lumbar MRI data; (7)
Control group participants had no history or
symptoms of lumbar disease, and normal MRI
findings.

Exclusion Criteria: (1) Coexisting lumbar degen-
erative diseases (e.g., disc herniation, spondy-
lolisthesis); (2) Neuromuscular disorders; (3)
History of lumbar trauma, tuberculosis, or tu-
mors; (4) Professional athletes or individuals
engaged in strenuous physical labor; (5) In-
complete imaging data.

MRI

All participants underwent lumbar MRI using
a 1.5T scanner (United Imaging Healthcare,
Shanghai). Scans were acquired in the supine
position with neutral lumbar alignment. Sagittal
and axial T2-weighted images from T12 to S1
were obtained using the following parameters:
TR/TE 2980/122.6 ms, matrix 208x320, slice
thickness 4 mm, recovery time 3000-3600 ms,
and echo time 87-114 ms.

Evaluation of lumbar paraspinal muscle atro-
phy

The TCSA and TFCSA of the multifidus, erector
spinae, and psoas major were measured bilat-
erally at the L3/L4, L4/L5, and L5/S1 levels
using Patrick’s semi-quantitative method [14]
(Figure 1). Image-Pro Plus was used for outlin-
ing and quantifying the TCSA and TFCSA. The
degree of muscle atrophy was evaluated by
calculating the TFCSA/TCSA ratio, with lower
ratios indicating more severe fatty infiltration
and muscle atrophy. Adobe Photoshop CS6
(Adobe Systems, San Jose, CA, USA) was used
for qualitative image analysis.
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Figure 1. Measurement of TCSA and TFCSA at the L3/L4 (A), L4/L5 (B), and L5/S1 (C) intervertebral discs. Note:
The yellow border outlined the transverse cross-sectional area (TCSA) of the multifidus, erector spinae, and psoas
major muscles, while the green border outlined the fat-free multifidus cross-sectional area (TFSCA).

Figure 2. Representative MRI of lumbar spinal canal stenosis of differing degrees. Note: (A) No or mild stenosis; (B)
Moderate stenosis; (C) Severe stenosis; (D) Extreme stenosis. The red arrow indicates the site of stenosis.

Grading of lumbar spinal stenosis

LSS severity was graded using the Schizas
classification system [14], based on axial
T2-weighted MRI.

No or mild stenosis: Uneven distribution of
cerebrospinal fluid with visible dorsal cauda
equina occupying less than half or most of the
dural sac.

Moderate stenosis: Cauda equina fills the
dural sac but individual rootlets remain
distinguishable.
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Severe stenosis: Rootlets are indistinct, and
the dural sac presents as a uniform gray area
with absent cerebrospinal fluid signal but pre-
served posterior epidural fat.

Extreme stenosis: In addition to indistinct root-
lets, posterior epidural fat is absent (Figure 2).

Statistical analysis

Data were analyzed using SPSS 27.0 (IBM
Corp., Armonk, NY, USA). GraphPad Prism was
used for image processing. Normality was
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Table 1. Comparison of Baseline characteristics between groups

Control group

Narrow group (n=200)

variables (n=60) L3/4 L4/5 L5/S1 X/F P
Sex (n, %) 0.190 0.979
Male 31 (51.67) 25 (48.08) 39 (51.32) 37 (51.39)
Female 29 (48.33) 27 (51.92) 37 (48.68) 35(48.61)
Age (years, X = s) 50.88+5.38 50.63+£5.74  49.3815.56  49.44+5.46 1298 0.275
Educational level (n, %) 1.935 0.926
Primary school 9 (15.00) 10 (19.23) 15 (19.74) 10 (13.89)
Junior high school 36 (60.00) 28 (53.85) 39 (561.32) 43 (59.72)
High school and above 15 (25.00) 14 (26.92) 22 (28.95) 19 (26.39)
BMI (X +s, kg/m?) 24.06+2.44 23.94+3.04 24.44+2.65 23.88+2.74 0.619 0.603
Disease duration (month, X *s) 11.63+2.60 12.2042.50 11.26+2.83 2.332 0.100
History of diabetes (n, %) 0.691 0.875
Yes 18 (30.00) 12 (23.08) 20 (26.32) 19 (26.39)
No 42 (70.00) 40 (76.92) 56 (73.68) 53(73.61)
History of hypertension (n, %) 4.161 0.245
Yes 34 (56.67) 39 (75.00) 48 (63.16) 46 (63.89)
No 26 (43.33) 13 (25.00) 28 (36.84) 26 (36.11)
History of coronary heart disease (n, %) 1.751 0.626
Yes 28 (46.67) 25 (48.08) 30 (39.47) 28 (38.89)
No 32 (53.33) 27 (51.92) 46 (60.53) 44 (61.11)

assessed using the Shapiro-Wilk test and ho-
mogeneity of variance using Levene’s test.

Normally distributed data with homogeneous
variance are expressed as mean + standard
deviation (X % s). Inter-group comparisons were
performed using one-way ANCOVA with Bon-
ferroni correction for post-hoc analysis.

Non-normally distributed data are presented as
median (interquartile range), and inter-group
differences were assessed using the Wilcoxon
test.

Categorical data are presented as counts and
percentages and analyzed using the chi-square
test.

Pearson correlation analysis was used to
assess the relationships between the number
and severity of stenotic segments and TFCSA/
TCSA ratios for the multifidus, erector spinae,
and psoas major. A P value <0.05 was consid-
ered statistically significant.

Results

Comparison of baseline characteristics be-
tween groups

There were no statistically significant diffe-
rences in gender, age, education level (primary
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school, junior high school, high school, college
and above), BMI, medical history, or disease
duration between the control group and the
stenosis group (L3/4, L4/5, and L5/S1) (all
P>0.05), indicating good comparability be-
tween the two groups (Table 1).

Comparison of TFCSA/TCSA ratios between
groups

The average TFCSA/TCSA ratios of the multifi-
dus, erector spinae, and psoas major muscles
on the symptomatic side were significantly
lower in the stenosis group compared to the
control group (all P<0.05), indicating more pro-
nounced muscle atrophy in patients with lum-
bar spinal stenosis (Table 2).

Correlation between stenosis severity and
TFCSA/TCSA ratios

Patients in the stenosis group were classified
into four subgroups based on the Schizas clas-
sification. The TFCSA/TCSA ratios of the multifi-
dus and erector spinae showed a significant
downward trend with increasing stenosis sever-
ity (both P<0.05), while no significant differenc-
es were observed for the psoas major (P>0.05)
(Table 3). Pearson correlation analysis revealed
that stenosis severity was negatively correlated
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Table 2. Comparison of TFCSA/TCSA ratios between groups (X + s)

Control group (n=60) Narrow group (n=200) t P
Multifidus TFCSA/TCSA (%) 78.71+6.30 68.13+8.73 10.368 <0.001
Erector spinae TFCSA/TCSA (%) 77.13+7.00 62.90+8.42 11.917 <0.001
Psoas major TFCSA/TCSA (%) 78.84+6.29 69.09+11.22 8.587 <0.001

TCSA: Total cross-sectional area, TFCSA: total fat-free cross-sectional area.

Table 3. Comparison of TFCSA/TCSA ratios among different degrees of spinal canal stenosis (X * s)

No or mild stenosis Moderate stenosis Severe stenosis Extreme stenosis

(n=29) (n=46) (n=73) (n=52) F P
Multifidus TFCSA/TCSA (%) 75.08+3.87 71.88+6.88 67.18+8.55%°  62.28+8.25%°¢ 22561 <0.001
Erector spinae TFCSA/TCSA (%) 70.13+7.76 67.81+6.81 61.03+7.892*  57.15+4.962>¢ 31.614 <0.001
Psoas major TFCSA/TCSA (%) 71.48+14.89 70.44+11.40 68.43+11.17 67.50+8.38 1.095 0.352

Note: Compared with no or mild stenosis, ?P<0.05; compared with moderate stenosis, °P<0.05; compared with severe stenosis, °P<0.05. TCSA:
Total cross-sectional area, TFCSA: total fat-free cross-sectional area.
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with TFCSA/TCSA ratios of the multifidus (r=- muscles worsens as the number of affected
0.504, P<0.05) and erector spinae (r=-0.562, segments increases (Figure 4A, 4B). No signifi-
P<0.05), but not with the psoas major (P>0.05) cant correlation was found for the psoas major
(Figure 3). (P>0.05) (Figure 4C).

Correlation between number of stenotic seg- Comparison of TFCSA/TCSA ratios between
ments and TFCSA/TCSA of ratios symptomatic and contralateral sides

Among the 200 patients in the stenosis group, The TFCSA/TCSA ratios of the multifidus, erec-
133 (66.5%) had single-segment stenosis, 34 tor spinae, and psoas major were significantly
(17%) had two-segment stenosis, and 33 lower on the symptomatic side compared to the
(16.5%) had three-segment stenosis. The contralateral side (P<0.05), indicating more
TFCSA/TCSA ratios of the multifidus and erec- severe muscle atrophy on the affected side
tor spinae significantly decreased with increas- (Figure 5).

ing numbers of stenotic segments (P<0.05),

while no significant differences were observed Discussion

in the psoas major (P>0.05) (Table 4). Pearson

correlation analysis confirmed a negative cor- In this study, the severity of muscle atrophy in
relation between the number of stenotic seg- the multifidus, erector spinae, and psoas major
ments and the TFCSA/TCSA of the multifi- was assessed by calculating the TFCSA/TCSA
dus (r=-0.381, P<0.05) and erector spinae (r=- ratio at the L3/4, L4/5, and L5/S1 levels in 200
0.420, P<0.05), indicating that atrophy in these LSS patients. Stenosis severity was graded
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Table 4. Comparison of TFCSA/TCSA of ratios among different numbers of stenotic segments (X £ s)

1 - segment 2 - segment 3 -segment F p
stenosis (n=133)  stenosis (n=34) stenosis (N=33)
Multifidus TFCSA/TCSA (%) 70.3+8.03 66.06+9.03° 61.54+7.432° 16.722 <0.001
Erector spinae TFCSA/TCSA (%) 65.45+8.37 58.75+6.90° 56.89+4.46%° 22.710 <0.001
Psoas major TFCSA/TCSA (%) 67.74+12.21 68.3949.28 67.20+£8.56 0.760  0.469

Note: Compared with 1 - segment stenosis, 2P<0.05; compared with 2 - segment stenosis, °P<0.05. TCSA: Total cross-sectional
area, TFCSA: total fat-free cross-sectional area.
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using the Schizas classification system based ings provide novel insights into LSS pathogen-
on axial T2-weighted MRI images. The TFCSA/ esis and may inform clinical decision making.
TCSA ratios of all three muscles were signifi-

cantly lower in the stenosis group than in the The lumbar paraspinal muscles play a vital role
control group, indicating greater muscle atro- in maintaining spinal stability and facilitating
phy at stenotic levels. Moreover, both stenosis motion [15]. Among them, the multifidus is
severity and the number of stenotic segments essential for segmental stabilization and lum-
were negatively correlated with the TFCSA/ bar extension [16]. Owing to its unique anatom-
TCSA ratios of the multifidus and erector spi- ical structure - attaching directly to the lumbar
nae. In addition, these muscles exhibited more vertebrae - it contracts preferentially during spi-
pronounced atrophy on the symptomatic side nal imbalance to preserve alignment and mini-
compared to the contralateral side. These find- mize vertebral displacement. It regulates ten-
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sion across 1-3 vertebral segments to maintain
physiological lumbar lordosis, a function closely
related to its fiber composition [17]. Notably,
the multifidus is rich in type | (slow-twitch)
fibers, which are critical for postural control
[18].

The erector spinae, comprising the spinalis,
longissimus, and iliocostalis muscles, extends
along the posterior spine and is primarily
responsible for trunk extension and maintain-
ing an upright posture. Each segment contrib-
utes differently: cervical spinalis aids head
movement, while the lumbar longissimus and
iliocostalis govern lumbar extension and lateral
bending [19].

The psoas major, located anterior to the trans-
verse processes and vertebral bodies, joins
with the iliacus to form the iliopsoas. It func-
tions primarily in hip flexion. When the lower
limbs are fixed, bilateral contraction causes spi-
nal flexion, whereas unilateral contraction facil-
itates lateral flexion and rotation. Together with
the other paraspinal muscles, it helps main-
tain dynamic balance and mobility of the lum-
bar spine [20].

Consistent with previous studies [14], our
findings confirm more pronounced paraspinal
muscle atrophy in patients with LSS, evidenc-
ed by significantly lower TFCSA/TCSA ratios.
Schonnagel et al. [11] similarly reported degen-
erative changes in these muscles, reinforcing
the link between LSS and paraspinal muscle
deterioration. However, our results further sug-
gest that atrophy is not confined to the poste-
rior paraspinal muscles but may also involve
the psoas major, though possibly via distinct
mechanisms.

Multifidus and erector spinae atrophy may
result from multiple interrelated factors. Both
muscles are innervated by the posterior rami of
the spinal nerves, making them vulnerable to
denervation atrophy due to nerve root com-
pression in LSS [21]. Pain, a common LSS
symptom, often leads to restricted activity and
subsequent disuse atrophy [22]. Additionally,
chronic inflammation and local ischemia may
promote fatty infiltration, further reducing the
functional muscle mass [23].

In contrast, the psoas major, primarily respon-
sible for hip and lower limb movement, receives
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innervation from the lumbar plexus rather than
directly from the spinal canal [24]. Thus, its
atrophy may result more from decreased physi-
cal activity secondary to chronic pain, rather
than direct nerve compression. This distinction
supports the hypothesis that psoas major atro-
phy in LSS patients is primarily related to sys-
temic disuse rather than local neuropathic
changes.

In this study, LSS patients were categorized
into four groups - mild, moderate, severe, and
extreme - according to the Schizas classifica-
tion. The results demonstrated a progressive
decrease in the TFCSA/TCSA ratios of the mul-
tifidus and erector spinae with increasing ste-
nosis severity. A significant negative correlation
was observed between stenosis severity and
the TFCSA/TCSA of the multifidus and erec-
tor spinae. These findings are consistent with
those of Xia et al. [14], who similarly reported
that greater spinal canal stenosis is associated
with more severe fatty infiltration and muscle
atrophy. Our study extends these observations
by quantitatively mapping muscle degeneration
across distinct stenosis grades, thereby rein-
forcing the clinical significance of paraspinal
muscle deterioration in LSS progression.

Several mechanisms may underlie this phe-
nomenon. Severe spinal stenosis may chroni-
cally compress the cauda equina or nerve
roots, leading to denervation atrophy in the
affected muscles. Elevated intraspinal pres-
sure could also reduce local blood flow, exacer-
bating ischemic damage and degeneration.
Kim et al. [25] provided electrophysiological
evidence of chronic neurogenic changes, par-
ticularly in the multifidus, resulting from pro-
longed nerve root compression in LSS patients.

Interestingly, the TFCSA/TCSA ratio of the
psoas major did not significantly differ among
the four stenosis subgroups, supporting the
hypothesis that its atrophy is less directly relat-
ed to LSS pathology. Instead, as Hou et al. [26]
suggest, psoas muscle atrophy may reflect
systemic deconditioning due to chronic pain
and reduced mobility rather than direct neural
injury. This highlights the importance of dis-
tinguishing localized paraspinal degeneration
from broader muscular deconditioning in LSS
patients, which has implications for individual-
ized rehabilitation strategies.
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Our study also found that the number of ste-
notic segments was negatively correlated with
the TFCSA/TCSA of the multifidus and erector
spinae, suggesting that multi-segmental steno-
sis contributes cumulatively to muscle degen-
eration. This is likely due to increased mechani-
cal instability, greater neural compromise, and
higher compensatory load on the paraspinal
musculature [27, 28]. Moreover, patients with
multi-level stenosis typically exhibit more
complex clinical manifestations, longer disease
duration, and greater functional impairment,
which may further accelerate muscular de-
terioration.

Additionally, we observed that the TFCSA/TCSA
ratios of the multifidus, erector spinae, and
psoas major were significantly lower on the
symptomatic side compared to the contralater-
al side. This corresponds with clinical presen-
tations of unilateral or asymmetric lower limb
pain, numbness, or weakness in LSS. Potential
explanations include greater nerve compres-
sion on the symptomatic side leading to dener-
vation, reduced limb usage due to pain causing
disuse atrophy, and localized inflammatory or
hemodynamic alterations promoting muscle
degeneration [29].

These findings have important clinical implica-
tions. TFCSA/TCSA ratios, particularly for the
multifidus and erector spinae, may serve as
auxiliary imaging biomarkers to assess LSS
severity and guide treatment planning. In pa-
tients with marked paraspinal muscle atrophy,
decompression surgery may need to be com-
plemented by targeted rehabilitation to restore
muscle function and improve outcomes. Core
stability and paraspinal strengthening exercis-
es could help mitigate further atrophy, enhance
function, and improve quality of life.

This study does have some limitations. As a
retrospective design, it is susceptible to selec-
tion and information biases. Muscle atrophy
was evaluated solely through imaging, without
incorporating functional measures such as
electromyography or strength testing. Future
prospective studies should include dynamic
functional assessments and explore molecu-
lar mechanisms (e.g., inflammation, oxidative
stress) underlying muscle atrophy in LSS.

In conclusion, this study demonstrates a strong
association between lumbar paraspinal muscle
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atrophy and both the severity and extent of
lumbar spinal stenosis. The multifidus and
erector spinae muscles are most prominently
affected, suggesting that muscle degeneration
plays a key role in the progression of LSS.
These findings provide new insights into the
pathophysiology of LSS and underscore the
clinical importance of muscle assessment.
Future research should focus on elucidating
the underlying mechanisms of muscle degen-
eration and developing targeted interventions
to optimize LSS management.

Acknowledgements

The present study was supported by the Basic
Research Program of Yunnan Provincial De-
partment of Science and Technology (Tradi-
tional Chinese Medicine Joint Special Project -
Youth Project, Grant No. 202101AZ070001-
294).

Disclosure of conflict of interest
None.

Address correspondence to: Li Li, Department of
Orthopedics and Traumatology, Kunming Municipal
Hospital of Traditional Chinese Medicine (The Third
Affiliated Hospital of Yunnan University of Chinese
Medicine), Kunming 650000, Yunnan, China. E-mail:
lilikmszyy@outlook.com

References

[1] Katz JN, Zimmerman ZE, Mass H and Makhni
MC. Diagnosis and management of lumbar
spinal stenosis: a review. JAMA 2022; 327:
1688-1699.

[2] Suzuki A and Nakamura H. Microendoscopic
lumbar posterior decompression surgery for
lumbar spinal stenosis: literature review.
Medicina (Kaunas) 2022; 58: 384.

[3] Webb CW, Aguirre K and Seidenberg PH.
Lumbar spinal stenosis: diagnosis and man-
agement. Am Fam Physician 2024; 109: 350-
359.

[4] Ujigo S, Kamei N, Yamada K, Nakamae T,
Imada H, Adachi N and Fujimoto Y. Balancing
ability of patients with lumbar spinal canal ste-
nosis. Eur Spine J 2023; 32: 4174-4183.

[6] Walter KL and O’Toole JE. Lumbar spinal steno-
sis. JAMA 2022; 328: 310.

[6] WangZ, Zhao Z, Li Z, Gao J and Li Y. Fatty infil-
tration in paraspinal muscles: predicting the
outcome of lumbar surgery and postoperative
complications. World Neurosurg 2024; 190:
218-227.

Am J Transl Res 2025;17(6):4247-4255



(7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Correlation of lumbar spinal stenosis severity with paraspinal muscle atrophy

Hofste A, Soer R, Hermens HJ, Wagner H,
Oosterveld FGJ, Wolff AP and Groen GJ. Incon-
sistent descriptions of lumbar multifidus mor-
phology: a scoping review. BMC Musculoskelet
Disord 2020; 21: 312.

Wang B, Xu L, Teng P, Nie L and Yue H. The ef-
fect of lumbar multifidus muscle degeneration
on upper lumbar disc herniation. Front Surg
2024; 11: 1323939.

Ohyama S, Aoki Y, Inoue M, Nakajima T, Sato Y,
Fukuchi H, Sakai T, Ochi S, Yanagawa N and
Ohtori S. The quantity and quality of lumbar
muscles and lumbopelvic parameters in pa-
tients with degenerative spondylolisthesis.
Cureus 2021; 13: €18428.

Yang JC, Chen JY, Ding Y, Yin YJ, Huang ZP, Wu
XH, Huang ZC, Li YK and Zhu QA. A retrospec-
tive study of the effect of spinopelvic parame-
ters on fatty infiltration in paraspinal muscles
in patients with lumbar spondylolisthesis.
Neurospine 2024; 21: 223-230.

Schénnagel L, Zhu J, Camino-Willhuber G,
Guven AE, Tani S, Caffard T, Haffer H, Muellner
M, Chiapparelli E, Arzani A, Amoroso K, Moser
M, Shue J, Tan ET, Carrino JA, Sama AA,
Cammisa FP, Girardi FP and Hughes AP.
Relationship between lumbar spinal stenosis
and axial muscle wasting. Spine J 2024; 24:
231-238.

Gupta S, Bansal T, Kashyap A and Sural S.
Correlation between clinical scoring systems
and quantitative MRI parameters in degenera-
tive lumbar spinal stenosis. J Clin Orthop
Trauma 2022; 35: 102050.

Practical orthopaedics. Chinese Journal of
Medicine 2009; 44: 56.

Xia G, Li X, Shang Y, Fu B, Jiang F, Liu H and
Qiao Y. Correlation between severity of spinal
stenosis and multifidus atrophy in degenera-
tive lumbar spinal stenosis. BMC Muscu-
loskelet Disord 2021; 22: 536.

Han G, Zhou S, Qiu W, Fan Z, Yue L, Li W, Wang
W, Sun Z and Li W. Role of the paraspinal mus-
cles in the sagittal imbalance cascade: the ef-
fects of their endurance and of their morphol-
ogy on sagittal spinopelvic alignment. J Bone
Joint Surg Am 2023; 105: 1954-1961.

Zhao X, Liang H, Hua Z, Li W, Li J, Wang L and
Shen Y. The morphological characteristics of
paraspinal muscles in young patients with uni-
lateral neurological symptoms of lumbar disc
herniation. BMC Musculoskelet Disord 2022;
23:994.

Padwal J, Berry DB, Hubbard JC, Zlomislic V,
Allen RT, Garfin SR, Ward SR and Shahidi B.
Regional differences between superficial and
deep lumbar multifidus in patients with chron-
ic lumbar spine pathology. BMC Musculoskelet
Disord 2020; 21: 764.

4255

(18]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Agten A, Stevens S, Verbrugghe J, Eijnde BO,
Timmermans A and Vandenabeele F. The lum-
bar multifidus is characterised by larger type |
muscle fibres compared to the erector spinae.
Anat Cell Biol 2020; 53: 143-150.

Kilic G, Senol S, Baspinar S, Kilic E and
Ozgocmen S. Degenerative changes of lumbar
spine and their clinical implications in patients
with axial spondyloarthritis. Clin Rheumatol
2023; 42: 111-116.

Creze M, Soubeyrand M and Gagey O. The
paraspinal muscle-tendon system: its paradox-
ical anatomy. PLoS One 2019; 14: e0214812.
James G, Stecco C, Blomster L, Hall L, Schmid
AB, Shu CC, Little CB, Melrose J and Hodges
PW. Muscle spindles of the multifidus muscle
undergo structural change after intervertebral
disc degeneration. Eur Spine J 2022; 31:
1879-1888.

Borenstein DG and Balagué F. Low back
pain in adolescent and geriatric populations.
Rheum Dis Clin North Am 2021; 47: 149-163.
Chen X, Wang W, Cui P, Li Y and Lu S. Evidence
of MRI image features and inflammatory bio-
markers association with low back pain in pa-
tients with lumbar disc herniation. Spine J
2024; 24: 1192-1201.

Wang Z, Zhao Z, Han S, Hu X, Ye L, Li Y and Gao
J. Advances in research on fat infiltration and
lumbar intervertebral disc degeneration. Front
Endocrinol (Lausanne) 2022; 13: 1067373.
Kim WJ, Shin HM, Lee JS, Song DG, Lee JW,
Chang SH, Park KY and Choy WS. Sarcopenia
and back muscle degeneration as risk factors
for degenerative adult spinal deformity with
sagittal imbalance and degenerative spinal
disease: a comparative study. World Neurosurg
2021; 148: eb47-e555.

Hou X, Hu H, Cui P, Kong C, Wang W and Lu S.
Predictors of achieving minimal clinically im-
portant difference in functional status for el-
derly patients with degenerative lumbar spinal
stenosis undergoing lumbar decompression
and fusion surgery. BMC Surg 2024; 24: 59.
Orhurhu V, Hussain N and D’souza R. Review
of the diagnosis and management of lumbar
spinal stenosis. JAMA 2022; 328: 779.

Jung JM, Hyun SJ, Kim KJ, Kim CH, Chung CK,
Kim KH, Cho YE, Shin DA, Park YK and Choi Y.
A prospective study of non-surgical versus sur-
gical treatment for lumbar spinal stenosis with-
out instability. J Clin Neurosci 2020; 80: 100-
107.

Seyedhoseinpoor T, Taghipour M, Dadgoo M,
Sanjari MA, Takamjani IE, Kazemnejad A,
Khoshamooz Y and Hides J. Alteration of lum-
bar muscle morphology and composition in
relation to low back pain: a systematic review
and meta-analysis. Spine J 2022; 22: 660-
676.

Am J Transl Res 2025;17(6):4247-4255



