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Abstract.
BACKGROUND: According to reports in the literature, osteoporotic vertebral compression fracture (OVCF) is associated with
paraspinal muscle degeneration; however, the association between the severity of OVCF and paraspinal muscle degeneration is not
clear.
OBJECTIVE: The purpose of this study was to investigate the association between paraspinal muscle degeneration and OVCF
severity in postmenopausal women.
METHODS: Three hundred and seventy-six MRI images from 47 patients were collected and analyzed. Sagittal and axial coronal
T2-weighted images were used to measure the fractured vertebra sagittal cross-sectional area (FSCSA), the adjacent normal
vertebral body sagittal cross-sectional area (NSCSA), paraspinal muscle cross-sectional area (CSA), and the fat cross-sectional
area (FCSA). The ratio of fractured vertebra compressed sagittal cross-sectional area (RCSA) and fatty infiltration ratio (FIR) was
subsequently calculated. The formulas for RCSA and FIR calculations are as follows: RCSA = (NSCSA-FSCSA)/NSCSA; FIR
= FCSA/CSA. RCSA and FIR represent the severity of OVCF and paraspinal muscle degeneration, respectively.
RESULTS: The correlation between paraspinal muscle degeneration and OVCF severity was analyzed using the Pearson
correlation, and multiple regression analysis was performed to explore related risk factors. OVCF severity was closely associated
with paraspinal muscle degeneration (L3/4 FIR r = 0.704, P < 0.05; L4/5 FIR r = 0.578, P < 0.05; L5/S1 FIR r = 0.581, P <
0.05). Multiple regression analysis demonstrated that the risk factor for OVCF severity was L3/4 FIR (β = 0.421, P = 0.033).
CONCLUSION: OVCF severity was associated with the FIR of paraspinal muscles, and L3/4 FIR was a predictive factor for
OVCF severity in postmenopausal women.
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1. Introduction

Osteoporotic vertebral compression fractures
(OVCF) manifest as vertebral body collapse, which
leads to a decrease in vertebral height. The incidence
of OVCF is increasing with the aging of the general
population. A global study conducted in 2000, reported
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the incidence of osteoporotic fractures was 9 million
per year, of which 1.4 million were cases OVCF [1,2].
About 40% of women and 13% of men will suffer
at least one osteoporotic fracture in their lifetime [3].
OVCF is typically accompanied by pain and has a sig-
nificant negative impact on patients’ independence in
performing the activities of daily living and on quality
of life [4]. Such effects have led to an increase in the
both the burden and costs of medical care [5,6]; there-
fore, the active prevention and treatment of OVCF are
important interventions.

Conservative treatment and vertebral augmentation
surgery are the most widely used approaches for treat-
ing OVCF; however, severe OVCF can lead to spinal
cord compression, vertebral collapse, and severe spinal
deformity, in which open spinal surgeries, including
surgical stabilization and decompression, are indicated.
The morbidity of severe OVCF can be reduced by the
identification of associated risk factors. OVCF is a dis-
ease that occurs particularly in the elderly population
and postmenopausal women, in whom surgical proce-
dures are associated with exceedingly high operative
risks; therefore, identifying the risk factors for severe
OVCF is of considerable clinical importance.

Fat infiltration is a key manifestation of paraspinal
muscle degeneration and may lead to a loss of muscle
strength and endurance [7]. The paraspinal muscles are
primarily composed of multifidus, erector spinae, and
psoas muscle, which play an important role in main-
taining spinal alignment and sagittal balance [8–10].
The association between paraspinal muscle degenera-
tion and spinal deformities, along with low back pain,
has attracted considerable attention [11–15]. Recent
studies show that postmenopausal OVCF is associated
with paraspinal muscle degeneration, from a both quan-
titative and qualitative perspective [16,17]. The rela-
tionship between paraspinal muscle degeneration and
OVCF severity, however, is currently unclear, and no
data has been reported in the literature to date on the
association between paraspinal muscle degeneration
and OVCF severity in postmenopausal women. Due to
the lack of information in this area, further study of
the relationship between paraspinal muscle degenera-
tion and OVCF severity is warranted. With this goal
in mind, we conducted a cross-sectional study to ex-
plore this relationship, in which we hypothesized that
paraspinal muscle degeneration was closely related to
OVCF severity, such that increases in severe paraspinal
muscle degeneration, resulted in increasingly severe
vertebral compression.

2. Materials and methods

The present study is a retrospective cross-sectional
study that was conducted in accordance with the princi-
ples of the Declaration of Helsinki and approved by the
medical ethics committee of Jingmen No. 2 People’s
Hospital (No. 2021052). All patients signed written
informed consent prior to study initiation.

2.1. General information

We retrospectively reviewed female patients with
OVCF who were hospitalized from March 2019 to De-
cember 2021. Inclusion criteria for the study were:
(1) Complete medical information; (2) Women aged
50 years or older and postmenopausal; (3) Dual-energy
X-ray (DXA) examination of bone mineral density, and
(BMD) results indicating low bone mass or osteoporo-
sis; (4) Reported single-level thoracic or lumbar OVCF;
(5) A fracture site with a high signal change on a T2-
weighted fat suppression image on MRI. Exclusion
criteria were as follows: (1) History of a high-energy
injury (e.g., from a motor vehicle accident or a high
fall, etc.); (2) History of surgery on the hips, spine, or
pelvis; (3) Other spinal diseases, such as spinal defor-
mities, spinal tumors, spinal tuberculosis, or Kümmell
disease; (4) Multiple vertebral fractures; (5) Concomi-
tant chronic obstructive pulmonary disease (COPD),
neuromuscular dystrophy, ankylosing spondylitis, or
Parkinson’s disease; (6) Prior anti-osteoporosis therapy.

2.2. Evaluation metrics

2.2.1. Lumbar bone mineral density
BMD of the lumbar spine (L1-L4) was measured

by DXA (DMS-STRATOS, France) conducted by a
professional radiologist. Mean BMD and BMD of L1
to L4 were obtained. Osteoporosis was diagnosed ac-
cording to World Health Organization criteria: T-score
6 −2.5 for osteoporosis, between −2.5 and −1.0 for
osteopenia, and > −1.0 for normality.

2.2.2. Imaging-related parameters
Images were obtained with a 1.5T magnetic reso-

nance scanner (General Electric, USA), using a stan-
dard spine array coil. Imaging protocols included ac-
quisition of axial and sagittal T2-weighted images. The
parameters for T2-weighted images were as follows:
slice thickness 4 mm, and slice interval 1 mm. The
axial position was located in the middle of the sagit-
tal plane, where the sagittal T2-weighted image of the



W. Huang et al. / The association between paraspinal muscle degeneration and OVCF severity in postmenopausal women 325

fracture site was obtained; axial T2-weighted images
of the lumbar spine were obtained at the intervertebral
disc level of L3/4, L4/5 and L5/S1. Image J (Image J
Version 1.5E, National Institutes of Health, Bethesda,
Maryland, USA) software was used for processing MRI
images, and the regions to be measured were desig-
nated as regions of interest (ROI). Using the image-
selection tool from the software, the fractured verte-
bral body and its inferior normal vertebral body bound-
ary were manually delineated on the T2-weighted im-
age of the sagittal plane of the fracture site. The ROI
was subsequently measured (Fig. 1). Assessed param-
eters included fractured vertebral body sagittal cross-
sectional area (FSCSA) and normal vertebral body
sagittal cross-sectional area (NSCSA). The ratio of the
fractured vertebra compressed sagittal cross-sectional
area (RCSA) was calculated with the following for-
mula: RCSA = (NSCSA-FSCSA)/NSCSA. The degree
of vertebral compression is primarily manifested as the
loss of vertebral height [8]. The difference in verte-
bral cross-sectional area reflects the degree of vertebral
compression more accurately from the two-dimensional
perspective; thus, RCSA represents OVCF severity. The
multifidus and erector spinae muscles are important
muscle groups for maintaining the sagittal balance of
the spine and were studied together. ROI was delin-
eated with their fascia as the boundary at the L3/4,
L4/5 and L5/S1 intervertebral disc level with an axial
T2-weighted MRI. Threshold segmentation technol-
ogy [18–20] was adopted to distinguish adipose tissue
from muscle tissue (Fig. 2). The parameters measured
included the cross-sectional area (CSA) of the right
paraspinal muscle and fat cross-sectional area (FCSA).
The fatty infiltration ratio (FIR) was subsequently cal-
culated with the following formula: FIR = FCSA/CSA.
FIR represents paraspinal muscle degeneration.

Parameter assessments were performed by two spinal
surgeons with more than 5 years’ working experience
and who had received training on Image J software.
MRI images of 10 patients were randomly selected to
measure NSCSA and L3/4FCSA for the assessment of
intra-rater repeatability and inter-rater reproducibility.
In addition, the raters were blinded to the clinical and
MRI data. Each rater measured the parameters twice,
with each replicate performed 10 days apart.

2.3. Statistical analyses

Statistical analyses of the data were conducted us-
ing SPSS22.0 (IBM Corp., Armonk, NY, USA). Intra-
rater reliability and inter-rater reliability for NSCSA

Fig. 1. Segmentations of Vertebral body boundary. The median sagit-
tal T2-weighted MRI was selected, and the vertebral body boundary
was selected by Image J software, then the fractured vertebra sagittal
cross-sectional area (FSCSA) and the adjacent normal vertebral body
sagittal cross-sectional area (NSCSA) were measured.

and L3/4FCSA were evaluated using the intraclass cor-
relation coefficient (ICC). The data are expressed as the
mean and standard deviation. Correlations were ana-
lyzed using Pearson correlation analysis. Multiple lin-
ear regression analysis was performed to identify the
risk factors for RCSA, with P < 0.05 considered to be
statistically significant by bilateral test.

3. Results

A total of 108 patients met the inclusion criteria,
among whom 50 met at least one exclusion criteria, and
11 were unwilling to participate in the study. Ultimately,
47 patients were enrolled in the study. Three hundred
and seventy-six images of 47 patients were collected
and analyzed. Patients had a mean age of 64.6 years
(range: 50 to 85 years), mean body mass index (BMI)
was 23.17 kg/m2 (range: 17.33 to 34.05 kg/m2), mean
T-scores were −3.0 (range: −5.3 to 0.1), and all frac-
tures occurred in the thoracolumbar segment of the
spine (T10-L3). Most of the patients were hospitalized
with low back pain with no obvious cause. Before the
occurrence of low back pain, patients recalled a history
of bending to lift heavy objects, sneezing, or falling and
the average duration of back pain was less than 2 weeks.
Patient information is shown in Table 1.

Intra-rater ICC was excellent for NSCSA and
L3/4FCSA [ICC = 0.976 (95% CI = 0.954–0.992);
ICC = 0.981 (95% CI = 0.977–0.991)]. The mean
inter-rater reliability was also good to excellent in mea-
sures of NSCSA and L3/4FCSA. [ICC = 0.954 (95%
CI = 0.933–0.986); ICC = 0.966 (95% 0.953–0.988].
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Fig. 2. Measurement of paraspinal muscle and fat cross-sectional area. Intervertebral disc level on axial T2-weighted MRI were selected, and the
boundary of paraspinal muscles (including erector spinae and multifidus) was depicted by Image J software and paraspinal muscles cross-sectional
area (CSA) was measured. Threshold method was used to select intra-spinal adipose tissue and fat cross-sectional area (FCSA) was measured.

Table 1
Demographic data

Mean ± standard n

BMD (T) −3.00 ± 1.22 47
BMI (kg/m2) 23.17 ± 3.12 47
AGE (years) 64.66 ± 8.41 47
FSCSA (mm2) 1217.78 ± 332.17 47
NSCSA (mm2) 1657.08 ± 323.60 47
RCSA (%) 26.71 ± 12.35 47
L3/4FIR (%) 27.68 ± 10.14 47
L4/5FIR (%) 33.09 ± 10.11 47
L5/S1FIR (%) 37.50 ± 11.61 47

Data are expressed as means ± SD. Statistically significant at the 0.05
level. BMD, bone mineral density; BMI, body mass index; FSCSA,
fractured vertebral body sagittal cross-sectional area; NSCSA, nor-
mal vertebral body sagittal cross-sectional area; RCSA, ratio of frac-
tured vertebra compressed sagittal cross-sectional area; FIR, fatty
infiltration ratio.

Correlation analysis among all parameters showed
that RCSA had a statistically significant correlation with
L3/4FIR, L4/5FIR, and L5/S1FIR (L3/4 FIR, P < 0.05;
L4/5 FIR, P < 0.05; L5/S1 FIR, P < 0.05; Table 2),
but no statistically significant correlation with BMD,
age, and BMI. BMD was significantly correlated with
BMI, age, and NSCSA (BMI, P < 0.05; AGE, P <
0.05; NSCSA, P < 0.05; Table 2), but there was no
statistically significant correlation with other variables.
In addition, a statistically significant difference was
observed in the correlation between FIR of the three
segments (L3/4 FIR and L4/5 FIR, P < 0.05; L3/4 FIR
and L5/S1 FIR, P < 0.05; L4/5 FIR and L5/S1 FIR,
P < 0.05; Table 2). Multiple regression models were
established with RCSA as the dependent variable, and
with age, BMI, BMD, and FIR as independent variables.
This analysis demonstrated that L3/4 FIR was a major
risk factor for the progression of RCSA (β = 0.421,

P = 0.033; Table 3). No correlation between RCSA
and other independent variables was found.

4. Discussion

Severe OVCF is debilitating; therefore, it is impor-
tant to actively prevent the occurrence of this degen-
erative disorder [21,22]. Analysis of the risk factors
for severe OVCF should provide an important basis for
appropriate prevention and treatment [23].

Previous studies have demonstrated a correlation be-
tween paraspinal muscle degeneration and the inci-
dence of OVCF [16,17]; however, the correlation be-
tween the severity of OVCF and paraspinal muscle de-
generation remains unclear. A study by Ikchan con-
firmed that paraspinal steatosis, and the degree of ini-
tial compression of OVCF, were predictors of the pro-
gression of vertebral collapse [24]. Although this study
found that the degree of initial vertebral compression
was related to the progression of vertebral collapse,
the specific risk factors have not been further investi-
gated. We found that the degree of initial compression
of OVCF varies widely, and many patients have ob-
vious kyphosis at the time of initial OVCF, a finding
that attracted the attention of our team. We designed
this study to determine whether the initial severity of
OVCF was related to paraspinal muscle degeneration.
Researchers have reported a number of risk factors for
OVCF, such as age, history of fragility fractures, smok-
ing habits, alcohol intake, steroid use, low BMD, lower
body mass index, presence of kyphosis, and early onset
of menopause [25,26]. However, few studies have ex-
plored the risk factors related to the severity of OVCF,
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Table 2
Pearson correlation analysis of all parameters (p values)

BMD (T)
BMI

(kg/m2)
AGE

(years)
FSCSA
(mm2)

NSCSA
(mm2) RCSA L3/4FIR L4/5FIR L5/S1FIR

BMD (T) < 0.01∗∗ 0.02∗ 0.27 0.04∗ 0.61 0.28 0.30 0.25
BMI (kg/m2) < 0.01∗∗ 0.13 1.00 0.43 0.33 0.90 0.98 0.29
AGE (years) 0.02∗ 0.13 0.25 0.03∗ 0.44 0.05 0.02∗ 0.17
FSCSA (mm2) 0.27 1.00 0.25 < 0.01∗∗ < 0.01∗∗ < 0.01∗∗ 0.05∗ 0.04∗

NSCSA (mm2) 0.04∗ 0.43 0.03∗ < 0.01∗∗ 0.56 0.85 0.54 0.64
RCSA 0.61 0.33 0.44 < 0.01∗∗ 0.56 < 0.01∗∗ < 0.01∗∗ < 0.01∗∗

L3/4FIR 0.28 0.90 0.05 < 0.01∗∗ 0.85 < 0.01∗∗ < 0.01∗∗ < 0.01∗∗

L4/5FIR 0.30 0.98 0.02∗ 0.05∗ 0.54 < 0.01∗∗ < 0.01∗∗ < 0.01∗∗

L5/S1FIR 0.25 0.29 0.17 0.04∗ 0.64 < 0.01∗∗ < 0.01∗∗ < 0.01∗∗

BMD, bone mineral density; BMI, body mass index; FSCSA, fractured vertebral body sagittal cross-sectional area; NSCSA, normal vertebral body
sagittal cross-sectional area; RCSA, ratio of fractured vertebra compressed sagittal cross-sectional area; FIR, fatty infiltration ratio. ∗∗: Correlation
is significant at the 0.01 level (two-tailed). ∗: Correlation is significant at the 0.05 level (two-tailed).

Table 3
Logistic regression model with RCSA as dependent variable

B SE B β t p value
BMD 0.197 0.289 0.019 0.68 0.501
BMI (kg/m2) −0.067 0.106 −0.017 −0.631 0.532
AGE (years) 0.009 0.041 0.006 0.224 0.824
L3/4FIR 0.513 0.23 0.421 2.232 0.033∗

L4/5FIR −0.152 0.253 −0.124 −0.6 0.552
L5/S1FIR 0.186 0.118 0.174 1.57 0.126

B, unstandardized regression coefficients; SE, standard error; β, stan-
dardized regression coefficients; BMD, bone mineral density; BMI,
body mass index; RCSA, ratio of fractured vertebra compressed sagit-
tal cross-sectional area; FIR, fatty infiltration ratio. ∗: Correlation is
significant at the 0.05 level (two-tailed).

and we identified no studies on the correlation be-
tween paraspinal muscle degeneration and the severity
of OVCF.

Paraspinal muscle degeneration is primarily mani-
fested as paraspinal muscle fat infiltration, where mus-
cle fibers are replaced by adipose tissue, thereby de-
creasing the muscle’s physical function [27,28]. In the
present study, the proportion of muscle fat infiltration
was used to represent the degree of paraspinal muscle
degeneration, which is consistent with previous stud-
ies [16,17,24]. Assessment of CSA in the paraspinal
muscles also showed that no single level was represen-
tative of the entire lumbar spine, as CSA measurements
varied significantly between levels [29]. This observa-
tion is consistent with our study, in which the degenera-
tion of paraspinal muscle at a single level does not rep-
resent the degeneration of the entire paraspinal muscle,
although paraspinal muscle degeneration at different
levels was correlated.

Lumbar lordosis physiological vertices, which are
the hub of lumbar spine physiological activity, were
conducted in the third lumbar vertebra and determined
to be the center of lumbar spine mechanics. Therefore,
the degeneration of L3/4 paraspinal muscle may be

more susceptible in spinal degenerative diseases, and
the L3/4 FIR found in this study was a predictor of the
severity of OVCF, which could be supported from the
perspective of anatomy and biomechanics; however,
further experimental studies are needed to confirm this
hypothesis.

Related research has confirmed that paraspinal mus-
cle degeneration is closely related to chronic lower back
pain, lumbar disc herniation, lumbar spinal stenosis,
lumbar spondylolisthesis, scoliosis, and other related
diseases [30–33] associated with concurrent changes
in spinal and pelvic parameters [34,35]. These stud-
ies illustrate the role of paraspinal muscles as a sta-
ble structure in spinal dynamics that have an important
function in spinal-related disease development, such
that paraspinal muscle degeneration may alter mechan-
ical structure and affect the original state of balance in
the spine. From the perspective of a musculoskeletal
pathophysiological correlation, studies have confirmed
the existence of molecular signal pathways related to
musculoskeletal association and interaction between
muscle and bone [36–38]. Sarcopenia is an age-related
condition defined by a progressive and generalized loss
of muscle mass and function [39], osteoporosis and sar-
copenia often co-exist [40]. Postmenopausal women
suffer from the loss of bone mass due to decreased estro-
gen levels, a condition that may result in osteoporosis.
In addition, patients with osteoporosis often suffer from
pathological conditions that co-exist with decreased
BMD and paraspinal muscle degeneration [41,42]. In
the past, the role of BMD in OVCF was the primary
focus, but based on current musculoskeletal correlation
studies, attention should also be focused on paraspinal
muscle degeneration. Although the correlation of the
severity of OVCF and BMD was not statistically signif-
icant in the present study, this finding may be associated
with the limitations of BMD detection methods. Since
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BMD measurements were obtained by two-dimensional
analysis of DXA, the prediction of bone mass can be
complicated by vascular calcifications, vertebral frac-
tures, and osteophytes, that result in an exaggeration
of BMD severity [43,44]. This potential complication
is also a limitation of this study. The patients in this
group were older and many of them had obvious spinal
hyperosteogeny. QCT examination may result in more
accurate results.

Findings from the present study will provide addi-
tional guidance for the prevention and rehabilitation
of severe OVCF. Paraspinal muscle degeneration is an
important risk factor for severe OVCF; thus, early guid-
ance for the prevention of paraspinal muscle degen-
eration in patients with osteoporosis may reduce the
incidence of severe OVCF. Rehabilitation training and
nutritional supplements are important measures in the
prevention of muscle degeneration [45]. In addition,
the prevention and rehabilitation of severe OVCF risk
factors through multidisciplinary cooperation will play
an important role in preventing severe vertebral frac-
tures [46]. Such findings may need to be gradually em-
phasized in the prevention and treatment of OVCF.

Limitations of this study are the small number of
cases included and a certain degree of bias; thus, the
sample size should be expanded in future studies. In
addition, although we found that L3/4 paraspinal mus-
cle degeneration is related to the severity of OVCF,
other factors related to muscle degeneration, such as
patients’ physical activity levels, nutritional status, age
at menopause and gender differences, have not been
included in the study. Therefore, these factors may have
affected the accuracy of the study findings and conclu-
sions.

5. Conclusion

OVCF severity is associated with FIR of paraspinal
muscles, such that a higher degree of paraspinal muscle
fat infiltration leads to increased severity in OVCF ver-
tebral compression. L3/4 FIR was a predictive factor
for OVCF severity in postmenopausal women. Quan-
titative regression degree measurements of paraspinal
muscles on MRI may predict the risk of severe OVCF
and provide evidence for early preventive interventions.
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