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Purpose: This study aims to develop a novel MRI-based paravertebral muscle quality (PVMQ) score for assessing muscle quality and
to investigate its correlation with the degree of fat infiltration (DFF) and the vertebral bone quality (VBQ) score of paravertebral
muscles. Additionally, the study compares the effectiveness of the PVMQ score and the VBQ score in assessing muscle quality and
bone quality.

Methods: PVMQ scores were derived from the ratio of paravertebral muscle signal intensity (SI) to L3 cerebrospinal fluid SI on T2-
weighted MRI. Image J software assessed paravertebral muscle cross-sectional area (CSA) and DFF. Spearman rank correlation analyses
explored associations between PVMQ, VBQ scores, DFF, and T-scores in both genders. Receiver operating characteristic (ROC) curves
compared PYMQ and VBQ scores’ effectiveness in distinguishing osteopenia/osteoporosis and high paraspinal muscle DFF.

Results: In this study of 144 patients (94 females), PVMQ scores were significantly higher in osteoporosis and osteopenia groups
compared to normals, with variations observed between genders (P < 0.05). PVMQ showed stronger positive correlation with VBQ
scores and DFF in females than males (0.584 vs 0.445, 0.579 vs 0.528; P < 0.01). ROC analysis favored PVMQ over VBQ for low
muscle mass in both genders (AUC = 0.767 vs 0.718, 0.793 vs 0.718). VBQ was better for bone mass in males (0.737/0.865 vs 0.691/
0.858), whereas PVMQ excelled for females (0.808/0.764 vs 0.721/0.718).

Conclusion: The novel PVMQ score provides a reliable assessment of paravertebral muscle quality and shows a strong correlation
with VBQ scores and DFF, particularly in females. It outperforms VBQ scores in evaluating muscle mass and offers valuable insights
for assessing bone mass in females. These findings underscore the potential of the PVMQ score as a dual-purpose tool for evaluating
both muscle and bone health, informing future research and clinical practice.

Keywords: muscle quality, osteoporosis, magnetic resonance imaging, dual-energy X-ray absorptiometry, vertebral bone quality

score, osteosarcopenia

Introduction

Sarcopenia and osteoporosis result in the decline of muscle quality and bone quality, respectively, with a growing
prevalence among the elderly population.'? Both conditions are linked to heightened disability, mortality, and an
increased risk of fractures, classifying them as significant public health concerns impacting overall well-being.**

Given the shared pathophysiological mechanisms between sarcopenia and osteoporosis,’ researchers introduce the

Clinical Interventions in Aging 2024:19 1203-1215 1203
Received: 22 March 2024 © 2024 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 15 June 2024
Published: 2 July 2024

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0002-8836-5815
http://orcid.org/0009-0008-6782-0878
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al Dove

term “osteosarcopenia” to signify their coexistence.® This underscores the need to explore the potential interplay between
muscle and bone quality.

The European Working Group on Sarcopenia in Older People (EWGSOP) revised the definition of sarcopenia in
2019, characterizing it as a decline in both muscle quality and muscle strength.” Despite the availability of various
imaging and non-imaging techniques for diagnosing sarcopenia, a universally accepted clinical diagnostic standard has
not yet been established.® Bioelectrical impedance analysis (BIA) emerges as a straightforward non-imaging tool for
assessing sarcopenia, offering a swift estimation of total muscle quality.® However, its precision may be compromised in
patients with fluid and electrolyte imbalances.” Additionally, dual-energy X-ray absorptiometry (DXA) is regarded as the
preferred method for evaluating local and total body muscle quality, delivering a relatively precise assessment of skeletal
muscle quality in sarcopenia.'® While computed tomography (CT) and magnetic resonance imaging (MRI) can effec-

%1 their use may

tively screen for sarcopenia by capturing muscle mass and cross-sectional area at specific sites,
introduce extra radiation, cost, and time due to technical limitations.” Hence, there is an imperative need for a widely
accessible, uncomplicated, and expeditious tool for evaluating muscle quality.

Recently, methods for scoring vertebral bone quality (VBQ) based on MRI have been proposed for osteoporosis and
fragility fracture assessment, demonstrating strong correlations with DXA T-scores and bone mineral density (BMD)
measured by quantitative CT (QCT).'*'> The key advantage of VBQ scoring lies in its capacity to opportunistically
assess bone quality through the utilization of existing MRI examinations, thus circumventing additional patient radiation
exposure and costs. However, a simple and effective tool for muscle mass assessment is lacking. Recent studies have
shown that with age, sarcopenia leads to an increase in the degree of fat infiltration (DFF) in the paravertebral muscles,
which appears as high signal on MRI T2-weighted images.'®'” Therefore, higher signal intensity (SI) in paravertebral
muscles indicates greater DFF and poorer muscle quality.

The aim of this study was to create an MRI-based paravertebral muscle quality (PVMQ) score and to elucidate the
extent to which it correlates with paraspinal muscle DFF. In addition, since bone and muscle are interconnected as
a whole, we will further elucidate the correlation between the PVMQ score and the VBQ score and the DXA T-score and
demonstrate its value in the assessment of bone quality and muscle quality.

Materials and Methods
Study Population

We conducted a retrospective collection of inpatients attending our hospital for low back pain or lumbar decompression
surgery between January 2019 and December 2022. The inclusion criteria were as follows: patients who had both lumbar
MRI and DXA scans performed within a time interval of less than 2 months. This criterion was set to ensure maximum
consistency between the results from the two diagnostic tools. Exclusion criteria included: (1) patients under the age of
18 years or bedridden for more than 3 months; (2) patients with a history of spinal fracture, spinal surgery, spinal tumor
or infection, or muscle strains, as these conditions may affect the measurements of the PVMQ and VBQ scores; and (3)
patients with incomplete medical records. This study was approved by the Ethics Committee of our institution
(2024CYFYIRB-BA-May 10). All procedures were conducted in accordance with the Declaration of Helsinki and its
subsequent amendments, and all patient data are kept confidential. Informed consent was not required due to the
retrospective nature of the study. Data on age, gender, body mass index (BMI), history of smoking, alcohol consumption,
hypertension, diabetes mellitus, and long-term hormone use were collected from electronic medical records. Radiological
data included Modic changes, DXA T-scores, MRI T2-weighted PVMQ scores, and T1-weighted VBQ scores.

DXA T-Score Measurement

Measurements were obtained using a DXA scanner at specific sites including the femoral neck and total hip to calculate
T-scores. Lumbar T-scores are frequently influenced by kyphosis, osteoarthritis, or degenerative spinal conditions,
potentially leading to inaccuracies in lumbar BMD measurements.'® Consequently, to mitigate these confounding factors,
only T-scores from the femoral neck and total hip were gathered for this study. Patients were stratified into 3 groups
based on the lowest T-scores at the femoral neck and total hip: T-scores > —1 were classified as the healthy bone group,
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T-scores between —1 and —2.5 were designated as the osteopenia group, and T-scores < —2.5 were categorized as the
osteoporotic group.

Definition and Staging of Modic Changes on MRI

According to a previous study,'® Modic changes were defined as areas of low and high signal changes along the endplates
on sagittal T1-weighted (T1W) and T2-weighted (T2W) images of the lumbar spine. We evaluated the Modic changes in
the four segments from L1/L2 to L4/LS5 in each patient. Type 0 was normal signal; Type 1 was defined as low signal on
T1W and high signal on T2W; Type 2 was defined as high signal on both TIW and T2W; Type 3 was defined as low
signal on both T1W and T2W.

Measurement of the PVYMQ Score

A patient’s lumbar MRI was analyzed using the hospital’s Picture Archiving and Communication System (PACS).
A senior musculoskeletal radiologist trained two spine surgeons in PVMQ measurement techniques using PACS. The
specific measurements were conducted as follows: first, MRI T2-weighted images of the intermediate cross-sectional
sections at the L1/L2-L4/L5 disc levels were selected.”® The observer then drew the contours of the right and left erector
spinae and multifidus muscles along the boundaries of the muscle circles and averaged the values of the two sides to
obtain measurements for each individual disc level (Figure 1). Typically, adipose tissue exhibits high SI on T2-weighted
images; thus, an increase in mean SI within a specific muscle region indicates a high degree of intramuscular fat
infiltration." Although region of interest (ROIs) are subjectively mapped, previous studies have demonstrated the intra-
and inter-observer reliability of this measurement.”* Additionally, similar to the VBQ score, cerebrospinal fluid at the L3
transect level was used as an adjusted indicator of signal difference from baseline.® Finally, the PVMQ score was
calculated by dividing the mean SI of the four segments from L1/L2 to L4/L5 by the SI of the L3 cerebrospinal fluid
(CSF) using the following formula:

SIL1/2-14/5

PVMQ score = (1)

SIp3/4csF
To evaluate the efficacy of PVMQ in patients with severe muscular dystrophy and fat infiltration, we conducted
PVMQ score measurements in a single patient with severe muscular dystrophy (see Figure 2).
To assess the correlation between PVMQ scores and actual paravertebral muscle DFF, paravertebral muscle DFF was
measured using Image J open-source software (version 1.53, National Institutes of Health, Bethesda, MD). Sagittal
locator lines were employed to identify the L1/2-L4/5 disc levels on axial T2-weighted MRI, and ROIs were delineated

Figure | Representative images used to calculate region of interest (ROI) for PYMQ scores: ROls were positioned within the erector spinae and multifidus muscles on both
the left and right sides of the L3/L4 intervertebral discs, as well as within the CSF of the L3/L4 segments, utilizing the PACS to assess their signal intensity.
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Figure 2 A 75-year-old woman with MRI t2-weighted images suggestive of severe muscle atrophy and more fatty infiltration of the paravertebral muscles had the signal
intensity (SI) of the right and left paravertebral muscles and cerebrospinal fluid measured separately at the L3/4 disc level.

by outlining the edges of the erector spinae and multifidus muscles. Cross-sectional area (CSA) was then measured, with
mean CSA defined as the average of the two sides of each disc and the four disc levels. The percentage fat content of the
paravertebral muscles was determined using a pseudo-coloring technique, where bright pixels of adipose tissue were
colored red, and the area of fat within the red region in the muscle compartment was quantified (Figure 3). Paravertebral
muscle DFF was defined as the ratio of total fat CSA to total CSA.**

Measurement of the VBQ Score

We adopted the same measurements as conducted by Ehresman et al.>> This involved initially selecting T1-weighted
magnetic resonance images of the lumbar spine in the median sagittal position, followed by the placement of ROI in the
cancellous bone region of the L1-4 vertebrac and within the L3 CSF to calculate the mean SI (Figure 4). Special care was
taken to exclude any focal lesions as well as the posterior venous plexus, and if the ROI could not be placed due to these
structures, parasagittal slices were used. The average SI of the L1-L4 vertebrae was divided by the SI of the L3 CSF
using the following formula:

Y — i
Default ~| |Red >

¥ Dark background [~ Stack histogram

I Dontresetrange [~ Rawvalues

M Apply | Reset ﬁl

Figure 3 Paravertebral muscle fat measurements by manually tracing the contours of the erector spinae and multifidus muscles in Image] software.
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Figure 4 Sagittal non-contrast-enhanced T|-weighted MRI of the lumbar spine was conducted with ROI positioned at the vertebral bodies of L1-L4 and at the CSF level at
L3 using the PACS.

ST
VBQ score = L1

2

SIpacse

PVMQ scores, VBQ scores, and muscle mass-related parameters were measured and calculated for all patients by
spine surgeon Y.H, who is trained in MRI musculoskeletal radiology. To assess intraobserver reliability, these measure-
ments were repeated in 35 randomly selected patients. To evaluate interobserver reliability, another researcher (B.Q.)
independently assessed these 35 randomly selected patients. The researcher was blinded to the patients’ DXA results and
utilized intraclass correlation coefficients (ICC) to analyze intra- and inter-observer reliability.

Statistical Analysis

All continuous variables underwent normality analysis using the Shapiro—Wilk test before further examination.
Parametric tests, including one-way analysis of variance (ANOVA) and Student’s #-test, were employed for normally
distributed variables, while non-parametric tests, such as Kruskal-Wallis H-test and Mann—Whitney U-test, were used for
non-normally distributed variables. The chi-square test was applied for categorical variables. To control for confounding
factors such as age and BMI, analysis of covariance (ANCOVA) was utilized to determine differences in muscle- and
bone-related parameters among different BMD groups. Post-hoc comparisons of PVMQ scores, VBQ scores, mean CSA,
and DFF were adjusted for P values using Bonferroni correction across the BMD groups. Intra- and inter-observer
agreement of PVMQ scores, VBQ scores, and muscle-related parameters were assessed using the ICC, where ICC > 0.75
indicated good reliability. Spearman rank correlation was employed to evaluate the correlation between PVMQ scores
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and VBQ scores, DFF, mean CSA, femoral neck T-score, total hip T-score, and lowest T-score in men and women,
respectively. The optimal threshold was identified using the maximum Youden index of the receiver operating char-
acteristic (ROC) curve, and the area under the curve (AUC), sensitivity, and specificity were computed. Multiple linear
regression analyses were conducted with PVMQ scores as the dependent variable and VBQ, muscle-related parameters,
T-scores, and demographic data as independent variables. Statistical analyses were performed using SPSS 26.0 (IBM,
New York, USA) software, and GraphPad Prism 9.02 was used for plotting. A significance level of P < 0.05 was
considered statistically significant.

Results

Patient Characteristics
A total of 144 patients, including 94 females, were enrolled in this study. According to the minimum T-score diagnostic
criteria, 46 patients exhibited normal BMD (age range: 45—79 years), 53 patients had reduced bone mass (age range: 48—
89 years), and 45 patients were diagnosed with osteoporosis (age range: 48-92 years). Detailed demographic and
radiological data of the study population are provided in Table 1. Patients with osteopenia and osteoporosis were older
(p < 0.001) and had lower BMI (p = 0.004) compared to the normal group. Femoral neck, total hip, and lowest T-scores
were significantly lower in the osteopenia and osteoporosis groups than in the normal group (p < 0.001). Additionally,
PVMQ scores, VBQ scores, and paravertebral muscle DFF were significantly higher in the bone loss and osteoporosis
groups compared to patients with normal BMD, while the mean CSA was significantly lower than that of the normal
patients (p < 0.001). The remaining variables were not significantly different between groups. After adjusting for age and
BMI, the VBQ score, PVMQ score, mean CSA, and DFF remained statistically different.

To compare the differences in PVMQ scores, VBQ scores, mean CSA, and DFF among the various BMD groups,
post hoc tests were conducted (Table 2). The findings revealed significant differences in all four variables between the
normal and osteoporotic groups (adjusted P < 0.001). Additionally, PVMQ, DFF, and CSA exhibited differences between

Table 1 Demographics and Radiological Data of the Study Population (n=144)

Variable Normal (n=46) | Osteopenia (n=53) | Osteoporosis (n=45) P Control Age and BMI
Age(years) 62.8+8.8 67.8£9.9 74.619.8 <0.001* -
Female(%) 27(58.7) 33(62.3) 34(75.6) 0.203° -
BMl(kg/m?) 25.0[22.3,27.7] 23.0[21.5,25.2] 22.2[20.0,24.4] 0.004¢ -
Diabetes(%) 8(17.4) 15(28.3) 12(26.7) 0.408° -
hypertension(%) 10(21.7) 13(24.5) 9(20.0) 0.862° -
Alcoholism(%) 12.2) 3(5.7) 2(4.4) 0.683° -
Cigarette(%) 2(4.4) 5(94) 4(8.9) 0.592° -
Steroid Use(%) 1(2.2) 3(5.7) 3(6.7) 0.574° -
Modic change(%) 0.168° -

0 136(73.9) 160(75.5) 134(74.4)

| 24(13.0) 27(12.7) 25(13.9)

2 20(10.9) 18(8.5) 9(5.0)

3 4(2.2) 7(3.3) 12(6.7)

DXA T-score

Femoral neck —0.38[-0.74,0.37] —1.70[-1.93,-1.40] —2.78[-3.05,-2.61] <0.001° <0.001
Hip 0.01[-0.50,0.52] —1.38[-1.82,-1.11] —2.71[-2.99,-2.48] <0.001° <0.001
Lowest —0.43[—0.77,0.12] —1.73[-1.98,-1.44] —2.86[—3.26,-2.70] <0.001¢ <0.001
VBQ score 2.54[2.30,2.76] 2.76[2.40,3.30] 3.25[3.00,3.43] <0.001° 0.001
PVMQ score 0.298[0.250,0.353] 0.350[0.293,0.461] 0.540[0.397,0.647] <0.001¢ <0.001
Average CSA(cm?) 20.15+3.69 17.98+3.91 16.94+3.93 <0.001* 0.029
DFF(%) 18.90[15.34,25.47] 27.09[20.59,38.04] 33.66[24.70,43.24] <0.001¢ <0.001

Notes: a ANOVA b Chi-square test ¢ Kruskal-Wallis H-test. Bold font indicates that the difference is statistically significant (p < 0.05).

Abbreviations: BMI, body mass index; DXA, dual-energy X-ray absorptiometry; VBQ, vertebral bone quality; PVMQ, paravertebral muscle quality; CSA,
cross-sectional area; DFF, degree of fat infiltration.
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Table 2 Post Hoc Tests of Muscle Mass and Bone Quality Parameters Between Different BMD

Groups
Variable Normal - Osteopenia | Normal - Osteoporosis | Osteopenia - Osteoporosis
PVMQ score 0.011 <0.001 <0.001
VBQ score 0.071 <0.001 0.002
DFF 0.001 <0.001 0.179
Average CSA 0.018 <0.001 0.549

Note: All P values were adjusted with Bonferroni correction.

the normal and osteopenia groups, while VBQ and PVMQ were significantly different between the osteopenia and
osteoporotic groups (adjusted P < 0.05).

Differences in Parameters Related to Bone Quality and Muscle Quality in Males and

Females

To further mitigate the influence of gender on the outcomes, subgroup analyses of muscle mass and bone mass-related
parameters were conducted for both male and female groups (Table 3). The analysis revealed that PVMQ scores and DFF
were significantly higher in females compared to males (0.380 vs 0.311, 28.19% vs 23.48%, p < 0.05), while VBQ scores
and mean CSA showed no significant differences between genders.

Correlation Analysis of Bone and Muscle Related Parameters Between Genders
Correlation analyses revealed that within the male group, PVMQ exhibited a moderate positive correlation with VBQ
scores and DFF (r = 0.445 and 0.528, respectively, p < 0.01), alongside a moderate positive correlation between VBQ and
DFF (r = 0.398, p < 0.01). Conversely, within the female group, PVMQ displayed a moderately positive correlation with
VBQ scores and DFF, with a stronger correlation observed compared to males (r = 0.584 and 0.579, p < 0.01,
respectively). Additionally, a positive correlation was observed between VBQ and DFF (r = 0.341, p < 0.01).
Moreover, PVMQ and VBQ scores exhibited significant negative correlations with DXA T scores in both males and
females (p < 0.01) (Table 4).

Comparison of the Value of PYMQ and VBQ Scores for Assessing Bone Quality and

Muscle Quality Males and Females
The overall median DFF in the paravertebral muscles was 25.52% (Table 3). Hence, patients were divided into two
groups based on DFF levels: those with DFF < 25% were classified into the low DFF group, while those with DFF > 25%
were categorized into the high DFF group, consistent with previous studies.*’

ROC curve analysis revealed that in men, the AUC for predicting low bone density and osteoporosis were 0.691 and
0.858, respectively, with PVMQ scores having cut-off values of 0.324 and 0.392, while for VBQ scores, the AUCs were
0.737 and 0.865 with cut-off values of 2.90 and 2.91, respectively. Additionally, the AUC for high DFF assessment was

Table 3 Comparison of Muscle Quality and Bone Quality Parameters Between

Genders
Total(n=114) Male(n=50) Female(n=94) p
Age(years) 68.3£10.6 70.3%£10.0 67.3£10.8 o.lo1*
VBQ score 2.82[2.44,3.32] 2.70[2.41,3.25] 2.89[2.45,3.35] 0.283°
Average CSA(cm?) 18.35+4.04 19.11+3.87 17.95+4.09 o.lo1*
PVMQ score 0.357[0.293,0.533] | 0.311[0.253,0.412] | 0.380[0.311,0.557] | 0.003"
DFF(%) 25.52[17.87,36.42] | 23.48[17.72,30.71] | 28.19[17.98,40.23] | 0.039"

Notes: a Student’s t-test b Mann—Whitney U-test. Bold font indicates that the difference is statistically significant

(p < 0.05).
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Table 4 Correlations Between PYMQ Scores and VBQ Scores and T Scores

PVMQ Score VBQ Score DFF Average CSA Femoral Hip T-Score Lowest T-Score
Neck T-Score

Male

PYMQ - 0.445%* 0.528%* —0.114 —0.515%* —0.499** —0.509**
VBQ 0.445%* - 0.398%* 0.019 —0.496** —0.527%* —0.514%*
Female

PYMQ - 0.584%* 0.579% —0.121 —0.540%* —0.459+* —0.515%*
VBQ 0.584%* - 0.341** —0.170 —0.419%* —0.338%* —0.391**

Notes: Using Spearman rank correlation coefficient, ** indicates statistically significant differences (p<0.01).

Table 5 Accuracy of PYMQ and VBQ in Diagnosing Low BMD, Osteoporosis, and
High DFF in Male and Female Populations

AUC | Threshold | Sensitivity (%) Specificity
(%)
Male
PVMQ score | osteopenia | 0.691 0.324 58.1 737
osteoporosis | 0.858 0.392 81.8 82.1
VBQ score osteopenia 0.737 2.90 548 89.5
osteoporosis | 0.865 291 90.9 79.5
PVMQ score DFF225% 0.767 0.324 76.2 759
VBQ score DFF225% 0.718 3.14 52.4 89.7
Female
PVMQ score osteopenia 0.808 0.335 83.6 74.1
osteoporosis | 0.764 0.368 824 66.7
VBQ score osteopenia 0.721 2.82 67.2 81.5
osteoporosis | 0.718 3.00 76.5 733
PVMQ score DFF225% 0.793 0.353 77.8 72.5
VBQ score DFF225% 0.718 2.82 70.4 70.0

higher for PVMQ compared to VBQ (0.767 vs 0.718) (Table 5, Figure SA-B and E). In women, the AUCs for predicting
low bone density and osteoporosis were 0.808 and 0.764 with PVMQ scores having cut-off values of 0.335 and 0.368,
respectively, and 0.721 and 0.718 with VBQ scores having cut-off values of 2.82 and 3.00. Furthermore, the AUCs for
assessing DFF were higher for PVMQ compared to VBQ (0.793 vs 0.718) (Figure 5C-D and F).

Independent Predictors of PVMQ Score
Based on multiple linear regression analyses, the VBQ score (B = 0.281; p < 0.001), lowest T-score (p = —0.224; p =
0.004), DFF (B = 0.400; p < 0.001), and female gender (B = 0.155; p = 0.017) emerged as independent predictor variables
of PVMQ scores. The overall regression model demonstrated statistical significance (F = 12.122, p < 0.001) with an
adjusted R? = 0.483, suggesting that approximately 48.3% of the variance in PVMQ scores could be elucidated by the
independent variables (Table 6).

The ICC Results demonstrated good intra- and inter-rater reliability for the PVMQ, VBQ, mean CSA, and DFF, with
ICCs exceeding 0.80 (Table 7).

Discussion

It is well known that muscle and bone are metabolically and functionally interconnected as a whole. Muscle imparts
a mechanical load on bone during contraction, activating signal transduction pathways in osteoblasts and thereby
mitigating the risk of osteoporosis.”® With advancing age, the prevalence of osteoporosis and sarcopenia substantially
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Figure 5 ROC curves of PYMQ and VBQ scores for screening for osteopenia and osteoporosis, (A, B) for men and (C, D) for women. In addition, E and F denote the
value of PYMQ and VBQ scores for screening men and women for high DFF, respectively.

increases, often coexisting and heightening the susceptibility to fragility fractures, falls, and mortality.” A study
conducted by Huo et al*® revealed that the concurrent presence of osteoporosis and sarcopenia significantly elevates
the risk of fractures, depression, and malnutrition. Moreover, a large prospective study demonstrated that women with
sarcopenia face a 1.66-fold increased risk of osteoporosis.”’ In a study by Sjoblom et al,’® patients with sarcopenia
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Table 6 Regression Coefficients for Predicting PYMQ Scores

Unstandardized Standardized P-value VIF
B P Coefficient

Age 0.002 0.103 0.148 1.384
Female 0.055 0.155 0.017 1.133
BMI 0.001 0.034 0611 1.194
Lowest T-score -0.028 -0.224 0.004 1.605
VBQ score 0.077 0.281 <0.001 1.240
DFF 0.005 0.400 <0.001 1.316
Average CSA 0.005 0.122 0.080 1.326
Cigarette 0.058 0.091 0.239 1.644
Steroid Use 0.006 0.013 0.839 1.070

Notes: adjusted R*=0.483; Durbin-Watson Statistics: 1.923. Bold font indicates statistically significant variables
for multiple linear regression (p < 0.05).

Table 7 Intra- and Inter-Assessor Reliability of Muscle Mass
and Bone Mass Parameters Using Intra-Group Correlation
Coefficients

Intra-rater (95% CI)

Inter-rater (95% CI)

PVMQ score 0.830 (0.691-0.910) 0.836 (0.701-0.914)
VBQ score 0.901 (0.813-0.948) 0.877(0.770-0.936)
Average CSA 0.886 (0.785-0.941) 0.857 (0.737-0.925)
DFF 0.963 (0.928-0.981) 0.965(0.930-0.982)

exhibited a 12.9-fold higher risk of osteoporosis compared to those without sarcopenia. Hence, evaluating muscle mass is
crucial not only for preventing sarcopenia but also for mitigating the risk of osteoporosis.®!

In this study, the novel PVMQ score demonstrated a moderate correlation with paravertebral muscle DFF, VBQ, and
T scores. PVMQ and DFF were significantly higher in osteoporotic patients compared to non-osteoporotic patients,
aligning with the increased fat infiltration of paravertebral muscles in osteoporotic individuals.*> ROC curve analysis
revealed that the VBQ score effectively screened for low bone density/osteoporosis in males, while the PVMQ score was
more effective in females. Notably, the PVMQ was more valuable than the VBQ for assessing muscle mass in both
genders. Multiple linear regression analyses identified paravertebral muscle DFF and VBQ scores as independent
predictors of PYMQ scores, highlighting the significance of PVMQ scores in reflecting both muscle and bone quality.

The diagnosis of sarcopenia relies on evaluating both muscle quality and strength. While standardized diagnostic
criteria for sarcopenia are lacking, various tools are available for muscle quality assessment.” DXA is the most
commonly used tool for body composition assessment and has been widely used for whole-body muscle quality
measurement.” However, DXA is unable to assess intramuscular fat, which accounts for 5-15% of observed muscle
quality in obese populations.®* Furthermore, its muscle quality assessment is infrequently used in the general population
and lacks routine clinical applicability. CT and MRI offer the ability to assess total muscle area and fat-free muscle area
with higher accuracy and reproducibility for fat and muscle, proving more sensitive than DXA.>'" However, whole-body
CT involves high radiation and limited utility, while MRI is costlier, more procedurally intricate, and less readily
available.** Hence, there is a pressing need for a routine, clinically applicable method for muscle mass assessment to
enhance sarcopenia diagnosis.

The VBQ score, a novel method measuring the extent of fat infiltration in the vertebral body, serves as an indirect
indicator of bone quality and has demonstrated robust correlations with both the T-score and QCT.'*'* Notably, the VBQ
score remains unaffected by variables such as degenerative spinal lesions during bone quality assessment, positioning it
as a potentially more precise tool for evaluating osteoporosis compared to the DXA T-score.>® Recently, Li et al*® first
associated VBQ scores with paravertebral muscle mass, measured using ImageJ software, and demonstrated a moderate
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correlation between the two (r = 0.344-0.481). This finding is consistent with the results of the present study, which
showed correlation coefficients of 0.341 and 0.398 for VBQ and DFF, respectively. However, the use of Imagel for
muscle mass assessment necessitates additional analysis software, limiting its general applicability in clinical settings.

Therefore, inspired by the VBQ score, we developed a simple and practical opportunistic paraspinal muscle quality
assessment tool and analysed its correlation with the VBQ score and paraspinal DFF. Post hoc analysis demonstrated
statistically significant differences in PVMQ scores between all three groups (adjusted P < 0.05), while VBQ scores did
not show significant differences between the normal and osteopenia groups (adjusted P = 0.071). This suggests that the
PVMQ score might exhibit greater sensitivity in distinguishing patients with normal and abnormal BMD.

Given the differences in muscle mass-related parameters between males and females,?” we performed gender-specific
subgroup analyses. Results indicated that PVMQ and DFF were significantly higher in females than in males (P < 0.05),
while VBQ and CSA did not differ significantly between genders. Correlation analysis revealed that PVMQ scores were
moderately positively correlated with both DFF and VBQ scores (r = 0.528 and 0.445 for males; r = 0.579 and 0.584 for
females), and moderately negatively correlated with T-scores (r = —0.540 to —0.459). These findings align with previous
research indicating a relationship between muscle mass and bone mass.*®® However, this study did not find a correlation
between VBQ and CSA, which contrasts with prior studies.>® This discrepancy may be attributed to the older age of the
patients in this study (68.3 vs 58.3 years).

In recent years, multiple studies have highlighted the potential of muscle mass in diagnosing osteoporosis. Kajiki et al*®
demonstrated a significant correlation between the psoas muscle index and femoral neck BMD, as measured by DXA (r =0.525).
Moreover, the lumbar muscle index exhibited moderate accuracy in predicting osteoporosis (AUC = 0.739). In this study, we
compared the ability of PVMQ and VBQ scores to predict high muscle DFF and osteoporosis in men and women. The VBQ
score was more effective than the PVMQ score in diagnosing low bone density/osteoporosis in men (AUC = 0.737 vs 0.691 for
low bone density; AUC = 0.865 vs 0.858 for osteoporosis). Conversely, the PVYMQ score was more effective than the VBQ score
in diagnosing low bone density/osteoporosis in women (AUC = 0.808 vs 0.721 for low bone density; AUC = 0.764 vs 0.718 for
osteoporosis). Notably, the PVMQ score was superior to the VBQ score for assessing high DFF in both men and women.
Therefore, VBQ may be more suitable for bone mass screening in men, while PVMQ scores may provide better results for both
bone mass and muscle mass assessment in women. Consequently, individuals with elevated PVMQ scores should be alerted to
the dual risks of sarcopenia and osteoporosis. Timely preventive and therapeutic interventions, such as resistance exercise,
appropriate nutritional enhancement,*® and the utilization of DXA for accurate assessment of BMD and muscle quality, should be
promptly implemented.

Multiple linear regression analyses showed that the VBQ score, DFF, and lowest T-score were all independent
predictors of the PVMQ score (adjusted R? = 0.483). This underscores the significant value of the PVMQ score in
assessing muscle and bone mass. Although further large-sample prospective studies are needed to validate its reliability
and validity, these findings suggest that the PVMQ score may become an important parameter in future research on the
relationship between sarcopenia and osteoporosis.

However, several limitations are acknowledged in this study. Firstly, the single-center population data were con-
strained by geographic location and the availability of medical records, potentially restricting the generalizability of our
findings to other patient cohorts. Further validation through prospective multicenter studies is imperative to enhance the
external validity of our results. Secondly, the inclusion of patients taking anti-osteoporotic medications in this study
could impact the measurement of the PVMQ score. Subsequent investigations are warranted to ascertain the suitability
and accuracy of applying this score in patients undergoing such treatment. Thirdly, due to the limitations of
a retrospective study, we utilized MRI T2-weighted cross-sectional images for PVMQ measurements. The validity of T1-
weighted images for PVMQ score measurements remains unknown, and further prospective studies comparing different
sequences are necessary. However, several studies have demonstrated the reliability of MRI T2 images for muscle mass
assessment.***! Finally, the diagnosis of sarcopenia includes not only muscle quality, but also the assessment of muscle
strength and physical function. Therefore, we are still unclear about the relationship between PVMQ in sarcopenia and

non-sarcopenia groups, and further evidence is needed in future studies.
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Conclusion

Our study introduces a novel MRI-based PVMQ score, demonstrating its significant association with VBQ scores and
DFF. Notably, PVMQ outperforms VBQ in assessing muscle quality, particularly in females. These findings underscore
the clinical relevance of PVMQ in evaluating musculoskeletal health and suggest avenues for future research into gender-
specific diagnostic and therapeutic strategies.
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