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Abstract

Background With the wide application of QCT in the clinical assessment of osteoporosis and sarcopenia, the charac-
teristics of musculoskeletal degeneration in middle-aged and elderly people need to be further revealed. We aimed to
investigate the degenerate characteristics of lumbar and abdominal muscles in middle-aged and elderly people with
varying bone mass.

Methods A total of 430 patients aged 40-88 years were divided into normal, osteopenia, and osteoporosis groups
according to quantitative computed tomography (QCT) criteria. The skeletal muscular mass indexes (SMls) of five
muscles [abdominal wall muscles (AWM), rectus abdominis (RA), psoas major muscle (PMM), posterior vertebral
muscles (PVM), and paravertebral muscles (PM)] included in lumbar and abdominal muscles were measured by QCT.
Differences in SMIs among three groups, as well as the correlation between SMis and volumetric bone mineral density
(vBMD) were analyzed. The areas under the curves (AUCs) for SMls for prediction of low bone mass and osteoporosis
were calculated.

Results In male group, SMis of RA and PM in osteopenia group were significantly lower than those in the normal
group (P=0.001 and 0.023, respectively). In female group, only SMI of RA in osteopenia group was significantly lower
than that in the normal group (P=0.007). SMI of RA was positively correlated with vBMD with the highest coefficients
in male and female groups (r=0.309 and 0.444, respectively). SMis of AWM and RA had higher AUCs varying from
0.613 to 0.737 for prediction of low bone mass and osteoporosis in both genders.

Conclusions The changes of SMIs of the lumbar and abdominal muscles in patients with varying bone mass are
asynchronous. SMI of RA is expected to be a promising imaging marker for predicting abnormal bone mass.
Trial registration ChiCTR1900024511 (Registered 13—-07-2019).

Keywords Lumbar and abdominal muscles, Degeneration, Quantitative computed tomography, Bone mass, Skeletal
muscular mass index
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Background

With the aggravation of social aging, the prevalence of
musculoskeletal diseases is increasing, which has become
a global public health problem [1-3]. In 2019, the revised
diagnostic consensus drafted by the European Work-
ing Group on Sarcopenia in Older People (EWGSOP)
defined sarcopenia as "a muscle disease that results from
long-term accumulation of adverse muscle changes" [4].
In the elderly population, sarcopenia is characterized
by age-related progressive, systemic muscle loss and/
or muscle strength decrease or muscle physiological
function decline [1]. The prevalence of sarcopenia was
reported as 5-13%, while the prevalence ranged from
11 to 50% in elder population (>80 years) [1]. A recent
meta-analysis study reported that the prevalence of sar-
copenia ranged from 10 to 27% using different classifi-
cation systems [2]. Osteoporosis is a systemic metabolic
disease related to decreased bone strength, bone micro-
structure destruction, and increased bone fragility [5].
Globally, the prevalence of osteoporosis was 18.3%, and
it is greater in women than in men (23.1% vs. 11.7%) [3].
The relationship between sarcopenia and osteoporosis
has become a research hotspot [6—8]. Revealing the rela-
tionship between muscular mass and bone mass can con-
tribute to further understand the linkage between muscle
degeneration and bone deterioration.

Presently, skeletal muscular mass and bone mass are
commonly measured by dual X-ray absorbtiometry
(DXA) or quantitative computed tomography (QCT)
[4, 9-12]. DXA classifies organs and muscle tissue
into the category of thin tissue, which is not accurate
in the evaluation of abdominal muscle tissue, and can
not measure a single target muscle. Although DXA is
the gold standard for the diagnosis of osteoporosis, its
accuracy for the measurement of areal bone mineral
density (aBMD) has been widely questioned, especially
in middle-aged and elderly population [12, 13]. QCT
can accurately quantify volumetric BMD (vBMD) and
body composition through phantom and post-process-
ing software. Therefore, more clinical musculoskeletal
studies were conducted on QCT technique [14-18].
Previous studies frequently used the muscular mass
of total muscles or alone used paravertebral muscles,
psoas major muscle, or posterior vertebral muscles at
the middle level of lumbar 3 (L3) as the markers to rep-
resent muscular mass [14—18]. However, few studies
grouped lumbar and abdominal muscles into different
muscles on the midaxial level of L3 vertebral body and
investigated the degenerate characteristics of different
muscles in middle-aged and elderly people [4, 10, 11].
According to different classification systems, the preva-
lences of different genders were not certain. However,
based on the different physiological characteristics of
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men and women, the diagnostic threshold of sarcope-
nia was usually lower in female subjects [2]. Whether
the pattern of muscle degeneration is consistent in sub-
jects of different genders is unknown.

This preliminary study aims to investigate the degen-
erate characteristics of lumbar and abdominal muscles
with varying bone mass based on QCT technique in
male and female middle-aged and elderly people, and
the relationships between muscular masses of different
muscles and bone mass are discussed as well. Here we
hypothesize that the decline of muscle mass in different
muscle groups maybe synchronous in middle-aged and
elderly people with varying age and bone mass.

Materials and methods

Patient population

Between July 2019 and May 2021, a total of 445 sub-
jects underwent lumbar QCT examination in Shanghai
Tenth People’s Hospital. Inclusion criteria were as fol-
lows: 1) patient aged > 40 years; and 2) volunteer to par-
ticipate in lumbar QCT examination. Exclusion criteria
were as follows: 1) poor quality of QCT images affected
observation and measurement (such as obvious arti-
fact, severe degenerative changes or fracture deformity,
and implants, hardware, devices, or other foreign mate-
rial in the measurement area); 2) individuals with bone
dysplasias known to have excessive fracture risk (osteo-
genesis imperfecta, osteopetrosis) or high BMD (such
as prolonged exposure to fluoride); 3) history of malig-
nancy with or without treatment; 4) history of drug
therapy affecting musculoskeletal metabolism more
than 3 months (anti-osteoporosis drugs, sex hormone,
glucocorticoids, etc.); 5) male individuals with surgi-
cally or chemotherapeutically induced castration; 6)
with an endocrine disorder known to affect BMD (such
as hyperparathyroidism, hyperthyroidism, growth hor-
mone deficiency or Cushing’s syndrome); 7) individuals
with medical conditions known to alter BMD (such as
renal failure, arthritis, chronic bowel diseases, enteral
and parenteral nutrition, cachexia or bedridden for
more than 1 week within the last 3 mouths); 8) history
of regular physical exercise within the past 1 year [19].
After excluding 15 cases, the current study included
430 cases [male: female=162 (37.7%): 268 (62.3%);
age, 40—88 years; mean age, (60.3 % 8.8) years]. All par-
ticipants were divided into four groups based on age
(40-49, 50-59, 60-69, and > 70 years). Ethics commit-
tee of Shanghai Tenth People’s Hospital approved this
prospective study (Number: SHSY-IEC-4.1/18-200/01),
which was also registered on Chinese Clinical Trial
Registry (Number: ChiCTR1900024511). Informed
consent was obtained from all participants.
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QCT examination

Bone mass measurement

All subjects underwent CT scan of lumbar vertebrae
from L1 to L3 with a dual-source CT (Somatom Force,
Siemens Healthcare, Forchheim, Germany). A solid-state
CT calibration phantom (Mindways Software Inc., Aus-
tin, TX, USA) which was placed under the waist was used
simultaneously during the scan. The scanning parameters
were as follows: tube voltages, 120 kV; tube current, 125
mAs; slice thickness 5 mm; reconstructed slice thickness
1.5 mm; and matrix size, 512 x 512. Images were trans-
ferred to a QCT workstation and analyzed using QCT
PRO 5.10 software (Mindways Software Inc., Austin, TX,
USA). Regions of interest (ROI) were placed in the cen-
tral part of L1-L3 vertebral bodies on axial, sagittal, and
coronal images. The margin of ROI should be more than
3 mm within of the border of vertebral body to avoid
partial volume effect from the cortical bone. The vBMD
value was the mean vBMD of L1-L3. The subjects were
divided into normal group (vBMD > 120 mg/cm?), osteo-
penia group (80 mg/ cm® <vBMD <120 mg/cmg), and
osteoporosis group (VBMD<80 mg/cm®) according to
ACR criteria [19].

Muscular mass measurement

Body composition parameters were acquired by QCT
images with 1.5 mm reconstructed slice thickness on
the midaxial level of L3 vertebral body. QCT PRO 5.10
software was used for quantitative analysis of muscle
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composition (CT value between -29~150 HU) in the
bilateral lumbar and abdominal muscles, which were
divided into 5 groups: rectus abdominis (RA), posterior
vertebral muscles (PVM), psoas major muscle (PMM),
paravertebral muscles (PM, defined as the sum of PMM,
quadratus lumborum, and PVM), and abdominal wall
muscles (AWM, defined as all muscles except PM) on
the midaxial level of L3 vertebral body) [11]. The cross-
sectional area (CSA) of muscle was calculated automati-
cally after the ROI drawn manually along the border of
target muscle (Fig. 1). In recent years, the main evalua-
tion indexes of sarcopenia using QCT technique in most
studies were CSA and skeletal muscular mass index [SMI;
SMI=CSA (cm?)/ height squared (m?)] on the midaxial
level of the L3 vertebral body [20, 21]. Therefore, SMI
was selected as a more ideal evaluation indicator to cal-
culate the muscular mass.

Repeatability analysis

Thirty subjects including 15 males and 15 females
were selected by using random number generator.
Radiologists Zhu ] and Tang G who had more than
15 years experience in musculoskeletal radiology were
trained to draw ROI using the same method and QCT
software. Neither Zhu J nor Tang G knew the clinical
information of the subjects including name, gender,
height, weight, history of menopause, medical history,
and other factors that may affect the measurement.
After one week, Zhu ] repeated the measurement of

Fig. 1 (a) QCT image on the midaxial level of L3 vertebral body. The ROIs of abdominal wall muscles (AWM) (b), rectus abdominis (RA) (c),
paravertebral muscles (PM) (d), posterior vertebral muscles (PVM) (e), and psoas major muscle (PMM) (f) on the same QCT image
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the same 30 subjects. Intraclass correlation coefficient
(ICC) was used to evaluate the repeatability of the two
measurements of two radiologists and two measure-
ments of the same radiologist. All the data would have
been measured independently by Zhu ] if good agree-
ments (ICC > 0.75) had been found.

Statistical analysis

The analyses were performed by SPSS 25.0 (SPSS, Chi-
cago, IL, USA). The normality analysis of continuous
data was performed by the Shapiro—Wilk test. Normally
distributed variables were presented as mean = stand-
ard deviation (SD). Non-normally distributed variables
were expressed as median (interquartile range). The dif-
ferences of vBMD among multiple groups (four groups
based on age) were analyzed by one-way ANOVA (Bon-
ferroni; for normal variables) or Kruskal-Wallis H test
(for non-normal variables). The differences of SMIs of
five muscles among multiple groups (four groups based
on age and three groups based on vBMD) were analyzed
by one-way ANOVA (Bonferroni; for normal variables)
or Kruskal-Wallis H test (for non-normal variables).
The Pearson’s and Spearman’s correlation analyses were
used for normal and non-normal variables, respectively.
Receiver-operating characteristic (ROC) analysis was
performed by Medcalc version 15.6 (MedCalc Software,
Mariakerke, Belgium) to evaluate the diagnostic efficacy
of SMIs of different muscles for differentiating between
normal bone mass and low bone mass (including osteo-
penia and osteoporosis), as well as between non-osteopo-
rosis (including normal bone mass and osteopenia) and
osteoporosis. P value less than 0.05 was considered statis-
tically significant.

Results
Repeatability evaluation
Inter-observer agreement: ICCs of vBMD and SMIs of
five muscle groups indicated good agreement varying
from 0.810 to 0.974.

Intra-observer agreement: ICCs of vBMD and SMIs
of five muscle groups indicated good agreement vary-
ing from 0.750 to 0.973 (Table 1).

Table 1 Inter- and intra-observer agreement for QCT parameters
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Comparison of musculoskeletal mass among varying age
For both genders, vBMD decreased continuously with
age. In male group, vBMD significantly decreased
(P=0.008) in the third age range (60—69 years), com-
pared with the first age range (40—49 years). In female
group, vBMD significantly decreased (P=0.008) in the
second age range (50—59 years), compared with the first
age range (40—49 years).

For both genders, SMI decreased continuously with age
in all muscle groups except for the PMM. In male group,
SMIs of PM and PVM significantly decreased (P=0.004
and 0.016, respectively) in the second age range (50—
59 years), and SMIs of AWM, RA, and PMM significantly
decreased (P=0.045, 0.002, and 0.002, respectively) in
the third age range (60-69 years), compared with the first
age range (40—49 years). In female group, SMI of RA sig-
nificantly decreased (P=0.013) in the second age range
(50-59 vyears), SMI of AWM significantly decreased
(P=0.002) in the third age range (60—69 years), and SMI
of PVM significantly decreased (P=0.028) in the fourth
age range (> 70 years), compared with the first age range
(40—49 years) (Table 2).

Correlation between musculoskeletal mass and age

For both genders, vBMD was negatively correlated with
age (r=-0.356, P<0.001, for male group; r=-0.677,
P<0.001, for female group).

In male group, SMIs were negatively correlated with
age in all muscle groups, especially for PM and PVM
(r=-0.445, P<0.001; r=-0.436, P<0.001, respectively).
In female group, SMIs were negatively correlated with
age in all muscle groups except PMM, especially for RA
(r=-0.481, P<0.001) (Table 3).

Comparison of muscular mass among varying bone mass

For both genders, SMIs decreased continuously
with reduced vBMD in all muscle groups except for
PM and PMM. In male group, SMIs of RA and PM
in osteopenia group were significantly lower than
those in the normal group (P=0.001 and 0.023,
respectively). SMIs of AWM and PVM in osteoporo-
sis group were significantly lower than those in the
normal group (P=0.018 and 0.028, respectively). In
female group, only SMI of RA in osteopenia group

ICC (95% CI) vBMD SMI

AWM RA

PM PVM PMM

Inter-observer  0.966 (0.929-0.984)

0.969 (0.935-0.985)

0.974 (0.947-0.988)

Intra-observer 0.959 (0.915-0.980)

0.876 (0.757-0.939)
0.750 (0.538-0.873)

0.967 (0.932-0.984)
0.973 (0.884-0.972)

0.939 (0.876-0.970)
0.930 (0.867-0.966)

0.810 (0.638-0.905)
0.820 (0.656-0.910)

AWM abdominal wall muscles, Cl confidence interval, ICC intraclass correlation coefficient, PM paravertebral muscles, PMM psoas major muscle, PVM posterior
vertebral muscles, QCT quantitative computed tomography, RA rectus abdominis, SMI skeletal muscular mass index, vBMD volumetric bone mineral density
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Table 3 Correlation between musculoskeletal mass and age

Parameter Age (male) Age (female)

rvalue P value rvalue P value
vBMD -0.356 <0.001 -0.677 <0.001
AWM SMI -0.300 <0.001 -0.333 <0.001
RA SMI -0.360 <0.001 -0.481 <0.001
PM SMI -0.445 <0.001 -0.153 0.012
PVM SMI -0436 <0.001 -0.194 0.001
PMM SMI -0.258 0.001 0.005 0.940

AWM abdominal wall muscles, PM paravertebral muscles, PMM psoas major
muscle, PVM posterior vertebral muscles, RA rectus abdominis, SMI skeletal
muscular mass index, vBMD volumetric bone mineral density

was significantly lower than that in the normal
group (P=0.007), and only SMI of RA in osteopo-
rosis group was significantly lower than that in the
osteopenia group (P<0.001). SMIs of AWM and
PVM in osteoporosis group was significantly lower
than those in the normal group (P=0.004 and 0.023,
respectively) (Table 4).

Table 4 Comparison of muscular mass among varying bone mass
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Correlation between muscular mass and bone mass

In male group, SMIs were positively correlated with vBMD in
all muscle groups except PMM, especially for RA (r=0.309,
P<0.001; r=0.208, P=0.008 after controlling for age).

In female group, SMIs were positively correlated with
vBMD in all muscle groups except PM and PMM, espe-
cially for RA (r=0.444, P<0.001; r=0.217, P<0.001 after
controlling for age) (Table 5).

Diagnostic efficacy analysis of varying muscular mass
In male group, the areas under the curves (AUCs) to dif-
ferentiate between normal bone mass and low bone mass
were 0.613, 0.683, 0.609, 0.594, and 0.502 for SMIs of
AWM, RA, PM, PVM, and PMM, respectively. The AUCs
to differentiate between non- osteoporosis and osteopo-
rosis were 0.686, 0.667, 0.559, 0.626, and 0.356 for SMIs
of AWM, RA, PM, PVM, and PMM, respectively (Fig. 2).
In female group, the AUCs to differentiate between
normal bone mass and low bone mass were 0.673, 0.708,
0.547, 0.595, and 0.470 for SMIs of AWM, RA, PM,
PVM, and PMM, respectively. The AUCs to differentiate
between non-osteoporosis and osteoporosis were 0.729,

SMI (cm?*/m?)  Bone mass (male)

Bone mass (female)

Nomal Osteopenia  Osteoporosis Pvalue Nomal Osteopenia Osteoporosis Pvalue
n=88 n=60 n=14 n=91 n=95 n=82
AWM 20.831+4.46 19.56+3.41 17.62+343° 0.011 15.22(1346,17.48)  14.51(13.12,16.00)  12.93(10.92,14.56)°  0.014
RA 4214157 335+1.19° 3.00£1.13° <0.001 3.04£0.99 262+0.82° 1.964097% <0.001
PM 2891+£3.92 27.1843.78° 27.67£3.36 0.025 22.86+2.73 22.25+3.05 2246+£3.85 0425
PVM 16.66£2.39 15.88+2.35 14.81+£3.14° 0.015 13.86+1.93 13.48+£2.14 12.76+2.52° 0.005
PMM 867+£18 8.50+1.78 10.01£2.47% 0.023 6.48(5.45,7.62) 6.40(5.40,7.17) 7.04(5.42,10.46)° 0.004

Data were expressed as mean = standard deviation or median (interquartile range)

AWM abdominal wall muscles, PM paravertebral muscles, PMM psoas major muscle, PYM posterior vertebral muscles, RA rectus abdominis, SM/ skeletal muscular mass index

@ Compared with normal group, P< 0.05

b Compared with osteopenia group, P< 0.05

Table 5 Correlation between muscular mass and bone mass

SMI vBMD (male) vBMD (female)

rvalue Pvalue P value P?value rvalue P value r’ value P?value
AWM 0.273 <0.001 0.188 0.017 0402 <0.001 0.251 <0.001
RA 0.309 <0.001 0.208 0.008 0.444 <0.001 0217 <0.001
PM 0212 0.007 0.064 0419 0.066 0.284 -0.016 0.795
PVM 0.269 0.001 0.135 0.088 0.206 0.001 0.085 0.165
PMM -0.100 0.205 -0.178 0.024 -0.109 0.075 -0.164 0.007

AWM abdominal wall muscles, PM paravertebral muscles, PMM psoas major muscle, PVM posterior vertebral muscles, RA rectus abdominis, SMI skeletal muscular mass

index, vBMD volumetric bone mineral density
@ After controlling for age
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Prediction of low bone mass in male group
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Prediction of osteoporosis in male group
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Fig. 2 (a) ROC curves of SMls of five muscles for prediction of low bone mass in male group. (b) ROC curves of SMls of five muscles for prediction
of osteoporosis in male group

0.737, 0.506, 0.616, and 0.398 for SMIs of AWM, RA, PM,
PVM, and PMM, respectively (Fig. 3).

The cutoff, sensitivity, specificity, positive predictive
value, and negative predictive value of SMIs of five muscle
groups for predicting low bone mass and osteoporosis in
male and female groups were showed in Tables 6 and 7,

respectively.

Prediction of low bone mass in female group

1.0

0.8

Sensitivity

0.4

0.2

— Abdominal wall muscles SMI
—Rectus abdominis SMI
—Paravertebral muscles SIMI

—Rectus abdominis SIMI
Reference line

—Posterior vertebral muscles SMI

0.0
0

a

0.2 0.4 0.6 0.8

1 - Specificity

1.0

Discussion

Decreased muscle mass, strength and function can signif-
icantly increase the risk of osteoporosis, while decreased
bone mass can also significantly increase the prevalence
of sarcopenia [6—8]. The co-existence of sarcopenia and
osteoporosis, named mobility disorder syndrome, inter-
acts with each other and makes the elderly population

Prediction of osteoporosis in female group
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Fig. 3 (a) ROC curves of SMIs of five muscles for prediction of low bone mass in female group. (b) ROC curves of SMIs of five muscles for prediction
of osteoporosis in female group
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Table 6 Receiver-operating characteristic curve parameters of SMIs for prediction of low bone mass and osteoporosis in male group

SMI Pvalue AUC (95% CI) Cutoff (cm?/m?) Sensitivity (%) Specificity (%) PPV (%) NPV (%)
AWM 0.014° 0.613(0.533-0.688) 2342 93.24 30.68 53.10 84.40
0.006° 0.686(0.609-0.757) 19.13 7143 59.46 14.30 95.70
RA <0.001° 0.683(0.606-0.754) 307 54.05 7841 67.80 67.00
0.013° 0.667(0.589-0.739) 3.84 85.71 46.62 13.20 97.20
PM 0.013° 0.609(0.530-0.685) 3041 86.49 35.23 52.90 75.60
0.395° 0.559(0.479-0.637) 30.01 92.86 31.08 11.30 97.90
PVM 0.038° 0.594(0.514-0.670) 14.85 36.49 82.95 64.30 60.80
0.115° 0.626(0.547-0.701) 1261 28,57 95.27 36.40 93.40
PMM 0.961° 0.502(0.423-0.582) 6.05 227 89.77 18.20 52.30
0.076° 0.356(0.283-0.435) 11.09 8.78 64.29 72.20 6.30

AUC area under the curve, AWM abdominal wall muscles, Cl confidence interval, NPV negative predictive value, PM paravertebral muscles, PMM psoas major muscle,
PPV positive predictive value, PVM posterior vertebral muscles, RA rectus abdominis, SMI skeletal muscular mass index

2 Prediction of low bone mass

b Prediction of osteoporosis

Table 7 Receiver-operating characteristic curve parameters of SMIs for prediction of low bone mass and osteoporosis in female group

SMI P value AUC (95% Cl) Cutoff (cm?/m?) Sensitivity (%) Specificity (%) PPV (%) NPV (%)
AWM <0.001°2 0.673(0.614-0.729) 14.68 6441 61.54 76.50 47.10
<0.001° 0.729(0.672-0.782) 13.31 58.54 7527 51.10 80.50
RA <0.001% 0.708(0.650-0.762) 272 67.80 7033 81.60 52.90
<0.001° 0.737(0.680-0.789) 229 65.85 75.27 54.00 83.30
PM 0.189° 0.547(0.486-0.608) 18.55 14.69 97.80 92.90 37.10
0.882° 0.506(0.445-0.567) 18.13 18.29 95.70 65.20 72.70
PYM 0.007° 0. 595(0 533-0.654) 13.29 58.19 60.44 74.10 4260
0.003° 616(0.555-0.675) 12.28 50.00 75.27 47.10 77.30
PMM 0419° 0. 470(0 409-0.531) 8.16 15.38 72.88 22.60 62.60
0.018° 0.398(0.339-0.460) 855 8.60 58.54 32.00 22.00

AUC area under the curve, AWM abdominal wall muscles, C/ confidence interval, NPV negative predictive value, PM paravertebral muscles, PMM psoas major muscle,
PPV positive predictive value, PVM posterior vertebral muscles, RA rectus abdominis, SMI skeletal muscular mass index

@ Prediction of low bone mass

b prediction of osteoporosis

susceptible to falls, with high risks of disability and mor-
tality [22].

The occurrence and development of primary osteopo-
rosis are closely related to changes in hormones and bone
marrow microenvironment [23, 24]. It is well-known
that the ratio of red and yellow bone marrow continues
to decrease with age, which is a critical cause for the low
BMD [24, 25]. Our results also confirmed that vBMD was
negatively correlated with age, especially in female whose
vBMD was significantly decreased earlier than male (50—
59 years vs. 60—69 years). It is clear that rapid decline
in the level of oestrogen during perimenopause leads to
bone loss through increased bone turnover (activation of
osteoclast bone resorption and inhibition of osteoblast
bone formation) [23, 26]. Most of the current studies use

DXA or bio-impedance analysis (BIA) to measure appen-
dicular skeletal muscle mass, using height squared cor-
rection to obtain the appendicular skeletal muscle mass
index (ASMI). The EWGSOP, International Working
Group on Sarcopenia, Asian Working Group for Sarco-
penia have slightly different thresholds, generally using
either two SDs below the mean levels of young healthy
adults or the lowest quintile of ASMI as the threshold
for sarcopenia [13]. In 2019, the EWGSOP suggested
that low muscle mass was defined as an ASMI<5.5 kg/
m? in women and ASMI<7.0 kg/m2 in men [4]. In recent
years, QCT has been increasingly used to assess the area
of total muscles at the level of L3 after adjustment for
height squared as SMI for the reference standard of sar-
copenia. A meta-analysis showed that the most common



Tu et al. BMC Musculoskeletal Disorders (2023) 24:136

cut-off values of normal SMIs ranged from 52 to 55
cm?/m? for men and from 39 to 41 cm?/m? for women
on QCT [10]. In our study, the proportion of normal
SMiIs for men was between 16.67% (SMI>55 ¢cm?/m?)
and 24.07% (SMI> 52 cm?/m?) and for women between
18.28% (SMI>41 cm?*/m?) and 28.73% (SMI>39 cm?/
m?) according to the above criteria [10].

Sarcopenia is an age-related systemic disease with mul-
tiple mechanisms involved [27]. The diagnosis of sarco-
penia relies on the assessment of muscle strength and
muscular mass. In this study, SMI was used as an index of
muscular mass, which was found a continuous decreas-
ing trend with age for both genders. It should be noted
that the muscular mass was significantly decreased in the
same age range (50—59 years) for both genders, but the
muscles which had changed significantly and better nega-
tive correlation between degeneration degree and age
in male and female groups were not the same [(PM and
PVM) vs. RA]. This phenomenon implies that there may
be differences in the order of the degeneration of lumbar
and abdominal muscles in different genders. Degenera-
tion may occur first in PM and PVM in male population,
while RA in female population.

There is growing evidence of an interrelationship
between low BMD and sarcopenia [6—8]. Yoshimura et al.
[6] indicated that osteoporosis increased the short-term
risk of sarcopenia after a 4-year follow-up. Petermann-
Rocha et al. [7] identified that pre-sarcopenia was asso-
ciated with 1.3-times higher risk of osteoporosis in men,
and sarcopenia was associated with 1.66-times increased
osteoporosis risk in women, compared with people with-
out sarcopenia or pre-sarcopenia after 7.4 years follow-up
of 168,682 participants in UK. Similarly, a study found
that postmenopausal women with sarcopenia had a 12.9-
fold increased risk of osteoporosis compared to non-sar-
copenic ones [8].

Previous studies frequently used the muscular mass
of total muscles, PM, PMM, or PVM at the level of L3
alone as an evaluation index for investigating the corre-
lation between muscular mass and bone mass [14—18].
Kim et al. [17] demonstrated that the muscle area of PM
decreased and intramuscular fat infiltration increased
in postmenopausal women with compression fracture.
Kajiki et al. [18] reported that SMI of PMM was posi-
tively correlated with aBMD in the entire lumbar spine
and femoral neck (r=0.413 and 0.525, respectively).
However, the relationship between multiple muscles at
the same level and bone mass was not clear. In our study,
SMIs decreased continuously with reduced vBMD in all
muscle groups except for PM and PMM for both genders.
However, for osteopenia group, SMIs of RA and PM in
male group and SMI of RA in female group were more
sensitive than others to show degeneration compared
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with those in the normal group. RA is located on both
sides of the midline of the anterior abdominal wall,
whose contraction can make the spine forward flexion,
lateral flexion and pelvic tilt [28]. PM, which includes the
PMM, quadratus lumborum and PVMV, is closely related
to the spinal space position and function, and play an
important role in maintaining spinal stability, balance
and mobility [29]. Also, our study found that most SMIs
of lumbar and abdominal muscles were positively cor-
related with vBMD, especially for RA in both genders.
This finding implies that the changes of muscular masses
of different muscles in the lumbar and abdominal region
in patients with varying bone mass are asynchronous.
SMI of RA may be the most sensitive marker to reflect
the early degeneration of lumbar and abdominal muscles
during the development of osteoporosis.

In recent years, a few reports studied the capacity of the
muscular mass to diagnose osteoporosis [18, 30]. Hayashi
et al. [30] indicated a positive correlation between ASMI
measured by BIA and aBMD of the lumbar spine and the
femur neck ( r=0.44 and 0.52, respectively) in patients
with chronic liver disease. Also, this research reported
that the AUCs of the ASMI for predicting osteoporosis
were 0.768 and 0.718 in male and female patients, respec-
tively [30]. Kajiki et al. [18] revealed that SMI of PMM has
moderate accuracy (AUC=0.739) in predicting osteopo-
rosis based on DXA criterion in 87 patients with degen-
erative spinal diseases. In our study, the more valuable
muscular masses for predicting low bone mass and oste-
oporosis were both SMIs of AWM and RA in both gen-
ders. However, SMI of PMM in this study did not show as
good diagnostic efficacy as stated in the previous report
[20]. Differences in the selection and number (87 cases vs.
430 cases) of patients and the measurement method of
bone mass (DXA vs. QCT) may have contributed to the
apparent differences in results. It should be noted that the
AUCs of SMIs of AWM and RA for predicting low bone
mass and osteoporosis in both genders were very close.
In our study, AWM consists of RA, internal and external
abdominal oblique muscles, and transversus abdominis
muscle. Therefore, SMI of RA may play a key role in SMI
of AWM predicting abnormal bone mass.

There are several limitations in our study. Firstly, the
number of subjects is relatively small, and all partici-
pants were recruited from a single center. Secondly, the
age distribution of the subjects was uneven. Thirdly, the
number of male subjects is significantly less than female,
especially male with osteoporosis is relatively few, which
may lead to bias. Finally, this study lacks validation to
demonstrate the clinical value of the SMIs of lumbar
and abdominal muscles in predicting low bone mass and
osteoporosis. Therefore, a larger sample and multicenter
study is required to validate our study in the future.
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In conclusion, musculoskeletal mass in lumbar and
abdominal region tends to decrease with age in middle-
aged and elderly people. The changes of SMIs of the
lumbar and abdominal muscles in patients with varying
bone mass are asynchronous. SMI of RA is expected to
be a promising imaging marker for predicting abnormal
bone mass.
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