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Feasibility of Using Fat Degeneration of Lumbar
Extensor Muscle as an Alternative Diagnostic
Criterion for Sarcopenia in Patients with
Osteoporotic Vertebral Fractures
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Study Design: Feasibility study.

Purpose: To investigate the feasibility of using fat degeneration of lumbar extensor muscle (LEM) as an alternative diagnostic crite-
rion for sarcopenia in patients with osteoporotic vertebral fractures.

Overview of Literature: Although sarcopenia has been gaining increased attention among researchers and healthcare practitioners,
there is uncertainty about the association between sarcopenia and fat degeneration of LEM.

Methods: In this study, 33 patients with osteoporotic vertebral fractures (group 1) and 29 patients without such fractures (group 2)
were enrolled. Sarcopenia was diagnosed in accordance with the Asian Working Group for Sarcopenia (AWGS) criteria, including as-
sessment of extremity muscle mass using dual-energy X-ray absorptiometry, grip strength, and gait speed. The bone mineral density
and fat degeneration of LEM were investigated using magnetic resonance imaging.

Results: The mean rates of fat degeneration of LEM and the skeletal muscle index were 38.3% and 5.5 kg/m” in group 1 and 28.9%
and 6.3 kg/m” in group 2, respectively. The fat degeneration of LEM was negatively correlated with gait speed (r=-0.44, p=0.01) and
handgrip strength (~=-0.37, p=0.01). The fat degeneration of LEM also demonstrated a significant relationship with osteoporotic verte-
bral fractures (p=0.01). Receiver operating characteristic curve analysis between fat degeneration of LEM and osteoporotic vertebral
fractures showed that the cut-off value of fat degeneration was 31.9% (sensitivity=0.67, specificity=0.66). There was a positive cor-
relation between sarcopenia defined by the AWGS and that defined by the 31.90% cut-off value of fat degeneration of LEM instead
of extremity muscle mass (=0.46, p=0.01).

Conclusions: These results suggest the feasibility of using fat degeneration of LEM as an alternative diagnostic criterion for sarco-
penia in patients with osteoporaotic vertebral fractures. A cut-off value of fat degeneration of LEM of 31.9% was shown to be useful
for diagnosing osteoporotic vertebral fractures.
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Introduction

In 2013, the Asian Working Group for Sarcopenia (AWGS)
proposed diagnostic criteria for sarcopenia [1]. Quantita-
tive methods for determining loss of skeletal muscle mass
include dual-energy X-ray absorptiometry (DXA, previ-
ously DEXA), computed tomography, and magnetic reso-
nance imaging (MRI) [2]. However, the limitation of these
methods is that they are not typically amenable to the
quantification of whole-body muscle mass. Diagnostic cri-
teria for sarcopenia focus on specific individual muscles,
rather than the systemic loss of muscle and its impact on
overall function [3,4]. While MRI is not yet set to inter-
nationally accepted standards, researchers are interested
in lumbar muscle cross-sectional area. The reason behind
this is that lumbar muscle is not only an object of diag-
nostic imaging in degenerative disease but also reasonably
well correlated with whole-body muscle mass [5,6].

The risk factors for osteoporotic vertebral fracture
include thoracic kyphosis, leading to loss of spinal bal-
ance; age-related decline of muscle mass and strength
(sarcopenia), which affects muscular spine stabilization;
and changes in body movement patterns with advancing
age, further altering spine biomechanics. In addition, the
concomitant loss of osteoporosis and sarcopenia in aging
spine results in poor clinical outcomes, especially repeat-
able osteoporotic vertebral fracture. In early 2018, the
European Working Group on Sarcopenia in Older People
met again to update the original definition of sarcopenia
[7].

MRI evaluation has become commonly applied to pa-
tients who had an indication for their standard diagnosis.
Although many studies have reported that sarcopenia is
related to osteoporotic fracture, there is uncertainty about
the association between sarcopenia and fat degeneration
of lumbar extensor muscle as revealed by MRI. The pur-
pose of this study was thus to investigate the feasibility of
fat degeneration of lumbar extensor muscle as an alterna-
tive diagnostic criterion of sarcopenia in osteoporotic ver-
tebral fractures.

Materials and Methods

This study enrolled 33 patients with osteoporotic vertebral
fractures (group 1) diagnosed by MRI and 29 patients
without such fractures (group 2) between January 2016
and December 2017. We excluded patients in whom grip

strength and gait velocity could not be measured, and
those with pathological fractures caused by metastatic
cancer or bone tumor. The average age of the subjects in
group 1 (six men and 27 women) was 78.2 years. The av-
erage age of those in group 2 (eight men and 21 women)
was 74.6 years. The body mass index (BMI) was 21.9 in
group 1 and 23.6 in group 2. There were no significant dif-
ferences in the sex, age, or BMI of the two groups (p>0.05).
The skeletal muscle index (SMI), bone mineral density
(BMD), and whole-spine radiographs were also examined
in the subjects. In addition, we investigated handgrip
strength, gait speed, paralumbar muscle mass, and degen-
eration of lumbar extensor muscle by MRI. The BMD was
analyzed by DXA in lumbar spine because some patients
had hip arthroplasty or compressed hip screw. For the
spine, the L1-L4 region was used, unless focal artifacts
required the exclusion of individual vertebrae. Interpre-
tations of the lumbar spine should always include at least
two vertebrae. This study was approved by the Institution-
al Review Board at Kwangju Christian Hospital (IRB ap-
proval no., KCHIRB-M-2019-033), and informed consent
was obtained from all individual participants included in
the study.

Handgrip strength was taken using a hand dynamom-
eter (hydraulic type; Hydraulic Hand Dynamometer Fab-
rication Enterprises Inc., Irvington, NY, USA) in all pa-
tients [8,9]. Handgrip strength was measured in a sitting
position and with the elbow joint at 90° flexion, with the
forearm away from the body at the level of the trunk. All
patients were asked to apply the maximum grip strength
with both left and right hands. Handgrip strength was
defined as the maximally measured grip strength of the
dominant hand. In the AWGS criteria, low handgrip
strength is defined as <26 kg for men and <18 kg for
women.

In terms of physical performance, a gait speed test was
performed along an 8-m-long line. All patients were told
to stand with their feet touching the starting line and were
then instructed to walk at a normal speed without an as-
sisting device. Gait speed was calculated using a smart
watch [10-12]. In accordance with the criterion of the
AWGS, gait speed reflective of sarcopenia was identified
when it was below 0.8 m/sec.

For the diagnosis of sarcopenia, a DXA scan was per-
formed for each patient to measure appendicular skel-
etal muscle for the AWGS. The SMI was considered to
be reflective of sarcopenia when it was below 7.40 kg/
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m” for men and 5.14 kg/m’ for women. Sarcopenia was
diagnosed according to the algorithm of the AWGS [1].
AWGS recommends measuring both handgrip strength
and gait speed as screening tests. The evaluation of muscle
mass was subsequently performed in those with low hand
grip strength and low gait speed for the diagnosis of sar-
copenia.

For paralumbar muscle mass, muscle mass was calcu-
lated at the level of the L3-4 area on MRI. The MRI data
were acquired on a 1.5-T Signa Excite GE (General Elec-
tric, Milwaukee, WI, USA). After scanning, the images
were saved in DICOM (Digital Imaging and Communica-
tions in Medicine) file format for Picture Archiving and
Communication System and were displayed and analyzed
using PiView (Infinitt, Seoul, Korea) digital image viewing
software. The pseudocoloring technique proposed by Lee
et al. [13] was used to measure paravertebral muscle mass
and fatty infiltration.

The T2-weighted axial images of the L3 spine were
used. The L3 paravertebral muscles were analyzed because
the L3 vertebra was at the center of the lumbar lordotic
curvature, so that it could most appropriately reflect the
cross-sectional area of the paravertebral muscle among
the lumbar vertebrae. Moreover, since osteoporotic verte-
bral fracture was prevalent in the thoracolumbar junction,
pseudocoloring was chosen as one of the image analysis
tools. First, the region of interest (ROI) was outlined with
a graphic cursor around the back extensor muscle. The
fat signal intensity (in grayscale) in the muscle within the
ROI was measured using a histogram and the fat signal
intensity was applied to the pseudocoloring tool. In this
technique, the bright pixels of the fat tissue in the mag-
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netic resonance images were colored red using the pseu-
docoloring tool of the program. Subsequently, the per-
centage of fat infiltrated area in the paravertebral muscle
(the percentage of red area in the muscle area) was deter-
mined. By using the pseudocoloring technique, multifidus
muscle and erector spine muscle masses in lumbar spine
MRI axial images were measured [14,15]. As a result, we
obtained the paralumbar muscle mass and % fat mass.
The fat degeneration could be calculated as follows: 100—
muscle mass% (Fig. 1).

For statistical analyses, we used IBM SPSS for Windows
ver. 20.0 (IBM Corp., Armonk, NY, USA). We evaluated
the association between osteoporotic vertebral fracture
and independent variables such as age, BMD, gait speed,
handgrip strength, paralumbar muscle mass, and fat de-
generation using a general linear model. The results are
expressed as meanststandard deviations. To determine
the significance of relationships between osteoporotic ver-
tebral fracture and BMD, gait speed, handgrip strength,
and paralumbar muscle mass, we also performed analysis
of variance. After receiver operating characteristic (ROC)
curve analysis between fat degeneration of lumbar exten-
sor muscle and osteoporotic vertebral fractures, we per-
formed correlation analysis between sarcopenia as defined
by the Asian Working Group and sarcopenia as defined
by the cut-off value of fat degeneration of lumbar exten-
sor muscle, instead of extremity muscle mass. Differences
were considered to be statistically significance at p<0.05.

Results

The mean fat degeneration of lumbar extensor muscle

Fig. 1. Example of paralumbar muscle measurement using the pseudocoloring technique. (A) Magnetic resonance imaging axial image at
the level of L3—4 in lumbar spine. (B) Paralumbar muscle mass (multifidus, erector spinae muscle) measurement using the pseudocoloring
technique. (C) The results and values after using the pseudocoloring technique.
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and SMI were 38.3% and 5.5 kg/m” in group 1, and 28.9%
and 6.3 kg/m’ in group 2, respectively. The average BMD,
handgrip strength, and gait speed were —3.36 (T-score),
11.9 kg, and 0.42 m/sec in group 1 and —1.81 (T-score),
15.6 kg, and 0.61 m/sec in group 2, respectively. There
were significant differences of fat degeneration of lumbar
extensor muscle (p=0.01), SMI (p=0.01), BMD (p=0.01),
handgrip strength (p=0.01), and gait speed (p=0.01) be-
tween the two groups (Table 1). The analysis between sar-
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Fig. 2. ROC curve analysis between fat degeneration of lumbar exten-
sor muscle and osteoporotic vertebral fractures showed that the cut-
off value of fat degeneration was 31.90% (sensitivity=0.67, specific-
ity=0.66). ROC, receiver operating characteristic.

Table 1. Comparison of basic data between two groups

copenia-defining criteria and fat degeneration of lumbar
extensor muscle revealed negative correlations with gait
speed (p=0.01) and handgrip strength (p=0.01) (Table 2).

The fat degeneration of lumbar extensor muscle dem-
onstrated a significant relationship with osteoporotic ver-
tebral fractures (p=0.01). ROC curve analysis between fat
degeneration of lumbar extensor muscle and osteoporotic
vertebral fractures showed that the optimal cut-off value
of fat degeneration was 31.90% (sensitivity=0.67, specific-
ity=0.66) (Fig. 2).

Twenty-four patients in group 1 had sarcopenia as de-
fined by the Asian Working Group and seven patients had
it in group 2. When sarcopenia was defined by the cut-
off value of fat degeneration of lumbar extensor muscle of
31.90%, 22 patients in group 1 and six patients in group 2
were diagnosed with it.

There was a positive correlation between sarcopenia as
defined by the Asian Working Group and sarcopenia as
defined by the cut-oft value of fat degeneration of lumbar
extensor muscle of 31.90%, instead of extremity muscle
mass (r=0.46, p=0.01).

Discussion

Sarcopenia is a risk factor for osteoporotic vertebral frac-
tures and has recently become a major geriatric healthcare
problem [16]. The prevalence of sarcopenia was reported
to be 5.8%-14.9% in men and 4.1%-16.6% in women, ac-

Variable Group 1 (n=33) Group 2 (n=29)

Bone mineral density -3.36+1.76 -1.81£1.30 0.01*
Gait speed test (m/sec) 0.42+0.18 0.60+0.20 0.01*
Handgrip strength (kg) 11.93+4.39 15.62+5.41 0.01*
Skeletal muscle index (kg/m’) 5.49+1.08 6.32+0.77 0.01*
Paralumbar muscle mass (mm?) 979.07+358.83 1,221.75+281.44 0.01*
Fat degeneration of lumbar extensor muscle (%) 38.29+£12.72 28.96+11.02 0.01*
yalues are presented as meanzstandard deviation. Group 1: osteoporotic vertebral fracture group; group 2: non-fracture group.

p<0.05.
Table 2. Comparison of sarcopenia criteria and fat degeneration of lumbar extensor muscle

Variable Pearson correlation coefficient (r) p-value

Gait speed test (m/sec) -0.36 0.01*
Handgrip strength (kg) -0.41 0.01*
Skeletal muscle index (kg/m’) -0.22 0.08

"p<0.05, r: Pearson correlation coefficient.
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cording to the International Working Group on Sarcope-
nia and European Working Group on Sarcopenia in Older
People criteria, by using different skeletal muscle mass
indices [17]. The identified prevalence of sarcopenia thus
differs depending on the diagnostic criteria used.

For the evaluation of sarcopenia, the muscle mass can
be determined as the total body skeletal muscle mass, ap-
pendicular skeletal muscle mass, or muscle cross-sectional
area at a specific location in the body. In addition, differ-
ent DXA brands have produced inconsistent results of
skeletal muscle mass. MRI is considered to be the gold
standard for the noninvasive assessment of skeletal muscle
mass, but it is not commonly utilized in the primary eval-
uation because of its high cost [18].

In clinical practice, the BMD of areas such as lumbar
spine and femoral neck is examined in patients of osteo-
porosis. In such cases, Feyerabend and Lear [19] reported
that only 50% of patients had similar BMD between
lumbar spine and femoral neck. When physicians face
discordant results in such variables, it can be difficult to
integrate these into the decision-making process. Some
guidelines from the National Osteoporosis Foundation
suggest that treatment should be recommended accord-
ing to the T-score in the osteoporotic range, regardless of
discordant BMD [20]. Thus, the diagnosis of sarcopenia
could be recommended when skeletal muscle mass is in
the sarcopenic range, regardless of whether discordant
results have arisen in different locations. The diagnos-
tic criterion of AWGS was applied to the appendicular
muscle mass using DXA. However, the osteoporotic ver-
tebral fracture could be affected by fat degeneration of
the lumbar extensor muscle. Nevertheless, the association
between fat degeneration of lumbar extensor muscle and
sarcopenia is currently unknown. This study revealed the
feasibility of using fat degeneration of lumbar extensor
muscle as an alternative diagnostic criterion for sarcope-
nia for patients with osteoporotic vertebral fractures. As
BMD evaluation of both lumbar spine and femoral neck
has been applied for clinical purposes, skeletal mass index
as a diagnostic criterion for sarcopenia, which accurately
reflects the contribution of each result to fracture risk,
would be preferable.

Lumbar extensor muscles have an influence on the
compression fracture of vertebrae as a stabilizer. Briggs
et al. [21] mentioned that intervertebral disc integrity as
well as paravertebral muscle strength would prevent the
spine from suffering vertebral fracture. Moreover, Igna-
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siak et al. [22] reported that several stages of aging and
sarcopenia were modeled by identifying reduced strength
of erector spinae and multifidus muscles. Based on aging
from the third to the sixth decade of life,>60% of normal
strength, sarcopenia is mild of 60% strength, moderate
of 48% strength, severe of 36% strength, very severe of
24% strength. These results revealed that severe and very
severe stages of sarcopenia were associated with substan-
tial increases up to 318 N of compression at the levels of
the upper thoracic spine, and up to 176 N of shear load-
ing along the thoracolumbar spine [22]. Schlaeger et al.
[23] reported that proton density fat fraction (PDFF) of
MRI in erector spinae muscle could be related to muscle
strength. PDFF of erector spinae muscle was shown to be
a predictor of relative extensor strength of the spine [23].
In this study, ROC curve analysis between fat degenera-
tion of lumbar extensor muscle and osteoporotic vertebral
fractures showed that the cut-off value of fat degeneration
was 31.9% (sensitivity=0.67, specificity=0.66). There was
a positive correlation between sarcopenia defined by the
Asian Working Group and sarcopenia defined by this cut-
off value of fat degeneration of lumbar extensor muscle,
instead of extremity muscle mass (r=0.583, p=0.01). There
was also a positive correlation between fat degeneration
of lumbar extensor muscle and osteoporotic vertebral
fractures (r=0.46, p=0.01). We suggest that dysfunction of
back extensor muscles with fat infiltration could contrib-
ute to the poor stabilizing ability of the spine, resulting in
greater vulnerability to osteoporotic vertebral fracture.

This study had the limitations of a small sample size and
an unbalanced sex ratio in a cross-sectional evaluation.
However, despite these limitations, this study provides a
foundation for future studies in this field. Further stud-
ies using a larger population and prospective design are
required to clarify the feasibility of using fat degeneration
of lumbar extensor muscle as an additional diagnostic
criterion for sarcopenia for patients with osteoporotic ver-
tebral fractures.

Conclusions

The results obtained here suggest the feasibility of using
fat degeneration of lumbar extensor muscle as an alterna-
tive diagnostic criterion for sarcopenia for patients with
osteoporotic vertebral fractures. The results reveal an opti-
mal cut-off value of 31.90% for fat degeneration of lumbar
extensor muscle in terms of an association with osteopo-
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rotic vertebral fractures.
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