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Abstract

Background Sarcopenia is associated with multiple adverse outcomes. Traditional methods to determine low muscle
mass for the diagnosis of sarcopenia are mainly based on dual-energy X-ray absorptiometry (DXA), whole-body mag-
netic resonance imaging (MRI) and bioelectrical impedance analysis. These tests are not always available and are
rather time consuming and expensive. However, many brain and head diseases require a head MRI. In this study, we
aim to provide a more accessible way to detect sarcopenia by comparing the traditional method of DXA lean mass es-
timation versus the tongue and masseter muscle mass assessed in a standard brain MRI.

Methods The H70 study is a longitudinal study of older people living in Gothenburg, Sweden. In this cross-sectional
analysis, from 1203 participants aged 70 years at baseline, we included 495 with clinical data and MRI images avail-
able. We used the appendicular lean soft tissue index (ALSTI) in DXA images as our reference measure of lean mass.
Images from the masseter and tongue were analysed and segmented using 3D Slicer. For the statistical analysis, the
Spearman correlation coefficient was used, and concordance was estimated with the Kappa coefficient.

Results The final sample consisted of 495 participants, of which 52.3% were females. We found a significant correla-
tion coefficient between both tongue (0.26) and masseter (0.33) with ALSTI (P < 0.001). The sarcopenia prevalence
confirmed using the alternative muscle measure in MRI was calculated using the ALSTI (tongue = 2.0%, masse-
ter = 2.2%, ALSTI = 2.4%). Concordance between sarcopenia with masseter and tongue versus sarcopenia with ALSTI
as reference has a Kappa of 0.989 (P < 0.001) for masseter and a Kappa of 1 for the tongue muscle (P < 0.001). Co-
morbidities evaluated with the Cumulative Illness Rating Scale were significantly associated with all the muscle mea-
surements: ALSTI (odds ratio [OR] 1.16, 95% confidence interval [CI] 1.07-1.26, P < 0.001), masseter (OR 1.16, 95%
CI 1.07-1.26, P < 0.001) and tongue (OR 1.13, 95% CI 1.04-1.22, P = 0.002); the higher the comorbidities, the higher
the probability of having abnormal muscle mass.

Conclusions ALSTI was significantly correlated with tongue and masseter muscle mass. When performing the sarcope-
nia diagnostic algorithm, the prevalence of sarcopenia calculated with head muscles did not differ from sarcopenia cal-
culated using DXA, and almost all participants were correctly classified using both methods.
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Introduction

Age-related muscle wasting, clinically presented as sarcope-
nia, is a major driver of frailty, cognitive decline, falls and dis-
ability in older adults.®™ Although sarcopenia is a condition
closely linked to the aging process, it is also considered mul-
tifactorial and influenced by various factors such as chronic
illnesses, physical inactivity, inadequate nutrition and
hormonal changes. This condition is widely recognized and
characterized by multiple pathogenic pathways, including
neuromuscular degeneration, loss of alpha motor units in
the central nervous system and fat accumulation within mus-
cle tissue.>*

According to the European Working Group on Sarcopenia
in Older People (EWGSOP), the diagnosis of sarcopenia in-
cludes muscle strength, muscle mass and physical
performance.® Determining muscle strength and physical per-
formance is simple, cheap and accessible with tests such as
grip strength and gait speed, respectively.> On the other
hand, assessment of muscle quantity requires tests such as
dual-energy X-ray absorptiometry (DXA) (for lean mass) or
whole-body magnetic resonance imaging (MRI), which are
costly and sometimes impractical.

Older adults with cognitive disorders represent a particu-
larly vulnerable group, as their physical health assessments
are often overlooked, and conditions such as sarcopenia are
ignored, leading to missed opportunities for improving their
clinical outcomes.®® Measures of muscle mass in arms and
legs usually are used to measure decline in muscle mass in
sarcopenia, for example, appendicular lean soft tissue index
(ALSTI). However, the muscles involved in mastication and
swallowing, such as the tongue and masseters, can also serve
as indicators of age-related muscle decline. The volume of
these muscles can be easily assessed using head computed
tomography (CT) scans and MRIs, which are often used to di-
agnose and monitor conditions such as dementia, stroke,
head/neck cancer and traumatic brain injury and have been
used to assess mortality risk in older adults with traumatic
brain injury.*® Our group recently showed that tongue muscle
volume is associated with malnutrition, as well as lower hip-
pocampal and grey brain volume.*>*? We propose that these
methods offer significant advantages as potential alternatives
to measuring muscle quantity. However, it is essential to val-
idate these techniques against the standard imaging methods
(i.e., DXA) used for categorizing sarcopenia and ensure their
accuracy and reliability.

This study proposes an innovative, practical and
cost-effective approach to assessing muscle mass, setting it
apart from the traditional methods and repurposing available

image studies regularly performed in older persons with
neurocognitive or other head conditions. Specifically, the
study aims to evaluate whether the volumes of the masseter
and tongue muscles correlate with the total appendicular
lean mass (ALM) quantified by DXA and to determine the use-
fulness of these measures in diagnosing sarcopenia.

We hypothesize that the masseter muscles and the tongue
could be effective alternatives for measuring muscle mass
and diagnosing sarcopenia whenever head MRI is accessible.

Methods
Design and sampling

The present study is part of the H70 Birth Cohort Study in
Gothenburg, Sweden. This is a comprehensive population
study examining birth cohorts of older people in
Gothenburg.*® This study comprised one cohort born in
1944 (examined in 2014-2016 with a response rate of 72%;
n = 1203).134

The participants were interviewed face to face, providing
information on different topics: comorbidity, lifestyle behav-
iours, nutrition, functional performance, medications, cohab-
itation and education level. From the total of 1203 persons,
we included 791 who had MRI images available, and from
them, 251 individuals did not have good visualization of ei-
ther the tongue or the masseter. A total of 495 individuals
constituted the final sample, with correctly segmented im-
ages. See Supporting Information S1. Details of the design,
recruitment, clinical and biomarker procedures are described
elsewhere.™

Imaging

Scanning was conducted on a 3-Tesla Philips Achieva system
(Philips Medical Systems) using a T1-weighted sequence with
the following parameters: field of view: 256 x 256 x 160
voxels; voxel size: 1 x 1 x 1 mm?; echo time: 3.2 ms; repeti-
tion time: 7.2 ms; and flip angle: 9°. Image organization and
quality control were done through TheHiveDB system.'®
Tongue and masseter were manually segmented using 3D
Slicer Version 5.2.1, by only one trained researcher to avoid
variability. The first 20 images were re-analysed, showing
good intra-rater reliability (Figure 1).**
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Figure 1 Segmentation of the tongue and the masseter using 3D Slicer.

Anthropometry

Body weight and height were measured using a calibrated
electronic scale and a stadiometer, respectively. These values
were used to calculate body mass index (BMI). Body compo-
sition was analysed with a Lunar Prodigy DXA scanner used
for the 70-year-olds. The scans produced results for lean soft
tissue, which was further transformed into ALSTI, which is a
measurement used in clinical and research settings to assess
muscle mass in the arms and legs. It is a ratio of the appen-
dicular lean soft tissue (ALST) mass (i.e., the sum of the lean
tissue mass in the arms and legs) to the square of the individ-
ual’s height. The scanners were cross calibrated using a dou-
ble scan of 33 subjects, with the iDXA ALSTI measurements
calibrated using a regression equation.*®

Muscle strength and physical performance

Physical performance tests included the self-selected and
maximum gait speed, measured in metres per second over
a 30-m indoor distance with a standing start.'”*® Addition-
ally, the distance achieved during a 6-min indoor walking test
was recorded in metres. Grip strength was assessed using a
Martin Vigorimeter and a JAMAR dynamometer (sub-sam-
ple), with the shoulder joint maintained in a neutral position.
The test was repeated three times for each hand, and the
highest value from the dominant hand was used as the

outcome.*® Results are reported in kilopascal as provided by
the study and as previously reported by Wallengren et al.*®

Sarcopenia definition

Sarcopenia was diagnosed using the revised operational def-
initions proposed by the EWGSOP® in 2019. The first stage,
possible sarcopenia, was defined as low muscle strength.
The second stage, confirmed sarcopenia, was identified by
the presence of both low muscle strength and low muscle
mass. Finally, severe sarcopenia was defined by the presence
of low muscle mass, low muscle strength and low physical
performance.®> Muscle strength was determined using
handgrip with a cut point of <27 kg in men and <16 kg in
women. Low muscle mass with DXA was defined using a
conversion equation to estimate the ALM, and computed
ALM divided by standing height in metre squared (i.e.,
ALM/height®) = ALSTI (kg/m?) a cut point of <7 kg/m? in
men and <6 kg/m? in women was used. Finally, physical per-
formance was estimated with gait speed and a cut point of
<0.8 m/s*® (see Table 1).%°

Tongue and masseter volumes were regressed against the
lean mass measured by DXA, and those in the 20th percentile
of residual value were considered to have abnormal muscle
mass. A similar method has been previously used to deter-
mine low muscle mass.’° The cut points following this
method can be found in Table 1.
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Table 1 Cut points for the different muscle measures

Cut-offs

Variable Male Female
Appendicular lean soft tissue (kg/m?) 7 5.5
Gait speed of 30 m (m/s) 0.8
Handgrip strength (kPa) 69 59
Tongue volume (cm?)? —0.763 —0.715
Masseter volume (cm3)a -0.787 —-0.680
Masseter and tongue volumes (cm>)? -0.784 -0.694

“Lowest 20th percentile for the residuals resulting from regressing
tongue and masseter muscles with dual-energy X-ray
absorptiometry.

Covariates

We included demographic factors such as sex and age. Co-
morbidities were assessed using the Cumulative lliness Rating
Scale for Geriatrics (CIRS-G) scored by research nurses based
on the face-to-face interviews with the participants.?* Prob-
lems with teeth or dental prosthesis (percentage) and aver-
age of own teeth in your upper and lower jaws were consid-
ered based on the participants’ self-report. These variables
were deemed crucial to providing a more accurate and com-
plete understanding of the association between masseter and
tongue muscle volumes and total appendicular body lean
mass.

Statistical analysis

The first step included describing the variables and
estimating percentages for categorical variables and means/
standard deviation (SD) for continuous variables. Second, bi-
variate analysis assessed the difference between sarcopenia
groups by calculating Pearson’s XZ test for categorical vari-
ables and Student’s t-test for continuous variables. Finally,
to analyse the correlation between the muscles ALST (kg/
m?), tongue volume (cm®), masseter volume (cm®) and mas-
seter and tongue volumes (cm®), the Spearman correlation
coefficient was used (at least 0.8 [very strong], 0.6 up to
0.8 [moderately strong], 0.3-0.5 [fair] and <0.3 [poor]).?**3
Additionally, concordance was estimated with the Kappa co-
efficient comparing each muscle mass measure, using the
same muscle strength and physical performance test for all.
Receiver operating characteristic (ROC) analysis was included
to assess the accuracy of the alternative muscle measure-
ments compared with ALSTI, stratified by sex, and for all
the population for each muscle (i.e., tongue and masseters).
Finally, a logistic regression analysis between the different
ways to assess muscle mass and independent variables was
performed.

The R software Version 4.2.1 and STATA 17.0 were used
for all statistical analyses.

Results

The sample was constituted of 52.3% females. Overall, mus-
cular volumes and grip strength were significantly higher in
men. Probable sarcopenia was diagnosed in 11.3% (n = 88),
confirmed sarcopenia in 2.4% (n = 19) and severe sarcopenia
in 2.2% (n = 11) using ALSTI. Sarcopenia confirmed using the
tongue was 2% (n = 10), and that using the masseter was
2.2% (n = 11). The complete report of the descriptive results
stratified by sex can be found in Table 2.

Correlation between the different muscle measures

Significant correlation coefficients were found between
both tongue and masseter muscle volumes with total
appendicular lean tissue mass: masseter volume (Rho 0.33,
P-value < 0.001), tongue volume (Rho 0.26, P-value < 0.001)
and combined masseter and tongue volumes (Rho 0.30, P-
value < 0.001) (see Figure 2 and Supporting Information S2).

The ROC curve was calculated: ALSTI with tongue (area
under the curve [AUC] 0.499, 95% confidence interval [Cl]
0.42-0.58) and ALSTI with masseters (AUC 0.507, 95% CI
0.41-0.574). ROC curves and AUC by sex can be found in
Supporting Information S3.

Concordance of sarcopenia between masseter and
tongue muscle measures and appendicular lean
soft tissue index

A high concordance was found when comparing sarcopenia
diagnosis using the two classifications: For sarcopenia with
the masseter, muscle Kappa was 0.989 (P-value < 0.001),
with only one participant being misclassified. A Kappa
statistic of 1 was obtained with sarcopenia using the tongue
muscle (P-value < 0.001) (see Table 3).

Associations between the different ways to assess muscle
mass and independent variables were calculated. Comorbidi-
ties evaluated with the CIRS were significantly associated
with all the muscle measurements: ALSTI (odds ratio [OR]
1.16, 95% Cl 1.07-1.26, P < 0.001), masseter (OR 1.16, 95%
Cl 1.07-1.26, P < 0.001) and tongue (OR 1.13, 95% CI 1.04—
1.22, P = 0.002); the higher the comorbidities, the higher
the probability of having abnormal muscle mass. In addition,
the BMI was also significant: ALSTI (OR 0.73, 95% ClI
0.65-0.82, P < 0.001), masseter (OR 0.73, 95% CI 0.65—
0.82, P < 0.001) and tongue (OR 0.73, 95% Cl 0.66—0.81,
P < 0.001); the lower the BMI, the higher the probability of
having abnormal muscle mass. See complete information in
Supporting Information S4.

Journal of Cachexia, Sarcopenia and Muscle
DOI: 10.1002/jcsm.13362

85UB01 SUOWIWIOD BANER1D el |dde au3 Ag peuenob a1 s3I YO ‘2SN JO S9N 10} ARG 1T BUIIUO A3]IM UO (SUORIPUOD-PUE-SWBIALIOD" A3 |1 ARe1q 1 pU1UO//SANY) SUORIPUOD PUe SWR L 3U3 885 *[202/T0/TT] uo ARiqrauliuo A8|im ‘04Q 1dB3ey 2010AU| 1ESH 911dNd JO Iuisu| ueiBemioN Ag Z9EET Wso(/200T OT/10p/wiod"A| 1M Azeiq1euljuo//Sdny wo.y pepeoumod ‘0 ‘600906TZ6ESET



Using magnetic resonance imaging to measure head muscles 5

Table 2 Frequency and distribution of the studied variables according to sex

Males Females Overall
(N = 377) (N = 414) N =791) P-value
Age, mean (SD) 70.5 (0.258) 70.5 (0.268) 70.5 (0.263) 0.887
BMI (kg/mz), mean (SD) 26.3 (3.72) 26.1 (4.82) 26.2 (4.34) 0.593
CIRS-G, mean (SD) 5.68 (3.67) 6.01 (3.99) 5.86 (3.85) 0.246
Problems with teeth or dental prosthesis (%)
No 327 (86.7%) 359 (86.7%) 686 (86.7%) 0.944
Yes 49 (13.0%) 53 (12.8%) 102 (12.9%)
Missing 1 (0.3%) 2 (0.5%) 3 (0.4%)
Average of own teeth in your upper jaw, mean (SD) 1.83 (0.379) 1.84 (0.369) 1.83 (0.374) 0.686
Average of own teeth in your lower jaw, mean (SD) 1.85 (0.356) 1.88 (0.320) 1.87 (0.338) 0.178
Tongue volume (cm?), mean (SD) 75.4 (30.3) 58.6 (25.8) 65.0 (28.7) <0.001
Total masseter volume (cm3), mean (SD) 43.3(17.9) 31.9(13.9) 37.3(16.9) <0.001
Total masseter and tongue volumes (cm?), mean (SD) 120 (43.8) 91.3 (37.4) 102 (42.3) <0.001
Appendicular lean soft tissue (kg/mz) 7.85(0.792) 6.23 (0.636) 6.98 (1.08) <0.001
Gait speed of 30 m (m/s) 1.31(0.178) 1.30 (0.169) 1.30 (0.173) 0.688
Handgrip strength (kPa) 86.1 (16.5) 74.7 (13.4) 80.2 (16.0) <0.001
Sarcopenia with appendicular lean soft tissue (kg/m?)
Sarcopenia probable (%)
No 332 (88.3%) 361 (89.1%) 693 (88.7%) 0.797
Yes 44 (11.7%) 44 (10.9%) 88 (11.3%)
Sarcopenia confirmed (%)
No 359 (97.0%) 398 (98.0%) 757 (97.6%) 0.503
Yes 11 (3.0%) 8 (2.0%) 19 (2.4%)
Sarcopenia severe (%)
No 359 (97.3%) 398 (98.3%) 757 (97.8%) 0.493
Yes 10 (2.7%) 7 (1.7%) 17 (2.2%)
Sarcopenia with tongue volume (em®)
Sarcopenia probable (%)
No 166 (88.8%) 278 (90.3%) 444 (89.7%) 0.707
Yes 21 (11.2%) 30 (9.7%) 51 (10.3%)
Sarcopenia confirmed (%)
No 182 (96.8%) 308 (98.7%) 490 (98.0%) 0.251
Yes 6 (3.2%) 4 (1.3%) 10 (2.0%)
Sarcopenia severe (%)
No 182 (97.3%) 308 (98.7%) 490 (98.2%) 0.433
Yes 5 (2.7%) 4 (1.3%) 9 (1.8%)
Sarcopenia with masseter volume (cm?)
Sarcopenia probable (%)
No 166 (88.8%) 278 (90.3%) 444 (89.7%) 0.707
Yes 21 (11.2%) 30 (9.7%) 51 (10.3%)
Sarcopenia confirmed (%)
No 182 (96.8%) 307 (98.4%) 489 (97.8%) 0.391
Yes 6 (3.2%) 5 (1.6%) 11 (2.2%)
Sarcopenia severe (%)
No 182 (97.3%) 307 (98.4%) 489 (98.0%) 0.620
Yes 5 (2.7%) 5 (1.6%) 10 (2.0%)
Sarcopenia with total masseter and tongue volumes (cm?)
Sarcopenia probable (%)
No 166 (88.8%) 278 (90.3%) 444 (89.7%) 0.707
Yes 21 (11.2%) 30 (9.7%) 51 (10.3%)
Sarcopenia confirmed (%)
No 182 (96.8%) 308 (98.4%) 490 (97.8%) 0.251
Yes 6 (3.2%) 4 (1.3%) 10 (2.0%)
Sarcopenia severe (%)
No 182 (97.3%) 308 (98.7%) 490 (98.2%) 0.433
Yes 5 (2.7%) 4 (1.3%) 9 (1.8%)

Abbreviations: BMI, body mass index; CIRS-G, Cumulative lliness Rating Scale for Geriatrics.

Discussion cial for clinical practice to detect sarcopenia in patients who

need head imaging for their primary conditions (e.g., demen-
In this population-based study of older persons (70 years and tia, stroke, trauma and cancer). Employing this method en-
older), we found that head muscles (masseter and tongue) hances the value of the measurement by boosting the clinical
could be useful surrogates of general muscle mass to assess validity of the imaging study without adding costs or major
sarcopenia in older adults.®® These findings could be benefi- complexities (i.e., repurposing).>* This provides a tool for
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Figure 2 Correlations of masseter and tongue muscles against appendicular lean soft tissue index (ALSTI). All correlations had a P-value < 0.001. See

Supporting Information S2.

Table 3 Sarcopenia concordance between the different muscle measures with appendicular lean soft tissue index as reference

Sarcopenia with appendicular lean soft tissue (kg/mz)

Kappa
Variable No sarcopenia Sarcopenia probable Sarcopenia confirmed index P-value
Sarcopenia with tongue volume (cm3)
No sarcopenia 444 0 0 1.000 <0.001
Sarcopenia probable 0 41 0
Sarcopenia confirmed 0 0 10
Sarcopenia with masseter volume (cm3)
No sarcopenia 444 0 0 0.989 <0.001
Sarcopenia probable 0 40 1
Sarcopenia confirmed 0 0 10
Masseter and tongue volumes (cm3)
No sarcopenia 444 0 0 1.000 <0.001
Sarcopenia probable 0 41 0
Sarcopenia confirmed 0 0 10

general practitioners or physicians in several specialties to
identify low muscle and refer to further studies and
interventions.

DXA is one of the reference standards for quantifying body
composition,® providing different body composition parame-
ters, such as fat mass, fat-free mass and bone density. How-
ever, DXA has important limitations to be considered as the
optimal imaging method for sarcopenia. For instance, in pa-
tients who have limited mobility, particularly in acute situa-
tions, conducting DXA scans can be challenging, costly and in-
convenient. As DXA only reports lean mass, other more
accurate methods of specifically quantifying muscle mass
are still needed.

The other reference tool is whole-body MRI. It is a power-
ful tool for assessing body composition and identifying mus-
cle loss. Unlike DXA, MRI is not limited by mobility issues,
making it a useful alternative for patients who cannot un-
dergo DXA scans. However, whole-body MRI is a more com-
plex imaging technique requiring specialized equipment and
expertise, making it more expensive and less accessible than
DXA in many settings. Additionally, accessibility is an issue
not only for these two instruments but also for bioelectrical
impedance analysis (BIA). A study by Trevino-Aguirre et al.
in 2014 aimed to assess the availability and use of DXA and
BIA for the evaluation of sarcopenia by geriatricians in
Belgium and Latin America; it was found that the availability
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of both methods was very limited.>®> On the other hand, an-
thropometric variables (i.e., calf circumference) are inexpen-
sive and accessible methods for estimating muscle mass but
have important limitations. It may not accurately estimate
muscle mass in individuals who are obese or have abnormal
body fat distribution or even have pitting oedema.?® Further-
more, the equations used to calculate muscle mass from an-
thropometric measurements are population specific and may
not be suitable for individuals of different ethnic or racial
backgrounds. Additionally, measurements can be affected
by various factors such as clothing, posture and hydration sta-
tus, leading to inconsistencies in results. Recently, ultrasonog-
raphy has been proposed as a useful resource due to its
non-invasive nature, cost-effectiveness and ability to be per-
formed at the point of care.?’” However, it requires trained
professionals, specialized equipment and extra time. There
are concerns about reproducibility in individuals with higher
body fat levels, as ultrasonography may encounter difficulties
in accurately measuring muscle thickness due to interference
from adipose tissue.?®

As a result, utilizing imaging studies commonly employed
to assess other medical conditions could enhance the screen-
ing for sarcopenia and increase the treatment of this usually
overlooked condition.’® Regional CT and MRI could become
accurate and more practical non-invasive methods to quan-
tify muscle volume. CT and MRI slices of predefined width
can be analysed for different tissues by manual segmentation
or automated software, such as the one used in our research.
In this way, the volumes of individual or muscle groups can be
determined. Regarding the clinical applications of this innova-
tive approach, preliminary data from our teams in Norway,
Australia and Canada have validated the use of CT/MRI
image analysis software.?

Several studies have demonstrated the utility of head mus-
cles in clinical settings.>® Low masseter muscle cross-sectional
area was associated with worse survival in individuals with
squamous cell carcinoma of the head and neck.* Another
study showed how measuring these muscles increased prog-
nostic accuracy for post-operative long-term survival in ca-
rotid endarterectomy patients.>* In another study, a lower
volume of the masseter muscle predicted post-operative
pneumonia in patients with oesophageal cancer.®®* Hwang
et al. reported that the masseter muscle, analysed via CT,
showed a statistically significant association with systemic nu-
tritional biomarkers, adding evidence on the path of sarcope-
nia genesis.>*

Our group recently reported that the tongue muscle vol-
ume was associated with hippocampal and total grey volume
in people with Lewy body dementia'? and with malnutrition
in people with mild Lewy body dementia and Alzheimer’s
disease.'® Other investigations have described the associa-
tion of tongue muscle mass and strength with whole-body
muscle.>>3®

While our study provides valuable insights into the rela-
tionship between muscle volume and head muscles, it is im-
portant to acknowledge its limitations. While some factors
may impact the volume of mastication and deglutition mus-
cles, oral health problems like edentulism and prosthetic is-
sues were evaluated and were not associated with muscle
volume (as displayed in Supporting Information S3); other
relevant conditions such as bruxism were not assessed in this
study. The study sample consisted of older individuals from a
specific geographic area, which may limit the generalizability
of the findings to other populations. The cross-sectional de-
sign limits the ability to establish causality or determine the
temporal sequence of events. Furthermore, some of the in-
formation in the study relies on self-reported data, which
can be subject to social desirability bias, memory recall bias
and other cognitive biases. However, it is worth noting that
the sample population consisted of relatively young and cog-
nitively healthy older adults, and the objective of the study
was primarily focused on physical measures. Some limitations
to the automated segmentation approach include thresholds
and the operator’s experience. However, in this study, only
one person performed all the segmentations to reduce oper-
ator variability. 3D Slicer measures have been verified against
gold standards in the past, exhibiting excellent inter- and
intra-rater reliability, as well as good reliability and validity.*’
The correlation between volume of the tongue and masseter
with ALSTI was moderate—fair but significant.?* The relation-
ship between the variables may be non-linear, which means
that correlation coefficients cannot necessarily be able to
fully capture the complexity of this type of relationship. This
could be a reason for not having a high correlation coeffi-
cient. However, the correlation coefficient used can still pro-
vide trustable information about the strength and direction
of the relationship between the studied variables. And when
combining this muscle measure with other muscle strength
or performance criteria, the sarcopenia approximation seems
to have very good correlation.

Although our aim was to establish a correlation between
two different measurements rather than predict what DXA
reports, we still calculated AUC. The low AUC observed could
be attributed to various factors, including the need for a bet-
ter gold standard, the fact that muscles in the head have dif-
ferent functions than those in the appendicular regions and
the comparison of a single muscle to several groups of them.
Despite the low AUC values, our results can still be extrapo-
lated to the clinic because, with a reasonable degree of cer-
tainty, we can say that if there is something abnormal with
the tongue or masseter muscles, it is probable that the
body’s other muscles are also abnormal. This, added to the
demonstrated ability of these muscles to predict adverse out-
comes, justifies further interventions and examinations for
the patients with low muscle mass in the tongue or
masseter.**28 Finally, sensibility and specificity were not
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calculated because populational cut points for masseter and
tongue do not exist.

The study’s large sample size is a notable strength that en-
hances the statistical power and precision of the findings. In
addition, the use of DXA to measure sarcopenia represents
a significant strength as it is considered the reference stan-
dard for this assessment. These findings have important im-
plications for developing more accessible and practical
methods for diagnosing sarcopenia in a variety of healthcare
settings, ultimately benefiting both patients and clinicians.

Conclusions

Understanding the aging process of muscles remains an on-
going area of interest in caring for older adults. Researchers
have been exploring alternative methods for measuring mus-
cle mass since the early stages of research on sarcopenia.>®
With the limitations of traditional techniques, such as MRI
and DXA, there is a need for accessible and practical ap-
proaches that healthcare providers can implement. Our study
highlights the potential of measuring tongue and masseter
muscle volumes, which can be readily obtained from head
imaging studies, as a useful alternative for assessing muscle
mass and improving the detection and management of
sarcopenia.
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