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Abstract

Background/Objectives: Sarcopenia is defined as the gradual age-associated loss of both muscle quantity and strength in
older adults, and is associated with increased mortality, falls, fractures and hospitalisations. Current sarcopenia criteria use
dual-energy X-ray absorptiometry (DXA) measures of muscle mass, a test that cannot be performed at the bedside, unlike
point-of-care ultrasound (PoCUS). We examined the association between ultrasonic measures of muscle thickness (MT, vastus
medialis muscle thickness) and measures of muscle quantity and strength in older adults.
Methods: A total of 150 older adults (age ≥ 65; mean age 80.0 ± 0.5 years, 66 women, 84 men) were recruited sequentially
from geriatric medicine clinics. Each subject had lean body mass (LBM, by bioimpedance assay), grip strength, mid-arm
biceps circumference (MABC), gait speed and MT measured. All initial models were adjusted for biological sex.
Results: In our final parsimonious models, MT showed a strong significant correlation with all measures of muscle mass,
including LBM (Standardised β = 0.204 ± 0.058, R2 = 0.577, P < 0.001) and MABC (Standardised β = 0.141 ± 0.067,
R2 = 0.417, P = 0.038). With respect to measures of muscle quality, there was a strong significant correlation with grip
strength (Standardised β = 0.118 ± 0.115, R2 = 0.511, P < 0.001) but not with subject performance (gait speed).
Conclusions: MT showed strong correlations with both measures of muscle mass (LBM and MABC) and with muscle
strength (grip strength). Although more work needs to be done, PoCUS shows potential as a screening tool for sarcopenia in
older adults.
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Key Points

• Sarcopenia is common in older adults.
• There is a need for a quick and accurate bedside screening test for this condition.
• Ultrasonic measures of muscle thickness showed strong associations with measures of both muscle mass and muscle strength.
• This suggests that that point-of-care ultrasound could be a potential bedside marker for sarcopenia in older adults.

Introduction

The ageing process results in a gradual decline in both muscle
quantity and muscle quality. Sarcopenic patients are three
times more likely to fall over 2 years and sarcopenia is
strongly established as a risk factor for both fractures and

hospitalisation [2]. Each older adult diagnosed with sarcope-
nia costs the healthcare system an additional $3,000 (USD)
per year, which would work out to approximately 26 billion
dollars per year overall [3]. The most commonly (and most
recently updated) definition of sarcopenia was developed by
the European Working Group on Sarcopenia in Older People
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(EWGSOP) [4]. This defines sarcopenia as having both low
muscle mass on dual-energy X-ray absorptiometry (DXA)
measures of lean body mass (LBM) and low muscle strength
(grip strength).

The combination of acute illness and sarcopenia can be
quite a devastating combination resulting in increased mor-
tality and increased intensive care days during acute illness
[5]. Ideally, we should be broadly screening for sarcopenia
so that each patient’s status is known at baseline. This poses
difficulties in an outpatient setting, since DXA scans are not
portable and are only approved in most countries for the
diagnosis of osteoporosis [6]. Other methods of measuring
muscle mass, such as bioelectrical impedance analysis (BIA)
have shown large inaccuracies with altered food intake,
hydration, fluid distribution (such as with diuretic use) and
vascular perfusion [7], all of which can be highly deranged
in older adult patients. Grip strength also has a large number
of potential confounders [8] including sedating medica-
tions, altered mental status/confusion and the constitutional
weakening effects of acute illness.

One potential solution [9, 10] is the use of point-of-care
ultrasound (PoCUS), which is quickly becoming a standard
part of the physical examination as a quick marker for
both muscle mass and quality. The current study examined
the relationship between ultrasound measures of muscle
mass (vastus medialis thickness, MT) and other measures of
muscle quantity (LBM and mid-arm biceps circumference,
MABC). We also examined the association between MT
and measures of muscle strength (grip strength) and muscle
performance (gait speed) in an older adult population.

Methods

Subjects

Our design was a cross-sectional observational study. All
subjects had to be 65 years of age or over, and were referred
to one of five outpatient geriatric medicine clinics by a
primary care physician (Vancouver General Hospital, Van-
couver, Canada). Haemodialysis patients were excluded, due
to potential for excessive fluid shifts with dialysis. Patients
using chronic oral corticosteroids were also excluded, due to
potential medication-induced muscle atrophy. Any patient
with hemiparesis due to a stroke or paresis of the lower
limbs was excluded, as well as any subject with pitting edema
on physical exam (due to liver, renal or heart failure). Any
patient with severe dehydration, myositis, systemic connec-
tive tissue disorders, systemic atrophies affecting the central
nervous system (CNS) and CNS demyelinating diseases were
also excluded. All subjects gave written consent and our
study protocol received approval by the Human Subjects
Committee of the University of British Columbia.

Grip strength

Handgrip strength was measured using a digital grip strength
dynamometer (Sammons Preston, Nottinghamshire, UK).

This measurement was carried out three times using the
subject’s dominant hand, and then averaged.

Muscle mass measurement (LBM and MABC)

LBM was measured by BIA using an HBF-510 W Full Body
Composition Monitor (Omron, Seoul, Korea). MABC was
measured to the nearest millimetre using a tape measure.

Gait speed

Gait speed was measured in metres per second. Each subject
was given instructions to walk from a standing start, at their
usual pace for 6 m.

Point-of-care ultrasound (MT)

Vastus medialis tissue thickness was assessed in the supine
position, with knees resting comfortably in extension using
a portable ultrasound device (Vscan with Dual Probe, GE
Healthcare, IL). Measures were taken in B-mode, which
allowed us to obtain cross-sectional images of the femoral
quadriceps, as per current standards [11]. MT was measured
using the on-screen callipers. All ultrasonic measures were
obtained by a single operator (BF).

Statistical methods

Our response variables consisted of two measures of muscle
mass (LBM and MABC), one measure of muscle strength
(grip strength) and one performance measure (gait speed).
Our predictor variables were age, biological sex, body mass
index (BMI) and MT. Any predictors that demonstrated
skewing were logarithmically transformed (base 10) prior
to both univariate and multivariate analyses. After our ini-
tial model, model simplification for model parsimony was
accomplished through a stepwise method, by removing the
least significant predictor with a P value of greater than
0.10. After each predictor was removed, Akaike’s Informa-
tion Criterion (AIC) was calculated [12]. Tolerance values
and variance inflation factors (VIFs) were examined for
multicollinearity. The R core software package version 3.6.0
was used for statistical analysis with a significance level of
P < 0.05 [13]. All data analysis was done in a blinded fashion
and the format mean ± standard error was used to express
results.

Results

Subject characteristics (Table 1)

A total of 150 subjects were recruited sequentially from geri-
atric medicine clinics (66 women and 84 men). One subject
dropped out of the study prior to completing all measures
(one woman). Subject characteristics are shown in Table 1.
Men had higher grip strength (P < 0.001), higher LBM
(P < 0.001) and higher waist circumferences (P = 0.004)
than women (see Appendix 1).
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Table 1. Subject characteristics

Measure Subjects (n = 149)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age (years) 80.0 ± 0.5
Biological sex 66 women, 84 men
BMI (kg/m2) 26.5 ± 0.4
Waist circumference (cm) 92 ± 1
MT (mm) 19 ± 0
Mean grip strength (kg) 24.7 ± 0.7
Gait speed (m/s) 0.89 ± 0.2
MABC (cm) 25.6 ± 0.3
Rockwood frailty index 3.1 ± 0.1
LBM (kg) 21.3 ± 0.4

Univariate analysis

No skewing was detected on inspection of the predictor vari-
able density plots and no transformation was required prior
to the analyses. In our initial univariate analysis, ultrasound
measures of muscle thickness (MT) showed a significant
correlation with LBM (P < 0.001), MABC (P < 0.001) and
grip strength (P = 0.002). However, MT did not show any
significant correlation with gait speed (P = 0.561).

Multivariate analysis—LBM (Table 2)

The continuous predictors (age, BMI and MT) and the
logistic predictor (biological sex) were entered into a mul-
tivariate regression model that initially explained 58% of the
variance in LBM. VIFs were checked in the initial model;
the highest VIF was 1.16 (MT) indicating that there were no
issues with multicollinearity. As shown in Table 2, our most
parsimonious model demonstrated a significant association
between LBM with male biological sex (P < 0.001), BMI
(P < 0.001) and MT (P < 0.001).

Multivariate analysis—grip strength
(Table 2, Figure 1)

Our initial model (containing age, BMI, MT and biological
sex) initially explained 50% of the variation in grip strength.
VIFs were checked in the initial model; the highest VIF
was 1.03 (age) indicating that there were no issues with
multicollinearity. As shown in Table 2, our minimum
effective model demonstrated a significant association
between grip strength and age (P < 0.001), male biological
sex (P < 0.001) and MT (P < 0.001).

Multivariate analysis—MABC (Table 2, Appendix 1,
Figure 2)

Our initial model initially explained 42% of the variation in
MABC. VIFs were checked in the initial model; the highest
VIF was 1.13 (BMI) indicating that there were no issues
with multicollinearity. As shown in Table 2, our minimum
effect model demonstrated a significant association between
MABC and BMI (P < 0.001) and MT (P = 0.038).

Multivariate analysis—gait speed (Table 2)

Our initial model initially explained 15% of the variation
in gait speed. As shown in Table 2, our most parsimonious
model demonstrated a significant association between gait
speed and age (P < 0.001).

Discussion

Principal findings

Sarcopenia is characterised as a loss of both muscle mass
and muscle performance. Bedside ultrasound measures of
vastus medialis MT showed strong correlations with overall
LBM, as well as muscle circumference in the upper limb
(MABC). MT also showed a strong association with one of
our performance measures (grip strength), but no correlation
with subject gait speed.

Clinical uses for PoCUS

PoCUS is emerging as a paradigm in which clinicians use
portable ultrasonic devices to answer specific point-of-care
questions that are incorporated into their bedside history and
physical exam, similar to the current use of a stethoscope.
What started out as a new bedside device used by emergency
medicine physicians has been gradually expanded to exam-
ine patients to ask immediate clinical questions, including
volume status [14], spleen size [15] and the presence of
synovitis [16].

Previous work

Although there is not a single universally accepted definition
for sarcopenia, all definitions involve an objective measure
of muscle mass, as measured by DXA and an objective
measure of muscle quality/function (usually by a measure
of muscle strength or a measure of physical performance)
[18]. The most commonly accepted definition is the recently
revised EWGSOP2, which defines sarcopenia by biological
sex-specific cutoffs for low muscle mass [18]. Unfortunately,
it is difficult to use the current diagnostic criteria to screen
for this condition in acutely ill patients, given that DXA
scans are not portable, are expensive and involve the use of
radiation. They are also not commonly used to screen for low
muscle mass, due to the cost issues of screening such large
numbers of patients. The current proposal suggests that we
could reduce the number of DXA scans by using bedside
ultrasound as a tool to screen for decreased muscle mass in
older adults. To date the most established bedside methods
of measuring muscle mass have been based on a screening
grid based on age and BMI [19], and a prediction equation
using anthropometric measures [20].

Similar to measurements of muscle mass, there is not
a single universally accepted definition for reduced muscle
performance [18]. The most commonly accepted definition
again is found in the recently revised (EWGSOP2) criteria,
which defines reduced muscle performance by biological
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Table 2. Multivariate regression analysis (n = 149)

R2 Unstandardised β (SE) Standardised β P value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
LBM, MEM F(3,145) = 65.83 0.577 <0.001∗
Biological sex 5.746 (0.509) 1.231 (0.109) <0.001∗
BMI 0.263 (0.055) 0.277 (0.058) <0.001∗
MT 1.847 (0.522) 0.204 (0.058) <0.001∗
Grip Strength, MEM F(3,145) = 50.18 0.511 <0.001∗
Age −0.296 (0.080) 0.019 (0.118) <0.001∗
Biological sex 10.867 (0.964) −0.535 (0.222) <0.001∗
MT 2.487 (0.930) 0.118 (0.115) <0.001∗
MABC, MEM F(2,146) = 52.18 0.417 <0.001∗
BMI 0.437 (0.050) 0.583 (0.067) <0.001∗
MT 1.008 (0.480) 0.141 (0.067) 0.038∗
Gait speed, MEM F(1,147) = 25.26 0.520 <0.001∗
Age −0.014 (0.003) −0.394 (0.079) <0.001∗

F, F Statistic; MEM. Minimal Effective Model; R2, coefficient of determination; SE, standard error; β, beta-coefficient; ∗, P < 0.05

Figure 1. Association between vastus medialis thickness (MT) and grip strength: We were able to demonstrate a significant
association between MT and grip strength (P < 0.001 in adjusted model) in our older adult subjects (n = 150).

sex-specific cutoffs for grip strength [18], a measure that is
not commonly performed at the bedside. Grip strength has
significant limitations in the setting of acute and chronic
illness, is difficult to assess in a patient with delirium or
dementia, and can be greatly affected by sedative medications
[21].

The multifactorial nature of the pathophysiology of sar-
copenia makes it extremely unlikely that a single blood
biomarker can be used for diagnosis [22]. A previous attempt
to develop a multifactorial tool to predict sarcopenia exam-
ined a panel of potential inflammatory, vascular adhesion
and growth factors [23], and was only able to show an
association with slower gait speeds [22, 23]; additionally, the
mechanisms underlying sarcopenia are poorly characterised,
posing a barrier to finding a panel of potential biomarkers
for this condition [22].

Given the limited options for bedside tests for mus-
cle mass and performance, as well as the limitations on

blood-test based biomarkers, some recent work has examined
the possibility of using PoCUS as a measure of both muscle
quantity and muscle quantity. Congruent with our findings,
work done by Strasser et al. [24] has shown that ultrasonic
measures of MT in the quadriceps muscle have a highly
significant correlation with maximal voluntary contraction.
Other work done by Miron-Mombiela et al. [25] has shown
that a measure of muscle echointensity (a measure of muscle
quality which requires additional image processing) also
shows a high correlation with grip strength. To our knowl-
edge, the current study is the first to demonstrate that a
simple bedside test of MT shows strong correlations with
both overall muscle mass (LBM), upper limb muscle mass
(MABC) and muscle strength (grip strength). This suggests
that bedside ultrasound, which is increasingly becoming
a mainstream component of the standard physical exam,
could be used as a single marker muscle mass and muscle
quality. We were unable to show any correlations between
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Figure 2. Association between vastus medialis thickness (MT) and MABC: There was a significant association between MT and
MABC (P = 0.038 in adjusted model) in our older adult subjects (n = 150).

MT and our performance measure (gait speed); this is not
surprising given that gait speed is affected by many other
factors than physical strength, including depressed mood,
aerobic capacity and physical health status [26].

Clinical implications

Sarcopenia is a source of increased morbidity, increased
mortality and increased health care costs in the older adult
population. There are currently several non-pharmacological
treatments recommended for this condition, but more sig-
nificantly there are several potential therapies under devel-
opment [27] that have yet to be trialled in humans. This
condition remains clinically neglected, mainly due to the
fact that the standard components of sarcopenia criteria (grip
strength, DXA scanning) are either almost never performed
clinically to assess muscle health or impossible to perform
at the bedside, especially in the setting of acute illness.
Although much more work needs to be done, the establish-
ment of an accurate bedside screening test for low muscle
mass will greatly increase the awareness of this long neglected
condition, and will help facilitate future randomised con-
trolled trials of potential treatments for sarcopenia. There
are challenges to incorporating PoCUS measures in geri-
atric medicine assessments; a previous survey of geriatrician
interest in incorporating PoCUS into their daily clinical
practice revealed understandable concerns about the cost of
the device, uncertainty of how to undergo training, wor-
ries about liability with respect to incorrect radiological
diagnoses and a lack of reimbursement [30].

Limitations and future research

The technique used in our study to measure LBM was
BIA, which is not the gold standard measure of muscle

mass (DXA scans). Future work on establishing PoCUS-
based markers of muscle mass will need to be validated
against more gold standard muscle measures, such as DXA.
Such measures will be necessary to determine the sensitivity
and specificity of these measures compared to current gold
standard EWGSOP criteria.

Main conclusions

PoCUS measures of MT showed strong correlations with
overall muscle mass (LBM), upper limb muscle mass
(MABC) and muscle performance (grip strength).

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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