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ABSTRACT

BACKGROUND: Sarcopenia is a common disease in the elderly. Although extensive research has been conducted on muscle mass and quality
assessment tools, there are still certain drawbacks preventing their universal use.
AIM: The aim of this study was the evaluation of the thickness of head, neck, upper and lower limb muscles measured with ultrasonography, as

SETTING: The Outpatient Sarcopenia Clinic of the Rehabilitation Department of the University Hospital of Patras.
POPULATION: Ninety-four individuals (27 men and 67 women) with a mean age of 75.6 years (SD=6.6), referred for sarcopenia screening,

METHODS: The muscle thickness was measured with transverse and longitudinal ultrasound scans bilaterally.

RESULTS: The thickness of the geniohyoid and medial head of gastrocnemius muscle in all ultrasound sections, and the thickness of the rectus
femoris and vastus intermedius muscle, in specific sections, was found to be significantly decreased in patients with sarcopenia (P<0.05). The
Receiver Operating Characteristic (ROC) curve analysis of the ultrasound muscle thickness measurements resulted in a significant association
with sarcopenia. In the case of the geniohyoid muscle, the measured area under the ROC curve was found to be the highest (0.79). The optimal
cut-oft for the prediction of sarcopenia from the geniohyoid muscle was 0.65 cm with sensitivity equal to 75.0% and specificity equal to 66.7%.
CONCLUSIONS: The results of this study have shown that the thickness of the neck and lower limb muscles measured ultrasonographically can
be utilized in the prediction of sarcopenia with high sensitivity and specificity.

CLINICAL REHABILITATION IMPACT: The prevalence of sarcopenia in the geriatric population and the rehabilitation wards is reported to be
high. Therefore, an easy, fast, low cost and with no risk, widely available method such as ultrasonography could be an extremely valuable tool
for the screening and follow-up of sarcopenia.

(Cite this article as: Barotsis N, Galata A, Hadjiconstanti A, Panayiotakis G. The ultrasonographic measurement of muscle thickness in sarcopenia. A

prediction study. Eur J Phys Rehabil Med 2020;56:427-37. DOI: 10.23736/S1973-9087.20.06222-X)
KEey worps: Ultrasonography; Sarcopenia; Neck muscles; Muscle, skeletal; Quadriceps muscle.

In 2016, sarcopenia was recognized as a disease, which
was assigned an ICD-10-CM code (M62.84), and was re-
cently included as a health condition in the “Packages for
Rehabilitation Interventions” by the World Health Organi-
zation.!.2 Sarcopenia has been characterised as a syndrome,
associated with a significant functional decline, higher rate
of falls, impaired ability to perform activities of daily living,
a higher incidence of hospitalization, a higher mortality rate
and a high economic burden when untreated.3. 4 The preva-
lence of sarcopenia has been reported to range between 4.3%
and 73.3%, depending on the screening tools, the criteria
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used to establish the diagnosis, and the study population.
Interestingly, the prevalence of sarcopenia was found to be
53.0% in the inpatient convalescent rehabilitation ward.5

The prompt diagnosis and management considering the
ageing population are of paramount importance for sar-
copenia.®- The diagnosis of sarcopenia is based on the
assessment of muscle strength, muscle mass and physical
performance. However, there is no universal consensus on
the assessment methods in clinical practice, and it is tech-
nically challenging to measure muscle mass and muscle
quality accurately.!0
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The quantitative assessment of muscle mass can be per-
formed by magnetic resonance imaging (MRI) and com-
puted tomography (CT), which are considered as the gold-
standards.3. 1! However, these tools are not commonly
used in daily clinical practice, mainly due to the high cost,
lack of portability and, in case of CT, exposure to ioniz-
ing radiation. Dual-energy X-ray absorptiometry (DXA)
is a more widely available method to determine full-body
muscle mass.3 A significant disadvantage of DXA is that
equipment is not portable, limiting its use as a diagnostic
or screening tool in the community.

The ultrasound muscle thickness measurement has
been suggested as a useful tool in the early detection
and monitoring of sarcopenia.!2 According to pub-
lished studies, ultrasound is a reliable and valid tool
for the assessment of muscle size in older adults.!3. 14
Commonly used measurements include muscle thick-
ness, cross-sectional area, fascicle length, pennation
angle, and echo-intensity.!> Measuring muscle thickness
can provide an estimate of the reduction in lean body
mass.!6 Thickness and fascicle length values of medial
gastrocnemius muscle have been proposed as alternative
measurements for diagnosing/quantifying sarcopenia.l?
Equations for muscle mass prediction, based on multiple
ultrasound muscle thickness measurements have been
published.!8. 19

A drawback of the ultrasonographic measurement tech-
niques is that they present a degree of examiner depen-
dency, which is higher in comparison with other imaging
modalities used to measure muscle mass, such as DXA,
CT scanning and MRI1.20 The orientation of the ultrasound
transducer relative to the body surface, the compressive
or shear stress on tissue through the force exerted by the
examiner and the characteristics of the intervening sub-
cutaneous adipose tissue can alter tissue dimensions and
echo intensity. Changes in the ultrasound transducer orien-
tation may result in measurement errors when estimating
muscle size and ultrastructure features, such as the penna-
tion angle.2!

This study aims to investigate which muscles of the
head, neck, upper and lower limbs present ultrasono-
graphically detectable thickness changes in sarcopenic
patients. More specifically, the aim was to define which
side (dominant versus non-dominant) and ultrasound sec-
tion (transverse versus longitudinal) presented the most
significant thickness changes in each of the studied mus-
cle groups of the sarcopenic patients and to evaluate the
muscle thickness measurement, as a potential predictory
tool in sarcopenia.
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Materials and methods

Consecutive individuals over 60 years of age referred for
sarcopenia screening to the Outpatient Sarcopenia Clin-
ic of the Rehabilitation Department of Patras University
Hospital, from June 2018 until December 2019, from mu-
nicipal community centres for the elderly and other clini-
cal settings were enrolled into this study. Individuals with
a history of cranial or limb fracture and head, neck or limb
surgery during the last twelve months, tremor, paresis, am-
putations, autoimmune disorders affecting the musculosk-
eletal system, individuals presenting head, neck or limb
muscle atrophy due to peripheral neuropathies, and those
under medication which could potentially affect muscle
architecture and echogenicity (steroids) were excluded
from the study.

The diagnosis of sarcopenia was made in accordance
with the criteria and cut-off points proposed by the Euro-
pean Working Group on Sarcopenia in Older People (EW-
GSOP) in the revised European consensus on definition
and diagnosis.3 More specifically, muscle strength was
measured by a hand-held Jamar dynamometer. The best
of the six grip strength measurements was used, with cut-
off points <27 kg for men and <16 kg for women.3: 22 The
appendicular skeletal muscle mass (ASM) was measured
by dual-energy X-ray absorptiometry (DXA); the cut-off
point of ASM/height? was <7.0 kg/m? for men and <5.5
kg/m?2 for women.3 The assessors of DXA did not have ac-
cess to the clinical information or the results of ultrasono-
graphic thickness measurements. Initially, this study was
based on the available EWGSOP diagnostic criteria, pub-
lished in 2010.23 When the revised EWGSOP diagnostic
criteria were published, the diagnosis of sarcopenia for the
individuals already examined was also revised, following
the new criteria. The study was approved by the Bioethics
Committee of the University Hospital of Patras (registra-
tion number: 401, date 12/6/2018, chairperson: Alexandra
Lekkou, M.D.) and was conducted according to the Decla-
ration of Helsinki. All participants were informed in detail
about this research and gave their written consent.

The ultrasound images were acquired using the GE
Logiq P9 ultrasound system equipped the ML6-15 linear
array transducer (GE Healthcare GmbH, Freiburg, Ger-
many). All image optimization modes were switched off,
except the harmonic tissue imaging, to avoid alteration of
image characteristics by software processing. The gain
was set to 50, the dynamic range at 66 dB, the frequency
at 10 MHz and all of them were kept constant throughout
the examination. The depth was set at 3 cm for head and
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neck muscles, 6 cm for rectus femoris and vastus interme-
dius muscles and 4 cm for all other muscles. Whenever
required, the depth was increased to include the whole
muscle in the image. The focal zones (up to six) were dis-
tributed evenly along with the depth of the image. A gen-
erous quantity of ultrasound gel (CLEAR ECO Supergel,
Ceracarta S.p.A., Forli, Italy) was used to achieve the opti-
mal ultrasound beam coupling and to prevent deformation
of the soft tissues due to transducer pressure during the
examination. The ultrasound examination of all subjects
was performed by the same experienced musculoskeletal
sonographer (NB). The transducer was placed perpendicu-
lar to the skin and eventually slightly angled (in the eleva-
tional direction) to achieve the brightest echo from muscle
fascia.

The goal of this study was to assess muscles involved
in standing, ambulation, upper limb function and swal-
lowing. Therefore, the following anatomical sites were
selected: for the anterior arm muscles at two-thirds of the
distance from the acromion to the elbow crease; for the
rectus femoris muscle halfway along the line from the an-
terior—superior iliac spine to the superior pole of the pa-
tella; for the tibialis anterior muscle at one-quarter of the
distance from the inferior pole of the patella to the mal-
leolus lateralis?4 and at the bulkiest part of the medial head

BAROTSIS

of gastrocnemius muscle.25 The subjects were examined
lying in a prone position for the gastrocnemius scans with
the foot hanging off the examination bed and in a supine
position for all other muscle groups of the lower and up-
per limbs. They were instructed to remain completely re-
laxed during ultrasound scanning and image recording,
with the upper and lower limbs extended. The masseter
muscle was examined at rest, with the subject in a sitting
position. The probe was placed parallel to the mandibular
margin, perpendicular to the skin surface, approximately
midway between the zygomatic arch and the mandibular
angle.26.27 The thickness of the masseter muscle was mea-
sured at the thickest part in both the transverse and longitu-
dinal planes. Transverse and longitudinal sonograms were
recorded from all muscles bilaterally. First, the transverse
ultrasound section was acquired, and then the transducer
was rotated to 90° to acquire the longitudinal section. The
geniohyoid muscle thickness was measured with the trans-
ducer placed on the sagittal plane, between the symphysis
menti and hyoid bone,!4 with the subject positioned as for
the examination of the masseter muscles.

Muscle thickness was measured with the built-in elec-
tronic callipers of the scanner (Figure 1, 2). The geniohy-
oid muscle was measured between the deep and superficial
muscle fascia; the masseter muscle was measured between

Figure 1.—Thickness measurement of the head, neck and upper limb muscles. The images present the placement of the electronic callipers for the
geniohyoid muscle (A); masseter in the transverse (B) and longitudinal section (C); anterior arm muscles in the transverse (D) and longitudinal
section (E).
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Figure 2.—Thickness measurement of lower limb muscles. The images present the placement of the electronic callipers for the medial head of gas-
trocnemius in the transverse (A) and longitudinal section (B); tibialis anterior in transverse (C) and longitudinal section (D); quadriceps femoris in
the transverse (E) and longitudinal section (F).

the cortex of the mandible and the superficial fascia of the
masseter. The anterior arm muscles were measured between
the cortex of the humerus and the superficial fascia of the
biceps. It should be noted that this measurement included
the biceps brachii and the underlying brachialis muscle.
The thickness of the rectus femoris was measured between
its deep and superficial fascia; the vastus intermedius be-
tween the cortex of the femur and the superficial fascia of
the vastus intermedius; the tibialis anterior between the in-
terosseous membrane (next to the tibia) and the superficial
fascia of the tibialis anterior; and the medial head of gas-
trocnemius between its deep and superficial fascia. Clinical
information, grip strength and DXA results were not avail-
able to the performers of muscle thickness measurements.
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Statistical analysis

Quantitative variables are expressed as mean value
and standard deviation (SD). Qualitative variables are
expressed as absolute and relative frequencies. For the
comparison of means between two groups, the Student’s
t-test was used. For the comparisons of proportions, the
y2 tests and Fisher’s Exact tests were used. Ultrasono-
graphically acquired measurements of muscle thickness
were tested for their ability to predict sarcopenia using
receiver operating characteristic (ROC) curves. The
overall performance of the ROC analysis was quantified
by computing the area under the curve (AUC). An area
of 1 indicated perfect performance, while 0.5 indicated
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a performance that was not different than chance. Using
ROC analysis, the optimal sensitivity and specificity of
various cut-off values for the prediction of sarcopenia
were determined. A series of multiple logistic regression
analysis was performed to identify the association of
ultrasonographically acquired measurements of muscle
thickness with sarcopenia, after adjusting for gender
and age. Adjusted odds ratios with 95% confidence in-
tervals were computed from the results of the logistic
regression analyses. All reported P values are two-tailed.

BAROTSIS

Statistical significance was set at P<0.05 and analyses
were conducted using SPSS statistical software (version
22.0).

Results

A total of 103 subjects over 60 years of age were enrolled
in the study as potentially eligible. Two individuals refused
to undergo the full-body DXA scan and 7 were excluded,
according to the exclusion criteria. The sample consisted

TABLE L.—Demographic characteristics and muscle thickness measured ultrasonographically in the total sample and by gender.

Total sample

Women Men

(N.=94) (N.=67; 71.3%) (N.=27; 28.7%) P

Age 75.6 (6.6) 75.1 (6.5) 76.9 (6.7) 0.223+
Dominant side, N (%)

Right 91 (96.8) 65 (97.0) 26 (96.3) 1.000%%

Left 3(3.2) 2(3.0) 1(3.7)
BMI (kg/ m?) 28.2 (4.6) 29.1(4.3) 26 (4.7) 0.003+
BMIL, N (%)

Normal 20 (21.3) 10 (14.9) 10 (37.0) 0.018%

Overweight/ obese 74 (78.7) 57 (85.1) 17 (63.0)
Hand grip strength (kg) 22.5(6.82) 20.37 (4.68) 27.71 (8.37) <0.001+
Gait speed 0.89 (0.23) 0.87 (0.20) 0.95(0.27) 0.096+
TA - Trans (D) (cm) 2.44 (0.37) 2.33(0.29) 2.72 (0.40) <0.001+
TA - Long (D) (cm) 2.57(0.39) 2.47(0.32) 2.81(0.44) <0.001+
TA - Trans (ND) (cm) 2.39(0.36) 2.28(0.29) 2.67(0.37) <0.001+
TA - Long (ND) (cm) 2.49 (0.37) 2.39(0.33) 2.74 (0.36) <0.001+
RF - Trans (D) (cm) 1.68 (0.34) 1.61 (0.29) 1.83(0.41) 0.004+
VI - Trans (D) (cm) 1.30(0.41) 1.25(0.37) 1.43 (0.49) 0.050+
RF - Long (D) (cm) 1.56 (0.33) 1.52 (0.29) 1.66 (0.41) 0.065+
VI - Long (D) (cm) 1.30 (0.42) 1.24 (0.37) 1.46 (0.49) 0.023+
RF - Trans (ND) (cm) 1.64 (0.33) 1.58 (0.30) 1.77 (0.38) 0.012+
VI - Trans (ND) (cm) 1.25(0.36) 1.21(0.35) 1.37 (0.38) 0.055+
RF - Long (ND) (cm) 1.53 (0.33) 1.49 (0.31) 1.63 (0.36) 0.057+
VI - Long (ND) (cm) 1.25(0.34) 1.20 (0.31) 1.36 (0.39) 0.041+
RF + VI - Trans (D) (cm) 2.98 (0.67) 2.86 (0.57) 3.27(0.81) 0.008+
RF + VI - Long (D) (cm) 2.87(0.68) 2.76 (0.59) 3.12 (0.83) 0.021+
RF + VI - Trans (ND) (cm) 2.89(0.61) 2.79 (0.56) 3.14 (0.67) 0.011+
RF + VI - Long (ND) (cm) 2.77 (0.6) 2.69 (0.53) 2.99 (0.69) 0.024+
MHG - Trans (D) (cm) 1.66 (0.29) 1.66 (0.27) 1.66 (0.34) 0.980+
MHG - Long (D) (cm) 1.63 (0.28) 1.63 (0.25) 1.61 (0.34) 0.806+
MHG - Trans (ND) (cm) 1.70 (0.29) 1.70 (0.27) 1.70 (0.34) 0.947+
MHG - Long (ND) (cm) 1.67 (0.28) 1.67 (0.27) 1.65 (0.33) 0.757+
AAM - Trans (D) (cm) 2.81(0.5) 2.64 (0.37) 3.23(0.52) <0.001+
AAM - Long (D) (cm) 2.67 (0.58) 2.57(0.41) 2.94 (0.81) 0.004+
AAM - Trans (ND) (cm) 2.70 (0.51) 2.52(0.40) 3.16 (0.47) <0.001+
AAM - Long (ND) (cm) 2.67 (0.47) 2.53(0.38) 3.04 (0.47) <0.001+
MAS - Trans (Rt) (cm) 1.07 (0.19) 1.03 (0.19) 1.15 (0.18) 0.009+
MAS - Long (Rt) (cm) 1.01 (0.19) 0.99 (0.19) 1.06 (0.19) 0.110+
MAS - Trans (Lt) (cm) 1.07 (0.19) 1.03 (0.18) 1.19(0.17) <0.001+
MAS - Long (Lt) (cm) 1.03 (0.21) 0.98 (0.19) 1.16 (0.22) <0.001+
GHY (cm) 0.69 (0.13) 0.67 (0.12) 0.73 (0.17) 0.057+

The 4-m usual walking speed test was used for measuring gait speed. Values are expressed as mean (SD).

Rt: right; Lt: left; D: dominant side; ND: non-dominant side; Long: longitudinal

ultrasound scan; Trans: transverse ultrasound scan; TA: tibialis anterior; RF: rectus

femoris; VI: vastus intermedius; MHG: medial head of gastrocnemius; AAM: anterior arm muscles; MAS: masseter; GHY: geniohyoid.

+Student’s r-test; fPearson’s y2 test; {Fisher’s Exact test.
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of 94 individuals (27 men and 67 women) with a mean
age of 75.6 years (SD=6.6). All diagnostic procedures for
sarcopenia (clinical assessment, grip strength, DXA) and
the ultrasonographic examination were completed within
one week without any adverse event. The demographic
characteristics and ultrasonographically measured muscle
thickness of the total sample and by gender are presented
in Table I. While men had a lower body mass index (BMI),
they had higher values of muscle thickness in most of the
ultrasound measurements, compared to women.

The muscle thickness measured on sections acquired
from dominant and non-dominant sides was compared
using paired z-tests. The results are presented in Table II.
There were significant differences in the values between the
dominant side versus non-dominant side concerning tibialis
anterior muscle (transverse and longitudinal sections), vas-
tus intermedius muscle (longitudinal section), medial head
of gastrocnemius muscle (transverse and longitudinal sec-
tions) and the anterior arm muscles (transverse section).

Sixteen subjects (17.0%) were diagnosed with sarcope-
nia. A comparison of the demographic characteristics and
ultrasonographically measured muscle thickness between
those with and without sarcopenia is shown in Table III.
Sarcopenia was more frequent in men and subjects with
sarcopenia had lower BMI, handgrip strength values and
gait speed (4-m usual walking speed test). The ultrasono-
graphically measured muscle thickness of the vastus in-
termedius muscle — transverse and longitudinal sections
(dominant side), vastus intermedius muscle — longitudi-
nal section (non-dominant side), rectus femoris muscle —

TABLE IL.—Comparison of muscle thickness measurements between
dominant versus non-dominant sides.

Paired differences

P value
Mean SD

TA - Trans 0.05 0.21 0.030
TA - Long 0.08 0.24 0.002
RF - Trans 0.04 0.23 0.099
VI - Trans 0.05 0.26 0.089
RF - Long 0.04 0.24 0.152
VI - Long 0.06 0.25 0.030
MHG - Trans -0.04 0.17 0.013
MHG - Long -0.04 0.18 0.020
AAM - Trans 0.11 0.28 <0.001
AAM - Long 0.00 0.43 0.997
MAS - Trans -0.01 0.12 0.541
MAS - Long -0.02 0.17 0.252

The values between dominant versus non-dominant sides were compared using
paired #-tests. Long: longitudinal ultrasound scan.

Trans: transverse ultrasound scan; TA: tibialis anterior; RF: rectus femoris; VI:
vastus intermedius; MHG: medial head of gastrocnemius; AAM: anterior arm
muscles; MAS: masseter.
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TABLE Ul.—Demographic characteristics and muscle thickness
measured ultrasonographically in subjects with and without sar-
copenia.

No sarcopenia Sarcopenia P
(N=78; 83.0%)  (N=16; 17.0%)

Age 75.3 (6.6) 77.3 (6.4) 0.261+
Gender, N (%)

Females 61(78.2) 6 (37.5) 0.002%

Males 17 (21.8) 10 (62.5)
Dominant side, N (%)

Right 75 (96.2) 16 (100) 1.000%

Left 3(3.8) 0(0.0)
BMI 28.8 (4.6) 25.5(4) 0.008+
BMI, N (%)

Normal 13 (16.7) 7 (43.8) 0.0381

Overweight/obese 65 (83.3) 9 (56.2)
Hand grip strength (kg) 23.44 (6.73) 17.98 (5.40) 0.003+
Gait speed 0.91 (0.23) 0.77 (0.19) 0.018+
TA - Trans (D) (cm) 2.45(0.37) 2.42(0.38) 0.803+
TA - Long (D) (cm) 2.57(0.38) 2.55(0.45) 0.861+
TA - Trans (ND) (cm) 2.39(0.35) 2.41(0.41) 0.852+
TA - Long (ND) (cm) 2.48 (0.36) 2.51(0.45) 0.780+
RF - Trans (D) (cm) 1.70 (0.35) 1.56 (0.27) 0.115+
VI - Trans (D) (cm) 1.34(0.41) 1.09 (0.38) 0.029+
RF - Long (D) (cm) 1.59 (0.34) 1.44 (0.31) 0.102+
VI - Long (D) (cm) 1.34(0.42) 1.11 (0.38) 0.040+
RF - Trans (ND) (cm) 1.67 (0.33) 1.48 (0.31) 0.040+
VI - Trans (ND) (cm) 1.28 (0.37) 1.13 (0.32) 0.122+
RF - Long (ND) (cm) 1.56 (0.34) 1.38 (0.22) 0.049+
VI - Long (ND) (cm) 1.28 (0.35) 1.08 (0.25) 0.036+
RF + VI - Trans (D) (cm) 3.04 (0.68) 2.65(0.56) 0.031+
RF + VI - Long (D) (cm) 2.93 (0.68) 2.55(0.61) 0.039+
RF + VI - Trans (ND) (cm)  2.95 (0.61) 2.61(0.55) 0.040+
RF + VI - Long (ND) (cm) 2.84 (0.61) 2.46 (0.38) 0.021+
MHG - Trans (D) (cm) 1.69 (0.28) 1.49 (0.30) 0.009+
MHG - Long (D) (cm) 1.66 (0.26) 1.45(0.30) 0.005+
MHG - Trans (ND) (cm) 1.74 (0.27) 1.49 (0.29) 0.001+
MHG - Long (ND) (cm) 1.71 (0.27) 1.47 (0.26) 0.002+
AAM - Trans (D) (cm) 2.83(0.49) 2.72 (0.52) 0.439+
AAM - Long (D) (cm) 2.68 (0.60) 2.64 (0.50) 0.813+
AAM - Trans (ND) (cm) 2.71 (0.53) 2.66 (0.44) 0.718+
AAM - Long (ND) (cm) 2.70 (0.48) 2.56 (0.39) 0.268+
MAS - Trans (Rt) (cm) 1.06 (0.19) 1.10(0.23) 0.474+
MAS - Long (Rt) (cm) 1.02 (0.19) 0.98 (0.20) 0.374+
MAS - Trans (Lt) (cm) 1.06 (0.18) 1.12 (0.22) 0.292+
MAS - Long (Lt) (cm) 1.02 (0.21) 1.09 (0.22) 0.251+
GHY (cm) 0.71 (0.13) 0.58 (0.10)  <0.001+

The 4-m usual walking speed test was used for measuring gait speed. Values are
expressed as mean (SD).

Rt: right; Lt: left; D: dominant side; ND: non-dominant side; Long: longitudinal
ultrasound scan; Trans: transverse ultrasound scan; TA: tibialis anterior; RF:
rectus femoris; VI: vastus intermedius; MHG: medial head of gastrocnemius;
AAM: anterior arm muscles; MAS: masseter; GHY: geniohyoid.

+Student’s #-test; fPearson’s y2 test; iFisher’s Exact test.

transverse and longitudinal sections (non-dominant side),
medial head of gastrocnemius muscle — transverse and
longitudinal sections (on both dominant and non-dominant
sides) and geniohyoid muscle was found significantly low-
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er in subjects with sarcopenia. The sum of rectus femoris
and vastus intermedius muscle thickness was significantly
lower in subjects with sarcopenia for both sections and
sides.

Concerning comorbidity, diabetes mellitus, thyroid
disease, chronic obstructive pulmonary disease, coronary
artery disease and osteoporosis were present in 25.6%,
35.9%, 2.6%, 2.6% and 16.7% of the patients without
sarcopenia, respectively. The corresponding proportion
of diabetes mellitus, thyroid disease, chronic obstructive
pulmonary disease, coronary artery disease and osteopo-
rosis was 37.5%, 31.3%, 0%, 0% and 31.3% in patients
with sarcopenia, respectively and no significant differenc-
es were found in comparison to those without sarcopenia
(P>0.05). Regarding medication, the proportion of those
without sarcopenia receiving statins, antihypertensives
and antidepressants was 37.2%, 46.0% and 13.0%, respec-
tively, while the proportion of those with sarcopenia re-
ceiving statins, antihypertensives and antidepressants was
31.3%, 62.5% and 6.3%, respectively and no significant
differences were found (P>0.05).

Table IV presents the ROC analysis results in the pre-
diction of sarcopenia from the ultrasound muscle thick-
ness measurements, which revealed a significant associa-
tion with sarcopenia. The highest AUC value was found
for the geniohyoid muscle, and it was equal to 0.79 (Fig-
ure 3). The optimal cut-off for the prediction of sarcopenia
from the geniohyoid muscle was 0.65 cm with sensitivity
equal to 75.0% and specificity equal to 66.7%. AUCs for
the medial head of gastrocnemius muscle — longitudinal
section (dominant side), medial head of gastrocnemius

BAROTSIS
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Figure 3.—ROC analysis for the prediction of sarcopenia from geniohy-
oid muscle thickness.

muscle — transverse section (non-dominant side) (Figure
4), and medial head of gastrocnemius muscle — longitu-
dinal section (non-dominant side) (Figure 5) ranged from
0.70 to 0.74, and the optimal cut-off values were 1.61, 1.63
and 1.72 cm, respectively. The AUCs for the sum of rectus
femoris and vastus intermedius muscle, on both sections
and sides, were significant and ranged from 0.66 to 0.69.

TABLE IV.—ROC analysis results for the prediction of sarcopenia from ultrasonographically measured muscle thickness.

AUC (95% CI) P Cut-off Sensitivity (%) Specificity (%)
VI - Trans (D) (cm) 0.67 (0.53-0.81) 0.031 1.01 50.0 84.6
VI - Long (D) (cm) 0.67 (0.52-0.81) 0.039 1.00 50.0 82.1
RF - Trans (ND) (cm) 0.67 (0.53-0.82) 0.033 1.54 68.8 65.4
RF - Long (ND) (cm) 0.68 (0.56-0.80) 0.026 1.59 81.3 51.3
VI - Long (ND) (cm) 0.66 (0.51-0.79) 0.050 1.13 62.5 64.1
RF + VI - Trans (D) (cm) 0.68 (0.54-0.81) 0.026 2.62 70.0 76.0
RF + VI - Long (D) (cm) 0.67 (0.53-0.81) 0.034 2.84 75.0 60.0
RF + VI - Trans (ND) (cm) 0.66 (0.51-0.81) 0.050 2.80 63.0 58.0
RF + VI - Long (ND) (cm) 0.69 (0.57-0.81) 0.019 2.61 63.0 66.0
MHG - Trans (D) (cm) 0.69 (0.55-0.84) 0.015 1.65 75.0 56.4
MHG - Long (D) (cm) 0.70 (0.56-0.84) 0.013 1.61 75.0 61.5
MHG - Trans (ND) (cm) 0.74 (0.61-0.86) 0.003 1.63 75.0 67.9
MHG - Long (ND) (cm) 0.73 (0.62-0.85) 0.003 1.72 87.5 52.6
GHY (cm) 0.79 (0.67-0.92) <0.001 0.65 75.0 66.7

ROC: receiver operating characteristic. AUC: area under the curve. D: dominant side; ND: non-dominant side; Long: longitudinal ultrasound scan; Trans: transverse

ultrasound scan;

VI: vastus intermedius; RF: rectus femoris; MHG: medial head of gastrocnemius; GHY: geniohyoid.
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Figure 4—ROC analysis for the prediction of sarcopenia from medial
head of gastrocnemius muscle thickness - transverse section (non-dom-
inant side).

Logistic regression models were performed for sarco-
penia predictive ultrasound muscle thickness measure-
ments, using the cut-off values from ROC analyses (Table
V). After adjusting for gender and age, it was found that
cases with vastus intermedius muscle — transverse sec-
tion (dominant side) thickness less than 1.01 cm had 9.47
times greater odds for having sarcopenia. Similarly, cases
with vastus intermedius muscle — longitudinal section
(dominant side) thickness of less than 1 had 6.33 times
greater odds for having sarcopenia. The likelihood of sar-
copenia was 11.9 and 6.9 times greater in those with rectus
femoris muscle — transverse section (non-dominant side)
thickness less than 1.54 cm and rectus femoris muscle —
longitudinal section (non-dominant side) with a thickness
less than 1.59 cm, respectively. Vastus intermedius muscle
— longitudinal section (non-dominant side) thickness less
than 1.13 cm and medial head of gastrocnemius muscle —
transverse section (dominant side) thickness less than 1.65
cm were associated with 6.92 and 4.52 times greater odds
for sarcopenia. Logistic regression models also revealed
that subjects with a thickness of the medial head of gas-
trocnemius muscle — longitudinal section less than 1.61
cm and those with a thickness of the medial head of gas-
trocnemius muscle — transverse section (non-dominant
side) less than 1.63 cm were associated with a significantly
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Figure 5—ROC analysis for the prediction of sarcopenia from medial
head of gastrocnemius muscle thickness - longitudinal section (non-
dominant side).

greater likelihood for sarcopenia. Furthermore, the medial
head of the gastrocnemius muscle — longitudinal section
(non-dominant side) thickness less than 1.72 cm and the
geniohyoid muscle thickness less than 0.65 were also pre-
dictive for sarcopenia as indicated from the adjusted odds
ratios that were equal to 8.49 and 6.72, respectively. The
sum of rectus femoris and vastus intermedius muscle (on
both sections and sides) also had a significant association
with sarcopenia in logistic regression analysis.

Discussion

Various ultrasound techniques have been used in the as-
sessment of muscle mass in sarcopenic individuals.!5. 28,29
Measurement of muscle thickness on ultrasound scans is
a simple, easy and fast method to estimate muscle mass,
which does not require any postprocessing with the use
of special software and is less likely to be equipment de-
pendent. To the best of our knowledge, this is the first ul-
trasound study that investigates changes in muscle thick-
ness of the head, upper and lower limb muscles, on both
transverse and longitudinal ultrasound sections from the
dominant and non-dominant side of the body in patients
with sarcopenia.

The results of this study have shown that the muscle
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TABLE V.—Odds ratios and 95% confidence intervals for the pre-
diction of sarcopenia from ultrasound parameters as derived
from logistic regression models.

OR (95% CI)* P

VI - Trans (D) (cm)
>1.01 (reference)
<1.01

VI - Long (D) (cm)
>1.00 (reference)
<1.00

RF - Trans (ND) (cm)
>1.54 (reference)
<1.54

RF - Long (ND) (cm)
>1.59 (reference)
<1.59

VI - Long (ND) (cm)
>1.13 (reference)
<1.13

RF + VI - Trans (D) (cm)
>2.62 (reference)
<2.62

RF + VI - Long (D) (cm)
>2.84 (reference)
<2.84

RF + VI - Trans (ND) (cm)
>2.80 (reference)
<2.80

RF + VI - Long (ND) (cm)
>2.61 (reference)
<2.61

MHG - Trans (D) (cm)
>1.65 (reference)
<1.65

MHG - Long (D) (cm)
>1.61 (reference)
<1.61

MHG - Trans (ND) (cm)
>1.63 (reference)
<1.63

MHG - Long (ND) (cm)
>1.72 (reference)
<1.72

GHY (cm)
>0.65 (reference)
<0.65 6.72 (1.78-25.44)

*+Odds Ratio (95% Confidence Interval) adjusted for age and gender.

D: dominant side; ND: non-dominant side; Long: longitudinal ultrasound scan;
Trans: transverse ultrasound scan; VI: vastus intermedius; RF: rectus femoris;
MHG: medial head of gastrocnemius; GHY: geniohyoid.

9.47 (2.24-40.08) 0.002

6.33 (1.67-23.99) 0.007
11.90 (2.29-61.85) 0.003
6.90 (1.40-33.89) 0.017
6.92 (1.59-30.11) 0.010
9.41 (2.22-39.88) 0.002
8.44 (1.89-37.68) 0.002
4.94 (1.19-20.38) 0.027
4.59 (1.25-16.81) 0.022
4.52 (1.09-18.79) 0.038
3.92 (1.01-15.34) 0.050
11.34 (2.38-53.94) 0.002
8.49 (1.63-44.2) 0.011

0.005

thickness of the geniohyoid muscle was significantly
lower in subjects with sarcopenia. In a previous study,
the tongue muscle mass was found to be smaller in pa-
tients with sarcopenic dysphagia.3® The researchers have
used a different methodology compared to the one used
in this research and have studied a population presenting
sarcopenic dysphagia. However, the conclusions are in ac-
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cordance as it concerns the usability of ultrasound in the
detection of muscle mass loss of tongue muscles. Further-
more, the method used in this study presented a sensitivity
equal to 75.0% and specificity equal to 66.7% in the pre-
diction of sarcopenia from the geniohyoid muscle thick-
ness measurements. The measurement of the geniohyoid
muscle thickness presents several advantages from a tech-
nical point of view. The image acquisition is fast, simple
and does not require advanced operator skills. Moreover,
there is no need to undress the patient, and the examination
does not require complex patient positioning. The porta-
bility of the ultrasound and the availability of ultrasound
equipment based on smartphones or tablets could make
this technique ideal in the prediction — screening for sar-
copenia, both in the community and the inpatient wards.

In the study by Kuyumcu et al. published in 2016, the
muscle thickness of the gastrocnemius muscle was found
to be lower in sarcopenic elderly.25 The researchers have
studied the medial head of the gastrocnemius muscle on
transverse ultrasound scans acquired from both lower
limbs, and the diagnosis of sarcopenia was based on mus-
cle mass measurement by bioimpedance analysis (BIA).
Even though in this study, the revised EWGSOP? criteria
have been used to establish the diagnosis of sarcopenia
and DXA for the estimation of muscle mass loss, the re-
sults are in line with the results of the study by Kuyumcu
et al. The capability of ultrasound to detect muscle mass
loss in sarcopenia does not seem to depend on the diag-
nostic protocol followed in the diagnosis of sarcopenia.
Moreover, our results have shown that both transverse and
longitudinal ultrasound sections from either the dominant
or non-dominant side of the body presented a statistically
significant decrease in muscle thickness in sarcopenic in-
dividuals. Therefore, if the ultrasonographically measured
muscle thickness is adopted as a reference technique in
muscle mass estimation for the diagnosis of sarcopenia,
only one ultrasound section from the medial head of gas-
trocnemius muscle could suffice, reducing the examina-
tion duration and cost significantly.

Strasser et al. reported that the thickness measurement
of the vastus intermedius and vastus medialis muscle could
be an accurate and bedside tool in the diagnosis and course
of sarcopenia.3! Indeed, the ROC analysis of this study has
shown that the ultrasound muscle thickness measurements
of the vastus intermedius and rectus femoris muscle can
be used for the prediction of sarcopenia. However, the sig-
nificance of the effect varies according to the muscle, body
side and scan type.

The statistical analysis performed in this study has
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shown that the likelihood of sarcopenia was 11.9 times
greater in individuals with low rectus femoris muscle
thickness on the transverse section (non-dominant side).
Similarly, subjects with low muscle thickness of the me-
dial head of gastrocnemius on the transverse section (non-
dominant side) presented 11.34 times greater likelihood
for sarcopenia. Furthermore, low muscle thickness of the
medial head of gastrocnemius muscle on longitudinal ul-
trasound section (non-dominant side) and the geniohyoid
muscle was also predictive for sarcopenia as indicated
from the adjusted odds ratios.

The thickness of the masseter, anterior arm and tibialis
anterior muscles did not present a statistically significant
decrease in sarcopenic compared to non-sarcopenic indi-
viduals. The hypothesis considered is that these muscles
might be either less vulnerable to sarcopenia or more
prone to fatty infiltration. Further studies on the echotex-
ture of the muscles mentioned above could elucidate the
causes of this observation.

According to the literature, there is no consensus or
clear recommendation concerning which side of the body
should be preferred for the assessment of sarcopenia us-
ing ultrasound muscle measurements.32 The results of this
study indicate statistically significant differences in mus-
cle thickness between the dominant versus non-dominant
sides, for specific muscles and sections (Table II). This fact
has to be taken into consideration in the interpretation of
ultrasound quantitative studies, as their results might be
side-dependent and probably not reproducible on the op-
posite side.

Previous studies have shown that ultrasound is a valid
and reliable tool in the assessment of muscle mass.!3, 14,33
Under this perspective, ultrasound could be used to moni-
tor the changes in muscle thickness in the course of sar-
copenia and to evaluate the effectiveness of interventions.
The integration of machine learning techniques in muscu-
loskeletal ultrasonography is an emerging and promising
field.34-3¢ Computer aided diagnostic systems could help
in reducing examination time and increasing the accuracy
of the measurements.

Limitations of the study

This study presents some limitations. Firstly, the size of
the sample was relatively small, especially as this con-
cerns the male subjects; therefore, further studies would
be required to obtain safer conclusions. Another limita-
tion is that the regional/national cut-off values (for grip
strength and DXA) in the diagnosis of sarcopenia were
not available for our study population. Instead, the cut-off
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points recommended by EWGSOP23 for the harmoniza-
tion of sarcopenia studies were used for this study. Finally,
one should take into consideration that the results of this
study were based on specific ultrasound equipment, im-
age acquisition techniques and measurement methodol-
ogy. Validation studies are required before applying them
in different settings. Future research should investigate the
role of ultrasonography in the diagnosis of primary versus
secondary sarcopenia, as well as the potential influence of
medication on its diagnostic accuracy.

Conclusions

The results of this study have shown that the ultrasono-
graphically measured thickness of the neck and lower limb
muscles can be used for predicting sarcopenia with high
sensitivity and specificity. Further research, based on larg-
er-scale studies, is required to thoroughly investigate the
role of ultrasonography as a diagnostic tool for sarcopenia
and to validate cut-off values in the assessment of muscle
mass quantity and quality.
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