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Abstract

Objectives To measure speed of sound (SoS) with a novel hand-held ultrasound technique as a quantitative indicator for muscle
loss and fatty muscular degeneration.

Methods Both calf muscles of 11 healthy, young females (mean age 29 years), and 10 elderly females (mean age 82 years) were
prospectively examined with a standard ultrasound machine. A flat Plexiglas® reflector, on the opposite side of the probe with the
calf in between, was used as timing reference for SoS (m/s) and ASoS (variation of SoS, m/s). Handgrip strength (kPA), Tegner
activity scores, and 5-point comfort score (1 = comfortable to 5 = never again) were also assessed. Ultrasound parameters
(muscle/adipose thickness, echo intensity) were measured for comparison.

Results Both calves were assessed in less than two minutes. All measurements were successful. The elderly females showed
significantly lower SoS (1516 m/s, SD17) compared to the young adults (1545 m/s, SD10; p<0.01). The ASoS of elderly
females was significantly higher (12.2 m/s, SD3.6) than for young females (6.4 m/s, SD1.5; p < 0.01). Significant correlations of
SoS with hand grip strength (r = 0.644) and Tegner activity score (rs = 0.709) were found, of similar magnitude as the correlation
of hand grip strength with Tegner activity score (75 = 0.794). The average comfort score of the elderly was 1.1 and for the young
adults 1.4. SoS senior/young classification (AUC = 0.936) was superior to conventional US parameters.

Conclusions There were significant differences of SoS and ASoS between young and elderly females. Measurements were fast
and well tolerated. The novel technique shows potential for sarcopenia quantification using a standard ultrasound machine.
Key Points

* Speed of sound ultrasound: a novel technique to identify sarcopenia in seniors.

* Measurements were fast and well tolerated using a standard ultrasound machine.

* The novel technique shows potential for sarcopenia quantification.
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A decrease in muscle mass (sarcopenia), and an increase in
subcutaneous and intermuscular (myosteatosis) adipose tissue,
are both linked to age-, cancer-, and chronic disease-related
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changes [1-5]. In the last years, the sarcopenia definition has
expanded to not only include low muscle mass but also reduced
physical function [6, 7]. Sarcopenia leads to frailty, falls, frac-
tures, and ultimately mortality [8, 9]. In the United States, the
direct health care cost attributable to sarcopenia in 2000 was
estimated at $18.5 billion [10]. In the Netherlands, low skeletal
muscle mass was independently associated with increased hos-
pital costs of about €4000 per patient [4].

Non-imaging diagnostic techniques for sarcopenia include
questionnaires, physical performance (e.g., grip strength), an-
thropometry (e.g., body mass index), bioelectrical impedance
analysis, as well as serum and urinary biomarkers. The most
common imaging diagnostic techniques to evaluate body
composition are Dual X-Ray Absorptiometry, CT, MRI and
ultrasound (US). Well-known attributes of US include low
cost, ease of use, and accessibility. Thus far, regional US as-
sessment of muscle size, echo intensity and architecture has
been investigated for sarcopenia assessment [11].

3D speed of sound (SoS) US using a dedicated ultrasound
machine with a water bath has been used for breast density and
tumor evaluation [12-20] based on SoS differences of tumor,
glandular, and adipose tissue. Hand-held 2D SoS-US is a novel
technique, which uses a conventional ultrasound system to
measure SoS in breast tissue [21]. A passive reflector is posi-
tioned in opposite of a hand-held ultrasound probe with the
breast in between (Fig. 1). The reflector serves as a reference
tool to measure the time of the ultrasound echo transmission
through the muscle and reflection to the probe [22, 23]. The
results are visualized as a quantitative SoS profile along the
probe width (Fig. 2). Using this method, a significant correla-
tion and accordance between SoS-US and the ACR mammo-
graphic breast density categories have been observed [22].

Because muscular tissue has a different SoS than adipose
tissues, there is potential of this novel technique for regional
quantification of sarcopenia. The nominal value of SoS in
muscle is 1585 m/s and for fat 1440 m/s, a difference of
around 10% [24]. Therefore, SoS could be potentially used
to quantify muscle and fat content.

The aim of this pilot study was to assess calf muscles of
young and elderly females with a novel hand-held ultrasound
technique measuring SoS, thus quantifying muscle loss and
fatty muscular degeneration.

Materials and methods

Study design

This prospective, single-institution pilot study, was approved
by the institutional review board and local ethics committee.
Both calf muscles of 11 healthy, young, and female volun-

teers, as well as 10 elderly females (4 community dwelling
women and 6 currently hospitalized women), were
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Fig. 1 Concept of hand-held speed-of-sound (SoS)-US [23]. A position-
ing frame connects the probe with the reflector and allows distance mea-
surements via a digital sensor. Ultrasound gel was applied on both the US
probe and reflector surfaces to assure sufficient coupling with the calf. a
Demonstrates the setup for an elderly female and (b) for a young female

prospectively examined with a standard ultrasound ma-
chine (SonixTouch, Ultrasonix) by one radiologist
(M.B.R.). A flat Plexiglas® reflector was used as timing
reference for SoS (m/s, probe segment-average, “overall
muscle content”) and ASoS (variation of SoS, m/s,
“muscle heterogeneity”) measurement. The reflector was
positioned on the opposite side of the probe with the su-
perficial posterior compartment of the calf longitudinally
in between at the level of largest calve circumference (Fig.
1). SoS, ASoS, size/echo intensity parameters from con-
ventional ultrasound images (B-mode), handgrip strength
(kPA), 5-point comfort score (1 = comfortable to 5 = never
again) and Tegner activity scores were assessed.

Participants

The mean age of the young women was 28.9 years, ranging
from 25 to 34 years. The mean age of the elderly women was
82.7 years, ranging from 73 to 92 years. Probands were se-
lected through advertisement at the local black board.
Inclusion criteria were a young, healthy female state as well
as an age between 18 and 35. Patients were referred from the
local geriatric clinic. Excluding criteria were severe dementia,
congestive heart failure (NYHA III), leg edema, or paralysis.
On the day of study, no participant underwent sports activities
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Fig. 2 Measurements of the superficial posterior calf compartment in
longitudinal direction. Whereas the vertical axis displays the arrival
time t of the US echoes, the horizontal axis in the image illustrates the
probe width. Our method is based on the reflection from the back wall of
the reflector [23]. The speed of sound is then calculated with the formula
SoS =2 * d/ t with d representing the distance read from the digital sensor
and t the arrival time of the echoes. The factor 2 is used as the echo travels
from the transmitter element to the reflector and back (there is a typo in
the formula of [23], where a 0.5 factor is used instead). Three US echoes

prior measurements. All participants rested at least 15 min
prior to the examinations. The characteristics of the young
and elderly women were analyzed and compared to the SoS
measurements. These characteristics are listed in Table 1.

Hand-held 2D SoS ultrasound measurements
and comfort scores

We used a commercially available US system (SonixTouch,
Ultrasonix) to acquire radiofrequency US data. As timing
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are visible, with the first representing the reflection from the calf skin
layer and the second originating from the top reflector surface, with a
possible overlap over time between the first and the second echoes. The
third echo represents the reflector from the back wall of the reflector, and
is well separated from the other two echoes, being used as a reference for
SoS reading. The average SoS represents a measuring method of density
of the muscle, and the SoS variation range (ASoS) one for the
heterogeneity of the tissue

reference for the US signals transmitted through the calf, we
used a flat passive Plexiglas® reflector positioned opposite to
the calf with respect to a hand-held 5—-14 MHz linear US probe
(L14-5/38) at the maximum calf perimeter (Fig. 1). We at-
tached both probe and reflector to a positioning frame that
allowed controlling the distance between the probe and reflec-
tor (calf thickness). The frame was adjusted to achieve contact
between ultrasound probe, calf, and reflector. The measure-
ments were performed in a sitting position, with the calf muscle
in rest state.

Table 1 Participant data

Young Elderly

females females
Age (yrs.)** 28.1 (3.9) 82.7 (7)
BMI * 19.8 (1.4) 239 (3.5)
Tegner activity score** 42 (1.1) 0.8 (1.0)
Hand grip strength dominant (kPA)** 79.5 (8.3) 34.3 (12.3)
Hand grip strength non-dominant (kPA) ** 83.8 (12.4) 43.0 (14.6)
Hang grip mean dominant + non-dominant (kPA)** 83.8 (11.6) 40.8 (16.2)
Calf perimeter (mm) 368 (21) 340 (36)
Reflector distance (mm)* 76.4 (2.3) 65.3 (9.6)
SoS (m/s)** 1542 (9) 1515 (20)
ASoS (m/s)** 5522 11.6 (4.6)
Muscle thickness** (mm) 64.4 (1.4) 52.6 (6.7)
Subcutaneous fat thickness (mm) 6.0 (1.4) 74 2.1)
Subcutaneous fat/muscle ratio* 0.08 (0.02) 0.11 (0.03)
Muscle echo intensity (0...1) 0.28 (0.03) 0.29 (0.04)
Musche echo std. deviation (0...1) 0.11 (0.01) 0.12 (0.02)

* ** Significant differences (*p < 0.05, **p <0.001) between young and elderly females. In parenthesis standard

deviation
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A single ultrasound (M.B.R.) operator read the calf thick-
ness from a digital distance sensor and manually noted the
distance for SoS quantification. Two readers (L.R. and
S.J.S.) blinded to the clinical data performed the SoS and
ASoS readings within the 40-mm wide probe window in m/s
of the examined calf (Fig. 2). Interoperator and interreader
values of the SoS imaging technique have been previously
assessed for breast tissues with different densities [23]. We
use a Likert-like 5-point scale for convenience assessment,
which ranged from 1= agreeable; 2 = slightly uncomfortable;
3 =inconvenient, unsure whether to repeat the examination;
4 =inconvenient, I would favor not to repeat the examination;
and to 5 = very inconvenient, I never want to have the exami-
nation done again.

Analysis of SoS data

A specifically developed software and interface enabled raw
ultrasound data acquisition and SoS reading [23]. Three re-
corded echoes were identified in the ultrasound image as a
function of echo time and probe width. The echo representing
the reflection from the back wall of the reflector served as a
reference for SoS reading (Fig. 2). A conversion into velocity
units for SoS was performed using both calf thickness and the
time of flight of the reflector echo. The highest SoS value of
both calves and the average ASoS value of both calves were
used for further evaluation. SoS values in the muscular region
(S0S,,..5¢10) Were calculated by subtracting the influence of the
subcutaneous fat layers with the following equation:

d muscle

SoS§ muscle

dreflectnr_ 2dadipase ( 1 )
SoS SoS far

where digpose 18 the subcutaneous fat layer thickness, d,,sce
is the calf muscle thickness, and d,.ecior = 2dudispose + Amuscie
is the reflector-probe distance. SoS are the measured speed-of-
sound values and SoS,, the nominal speed of sound in adi-
pose tissue (1440 m/s) [23].

Measurement of size/echo intensity/architecture
ultrasound parameters

Based on the acquired raw ultrasound data, conventional B-
mode ultrasound images were generated at the SoS measure-
ment positions. The calf muscle thickness and thickness of
subcutaneous fat layer were assessed, together with the echo
intensity in the muscle region. For echo intensity, the average
and std. deviation of the grayscale pixels in the muscular re-
gions were measured in a scale between 0 and 1 (maximum
grayscale value). All images were acquired with the same gain
settings. Fascia regions and adipose layers were excluded
from the echo intensity calculations. The average values of
both calves were used for further evaluation.
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Handgrip strength assessment

Handgrip strength is a convenient and reliable measure of
overall muscle strength. Martin Vigorimeter [25] and the local
standard operating procedure were used for handgrip strength
assessment (N.N). The Martin Vigorimeter is composed of a
rubber bulb that is grasped by the hand. The pressure in the
bulb is registered on a manometer via a rubber junction tube.
Three grip strength measurements were performed for each
hand with a rest period of 30 s between successive attempts.
Both hands were tested, the dominant first. Hand size circum-
ference was determined for the choice of bulb (big or middle).
The highest value of both hands was used for further evalua-
tion. Normal values were based on age, gender, and dominant
side based on normative data from Desrosiers et al [26].

Tegner activity score

The validated Tegner activity score form was used for activity
assessment of all participants [27].

Statistical analysis

We performed the statistical analysis with Matlab® (2014a,
The MathWorks Inc.). Whereas categorical values were
displayed as frequencies or percentages, continuous values
were shown as the means + SD (standard deviation). Inter-
reader agreement was assessed using the interclass correlation
coefficient (ICC) and the Bland-Altmann method [28].

The Student ¢ test was used for comparison of means be-
tween young and elderly females. Correlation coefficients be-
tween SoS and ASoS of dominant and non-dominant leg, and
also of SoS and ASoS with handgrip strengths and Tegner
activity scores were calculated. Spearman’s rank correlation
coefficient rs was used to assess correlations with the score
variables, while Pearson correlation coefficient » was used for
continuous variables. The strength of the correlation was eval-
uated following [29], with correlation coefficient between 0 to
0.19 considered as very weak, 0.20 to 0.39 as weak, 0.40 to
0.59 as moderate, 0.60 to 0.79 as strong and 0.80 to 1.00 as
very strong. In order to evaluate the diagnostic accuracy of our
method, a ROC analysis was carried out. A p value < 0.05 was
regarded to indicate statistical significance.

Results

Correlation of SoS and ASoS with participant
characteristics

The mean examination time of SoS-US for both calf measure-
ments was 1 min and 30 s (ranging from 1 to 2 min). All
measurements were successful. The examination time of
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handgrip strength measurements was at least 3 min. The mean
calf thickness was 71 mm, ranging from 46 to 92 mm. There
was a moderate negative correlation between SoS and patient
age (r=-0.590, p=0.004) and a strong negative correlation
between SoS and BMI (=-0.656, p = 0.001), while SoS did
not show a statistically significant association with calf perim-
eter (r=0.267, p=0.242). ASoS showed a strong positive
correlation with patient age (»=0.647, p=0.002) and BMI
(r=10.498, p =0.021), and no significant association with calf
perimeter (»=0.020, p =0.932).

Comparison of SoS and ASoS of young and elderly
females

The elderly females showed a significant lower SoS
(1523 m/s, SD 16) compared to the young adults (1550 m/s,
SD 8; p<0.001). The ASoS of the elderly females was sig-
nificantly higher (12.2 m/s, SD 3.6) than the ASoS of young
females (6.4 m/s, SD 1.6; p<0.001). (Figs. 3, 4 and 5). The
S0S,,.uscie 11 muscle (calculated with Eq. 1) was significantly
lower in elderly females (1550 m/s, SD 22) than in young
adults (1573 m/s, SD 12; p=0.008). The AUC for elderly/
young diagnosis was 0.936 for SoS, 0.927 for ASoS and
0.855 for SoS,uscle-

There was a significant correlation between SoS in domi-
nant and non-dominant calves (»=10.789; p <0.001) and be-
tween ASoS in dominant and non-dominant calves (= 0.567;
p=0.007). A statistically significant difference of means be-
tween dominant and non-dominant calves was not observed
for either SoS (p =0.636) and ASoS (p=0.304).

a
B-mode

Fig. 3 Young female. a B-mode ultrasound; b hand-held SoS-US mea-
surement with an average SoS of 1560 m/s. Notably, there is little seg-
ment variability, namely, ASoS =5 m/s (“flat” profile of SoS)

Fig. 4 Elderly female. a B-mode ultrasound; b hand-held SoS-US mea-
surement with an average SoS of 1483 m/s. Note that ASoS =15 m/s is
higher than ASoS in Fig. 3

Interreader agreement

We compared the SoS and ASoS values acquired by two
readers using the 42 calf measurements available. We found
a correlation of »=10.976 (p <0.001) and an ICC of 0.988 for
SoS, and a correlation of »=0.744 (p <0.001) and an ICC of
0.844 for ASoS. The average SoS difference +1.96 SD
(Bland-Altmann) between readers was 0.0 m/s, ranging from
-9.1 to 9.1 m/s. For ASoS, the average difference was
-2.9 m/s, with a range of -10.0 m/s to 4.1 m/s.

Comparison of SoS and ASoS with handgrip strength
and Tegner activity score

The mean handgrip strength of the young females was signifi-
cantly higher than the elderly females concerning the right, left,
and both hands (83.8 versus 40.8, p <0.001). The mean Tegner
activity score of the young females was significantly higher than
the elderly females (4.3 versus 0.8, p <0.001) (Table 1).
Considering all test subjects, there was a strong positive
correlation between SoS and handgrip strength (r=0.644,
p=0.002) and between SoS and Tegner activity score (rs =
0.709, p <0.001). On the other hand, ASoS showed a nega-
tive correlation with both handgrip strength (»=-0.492, p =
0.02) and Tegner activity score (rs =-0.568, p =0.009). In
comparison, the correlation between handgrip strength and
Tegner activity score was (rs =0.794, p>0.001) (Fig. 6).

Size/echo intensity ultrasound parameters

The elderly females did not show a significantly larger subcu-
taneous fat layer thickness (7.4 m/s, SD 2.2) compared to the
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Fig. 5 Classification results. (a) a

o

and (b) show boxplots of muscle

density and speed of sound (SoS) 1560
and ASoS ofall test subjects (V= 1550
21). ¢ Scatter plots of young and
elderly female categories com-
pared to the combined SoS and
ASoS values. Young females
showed high SoS and low ASoS 1510
(“flat” echo line), whereas elderly 1500
females had low SoS and high
ASoS (“mountainous” echo line).
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young adults (6.0 mm, SD 1.4; p=0.089). The calf muscle
thickness of the elderly patients was significantly lower
(52.6 mm, SD 7.0) than the young females (64.4 mm, SD
1.4, p<0.001). The subcutaneous fat layer thickness to calf
muscle thickness ratio (fat/muscle ratio) of elderly patients
was significantly larger (0.11, SD 0.03) than for young fe-
males (0.08, 0.02, p=0.05). No significant difference was
found between elderly and young patients for the echo inten-
sity (p = 0.265) and echo std. deviation (p =0.314). The AUC
for elderly/young diagnosis was 0.927 for calf muscle thick-
ness and 0.827 for fat/muscle thickness ratio (Fig. 7).

There was a strong positive correlation between SoS and
calfmuscle thickness (r = 0.681, p < 0.001) and a strong neg-
ative correlation between SoS and fat/muscle ratio (=
-0.627, p=10.002). However, a significant correlation was
not found between SoS and subcutaneous fat layer thickness
(r=-0.345, p=10.126), SoS and echo intensity (» =-0.1559,
p=0.531) and SoS and echo std. deviation (»=-0.267, p =
0.242). ASoS showed a moderate correlation with subcuta-
neous fat layer thickness (» = 0.460, p = 0.036), a strong neg-
ative correlation with muscle thickness (»=-0.619, p =
0.003), and a strong positive correlation with fat/muscle ratio
(r=0.644, p =0.002), with no significant correlations with
echo intensity (r =0.249, p = 0.277) and echo std. deviation
(r=0.249,p=0.277).

Tegner activity showed a strong correlation with muscle
thickness (rs =0.794, p < 0.001), while the correlations with
subcutaneous fat thickness (rs =-0.102, p = 0.667), fat muscle
ratio (rs =-0.442, p=0.05), echo intensity (rs=-0.183, p=
0.439), and echo std. deviation (rs =-0.028, p =0.905) were
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not significant. Similarly, there was a strong positive correla-
tion of handgrip strength with muscle thickness (rs =0.667,
p<0.001), while the correlations with subcutaneous fat thick-
ness (rs =-0.035, p = 0.882), fat muscle ratio (rs=-0.357, p =
0.112), echo intensity (rs=-0.191, p=0.407), and echo std.
deviation (rs =-0.176, p = 0.447) were not significant.

As for the participant characteristics, significant correla-
tions were found between muscle thickness and patient age
(rs=-0.541, p=0.01), muscle thickness and BMI (»=-0.593,
p=0.005), subcutaneous fat thickness and BMI (r=0.474,
p=0.03), and fat muscle ratio and BMI (»=0.596, p =
0.005), while other combinations did not show significant
correlations. Calf perimeter did not significantly correlate with
any size/echo intensity ultrasound parameters. Echo intensity
and std. deviation did not significantly correlate with patient
age and BML

Comfort scores of handheld SoS-US

The comfort score of handheld SoS-US for calf density as-
sessment was 1.1 (ranging from 1 to 2) for elderly women, and
that of young women was 1.4 (ranging from 1 to 2). (Table 1).

Discussion

This study showed that SoS of calf tissue can be measured
with hand-held US using a simple sound wave reflector at the
opposite side of the probe and calf. The women acceptance
rate was high. The SoS software can be implemented as an
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Fig. 6 Correlation of (a) SoS (m/s), (b) ASoS (m/s) and (¢) Tegner
activity score with handgrip strength (kPa)

add-on to conventional ultrasound systems [23, 30]. Our re-
sults showed that SoS and ASoS of young and elderly females
were significantly different, indicating muscle loss, and fatty
muscular degeneration in elderly females. SoS was signifi-
cantly lower for elderly females.

The role of skeletal muscle US for screening and diagnos-
ing sarcopenia in elderly individuals is a field for research
[30]. None of the current definitions of sarcopenia includes
US in diagnostic algorithms [6, 7, 31]. Some studies acknowl-
edge the potential usefulness of muscle ultrasound for
sarcopenia assessment, mainly based on pilot studies
assessing muscle size, echogenicity, and architecture [32—42].

Ultrasound B-mode can be used to obtain anatomic muscle
characteristics such as muscle thickness or fascicle length,
which show some degree of alteration with patient age, how-
ever no conclusive recommendation is presently available
about its use in geriatric practice and ultrasound is presently
poorly utilized [30, 43-45].

In this pilot study, the classification of elderly and young
adults showed a superior classification with SoS parameters
than with conventional thickness and echo intensity parame-
ters. Echo intensity and subcutaneous fat tissue thickness did
not show significant differences between both groups, while
muscle thickness provided better classification results. These
results suggest that the SoS measurements are mostly influ-
enced by changes in the constitution of muscular region. This
is also confirmed by subtracting the influence of the subcuta-
neous fat tissue layers and calculating SoS values only for the
muscular region with Eq. 1.

Since SoS is known to be lower in pure fat than in muscular
tissue, this may be an indication that fatty muscular degener-
ation processes occur in the senior females. Simple echo in-
tensity parameters (average intensity and standard deviation)
do not allow to separate elderly and young patients, and more
sophisticated texture analysis methods may be required to
achieve an improvement in this direction [46]. On the contrary
to conventional US parameters, SoS provides a quantitative
method to evaluate muscular constitution, which is less sub-
jective than conventional ultrasound parameters.

Quantitative ultrasound, based on transmission measurements,
has shown potential to measure bone mineral density for the as-
sessment of osteoporosis and fracture risk [47], however, further
standardization efforts are necessary [48]. Soft tissue layers are
typically considered as confounding variables to bone densitome-
try and their diagnostic potential remains largely unexplored.

Ultrasound elastography of muscles is a rapidly emerging
field with many applications for systemic muscle diseases
[49]. However, elastography ultrasound measures can be sig-
nificantly influenced by position, pressure, inclination of the
probe, and muscle activation state [49—52]. Phantom and
breast studies showed independence of these factors with
SoS-US. Temperature introduces small variation in SoS of
the order of 2 m s~'/°C at 37° C, which are here insignificant
given the small range of body temperature. Available studies
do not show a significant variation with probe direction or
contractile activity in SoS-US [21, 53, 54].

SoS-US has a high potential for the differentiation of soft
tissue types likewise muscle, glandular, and adipose tissue. A
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recent study has applied SoS-US to the quantification of the
breast density, that is, the amount of glandular and fatty tissue
[23]. Studies in animal tissue have found that SoS in muscle
tissue strongly correlates with adipose tissue content [55].

State-of-the-art SoS measurement systems are 3D US sys-
tems, which require the immersion of the tissue in a water
bath, with transmit and receive units located in opposite sides
of the tissue. These devices are bulky and the procedure is
time costly, their application being also mostly limited to
breast imaging. A recent work has explored the application
of such systems to limb muscle speed of sound estimation
[56]. The setup shows practical difficulties of immersing the
limbs in water. Moreover, the presence of bones introduces
large variations which distort the measurement.

Hand-held 2D SoS-US overcomes these limitations by
using a simple reflector add-on to conventional 2D ultrasound.
This eliminates the need of a water bath. Moreover, the mea-
surements can be performed fast and comfortably similar to an
ultrasound examination. The transmission is performed
through a portion of the superficial posterior compartment of
the calf muscle. Thus, bones do not influence the measure-
ment. With the increasing portability of ultrasound systems,
hand-held 2D SoS-US could be potentially used in in primary
and hospital care.

We found an overall high acceptance rate for SoS-US for all
women with higher rates among the elderly women. Hand-held
SoS-US was a fast procedure, and provided a pleasant experi-
ence to the elderly participants, including the application of
body gel, caring hands, as well as personal communication
during the examination. The reason to choose the lower limb
for our pilot study was that the lower limb is expected to have a
greater impact on mobility. The posture of patients have been
discussed for B-mode ultrasound. Most studies were performed
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with the patient supine for the anterior thigh and prone for the
posterior thigh [36, 38—42]. Abe et al [37] generally performed
their examination in standing position. Because of possible
mobility-disability and cognitive impairment, we found a com-
fortable sitting position without the need to undress especially
for the elderly women suitable and timesaving (Fig. 3).

In our proof-of-principle study the elderly females showed a
significant lower SoS compared to the young adults, indicating a
lower muscle to fat tissue ratio of the elderly women within the
examined calf area. The ASoS of the elderly females was signif-
icantly higher than the young females indicating a higher hetero-
geneity of muscle, possibly “myosteatosis”.

No significant SoS and ASoS differences between dominant
and non-dominant legs of individuals were found, while SoS
and ASoS were significantly different among age groups, indi-
cating reproducibility of the measurements and age-related dif-
ferences. A significant correlation was observed between SoS-
US, hand grip strength (r=0.644) and Tegner activity score
(rs=0.709). In comparison, the correlation between handgrip
strength and Tegner activity score was slightly higher (r=
0.794) than the correlations with SoS. A possible reason for
the differences between hand-grip strength and SoS calf mea-
surements may be that age-related muscle loss does not advance
in all anatomic regions at the same rate, as confirmed by a study
with MRI [57]. Sarcopenia of the lower limb is greater than for
the upper limb muscles since the effects of sarcopenia are gen-
erally more evident in antigravity muscle groups [33, 58].

There are some limitations to our study, such as the limited
number of study participants. We compared the lower extrem-
ity (SoS-US) with the upper extremity (handgrip strength), as
well as a standard non-imaging test (handgrip strength and
Tegner activity score) with a novel imaging technique (SoS-
US). Possible influence of osteoarthritis, diabetes, and other
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diseases for the different extremities and examination tech-
niques was not considered. Further studies are needed to im-
prove application of this novel technique, to compare it to
other imaging modalities, and to examine the exact value for
age-, cancer-, chronic-, traumatic disease, as well as life style-
related (e.g., sports and nutrition) muscle changes.

In conclusion, there were significant differences of
SoS and ASoS between young and elderly females, in-
dicating a decrease in muscle mass, and an increase in
subcutaneous and intermuscular adipose tissue in elderly
females. Measurements were well tolerated and fast. The
novel technique shows potential for sarcopenia quantifi-
cation in primary and hospital care using a standard ul-
trasound machine.
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