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Abstract

Appendicular skeletal mass is commonly used to assess the loss in muscle mass and Ultra Sound
(US) approach represents a valid and reliable method. However, the procedural protocols are
still heterogeneous. The aim of this study was to compare the intertransducers validity of
thickness, width, and CSA measurements of rectus femoris (RF) muscle. The anteroposterior
(AP), (laterolateral) LL and (cross-sectional area) CSA of RF muscle were evaluated with both
linear and curve probes in ten healthy subjects and six sarcopenic patients. In the healthy group
the mean AP diameters measured with the linear array were significantly higher than those
measured with the curved array. AP and CSA were higher in the healthy group compared with
the sarcopenic group with both transducers. There was a positive correlation between weight and
LL diameter, and a negative correlation between age and muscle AP, measured with the linear
probe. Both linear and curved probes represent valid methods in US evaluation of the CSA of
the RF muscle. However, in the healthy subjects, the thickness and width of the same muscle,
are affected by the type of probe

Key Words: Muscle; quadriceps; ultrasonography; sarcopenia; validity.
Eur J Transl Myol 32 (4): 11040, 2022 doi: 10.4081/ejtm.2022.11040

clearly specified. Moreover, as previously demonstrated,

Ageing is related to changes in body composition, with
a progressive loss of muscle mass.! The intrinsic ability
of skeletal muscle to repair after injury-induced damage
could be compromised with age and could be associated
with reduced force generation, sarcopenia and fibrosis.®
Sarcopenia, affects up to 10% of the general elderly
population and represents a condition related to higher
risk of morbidity and mortality.*® To assess the loss in
muscle mass, appendicular skeletal muscle mass
measurement is commonly used.”!® Particularly, it has
been demonstrated that the anterior thigh muscle mass
assessment may represent a valuable criterion in the early
diagnosis of sarcopenia.'!

Among the instrumental tools for the assessment of
muscle mass, there are the bioelectrical impedance
analysis (BIA), dual X-ray absorptiometry (DXA),
magnetic magnetic resonance imaging (MRI) and
computed tomography (CT).!? Ultra Sound (US)
represents the easy, quick, safe, valid and reliable
alternative tool to quantify the local muscle mass.!>!
However, the US assessment procedure in the different
studies varies and the setting parameters are not always

the choice of a different transducer (linear or curved) can
influence the cross-sectional area (CSA) measurement in
rectus femoris (RF) muscle quantitative assessment.'
However, muscle thickness is considered to be the
simplest, quickest and most reproducible parameter in
evaluating muscle mass, with a good correlation with the
gold standard measures.!® Particularly, a strong
correlation between quadriceps muscle thickness and
isometric voluntary maximum contraction force has been
demonstrated.!” Based on these observations the primary
aim of the study was to compare the intertransducers
validity of thickness, width and CSA measurements of
RF muscle in a population of healthy subjects. The
second objectives were: (i) to evaluate the
intertransducers validity in a small sample of sarcopenic
patients, (ii) to compare the results between the two
groups and (iii) to evaluate possible correlation between
demographical data and RF quantitative parameters. The
novelty of our study is represented by the comparison of
the two US probes (convex and linear) from different
points of  view, evaluating their  possible
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Table 1. Characteristics of the study population.

Healthy Sarcopenic
Age (years) 31.45 71.33
Female (n/tot) 6/10 4/6
Weight (kg) 68.27 68.17
BMI (kg/m?) 23.48 24.38

The results are expressed as means.

differences/similarities in one-dimensional and bi-
dimensional measures of the muscle. This evaluation is
not clearly provided in literature besides the common use
of the US parameters.

Materials and Methods

A representative sample of healthy adult subjects was
selected. Inclusion criteria were: age between 18 and 65
years, absence of previous lower extremity muscle
trauma, absence of myopathy, neurological and
orthopaedic diseases affecting muscles. A sample of
sarcopenic patients afferent to our outpatient clinic was
also recruited. The diagnosis of sarcopenia was made
according to criteria established by EWGSOP2.!® All
participants provided written informed consent.

B-mode ultrasound was used (Hitachi Avius Hi-vision),
using a 14 MHz linear array transducer with a length of
5 cm, and a 5 MHz curved array transducer with a length
of 7 cm. Gain (22 dB), depth (40 mm) and focus (20 mm)
were kept constant.

Participants were asked to lie in a supine position with
extended knee and relaxed muscle. To avoid fluid shifts,
subjects respected a 30 minutes rest before the

The measurements were made on both legs for each
participant at the union site between the proximal two-
thirds and the distal third of a line linking the anterior
superior iliac spine and the superior pole of the patellar
bone. This point was marked with a dermographic pen
(Figure 1). This method was chosen to allow capturing
the whole area of RF muscle with both linear and curved
probe. After applying a coupling US gel, the probe was
placed on the skin along the long axis of the femur with
a light pressure to avoid the muscle compression. After
identifying the axial section of RF (Figure 2a,2b) three
parameters were recorded:
1. the minimum AP diameter as the distance between
the superficial and the deep aponeurosis;
2. the maximum LL diameter as the width of the muscle;
3. the cross-sectional area, manually measured by
tracing the inner hyperechoic line of the RF
aponeurosis.
Student t-test was used to compare the values obtained
with the different probes. Results are expressed as means
and SD. The wvalidity of AP and LL diameters
measurements obtained with the curved array transducer
compared with measurements obtained with the linear-

examination. array transducer was assessed by Bland-Altman
Table 2. Characteristics of the study population.
Linear Linear
Parameters Li(rll;;l " Curved H) Cu‘ll'ire d Li(nse)ar Cu(g\)'ed Cu‘ll‘i'e d
(H) S)
Right AP diameter 1(31"181; 1(22',%51)i p=0.001* f;f;; ?1278;): p=0.92
Left AP diameter 1(32'%6; 1(22'%35;E p=0.020* ff; S ?fg 4j)t p=0.92
Right LL diameter 3(23'_1230;5 3(‘;"26‘3; p= 0.048* 3(34"%79)i 3(59177; p=0.56
Left LL diameter 3(13'_76%;5 3(1"%5; p=0.13 3(25"652; 3(‘24626;: p=0.21
Results are expressed as means + standard deviations. AP: anteroposterior. LL: laterolateral. CSA: cross sectional
area. H: healthy. S: sarcopenic. The AP and LL diameters are reported in mm; the CSA is reported in mm?>.
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Table 3. Intergroup comparison.
LINEAR PROBE CURVED PROBE
PARAMETERS H S HvsS H S HvsS
Right AP diameter = 13.11+(1.86) 6.33+£(2.19) p=0.00004* 1(22%51)i ?1235 p=0.0002*
Left AP diameter  13.06+(2.02)  6.77+(1.91)  p=0.00006* 1(22'%3; ?fg 4? p=0.0001*
Right LL diameter ~ 32.13 + (3.20) 3(34'%79)i p=0.658 3&%‘3? 3(59177; p=0.798
Left LL diameter 3170  (3.66) 333.‘2%* p=0.714 3(34'%5; 3(‘24626;: p=0.829
Right CSA 3(‘;72"98%;5 2(0755'207;5 p= 0.0009* 3(5696"39(;;5 1(99‘;'3(;)i p=0.0010*
Lefi CSA 3(5799"52%;5 1(%%1(;; p=0.00137* 3&‘;%%; 1(2'%01;: p=0.0010*
Results are expressed as means + standard deviations. AP: anteroposterior. LL: laterolateral. CSA: cross sectional
area. H: healthy. S: sarcopenic. The AP and LL diameters are reported in mm, the CSA is reported in mm °.

analysis.!® The association between the quantitative
measurements and demographical data was evaluated by
means of Spearman’s correlation coefficient. Statistical
significance was set at p < 0.05.2°

Results

A total of 10 healthy subjects and 6 sarcopenic patients
participated to the study. The two groups were
homogeneous in mean weight, BMI and gender, while
they were different in number of subjects and mean age.
Demographical characteristics are presented in Table 1.

In the healthy group the mean AP diameters of both right
and left side measured with the linear array were
significantly higher than those measured with the curved

array (respectively p=0.001 and p=0.02 for the right and
left side). The values of the LL diameter were
significantly higher in the curved array measurement
only for the right side (p= 0.048). Differences in CSA of
rectus femoris recorded with the two transducers were
not significant in both healthy and sarcopenic groups.
Results are presented in Table 2. Figure 3a-d shows the
agreement between the evaluations of muscle size with
the different probes.

In the healthy group significant higher values in both
right and left AP diameters (p= 0.00004 and p= 0.00006,
respectively) were observed with the linear array
transducer. Higher mean CSA of both right and left RF

Table 4. Correlation coefficients (r) between demographical and ultrasonographic data.

Linear
Right AP Right LL Right CSA Left AP Left LL Left CSA
Weight r 0.016 0.576* 0.148 0.183  0.614* 0313
p 0.952 0.020 0.585 0497  0.011 0.238
Age r 0.612% 0,239 -0.559%  -0.590%  0.109  -0.545%
p 0.012 0.373 0.024 0016  0.689  0.029

Curved
Right AP Right LL Right CSA Left AP Left LL Left CSA
Weight r 0.086 0.192 0.232 0.175 0356  0.353
p 0.750 0.477 0.388 0517  0.176  0.179
A r 0.556*  -0.055 -0.454 -0.548* 0058  -0.557*
ge p 0.025 0.841 0.077 0.028  0.830  0.025

AP: anteroposterior. Significance was set at p<0.05. LL: latero-lateral. CSA: cross sectional area.
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Fig 1. Identification of the measurement point.
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(p= 0.0009 and p= 0.0014, respectively) was also
observed. Similarly, the curved array transducer
measurements showed higher mean AP diameter values
in the healthy group for both right (p= 0.0002) and left
side (p=0.0001). The CSA of right (p= 0.0023) and left
(p=0.001) RF muscle revealed higher values in healthy
participants too. The remaining parameters were not
significant. Data are presented in Table 3. Figure 3 shows
the level of agreement between linear and curve probes’
assessment of the AP and LL diameters of RF muscle.

A significant positive correlation between weight and LL
diameter of right (r= 0.576, p= 0.02) and left (r= 0.614,
p= 0.01) side measured with the linear array transducer
was observed. Moreover, there was a significant negative
correlation between age and right AP diameter (1= -
0.612, p=0.012) and between age and left AP diameter
(r= -0.590, p= 0.016), both measured with the linear
probe. A significant negative correlation between age and
right and left AP diameters was observed also with the

curved array transducer measurement (respectively: r= -
0.556, p=0.025; r=-0.548, p=0.028). Results are shown
in Table 4.

Discussion

Three major findings emerge from this study. First,
although the linear and the curved probes provide similar
results in estimating the CSA of the RF, in the healthy
subjects the thickness (AP diameter) and width (LL
diameter) values are affected by the type of probe used.
Probably, the difference in the diameters are significant
but small and they cannot necessarily imply a significant
variation in CSA. However, the ultrasonographic
intertransducer comparison for the assessment of the
thickness of RF muscle, showed significant higher mean
values for the linear-array transducer compared to the
curved one. This finding could be explained by the
different propagation of the sound waves from the two

Fig 2. Ultrasonographic axial view of the RF muscle with linear (a) and curved (b) array transducers.




Ultrasound quantitative assessment of rectus femoris
Eur J Transl Myol 32 (4): 11040, 2022 doi: 10.4081/ejtm.2022.11040

Right AP diameter a
- 20
1
e
=
o
2 15
©
ie
= S —— —_
S o
o Q9
3 2
‘u'; [-%
- 05 . .
3
=
o
Q
E T e
1 12 13 14 15
Means (mm)
Right LL diameter c
O T 5 0 G o A S N R
-
o
>
5
o 0
o
[
©
iz
| O S
= E .
o 9
o 2
32
f.‘; Q
£
8 6
c
o
£
&
e
30.0 325 35.0 375 400
Means (mm)
laterolateral.

Left AP diameter b
Hia
o
[
2
3 2
o
c
©
§E .
S E e
<
¢ 38
]
17 [=%
Q2
3
2 0
<
£
o
A4
10 12 14
Means (mm)
Left LL diameter d
S
-
:
=3
3
©
oS
e 0
itz
£E
{ =]
g2
2
3 5
Q
Q
c
[
£
[
-10 1
300 25 350 375
Means (mm)

Fig 3. Bland-Altman plots illustrating the agreement between linear and curved array transducers for the right AP
diameter (a), left AP diameter (b), right LL diameter (c) and left LL diameter (d). AP: antero-posterior. LL:

transducers into the tissues. Indeed, while the scan lines
originated from a linear probe propagate parallel to each
other, the scan lines produced by a curved probe
propagate with an arc shape, thus creating a distorted
image.2! This assumption could be confirmed by the
observation of higher mean values of the LL diameters of
RF muscle (corresponding to the muscle width) with the
curved array measurements, although significant only for
the right side. The result is relevant because, in some
studies, the assessment of AP diameter is used for muscle
evaluation. According to the EWGSOP, sarcopenia
diagnosis is based on three criteria: i) low muscle
strength, ii) small muscle quantity or quality, and iii) low
physical performance.!?? US represents a valid and
reliable method to estimate the peripheral muscle size,
thus making it an useful diagnostic tool for sarcopenia.*!¢
Although the main parameters for evaluating muscle
mass (muscle thickness, CSA and pennation angle) have
been identified in previous studies, less is known about
the complete US procedure. Particularly, although the
selection of the transducer represent an important part of
the US examination, only one study investigated the

intertransducer validity between different transducers in
assessing RF muscle.”® However, the cited study only
assesses the differences in CSA, not including the
thickness measurement’s comparison, that is considered
to be the simplest, quickest and most reproducible
parameter for muscle mass, which correlates well with
the gold standard measures.'®?3 The second finding of the
study is that the intergroup comparison showed that both
linear and curved array transducers provided significant
higher values in muscle thickness (AP diameter) and
CSA in healthy subject compared to the sarcopenic
patients. This result confirms what is previously
demonstrated, since ageing leads to loss in muscle mass
and increase in muscle fatty infiltration.>** The age-
related reduction in skeletal muscle mass does not occur
at the same time in all anatomic regions but is greater in
lower limbs compared to the upper limbs, particularly at
the anterior tight muscles.!! Moreover, the functional
correlates of quantitative muscle ultrasonographic
parameters demonstrated that variations of muscle mass
are good predictors of changes in muscle function (26).
Therefore, the muscle US evaluation in sarcopenic
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patients could be useful not only in the diagnostic
process, but also in the rehabilitation phase, helping the
clinician to adapt and customize the rehabilitation
program to the individual subject. Indeed, due to the
plasticity of muscle architecture, it has been
demonstrated that a prolonged eccentric resistance
training exercise program could lead to an increase in
fiber length of trained muscles, measured by
ultrasonography, in both younger and older subjects,
while a fascicle shortening has been reported after
gastrocnemius recession in spastic diplegia patients.?’0
Third, the comparison between anthropometric and
ultrasonographic data, showed a positive correlation
between body weight and muscle width (LL diameter)
and a negative correlation between age and muscle
thickness and CSA. These results are similar to those of
previous studies and can be explained by the decrease in
total muscle mass in ageing.'">'®3! This phenomenon can
be, at least in part, explained by reorganization in the
neuromuscular system and the Central Nervous System,
with a progressive loss of spinal motor neurons and a
consequent decline in muscle fiber number and size.*
The loss in muscle mass dramatically increases after the
age of 60 and is associated to leads to an increased risk
of physical disability,3* cognitive decline, ** metabolic
disorders and mortality.>> Although DXA has been
widely used for the assessment of skeletal muscle mass,
particularly for the determination of appendicular lean
tissue mass, in older adults, this technique is costly and
exposes participants to radiation.'! On the other hand,
ultrasound has been demonstrated to represent a reliable
and valid tool for the assessment of muscle size in older
adults,'* and the results of the current study are in
accordance with the literature. Based on the data of our
study, we want to propose an US procedure for the
evaluation of RF by underlying characteristics that
differentiate it from current guideline indications:

1. Point of measurement placed at 2/3 of the distance
between the antero-superior iliac spine and the
superior patellar pole. Indeed, at this point it is
possible to analyze the entire muscle belly with both
the curved and the linear array transducers in all
subjects.

2. Detection of AP diameter (thickness) and CSA as
main quantitative parameters that are valid, reliable,
and repeatable also with different probes, compared,
for example, to qualitative parameters, such as
echogenicity, that are difficult to objectively quantify,
or other quantitative measures, such as pennation
angle, not detectable with curved probes.

3. Evaluation of LL diameter, not included among the
standard parameters, but used in clinical practice for
the dynamic study of muscle contraction.

4. Single measurement of each parameter by a single
experienced clinician instead of considering the mean
of three values, to speed up the execution in daily
clinical practice.

This study has some limitations. First, the small sample
size that makes it difficult to extend the results to the
general population. Moreover, since the main findings
are observed in the healthy subjects’ group, the
considerations cannot be extended to individuals with
obesity or peripheral edema. Third, the lack of inter-
operator comparison and the detection of only one value
per parameter could lead to a possible underestimation of
the inter-operator variability.

In conclusion, data from the current study confirm that
both linear and the curved probe represent valid methods
in US evaluation of the CSA of the RF muscle. However,
in the healthy subjects, the thickness and width
measurements of the same muscle, are affected by the
type of probe used. Based on these considerations, it is
necessary to specify the type of probe to facilitate
standardization of intra- and inter-operator methodology.

List of acronyms

AP - anteroposterior

BIA - bioelectrical impedance analysis
BMI - Body Mass Index

B-mode - Brightness Mode

CSA - cross-sectional area

CT - computed tomography

DXA - dual X-ray absorptiometry
EWGSOP2 - European Working Group on Sarcopenia in
Older People

LL - laterolateral

MRI - magnetic resonance imaging
RF - rectus femoris

SD - standard deviation

US - ultrasonography3
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