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Abstract: Dysregulation of the human’s energy balance, mediated by non-performing endocrine
organs (liver, skeletal muscle and adipose tissue, above all), can be related to human metabolic disorders
characterized by an impaired body composition (BC), such as obesity and sarcopenia. While it is possible to
monitor the BC and its variations at different levels, the tissue-organ composition studies have been proven
to provide the most clinically applicable information. Ultrasonography (US), a fast, non-invasive, low-cost
and widely available technique, holds great potential in the study of BC, as it can directly measure muscles,
organs, visceral and subcutaneous fat tissue in different sections of the abdomen and body, overcoming
some limits of anthropometric evaluation and other imaging techniques. Purpose of this review article is
to explore the technical aspects and the applied methods of US examination to assess the potential clinical
role of this technique in the context of BC characterization, investigating four pivotal topics [abdominal fat

compartments, subcutaneous adipose tissue (SAT), skeletal muscle, liver].
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Introduction body and they are usually classified by body mass index
(BMI). Obesity is well known as a risk factor for metabolic
disorders development, such as cardiovascular diseases

(CVDs) and type 2 diabetes mellitus (T2DM) (1) and

its prevalence is increasing throughout the world (2,3).

Fuel storage organs, such as liver, skeletal muscle and
adipose tissues, determine fuel selection and delivery under
strict control of neuroendocrine system. Dysregulation

of this energy control is correlated with human metabolic Although total body fat remains a physiological parameter

disorders, which are typically characterized by an impaired
body composition (BC), including obesity and sarcopenia.
However how this control is being regulated for adaptive
adjustments of systemic metabolism remains unknown.
According to the WHO, overweight and obesity are

defined as abnormal or excessive fat accumulation in the
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of major significance, there is now a growing consensus over
the clinical role of regional and differential quantification of
precise fat tissue compartments. As a matter of fact, specific
body fat distribution patterns associate with specific profiles
of metabolic deregulation. Researches have showed a link
between ectopic fat accumulation, including visceral fat,
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hepatic fat (steatosis) and cardiac fat, with an increased risk
of hypertension, coronary heart disease and atherosclerosis
as well as arterial and venous thrombosis (4-7).

In parallel the attention of scientific community
has been focused on the evaluation of sarcopenia, a
condition characterized by progressive and generalized
reduction of skeletal muscle mass and strength, associated
with an increased risk of adverse outcomes (disability,
hospitalization, death), making this geriatric syndrome a
major public health burden (8).

Although many tools are available to investigate BC at
different levels of organization (7able 1), the latter is mainly
studied and scanned by employing clinically available
techniques, such as anthropometry (whole-body level),
bioelectrical impedance analysis (BIA, bi-compartmental
model) and dual-energy X-ray absorptiometry (DXA, tri-
compartmental model). In particular both DXA and BIA
are techniques used in the assessment of BC at molecular
level with the difference that DXA is based on a three-
compartment model [distinguishing fat mass (FM),
non-bone lean mass (LM) and bone mineral content
(BMCO)], while BIA is based on a two-compartment model
(distinguishing FM and LM + BMC). Since fat, muscles and
other deposits in which lipids accumulate are studied and
considered, by definition, as tissues and organs, the organ-
tissue level of organization is considered one of the most
relevant in the field of BC clinical applications.

Computed tomography (CT) and magnetic resonance
imaging (MRI) are precise imaging methods that are very
well suited to the purposes of BC analysis. However, for
safety and cost reasons, these techniques remain unsuitable
for conducting large population and longitudinal studies.
Ultrasonography (US) is a fast and non-invasive technique
capable of directly measuring visceral adipose tissue (VAT)
and subcutaneous adipose tissue (SAT) in different sections
of the abdomen, also enabling the opportunity of directly
assessing individual muscles or organs; this peculiarity
allows US to overcome some limits of anthropometry and
of conventional DXA and BIA technologies and, for these
reasons, it holds great potential in studying BC. Moreover,
US widespread availability and low cost, together with no
ionizing radiation risks, make it the first-line diagnostic
method for the evaluation of large cohort of patients in
clinical settings (9,10,13,14).

Aims of this review work are to describe the technical
aspects and the latest methods of US examination in order
to outline the role of this technology in the translation
of BC studies to clinical routine; to facilitate reading
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this narrative review has been arranged in four topics
(abdominal fat compartments, SAT, skeletal muscle, liver)
each of which consisting of a short explanation of the topic,
an ultrasound technique section and a clinical significance
section.

Abdominal fat compartments

The most commonly measure adopted to assess obesity is
BMI, defined as weight/(height)’. This index doesn’t allow
to distinguish body fat from LM (muscle compartment and
BMC), so it is an inaccurate parameter of BC assessment,
overestimating fat in muscular people without providing
information regarding its distribution (15,16).

Waist circumference (WC) is often used as raw
measurement of abdominal fat, however this evaluation
system is unable to separate the effect of VAT from that of
SAT (17), and lacks in accuracy as regards its correlation
with cardiovascular (CV) risk stratification, as described by
several authors (18-21). A further limitation of the WC is
that the use of this measure in isolation may underestimate
or overestimate the health risks for tall and short individuals
with similar WCs, because there is relatively strong
evidence of an inverse association between height and
health risks (22-24). There are at least five proposed cut-
off thresholds for different sexes, races and countries,
considering the height effect over the metabolic risk in
different populations (25).

Ultrasound technique

The use of ultrasound for the assessment of abdominal
adiposity dates back to the 90s (26) and, over the last three
decades, it has emerged as a useful tool for measuring VAT.
In general, when US technique is employed to assess BC,
the parameters of visceral adiposity are measured using
a probe, which is kept perpendicular to the skin while
applying a light pressure on the abdomen with the hands,
paying attention not to compress the layers of fat, with the
subject in a supine position (arms at sides) at the end of a
normal expiration, to avoid the misleading reduction of
tissue compartments thicknesses (13,14). Thus, considerable
skill, training, and practice are necessary to produce reliable
and valid results (see Table 2). Moreover obesity and non-
compliance with fasting are two limiting factors in accuracy
of measurements due to poor visualization of anatomical
structures (13,14).

US procedures for assessing abdominal adiposity are not
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Table 2 Validation and reliability of main parameters of adiposity assessed by ultrasound

Parameter Reference

Validation and reliability

IAFT (14,27-32)

(32)
(29)
(14)
MFT (14)

(33)
PFT
(14)

(34)

(35)
WFI
(36)

(34)

(31,34,36)

Epicardial  (37)
fat thickness

(38)
(38)

Peri- and (89,40)

para-renal

fat (40)
39

MinASFT ~ (14)

(35)
MaxASFT  (14)

(34)

Good correlation with CT- and MRI-derived areas and volumes. Very good correlation with CT linear
measurements

CVrange 1-7%
Inter-observer correlation coefficient: 0.94
ICC: 0.96
Few and ambiguous data on accuracy and after reliability:
Weak correlation with CT measurements (Lin’s correlation coefficient =0.18)
Low intra- and inter-reader agreement values (ICC =0.17-0.51)
Liu et al. reported strong ICC coefficient for inter- (0.89) and intra- (0.97) operator agreement
Few and ambiguous data on accuracy and reliability after available:

Strong correlation between linear measurements of CT and ultrasound reported by Bazzocchi et al.
(Lin’s correlation coefficient =0.87). Low intra- and inter-observer variability (ICC =0.75-0.90)

Poor correlation with a CT-derived measure of visceral fat area (Pearson correlation coefficient =0.328)
reported by Kim et al.

Intra-observer CV =4.3%; inter-observer CV =6.4%
Few and ambiguous data available on after accuracy:

Strong correlation between WFI and the CT-derived ratio of visceral and subcutaneous fat area
(r=0.746; P<0.0001) reported by Suzuki et al.

Very weak correlation between a CT-derived measure of visceral area and WFI (r=0.101) reported by
Kim et al.

Good reliability: CV less than 9%

Very good correlations of US measurement of epicardial tissue with MRI measurements of epicardial fat
thickness (r=0.905) and visceral fat area (r=0.864)

High intra- (ICC ranging between 0.90 and 0.98) and inter-operator (ICC ranging between 0.93 and 0.98) reliability

Excellent concordance of long-axis and short-axis average epicardial fat thickness measurement with P=0.98
(95% Cl, 0.97-0.98)

Two studies showed a great accuracy of ultrasound measures of peri- and para-renal fat with the area of
visceral abdominal fat measured with CT (P=0.75; P<0.0001) and with MRI (P=0.77; P<0.0001)

Good inter- and intra-observer reliability of 0.433 and 0.725 (correlation coefficients), respectively
Intra-operator CV ranging from 4.7% to 6.7 %; inter-operator CV of 3.2%

Very strong correlation between ultrasound measures of MinASFT and CT-linear measurements and high
reliability (Lin 0.95-0.98) reported by Bazzocchi et al.

High reliability reported also from Hamagawa et al.: intra-observer CV of 4.3% and inter-observer CV of 4.6%.

Very strong correlation between ultrasound measures of MaxASFT and CT-linear measurements and high
reliability (Lin 0.95-0.98) reported by Bazzocchi et al.

CV reported to range between 3.5% and 8.1%

IAFT, intra-abdominal fat thickness; CT, computed tomography; MRI, magnetic resonance imaging; CV, coefficient of variation; ICC,
intraclass correlation coefficient; MFT, mesenteric fat thickness; PFT, pre-peritoneal fat thickness; WFI, wall fat index; US,
ultrasonography; MinASFT, minimum subcutaneous fat thickness; MaxASFT, maximum abdominal subcutaneous fat thickness.
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Quantitative Imaging in Medicine and Surgery, Vol 10, No 8 August 2020 1703

R

Linea Alba

Figure 1 Anatomic representation of the abdominal sagittal section (on the left) and the abdominal axial section (on the center with its

enlargement on the right) 2 cm above the umbilicus where are measured US MaxASFT (blue caliper with rounded tips) and intra-abdominal

fat thickness (blue caliper with filled arrowheads). US, ultrasonography; MaxASFT, maximum abdominal subcutaneous fat thickness.

as clearly defined or standardized unlike other BC methods.
In literature have been published detail anatomical
placement, measurement technique, and pretesting
guidelines for anthropometry, skinfolds and BIA, yet there
is considerable variability for ultrasound frequencies and
measurement sites (11). The following are the most used
and shared measurements of visceral adiposity during the
last three decades.

Intra-abdominal fat thickness (IAFT)

IAFT is one of the most useful measurement in adiposity
ultrasound evaluation; this parameter is assessed adopting a
convex probe (3.5-5 MHz), however there is no unanimous
consensus on which anatomical measures should be
considered as reference to be acquired by US: some authors
measured IAFT as the distance between the anterior wall of
the aorta and the posterior surface of linea alba, 2 cm above

the umbilicus (Figures 1,2) (13,26,34,41,42). Others have

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

measured IAFT from the abdominal muscle to the anterior
wall of a lumbar vertebra, to the psoas muscle, or to the
posterior wall of the aorta (27-29), otherwise it has been
evaluated as the distance between the peritoneum and the
lumbar spine (30).

Mesenteric fat thickness (MFT)

MFT is measured with a convex probe on the area
surrounding the umbilicus as the distance between the
mesenteric leaves conventionally identified as a highly
reflective peritoneal surfaces (Figure 2) (33).

Pre-peritoneal fat thickness (PFT)
PFT was firstly introduced by Suzuki et #/. in 1993, as a
component of the abdominal wall fat index (WFTI) (36).

It is assessed with linear probe (7.5 MHz), right below
the xiphoid process with a longitudinal scan on the
xiphoumbilical line, as the major distance between the

Quant Imaging Med Surg 2020;10(8):1699-1722 | http://dx.doi.org/10.21037/qims-19-1048
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Figure 2 On the left (A) is represented the anatomical posture of ultrasound’s probe in the evaluation of IAFT, while on the right (B) is

represent represented the anatomical postures of ultrasound’s probe in the evaluation of MFT. TAFT, intra-abdominal fat thickness; MFT,

mesenteric fat thickness.

anterior surface of the peritoneum covering the liver to the
posterior surface of linea alba (Figures 3,4).

It is not universally considered as a type of visceral fat
since it directly drains from the systemic bloodstream rather
than from the portal system (31,33).

Abdominal WFI

The abdominal WFT is widely used to assess regional fat
deposits. This measure, introduced by Suzuki et 4/. in
1993 (36) is calculated as the ratio of PFT to minimum
abdominal subcutaneous fat thickness (MinASFT). Based
on the WFI, obesity could be classified into visceral

(WFI >1) or subcutaneous (WFI <1) type.

Epicardial fat

Epicardial fat is the visceral fat depot of the heart. The
thickness of epicardial fat is usually assessed with subjects in
left lateral decubitus position. Typically, 10 cycles of two-
dimensional parasternal views with long and short axes and
10 cycles of M-mode are necessary for precise evaluation.
The thickness of epicardial fat appears as an echo-free
area on the free wall of the right ventricle, which has the
thickest layer of epicardial fat, both from long and short axis
parasternal views (37).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Peri- and para-renal fat

Peri-renal fat is the adipose tissue surrounding the kidneys
and lies between the outer surface of the renal parenchyma
and the renal (Gerota’s) fascia. Para-renal fat is a type of
adipose tissue outside the Gerota fascia and accumulates
mainly posteriorly and postero-laterally to each kidney.
They are measured as distance between the inner side of
the abdominal muscle and the surface of the kidney as mean
of both sides values, employing a 3.5-5 MHz probe, over a
longitudinal scan with the surface of the kidney parallel to
the skin (39).

Clinical significance

The adipose tissue located inside the abdomen and the
thorax, known as VAT, has been reported as the most
dangerous, being the major determinant of insulin resistance
(IR), glucose intolerance, dyslipidemia, atherogenic lipid
profile, endothelial damage and thrombophilia, that are all
known predictors of CV risk (18), as well as its increase is
associated with cognitive decrements (43).

Many authors found positive correlation of ultrasound-
assessed VAT with clinical and laboratory markers. Kim
et al. (34) and Stolk et 4l. (44), have shown that IAFT was

Quant Imaging Med Surg 2020;10(8):1699-1722 | http://dx.doi.org/10.21037/qims-19-1048
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Hifoid process

Hifoid process

Ultrasuond probe

Figure 3 On the left are represented anatomic pictures of the abdominal sagittal section (with its enlargement in upper) and of the
abdominal frontal section where MinASFT (blue caliper with diamond tips) and maximum preperitoneal fat thickness (blue caliper with

arrowheads) have been measured with US. US, ultrasonography; MinASFT, minimum abdominal subcutaneous fat thickness.

Figure 4 In the boxes with black border are represented the anatomical postures of ultrasound’s probe in the evaluation of subcutaneous
tissue. (A) MaxASFT,,.; (B) MaxASFT, .; (C) MinASFT and PFT. MaxASFT,,,., maximum abdominal subcutaneous fat thickness
2 cm below the umbilicus; MaxASFT, ., maximum abdominal subcutaneous fat thickness 2 cm above the umbilicus; MinASFT, minimum
abdominal subcutaneous fat thickness; PFT, pre-peritoneal fat thickness.

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2020;10(8):1699-1722 | http://dx.doi.org/10.21037/qims-19-1048
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correlated with cholesterol and triglyceride (T'G) levels,
fasting insulin levels, high-density lipoprotein (HDL)
(34,44), fasting glucose (44), IR and the carotid intima-
medial thickness IMT) (34).

A strong correlation between MFT and several clinical
parameters of metabolic and CVDs has been evidenced by
Liu et al.; such parameters include total cholesterol, low-
density lipoprotein (LDL) cholesterol, TG, fasting glucose,
glycate hemoglobin levels and systolic blood pressure in
men, and TG and glycate hemoglobin levels in women
(31,33).

The amount of epicardial adipose tissue, significantly
higher in subjects with metabolic syndrome (MS) than in
subjects without MS, was related to LDL cholesterol levels
directly associated with blood pressure, fasting glucose,
inflammatory markers and inversely associated with insulin
sensitivity (38).

In one of largest and recent study (45) that has
measured VAT and SAT by US, Bertoli et /. found that
VAT is strongly and independently associated to MS and
its components. In addition, VAT has shown a stronger
association than WC with high values of liver enzymes
[alanine aminotransferase (ALT) and y-glutamyl transferase
(GGT)] and a similar association compared to WC with
high uric acid (45), that have been recently related to MS
(46-48). Moreover, VAT correlates equally or better than
WC with clinical parameters, except for high blood pressure
and low HDL (45). In 2018, Bellan ez al. (18) found that
VAT was strongly associated with BMI and WC over the
full spectrum of BMI categories when measuring IAFT by
US, although the strength of these associations was strong
in obese patients and weak in subjects of normal weight.
Moreover, the same research group evaluated that, by
adding to the model the estimate of the VAT by ultrasound
in relation to the BMI alone, a better prediction of the
Framingham score, the vascular age and the homeostatic
model assessment (HOMA)-IR can be obtained (17).
Interestingly, Jena er al. (49) found significantly higher VAT
thickness in women with polycystic ovary syndrome (PCOS)
than healthy controls, and this correlated significantly with
CV risk factors such as central obesity [WC and waist-to-
hip ratio (WHR)], BMI, and blood pressure, suggesting that
VAT may be an independent predictor of CV risk among
women with PCOS.

Another promising field of application is the use of
US-assessed VAT in early pregnancy. Thaware et al. (50)
observed that VAT measurement in early pregnancy was
independently associated with risk of gestational diabetes

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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mellitus (GDM) and it could be a potential clinical tool for
improving the sensitivity of selective screening for GDM.

Along time, several other studies (51-54) found a
correlation between measures of US-assessed VAT and
clinical parameters of metabolic and CVDs, and these data
suggest that visceral abdominal fat plays an important role
in the development of cardiometabolic risk factors.

To our knowledge only Bazzocchi er a/. (55) has
investigated US assessed reference values of visceral
adiposity in adult healthy people, while only one study
identified cutoff points of intra-abdominal fat values
associated with a greater chance of MS in adolescents (age
14-19) (56) (Tabie 3); further robust studies are needed to
implement its use in routine clinical practice.

Subcutaneous adipose tissue

SAT has been often assessed using skinfolds, but the accuracy
obtainable with this technique is limited because skin and
SAT are measured together in a compressed state (57),
by the lack of correction for elastic properties of tissue
between individuals and there is also a practical limitation
in the skinfold width that can be measured using a caliper in
people with high body FM (58).

Due to high accuracy and precision US can be used
to measure SAT patterning and its longitudinal changes
with the best sensitivity so far among other methods in
different population (e.g., in athletes, where accurate BC
assessment is important to avoid health risks in weight-
sensitive sports) (57).

Ultrasound technique

In the abdomen, two specific subcutaneous thicknesses
are often considered: MinASFT and maximum abdominal
subcutaneous fat thickness (MaxASFT) (see Table 2),
both evaluated in the same condition of visceral adiposity
parameters (14,30,33,36).

MinASFT is measured with linear probe (7.5 MHz) in
the same anatomic region of the maximum pre-peritoneal
fat, as the distance between the anterior surface of linea
alba and the fat-skin barrier (Figures 3,4) (13,14). Like pre-
peritoneal fat, MinASFT is a part of the abdominal WFI
and it was first described by Suzuki in 1993 (36).

Regarding MaxASFT, Liu e al. (33) measured it as the
distance between the linea alba and the fat-skin barrier,
transversely placing a linear transducer perpendicular to
the skin, right in the midline of the abdomen, between the

Quant Imaging Med Surg 2020;10(8):1699-1722 | http://dx.doi.org/10.21037/qims-19-1048
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MFT (cm)

PFT (cm)

Age IAFT (cm)

14-19* M: 4.03; F: 3.10
18-30** M: 3.86+1.12; F: 3.01+1.13
31-40* M: 3.93+1.44; F: 3.22+1.07
41-50** M: 4.34+1.82; F: 3.47+1.65
51-60** M: 4.60+1.71; F: 3.25+1.21
61-70"* M: 5.69+1.81; F: 3.59+1.67

M: 0.60+0.26; F: 0.54+0.17
M: 0.61+0.29; F: 0.58+0.30
M: 0.63+0.24; F: 0.63+0.27
M: 0.70+0.34; F: 0.58+0.20
M: 0.77+0.29; F: 0.50+0.12

M: 1.53+0.42; F: 1.29+0.35
M: 1.56+0.47; F: 1.30+0.42
M: 1.63+0.63; F: 1.45+0.55
M: 1.48+0.50; F: 1.31+0.39
M: 1.83+0.65; F: 1.41+0.35

*, Median values reported by Novais et al. (56). **, Reference values for healthy Italian people reported by Bazzocchi et al. (55). IAFT,

intra-abdominal fat thickness; MFT, mesenteric fat thickness. PFT, pre-peritoneal fat thickness; M, males; F, females.

xiphoid process and the umbilicus while in other studies
MaxASFT was measured 1 cm (34) and 5 cm (30) above the
umbilicus, or at two levels (2 cm above and 2 cm below the
umbilicus) as visualized in Figures 1,4 (14).

Considering the whole body, a standardized, semi-
automatic, US SAT thickness evaluation technique with
measurements at a set of eight standardized sites (upper
abdomen, lower abdomen, lateral thigh, erector spinae,
distal triceps, brachioradialis, front thigh and medial calf)
has recently been proposed in order to maximize both
accuracy and reproducibility (57). To avoid measurements
errors it is recommended to use a thick layer (5 mm)
of US gel between the probe and the skin due to the
compressibility of adipose tissue, without any pressure
on the US probe, and to set speed of sound at 1,450 m/s
instead of 1,540 m/s used in conventional diagnostic
US systems (59). Speed of sound allows to calculate
the distance from the probe to the boundary between
two tissues: this parameter is of utmost importance as
in fat sound speed is substantially lower (1,450 m/s)
than e.g., muscle and skin (60), so in thick layers of fat
tissue the correct choice of sound speed (1,450 m/s)
predominantly determines the accuracy. Not correctly
setting this parameter leads to a measurement error of
about 6% and even a small deviation of only 15 m/s (1%)
generates a thickness measurement error of 1% (59,61).

At all measurement sites, subcutaneous fat is recorded as
the perpendicular distance between the upper edge of the
dermal/adipose interface and the upper edge of the adipose/
muscular interface (13,14).

Although the scan is a simple procedure, the
interpretation is relative difficult and subjective. First, fascia
between superficial and depth SAT could be mistaken for
the boundary layer between subcutaneous fat and muscle.
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The operator must be able to identify interfaces, particularly
the adipose-muscle interface, and accurately measure the
subcutaneous tissue layer of interest. Additionally, pressing
the transducer onto the patient’s skin with too much force
will significantly reduce the SAT thickness, until a reduction
by 25-37% of SAT layer, as described by Toomey ez al. (58).

Clinical significance
The contribution of SAT in the development of CV- and

obesity-related diseases is controversial (protective or
detrimental role depending on the authors), as discussed
below (45,62-65).

In a recent study, Bertoli ez al. (45) evaluated not only
the SAT relation with MS and its components alone, but
also the joint contribution of SAT and VAT to MS. They
found that SAT was independently associated with MS, and
the association of SAT and VAT with MS was greater when
they were considered together than when they were used
alone. Moreover, SAT was independently associated also
with high blood pressure and high AL’T.

Other authors (65) have shown that subcutaneous fat is
not associated with a linear increase in the prevalence of all
risk factors among the obese; most striking, they found that
linear trends for T'Gs decrease with increasing SAT in those
with the most visceral fat, suggesting that subcutaneous fat
could be a protective fat depot.

In a large and interesting study with a long median
follow-up time (4.43 years), Kim ez /. (66) showed that
baseline SAT was significantly higher in the subjects who
experienced regression of their nonalcoholic fatty liver
disease (NAFLD) during follow-up period, than in the
subjects who did not experience regression, regardless of
their baseline VAT, providing a novel longitudinal evidence

Quant Imaging Med Surg 2020;10(8):1699-1722 | http://dx.doi.org/10.21037/qims-19-1048



1708

Table 4 Reference values for healthy Italian people
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MaxASFT,,,. (cm)

MaxASFT . (cm)

Age MinASFT (cm)

18-30 M: 0.71+0.28; F: 0.78+0.31
31-40 M: 0.63+0.28; F: 1.05+0.71
41-50 M: 0.77+0.30; F: 1.16+0.56
51-60 M: 0.81+0.32; F: 0.92+0.41
61-70 M: 0.78+0.28; F: 0.94+0.34

M: 1.48+0.76; F: 1.73+0.73
M: 1.42+0.65; F: 1.97+1.16
M: 1.71+0.69; F: 2.26+0.91
M: 1.82+0.65; F: 1.74+0.72
M: 2.09+0.77; F: 2.04+0.70

M: 1.68+0.78; F: 2.00+0.85
M: 1.49+0.58; F: 2.24+1.26
M: 1.80+0.78; F: 2.43+0.93
M: 1.91+0.78; F: 2.01+0.76
M: 2.39+1.61; F: 2.47+0.93

MIinASFT, minimum subcutaneous fat thickness; MaxASFT,,,., maximum abdominal subcutaneous fat thickness 2 cm above the
umbilicus; MaxASFT,,,., maximum abdominal subcutaneous fat thickness 2 cm below the umbilicus; M, males; F, females.

that SAT might be a possible metabolic protective factor for
metabolic diseases, including NAFLD.

Jung et al. (67) demonstrated that, only in male in
patients with T2DM, SAT was inversely associated with
carotid intima-media thickness after adjustments for BMI
and other traditional or non-traditional CVD risk factors,
showing a significant gender effect on the correlation
between SAT and CIMT. Bazzocchi e al. investigated
MinASFT and MaxASFT values (shown in Tzble 4) in
250 healthy Italian people of different age groups (55) to
identify cut-off values that could be used in clinical practice,
although further studies involving other populations are
needed as well as for abdominal fat compartments.

Skeletal muscle

Another big chapter in the US assessment of BC is
the evaluation of the skeletal muscle. As established by
EWGSOP?2 sarcopenia “is a progressive and generalised
skeletal muscle disorder that is associated with increased likelibood
of adverse outcomes including falls, fractures, physical disability
and mortality” (68).

The three core criteria of low muscle strength, low
muscle mass (quantity or quality) and poor physical
performance can be used both in the diagnosis of sarcopenia
and in the assessment of its severity, with low muscle
strength alone indicating probable sarcopenia, associated
loss of muscle mass indicating sarcopenia and the presence
of all three conditions indicating severe sarcopenia.

Recently a systematic review and meta-analysis by
Beaudart er #/. (8) has made a clear synthesis of the
outcomes of sarcopenia, evaluating its clinical and socio-
economic consequences.

According to this meta-analysis (8), sarcopenia patients
face a four times higher risk of mortality and a three times
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higher risk of functional decline or functional disability than
non-sarcopenic subjects.

Despite the adverse impact of sarcopenia on the
individual and their carers, the condition remains poorly
understood and inconsistently diagnosed and managed. The
diagnostic algorithm suggested by the EWGSOP?2 assesses
muscle mass, strength and performance. However, many of
the relevant measurement techniques for assessing muscle
mass have numerous flaws that make them unsuitable for
routine use in frail older adults.

When the target sarcopenic population is typically frail,
elderly and immobile, the imaging technique must be
easily accessible, both geographically and physically, and
in this regard ultrasound presents an advantage over other
methods (Table I).

US can play an important role in this developing research
field, providing the opportunity to assess muscle thickness,
marker of muscle quantity, and muscle echostructure,
marker of muscle quality (including muscle echogenicity
and pennation angle (PA), i.e., the angle in which muscles
fibers are positioned), along with all US-associated benefits
(noninvasive, low cost, portability, etc.).

Technique

Several methodological approaches have been used among
patient populations in the study of muscle (69) but,
nowadays, no standardized protocol for the assessment
of skeletal muscle has been established. In particular, a
definitive agreement about which muscle group should be
measured has not been reached.

The most commonly adopted methods are the measure
of quadriceps muscle layer thickness (QMLT), rectus
femoris cross-sectional area (RF CSA), and RF thickness
(69-75): a single landmark (i.e., RF muscle thickness and
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Figure 5 On the left is represented the anatomical posture of ultrasound’s probe in the evaluation of RF muscle thickness; on the right are

represented ultrasound images of healthy younger (H) and sarcopenic older adult (S) with their related differences of muscle echogenicity

depicted in enlargements. RE, rectus femoris.

RF CSA), two landmarks (i.e., QMLT) or three or more
landmarks can be analyzed (69).

Alongside measures of muscle mass, an important role
is played by the quality of muscle that can be assessed by
measuring the PA and echo intensity (EI) of the muscle
(76,77).

RF muscle thickness is measured half-way along the
line from the anterior-superior iliac spine to the superior
border of the patella (75): the scan is performed by
placing the transducer oriented in the transverse plane
perpendicular to the skin in correspondence of the largest
muscle diameter with the patient in supine position with
arms and legs extended and muscles completely relaxed,
measuring the distance between the superficial and the deep
fascia, with none or minimal transducer compression on
the skin and a suitable amount of ultrasound gel (Figure 5)
(69,75,76). Other authors, like Ema et 4/. (78), measured
RF muscle thickness at approximately 60-70% of the thigh
length, from the popliteal crease to the greater trochanter,
corresponding to the muscle belly of RE, with a longitudinal
scan, applying the lowest possible probe compression and
with patient in supine position.
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RF CSA measures are taken with the US transducer
placed perpendicular to the long axis of the thigh on
its superior aspect, three-fifths of the distance from the
anterior superior iliac spine to the superior patellar border
because this is the highest point in the thigh that can be
displayed in a single field within the entire cross-section of
the femoral rectum (Figure 6) (70). The patient has to be in
supine position and minimal compression shall be exercised
by the US transducer on the skin (70).

Measurement of QMLT combines the thickness of the
RF and of the vastus intermedius muscles and it is calculated
as the distance between the upper margin of the femoral
bone and the superficial fascia of the RF (subcutaneous
fat-muscle interface). QMLT is calculated by taking the
measurement at the border between the lower third and
upper two-thirds between the anterior-superior iliac spine
and the upper pole of the patella, and at the mid-point
between the ASIS and the upper pole of the patella, with
the patient in a supine or standing position and maximal
transducer compression on the skin (69,71,79-81). Right
and left quadriceps are assessed and then the average of
these four readings over the right and left legs (two at each
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Figure 6 On the left is represented the anatomical posture of ultrasound’s probe in the evaluation of REF CSA; on the right are represented

ultrasound images of healthy younger (H) and sarcopenic older adult (S). RF CSA, rectus femoris cross-sectional area.

site) is done (71,79). In some studies, QMLT is measured
only at the mid-point between the ASIS and the upper pole
of the patella (80,81).

Other authors (82,83) have used three or more
landmarks; for example, Baldwin et 4/. (82) used acromiale,
radiale, stylion, trochanterion, tibiale laterale sites (with
patient in supine position and none transducer compression)
while Sanada et 4/. (83) used nine sites in total (lateral
forearm, anterior and posterior upper arm, abdomen,
subscapula, anterior and posterior thigh, anterior and
posterior lower leg) with patient in standing position (83,84)
and none transducer compression (83).

Reference values in healthy people for RF muscle
thickness (75,78,85), RF CSA (70,85) QMLT (71,77),
PA (76) and EI (76) are shown in Table 5. PA is defined as
the angle between muscle fibers (that run obliquely to the
axis of pull) and their inserting intramuscular tendon (deep
aponeurosis) (86). This parameter describes the muscle
architecture and it is related to muscle quality (and strength)
as the larger the PA, the more contractile material can
be contained within a certain volume (76,87). In muscles
where the orientation of the fibers is almost parallel to
their fascia (e.g., RF), the PA could be difficult to measure
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and not determinable (76). Its measure can be taken with
a US longitudinal scan in the same place of RF thickness
parameter, keeping the transducer compression on the skin
as low as possible and using a suitable amount of ultrasound
gel (Figure 7) (88).

Quantitative analysis of EI can be achieved by computer-
aided gray-scale analysis using grayscale histogram offered
by several software and calculating the mean EI (a number
between 0 and 255, where black =0 and white =255)
of a region of interest in the selected muscle, such as a
transversal scan of RF thickness (Figure 5) (76,77).

The validation and reliability studies of the literature
demonstrated high values of ICC of thickness measures
and RF CSA both in old and young people; on the other
hand PA and EI parameters have shown low to moderate
reliability as depicted in Table 6 (76). A further consideration
is the repeatability of measures between different US
equipment: while measurement of muscle thickness does
not depend on US device, EI values is influenced by
ultrasound system hardware and software and is therefore
different for each US device used, so reference EI values
can only be used with the same US device and settings.
Pillen et al. (89) calculated an equation to convert and make
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Table 5 Reference values in healthy people detected with US

Parameter Reference Male Female
RF muscle Minetto et al. (75), 2016 20 mm* 16 mm*
thickness Mean age: 26+3 years
Delaney et al. (85), 2010 2.3+0.3 cm; mean age: 24.6+1.45 years N/A**
Ema et al. (78), 2013 20.7+3.9 mm; mean age: 24+1 years
Strasser et al. (76), 2013 18.1+4 mm; mean age: 24.2+3.7 years
RF CSA Seymour et al. (70), 2009 463+137 mm?; mean age: 63+9 years
Delaney et al. (85), 2010 8.8+2.1 cm?; mean age: 24.6+1.45 years N/A**
QMLT Tillquist et al. (71), 2014 2.01-2.09+0.50-0.52 cm; mean age: 30.6+8.4 years
Arts et al. (77), 2010 R: 4.16+1.02 cm; L: 4.07+0.97 cm; R: 3.64+0.76 cm; L: 3.57+0.72 cm;
mean age: 47 years mean age: 48 years
PA Strasser et al. (76), 2013 RF***: —; musculus intermedius: 9.7°+2.6°; vastus lateralis: 14.7°+2.5°; vastus medialis: 12.1°+2°;

mean age: 24.2+3.7 years

El** Strasser et al. (76), 2013 RF: 101.9+14; musculus intermedius: 77.7+20.1; vastus lateralis: 96.2+14.9; vastus medialis:
94.3+17.8; mean age: 24.2+3.7 years

*, Values 2 SDs below the sex-specific means of the sample of young subjects have been taken from the indicated reference (cut-off
values used to detect low muscle mass in the indicated study). **, Female gender not included in the study. ***, The orientation of the
fibers of the RF was almost parallel to their fascia, so no PA was determined. ****, El assessed with ImageJ (National Institutes of Health,
USA) software. RF, rectus femoris; CSA, cross-sectional area; QMLT, quadriceps muscle layer thickness; R, right. L, left; PA, pennation
angle; El, echo intensity.

Figure 7 On the left is represented the anatomical posture of ultrasound’s probe in the evaluation of vastus lateralis muscle’s PA; on the right

are represented ultrasound images of healthy younger (H) and sarcopenic older adult (S). PA, pennation angle.
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Table 6 Reliability of main parameters of muscle BC assessed by ultrasound

Parameter  Population Reliability Reference
RF muscle  Healthy young group Intrasession and intra-rater reliability of US (three scans acquired): Minetto et al.
thickness (n=60); old group (n=44) ICC 3,1 =0.98; CV =3.2% (75), 2016

Healthy (n=15)

Healthy (n=14)

Healthy young group
(n=26); old group (N=26)

Intra-rater reliability of US: ICC 3,1 =0.81-0.99; inter-rater reliability of
US: ICC 3,2 =0.80-0.99

Intra-rater reliability of US: test-retest same day (CV) =2.4%=x1.4%; variation over
2 days (CV) =2.3%+1.8%

Inter-rater reliability of US: ICC =0.87-0.97

bias =12+43 mm?; 95% limits of agreement 72 to +96 mm?; inter-rater reliability
of US (n=10): mean (SD) bias =2+32 mm? 95% limits of agreement -61 to
+65 mm’; validation against CT (n=10 COPD, 8 healthy): intraclass co-efficient

Intra-rater reliability of US: ICC 3,1 =0.67-0.99; inter-rater reliability of US:

Intra-rater reliability of US (n=42): ICC =0.98; mean difference between two
measures by the trainer =0.033 cm; 95% CI =0.004-0.061, P=0.0247; inter-rater
reliability of US (n=78): ICC =0.95; mean difference =-0.028 cm, 95% Cl =-0.067

Delaney et al.
(85), 2010

Ema et al. (78),
2013

Strasser et al.
(76), 2013

Seymour et al.
(70), 2009

Delaney et al.
(85), 2010

Tillquist et al.
(71), 2014

RF CSA Healthy (n=26) and Intra-rater reliability of US (n=19): variation over 2 days: mean (SD)
COPD (n=30)
r=0.88
Healthy (n=15)
ICC 3,2 =0.92-0.93
QMLT Healthy
(n=78; 7 centers)
to -0.011, P=0.1607
PA* Healthy young group
(n=26); old group (n=26) of US in the old group: ICC =0.18-0.74
El** Healthy young group

(n=26); old group (n=26) of US in the old group: ICC =0.20-0.31

Inter-rater reliability of US in the young group: ICC =0.43-0.78; inter-rater reliability Strasser et al.

(76), 2013

Inter-rater reliability of US in the young group: ICC =0.57-0.65; inter-rater reliability Strasser et al.

(76), 2013

*, Assessed in all muscles of musculus quadriceps except for RF due to the orientation of its fibers almost parallel to their fascia. **,
Assessed in all muscles of musculus quadriceps. RF, rectus femoris; BC, body composition; US, ultrasonography; ICC, intraclass
correlation coefficient; CV, coefficient of variation; CSA, cross-sectional area; COPD, chronic obstructive pulmonary disease; QMLT,
quadriceps muscle layer thickness; PA, pennation angle; El, echo intensity.

reliable muscle EI values obtained between different US
devices in a healthy control group. However they found a
higher variability between the US devices for EI values >70
so in patients with high muscle EI, repeated measurements
with different US devices might not be able to reliably
assess muscle quality changes over time (89).

Clinical significance

The use of ultrasound to assess sarcopenia has been
constantly increasing due to its known advantages and
motivated by several studies in different clinical settings
(70,71,90).

Puthucheary et 4. (91) found that, among critically ill
patients in an intensive care unit (ICU), muscle wasting
measured by CSA, occurred early and rapidly during the
first week of critical illness and was more severe among
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those with multiorgan failure compared with those with
single organ failure.

Proximal muscles of the lower limb are preferentially
affected by thickness loss than distal muscles (75), while the
upper extremity muscles are less affected by aging (92). In
a recent study, Ata et a/. (90) found that abdominal [rectus
abdominis (RA)] and thigh muscles (RF) were thinner in
the older subjects than the younger ones, consistent with
previous findings, and that they were affected earlier,
together with a higher rate of decline, than total muscle
mass. Gait speed (a parameter of physical performance) was
associated with RF muscle thickness (90), suggesting that
the regional assessment of muscle mass should be used to
confirm the diagnosis of sarcopenia in subjects with low
grip strength, or for predicting gait speed when could not
be evaluated.

An interesting study by Strasser et 4l (76) investigated
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with US not only dimensional changes but also changes in
muscle architecture-echostructure (by measuring PA and
El) during ageing in all muscles of quadriceps and their
association with skeletal muscle strength in the elderly.
They found a significant reduced muscle thickness of all
muscles of quadriceps, especially the RE, in the old group
compared to the young group. Moreover all muscles
investigated had a direct influence of maximum voluntary
contraction (MVC) force but, after multiple regression
analysis, only thickness of musculus vastus medialis in the
old group and thickness of musculus vastus medialis and
musculus intermedius in the young group demonstrated
significant correlation with MVC (76).

Increased EI on an ultrasound image of skeletal muscle
during ageing indicates changes in muscle quality, including
raise of intramuscular fibrous and adipose tissues (76,93).

Fukumoto ez 4l. (93) and Watanabe er al. (81) reported
that muscle quality assessed with EI correlated with muscle
strength in middle-aged elderly women (93) and men,
independently of muscle thickness (81), although other
authors reported opposite results (76). As the matter of
fact Strasser et al. (76) and Arts et al. (77), although they
found a significant EI increase in elderly group, didn’t
find a significant correlation between EI and MVC in the
older patient group. This discrepancy, as suggested by the
authors (76), may be due to the different US scan plane
adopted for EI determination (longitudinal vs. transverse).
In addition to those results, a significant association has
been reported between the EI value of anterior thigh
muscles and functional mobility, indicating that muscle
composition affects physical function in the old people (94).
A clinical setting has been analyzed by Ye er a/l. (95): they
found a significantly higher EI of the RF in all stages of
chronic obstructive pulmonary disease (COPD) patients
than in age-matched non-COPD subjects in addiction
to an independent correlation of this US parameter with
health-related quality of life (95). Investigations of PA
values revealed its decrease with age (76,96), in particular
of musculus vastus lateralis and medialis (76), although
without significant influence on MVC (76).

One of the major limitation of US in the study of skeletal
muscle is the wide variability in body size-composition
among populations. In fact, the cut-off values for detection
of low muscle mass established in a specific ethnic group
cannot be applied to other groups (75).

Arts et al. (77) and Minetto et al. (75) proposed a panel of
skeletal muscles cut-off values by US to identify low muscle
mass both in men and women of different age, although
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reference cut points are still lacking in many populations,
including critically ill patients.

Nowadays thickness measurements of musculus
quadriceps have shown encouraging results in the evaluation
of the skeletal muscle mass and strength and could be a valid
tool for diagnosis and follow-up of sarcopenia, while EI and
PA parameters need to be further substantial investigated.
The lack of standard evaluation criteria (parameters to
consider, how to take them and reference values in healthy
and sarcopenic population) currently represent the main
limitation of US in the assessment of skeletal muscle.

Liver

Hepatic steatosis (HS) is the term used to describe
cytoplasmatic micro-, macro- or mixed vesicular
incorporation of triacylglycerols (TAGs) into hepatocytes (97).
Alcoholic liver disease and NAFLD are the most common
conditions associated with fatty liver (98).

According to the guidelines of the American Association
for the Study of Liver Diseases the definition of NAFLD
requires that there is evidence of HS, diagnosed either
by imaging or by histology and there are no causes for
secondary hepatic fat accumulation such as significant
alcohol consumption, use of steatogenic medication or
hereditary disorders (99). NAFLD is associated with
metabolic risk factors reflecting the MS and is becoming
the most common cause of chronic liver diseases in
Western countries, with a prevalence for adults in Western
countries of 20-30% (100). HS can be isolated (majority
of patients) or associated with hepatitis—non-alcoholic
steatohepatitis (NASH). NASH determine hepatocellular
injury (ballooning) and inflammation and can progress to
cirrhosis through the development of fibrosis and lastly
hepatocellular carcinoma (101).

Technique

Liver biopsy is the gold reference standard method for
the HS assessment (102,103) and it is the only procedure
that can reliably differentiates NAFLD from NASH (104).
However, its intrusiveness and other drawbacks (subjective
visual estimation, small tissue samples) limits its broad
application in clinical practice and epidemiological studies.
MRI proton density fat fraction (MRI-PDFF) represents
the reference standard among noninvasive technique
(105,106) although it is not widely available and expensive.
Based on Clinical Practice Guidelines by EASL-EASD-
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Grade Description

0 No steatosis; normal echogenicity of liver parenchyma; normal visualization of diaphragm and intrahepatic blood vessels

1 Mild steatosis; slightly increased echogenicity of liver parenchyma; normal visualization of diaphragm and intrahepatic blood
vessels

2 Moderate steatosis; markedly increased echogenicity of liver parenchyma; slightly impaired visualization of diaphragm and

intrahepatic vessels

3 Severe steatosis; severely increased echogenicity of liver parenchyma; poor or no visualization of diaphragm and intrahepatic

vessels and posterior part of the right liver lobe

EASO (104), US is the preferred first-line diagnostic
procedure for imaging of NAFLD. US evaluation of HS
typically consists of a qualitative visual assessment of hepatic
echogenicity (107), evaluation of echo penetration into the
deep portion of the liver, the relative echogenicity of the
liver to the kidney and determination of the clarity of blood
vessel structures in the liver. Normally, liver echogenicity
equals or slightly exceeds renal cortical echogenicity, while
fatty liver has higher echogenicity (“bright liver”) than
renal cortex and splenic parenchyma, due to intracellular fat
vacuole accumulation, and intra-hepatic vascular blurring
(107,108).

To overcome the limitations of the conventional
qualitative evaluation, quantitative ultrasound (QUYS)
parameters, including attenuation coefficient and backscatter
coefficient (BSC) (109,110), have been developed and
studied. This methodology overcomes previous limitations
of conventional qualitative US because QUS parameters are
estimated using a reference phantom and objective computer
algorithms. Thus, the phantom reference addresses
machine (transducer format, gain, dynamic range, focusing,
frequency, etc.) and operator dependencies, therefore
helping to reduce both sources of variability (111-113).
Ultrasound signals, that depend on tissue microstructure,
can be analyzed using two methods: (I) spectral-based
parameterization of the signals (that focuses on estimation
of the BSC as a starting point from which additional
QUS estimates are calculated); (IT) characterization of the
envelope statistics (113). BSC is defined as the differential
scattering cross section per unit volume for a scattering
angle of 180° (114); it is related to the underlying tissue
structure and, similarly to the attenuation, is a fundamental
property of tissue (115). Attenuation is the loss of energy
of an US signal as it is propagated through a tissue (116)
and an attenuation coefficient can be estimated from the
ultrasonic backscattered RF data (117). Information about
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the tissue microstructural properties can be extracted from
the envelope of backscattered RF signals. Several models
for the statistics of the envelope have been proposed and
investigated, such as Nakagami and homodyned-K (HK)
distributions with promising although not conclusive results
(118,119).

Clinical significance

With US qualitative assessment of HS, severity is
usually graded clinically using a four-point scale, as
follows: normal (grade 0), mild (grade 1), moderate
(grade 2), and severe (grade 3) (120,121) (Table 7).
However such qualitative subjective evaluation
presents low sensitivity (steatosis <20% is not reliably
detected) (120,122), low specificity and substantial
observer variability. According to Strauss et al. (123)
mean inter-observer and intra-observer agreement rates
for the presence of fatty liver were 72% (kappa =0.43)
and 76% (kappa =0.54), while intra-observer agreement
for severity of fatty liver ranged from 55% to 68% (kappa
=0.51-0.63). Moreover, it cannot distinguish between
NAFLD and NASH. Several recent inter-laboratory studies
demonstrated that QUS methods in reference phantoms
and in vivo using clinical imaging scanners are highly
reproducible and independent of operator and imaging
system factors. QUS BSC showed robust correlation with
MRI-PDFF towards the degree of HS and the identification
of patients with NAFLD (sensitivity: 87-93%; specificity:
91-93%) with potential for noninvasive quantification
of liver fat content. Several studies have shown a strong
correlation between the attenuation coefficient and the
amount of fat in the liver measured by MRI-PDFF and
demonstrated, although values were different among
different works, a higher attenuation for fatty liver than that
in normal liver (116,124-127).
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Conclusions

US is a fast, close-at-hand, low cost and widely available
technology. It demonstrated a good accuracy and
reproducibility, which can be considered acceptable for most
screening and clinical intents. Operators can be trained
relatively easily and quickly. However, some features may
represent a significant limitation in longitudinal evaluation
of patients which are expected to have only mild changes in
weight and BC. It can regionally distinguish between visceral
and subcutaneous fat depots and can assess lipid storage
within organs, such as liver and muscle. The association
between visceral fat thickness measured by ultrasound and
the metabolic risk factors of CVD is more pronounced than
the associations between these factors and anthropometric
parameters (BMI and WC). It can be used from infancy,
making this technique a feasible and valuable method for the
assessment of possible risk factors associated with obesity in
a very early stage. US is a valid tool to assess subcutaneous
fat thicknesses due to its high repeatability and precision.
"This technique has the advantage that measures can be taken
in participants with severe obesity at sites not amenable to
skinfold measures. Ultrasound has the advantage of being
able to assess both skeletal muscle quantity (measurements of
muscle thickness and CSA) and quality (measurements of PA
and echogenicity), supporting the diagnosis of sarcopenia in
older adults. It is a valid method for detecting the presence or
absence of liver steatosis when compared to the gold standard
method (liver biopsy) and the reference imaging methods,
such as CT and MRL

Alongside the “traditional” qualitative US evaluation,
more recently the QUS measurements (attenuation
coefficient, BSC) have shown great potential in quantify
HS and to screen the population for NAFLD although
further investigations are needed to translate QUS from
research into the clinical practice. There are no risks related
to ionizing radiation for patients, but this method is more
operator-dependent than other techniques. The training of
the operator, the light pressure of the probe on the skin, the
supine positioning and respiratory condition of the patients
as well as the fasting period before the examination, if not
carefully performed, could lead to a decrease in accuracy
and inter- and intra-operator agreement. Although the use
of US in the field of BC appears promising this technique
pose some problems. In particular, there is currently a lack
of a clear and standardized protocol for the assessment of
FM and LM, including: (I) no widely established norms for
the various muscle and adipose tissue US parameters within

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the healthy population; (II) there is no definitive agreement
either about which muscle groups or fat compartments
should be measured or the probe sites; (III) there is no
defined criteria for low skeletal muscle mass or its impaired
quality identification in sarcopenia as well as there is not
consolidated quantitative reference values of fat parameters
discriminating population at cardio-metabolic risk.

Due to lack of evidence on absolute validity or
consolidated reference values, US should be used with
caution when more accurate measures of fat distribution
are required, for instance in individuals with specific
conditions (e.g., lipodystrophy). For these cases, the use
of other heavier imaging technique (MRI, CT and DXA)
is preferred. The heterogeneity of US methods that could
be adopted for BC measurement and analysis could impact
on future clinical and research implementation, thus it is
imperative that a standardized and easily applied technique
is agreed on. US has the potential to become the first-line
diagnostic imaging tool in the evaluation of BC, especially
in muscle-liver-adipose tissue axis, with a major impact on
the management of metabolic diseases, including obesity
and sarcopenia.
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