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Abstract: As individuals age, physiological changes in body composition occur, potentially
contributing to adverse health outcomes in the elderly population. Various methods are
used to assess body composition, but gold-standard techniques often involve technical com-
plexity, high costs, and lack of portability. Alternative methods that are portable, relatively
low-cost, and technically simpler are necessary for clinical use. Due to its portability, safety,
and lower cost compared with gold-standard equipment, B-mode ultrasound has been
suggested as a potential method for body composition assessment. This narrative review
aimed to identify and discuss equations developed using ultrasound to assess body com-
position in older adults. An electronic search was conducted in the MEDLINE /PubMed,
Web of Science, Scopus, and Google Scholar databases in September 2023 and updated in
April 2025. The search terms used were ultrasound, body composition, muscle, fat, older
adults, aging, and equation. To date, no standardized cut-off points have been established
to define low muscle mass or a high body fat percentage using ultrasound in older adults.
Further research is needed to determine the validity and applicability of this technique in
comparison with gold standard methods, as well as among the different types of ultrasound
devices (A-mode and B-mode). Caution is warranted when selecting predictive equations
for assessing body composition in clinical practice in older adults, as several factors related
to equipment and the population assessed must be taken into account.
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1. Introduction

Aging is associated with progressive changes in body composition, including reduc-
tions in lean mass and increased fat accumulation, especially in the visceral regions [1-3].
These changes can contribute to reduced food intake during aging and, consequently,
to the development of unfavorable outcomes related to nutritional deficiencies, such as
sarcopenia, frailty, and malnutrition.

A review study reported an approximate decline of 4.7% in muscle mass per decade
in men and 3.7% in women [4]. A literature review that included studies from several
countries observed a prevalence of sarcopenia in community-dwelling older adults of 17%
according to EWGSOP1 and 11% according to EWGSOP2, reporting a range from 6.2%
to 35.3% for EWGSOP1 and 3.2% to 26.3% for EWGSOP2 [5]. Skeletal muscle performs
several essential functions in the human body, not only being related to mobility and force
production [6], and is considered a secondary secretory organ with endocrine functions [7].
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A greater muscle mass has a protective association with cardiovascular and all-cause
mortality in older adults [8]. Wang et al. (2023) highlight the importance of preventing low
muscle mass to contribute to reducing mortality risk and promoting healthy longevity [9].

Adipose tissue is a regulator of systemic metabolism and body homeostasis [10]. In
older adults, there is a significant difference in fat distribution between men and women,
with men tending to accumulate more central and visceral adipose tissue and being more
likely to deposit visceral fat in the abdominal region. In contrast, women tend to have
more peripheral subcutaneous adipose tissue and are more likely to deposit fat in the lower
extremities [11]. Increased body fat contributes to adipocyte dysfunction through increased
production of pro-inflammatory cytokines and insulin resistance, which may contribute to
the development of metabolic and cardiovascular diseases in older adults [10]. According
to the commission that defined new diagnostic criteria for obesity published by The Lancet,
obesity is often diagnosed by body mass index, but the approach should be more precise,
incorporating measurements of body fat and clinical signs of health [12].

The body composition changes associated with aging are influenced not only by the
physiological aging process but also by modifiable factors such as diet, physical inactivity,
and chronic diseases [13]. They may negatively impact health, physical function, and
quality of life in older adults [1,2].

Understanding the dynamics of these alterations and their clinical consequences is
essential for informing prevention strategies and interventions aimed at promoting healthy
aging in diverse older populations. Therefore, it is critically important to accurately assess
body composition to support the prevention and treatment of nutrition-related diseases.

Various tools are available for assessing muscle mass and body fat in populations.
Literature reviews have outlined the advantages and disadvantages of each method, such
as computed tomography (CT), dual-energy X-ray absorptiometry (DXA), bioelectrical
impedance analysis (BIA), calf circumference (CC), and ultrasound (US) [14,15]. CT and
DXA are considered gold standard methods, but CT involves radiation exposure and
lacks standardized reference values. Both CT and DXA are expensive, non-portable, size-
restrictive (height and weight), and require trained technicians.

Although BIA is more affordable and portable than CT and DXA, it requires
population-specific equations based on age and ethnicity. The results may also be in-
fluenced by hydration status, fasting, and recent physical activity, potentially limiting their
use in older adults. Calf circumference assessment may be confounded by body mass index
(BMI) and peripheral edema and may not detect small muscle mass changes over short
follow-up periods [16]. Thus, CC is recommended only in settings where other equipment
is unavailable [17].

It is interesting to note that some studies have also demonstrated the possibility of
using machine learning to assess body composition, but they are still little explored and
will not be our focus in this work. One example is the study by Jeon et al. (2023), who
proposed a machine learning-based obesity classification model using anthropometric
measurements obtained by 3D body scanning to overcome the limitations of BMI in es-
timating adiposity [18]. Compared with BMI and BIA, the model demonstrated greater
accuracy in classifying obesity when validated against DXA. Despite the promising re-
sults, this study has important limitations, such as the use of a sample restricted to young
Korean adults, small sample size, and low accessibility to 3D scanning equipment [18].
These findings reinforce the potential of alternative technologies, such as ultrasound, in
assessing body composition, which stands out for its portability, lower cost, and broader
clinical applicability.

In contrast, ultrasound is a clinical imaging tool that has been used for decades. Some
equations have been developed to estimate body composition using ultrasound [19-21].
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However, studies on this topic remain limited, especially among older adults, an important
population for body composition assessment due to age-related health risks such as sarcopenia,
frailty, falls, disability, and premature mortality [1,2,22].

Therefore, portable, cost-effective, and low-complexity methods are essential for
clinical practice. Given its portability, safety, and lower cost compared with gold-standard
devices, B-mode ultrasound has been proposed as a practical method for assessing body
composition in research, clinical, and hospital settings [23,24].

In recent years, growing evidence has highlighted the potential of ultrasound as a
valuable tool for both nutritional assessment and guidance of nutritional interventions [25].
Ultrasound can assess key components of the Global Leadership Initiative on Malnutri-
tion (GLIM) criteria for malnutrition, including low body mass index [26], unintentional
weight loss [26], reduced skeletal muscle mass [27,28], and impaired food intake or assimi-
lation [29], thereby supporting both phenotypic and etiologic diagnoses [30]. In addition,
a certain degree of examiner proficiency is necessary, and inter-rater reliability has some-
times been questioned, even though larger muscles, like the quadriceps, are generally well
visualized. Consequently, the use of ultrasound by registered dietitians presents specific
practical challenges [25].

In September 2023, the Brazilian Federal Council of Nutritionists (CFN) issued Techni-
cal Note No. 83/2023 [31] regarding the use of ultrasound for body composition assessment
by nutritionists. It highlighted that only one portable device has been specifically devel-
oped for this purpose. However, the CEN later removed the note from its website and
social media, likely due to negative reactions from the professionals. Consequently, it is
crucial to better understand the applicability of ultrasound and the types of equipment
used to validate equations and ensure proper handling by health professionals.

Despite the growing interest in using ultrasound to assess body composition in older
adults, there remains limited consensus regarding the validity and applicability of existing
predictive equations. Many were originally derived from younger or athletic populations,
raising concerns about their accuracy in older adults, who often present with age-related
changes in body composition, such as increased fat infiltration in the muscles. More-
over, differences in ultrasound mode (A-mode and B-mode), measurement protocols, and
population characteristics hinder direct comparisons and broad clinical applications.

Although previous reviews have examined the use of ultrasound to assess the muscle
or fat components of body composition, they have generally focused on broader method-
ological aspects, such as measurement reliability and anatomical landmarks [32-34]. There-
fore, a narrative review of the predictive equations available in the literature is essential to
identify their strengths, limitations, and suitability for use in older adults.

In this context, the objective of the present study was to review and discuss predictive
equations developed using measurements of muscle and subcutaneous fat thickness via
A-mode and B-mode ultrasound to assess body composition in older adults.

2. Materials and Methods

The electronic search for articles included in this narrative review was conducted in
the following databases: MEDLINE/PubMed, Web of Science, Scopus, and Google Scholar,
initially in September 2023 and updated in April 2025 by a single researcher (L.V.E.). The
search terms were combined using Boolean operators “AND” and “OR”: [“ultrasound”,
“body composition”, “muscle”, “fat”, “aging”, “older adults”, “equation”].

Original studies published in English and Portuguese were selected, with publication
dates limited to between 2014 and 2025. The decision to limit the literature review to studies
from 2014 to 2025 was based on the need to capture up-to-date research. Over the past

decade, significant advancements have been made in portable ultrasound devices, image
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resolution, software-assisted measurements, and standardized protocols, particularly in
studies focusing on older adults. Moreover, interest in sarcopenia, frailty, and age-related
body composition changes has increased considerably during this period, leading to a surge
in research specific to older populations. Earlier studies, while foundational, often focused
on younger or athletic populations. The review included studies that developed predictive
equations for assessing body composition (muscle mass or body fat) using ultrasound in
healthy older adults. The term “healthy” was defined according to the methodologies used
in the included studjies.

This narrative review was conducted following the SANRA scale (Scale for the Assess-
ment of Narrative Review Articles) [35].

3. Results and Discussion
3.1. Ultrasound as a Method for Body Composition Assessment

Although aging naturally leads to significant changes in body composition, the loss
of muscle mass can be accelerated by various factors, such as physical inactivity, reduced
nutrient intake and absorption, and systemic inflammation [16]. Declining muscle health
and malnutrition are common in older adults and contribute to functional impairment,
reduced quality of life, loss of autonomy, falls and fractures, physical disability, disease
progression, and decreased survival [16].

In this context, body composition assessment is a routinely used tool to detect or diag-
nose nutrition-related conditions, such as malnutrition, overweight, obesity, sarcopenia,
and sarcopenic obesity, all of which have significant public health implications. Further-
more, body composition data provide essential guidance for selecting the most appropriate
treatment for each patient. Understanding the most accurate techniques and protocols for
assessing body composition enables healthcare professionals to effectively perform these
functions in clinical settings [36].

Ultrasound is a low- to moderate-cost imaging method that does not involve radi-
ation exposure. It is widely used to assess muscle alterations and, in many cases, offers
the advantage of portability, allowing assessments to be conducted in different settings.
Additionally, ultrasound provides real-time imaging with short acquisition times [23].

Clinical ultrasound operates in two imaging modes: amplitude modulation (A-mode)
and brightness modulation (B-mode). A-mode displays a peak in the ultrasound wave
amplitude at the interface between two distinct tissues, such as the subcutaneous fat and
muscle. In contrast, B-mode generates two-dimensional images of underlying tissues [37].
B-mode ultrasound has broader clinical applications and is more commonly used than
A-mode; however, B-mode devices are typically larger, more expensive, and require greater
expertise for accurate image interpretation [37].

3.2. Ultrasound for Muscle Mass Assessment in Older Adults

B-mode ultrasound has been proposed as a suitable tool for estimating both the
quantity and quality of muscle tissue [38]. Muscle thickness measured using B-mode
ultrasound has shown a strong correlation with muscle mass assessed by DXA in both
adults and older adults and has, therefore, been used in predictive equations to estimate
muscle mass [19,38]. Moreover, studies evaluating the validity of these equations are
important for assessing their clinical accuracy [24].

B-mode ultrasound has been employed to estimate muscle mass for diagnosing sar-
copenia in older adults. A study involving 103 older adults (57 men and 46 women) at
risk of sarcopenia developed algorithms using muscle thickness measurements at multiple
anatomical sites. Muscle thickness at Site 7 (rectus femoris and vastus intermedius) showed
the strongest correlation with the skeletal muscle mass index in males (R = 0.719, p < 0.001).
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In females, the highest correlation was observed at Site 3 (flexor pollicis longus, flexor
digitorum superficialis, and brachioradialis), with R = 0.733 (p < 0.001). Site 7 was selected
for the single-site prediction model, yielding an R? of 0.701 and a standard error of estimate
(SEE) of 0.519 kg/m?. The four-site algorithm demonstrated high accuracy (R? = 0.819) and
a low standard error of the estimate (SEE = 0.404 kg/m?), suggesting that this tool may
support the diagnosis of sarcopenia [39].

Although previous studies [40,41] found abdominal or calf muscle thickness to be
strong indicators of sarcopenia or low skeletal muscle mass, the results of this review
suggest that the quadriceps may be more accurate for estimating muscle mass. This
difference may be related to age-related atrophy patterns, as calf muscle loss may not
follow a linear decline in the skeletal muscle mass index. Additionally, variations in
scanning protocols, such as participant positioning, may have contributed to these divergent
findings [39]. However, each muscle group offers distinct clinical value given its specific
function [39].

B-mode ultrasound is a non-invasive and accessible method for estimating muscle
thickness in older adults and shows a good correlation with DXA-derived lean mass,
particularly with forearm measurements [42]. One study showed that ultrasound has good
validity for assessing muscle size in older adults compared to DXA and CT, supporting
its use in clinical practice. However, its reliability for evaluating small muscles requires
further investigation, and the cross-validation of predictive equations in older populations
is essential before it can be considered a valid alternative for diagnosing sarcopenia [32].

Nijholt etal. (2017) [32] reviewed 17 studies on the reliability and validity of ultrasound
for assessing muscle quantity in older adults, reporting intra-class correlation coefficient
(ICC) values ranging from —0.26 to 1.00; higher reliability (ICC = 0.72-1.00) was observed
for measurements of the vastus lateralis, rectus femoris, upper anterior arm, and trunk
muscles. All validity studies reported excellent reliability, with ICC between 0.92 and 0.99.
Additionally, two studies demonstrated a strong agreement between ultrasound and DXA
for estimating lean body mass, with R? values ranging from 0.92 to 0.96. This systematic
review [32] supports the use of ultrasound as a reliable method for assessing muscle size in
older adults. However, further high-quality studies are required to confirm these findings
across diverse populations. Additional research is warranted to evaluate its use in small
muscles and to validate lean-mass prediction equations in older adults with different health
and functional statuses [32].

Table 1 presents the methodologies of studies involving older adults in which predic-
tive equations for muscle mass assessment were developed using B-mode ultrasound.

The standard error of the estimate (SEE), as shown in Table 2, reflects the uncertainty
related to the mean population estimate and indicates the precision of the predictive
parameters. A lower SEE is desirable and typically improves with larger sample sizes [43].
Um valor de SEE < 3% é considerado como muito bom [44]. Values below 3% were
considered highly accurate [44]. The coefficient of determination (R?), which ranges from 0
to 1, measures the strength of the linear relationship between the variables. Values closer to
1 indicate a stronger association [45].

Table 2 shows the predictive equations developed to estimate muscle mass in older
adults using B-mode ultrasound as reported in the literature.

The equations developed by Abe et al. (2015) estimated appendicular muscle mass
with high precision and relatively low error compared to DXA measurements. In the
model-development group (n = 71), significant correlations (p < 0.05) were found between
DXA-derived appendicular lean mass and ultrasound-measured muscle thickness at 10 sites
(r = 0.379-0.936). Prediction errors ranged from 1.78 to 2.54 kg for model series A and
from 1.53 to 2.23 kg for model series B. Bland-Altman analysis showed no systematic
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bias in appendicular lean mass and predictions for the validation group. These equations
incorporate muscle thickness from the limbs, as the DXA-derived appendicular mass
does not include trunk musculature. Since muscle mass loss with aging tends to be more
pronounced in the lower limbs, the inclusion of anterior thigh measurements as predictors
is both physiologically and statistically justified. However, as the validation was limited to
Caucasian adults aged 50 to 76 years, further studies are needed in other ethnic and age
groups. The authors also recommended validation in physically active older adults, as 67%
of their participants reported regular physical activity at least twice a week [46].

Table 1. Methodological description of studies that developed predictive equations to estimate
muscle mass using B-mode ultrasound in older adults.

Reference

Author, Year Ultrasound Type Method Sample Size Population Ethnicity Sex Age (Years)
) B-mode (Aloka Development: Healthy adults . g
Abe etal., 2015 [46] SSD-500) DXA 71/Cross-validation: 31 and older adults Caucasian M&F 50-76
Development:
Abeetal., 2018 [47] B-mode (Aloka DXA 389/Bootstrap validation: | 1ealthy older Asian M&F 60-79
SSD-500) e adults
1000 replications
. Development:
Barbosa-Silva etal., 2021 [19] B-mode (Xario DXA 190/Bootstrap validation: Healthy older Caucasian M&F 60-90
SSA-660A) L adults
10,000 replications
. B-mode (Aloka . Healthy adults .
Takai etal., 2014 [21] SSD-900) DXA Development: 77 and older adults Asian M&F 52-78
B-mode (Minato Healthy older
Yuguchi et al., 2022 [20] Medical Science BIA Development: 193 a dt?lts Asian M&F >65
Co.)
Paris et al., 2017 [38] (1]\3/1-1;183)80 DXA Development: Healthyadults = 0, agian - M&F 2472
v : SonoSi te)’ 96/Cross-validation: 96 and older adults

Note. DXA = Dual-energy X-ray absorptiometry; BIA = Bioelectrical Impedance Analysis; M = male; F = female.

Table 2. Predictive equations were developed to estimate muscle mass using B-mode ultrasound in
older adults.

Author, Year gquatlon No. of Pa- Equation SEE (kg) R? Adjusted R?
utcome rameters
) ALM (kg) = 4.32 x MT-FA (cm) +2.98 x MT-UA (cm) + 2.85 x MT-LA
Abeetal,, 2015 [46] ALM 5 (%m) +0.97 x MT-TP (cm) + 0.94 x MT-LP (cm) — 23.12 15 09 0.94
ALM (kg) = 3.67 x MT-FA
7 (cm) +2.84 x MT-UA +2.58 x MT-LA + 1.05 x MT-TP +0.93 x MT- 1.4 0.9 0.95
LP +0.069 x age +0.79 x MT-TA — 27.63
ALM = —2.0940 + (sex x 4.1273) — (age x 0.0094) + (MT-
Abeetal., 2018 [47] ALM 4 FA x height x 3.5699) — (sex x age x 0.0307) — (sex x MT- — 0.8 0.86
FA x height x 0.8349)
ALM = —7.9116 + (sex x 5.1693) + (age x 0.0345) + (MT forearm
anterior x height x 2.2752) + (MT-UA X height x 0.0743) + (MT-
7 TA x height x 0.4927) + (MT- . 0.9 0.89
LA x height x 1.4892) — (sex x age x 0.0380) — (sex x MT- : :
FA X height x 0.3379) — (sex x MT-UA X height x 0.1263) — (sex x MT-
TA x height x 0.1754) — (sex x MT-LA x height x 0.3083)
ALM =327 x sex (0=F 1=M) + 16 x height (m) + 0.2 x arm length
Barbosa-Silva et al., AMM 7 (cm) +0.09 x dominant arm circumference (cm) + 0.04 x dominant 123 B 0.90
2021 [19] thigh circumference (cm) + 1.25 X dominant arm MT ’ :
(cm) +0.72 x dominant thigh MT (cm) — 24.9
5 ALM =2.39 x sex +15.14 x height (m) + 0.29 x arm length 13 R 0.89
(cm) +1.93 x dominant arm MT + 0.87 x dominant thigh MT — 23.78 ’ ’
) FFM = (sex x 7.217) + (MT-TA x 1.985) + (MT-TP x 2.355) + (MT-
Takai etal., 2014 [21] FFM 5 LA x 3.633) + (MT-LP x 2.670) — 6.759 2.5 0.9 —
FFM = (sex x 5.233) + (MT x upper arm anterior
5 length x 0.006630) + (MT x thigh anterior 20 0.9 .
length x 0.05153) + (MT x thigh posterior ’ :
length x 0.05579) + (MT x lower leg posterior length x 0.07097) + 1.774
Yuguchi et al., 2022 [20] SMMI 3 SMI =1.27 x sex +0.18 x BMI + 0.09 x MT gastrocnemius (mm) + 1.3 — 0.8 0.80
Paris etal,, 2017 [38] AMM 7 ALM =2.929 + 1.555 x (five-site MT x height) — 1.985 x sex (male = 0; 16 o 091

female = 1) + 0.0247 x age

Note. ALM = Appendicular lean mass; MT-FA = forearm; MT-UA = upper-arm anterior; MT-LA = lower-leg
anterior; MT-TP = thigh posterior; MT-LP = lower-leg posterior; MT-TA = thigh anterior; FFM = Fat-free mass;
SMI = Skeletal muscle mass index; MT = Muscle thickness; BMI = Body mass index; Sex: 0 = female, 1 = male;
SEE = standard error of the estimate.

Abe et al. (2018) observed that muscle thickness, along with other variables such
as height, age, and sex, can be used with accuracy to estimate muscle mass in older
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Japanese adults. The linear models using muscle thickness at four sites (R2 =0.902, adjusted
R? = 0.899) and one site (R? = 0.868, adjusted R? = 0.866) demonstrated high accuracy and
stability in estimating appendicular lean mass minus appendicular fat-free adipose tissue.
Bootstrapping (n = 1000) indicated minimal optimism, with values of 0.0062 and 0.0036 for
the 4-site and 1-site models, respectively. In that study, 36% of men and 51% of women were
classified as having low muscle mass when using the four-parameter equation, indicating
that the majority of participants with low muscle mass were women. This finding may be
explained by the higher body fat content observed in women, considering that connective
and non-fat-free adipose tissues are associated with overall body fat [47].

These results highlight the need for population- and ethnicity-specific equations for
estimating muscle mass. The equations developed by Abe et al. (2015) [46] are recom-
mended for Caucasian populations, whereas those proposed by Abe et al. (2018) [47] are
more appropriate for the Asian population.

Barbosa-Silva et al. (2021) observed stronger correlations for muscle thickness in the
upper limbs compared to the lower limbs. The study involved 190 predominantly female,
White, middle-class participants. Two equally accurate equations were developed to esti-
mate appendicular muscle mass in Latin American adults. The most accurate appendicular
muscle mass prediction model included two body lengths (height and arm length), two
circumferences (dominant arm and thigh), and two ultrasound-based muscle thickness
measurements, yielding R? = 0.90 with limits of agreement of +2.36 kg. A simplified
model using only the two lengths and muscle thickness measurements showed comparable
performance (R? = 0.89; limits 4 2.51 kg). The simplified model may be more suitable for
bedridden individuals or those with clinical conditions (e.g., edema) that may compromise
the reliability of circumference-based measurements. Both models provided unbiased
appendicular muscle mass estimates that closely matched the DXA values (p = 0.13 and
0.09), and bootstrap analysis supported their validity. The limitations of this study include
the need for external validation of the proposed equations and limited generalizability
beyond the Latin American context. Although novel, the analysis of asymmetry may be
challenging to apply in routine practice [19].

Takai et al. (2014) found that combining muscle thickness with limb length or height
provides a stronger prediction of muscle mass than using muscle thickness alone. The first
Equation (R? = 0.9, SEE = 2.5 kg) and second Equation (R? = 0.9, SEE = 2.0 kg) accurately
estimated the free-fat mass. The predicted fat-free mass from both equations (44.4 + 8.9 kg
and 44.4 & 9.0 kg, respectively) showed no significant difference from the DXA-derived
values (44.4 + 9.2 kg) and exhibited no systematic bias. However, the absolute error
was significantly lower for the second Equation (1.5 £ 1.3 kg) than for the first Equation
(2.0 £ 1.5 kg). Another limitation noted by the authors was that the ultrasound device
used did not exclude intermuscular adipose and connective tissues within the muscle
compartment. According to the literature, aging is associated with increased intermuscular
fat within the muscle compartment, which may lead to an underestimation of actual muscle
size and influence the accuracy of predictive equations. If the accuracy of these equations
is affected by the extent of intermuscular fat, then prediction errors may be associated with
total body fat or age. However, in the present study, neither age nor total body fat was
significantly associated with discrepancies between the predicted and DXA-derived fat-free
mass values. Thus, for adults aged 50 to 70 years, the influence of age and fat on prediction
accuracy appears minimal, although further research is needed in populations with obesity
and a broader age range [21].

The equation developed by Yuguchi et al. (2022), which included three independent
variables (gastrocnemius muscle thickness, sex, and BMI), demonstrated a high predic-
tive accuracy. The prediction model for the skeletal muscle mass index showed a high
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explanatory power, with an adjusted R? of 0.80. The Durbin—Watson statistic was 1.65,
indicating no significant autocorrelation, and only one participant fell outside the +3 SD
range. The authors suggested that this equation could provide a non-invasive and simple
method for estimating muscle mass when more advanced methods, such as DXA, are not
available, particularly in individuals with limited mobility, metal implants, pacemakers, or
edema. The limitations of this study include the use of BIA as the reference method and
the assessments performed in the seated position, which may differ from the protocols
used in other studies. However, this equation has not yet been validated in patients with
sarcopenia or unstable clinical conditions, such as those with edema or those in intensive
care units. Therefore, further studies are essential to confirm its applicability in broader
clinical settings [20].

Paris et al. (2017) showed that including sex, age, and anterior arm muscle thickness
improved the four-site muscle thickness protocol used to estimate the appendicular muscle
mass. The four-site protocol showed a strong association with appendicular lean mass
(R? = 0.72), although Bland-Altman analysis revealed wide limits of agreement (4-5.67 kg).
The addition of anterior upper arm muscle thickness, age, and sex improved the model
(R? = 0.91) and reduced the limits of agreement (+3.18 kg). The optimized model effectively
identified low lean mass with an AUC of 0.89. Their equation demonstrated a strong
capacity to identify individuals with low lean mass, allowing clinicians to stratify patients
by muscle condition (low, moderate, or high risk) at the bedside. However, the model
was only internally validated, which could introduce variability when applied to other
populations. Furthermore, none of the study participants were classified as underweight by
BMI, which limits generalizability to undernourished populations. Due to the sample size
and the use of only two evaluators for all analyses, caution is warranted when interpreting
the reliability data. Finally, since only biceps and quadriceps muscle thicknesses were used
in the protocol, muscle atrophy would only be detected in these regions. This is a limitation,
as muscle loss may not be uniformly distributed throughout the body [38].

All studies included in this review underscore the need for validation across different
age groups and ethnic populations to ensure the applicability of the proposed equations in
clinical practice settings.

3.3. Ultrasound for Body Fat Assessment in Older Adults

In addition to muscle mass, the assessment of body fat is of paramount importance
in older adults. However, studies evaluating body fat percentage () using ultrasound
remain scarce, and further research is needed to assess the applicability of this technique in
this population.

Some studies conducted on individuals of different age groups (young people and
adults) compared the reliability of DXA and ultrasound in estimating body fat. Chandler
etal. (2020) evaluated the reliability of B-mode ultrasound for estimating %BF by comparing
intra- and inter-rater measurements from two technicians in a sample of recreationally
active adults. The %BF was assessed at seven anatomical sites using modified skinfold-
based equations. The results demonstrated excellent intra-rater (ICC > 0.99) and inter-
rater reliability (ICC = 0.983), with no significant differences within or between raters
(p > 0.10). Notably, the inter-rater agreement was stronger in females (ICC = 0.992) than
in males (ICC = 0.867), with significant discrepancies observed at individual sites among
male participants (p < 0.05). These findings support the reproducibility of estimates via
ultrasound when standardized protocols are followed, although additional training focused
on body composition may further enhance consistency, particularly across sex-specific
anatomical regions [48].
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Buxadé et al. (2017) assessed the reliability and agreement between skinfold calipers
and A-mode ultrasound (Renco Lean-Meater Series 12) for measuring subcutaneous adi-
pose tissue in 84 adults. Skinfold measurements showed excellent intra- and inter-rater relia-
bility (ICC > 0.989), while ultrasound showed lower reproducibility (inter-rater ICC = 0.755).
Most anatomical sites showed significant differences between the methods (p < 0.001), with
weak agreement (Lin’s CCC = -0.009 to —0.646). Discrepancies increased with higher
subcutaneous adipose tissue values, especially in participants with greater adiposity. Corre-
lations were poor in certain regions, such as the biceps and abdomen. Regression analysis
showed limited explanatory power (adjusted R? = 0.62). Overall, the A-mode device is not
interchangeable with calipers [49].

Only one study was conducted exclusively on older adults using A-mode ultra-
sound [50]. The results of a study published by our research group using portable A-mode
ultrasound showed that subcutaneous fat thickness had excellent intra- and inter-rater
reliability, with ICCs above 0.90. The lowest reliability was observed for deep abdominal
fat, with ICCs of 0.90 and 0.87 for evaluators 1 and 2, respectively, and 0.85 in the inter-rater
analysis. Muscle thickness measurements of the triceps, biceps, anterior thigh, and calf
demonstrated moderate to good reliability, with ICCs ranging from 0.50 to 0.90. This
raises concerns about relying exclusively on A-mode ultrasound to assess muscle mass and
diagnose sarcopenia in older adults [50].

Table 3 presents the methodologies of studies that developed predictive equations for
estimating %BF using B-mode ultrasound.

Table 3. Methodological characteristics of studies that developed predictive equations for estimating
body fat percentage (%BF) using B-mode ultrasound.

Reference

Author (Year) Ultrasound Type Method Sample Size Population Ethnicity Sex Age (Years)
M:
Gomez-Perez B-mode (L12-4, . Healthy adults . .
etal., 2021 [23] Philips Ultrasound) DXA Development: 104 and older adults Caucasian M&E 61594 671i i6 gng
Thiebaud etal., B-mode (Aloka Development: Healthy adults .
2019 [51] SSD-500) DXA 276/Cross-validation: 138 and older adults Asian M&F 50-79
Note. DXA = Dual-energy X-ray absorptiometry; M = male; F = female.
Table 4 presents the predictive equations developed to estimate %BE.
Table 4. Predictive equations were developed to estimate body fat percentage (%BF) using B-mode
ultrasound.
Author (Year) Equation Outcome No. of Parameters Equation SEE (%) R? Adjusted R?
Gom%'zlie[rzef]“ al, %BF 2 For men: 6.19 + (0.59 x BMI) + (3.26 x ASFT) 2.0 08 0.79
2 For women: 19.16 + (0.74 x BMI) + (0.50 x ASFT) 1.9 0.7 0.71

Thiebaud et al., 2019
[51]

%BF

%BF =15.709 + (1.753 x anterior trunk
SFT) + (5.626 x sex [1=M; 2 =F]) + (3.635 x posterior
7 upper arm SFT) — (4.428 x anterior lower leg 3.3 0.8 0.80
SFT) — (0.170 x height) + (0.264 x WC) + (2.241 x an-
terior thigh SFT)

Note. %BF = Body fat percentage; SFT = subcutaneous fat thickness; ASFT = Abdominal subcutaneous fat
thickness; WC = Waist circumference; BMI = Body mass index; Sex: 1 = male; 2 = female.

Gomez-Perez et al. (2021) found that ultrasound-assessed subcutaneous adipose tissue
showed strong correlations with total fat mass (females: r = 0.74; males: r = 0.87) and trunk
fat mass (females: r = 0.81; males: r = 0.83). Superficial and deep subcutaneous adipose
tissues were also significantly correlated (females: r = 0.65 and 0.66; males: r = 0.63 and
0.85; all p < 0.0001). Bland—-Altman analysis indicated a strong agreement for total and
trunk fat mass in both sexes. While estimates showed acceptable agreement in males, a
significant proportional bias was observed in females, with a negative slope indicating
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underestimation (r = -0.298, p = 0.0177). The limitations of this study include the lack of
external validation in a separate cohort, meaning that the results should be interpreted as
preliminary and hypothesis-generating. The authors reported that they were conducting
a validation study for the proposed equations. Additionally, the abdominal ultrasound
marker used at the umbilicus may be unreliable in individuals with obesity; this limitation
was evidenced by the exclusion of two participants from the analysis. Most participants in
the study were older women (61%) with obesity (50%) drawn from two major U.S. ethnic
groups. Therefore, the generalizability of these equations to other populations remains
uncertain. The study also did not provide age-specific data beyond the mean age and did
not distinguish between adults and older adults in the analysis [23].

Thiebaud et al. (2019) observed that ultrasound may be used to estimate %BF through
subcutaneous fat thickness measurements in middle-aged and older adults. However,
they noted significant individual variability between the predicted and DXA-derived %BF
values, with evidence of systematic error. Prediction equations for the arm and leg fat mass
yielded R? values between 0.690 and 0.812, with SEEs ranging from 0.29 to 0.75 kg. Al-
though the mean bias for estimation was minimal (-0.14%), wide limits of agreement
(-8.0 to —7.7%) and significant systematic errors were observed across all equations
(r = 0.275 to 0.515, p < 0.05). Therefore, caution is recommended when applying these
equations to different populations. The authors also noted that it was unclear which
variables (anthropometric or ultrasound-based) contributed most significantly to the pre-
diction models, but gradual linear regression was considered appropriate for their analysis.
Circumferences of the arm and thigh were not included, although they could potentially
improve fat estimates in these regions. Future studies should explore the potential of
ultrasound for estimating android and gynoid fat depots [51].

Importantly, all studies included in this review were conducted on ethnically distinct
populations. Ethnicity has been shown to influence body composition [52,53], and in
Brazil, where the population is highly mixed [54], locally conducted studies are needed to
ensure applicability.

Table 5 highlights the advantages and disadvantages of the various equations from
our perspective.

Table 5. Advantages and disadvantages of various equations from our perspective.

Study (Year) Advantages Disadvantages
Abe et al. (2015) [46] High correlation with DXA; non-invasive. Limited ethnic diversity.
Abe et al. (2018) [47] High correlation with DXA; non-invasive. Limited ethnic diversity.

Barbosa-Silva et al. (2021) [19]
Takai et al. (2014) [21]

Paris et al. (2017) [38]
Yuguchi et al. (2022) [20]
Thiebaud et al. (2019) [51]
Gomez-Perez et al. (2021) [23]

US measurements were collected and evaluated by a
single evaluator.

Individuals with a BMI below 30 kg/m? participated.
Studies on people with obesity are needed.
Applicability is limited for people with low lean mass;
two fixed raters to carry out the analyses.

Quick estimate of skeletal muscle index. Population-specific; lacks DXA comparison.
Plos limits of agreement between the equations and
DXA may not be accurate in a clinical setting.

Good agreement; suitable for bedside use. %BF: Women had a high degree of bias.

Simple, practical equation.

Easy to apply.

Clinically viable.

Direct fat measurement; non-invasive.

Note. DXA, Dual-energy X-ray absorptiometry; BMI, body mass index; %BF = body fat percentage.

To successfully integrate ultrasound into clinical practice for assessing body composi-
tion in older adults, appropriate training and contextual application are essential. Clinicians
should receive structured training focused on anatomical landmark identification, probe
positioning, and standardized measurement techniques [55,56].
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4. Conclusions and Future Directions

This narrative review concludes that no studies have used A-mode ultrasound de-
vices to estimate body composition in older adults. Furthermore, there are currently no
established cut-off points in the literature to define low muscle mass or high body fat
percentage using B-mode ultrasound measurements in older individuals of diverse eth-
nic backgrounds. Therefore, further studies are necessary to clarify the applicability of
ultrasound and the types of equipment used for body composition assessment. At this
time, A-mode ultrasound data may serve primarily for monitoring purposes but not for
diagnostic use.

Additionally, standardized protocols for body composition assessment using ultra-
sound are lacking. The measurement accuracy is sensitive to subcutaneous fat thickness,
probe angle, and tissue compression. Ultrasound equipment is still predominantly used in
hospital settings [16], and image interpretation requires prior training and practice.

The characteristics of each type of equipment should be carefully considered when
selecting tools for body composition assessment, including size, cost, portability, frequency
(MHz), usability, need for technical training, and whether the device has been validated as
a body-composition assessment tool. Higher-frequency transducers provide better image
resolution [57]. All the studies reviewed demonstrated that using and interpreting images
from B-mode ultrasound requires training and a certain level of expertise. Notably, none
of these studies examined A-mode devices, which have very different features from the
B-mode and should not be considered equivalent.

Moreover, it is crucial to exercise caution when selecting equations for estimating body
composition using ultrasound in clinical practice. Various factors discussed throughout this
review—such as the target population, age group, and ethnicity—must be considered. It is
well-established that sociodemographic and anthropometric characteristics can influence
muscle mass [58] and body fat values.

The applicability of ultrasound-derived equations for estimating body composition
in older adults remains limited due to variability in protocols, measurement sites, and
population characteristics. While some equations show strong correlations with DXA, their
validity across diverse geriatric populations and clinical settings is not yet well established,
underscoring the need for broader cross-validation [59].

Cross-validation of ultrasound-based equations for estimating body composition is
essential to ensure external validity and applicability across diverse older populations.
Many models are developed in specific populations, often homogeneous in age, sex, or
ethnicity, which limits their generalizability. Without cross-validation, there is an increased
risk of overfitting, where models perform well in the original dataset but poorly in indepen-
dent clinical datasets. Furthermore, the lack of robust external validation may compromise
the clinical decision-making process. Evaluating models across different functional, nutri-
tional, and health statuses enhances generalizability and clinical relevance. Thus, future
research should prioritize testing existing equations in independent samples to strengthen
the evidence for the use of ultrasound in routine assessments [23].

Ultrasound-based equations for estimating body composition can help support the
early identification and monitoring of age-related conditions, such as sarcopenia, enabling
personalized nutritional and fitness interventions.

The practical implementation of ultrasound in geriatric care extends beyond its techni-
cal validity and requires consideration of real-world barriers and facilitators. A primary
limitation is the need for adequate training to ensure standardized image acquisition and
interpretation by providers. However, its portability, safety due to non-ionizing radiation,
and relatively low cost compared to reference methods such as DXA make ultrasound
a promising tool for routine use in bedside and community-based assessments. These
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characteristics position ultrasound as a feasible and scalable option for geriatric health
services, especially in low-resource or decentralized healthcare settings.
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