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Muscle ultrasound is a valuable non-invasive and cost-effective method in
assessing muscle mass and structure, both of which are significant indicators for
the development of sarcopenia and frailty in elderly individuals. Sarcopenia refers
to the loss of muscle mass and strength that occurs with age, whereas frailty
is a complex geriatric syndrome characterized by reduced physical function
and an increased susceptibility to negative health outcomes. Both conditions
are prevalent in older adults and are associated with higher risks of falls,
disability, and mortality. By measuring muscle size and structure and several
other ultrasound parameters, including muscle thickness, cross-sectional area,
echogenicity (brightness in the ultrasound image), pennation angle, and fascicle
length ultrasound can assist in identifying sarcopenia and frailty in older adults.
In addition, ultrasound can be used to evaluate muscle function such as muscle
contraction and stiffness, which may also be affected in sarcopenia and frailty.
Therefore, muscle ultrasound could lead to better identification and tracking of
sarcopenia and frailty. Such advancements could result in the implementation of
earlier interventions to prevent or treat these conditions, resulting in an overall
improvement in the health and quality of life of the elderly population. This
narrative review describes the benefits and challenges when using ultra-sound
for the evaluation of frailty and sarcopenia.
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Introduction

As people age, they are more prone to developing frailty (1, 2) and sarcopenia (3,
4). Frailty describes a condition of increased vulnerability to adverse health outcomes
mainly due to age-associated decreased physical functions (5). Sarcopenia describes a
reduction of strength and the loss of muscle mass with increasing age (6). Both can have
a significant impact on an individual’s health and quality of life and commonly, they have
been assessed through physical examination, anthropometric measures, and questionnaires
(7). To effectively assess and treat frailty and sarcopenia, medical professionals must
have an accurate and reliable way to measure them. Muscle ultrasound is a promising
tool for this issue.

Muscle ultrasound is a patient-friendly, widely available, relatively inexpensive, fast and
non-invasive imaging technique to create images of the body’s muscles (8). It can be used to
measure muscle size and thickness as well as detect changes in muscle structure. Keeping
track of body fat is an integral part of assessing nutrition and gauging any muscle loss.
The repercussions of diminished muscle mass and functions have been brought into light
in both short-term and long-term health issues. The validity and reliability of ultrasound
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has been subject of a recent systematic review (9), and ultrasound
parameters have been shown to correlate well with other reference
measures of muscle mass and various clinical outcomes (9, 10).

By using ultrasound to detect muscle loss and frailty in older
adults, clinicians can identify patients at risk for complications
or worsening health and provide appropriate prophylactic
interventions before it is too late. Ultrasound can also be used to
monitor changes in muscle status over time so that interventions
can be monitored and adjusted accordingly. Further ultrasound
is an easy available method to screen patients for underlying
focal pathology concerning muscle damage, e.g., polyneuropathy,
radiculopathy and focal myopathy.

This narrative review will discuss the use of muscle ultrasound
in assessing sarcopenia and frailty, as well as highlights the benefits
of using this technology for geriatric patients.

Frailty

Frailty is an important geriatric syndrome (11-15). It is
characterized by decreased physical function, reduced resilience,
and increased vulnerability to adverse health out-comes (16).
This complex geriatric syndrome is characterized by a decline
in multiple physiological systems, including decreased muscle
mass and strength, reduced energy levels, and decreased physical
activity levels. This can lead to an increased risk of falls, fractures,
and hospitalizations as well as to an increased risk of mortality.
Frailty can be assessed by a variety of methods, including physical
performance tests, laboratory tests, and questionnaires (7).

There are several definitions of frailty, including:

e The Fried phenotype (17): This definition of frailty is based on
the criteria developed by Fried et al. in 2001. According to the
cardiovascular health study (CHS) definition (18), the criteria
include weakness, exhaustion, low physical activity, slow gait
speed, and unintended weight loss.

e The Rockwood clinical frailty scale (RCES) (19): This
definition understands frailty as an accumulation of deficits. In
aso-called frailty index, a large number of geriatric syndromes,
functional limitations and social deficits are recorded and
combined in a score. The Rockwood Frailty Index is therefore
much more comprehensive than the Fried criteria.

As the elderly population grows, frailty has become a more
common occurrence and can have a major influence on peoples’
quality of living. However, it can be challenging to accurately
calculate its prevalence due to the variety of methods to measure
frailty. To address this problem, Collard et al. (20) conducted a
comprehensive review and meta-analysis of 21 studies to estimate
the prevalence of frailty. The findings from the study revealed that
the prevalence of frailty varied from 4.0 to 59.1%, with women
having a higher rate than men. The prevalence reached its peak
among those aged 85 years or older. These results are in line with
those from the Survey of Health, Aging and Retirement in Europe
(SHARE) project (21). As a result, early detection of frailty is critical
for the timely start of preventive and curative procedures intended
to decrease the load of geriatric syndromes and promoting healthy
aging (1, 3, 16, 20, 22).
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Regardless of the definition used, frailty is considered to be
a complex geriatric syndrome that is associated with changes
of muscular strength and function. This links frailty to another
geriatric syndrome, i.e., sarcopenia.

Sarcopenia

Sarcopenia is the age-related loss of muscle mass and strength
with increasing prevalence in older adults (3, 23). This condition
is a significant contributor to frailty and is associated with
decreased physical function, increased risk of falls, and increased
mortality. It is commonly associated with malnutrition. Numerous
studies have indicated that sarcopenia is an independent predictor
of poor clinical outcomes, including elevated risk of post-
operative complications, falls, fractures, prolonged hospital stays,
morbidity, and mortality (24-29). The prognosis of individuals
with fractures or undergoing organ transplantation and major
surgical interventions is worse if they are sarcopenic, which
underlines the importance of assessing muscle and nutritional
status to develop tailored and effective treatment strategies (28).
A growing challenge in geriatric care is the increasing prevalence of
sarcopenic obesity, because it is associated with greater disability,
morbidity, and mortality than the two entities (obesity and
sarcopenia) considered separately (29). It seems that muscle
ultrasound is also a feasible and valuable tool to detect sarcopenic
obesity, however, more research is needed for this topic (30, 31).

In general, the diagnosis of sarcopenia must include the
evaluation of both muscle mass and muscle function (32).
Accordingly, the European Working Group on Sarcopenia in Older
People (EWGSOP2) criteria for sarcopenia are: low muscle mass,
reduced muscle strength, and reduced physical performance (3,
10). To evaluate muscle mass, several methods, like dual x-ray
absorptiometry (DXA), bioelectrical impedance analysis (BIA),
computerized tomography (CT), and magnetic resonance imaging
(MRI) are available. Additionally to the typical issues of reliability
and validity, many of these methods used to measure muscle
mass have significant shortcomings that make them inadequate
for frequent use in elderly and frail individuals. Hence, the
EWGSOP acknowledges the advantages of muscle sonography
in diagnosing sarcopenia (3, 33), and suggests that it should be
used in conjunction with other clinical tests such as assessing
muscle strength and physical capability to provide a comprehensive
understanding of muscle health in elderly.

Muscle ultrasound

Muscle ultrasound is a non-invasive, widely available,
inexpensive, and painless method to image the muscle. It is a
valuable tool to assess muscle status in a variety of neuromuscular
diseases (8, 34-36). Muscle ultrasound can assess different
parameters of the muscle (37, 38): Muscle volume can be
estimated by measuring longitudinal or oblique diameters or
muscular cross-sectional area (CSA). Muscles can be normal,
atrophic, or hypertrophic. As individual preconditions are quite
heterogeneous, muscle volume estimates are mainly reliable in
longitudinal examinations.
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Muscle structure is mainly represented by the echogenicity of
the muscle. The normal muscle structure shows low echogenicity.
Fibroadipose septae and perimysium have a high echogenicity.
The muscle is surrounded by echo-intense epimysium. In cross
section, the normal muscle shows a starry night appearance with
small echogenic dots and dashes. In longitudinal section, the
muscle shows parallel echogenic lines along the longitudinal axis
like a herringbone pattern. Muscle echogenicity depends on the
contingent of connective tissue, the orientation of muscle fibers,
the subcutaneous fat, age, and sex. Echogenicity can be measured
semi-quantitatively using the Heckmatt score (39) or quantitatively
using gray scale analysis (40).

Dynamic muscle ultrasound can image muscle contractions
or spontaneous activity such as fasciculations. Doppler imaging
helps to evaluate muscle vascularization. Individual parameters as
sex, body mass index, height and weight might influence these
measurements and must be borne in mind when interpreting
muscle ultrasound.

With special focus on the elderly population muscle ultrasound
has been mainly used to asses muscle mass. Ultrasound is a reliable
and valid tool for the assessment of muscle size in older adults,
including those with comorbid conditions (10). Ultrasound was
shown to have good validity to estimate muscle mass as compared
to DXA, MRI and CT (3, 41-48).

Recent studies have suggested that muscle ultrasound is most
suitable to reliably assess muscle wasting in older people (49).
Muscle ultrasound is particularly effective for measuring muscle
size in different body parts, with the quadriceps femoris muscle
(MQ) being one of the most reliable muscle groups to evaluate (50,
51). Moreover, it has been found to be useful in assessing muscle
hypertrophy and atrophy by providing a direct insight into muscle
size (52).

In the context of geriatric individuals, muscle ultrasound serves
as a valuable means of evaluating muscle mass and structure.
Additionally, it may offer insights into muscle function to some
extent. Studies have revealed that the muscle power of the elderly is
linked to the thickness of the vastus medialis (53), as well as to the
echogenicity of the rectus femoris muscle measured by the mean
value of pixel intensities (54, 55). Furthermore, parameters such as
the pennation angle and muscle fascicle length, as evaluated while
at rest or when contracted, are significantly associated with half of
the decline in maximum force and shortening velocity of muscle
fibers associated with sarcopenia (55).

Assessment of sarcopenia by means
of muscle ultrasound

Several studies have provided evidence that muscle ultrasound
may be a valuable tool to reliably and validly assess sarcopenia (56—
58). This technique can be utilized to quantify muscle size and
structure, aiding in the detection of muscle wasting. Furthermore,
it can be used to check muscle strength and contractility, which can
be a sign of sarcopenia.

In order to perform comprehensive and comparative
studies, it is essential to standardize the techniques and
first SARCUS
(SARCopenia through UltraSound) publication regarding the

metrics utilized. This was achieved with the
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standardization of ultrasound muscle evaluation (58), which
suggested consensus-based anatomical landmarks and features.
Moreover, an instructional video (59) illustrated the five main
parameters to be collected: muscle thickness, pennation angle,
fascicle length, echo-intensity, and CSA. The second SARCUS
article presented updated recommendations and provided
additional anatomical landmarks and measuring points for more
muscles (56). While numerous studies have been conducted on
large muscle groups (e.g., quadriceps muscle), even smaller muscles
may have outstanding importance as these have specific functions
(e.g., the pharyngeal muscles or the diaphragm). The updated
SARCUS review found that different approaches for ultrasound
assessment exist for 39 muscles, which can influence the values
measured (56). Sonographic parameters are shown in Table 1. It
also amended the previous recommendations with four additional
parameters for muscle assessment: muscle volume, muscle stiffness,
contraction potential, and microcirculation (56).

In particular, the value of muscle ultrasound to detect muscle
stiffness is interesting, although the effect of aging on muscular
stiffness is not fully clear (60). The interaction among the
components of muscle mass influences the overall muscle stiffness,
which is the range between maximal possible muscle distension
and compaction (61). This is influenced by connective tissues
like collagen in the extracellular matrix, giving rise to passive
and active tension (62). Shear wave elastography (SWE) can
evaluate the stiffness of the tissue quantitatively and non-invasively.
Consequently, shear wave velocity was studied in the quadriceps
muscles, hamstrings and biceps brachii muscles of volunteers of
different age groups (26 young, 21 middle-aged and 30 elderly)
(63). It was shown that total resting muscle shear wave velocity
slowly decreased with age but a statistically significant reduction
was only demonstrated in the elderly group. Muscle stiffness was
16.5% lower in the elderly group than in the young aged group,
suggesting that SWE-measured muscle stiffness may be associated
to muscle weakness.

However, several challenges remain when using ultrasound for
detection of sarcopenia (82). It may not be possible to measure all
ultrasonographic parameters in certain muscles or muscle groups,
such as the diaphragm, where it is not possible to calculate the
cross-sectional area. This is a limitation that cannot be addressed,
and further research is needed to determine which components
are the most significant. It is also critical to take gender-specific
adjustments for regional muscle measurements into account when
dealing with sarcopenia. The diagnostic work-up using ultrasound
has to be limited to few skeletal muscles, and, thus, the most
relevant muscles should be considered in sarcopenia (83).

Sarcopenia may  impair  different groups
heterogeneously since postural muscles are more affected than
the nonpostural muscles (84, 85). Certain muscles, such as those
in the anterior thigh and abdomen, tend to experience earlier

muscle

atrophy than others (86). This means that in the early stages of
sarcopenia, muscle loss in the lower body may be the first to occur
(86). In particular, the anterior thigh muscles play an important
role in daily life activities like standing, transferring, and climbing
stairs. For this reason, it is necessary not only to evaluate general
muscle loss, but also to evaluate the focused loss of muscle mass
in localized areas most sensitive for sarcopenia in order to make
an early and accurate diagnosis (87, 88). Thus, assessing the total
muscle mass alone may not be efficient to diagnose sarcopenia, as
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TABLE 1 Sonographic parameters to assess muscle status in older patients.

10.3389/fmed.2024.1333205

Parameter Definition (56) Site of assessment (62) References
Muscle thickness Distance between deep and superficial aponeurosis Every muscular compartment (most studies performed (41, 42, 64)
(MT) on quadriceps femoris)
Cross-sectional Anatomical cross-sectional area (ACSA) was defined as the CSA of a ACSA: Lower limb muscular compartments (mostly (65, 66)
area (CSA) muscle perpendicular to its longitudinal axis. Physiological rectus femoris muscle)
cross-sectional area (PCSA) was defined as the CSA of a muscle PCSA: Quadriceps femoris
perpendicular to its fibers.
Pennation angle Angle of insertion of muscle fiber fascicles into the deep Pennate muscles of the lower limb (mostly (56, 67)
(PA) aponeurosis. It is closely related to the force-generating capacity of gastrocnemius medialis)
the muscle
Echo intensity (EI) Brightness of the image acquired through ultrasound. It is expressed | Every muscular compartment (mostly quadriceps (42, 68-75)
in gray scales (0-255). femoris)
Fascicle length (Lf) Length of the fascicular path between the insertions of the fascicle - (68, 76-79)
into the superficial and deep aponeuroses. Also formulas exist to
calculate fascicle length (67, 76).
Muscle volume MV = 0.3xMT+30.5%LL, with MV = muscle volume, MT = muscle - (79)
(MV) thickness and LL = limb length
Muscle contraction Correlating the CSA in rest to the CSA in maximal contraction - (80, 81)

normal or even higher muscle mass in the upper body can obscure
the evaluation (89).

Finally, to date there are no established thresholds for
ultrasound parameters to define low muscle mass or sarcopenia
(90). A few studies proposed criteria to diagnose sarcopenia (91,
92); however, these need replication and validation in future
studies. For instance, Minetto et al. (92) defined normative values
of muscle thickness for the rectus femoris muscle (20 mm in men
and 16 mm in women), the vastus lateralis (17 mm in men and 15
mm in women), and for the medial gastrocnemius muscle (13 mm
in both men and women) (92).

Several investigations have revealed that specific ultrasound
measurements of muscle tissue such muscle thickness and cross-
sectional area can effectively identify sarcopenia in elderly people.
Several smaller studies focused on distinct muscles and conditions,
with the rectus femoris or anterior thigh muscles being the muscles
studied most often (93-97). Matsuzawa et al. (97) conducted
a study on hemodialysis patients and observed a considerable
capacity of ultrasound to detect patients with an increased risk
for sarcopenia (97). By using bioelectrical impedance analysis
as reference method to evaluate muscle mass, they concluded
that ultrasound-derived rectus femoris cross-sectional area was
significantly correlated with muscle mass parameters and knee
extensor muscle strength.

Tada et al. (98) proposed cut-off values for anterior thigh
ultrasound examinations to distinguish between sarcopenia and
obesity in patients with rheumatoid arthritis (98). Rustani et al.
(99) provided cut-off values in geriatric outpatients and put
forward rectus femoris muscle thickness as a suitable metric for
sarcopenia screening. Yuguchi et al. (100) proposed a cut-off value
of 11.6 mm for gastrocnemius muscle thickness (sensitivity, 0.83;
specificity, 0.73) in elderly healthy Japanese based on the low
skeletal muscle index derived from bioelectrical impedance analysis
without distinguishing between sexes.

Hida et al. (101) conducted research on 201 individuals
undergoing annual health screenings, relying mainly on BIA to
measure muscle mass. The authors suggested distinct cut-off values
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for thigh muscle thickness (rectus femoris muscle and vastus
intermedius muscle) for both sexes.

Sengul Aycicek et al. (102) provided normative values for the
thickness the gastrocnemius muscle to likely identify sarcopenia
in geriatric outpatients. The best cut-off value was defined to be
< 12.3 mm in women and < 12.3 mm in men (102). In addition,
it was demonstrated recently that the thickness of gastrocnemius,
rectus femoris, and rectus abdominis muscles, as well as the CSA of
rectus femoris are suitable to accurately predict sarcopenia (103).
The suggested cut-off values were 13.9/13.8 mm (AUC: 0.817/0.707
mm) for the gastrocnemius muscle, 13/15.5 mm (AUC: 0.760/0.736
mm) for the rectus femoris muscle, and rectus abdominis muscle
thickness {6.6/7.0 mm (AUC: 0.740/0.688 mm), and 4.3/5.2 cm?
(AUC: 0.766/0.773 cm?) for the rectus femoris CSA [for women
and for men, respectively (103)]}.

A study conducted by Ata et al. (87) on 145 healthy individuals
demonstrated that abdominal and thigh muscles were thinner in
the age group > 50 years, while the triceps muscle was thicker.
Therefore, it was concluded that the anterior thigh and abdominal
muscles were more susceptible to the effects of aging, while the
upper extremity muscles were less affected (85).

Variations in muscle measurements for a particular individual
may be determined by various factors such as age, gender,
weight, and height. Consequently, it is necessary to take
adjusted regional muscle measurements into account. For this
purpose, the size of the thigh muscles has been related to
body weight and height. Furthermore, sarcopenia could be
identified by the ratio of thigh muscle cross-sectional area to
body weight falling below two standard deviations of the young
population (104).

Recently, the Society of Physical and Rehabilitation Medicine
special interest group on sarcopenia (ISarcoPRM) has adopted the
measurement of quadriceps muscle thickness as a diagnostic
criterion for assessing low muscular mass (105). It was
recommended to adjust muscle ultrasound thickness of the
anterior thigh muscles for body mass index for the diagnosis of
sarcopenia. Thus, the sonographic thigh adjustment ratio (STAR)
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was computed by dividing anterior thigh muscle thickness by
body mass index. Kara et al. (88) defined sonographic thigh
adjustment ratio cut-off values of 1.4 for males and 1.0 for females,
which is two standard deviations below the mean values of
healthy young adults. STAR values were negatively correlated
with the Chair Stand Test and the Timed Up and Go Test in both
sexes (88).

The ultrasound studies related to sarcopenia as discussed above
are summarized in Supplementary Table 2.

Muscle ultrasound used for
assessment of frailty

To a less extent, muscle ultrasound has also been used to
assess frailty. One study examined the association between a Point-
of-Care ultrasonic (PoCUS) measure of muscle thickness and
commonly used frailty measures in 177 older adults (age > 65)
(106). The results showed a weak inverse correlation between
muscle thickness and the cardiovascular health study index, while
no association was found between muscle thickness and the
Rockwood clinical frailty scale. Therefore, screening for frailty by
means of one single ultrasonic measure have to be done with
caution (106).

Another study included 49 elderly people who were referred to
an emergency medical service (107). Thigh muscle thickness was
related to thigh length (U/Sypele/1 index) and the Canadian Study
of Healthy Aging Clinical Frailty Scale was used to evaluate frailty
status. Here, increasing frailty score correlated with decreasing
U/Syhole/1, index for the whole muscle, and its two components—the
rectus femoris and the vastus intermedius muscle as well. Although
the explained variance of frailty ranged between 0.1 and 0.13 only,
this suggests that frailty increases with the reduction of the thigh
muscle mass of the patient (107).

Another smaller study compared preoperative ultrasound
and CT-derived muscle measurements in people with frailty (18
patients) and without frailty (14 patients and 20 healthy volunteers)
(108). Prior to surgery, ultrasound was used to measure the
quadriceps and rectus femoris thickness, CT scans were used
to measure psoas muscle cross-sectional area, and the Fried
phenotype assessment was used to determine frailty. Results
from receiver operating characteristic curve analysis revealed that
sonographic quadriceps muscle thickness and CT-based psoas
muscle CSA may be suitable to identify frailty (AUC, 0.80 [95% CI,
0.64 to 0.97] and 0.88 [95% CI, 0.76 to 1.00]), respectively.

Shah et al. (109) compared ultrasound muscle measurements
with the FRAIL scale in 65 older adult trauma patients (65 years
or older) in the emergency department with 15 patients who were
considered frail based on the FRAIL scale. The ultrasound of
the biceps and quadriceps muscles showed moderate agreement
(diagnostic accuracy of 0.75) when compared to the reference
standard (109).

Another study was conducted in 223 haemodialysis patients
to study the association between ultrasound-derived bilateral
anterior thigh thickness (BATT), sarcopenia, and frailty by utilizing
common frailty tools such as the Frailty Phenotype, Frailty Index,
Edmonton Frailty, and Clinical Frailty Scale (110). Ultrasound
measurements of quadriceps muscle thickness were found to
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be variably associated with frailty depending on the frailty tool
used (110).

Finally, a smaller study of 43 older adults (mean age of 78.5)
could not find statistically significant differences of the ultrasound
readings of upper arm muscles, quadriceps muscles, and abdominal
wall muscles thickness between frail and non-frail subjects (111).
However, in frail individuals a larger asymmetry of the biceps
muscles was found, and a logistic regression model using the
average quadriceps muscle thickness and biceps brachii muscle
asymmetry could accurately identify frail patients (AUC of 0.816)
indicating a mild to moderate association with frailty (111).

Supplementary Table 2 summarizes the ultrasound studies
related to frailty, which were discussed here.

Discussion and conclusion

Muscle ultrasound is an effective method for assessing
sarcopenia. A recent meta-analysis (112) of diagnostic test accuracy
of the use of muscle ultrasound to diagnose sarcopenia showed
moderate diagnostic accuracy using muscle thickness of the
gastrocnemius, rectus femoris, tibialis anterior, soleus, rectus
abdominis and geniohyoid muscles, using the CSA of rectus
femoris, biceps brachii muscles and gastrocnemius fascicle length.
Many studies exist addressing the use of muscle ultrasound
in sarcopenia (see Supplementary Table 1). However, reference
standards, study populations, and ultrasound measurement
methods were heterogeneous across the studies which impede
the recommendation of a gold standard (113). Moreover, given
the fact that sarcopenia has a timely and anatomic distribution
(84-86) the sonographic evaluation of one target muscle should
not be sufficient to proper assess the whole situation. The
development of a compound muscle ultrasound score based on a
standardized evaluation of different muscle groups as it is already
established for peripheral nerve ultrasound (114) possibly would be
of additional use.

Although the number of studies is still quite low, growing
evidence suggests that ultrasound can also help to diagnose
frailty (see Supplementary Table 2). However, as discussed above
frailty is a complex geriatric syndrome, which is characterized
by a decline in multiple physiological systems. Thus, decreased
muscle mass and strength only partly contribute to frailty besides
reduced energy levels, decreased physical activity levels, and
others. Thus, evaluation of muscle status evaluated by means of
ultrasound can necessarily represent only a part of the situation.
Given the heterogeneous definitions and assessments of frailty
further research is necessary to determine the use of ultrasound
for its detection.

The advantage of muscle ultrasound is that it is a non-invasive,
safe, and painless procedure that can be used to measure muscle
size, shape, and composition easily and fast. These measurements
can help to identify a decline in muscle mass, strength, and size,
which can help medical professionals identify and treat geriatric
syndromes more effectively. Although reliability of intra-rater and
inter-rater reliability of muscle ultrasound is rather good (10),
individual variability in sonographic measurements may be due
to individual constitutional differences, age, gender, exercise and
training status, nutrition, and many others. Thus, interpretation of
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results may be hampered by multifactorial influencies, which may
make it difficult to define rigor cut-off values.

As the population continues to age, it is important to have
accurate and reliable methods for assessing geriatric syndromes.
Muscle ultrasound has the potential to identify frailty and
sarcopenia early and treat both more effectively. This is particularly
relevant for people who are unable to provide accurate medical
history (emergency rooms, people with dementia). Ultrasound can
help to quickly stratify geriatric patients prognostically in these
cases in a point of care setting.

No consensus has been reached yet with regard to which muscle
group should be measured, the specific probe site, or the criteria
for determining low muscle mass in frailty. The wide range of
approaches for measuring and analyzing muscle mass could have
an effect on future clinical and research use, so it is essential that
a standardized and straightforward technique have to be defined,
which is the major challenge in this field.
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