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Introduction

Sarcopenia, defined as the loss of muscle strength, 
muscle mass, and impaired physical performance, has 
been recognized as one of the major syndromes in geriatric 
patients1. Sarcopenia is associated with functional decline, 
falls and fractures, decreased quality of life, increased 
hospital admissions, and mortality2. It is also a central 
parameter of the frailty syndrome in geriatric patients, i.e. 
the combined loss of functional reserves across different 
domains (e.g. physical ability, cognition, and energy) with 
a negative impact on health status3,4. When screening for 
a decline in functional capacity as a measure of the level 
of dependence in daily activities several frailty scores may 
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Objectives: To prospectively evaluate the diagnostic accuracy of the sarcopenia echography (SARCHO) point-of-
care ultrasound protocol for diagnosing sarcopenia, in accordance with the European Working Group on Sarcopenia 
in Older People 2. Methods: This study was conducted as a single-center prospective, feasibility diagnostic accuracy 
study among referred patients for falls assessment. They underwent an assessment for sarcopenia according to 
the EWGSOP2 criteria. Participants were subjected to physical testing: 30-second chair stand test, short physical 
performance battery (SPPB), timed-up and go (TUG) test, and imaging procedures using DXA(gold standard) 
and SARCHO. Results: 24 participants (15 women) with a mean age of 81 (± 5.2) years were included. Nine 
participants were classified as sarcopenic by DXA and physical testing, whereas seven participants were classified 
as sarcopenic by SARCHO and physical testing, according to the EWGSOP2 criteria. SARCHO showed a diagnostic 
accuracy of 91.7% (95% CI: 81.9 - 97.2). When assessing the muscle architectural components, sarcopenic 
individuals showed lower muscle thickness, cross-sectional area, and pennation angle and a higher shear-wave 
kiloPascal value indicating higher degree of muscle stiffness. Conclusion: The SARCHO protocol is a promising 
point-of-care, bedside tool with high diagnostic accuracy, providing a valuable standardized and evidence-based 
approach for assessing sarcopenia.
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be used. Many of these evaluate muscle function either 
via muscle strength and gait speed and/or muscle mass 
via bioimpedance (BIA) or whole-body dual-energy X-ray 
absorptiometry emphasizing the importance of muscle 
function evaluation among geriatric patients5-7. 

The prevalence of sarcopenia differs across settings 
in older adults, with rates reported as high as 33% 
among nursing home residents and 26% among geriatric 
outpatients, using the lesser restrictive diagnostic criteria 
of 20108,9. A recent study from Ireland, using the updated 
diagnostic criteria from 2019 show a prevalence of 
approximately 20% of probable sarcopenia in community 
dwelling older citizens10. It is of major importance to secure 
standardized assessment and diagnosis of sarcopenia 
to be able to provide evidence-based treatments such as 
nutrition and physical therapy.

An updated standardization and recommendation of 
assessment of sarcopenia has been suggested in the latest 
revision of the definition of sarcopenia by the European 
Working Group on Sarcopenia in Older People (EWGSOP)2. 
The diagnosis of sarcopenia is based on muscle quantity 
(muscle mass) and muscle quality (strength and endurance), 
while the severity of sarcopenia is based on physical 
performance2. Muscle quantity is typically assessed 
using the gold standard whole-body dual-energy X-ray 
absorptiometry (DXA) scan, , with an established threshold 
for low appendicular skeletal muscle mass (ASM) of <20 kg 
for men and <15 kg for women2. However, assessment of 
muscle quality remains an area for debate since no current 
standardization nor consensus exist. Hence, no technical 
recommendation either in research nor in clinical practice 
on which part of the muscle architecture that can be proven 
valid for measurements and representation of muscle 
quality11. 

The use of echography – also known as ultrasound – is 
an evolving area within imaging of the muscles and has 
several advantages compared to DXA, CT-, or MR scans. It 
is a non-invasive method without any radiation exposure, 
which can be carried out bedside using handheld equipment. 
Furthermore, it can validly measure muscle quantity like 
whole-body DXA12-14 and, in contrast to whole-body DXA, it 
can also be used to assess muscle quality by examining the 
elements of muscle architecture (e.g. pennation angle and 
fascicle length)15,16. With the formation of the Sarcopenia 
Assessment Through Ultrasound (SARCUS) project17, 
great efforts have been made to standardize quantitative 
and qualitative ultrasound measurements for muscle 
assessment. Recently, an important tool for assessing 
muscle quality by ultrasound, shear-wave elastography18, 
has emerged. This technology is now incorporated in many 
ultrasound scanners and can be carried out as part of 2-D 
real time B-mode ultrasound18. Ultrasound can therefore 
be used to assess both muscle mass and muscle quality, 
i.e., sarcopenia.

As of today, no collective point-of-care protocol for 

examining muscle quantity and quality exists. Thus, there 
is an urgent need for investigating potential point-of-
care image modalities for evaluating muscle quantity and 
quality in the assessment of sarcopenia. Therefore, the 
aim of this study was to compare the diagnostic accuracy 
of the sarcopenia echo (SARCHO) point-of-care ultrasound 
protocol with whole-body DXA scans for diagnosing 
sarcopenia, based on the EWGSOP2 criteria on image 
modality, in a cohort of geriatric outpatients referred to a 
falls clinic, in a feasibility manner.

Methods
Study designStudy design

This study was carried out as a single-center prospective 
diagnostic accuracy study performed in a feasibility manner.

SettingSetting

Participants were recruited among patients referred to 
the outpatient falls clinic of the Department of Geriatric 
Medicine, Odense University Hospital (OUH)-Svendborg, 
Denmark. The study was conducted by a physician in 
geriatric medicine, who has formal education and expertise 
in the use of point-of-care ultrasound. Physical tests were 
carried out by experienced physiotherapists with knowledge 
of geriatric syndromes, e.g. functional decline, fall, postural 
instability, and impaired gait. 

OutcomesOutcomes

The primary outcome was to compare the diagnostic 
accuracy of the SARCHO point-of-care ultrasound protocol 
for diagnosing sarcopenia, according to the EWGSOP2 
criteria against whole-body DXA-scan in a cohort of falls 
patients in a geriatric outpatient clinic.

The secondary outcome was to compare the elements 
of muscle architecture and physical performance between 
participants with and without sarcopenia.

Elements for muscle architecture were muscle thickness 
(MT), fascicle length (FL), pennation angle (PA), cross-
sectional area (CSA), fascicle length/muscle thickness 
ratio (FL/MT), quadriceps volume (QV) and shear wave 
elastography (SWE). Elements of physical performance 
were timed up and go (TUG), 30-second-Chair-Stand-Test 
and SPPB.

Study populationStudy population

Fallers (2 or more falls within the last year) ≥65 years 
of age with more than 2 diseases and categorized them 
as either sarcopenic or non-sarcopenic according to the 
following:

Sarcopenic participants

1) impaired chair stand test:
     i)>15 seconds for 5 repetitions2

2) �appendicular skeletal muscle mass (ASM) assessed 
by whole-body DXA scan <20 kg and <15 kg men and 
women, respectively. 
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3) �a score of <8 points in the short physical performance 
battery (SPPB). 
Conditions 1, 2, must apply for participants to be 

classified as sarcopenic. In addition, if condition 3 applies 
participants were categorized as severe sarcopenic. 

Non-sarcopenic controls: 

1) non-impaired chair stand test:
     i) ≤15 seconds for 5 repetitions2

Or
2) �ASM assessed by whole-body DXA scan >20 kg and >15 

kg men and women, respectively. 

In case participants had an abnormal score in SPPB and 
impaired chair stand test but a normal ASM in the whole-
body DXA-scan, they were included as controls, hence 
non-sarcopenic, as defined by the FACS-algorithm by the 
EWGSOP22.

Participants will have to undergo both ultrasound 
examination, physical testing and DXA scan in order to be 
included in this study.

Whole-body Dual-energy X-ray Absorptiometry (DXA) Whole-body Dual-energy X-ray Absorptiometry (DXA) 

Quantitative muscle measuresQuantitative muscle measures

The study participants underwent a whole body DXA 
scan to measure their appendicular muscle mass (ASM), as 
described in the EWGSOP criteria2. 

All DXA scans were performed on a CE-certified DXA 
scanner (Hologic® Model: Horizon A (S/N 304635M)) 
located at Odense University Hospital locations in Nyborg 
or in Odense. 

The Ultrasound protocolThe Ultrasound protocol

The SARCHO protocol is based upon current evidence 
and recommendations regarding muscle ultrasound15,17-24 
with the purpose of creating a focused and easy point-
of-care ultrasound protocol for stationary and handheld 
ultrasound devices. It evaluates muscle quantity and 
quality at specific muscle groups of the thigh, due to the 
importance of thigh muscles in physical function such 
as force generation, initiating the gait cycle, and balance 
adjustment25,26. When thigh muscles undergo atrophy, 
muscle function is impaired, ultimately resulting in falls27. 
The SARCHO ultrasound protocol is a two-sided protocol, 
which evaluates both muscle quantity and muscle quality 
(Figure 1 in the supplementary material). Below is a 
short overview of the performed muscle quantitative and 
qualitative measurements. For full overview of the SARCHO 
protocol please see the supplementary material. 

Quantitative muscle measuresQuantitative muscle measures

1) �Appendicular lean muscle mass (using biceps brachii 
and the femoral rectus muscle)23

2) Muscle thickness (femoral rectus muscle)28,29

3) Cross sectional area (femoral rectus muscle)28,30

4) Quadriceps volume (femoral rectus muscle)24

If there is a discrepancy between DXA and ultrasound 
ASM results, where DXA classifies a patient as sarcopenic 
but ultrasound does not, the DXA ASM classification will be 
considered definitive.

Qualitative muscle measuresQualitative muscle measures

Muscle of interest

The femoral rectus muscle, located at the anterior, 
middle part of the thigh and forming part of the femoral 
quadriceps muscle group, serves as an important flexor 
of the hip. The bipennate structure of the muscle makes it 
an important force generator during the gait cycle. During 
the loading response phase this muscle is essential due 
to its eccentric role at the knee during load bearing25. 
Additionally, it plays a role in the pre-swing and initial 
swing phase of the gait cycle because of its function as a 
hip flexor25,26. Therefore, this muscle was chosen for the 
study for its importance in the gait cycle, which correlates 
well with the physical tests performed by the participants.

Patient positioning 

With the patient in a neutral, supine position, B-mode 
ultrasound was carried out on the rectus muscle at the 
middle part of the muscle, defined as half the length from 
the trochanter major (upper landmark) to the superior 
border of the patella (the lower landmark)15. A minimum 
of pressure was applied, and three sets of measurements 
was made, and the mean was noted. The following muscle 
quality parameters were measured: 
1) Pennation angle 
2) Fascicle length 
3) Fascicle length/muscle thickness ratio31

4) Shear-Wave Elastography

Ultrasound EquipmentUltrasound Equipment

A CE-certified GE LOGIQ ultrasound device was used 
for the 2-D real time B-mode ultrasound and shear-wave 
elastography scan. The assessor performing the SARCHO 
scan was blinded to the results of the physical tests. Time 
from inclusion in the study, where participants underwent 
SARCHO scan, to the time of DXA scan was approximately 
three months.

Physical testPhysical test

Short Physical Performance Battery Short Physical Performance Battery 

The SPPB comprises three tests that evaluate lower 
extremity functioning: gait speed (4 meters walking test), 
balance (tandem test), and chair stand (5 repetition chair 
stand test)32. The SBBP has been intensively validated33-35 
and the combined scores of the three SPPB tests varies 
from 0 (worst) to 12 (best). The EWGSOP2 recommends 
a cut-off score of 8 points for both genders to define the 
presence of severe sarcopenia2. 
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Timed Up and Go testTimed Up and Go test

TUG is a simple test for evaluating physical performance. 
The test is performed by asking the participants to rise from 
a chair and walk three meters, marked, and turn around, 
walk back to the chair, and sit down on the chair again36. 
The EWGSOP2 have defined cut-off value of 20 seconds for 
both genders2.

30 second Chair stand test30 second Chair stand test

The number of repetitions to rise and sit participants 
could complete within the 30 seconds was measured using 
a chair with standardized seat height (43.2 cm)37. Danish 
reference values according to age and gender were used38.

Sample-sizeSample-size

The known prevalence of sarcopenia in a population 
of Danish geriatric outpatients with no specific referral 
diagnosis 26%8. In this study, outpatients referred due 
to falls were included, aiming for a higher prevalence of 
sarcopenia at 33%, which has also been reported as a 
prevalence in other geriatric settings39. With an alpha value 
of 0.05 and a power of 0.8, a 10% sample of the total 
calculation was used in this study due to the feasibility 
design and setup. 

The following equation was used:

Ν=
0.26*0.74 1.96+0.84{

{
(0.33-0.26)2 

(0.33*0.67)
(0.26*0.74)

2

=322*0.10≈32

Hence a total of 32 participants was selected as aim.

Statistical Analysis

Normally distributed data are presented as a mean ± 
standard deviation (SD). Normality was assessed using 
the Shapiro-Wilk test. Non-normally distributed data 
are presented as median with interquartile range (IQR). 
Results of numeric data were compared using paired t-test 
or Wilcoxon-rank sum test depending on the normality of 
the data. Diagnostic accuracy of SARCHO protocol was 
assessed through calculation of sensitivity and specificity, 
positive and negative predictive values as well as accuracy. 
95% confidence intervals were calculated as Clopper-
Pearson intervals40. All statistical analyses were carried 
out in R-statistics (version R-4.2.0 for Windows). As a limit 
for statistical significance a two-sided p-value of <0.05 
was chosen.

EthicsEthics

Eligible participants were informed orally and in writing 
about the purpose of the study and all participants signed 
consent before inclusion. Participants could at any time 
withdraw from the study. The study is reported in line 
with STARD 2015 statements for diagnostic accuracy 
studies41,42. The study was registered at the Region of 
Southern Denmark record of data processing activities 

(Project identification number: 21/50801). Data was 
processed and stored in accordance with EU General 
Data Protection Regulation (GDPR) and the Danish Data 
Protection Act. In addition, the study was approval by 
the Regional Committees on Health Research Ethics 
for Southern Denmark (Project identification number: 
S-20210100) and was conducted in accordance 
with the Declaration of Helsinki (1964) and its later 
amendments.

Results

A total of 32 participants were included in the study, 
but eight participants did not attend the DXA-scan, leaving 
a total of 24 participants. The participants (n=24) had 
a mean age of 81 ± 5.2 years, with the majority being 
women (63%) and having a mean BMI of 26.0 ± 4.1. Half 
of the participants (54%) reported using walking aids, with 
preferred walking aid being a four-wheel walker (33%). 
Most participants had multiple comorbidities with a mean 
(SD) Charlson Comorbidity Index of 5.6 ± 1.5. The baseline 
characteristics of the study population are summarized in 
Table 1.

Nine participants (37.5%) were identified as 
sarcopenic using DXA as image diagnostic modality 
and seven participants (29.2%) using SARCHO as 
image modality. Table 2 illustrates the differences in 
ASM between sarcopenic and non-sarcopenic groups, 
measured by DXA and SARCHO. Sarcopenic individuals 
demonstrated significant differences in muscle thickness 
(p=0.009), cross-sectional area (p=0.01), pennation 
angle (p=0.008), and SWE kPa (p=0.02) compared to 

Participants, n (%) 24 (100%)

Women, n (%) 15 (63%)

Age, years (mean, SD) 81 ± 5.2

Height, m (mean, SD) 1.65 ± 0.10

Weight, kg (mean, SD) 71.2 ±13.0

BMI, kg/m2(mean) 26.0 ± 4.1

Prior falls within the last year, n (mean, SD) 1.0 ± 0.74

Walking aid, n (%) 13 (54%)

   Single point stick 4 (17%)

   Four-point stick 1 (4%)

   Four wheeled walker 8 (33%)

Charlson Comorbidity Index, score 
(mean, SD)

5.6 ± 1.5

BMI: Body mass index, SD: Standard deviation.

Table 1. Baseline characteristics.
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Group DXA Ultrasound Median DXA
Median 

Ultrasound
IQR DXA

IQR 
Ultrasound

p

Control 15 17 17.32 17.44 6.265 5.450 0.69

Sarcopenia 9 7 13.12 14.65 5.980 5.695 0.17

Number of participants classified as sarcopenia using wither DXA: dual x-ray absorptiometry or Ultrasound: Sarcopenia Echo (SARCHO) 
protocol. Appendicular skeletal muscle mass in kilograms (kg) was estimated from the two-imaging modality and reported as median, 
corresponding to the 50th percentile. IQR: Interquartile range, reporting the range in kg from the 25th to 75th percentile. Descriptive statistics 
were reported using the Wilcoxon-rank sum test.

Table 2. Classification of sarcopenia by DXA vs. SARCHO according to EWGSOP2.

Parameter Sarcopenic (n=7) Non-sarcopenic (n=17) P

Muscle thickness (mean, SD) cm 1.49 ± 0.2 1.78 ± 0.3 0.009*

Cross-section area (mean, SD) cm2 5.84 ± 1.5 7.94 ± 2 0.01*

Fascicle length (mean, SD) cm 7.53 ± 1.3 6.41 ± 1.1 0.07

Pennation angle (mean, SD)° 11 ± 2.0 13.9 ± 1.7 0.008*

Fascicle length/muscle thickness ratio (mean, SD) 5.12 ± 1.3 3.69 ± 0.71 0.09

Quadriceps volume cm3 (mean, SD) 1280.8 ± 74.8 1362.3 ± 115.2 0.54

SWE kPa (mean, SD) 13.9 ± 3.3 11.6 ± 2.1 0.02*

SWE velocity/ms (mean, SD) 2.15 ± 0.3 1.96 ± 0.2 0.15

Ultrasound: Sarcopenia Echo (SARCHO) protocol was used for ultrasound examination. Muscle thickness was reported as centimetres (cm). 
Cross-section area was reported as cm^2. Fascicle length was reported as cm. Pennation angle was reported as degrees. Quadriceps volume 
was reported as cm^3. SWE: Shear-wave elastography, ms: meters pr second, kPa: kilo Pascal. SD: Standard deviation. A p-value of <0.05 
was considered statistically significant and is indicated with an asterisk (*).

Table 3. Muscle architecture characteristics including shear-wave elastography in sarcopenic and non-sarcopenic participants identified by 
SARCHO-protocol.

Parameter Sarcopenic (n=7) Non-sarcopenic (n=17) P

Short Physical Performance Battery (SPPB):

    SPPB Chair stand test 1 ± 0.7 2 ± 1.5 0.001

    SPPB Tandem test 2 ± 0.8 3 ± 1.5 0.14

    SPPB Gait speed 2. ± 1.1 3 ± 0.7 0.11

    SPPB Total 5. ± 1.6 9 ± 1.5 0.002

30-second Chair stand test 7 ± 2 9 ± 3 0.13

Timed Up and Go, s (mean, SD) 19 ± 4.8 12.7± 2.6 0.05

Ultrasound: Sarcopenia Echo (SARCHO) protocol was used for ultrasound examination, SD: Standard deviation. SPPB: Short Physical 
Performance Battery, where a score of <8 is considered significantly impaired physical function, as according to the European Working Group 
on Sarcopenia in Older People 2 criteria.

Tabel 4. Physical performance for sarcopenic and non-sarcopenic participants, identified by SARCHO-protocol.
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non-sarcopenic (Table 3).
The physical performance outcomes assessed using 

SPPB, TUG, and 30-seconds Chair Stand Test showed that 
sarcopenic participants exhibited significantly impaired 
performance in the total SPPB score 5.1 ± 1.6 vs. 9+1.5, 
p=0.002) and the TUG 18.9 ± 4.8 vs. 12.7 ± 2.6, p=0.05 
when compared to non-sarcopenic, but not in the 30-second 
Chair Stand Test 6.8 ± 2 vs. 9 ± 2.7, p=0.13 (Table 4).

The diagnostic accuracy of the SARCHO protocol yielded 
a sensitivity of 78% (95% CI: 55.4 - 88.7), specificity of 
100% (95% CI: 100 - 100), positive predictive value of 
100% (95% CI: 100 - 100), negative predictive value of 
88.2% (95% CI: 75.0 - 90.3), and an overall accuracy of 
91.7% (95% CI: 81.9 - 97.2).

Discussion

In this study, which included participants from a 
geriatric outpatient falls clinic, 37.5% of participants were 
identified as sarcopenic using DXA as the imaging modality, 
and 29.2% when using SARCHO. Sarcopenic participants 
showed significantly poorer physical performance in the 
SPPB and TUG tests. The overall diagnostic accuracy of 
SARCHO was high, reaching 91.7% when compared to 
DXA.

To our knowledge, this is the first study to explore and 
validate a comprehensive point-of-care ultrasound protocol 
for assessing sarcopenia, focusing on both muscle quantity 
and quality. The evaluation of the proposed protocol yielded 
promising results in terms of diagnostic accuracy regarding 
muscle quantity. When compared to the gold standard 
(DXA) the SARCHO protocol demonstrated a sensitivity of 
78%, ensuring the identification of a substantial proportion 
of true-positive cases. The high specificity (100%) and 
positive predictive value (100%) underscore the tool’s 
ability to correctly classify individuals without sarcopenia. 
The negative predictive value of 88.2% suggests that 
the SARCHO protocol is effective in ruling out sarcopenia 
in those individuals who are genuinely not affected. The 
overall accuracy of 91.7% indicates the robustness of 
the protocol in accurately identifying individuals with 
low muscle quantity as seen in sarcopenia, providing 
confidence in its clinical utility. These findings suggest that 
ultrasound could be a potential tool for bedside estimation 

of ASM. However, its moderate sensitivity raises concerns 
about potential false negatives, underscoring the need for 
complementary diagnostic tools or follow-up testing in 
high-risk populations to ensure cases are not missed.

Interestingly, several prior studies have examined the 
diagnostic accuracy of another widely used bedside method 
for ASM estimation in older adults, bioimpedance analysis 
(BIA), in comparison to whole-body DXA43-45. In these 
studies, BIA showed lower overall accuracy and specificity 
compared to our results using SARCHO43-45. Additionally, 
unlike ultrasound, BIA cannot be performed on participants 
with a pacemaker device46, further limiting the potential of 
the method for ASM estimation in older adults. 

SARCHO offers clear point-of-care advantages: it is 
bedside-ready, highly portable, and can be deployed by 
trained clinicians without specialized facilities. These 
features could lower per-patient costs and minimize 
logistical barriers compared with conventional imaging.

Together, these attributes strengthen its relevance as a 
pragmatic, scalable tool for routine frontline assessment.

In addition, this study made use of the fixed absolute 
ASM threshold values (e.g. <20 kg for men and <15 kg for 
women). This approach was used since a majority of studies 
are reporting ASM in regards to Sarcopenia assessment in 
this way. However, the height adjusted ASM (e.g. ASM/
height2), which also have defined threshold values by the 
EWGSOP2, might have altered the results reported. Future 
studies should examine the differences in absolute ASM 
and height adjusted ASM in falls patients and the effect on 
the accuracy of the SARCHO protocol.

Although muscle quantity is a central part of sarcopenia 
assessment, muscle quality is widely acknowledged as an 
important feature to address, as it is strongly associated 
with muscle function47. However, evaluating muscle quality 
in a systematic and bed-side approach is challenged by the 
lack of standardization11. Thus, the need for an evidence-
based, bed-side protocol for muscle quality evaluation is 
strong. SARCHO meets this need and has the advantage 
that it can be performed bedside by the attending physician. 
With SARCHO, the possibility of evaluating both muscle 
quantity and quality in a standardized and evidence-based 
approach could offer a deeper insight into sarcopenia 
at the muscle architectural level. This would facilitate a 

Diagnostic 
accuracy (95% CI)

Sensitivity Specificity PPV NPV Accuracy

SARCHO 78 (55.4 to 88.7) 100 (100 to 100) 100 (100 to 100) 88.2 (75.0 to 90.3) 91.7 (81.9 to 97.2) 

Data are presented as sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy with corresponding 
Clopper-Pearson intervals for SARCHO.

Tabel 5. Diagnostic accuracy of the SARCHO protocol.
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better understanding of sarcopenia itself and highlight the 
importance of muscle quality in diagnostical process This 
could help lay the groundwork for a future EWGSOP3 and 
an updated definition of sarcopenia.

The significant differences in MT, CSA, PA, and SWE 
between sarcopenic and non-sarcopenic groups are 
consistent with previous literature19,48. MT, CSA, and 
PA are all associated with muscle strength49, thus these 
findings are not surprising given the pathophysiology of 
sarcopenia. However, the higher SWE scores are interesting 
and somewhat surprising, indicating that stiffness of 
muscles due to sarcopenia-related alterations in muscle 
structure may play a central role in the manifestation of 
the condition. This may be due to the pathophysiological 
process of fibrosis of muscle components (myofibrosis) or 
fat infiltration in muscle tissue (myosteatosis), the latter 
often seen in sarco-obesity11,50,51. 

Emerging ultrasound “muscle quality” metrics—e.g., 
echogenicity, texture, and stiffness—capture fatty 
infiltration and architectural disruption that are not 
reflected by muscle quantity alone, and have been linked 
to weakness, poorer physical performance, and adverse 
outcomes in sarcopenia.

Thus, integrating quality indices alongside mass 
(and strength/function) may improve risk stratification 
and clinical relevance, including monitoring response to 
interventions.

Nonetheless, broader adoption will require standardized 
acquisition/analysis protocols and consensus cutoffs to 
ensure comparability across centers.

The differences observed in mass between sarcopenic 
and non-sarcopenic participants, as measured by DXA and 
ultrasound, provide valuable insights into the structural 
alterations associated with sarcopenia. These findings 
highlight the intricate relationship between muscle 
architecture and the presence of sarcopenia as described 
in several previous studies2,16, reinforcing the need for a 
multifaceted approach in its assessment.

The baseline characteristics of the current study 
population underline the textbook characteristics of a 
geriatric cohort. This study showed a higher prevalence 
of sarcopenia in patients specifically referred to a Falls 
Clinic compared to patients referred to a general geriatric 
outpatient clinic reporting 26% with sarcopenia8. A major 
difference between the two studies is the diagnostic 
approach to sarcopenia. Whereas Christensen et al. solely 
relied on DXA as image diagnostics, they also made use 
of different physical tests such as handgrip and gait speed 
test compared to DXA, ultrasound, 30-Second chair stand 
test, SPPB and TUG in the current study. Theoretically, 
the differences in physical testing should not be a factor 
explaining the differences in reported prevalences of 
sarcopenia since these specific physical tests are all 
recommended by EWGSOP2. Since falls is associated with 
sarcopenia and sarcopenia is a key mechanism in falls52, 

the higher percentage of patients with falls in this present 
study (100%) compared to the study by Christensen et 
al. (78%)8 might also explain the prevalence difference 
In addition, in the study by Christensen et al, participants 
were younger (79 vs. 81 years in the present study), 
which might also explain some of the diffence since age 
is associated with sarcopenia2. Furthermore, differences 
in socioeconomic status and geographic areas could have 
a part in explaining these differences4. In addition, the 
observed differences in sarcopenia prevalence across 
studies may be attributable to the diagnostic criteria 
employed, particularly the distinctions between EWGSOP1 
(Christensen et al.) and EWGSOP2 (this current study). 
These changes affect both the sensitivity and specificity 
of sarcopenia detection, resulting in variability in reported 
prevalence rates.

The significantly poorer performance of sarcopenic 
subjects compared to those without sarcopenia in SPPB 
and TUG tests (p=0.002 and p=0.05, respectively) aligns 
with the previously reported studies (2). In contrast, no 
significant differences were found between the two groups 
in the 30-second Chair Stand Test (7±2 vs 9±3, p=0.13). 
The reason for this remains unknown but might be due to 
lack of power. 

Overall, the findings in this study underscore the clinical 
relevance of a multifaceted approach when assessing 
sarcopenia to meet the complexity of the diagnosis: 
assessing muscle quantity, muscle quality, and physical 
performance. These findings contribute to the growing body 
of literature on sarcopenia assessment and offer potential 
avenues for further research. The use of ultrasound as 
a reliable, safe, and patient-centered tool for clinical 
examination and diagnosis of sarcopenia could ensure quick 
assessment, intervention, optimal treatment, and serve as 
a tool for follow-up and evaluating progress or regress. 
Patients often have to wait several months for a DXA scan 
but with the rapid and easy assessment of sarcopenia using 
ultrasound could ease the diagnostic route for the patients.

Strengths and Limitations 

The study has several strengths. First, it was conducted 
on a highly relevant cohort of geriatric patients with falls 
in an outpatient clinic. Since sarcopenia is associated 
with falls52, this cohort is representative for assessing the 
sarcopenia in geriatric patients. Second, the high overall 
diagnostic accuracy of 91.7% indicates a trustworthy, 
bedside protocol for clinical examination. It is also easy 
to perform. Third, the negative predictive value of 88.2% 
indicates that the SARCHO protocol is effective in ruling 
out sarcopenia. Finally, SARCHO was performed bedside 
at the patients’ site and thus has the potential to provide 
the diagnosis of sarcopenia at the patient’s first visit in 
the outpatient Falls Clinic. Quick and thorough diagnosis 
is important in sarcopenia, as early intervention and 
nutritional guidance are of great importance for effective 
treatment of the condition. SARCHO as a novel tool for 
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diagnosing Sarcopenia would enable for examining patients 
in a cross-sectional setting – more specific at home. This 
potential implementation and use of SARCHO could greatly 
benefit the patients, since quicker diagnosis allows for a 
more rapid intervention and hopefully a better outcome. 

While this study provides valuable insights, some 
limitations could be considered. The relatively small sample 
size and the single-center nature of the study may limit the 
generalizability of our findings. Also, the decision of eight 
participants to decline the DXA-scan could potentially lead 
to a selection bias. However, the current dataset does not 
include information on the reasons for refusal, so this cannot 
be explored further. The differences in mass estimation 
between DXA and SARCHO might be due to elevated MT 
values by ultrasound, used in the muscle mass equation. 
This could be due to accumulation of the intramuscular 
connective tissue components such as enlarged epimysium 
(e.g. the connective tissue surrounding the muscle before 
merging with the fascia)53,54. Thus, including a relative 
proportion of non-functional muscle in the MT values. The 
role of accumulation of the intramuscular connective tissue 
components in older adults in physical function evaluation 
and muscle mass estimation should be investigated in future 
research. While the observed mean BMI and subsequent 
variance (mean (SD) 26.02 (4.08)) suggests a cohort with 
a certain variability in body composition, adding complexity 
to the interpretation of sarcopenia-related outcomes, 
we cannot pursue this further in our study due to lack of 
specific data on sarco-obesity. 

In addition, We used absolute appendicular skeletal 
muscle mass (ASM) cutoffs (<20 kg for men, <15 kg 
for women) because they were specified a priori in our 
protocol, are straightforward to interpret clinically, and 
enable comparability with prior studies that operationalized 
sarcopenia using the same thresholds. However, absolute 
cutoffs may misclassify individuals at the extremes of 
body size—overestimating low muscle mass in shorter 
participants and underestimating it in taller or larger-
framed participants—thereby limiting generalizability 
across diverse populations. To mitigate this, future studies 
should incorporate indexed measures such as ASM/height2, 
and ideally report sensitivity analyses using both absolute 
and height-adjusted definitions. This dual approach would 
reduce size-related misclassification, improve cross-cohort 
applicability (including across sexes, ages, and ethnic 
groups), and facilitate harmonization with consensus 
recommendations that increasingly favor height-adjusted 
metrics.

Despite that this study adhere to the STARD criteria, 
the lack of AUC analysis should also be considered as 
a limitation, when interpreting results presented in this 
article.

Conclusion

This study provides a comprehensive examination 
of sarcopenia, including structural and functional 

assessments as well as diagnostic accuracy. Our findings 
suggest that SARCHO shows potential as a promising 
bedside tool, although confirmation in larger cohorts is 
warranted. It offers deeper insights into sarcopenia at 
the muscular level, providing a valuable standardized and 
evidence-based approach for assessing sarcopenia in both 
clinical settings and research. The observed impairments 
in muscle characteristics and physical performance 
further highlight the clinical implications of sarcopenia in 
the ageing population. Future research should prioritize 
larger and more diverse cohorts, addressing inter and 
intra-rater reliability, test the association between muscle 
architectural properties and physical functioning. Future 
studies should also seek validation against CT or MRI in 
future studies since these methods are gold standards for 
muscle architecture. If possible this should be done in a 
cross-sectional setting, to enhance the external validity of 
these results before implementing the protocol in clinical 
practice.
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Supplementary Material  
S1 SARCHO (SARcopenia eCHO)  
ultrasound protocol

The Ultrasound protocolThe Ultrasound protocol

A specific ultrasound protocol (SARcopenia eCHO 
(SARCHO)) was developed by a team of researchers at the 
Geriatric Research Unit at Odense University Hospital led 
by first author (KKB) for the purpose of the current study. 
The SARCHO protocol is based upon current evidence and 
recommendations regarding muscle ultrasound14,16-21. 

The SARCHO ultrasound protocol evaluates both muscle 
quantity and muscle quality and is presented in figure S1. 

Quantitative muscle measures

1) Appendicular lean muscle mass (ALM): 
B-mode ultrasound is carried out to quantify muscle 

mass by estimating ALM, which corresponds approximately 
to appendicular skeletal muscle mass (ASM). In research the 
terms are used interchangeably55. A validated ultrasound 
scanning protocol and a validated regression model, by 
Barbosa-Silva et al was chosen22, as it is easily feasible for 
a clinician and has a high correlation to whole-body dual x 
ray absorptiometry (DXA) estimates of ALM. The protocol 
uses (A) two scanning sites (upper arm and thigh), and (B) 
three anthropometric measures.
(A) �With the participant in a horizontal position, relaxed, 

and arms and legs in neutral position muscle thickness 
(MT) is assessed at the following two scanning sites: 
1. �On the dominant upper arm, at the anterior distal 

third of the arm measured by the length from the 
acromion to the olecranon.

2. �On the dominant thigh, anterior midway of the 
measured length between the anterior superior iliac 
spine to the proximal top of the patella. 

If individuals are left-handed the left site will be used. 
If individuals are ambidextrous the right side will be used 
as site for measurement, in accordance with the original 
study22. 
(B) �The three anthropometric measurements are carried 

out with the participant in standing position: 
1. �With the elbow flexed at 90 degrees and the palm 

facing upwards, the length (centimeters) of the upper 
arm is measured posteriorly from the acromion to the 
olecranon.

2. �The circumference of the dominant upper arm (in 
centimeters) is measured at the distal third of the 
arm length, as described in “A-1.”.

3. �The circumference (in centimeters) of the dominant 
thigh is measured midway of the length between the 
anterior superior iliac spine to the proximal top of the 
patella, as described in “A-2”.

The participant’s height in meters, weight in kilograms, 
and information about their gender, the measured MT and 

anthropometric values are used in an equation to calculate 
ultrasound ALM, as follows: ALM (kg) =3.27 x gender 
(women = 0; men = 1) x height (m) + 0.2 x arm length 
(cm) + 0.09 x dominant arm circumference (cm) + 0.04 x 
dominant thigh circumference (cm) + 1.25 x dominant arm 
MT (cm) + 0.72 x dominant thigh MT (cm) – 24.9
2) �With the patient in a neutral and horizontal position, 

B-mode ultrasound is carried out on the rectus femur 
muscle at the middle part of the muscle, defined as half 
the length from the trochanter major (upper landmark 
of the muscle) to the superior border of the patella (the 
lower landmark of the muscle). A minimum of three sets 
of measurements is made with a minimum of pressure 
applied and the mean noted. 

The following muscle quantitative parameters was 
measured: 
a. Muscle thickness (MT): 

Transducer is placed transversely with orientation 
marker facing left. MT is a simple measure of the thickness 
of the muscle. Although it is widely disputed whether MT is 
a good measure of muscle quantity10, it was chosen due to 
the strong correlation with muscle force10. 
b. Cross sectional area (CSA): 

Transducer is placed transversely with orientation 
marker left. CSA was chosen due to the strong correlation 
to MT28 and the strong relation to maximum muscle 
strength29.
c. Quadriceps volume (QV): 

QV is associated with late phase voluntary torque 
during knee extension and is a strong predictor for muscle 
strength27. To estimate QV, we used a modified version 
of the validated method by Rothwell et al23. In short, we 
used the MT of the rectus femur muscle at 50% length, 
with patients lying in neutral and horizontal position, and 
calculated the QV by the following equation: QVcm3 = 
996.168+(4.664* MT*body mass index (BMI)).

Qualitative muscle measures

Muscle of interest

The rectus femur muscle is located at the anterior, middle 
part of thigh as a part of the quadriceps femoris and serves 
as an important flexor of the hip. The bipennate structure 
of the muscle makes it an important force generator during 
the gait cycle. The muscle has been described as essential 
during the loading response phase because of its eccentrical 
role at the knee when load bearing24. In addition, the muscle 
also plays a role in the pre- and initial- swing phase of the 
gait cycle due to its function as a hip flexor24,25. Hence the 
muscle was chosen due to its importance in the gait cycle 
which correlates well with the physical tests performed by 
the participants.

Patient positioning 

With the patient in a neutral and horizontal position, 
B-mode ultrasound is carried out on the rectus femur 
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muscle at the middle part of the muscle, defined as half 
the length from the trochanter major (upper landmark 
of the muscle) to the superior border of the patella (the 
lower landmark of the muscle). A minimum of three sets of 
measurements is made with a minimum of pressure applied 
and the mean noted. 
The following muscle quality parameters was measured: 
1) Pennation angle (PA):

Transducer is placed longitudinally with orientation 
marker towards the patient’s head. PA was measured 
because of its importance in generating force and 
shortening velocity during contraction of the muscle48. PA 
is a parameter of sarcomeres placed in parallel within the 
muscle30. A low PA, due to a decrease in parallel sarcomeres, 
often present in sarcopenic patients, has shown to be 
associated with decrease in concentric strength48. 
2) Fascicle length (FL):

Transducer is placed longitudinally with orientation 
marker towards the patient’s head. FL is a component of 
the PA, and is the length of the muscle fascicle, a parameter 
of sarcomere placed in series. FL is an indicator of eccentric 
strength30 and has shown to be decreased in sarcopenic 
patients48. 
3) Fascicle length/muscle thickness ratio (FL/MT): 

Proposed as a new muscle measurement by Narici 

et al for the evaluation of sarcopenia via vastus lateralis 
muscle18, the FL/MT-ratio is a novel concept in evaluating 
muscle status. The notion being that muscle thickness is 
likely to decrease in sarcopenia, whereas fascicle length to 
a lesser extent experiences a decrease, due to the muscle’s 
insertion into bone via tendon tissue. Hence, a large ratio 
would be found in individuals with sarcopenia. 
4) Shear-Wave Elastography (SWE): 

Transducer is placed longitudinally with orientation 
marker towards the patient’s head. Real time 2-D B-mode 
ultrasound SWE measures the stiffness of tissue by 
applying an acoustic radiation force impulse (ARFI). The 
ARFI leads to shear, which is the change of shape in tissue 
without an additional change in volume and by the process 
of shear a wave is produced, which is traced back to the 
ultrasound transducer17,21. Measurements are expressed 
either by kPa as a measure of elasticity or SWE velocity 
(m/s). The changes in muscle fiber components (e.g. 
myofibrosis, myosteatosis, or other) will lead to a change in 
signaling, hence changes in velocity. However, there is little 
standardization in using SWE in assessing muscle quality21. 
In this study we obtained SWE measurements in kPa and 
cm/s according to the European Federation of Societies for 
Ultrasound in Medicine and Biology (EFSUMB) of the m. 
rectus femoris21.

Figure S1. Description of the SARCHO protocol.


