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Abstract T

Objective: Sarcopenia is a major geriatric syndrome diagnosed by assessing strength, quantity, and quality of muscles. We aimed to describe the
feasibility of assessing sarcopenia by bedside assessment including the emerging tool ultrasound.

Materials and Methods: Participants were recruited consecutively among patients acutely admitted to the Department of Geriatrics, Odense
University Hospital, Denmark. Ultrasound examination and handgrip-test (muscle strength) were performed at admission and minimum 5 days
later. Muscle thickness of m. rectus femoris was measured and appendicular lean mass (ALM) (muscle quantity) was calculated using a validated
regression model, two ultrasound scanning sites (dominant upper arm and thigh), and three anthropometric measures. Echo intensity was measured
as an indicator of muscle quality.

Results: Out of 25 eligible participants, 17 were included. There was a significant (p=0.002) decline in m. rectus femoris thickness [1.7 cm (SD +0.2)
to 1.6 em (SD +0.3)], and a significant (p=0.04) decline in echo intensity [121.4 A.U (SD +18.4) to 133.6 A.U (SD +19.1)]. All ultrasound ALM and
handgrip strength measurements showed non-significant declines. According to ENGSOP2's criteria, one participant was sarcopenic, while 12 met
the threshold criteria by low handgrip strength. Thirteen participants had a lower handgrip strength compared to reference values from an age-
and-gender-matched normal population.

Conclusion: It is feasible to perform bedside assessments on geriatric inpatients. A short period of hospitalization may result in a significant
reduction of localized muscle thickness and echo intensity. Further studies including validation by DXA scans are needed.
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when untreated (8). Early identification of sarcopenia is
therefore essential for effective prevention and treatment.

Introduction

Sarcopenia is a skeletal muscle disorder and a major geriatric

syndrome (1) characterized by the loss of muscle strength, To address the need for standardization in identifying,

endurance, and muscle mass (2,3). The prevalence of sarcopenia
is reported as high as 30% in a community-dwelling population
(1,4). In older adults this can lead to functional decline,
impairing the ability to perform activities of daily living (5,6)
and decreasing quality of life (7). Sarcopenia shows significant
overlap with the frailty syndrome (8), as low handgrip strength
(HGS) and slow gait speed are characteristics of both conditions
(9). In addition, sarcopenia increases the risk of falls and fractures
(10,11) as well as the rate of hospital admission and mortality
(6,12), and carries a high personal, social, and economic burden

examining, and treating sarcopenia, the EWGSOP2 developed
guidelines in 2018 (8). These guidelines involve the assessment
of muscle strength, muscle quantity, muscle quality, and physical
performance as an indicator of severity (8). Muscle strength
can be assessed by HGS, a simple, inexpensive measurement,
and a powerful predictor of poor patient outcomes (8,13). Low
HGS correlates moderately with low strength in other body
compartments (14,15). Muscle quantity is usually assessed
by gold-standard techniques such as magnetic resonance
imaging (MRI), computed tomography (CT), and dual-energy
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X-ray absorptiometry (DXA) (8,16). In contrast, the assessment
of muscle quality remains a conflicted area with little
standardization (17), but consensus exists that muscle quality
is of even greater importance than previously thought (8). Echo
intensity (El) is one of the functions evaluating muscle quality,
and a high El has been associated with poor muscle performance
(18,19) and may be an indirect measure of adipocyte infiltration
or fibrosis (19).

Ultrasound is a patient-safe and patient-centred method for
examining various conditions and has shown great potential
in examining muscle quantity and quality (8,20). Assessment of
pennate muscles such as the quadriceps femoris can detect a
decrease in muscle thickness (MT) and cross-sectional area (CSA)
within the first week of critical illness in middle-aged adults
(8,21). Studies in young adults have shown that muscle atrophy
can be detected after 5 days (22,23). Compared to other imaging
techniques ultrasound measurements are inexpensive and
radiation-free. Furthermore, the device is mobile, examination
can be done bedside (24), and requires minimal training (25).

Other studies assessing sarcopenia use nonportable imaging
tools (CT, MRI, or DXA) to assess muscle mass, but we have not
been able to identify any previous studies assessing sarcopenia
in geriatric inpatients using ultrasound. The aim of this study
was to assess the feasibility of using ultrasound for diagnosing
sarcopenia and to describe how muscle strength (HGS), muscle
quantity (ultrasound-ALM and thickness of m. rectus femoris),
and muscle quality (echo intensity) change in a population of
acutely admitted geriatric patients hospitalized for a minimum
of 5 days.

Materials and Methods
Study Design

This study was carried out as a single-center feasibility study.

Setting

A medical student (J.S.H) received training and supervision
(written material, instructional videos, and two months of daily
supervised scans prior to the start of this study) in carrying out
all assessments including ultrasound by a physician (K.S.B) in
geriatric medicine with large experience and certification in the
use of point-of-care ultrasound.

Study Population

During May 2022 participants were recruited consecutively
among patients acutely admitted to the Department of
Geriatric Medicine, Odense University Hospital (OUH), Denmark.
The department is a 32-bed acute medical ward treating frail,
multimorbid older adults with acute medical conditions. Patients
were eligible for inclusion if they consented to participate within

24 hours of admission and had an expected hospitalization of
minimum 5 days.

Exclusion Criteria

Patients with known moderate or severe dementia, and patients
who were cognitively impaired due to delirium and thus unable
to provide informed consent were excluded, as were patients
developing delirium after inclusion, and those discharged after
less than 5 days of hospitalization.

Intervention

The following information was retrieved from the medical
record in order to describe the health and functional level of
the study population: Height, weight, body mass index, Barthel
index [(BI)-100] (26,27) number of diseases, and diagnosis
upon admission. Multimorbidity was assessed by the Charlson
comorbidity score (CCI) (28). Frailty was assessed by the clinical
frailty scale (CFS) at baseline (29,30).

All participants were informed orally and in writing about the
purpose of the study. It was made clear to the participants
that they could withdraw at any stage of the study, and that
withdrawal would have no consequences for their treatment
and care.

Participants went through an ultrasound examination and a
handgrip measurement immediately after obtaining consent
(baseline) and again immediately before discharge from the
hospital, but not earlier than day 5 (follow-up). All patients
discharged before day 5 were omitted. As the average in-hospital
stay in the department is 6.7 days (personal communication),
day 5 was chosen to obtain a representative geriatric population.

Ultrasound Examination

A CE-certified ultrasound device MindrayTE7 was used with the
L14-6Ns probe for the 2-D real time B-mode ultrasound. All
ultrasound measurements were done with the probe in a neutral
tilt with a minimum of pressure applied and with a generous
amount of conductive gel. The scanning sites were marked with
a pen and three sets of measurements were performed, and the
mean value used.

Quantitative Muscle Measures

B-mode ultrasound was carried out to quantify muscle mass
by estimating ALM, which corresponds approximately to
appendicular skeletal muscle mass (ASM) (8,24). An easily
feasible and validated ultrasound scanning protocol with a high
correlation to DXA estimates of ALM was chosen (24).

To calculate ALM via a validated regression model (24), two
scanning sites (dominant upper arm and thigh) (A), and three
anthropometric measures (B) were used as shown in Figure 1
and described in the appendix.
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The participants’ height in meters, weight in kilograms, gender,
the measured MT, and anthropometric values were used in the
equations listed in the appendix to calculate ultrasound-ALM
(24).

In addition, MT of m. rectus femoris was obtained according
to the recommendation by SARCUS (20). In short, with the
patient in a neutral and horizontal position, B-mode ultrasound
was carried out on 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) to measure MT defined as the distance
between the upper and the lower muscle fascicle on a cross-
sectional image.

Qualitative Muscle Measure

El was used to assess muscle quality as recommended by
SARCUS (20). El is a function evaluating muscle quality from
ultrasound imaging on a grey scale, ranging imagining contrast
from black to white (18,19). We used the image obtained during
measurements of m. rectus femoris MT, and performed El
analysis in ImageJ (Version 1.53t, National Institute of Health,
USA, http://rsb.info.nih.gov/ij) as described in previous studies
(31,32).

Muscle Strength Measure-HGS

Muscle strength was assessed by HGS (kg) using a Smedley
dynamometer (TTM; Tokyo, Japan). The width of the handle
was adjusted to fit the individual hand size, and HGS was
measured using the dominant hand with the elbow in a 90°

R

Figure 1. Qualitative and quantitative muscle measurements. The two
scanning sites (dominant upper arm and thigh) and the anthropometric
measures are demonstrated. UL measurements are shown together with
the scanning sites and muscle thickness from the upper muscle fascicle to
humerus (biceps) and femur (rectus femoris) are marked with a red arrow.
The same applies to the muscle thickness of rectus femoris measured from
the upper fascicle to the lower fascicle
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position and the upper arm tight against the trunk. Depending
on the participant's mobility, HGS was measured preferably
standing, alternatively as sitting, or even in the supine position
if the patient was unable to be in a vertical or sitting position,
respectively. The best of three measurements with the dominant
hand was used and matched to Danish reference values by
Frederiksen et al. (15).

Data Management

The study was approved on April 28" 2022, by the Data
Protection Agency (journal nr: 21/50801). All data was stored in
a secure Redcap Open database [OPEN (OP_1499)].

Statistics

Statistical analyses were carried out in Microsoft Excel version
2016 (Microsoft: Redmond Seattle USA). Normality was assessed
using the Shapiro-Wilk test. Normally distributed data are
presented as a mean + standard deviation (SD). Non-normally
distributed data are presented as median with interquartile
range (IQR). Results of numeric data were compared using
parred t-test or Wilcoxon-rank sum test (analysis carried out
in R-statistics version R-4.2.0 for Windows) depending on the
normality of the data. As a limit for statistical significance, a
two-sided p<0.05 was chosen.

Reliability of Measurements

To assess the quality of ultrasound measurements, we estimated
the intrarater reliability. As JS.H was the only rater and
performed three sets of measurements for each participant,
we used the intra class coefficient (ICC) (2.1) model (33,34). As
stated in the literature, we considered an ICC of 0.5 or less as
poor, 0.5-0.75 as moderate, 0.75-0.9 as good and an ICC of 0.9
or above as excellent reliability (33).

Ethics

Ultrasound is a widely used non-invasive method and does not
expose the participant to any radiation, nor does it provide any
other physical harm.

The study has been approved by the Local Ethics Committee
(Videnskabsetisk Komité for Region Syddanmark) (5-20210100).

Results

In total, 25 participants were included in this study. Eight
participants were excluded because of discharge before 5
days after baseline examination. The final sample comprised
17 participants (characteristics are presented in Table 1). The
intrarater reliability using the ICC was calculated to 0.92.

Baseline Demographics

Median age was 85 years (IQR: 81-89), ranging from 60 to 93
years. The median length of hospitalization was 5 days (IQR:
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5-7), ranging from 5 to 8 days. Nine participants were admitted
because of an infection (53%), while two participants were
admitted with rhabdomyolysis (12%), two with dehydration
(129%), two with reduced general condition (12%), one with
dyspnoea (6%) and one with hypotension (6%). The mean BI-
100 was 52.1 (SD: +30.1), the mean CFS was 5.1 (SD: +1.17) and
the mean CCl was 6.4 (SD: +1.7).

Ultrasound-measurements and HGS

All ultrasound-ALM medians showed a reduction from baseline
to follow-up (Table 2), but none were significant. The same
applies to HGS showing a non-significant reduction from a
mean 16.5 kg (SD: +9.6) at baseline to a mean 16.2 kg (SD:
+9.9) at follow-up. There was a significant (p=0.002) fall in the
rectus femoris MT between baseline [1.7 em (SD: +0.2)] and
follow-up [1.6 em (SD: +0.3)] (Figure 2 shows MT of m. rectus
femoris at baseline and follow-up for each participant). Grey
scale analysis revealed a significant (p=0.04) increase in El from
baseline [121.4 A.U (SD: +18.4) and follow-up (133.6 A.U (SD:
+19.1)].

Sarcopenic Participants

Based on the ALM without circumference measures, one
participant (6%) was categorized as sarcopenic by meeting
both cut-off points made by the ENGSOP2 (8), i.e., low HGS
(<27 kg and <16 kg men and women, respectively), and low
muscle quantity (ASM <20 kg for men and <15 kg for women).
When comparing to Danish gender, age, and height stratified
reference values (15) thirteen participants (76%) had a lower
HGS both at baseline and follow-up, while twelve participants
(70%) had both at baseline and follow-up a lower HGS than
the cut-off values for sarcopenic strength according to the
EWGSOP2 (8).

Discussion

This study demonstrates that it is feasible to assess sarcopenia
in a vulnerable population of acutely admitted geriatric patients
by bedside ultrasound and anthropometric measures. Moreover,

although the population under study is small, we found a
reduction in calculated ALM measurements, MT of rectus femoris,
El, and HGS from baseline to follow-up, i.e., after five days of
admission, although only the reduction in MT (quantitative
parameter) and El (qualitative parameter) was significant.
Thus, while an isolated significant difference is seen in
the rectus femoris, there was no difference in overall ALM,
which may be interpreted as a possible development of local
sarcopenia during a short period of hospitalization and is in line

Table 1. Baseline demographics

Age (years), median [IQR] 85 [81;89]
Female (%) 8 (47)
Days between 1. and 2. ultrasound scans, median 5 [5:7]
[IOR]

Height (m), mean (SD) 1.7 (0.1)
Weight (kg), mean (SD) 72.5(16.1)
BMI (kg/m2), mean (SD) 25.0 (4.4)
Falls (within the last 12 months), median [IQR] 101;2]
Arm dominance (%) Right (100)
Leg dominance (%) Right (94)
Primary diagnosis upon admission

Infectious disease (%) 9 (53)
Rhabdomyolysis (%) 2(12)
Dehydratio (%) 2(12)
Reduced general condition (%) 2(12)
Dyspnoea (%) 1(6)
Hypotension (%) 1 (6)
Charlson comorbidity index, mean (SD) 6.4 (1.7)
Clinical frailty scale, mean (SD) 5.1(1.2)
Barthel-100 index (Shahs version), mean (SD) 52.1(30.1)
Data is presented as mean for normally distributed variables, median for non-normally
distributed variables and numbers (%) for categorical variables.

N: Number of individuals, BMI: Body mass index, SD: Standard deviation, 1QR:
Interquartile range

Table 2. Ultrasound measurements and handgrip strength

Baseline Follow-up
Ultrasound ALM with circumference measures (kg), 21.3 (4.24) 212 (4.1) 0.52
mean (SD)
Ultrasound ALM (kg), mean (SD) 21.5 (4.0) 21.4 (3.8) 0.40
Ultrasound ALM/height2 (kg/m2), median [IQR] 7.6 [6.5;7.9] 7.5[6.8;7.9] 0.38
Muscle thickness (cm), mean (SD) 1.7 (0.2) 1.6 (0.3) 0.002*
Echo intensity (A.U), mean (SD) 121.4 (18.4) 133.6 (19.2) 0.04*
Handgrip strength (kg), mean (SD) 16.5 (9.6) 16.2 (9.9) 0.71
Data is presented as mean for normally distributed variables and median for non-normally distributed variables. P-values were tested using t-test (normally distributed variables),
Wilcoxon's rank sum test (non-normally distributed variables).
*Differences among measurements at baseline and follow-up was interpreted as significant if p<0.05.
ALM: Appendicular lean mass, SD: Standard deviation, IQR: Interquartile range
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Figure 2. Muscle thickness (MT) of m. rectus femoris at baseline and
follow-up for each participant

with findings from a study on hospitalized hip fracture patients
using a similar method (35). To our knowledge, no previous
studies have described ultrasound assessed sarcopenia in non-
fracture geriatric inpatients.

A minimum of 5 days was chosen since the median length of
stay at the department of geriatric medicine, OUH is 6.7 days
(personal communication). Other studies in younger adults
have shown that muscle atrophy can be detected after 5 days
of bed rest (8,22,23), and dramatic changes in muscle mass
occur within 4-6 weeks of bed rest in healthy individuals (22),
which indicates that a significant change in ALM may first be
identified after a longer period of hospitalization.

The participants in this study were all older adults without
dementia and delirium, but with a moderate degree of
frailty [mean CFS score: 5.1 (SD 1.2)]. By excluding patients
with dementia and delirium it may be questioned whether
the studied population is representative. If more vulnerable
participants, i.e., those with cognitive impairment, dementia,
and delirium, were included, the muscle assessments may have
been lower, as sarcopenia is associated with dementia, mild
cognitive impairment, and cognitive decline (36). However, we
do not know whether the decline during at least 5 days of bed
rest for these patients would affect the rate of decline in muscle
status more than cognitively intact older patients. Another
factor is, that acute illness in most cases starts in the preceding
days before the acute hospitalization with bed rest at home.
Ideally, the baseline measurements should have been performed
at home when the first signs of illness with reduced physical
activity or bed rest began. Furthermore, at the department of
geriatrics, OUH, there is a very high focus on good nutrition,
mobilisation, and physiotherapy, which may contribute to
preventing deterioration of muscle functions and only a minor
reduction in ALM.

Both equations of ALM (ALM with circumferences and the
"abbreviated" version) were used since the reliability of
circumference assessments can be compromised by clinical
conditions like oedema (24) and changes in body composition
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in older patients (37). When comparing the ALM estimates
without circumferences, only one participant (6%) met the
EWGSOP2 criteria for being sarcopenic (ASM <20 kg for men
and <15 kg for women) (8). In an acute hospital setting with
older adults (>65 years), the prevalence of EWGSOP-defined
sarcopenia was 10% (1,38), which is in line with our results based
on a much smaller sample. In contrast, another Danish study
based on geriatric out-patients referred for falls assessment or
general geriatric assessment, the prevalence of sarcopenia was
26% according to the criteria from the EWGSOP (39), which
may be explained by a longer period of disabling conditions
(falling, fear of falling, uncovered non-acute somatic disease)
leading to a more sedentary lifestyle and sarcopenia.

Thirteen participants (76%) had lower HGS both at baseline and
follow-up compared to reference values adjusted for gender, age,
and height (15). Following the EWGSOP2 recommendation the
number was 12 (70%). However, the ENGSOP2 recommendation
takes only into account the gender, not the height and age,
and there is no recommendation of which hand-dynamometer
to use, nor definitions of HGS cut-offs for the varying hand-
dynamometers. Looking at the prevalence of sarcopenia when
based on strength (HGS) in this study, the prevalence is much
higher compared to the prevalence of sarcopenic muscle
mass (ALM). Studies have shown that the greatest decline in
muscle strength occurs in the earliest stages of bed rest (23).
Furthermore, it has been shown that a decline in muscle
strength happens much faster than muscle atrophy during the
first 2 weeks of bed rest (23), which underlines the fact that
rectus femoris was a significant statistical parameter, not HGS.
However, the finding of rectus femoris atrophy needs to be
controlled in a larger population of geriatric inpatients.

The strength of this small study is that the ICC showed a value
of 0.92, indicating an excellent reliability (33). As no other
investigator was involved in the measurements interrater
reliability could not be assessed. Considering that ultrasound
is easily available, can be done bedside (20), and can be
carried out after a few weeks of training (25), ultrasound
should have a greater place in the diagnosis of sarcopenia.
The MT measurements are easy to perform, and no equipment
restrictions exist (24).

Study Limitations

A major limitation of this study is the relatively small sample size
and the exclusion of the most vulnerable patients with dementia
or delirium. Therefore, our results should be interpreted with
caution. The prevalence of sarcopenia could have been higher
if patients with these diagnoses had been included, as well as
a larger sample size, and including patients with longer bedrest
would increase the validity of the estimated prevalence as
well as the representativeness of this patient group. Also, the
muscle mass assessments by ultrasound and circumference
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measurements of the geriatric in-patient population should be
validated by DXA scans. In addition, we cannot rule out that
small alterations in the contrast-enhancement software on the
ultrasound device could have interfered with the results of the
El-measurements.

Conclusion

Our study suggests that it is feasible to perform assessment of
sarcopenia using bedside assessments of geriatric inpatients and
even a short period of hospitalization (5 days) seems to result
in a significant reduction in both MT and El of the m. rectus
as measured by ultrasound, thereby suggesting a process of
sarcopenia in a large muscle that has important functions for
keeping normal posture and balance. Future studies addressing
hospitalized geriatric patients should validate the bedside muscle
quantity assessment by DXA scan, as well as doing in-home
assessment for sarcopenia after discharge, to see how muscles
of geriatric patients are affected by longer immobilisation and
sedentary living during convalescence and rehabilitation.
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