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Abstract
Objective: The SARCopenia and UltraSound 3rd (SARCUS3) pilot study aims to determine the relationship between ultrasound (US)-based lower arm
muscle thickness and handgrip strength in hospitalised older adults.
Materials and Methods: SARCUS3 is a single-centre cross-sectional study (Ziekenhuis Netwerk Antwerpen, Campus Middelheim, Antwerp, Belgium).
For inclusion, all patients admitted to a geriatric ward were screened. US was used to measure the thickness of the lower arm muscles. On the other
hand, a Jamar dynamometer was used to measure handgrip strength.
Results: A total of 83 patients were included in the data analysis (48 women, 35 men, mean age 84 years). According to the Shapiro-Wilk test, the
lower arm muscle thickness and square root of handgrip strength had a normal distribution. The scatterplot and line of best fit suggested that the
two variables had a linear relationship. Pearson’s correlation coefficient was 0.287 (p=0.051) for women and 0.361 (p=0.036) for men for the USmeasured muscle thickness of the lower arm and square root of handgrip strength. A linear regression analysis of the data from the participating
men revealed that the best estimate for handgrip strength can be calculated using the formula: handgrip strength (kg) = [2.773+0.061 × lower arm
muscle thickness (mm2)], with an adjusted R square of 0.103.
Conclusion: This pilot study, using US-based muscle measurements, discovered a significant positive relationship for men and a borderline
nonsignificant relationship for women between lower arm muscle thickness and handgrip strength. Furthermore, muscle thickness alone can explain
up to 10.3% of the measured variability of handgrip strength in men. To our knowledge, this study is the first to show that US-based measurements
of the lower arm are related to handgrip strength in a group of hospitalised older people. More research is required to identify other factors that
influence lower arm muscle strength in hospitalised older adults.
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Introduction
Sarcopenia was first described by Irwin Rosenberg in 1989 as
a deficiency of muscle mass (1). During the following years,
the terminology for sarcopenia changed according to the
continuous increase in knowledge about the syndrome (2-4). In
2010 the European Working Group on Sarcopenia in Older People
(EWGSOP) published a consensus definition and diagnostic
criteria for age-related sarcopenia, with an update (EWGSOP2)
in 2019 (5,6). The EWGSOP2 definition states that sarcopenia

is a progressive and generalized skeletal muscle disorder that
is associated with an increased likelihood of adverse outcome
including falls, fractures, physical disability and mortality (6).
Low muscle strength is used as the main parameter of sarcopenia
according the EWGSOP2 (6). Whenever low muscle strength is
present, the term ‘‘probable sarcopenia’’ can be used according
EWGSOP2 criteria (6). If there is additionally either low muscle
quantity or quality present, the diagnose of sarcopenia is
conformed (6). Low physical performance is furthermore used
to grade the severity of sarcopenia (6).
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Defining the standard methods to measure muscle strength,
quantity or quality remains subject of discussion (6). Handgrip
strength was acknowledged by the EWGSOP2 as a convenient
method to evaluate low muscle strength. The method is
standardized and cut-off points for men and women were
confirmed (6,7). A measured handgrip strength <27 kg for men
and <16 kg for women indicates the presence of low handgrip
strength (6). Handgrip strength is a well-studied variable (8).
Similar to sarcopenia, low handgrip strength has been associated
with an increased likelihood of adverse outcome including falls
(9), fractures (10), physical disability (11) and mortality (12,13).
On the other hand, a suitable method to measure the muscle
quality and muscle quantity in daily clinical practice is still
undetermined. To date, computed tomography (CT) and magnetic
resonance imaging (MRI) based measurements are regarded
as the gold standard and dual-energy X-ray absorptiometry
(DXA) as the preferred alternative for measuring muscle mass
(6). However, these techniques are complex, expensive and
unavailable in many centers making them of little use in daily
clinical practice. Bioelectrical impedance analysis (BIA) is an
additional, upcoming technique for measuring muscle mass
(6,14). Due to a lack of standardization and validation of the
prediction equations in specific populations, its use in daily
clinical practice remains rather limited (6,14). Furthermore, BIAequations strongly depend on the patients fluid balance, which
can greatly differ between healthy subjects and hospitalized
older adults (15). The EWGSOP2 provides cut-off points for BIA
and DXA - but not for CT or MRI-that indicate the presence of
low muscle quantity (6). With an appendicular skeletal muscle
mass (ASM) <20 kg for men and <15 kg for woman or an ASM/
height2 <7.0 kg/m2 for men and <5.5 kg/m2 conforming the
presence of low muscle quantity (6,16,17).
Despite a wide range of available technics and even recognized
cut-off points for some of them, it remains unfeasible to
measure muscle mass in daily clinical practice. An alternative
for the aforementioned techniques however, might be found in
ultrasonography (6,18).
Ultrasound (US) is an inexpensive, portable, non-invasive
technique without the need for ionizing radiation (18). Previous
studies on US-based measurements of muscle quantity suggest
a significant correlation with CT and MRI based measurements
(19-21). In regard to the lower arm muscles, a recent study
observed a strong correlation between the lower arm muscle
thickness, measured as the distance between the subcutaneous
adipose tissue-muscle interface and the muscle-bone interface
of the ulnae/radius, and MRI-measured cross- sectional area
of the flexor and extensor components of the lower arm (22).
Multiple studies have shown a good intra- and inter-observer,
test-retest reliability (23-26), and feasibility in assessing small
muscle groups with the use of US (18,27-29).

Recommendations about the measurement of muscle quality in
daily clinical remain scarce (6). As to date, mostly CT and MRI
based measurement have been used in research to asses muscle
quality (6). Similar to CT and MRI-based measurements, US can
assess muscle quality directly via specific tissue characteristics
(18,30). Cadaver studies have shown that US is a valid tool for
assessing basic architectural parameters (31,32). As yet, there
is no consensus as to which technique is to be used to provide
qualitative information on muscles (6). The EWGSOP2 doesn’t
make any recommendations nor provides cut-off points for
any qualitative muscle parameter (6). US-based measurements
could play a major future role in the evaluation of sarcopenia as
it combines muscle quality and quantity assessment without the
downsides of CT, MRI, DXA or BIA (18).
Confirming the viability of use of this new US-based strategy
could improve the diagnostic process of sarcopenia in regular
practice. This includes describing the ideal detection area in
older patients and gaining further insights in the relationship
between muscle quality, quantity and muscle strength. Previous
studies examining the muscle quantity and muscle strength
relationship solely focused on healthy community dwelling older
adults (33,34). Therefore, the aim of this study is to question
the relationship between US based measurements of lower arm
muscle quantity and handgrip strength in hospitalized older
adults.

Materials and Methods
Study design
The SARCopenia and UltraSound 3rd study (SARCUS3) was a
single centre cross-sectional study. This study was approved by
our Local Hospital’s Ethics Committee (approval no: 5226).
Study population
All patients admitted to the acute and orthogeriatric wards
of the Ziekenhuis Netwerk Antwerpen campus Middelheim
(Antwerp, Belgium) between the 1st of May 2019 until the 31th
of December 2019 were eligible and screened for inclusion.
Patient had to be over 65 years old and be able to comply with
the study protocol to be included.
All patients with known cognitive problems (either mild
cognitive impairment or dementia) or who were diagnosed with
cognitive problems (either mild cognitive impairment, dementia
or delirium) during hospitalization were excluded. Additionally,
all patient with recent surgery or trauma (<3 months) of the
dominant arm, severe electrolyte disturbances, hyper- or
hypovolemia or neuromuscular disease were excluded. A full
list of the exclusion criteria is provided in the supplementary
material. Written informed consent was obtained from all
subjects.
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Collection of descriptive data
All information on the reason for admission, substance use,
biometrical information, medication use and length of stay was
either retrieved from the patient themselves or the patient’s
medical record. The Cumulative Illness Rating Scale-Geriatric
(CIRS-G) was used to asses co-morbidity. It rates 14 different
organ systems (score 0 to 4), with a higher score implying a
higher disease burden and with a maximum score of 56 (35).
The mini nutritional assessment-short form (MNA-SF), a 6
item questionnaire, was used to identify patients who were are
either at risk or had malnutrition (36). A score of 0 to 7 implying
malnutrition, a score of 8 to 11 being at risk of malnutrition and
a score of 12 to 14 meaning a normal nutritional status. The
SARC-F score was used to screen for sarcopenia. The SARC-F
rates 5 components (Strength, Assistance in walking, Rise from
a chair, Climb stairs, Falls) and ranges from 0 to 10. A score
of 0 meaning no characteristics of sarcopenia are present (37).
In accordance with the EWGSOP2 criteria, probable sarcopenia
was present when low handgrip strength (<27 kg for men and
<16 kg for women) was confirmed (6). The FRAIL scale, a frailty
screening stool ranging from 0 to 5, was used to describe the
presence of frailty in the study population (38,39). A score of
3-5 indicating the presence of frailty, a score of 1-2 pre- frailty,
and a score of 0 a health status.
US based muscle measurements
US based measurements of muscle thickness were used to
quantify lower arm muscles. As these muscles are rather small,
especially in older adults, measuring the thickness of an entire
muscle compartment was chosen rather than measuring
individual muscles. This approach deemed more straightforward
than the more complex volume-based measurement of a single
muscles. The dominant forearm muscles were measured while
the participants were seated. The forearm was placed on a table
to rest. The elbow was flexed to 120° and the forearm put in

Figure 1. Probe (left) and patient (right) positioning
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midprone (neutral position). The wrist was at 15-30° of extension
(dorsiflexion). Patients were asked to hold a Wilson US 4 tennis
ball (Wilson Sporting Goods Company, United States of America)
without squeezing it, to ensure correct positioning. A tennis ball
was used as this is a standardized measure throughout the world.
Muscle thickness was measured using brightness (B)-mode on an
Aplio 300 (Canon Medical Systems Europe, the Netherlands). A 5
cm wide, 7.5 and 10 MHz linear transducer with a scanning head
coated with water-soluble transmission gel was used. Muscle
thickness was measured at the proximal 1/3 of the distance
between the tip of the olecranon and the ulnar styloid process.
An example of probe and patient positioning is shown in Figure
1. The probe was placed perpendicular on the medial side of
the forearm. The distance between the subcutaneous adipose
tissue-muscle interface and muscle-bone interface of the ulna
was measured (Figure 2). All measurements were repeated three
times and the mean value of these measurements was used.
Muscle thickness was measured within 4 days of admission in
order to minimize the risk of acute hospital admission related
muscle wasting (40). Furthermore, in order to comply with the
US study protocol patients had to be able to walk and sit up in
a chair. Thus, reducing the risk of acute bed rest-induced muscle
loss.
Handgrip strength
Handgrip strength was measured using a Jamar hydraulic hand
dynamometer (Lafayette Instrument Company, United States of
America), according to the American Society of Hand Therapists
protocol (ASHT) (41,42). Patients were seated in a chair without
arm rests. There feet had to be on the ground. Hips had to
be as far back in the chair as possible and the hips and knees
positioned at approximately 90°. Shoulders had to be adducted
and in a neutral position. The elbow had to be flexed at 90° angle
and the forearm was held in a midprone (neutral position). The
wrist was held between 15 to 30° of extension (dorsiflexion) and
0 to 15° of ulnar deviation. The mean of three consecutive trials
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was used. A rest of at least 15 seconds was allowed between
trials. Instructions to the patient were provided according to
the ASHT-protocol.
Statistics
Statistical analysis was done by using Statistical Product and
Service Solutions (SPSS) Statistics (International Business
Machines Corporation, United States of America) version
26 software. Continuous variables are expressed as mean
and standard deviation. Nominal variables are presented as
percentages. Ordinal variables are presented as median and
interquartile range. Handgrip strength and lower arm muscle
thickness were checked for a normal distribution with a
Shapiro-Wilk test. Data of muscle quantity and handgrip
strength were plotted in a scatterplot and the correlation
examined by calculation of the Pearson’s correlation coefficient.
The null hypothesis being that there is no relationship between
muscle quantity and handgrip strength. The correlation was
deemed significant at a 0.05 level (two tailed). In case of a
significant correlation, a simple linear regression analysis will
be performed. An additional bivariate analysis was performed
using a correlation matrix. In case of multiple variables that

correlated (Spearman’s rho >0.250, p>0.05) to handgrip
strength, a multiple regression analyze will be performed to
further explore the relationship between lower arm muscle
thickness and handgrip strength.
Before the start of the study a power analysis was performed
using G*Power version 3.1.9.3 software (Heinrich HeineUniversiteit Düsseldorf, Germany) presuming there would be
a weak correlation (0.3) between handgrip strength and lower
arm muscle thickness. A required sample size of 82 patients was
calculated.

Results
Patient characteristics
In total, 100 patients were included in the SARCUS3 study
between the 1st of May 2019 and the 30th of November 2019.
Seventeen patients had to be excluded: fifteen patients due to a
new diagnose of either mild cognitive impairment or dementia,
one patient because of a new diagnose of multiple sclerosis
and one patient because of generalized edema caused by heart
failure. After all exclusions, a total of 83 patients remained
for data analysis. A summary of the patient characteristics is
shown in Table 1. The mean age for women was 84.51±5.29
years and for men 84.19±6.01 years. Women represented 57.8%
of the total population. On average, patients had serious comorbidities as is expressed by a high mean CIRS-G score of
10.08±4.20 for men and 12.71±5.15 for women. Patients where
admitted for various reasons, mostly because of infections (20
patients), gait and balance problems (12 patients) and fractures
(8 patients). In the cohort 79.9% of women and 88.6% of men
were right handed. Using the EWGSOP2 provided cut-off points
for low hand grip strength, 39.58% of the women and 42.86%
of the men were classified to have probable sarcopenia. In both
men and women, 56% had either malnutrition or were at risk
of malnutrition according the MNA- SF. The mean length of
stay was 10 days. The median SARC-F score of 3 for women and
4 for men indicates a relatively high presence of self-reported
characteristics of sarcopenia. A median score of 1.50 for women
and 2 for men, on the FRAIL scale, indicates the presence of
multiple characteristics of frailty.
Correlation between lower arm muscle thickness and handgrip
strength

Figure 2. Muscle thickness. Dotted line: the distance between the
subcutaneous adipose tissue- muscle interface (top) and muscle-bone
interface of the ulna (bottom)

The mean handgrip strength was 16.75±4.82 kg for women and
28.60±9.32 kg for men. The mean lower arm muscle thickness
was 37.28±5.91 mm for women and 41.61±4.94 mm for men.
The square root of the handgrip strength had to be taken to
correct for skewness and ensure a normal distribution according
the Shapiro-Wilk test. The scatterplot and fit line for lower arm
muscle thickness and the square root of the handgrip strength
suggested a linear relationship between the two variables
111
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Table 1. Patient characteristics

Table 1. Continued
Women

Men

Gender-n (%)

48 (57.8)

35 (42.2)

Age-years

84.51±5.29

84.19±6.01

CIRS-G score-median (IQR)

10 (6)

13 (8)

Total abstinence

23 (48.9)

11 (31.4)

Weekly

24 (51.1)

21 (60.0)

Daily

0 (0)

3 (8.6)

Non-smoker

31 (64.4)

16 (45.7)

Ex-smoker

15 (31.3)

18 (51.4)

Active smoker

2 (4.2)

1 (2.9)

Respiratory infection

4 (8.3)

3 (8.6)

Urinary tract infection

0

3 (8.6)

Other infections

7 (14.6)

3 (8.6)

Gait and balance problem

10 (20.8)

2 (5.7)

Hip fracture

1 (2.1)

2 (5.7)

Other fracture

4 (8.3)

1 (2.9)

Neoplasm related

4 (8.3)

1 (2.9)

Gastrointestinal bleeding

2 (4.2)

1 (2.9)

Other gastrointestinal disease

3 (6.3)

4 (11.4)

Transcatheter aortic valve
implantation

2 (4.2)

6 (17.1)

Other cardiovascular disease

2 (4.2)

3 (8.6)

Adverse drug event

1 (2.1)

3 (8.6)

Pain problem

1 (2.1)

2 (5.7)

Other

7 (14.6)

3 (8.6)

Handedness-right/left %

97.9/2.1

88.6/11.4

Weight-kg

63.06±14.50

75.79±11.91

Length-cm

159.34±7.88

174.06±6.40

Body mass index-kg/m2

24.80±5.28

24.95±3.22

Length lower arm-mm

253.27±14.66

274.72±15.29

Muscle thickness-mm

37.28±5.91

41.61±4.94

Handgrip strength dominant
hand-kg

16.75±4.82

28.60±9.32

29 (60.42)
19 (39.58)

20 (57.14)
15 (42.86)

Albumin-g/dL

35.90±4.04

36.59±5.07

Prealbumin-mg/dL

0.192±0.051

0.213±0.057

SARC-F score-median (IQR)

3 (4)

4 (5)

FRAIL scale-median (IQR)

1.5 (1)

2 (2)

MNA-SF-median (IQR)

11 (5)

10 (4)

Malnutrition (score 0-7) - n
(%)

10 (20.8)

3 (8.8)

Alcohol-n (%)

Smoking-n (%)

Reason for admission-n (%)

Presence sarcopenia
(EWGSOP2-criteria)
No sarcopenia-n (%)
Probable sarcopenia-n (%)

112

Eur J Geriatr Gerontol 2021;3(2):108-116

Women

Men

Risk of malnutrition (score
8-11) - n (%)

17 (35.4)

16 (47.0)

Normal nutritional status
(score 12-14) - n (%)

21 (43.9)

15 (44.1)

Length of stay-days

10.88±6.71

10.11±8.12

Medication on admission-n

6.77±3.79

7.29±3.38

Data shown as mean ± standard deviation unless otherwise indicated.
IQR: Interquartile range, MNA-SF: Mini nutritional assessment-short form, EWGSOP2:
European Working Group on Sarcopenia in Older People

(Figure 3, 4). The calculated Pearson’s correlation coefficient
between the square root of handgrip strength and lower arm
muscle thickness was 0.287 (p=0.051) for women and 0.361
(p=0.036) for men. To further explore the relationship between
handgrip strength and muscle thickness, an additional linear
regression analysis was performed. Hereby only the data of the
participating men was used since only the men’s calculated
Pearson’s correlation coefficient (0.361, p=0.036) was significant.
Regression analysis showed that handgrip strength in men can
be estimated using the following formula:
handgrip strength (kg) = [2.773+0.061 x lower arm muscle
thickness (mm2)].
The adjusted R square of the linear regression analysis was
0.103. An additional bivariate correlation analysis (including:
age, CIRS-G, weight, length,) was performed using a correlation
matrix. No additional variables significantly correlated
(Spearman’s rho, p>0.05) to handgrip strength were found
(Table 2).

Discussion
Using US-based muscle measurements, the SARCUS3 pilot study
found a positive linear relationship between lower arm muscle
quantity and handgrip strength in hospitalized older adults. The
results were significant for men and borderline non-significant
for women. Handgrip strength in men could be estimated using
the following formula:
handgrip strength (kg) = [2.773+0.061 x lower arm muscle
thickness (mm2)]
Although there is some data on the relationship between
lower arm muscle quantity and handgrip strength in healthy
community dwelling adults (22,33,34,43), this study provides for
the first-time confirmation of this relationship in hospitalized
older adults with serious co- morbidities.
There are multiple reasons however why the correlation was
not as pronounced as one might expect. First of all, as noted
by previous auteurs, there is an age-related decrease in the
correlation between lower arm muscle thickness and handgrip
strength (22,33,34,43). As the population in our study [mean
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age in years: women 84.51±5.29, men 84.19±6.01) was
significant older than in previous studies (mean age in years
for women and men: 23±3, 24±4 (43); 73±3, 74±3 (34);
women/men together 31±14 (22); and women/men together
aged 20 to 89 (33)] it was expected that the correlation

Figure 3. Scatterplot of the muscle thickness and the square root of
handgrip strength (women). The square root of the handgrip strength
had to be taken to correct for skewness and ensure a normal distribution
according the Shapiro-Wilk test

Figure 4. Scatterplot of the muscle thickness and the square root of
handgrip strength (men). The square root of the handgrip strength had to
be taken to correct for skewness and ensure a normal distribution according
the Shapiro-Wilk test

Table 2. Bivariate correlations
Independent variable

Women

Men

Age

-0.105 (0.478)

-0.336 (0.52)

CIRS-G

-0.110 (0.456)

-0.163 (0.356)

Length

0.120 (0.421)

0.209 (0.237)

Weight

0.256 (0.083)

0.331 (0.056)

Data shown as Spearman’s rho correlation coefficient (p-value) between independent
variable and handgrip strength

between lower arm muscle mass and handgrip strength would
be lower as well.
Another reason for the weak relationship observed between
lower arm muscle quantity and handgrip strength is certainly
the absence of clear qualitative muscle measurements (44-46).
Qualitative determinants like age-related adipose or connective
tissue infiltration of the muscle, changes in myofiber size,
changes in muscle metabolism, a reduced capillary density or
neural changes that have been described in previous studies
might be equally important as a decline in muscle quantity,
certainly in an older age cohort (47). The calculated linear
regression analysis in men showed an adjusted R square of
0.103. This means that only 10.3% of the witnessed variability
in handgrip strength can be explained by the muscle thickness.
This showing a certain margin of error for the current formula
[handgrip strength (kg) = [2.773+0.061 x lower arm muscle
thickness (mm)2]. The absence of a significant correlation
in the additional bivariate analysis suggests other variables,
for example muscle quality, must therefore contribute to the
witnessed variability in handgrip strength.
Previous studies have shown an age-related decline in handgrip
strength (7). Our results on handgrip strength (mean handgrip
strength 16.75±4.82 kg for women and 28.60±9.32 kg for men)
are, both for men and woman, within the 25-50th percentile of
the age and gender specified reference range (7). As expected a
significant portion of the patients was diagnosed with probable
sarcopenia according the EWGSOP2 criteria (39.58% women,
42.86% men) on account of having low handgrip strength
(6). The absence of a significant correlation between age and
handgrip strength in the bivariate analysis is probably due
to the small sample size and limited age-range of the study
population.
The observed relationship between lower arm muscle thickness
and handgrip strength was lower in our study than in previous
US-based observations regarding lower limb muscle (48,49). Prior
studies reported on the relationship between muscle thickness
of the quadriceps and muscle strength (correlation coefficient:
0.422, p<0.001) (48) and the thickness of the musculus
rectus femoris and maximum isometric voluntary contraction
(Pearson correlation coefficients: 0.834, p<0.001) (49). A study
investigating age-related site-specific muscle wasting showed
an age-related increased muscle loss in the upper leg muscles
(50). However, the age-related effect on lower arm muscles was
rather small. The absence of significant age- related lower arm
muscle loss combined with an age-related decline in handgrip
strength further emphasizes the importance of muscle quality
as a predictor of lower arm muscle strength in later life.
Although this was not the primary aim of our study, the SARCUS3
study showed that US- based measurements of the lower arm
113
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muscles in older adults are feasible to obtain in regular clinical
practice and could therefore be useful for the screening of low
muscle mass in this cohort. In contrast to previous studies, a
seated patient position was chosen with a flexed arm (elbow
120°) on the table instead of a standing position with stretched
arms (22,33,34,43). This new approach is more appropriate for
studies in older adults for several reasons. First of all, a seated
position is physical less demanding for older adults than a
standing position. Secondly, a rested flexed arm position is a
more natural body posture in contrast to a stretched arm,
making it easier for patients to maintain the same posture for
the duration of the examination. In a standing position, test
subjects always need to contract muscles to maintain the ‘‘ideal’’
test position. This is not the case in a seated position, leading
to less variation in measurements. Finally, the table surface can
be used to rest the probe, reducing the risk of vertical probe
displacement when taking repetitive measurements.
Similar to previous studies the choice was made to measure
an entire muscle compartment rather than a single muscle
(22,33,34,43). Although this increases the risk of including nonmuscle tissue as part of the measurement, this is a more feasible
approach for the screening of sarcopenia in older adults. As a
consequence of the difference in our study protocol to previous
studies, a direct comparison between the measured muscle
thickness was not possible (22,33,34,43).
The SARCUS 3 study had several strengths. All measurements
were acquired using a strict protocol, with special attention
for standardization. All data and measurements were obtained
by one trained researcher, excluding any inter-observer
disagreement.
Study Limitations
The SARCUS3 study has some limitations. First of all, the reason
for admission could have influenced patient’s handgrip strength
and lower arm muscle thickness. We tried to minimize this by
excluding severely ill patients who were not able to comply with
the study protocol. Furthermore, we believe that the impact of
acute muscle wasting would have been limited.
Experimental research showed that older adults have a total
lean mass decreased of ± 4% after 5 days of total bed rest (51).
Patients where however not allowed to be bedridden in order to
comply with the study protocol, additionally early mobilization
is regarded as usual care on our geriatric ward. Secondly, we
excluded patients with cognitive problems to ensure correct
data collection and adherence to the study protocol. Thus,
making it unsure if our findings apply to all hospitalized older
adults. Lastly, a direct comparison between US and CT, MRI, CT
or BIA based measurement would have given additional insight
on potential US based muscle measurement of variables like
pennation angle (the angle formed between fiber insertions and
114
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the aponeurosis in penniform muscles), fascicle length or echo
intensity (15,18). This was however beyond the scope of this
pilot study, primarily because the focus was placed on feasibility
in clinical practice.

Conclusion
The results of this study show for the first time a significant
positive relationship for men and a borderline significant
relationship for women between lower arm muscle thickness
and handgrip strength in hospitalized older adults. Up to 10.3%
of the measured variability of the handgrip strength in men
can be explained by muscle thickness alone. Further research is
necessary to look into other relevant factors.
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Supplementary Material
Exclusion criteria
All patients with a history of/or the presence of a paresis/paralysis of the dominant upper limb due to a stroke will be excluded. All
patient with severe electrolyte disturbances at admission will be excluded because of the potential effect on muscle contraction.
Patients who are clinically either hyper- or hypovolemic will be excluded because fluid shifts could influence the US measurement
results. All patients who are unable to comply with the given instructions about limb positioning will be excluded. Patients with a
history of systemic connective tissue disorders, myositis, calcification and ossification of muscle, systemic atrophies primarily affecting
the central nervous system and demyelinating diseases of the central nervous system will be excluded because of the uncertain effect
muscle quantity and function. All patient with partial or total parenteral and/or intravenous nutrition will be excluded.
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