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Background: This study critically appraises the measurement properties of tools to measure muscle mass,
strength, and physical performance in community-dwelling older people. This can support the selection
of a valid and reliable set of tools that is feasible for future screening and identiﬁcation of sarcopenia.
Methods: The databases PubMed, Cumulative Index to Nursing and Allied Health Literature (CINAHL), and
Cochrane were systematically searched (January 11, 2012). Studies were included if they investigated the
measurement properties or feasibility, or both, of tools to measure muscle mass, strength, and physical
performance in community-dwelling older people aged 60 years. The consensus-based standards for
the selection of health status measurement instruments (COSMIN) checklist was used for quality
appraisal of the studies.
Results: Sixty-two publications were deemed eligible, including tools for muscle mass (n ¼ 16), muscle
strength (n ¼ 15), and physical performance (n ¼ 31). Magnetic resonance imaging, computed tomography, and a 4-compartment model were used as gold standards for muscle mass assessment. Other
frequently used measures of muscle mass are dual-energy x-ray and the bioelectrical impedance (BIA);
however, reliability data of the BIA are lacking. Handheld dynamometry and gait speed or a short
physical performance battery provide a valid and reliable measurement of muscle strength and physical
performance, respectively.
Conclusions: It can be concluded that several tools are available for valid and reliable measurements of
muscle mass, strength, and performance in clinical settings. For a home-setting BIA, handheld dynamometry and gait speed or a short physical performance battery are the most valid, reliable, and feasible.
The combination of selected instruments and its use for the screening and identiﬁcation of sarcopenia in
community-dwelling older people need further evaluation.
Published by Elsevier Inc. on behalf of the American Medical Directors Association, Inc.

The term sarcopenia was ﬁrst introduced by Rosenberg1 in 1989
and literally means poverty (or deﬁciency) of ﬂesh. The relevance of
sarcopenia as a geriatric syndrome is indicated by the statement that
“no decline with age is more dramatic or potentially more
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functionally signiﬁcant than the decline in lean body mass.”1 Over the
last 6 years, several initiatives have been undertaken to ﬁnd
consensus on a proper deﬁnition of sarcopenia.2 Diagnosing sarcopenia by measuring only muscle mass appeared to be insufﬁcient.
Therefore, in 2009, 2 consensus deﬁnitions were proposed, adding
loss of muscle function (International Working Group on Sarcopenia)
or muscle strength and physical performance (European Working
Group on Sarcopenia in Older People) to its deﬁnition.2 In 2010,
another working group formulated sarcopenia as a reduced muscle
mass with limited mobility.3 Depending on the deﬁnition used,
prevalence rate estimates of sarcopenia in community-dwelling older
people >60 years old can vary between 3% and 52%.4,5
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With adequate screening for sarcopenia among communitydwelling older people, those with an increased risk for adverse
outcomes, such as physical disability, and increased risk for falls, loss
of independence, and death6e9 may be identiﬁed at an earlier stage.
After this initial screening, diagnosis could take place in a clinical
setting. Early identiﬁcation of sarcopenia would be of great clinical
relevance because the loss of muscle mass and strength with aging
can be largely reversed by proper exercise and nutritional intervention.8 The European Working Group on Sarcopenia in Older People
introduced an algorithm for the identiﬁcation of older people with
sarcopenia based on their deﬁnition.10 For identiﬁcation of sarcopenia
in a research setting, several tools were stated to measure muscle
mass, strength, and physical performance. However, those tools are
not speciﬁcally focused on screening among community-dwelling
older people, for whom case ﬁnding should be performed. Thus,
exploring the measurement properties (validity and reliability) of
tools feasible for measurements of muscle mass, strength, and
performance is an important step for the future development of a set
of tools to screen for or diagnose sarcopenia in a valid and reliable
way among community-dwelling older people.
To the best of our knowledge, no systematic review on the
measurement properties of tools to measure muscle mass, strength,
and physical performance in community-dwelling older people has
previously been published. The objective of this systematic literature
review is to critically appraise the measurement properties of tools to
measure muscle mass, strength, and physical performance. Moreover,
the feasibility of such tools in community-dwelling older people will
be evaluated. The identiﬁcation of a set of most valid and reliable
tools may support the future development of a screening tool for
sarcopenia in community-dwelling older people.
Methods
Online databases PubMed, Cumulative Index to Nursing and Allied
Health Literature, and Cochrane were systematically searched in title
and abstract. The search was limited to publications in English and
Dutch. Articles were searched up to January 11, 2012. Search terms
were selected from literature and expert consultation, taking into
account the three parameters of sarcopenia, that is, muscle mass,
strength, and performance, as mentioned in the consensus deﬁnition
of the European Working Group.10 Backward citation tracking was
performed to identify additional relevant articles.
The ﬁnal selection of search terms was: (1) construct of interestd
muscle mass, fat free mass, skeletal muscle, muscle strength, lower
limb strength, upper limb strength, lower extremity strength, upper
extremity strength, grip strength, hand grip strength, elbow ﬂexion
strength, ankle strength, knee strength, maximal strength, physical
performance, functional performance, muscle quality, muscle function, gait speed, walking speed; (2) target populationdelderly, older
adults, older people, older persons, sarcopeni*, community-dwelling,
assisted living; (3) type of measurement instrumentdtool*, instrument*, technique*, measure*, assess*, evaluat*, test; and (4)
measurement propertiesdreliab*, valid*, feasib*, consistenc*, accura*,
agreement, precision, psychometric propert*. Asterisks indicate
search for words with alternative endings, e.g. reliable, reliability
etcetera.
Study Eligibility Criteria
The following inclusion criteria were used for the selection of
relevant studies: The study had to evaluate the validity, reliability,
and/or feasibility of a tool to measure muscle mass, strength, physical
performance, or sarcopenia; focus on community-dwelling older
people or people in assisted living facilities at age 60 years; and
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provide a description of the method used to measure muscle mass,
strength, physical performance, or sarcopenia.
Studies were excluded if they studied a speciﬁc patient population
(eg, patients with Parkinson disease) or if they measured only
activities of daily living (eg, Late Life Function and Disability Instrument), because those scales are focused on functional activities rather
than on physical performance.

Study Appraisal and Synthesis Methods
The search hits were inserted in EndNote X2 and duplicates were
removed. All titles and abstracts were independently screened by two
authors (D.M. and S.t.B.) and scored as “relevant” or “not relevant”
based on the inclusion and exclusion criteria mentioned earlier. The
reviewers discussed their opinions to reach consensus if they disagreed about the inclusion of a study. A third reviewer (J.M.M. or Y.L.)
was asked to participate in the ﬁnal decision if disagreement persisted. Subsequently, full texts were assessed for inclusion by one
reviewer (D.M.), according to the eligibility criteria mentioned earlier.
After that, the methodologic quality of the studies was assessed by
the consensus-based standards for the selection of health status
measurement instruments (COSMIN) checklist.11 The COSMIN
checklist evaluates the methodologic quality of studies on measurement properties among others, content validity (evidence that the
content of a test corresponds to the content of the construct it was
designed to cover), construct validity (the degree to which the scores
of a tool are consistent with hypotheses or are related to other variables and other tools measuring the same construct), and concurrent
validity (evidence that scores from a tool correspond with the gold
standard or concurrent external tools conceptually related to the
measured construct). Criteria encompass, for example, handling of
missing items, sample size, and appropriateness of statistical
methods. A methodologic quality score (poor, fair, good, or excellent)
per box was obtained by taking the lowest rating of any item in a box
(“worse score counts”). One reviewer (D.M.) assessed the quality of all
articles, and a second reviewer (D.S.) randomly assessed one third of
the articles to validate the outcomes of the ﬁrst reviewer. Studies
with a poor quality score were excluded for this review; no weighting
was applied to the studies rating fair, good, or excellent quality. The
ﬁnal selection of articles was checked by an expert in the ﬁeld of
sarcopenia (A.J.C.) who veriﬁed that relevant articles were included.
A tool is scored “þ” when having a high reliability [intraclass
correlation coefﬁcient or weighted Kappa  0.70 or Pearson correlation (r)  0.80; high construct validity when correlation between
constructs 0.50, or high concurrent validity when Pearson/
Spearman correlation or area under the curve  0.70].12

Results
An overview of the process of study selection and reasons for
exclusion is shown in Figure 1. After title, abstract, and full-text
screening, 135 studies were found eligible and assessed for quality.
Of these 135 studies, 49 were appraised for quality by a second
reviewer (D.S.); disagreement between the reviewers existed over
four, because of lack of clarity of appropriate statistical methods
(n ¼ 2), choice of measurement property (n ¼ 1), or interpretation of
study results (n ¼ 1). In a consensus meeting, the two reviewers
discussed their opinions, after which agreement was reached.
A ﬁnal selection of 62 studies was included in this review, classiﬁed as having fair (n ¼ 61) or good (n ¼ 1) quality. An overview of
the characteristics of the individual studies is presented in Appendixes A, B, and C. Table 1 provides an overview of the assessed
measurement properties of the included studies.
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) ﬂowchart showing selection procedure of articles.

The tools are described in the following sections according to the
parameter: muscle mass (n ¼ 16), strength (n ¼ 15), and performance
(n ¼ 31).
Validity, Reliability, and Feasibility
The validity and reliability of 10 different tools to assess muscle
mass were reported (Table 2). The included studies evaluated mainly
the concurrent validity, only one study assessed responsiveness,13
and no studies evaluated the reliability of the tools. As listed in

Table 2, magnetic resonance imaging (MRI), computed tomography
(CT), and a 4-compartment (4-C) model were used as gold standards
for assessment of muscle mass. The only study describing responsiveness showed that ultrasonography was able to detect changes in
muscle mass before and after training. Dual-energy X-ray (DXA) was
found to be highly correlated with MRI, CT, and the 4-C model.
Bioelectrical impedance (BIA) was found to have high concurrent
validity; however, signiﬁcant differences in estimation of mean fatfree mass between BIA and DXA were found.14 Furthermore, it was
stated that its validity is questionable due to signiﬁcant differences in

Table 1
Measurement Properties Assessed in the Included Studies (by the COSMIN Checklist)
Measurement Property

Box
Box
Box
Box
Box
Box
Box

A Internal consistency30,35
B Reliability18,21e23,25e31,34,35,38,40,41,44e47,49e53,56,58,68e71
C Measurement error25,26,68
D Content validity58
F Hypothesis testing18e20,23,29,30,32e36,38,39,41e45,47,48,51,52,54,55,58,68,71,72
H Criterion validity13e17,20,21,24,37,41,51,53,57,69,73e83
I Responsiveness13,50

Muscle Mass

Muscle Strength

Physical Performance

P

F

G

P*

F

G

P*

F

G

e
e
e
e
e
e
e

e
e
e
e
e
16
1

e
e
e
e
e
e
e

e
e
1
e
e
e
e

e
14
1
e
8
5
e

e
e
e
e
e
e
e

2
e
e
e
3
e
e

e
17
1
1
16
4
1

e
e
e
e
1
e
e

COSMIN, consensus-based standards for the selection of health status measurement instruments; F, fair; G, good; P, poor.
No studies were scored with excellent (E).
*For some studies, more than one box was assessed; in case one box was assessed “poor” quality but the other with “fair” or “good,” the study was included in the ﬁnal study
selection, only taking into account data from the fair/good box.
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Table 2
Measurement Properties of Muscle Mass Tools in Community-Dwelling Older Persons
Instrument

Reliability

Validity*
Outcome

Concurrent

Comparator Instrument

BOD POD74
Calf circumference15
CT13,17,83

r > 0.79, R2 ¼ 0.70
ICC > 0.95, LOA 12 kg
ICC > 0.69
LOA e11.0 to 2.4y
r ¼ 0.63
r > 0.83, R2 ¼ 0.96

þ
þ

?
e
þ

DXA14e17,78e81
Equation for LBW79
MRI17
Skin-fold thickness16
Ultrasonography13
4-C model76,83

r > 0.91
LOA 0.65 e 11.65 kgy
r > 0.91
R2 ¼ 0.62
r > 0.83
R2 ¼ 0.98, r ¼ 0.95

þ
þ
þ
e
þ
þ

TBW, 4-C model, DXA
DXA whole body
DXA segmental
DXA
DXA
Used as gold standard vs DXA
and ultrasonography
MRI, CT, 4-C model
DXA
Used as gold standard vs DXA
DXA
CT
Used as gold standard vs DXA and BIA

BIA
Single frequency14,16,73,75e77,80
Multifrequency73,74,78

Portable and
Executable in a
Home Setting?
Yes
Yes
No
Yes
No
No
Yes
No
Yes
Yes
No

þ, high concurrent validity [Pearson/Spearman correlation or area under the curve (AUC)  0.70 or responsiveness  0.50]; (e), low validity (Pearson/Spearman correlation or
AUC < 0.70); 4-C model, 4-compartment model; BIA, bioelectrical impedance; BOD POD, measure of air displacement plethysmography; CT, computed tomography; DXA,
dual-energy x-ray; ICC, intraclass correlation coefﬁcient; LBW, lean body weight; LOA, limits of agreement; MRI, magnetic resonance imaging; TBW, total body water.
*Only concurrent validity (evidence that scores from a tool correspond with the gold standard) was assessed in the included studies.
y
LOA could not be interpreted because no information was provided on the minimally important change.

the estimation of muscle mass by BIA compared with DXA, and
reliability data are lacking. Calf circumference15 and skin-fold thickness16 both showed low correlations with DXA. Feasibility criteria
discussed were exposure to radiation and costs.17
Table 3 provides an overview of the tools to measure muscle
strength and their validity and reliability. In the included studies,
reliability, construct, and concurrent validity were assessed. The
handheld dynamometer (HHD), by which measurements of hand
grip, ankle, elbow, hip, and knee strength can be made, is valid and
reliable.18e26 It showed both high interrater and intrarater reliability,
and concurrent and construct validity were shown by comparison of
several types of HHDs with an isokinetic dynamometer,24 a vigorimeter,20,23 and sit-to-stand testing.19 Other tools to assess muscle
strength like the leg press,27 plate spring gauge,28 and pull down29
showed good reliability. However, no validity data were found for
these speciﬁc tools. Feasibility criteria mentioned were rate of
injuries, simplicity, time of the measurement, safety, and costs.29
Table 4 lists the validity and reliability of tools that can be used to
measure physical performance. Most studies evaluated the intrarater
reliability, construct, and/or concurrent validity. Tools to assess
physical performance comprised questionnaires,30,31 several
performance-based tools,31e57 and a tool using video animation (the
mobility assessment tool).58 Some tools measure single performance
items, such as gait speed or standing balance, whereas other tools
include multiple items. The latter was applied in, for example, the
frequently used short physical performance battery (SPPB), which
includes standing balance, gait speed, and chair rises (sit-tostand).31,37,40,50 The mobility assessment tool is a tool that uses video
clips of several types of performance, which subjects have to score as
being able to do or not. Reliability and validity for gait speed
measurements was conﬁrmed in 9 studies,31,32,37,38,40,51,53,54,56 and it
was found to have high construct validity, shown by correlations with
SPPB and stair climb, and predictive validity for disability.37,42,53e55
Muscle soreness, safety, ease of administration, acceptability to
patients, portability, time span, and ability to perform the test were
mentioned with regard to feasibility.35,41,49,58

the gold standard, was often used as reference method, because it is
a cheaper and quicker option than the other gold standards for
muscle mass. However, when comparing an instrument with a reference instrument that is not a gold standard, it is unknown to which
degree the correlation between instruments is inﬂuenced by
measurement errors of the reference instrument. A remarkable
ﬁnding was the lack of studies examining the reliability of tools to
measure muscle mass in older people. Reeves et al,59 excluded from
this review because of a small sample size, looked at the reliability of
ultrasonography and its validity compared with MRI, and found good
reliability and validity for ultrasonography. This adds to the evidence
for high concurrent validity and responsiveness of ultrasound
measurements found in this review.13
The leg press and HHD used on both upper and lower extremities
are valid and reliable tools to measure muscle strength. The HHD is
frequently used; however, Roberts et al60 concluded in their review
that protocols to measure grip strength by HHD differ, which makes
comparison between studies difﬁcult. Stark et al61 reviewed the
reliability and validity of HHD in young and older people, and also
found that the various studies revealed a lack of homogeneity in
methodology for the application of HHD, which underlines the need
for using a standard protocol. They concluded that HHD cannot fully
replace isokinetic measurements, but considering the costs of isokinetic devices and the impracticality, HHD is a good alternative.
However, using hand-grip strength as a predictor of overall strength
seems unjustiﬁed in the healthy older adult.62 It can be argued that
lower extremity strength might be even more relevant than upper
extremity strength, because lower extremity strength is important for
functional activities.62
Many instruments have been applied to measure (aspects of)
physical performance. Gait speed is a useful tool to assess physical
performance given its high reliability and concurrent validity.
Participants with SPPB scores 10 at baseline had signiﬁcantly higher
odds of mobility disability at 3-year follow-up. 63 Cooper et al’s64
review concluded that walking speed, chair rises, and standing
balance (components of the SPPB) were all associated with mortality.
Those studies add to the clinical importance of the frequently used
physical performance tools, namely, gait speed and the SPPB.

Discussion
Feasibility
Many tools are described that measure muscle mass, strength, and
physical performance. MRI, CT, and a 4-C model were used as gold
standards to measure muscle mass. Also, DXA, even though it is not

For quick screening of muscle mass, strength, and physical
performance among community-dwelling older people, it would be
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Table 3
Measurement Properties of Muscle Strength Tools in Community-Dwelling Older Persons
Instrument

Type of Strength

Outcome

Reliability

Validity

Intrarater Interrater Measurement Error Construct Concurrent Comparator instrument
Chest press27
Dumbbell69
Elastic bands69

ICC > 0.94
r ¼ 0.62
ICC ¼ 0.89, r ¼ 0.46/0.62

þ

Grip, pinch, ankle, elbow,
hip, knee, trunk ﬂexion
and extension

ICC > 0.78, r > 0.72

þ

þ

Construct: r < 0.37

Isokinetic dynamometer71

Leg press27,41
Manual muscle testing
Vigorimeter20

Ankle, knee, elbow ﬂexion,
extension

Lower limb
19

Plate with spring gauge28
Pull down29

Knee extension
Hand grip

Ankle
Arm, shoulder

ICC 0.34e0.85
r ¼ 0.53
r ¼ 0.47
ICC > 0.94, r ¼ 0.78 men;
r ¼ 0.71 women
r > 0.64
ICC > 0.91, r ¼ 0.89e0.90
Construct: hypothesis not
conﬁrmed
ICC ¼ 0.88
r ¼ 0.97, LOA 0.43e6.9 kg

þ
þ/
þ

SEM 2.4

þ

þ

e

þ/e

þ/

þ

þ

þ

þ
e

þ
þ

Not applicable
Elastic band
Dumbbell test, isokinetic
assessment
Knee extension vs STS
10 sec;
hand grip vs vigorimeter,
several HHD devices, and
isokinetic measurements
All types of strength
compared with 6-MW,
BIA, grip, elbow, POMA,
TUG

No
Yes
Yes
Yes

No

þ

Ankle strength vs chair rise
and gait speed
Used as reference method
Leg press vs chair stand
Used for comparison
Knee extension vs STS
Jamar handheld
dynamometer
Not applicable
Not applicable

No
Yes
Yes

No
No

þ, high reliability (ICC, weighted Kappa  0.70 or Pearson correlation  0.80), high construct validity (correlation between constructs  0.50) or high concurrent validity [Pearson/Spearman correlation or area under the curve
(AUC)  0.70]; (e), low reliability (ICC, weighted Kappa < 0.70 or correlation < 0.80) or low validity (Pearson/Spearman correlation or AUC < 0.70); BIA, bioelectrical impedance; HHD, handheld dynamometry; ICC, intraclass
correlation coefﬁcient; 6-MW, 6-min walk test; POMA, performance-oriented mobility assessment; SEM, standard error of measurement; STS, sit-to-stand; TUG, timed up and go.
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Handheld dynamometer

18e26

Upper limb
Elbow ﬂexion
Elbow ﬂexion

Portable and Executable
in a Home Setting?

Table 4
Measurement Properties of Physical Performance Tools in Community-Dwelling Older Persons
Instrument

Outcome

Continuous scaled physical
functional performance30

Intra/inter-rater r > 0.85

Reliability

Validity

Intrarater

Interrater

þ

þ

Measurement
Error

Content
Validity

Fullerton Functional Fitness Test
battery47,*
Functional reach52,*
GAITRite mat (4.6-m mat with
sensor)46,*
Gait speed (2 m to
1 km)31,36,37,40,42,43,49,53e55,*

þ

ICC ¼ 0.92; r ¼ 0.58/0.60/e0.24
r ¼ 0.24
ICC ¼ 0.91

þ

þ
e

þ

þ

Modiﬁcation scale: chair rise, stair
ascent, kneel, supine rise44
Physical capacity evaluation:
walking speed, grip, etc.35,*
Physical performance test
(4-item)57
Physical performance test
(7-item)33

Self-reported physical function
(13 items)31
SPPB31,37,40,50,54,*

Sit to stand 5 times31,34,40,42,43,49

Sit to stand 10 times48
Sit to stand 30 sec

41,45

þ

þ

ICC ¼ 0.92/0.98

þ

Reliability: r > 0.94
Construct: r ¼ 0.74
r ¼ 0.92

þ

þ

þ

þ
þ

e
þ/e

þ

þ

e
þ

þ

r ¼ 0.47
r ¼ e0.02 to 0.11

Construct: r ¼ 0.71e0.83 and r ¼
0.21e0.52

e

þ

e
e
þ

No

Yes (short
distance only)

No

Yes
No

r ¼ 0.43e0.69

Reliability: ICC 0.84e0.92, r ¼ 0.93

þ

SPPB, discriminating level of
mobility limitation, predictive
validity for ADL disability and 4 m
course compared with 400-m
course
Compared with grip strength, chair
stands, tandem stand
Stair climb time, habitual gait and
maximal gait speed, chair stand,
and aerobic capacity
Treadmill, predictive validity for
disability
BMI, general health perceptions
Parts of MAT vs total score, SPPB,
and 400-m walk

þ

þ

Kappa 0.38e0.95
ICC 0.88e0.92
r ¼ 0.74
AUC ¼ 0.75
ICC ¼ 0.71
r > 0.82

þ

e
þ

r ¼ 0.70e0.77

ICC ¼ 0.63e0.92

No

No

e

r ¼ e0.07 and 0.10
ICC ¼ 0.93, r ¼0.59e0.96

Yes

þ
e

þ

Health assessment questionnaire

No

Mini PPT: 9 item

No

Lower extremity muscle force,
lower extremity ROM
Upper extremity ROM, upper
extremity muscle force
10-ft walk, chair stand

No

Lifting, sitting for 1 h
400-m walk, mobility disability

Discriminating level of mobility
limitation
Timed walk, grip strength
Self-report
Peak torque, endurance, knee
extension
Leg press, isokinetic leg strength,
5 chair stands
Lower limb strength (knee and hip)
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Mobility assessment tool-SF58,*

ICC 0.88e0.94
r > 0.71
Construct r > 0.61

ADL scale, frailty scale
CIRS

þ
þ

Portable and Executable
in a Home Setting?

No

r ¼ 0.05e0.39
Gait speed (6 min)32,37,38,51,56,*

Comparator
Instrument
Biceps, knee, max oxygen
consumption
Hip and shoulder strength
Gait speed
Step width, length, number of steps,
GARS and PPT

e
þ
e

ICC 0.94e0.98

Reliability r ¼ 0.90/ICC ¼ 0.94
Construct AUC > 0.70
Concurrent r ¼ 0.74e0.93

Concurrent
Validity

þ

Construct r ¼ 0.19 e 0.68
r ¼ 0.50/0.57
r ¼ 0.11e0.35

Figure-8 walk39

Construct
Validity

Yes

Yes

Yes

Yes
Yes
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(continued on next page)

e

e
þ

þ

e

þ

e

e/þ
r ¼ 0.19e0.44
ICC < 0.70 single walk, mean of two
walk ICC > 0.70
r = 0.40-0.53

e/þ
Trunk ﬂexibility43
UEPB (Hand test, hand signature,
functional reach) and LEPB55,72

3-D accelerometer68

þ/e
ICC 0.56e0.97
r > 0.70
r ¼ 0.38
Only feasibility
AUC ¼ 0.73e0.85
r ¼ 0.57

Tandem-stand36,42

Timed up and go42,52,56,*

e
Only feasibility
Reliability: weighted kappa 0.29;
Construct:
AUC 0.62e0.67
Kappa < 0.40
Stair climb43
Standing balance40,42,43,*

þ, high reliability (ICC, weighted Kappa  0.70 or Pearson correlation  0.80), high construct validity (correlation between constructs  0.50) or high concurrent validity (Pearson/Spearman correlation or AUC  0.70; (e), low
reliability (ICC, weighted Kappa < 0.70 or correlation < 0.80) or low validity (Pearson/Spearman correlation or AUC < 0.70); ADL, activities of daily living; AUC, area under the curve; BMI, body mass index; CIRS, cumulative illness
rating scale; GARS, modiﬁed gait abnormality rating scale; ICC, intraclass correlation coefﬁcient; LEPB, lower extremity performance battery; MAT, mobility assessment tool; PPT, physical performance test; ROM, range of
motion; SF, Short Form; SPPB, short physical performance battery; TUG, timed-up-and-go; UEPB, upper extremity performance battery.
*Some studies only mention “test-retest” but do not clarify interrater or intrarater.

Basic ADL, grip strength

No

Discriminating low physical
function, mobility limitation, ADL
disability; UEPB with LEPB
Self-report with UEPB
TUG

No
No

Yes

Yes

Single leg stand, gait speed, chair
stands, grip strength; not able to
discriminate level of mobility
limitation
Discriminating level of mobility
limitation, ADL, and frailty scale
CIRS

Discriminating extent of mobility
limitation
e

Content
Validity
Intrarater

Outcome
Instrument

Table 4 (continued)

Reliability

Interrater

Measurement
Error

Validity

Construct
Validity

Concurrent
Validity

Comparator
Instrument

No
Yes
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beneﬁcial if tools are feasible to apply in a general practitioner
practice or in a home setting. With regard to muscle mass, many tools
are available in clinical practice, but no well-validated and reliable
tools are available for measurements of muscle mass in a home
setting. BIA and the use of anthropometrics (such as calf circumference and skin-fold thickness measurements) were all found to be
feasible for a home setting because the required equipment is
portable. From those, BIA showed better evidence for validity, yet its
validity is highly dependent on age, sex, and cultural inﬂuences,14
because, for example, edema, diuretics, and prosthesis hamper BIA
measurements. Furthermore, it is likely that the use of different
reference populations and cut points for muscle mass have large
effects on the outcome.8,65,66 In a review on ﬁeld and laboratory
techniques to assess muscle mass, it is stated that 3-C model and 4-C
methods may be required and are usually recommended in older
people, but BIA is put forward as the best option for ﬁeld measurements.67 Ultrasound is a promising alternative to the BIA; however,
for ultrasound to become a feasible and reliable alternative for BIA,
work is warranted.
Critical Appraisal of Methodology
With regard to the methodology of this review, some aspects
should be addressed. Most studies scored “fair” because they did not
describe how missing items were handled. Studies were excluded
when they had a sample size of less than 30, which may have narrowed our results. In addition, a correlation of 0.69 is classiﬁed as low
validity, whereas a correlation of 0.71 is classiﬁed as high, despite the
marginal difference. For muscle strength and performance, gold
standards are not available, which hampers assessment of proper
concurrent validity. It should be taken into account that for some
tools, only one study on validity and reliability is available.
Conclusions and Implications of Key Findings
For a valid and reliable screening or diagnosis of sarcopenia, ﬁrst
one has to agree on the combination of the parameters by which
sarcopenia is measured. In this article, the European Working Group
on Sarcopenia in Older People criteria were chosen, including muscle
mass, muscle strength, and physical performance. Gold standards
used for the assessment of muscle mass were MRI, CT, and a 4-C
model. A valid and reliable tool for muscle strength is the HHD; the
SPPB and gait speed have good measurement properties with regard
to the assessment of physical performance.
To measure muscle mass, strength and physical performance in
a general practitioner practice or home-setting, BIA, HHD and gait
speed over a short distance or the SPPB can be used, since those
measure are transportable and executable in those speciﬁc settings.
However, because the validity of BIA is not optimal, it is debatable to
measure only muscle strength and physical performance for a ﬁrst
screening, and when scores on these parameters are below normal,
further assessment of muscle mass by, for example, DXA, as a more
valid alternative for the measurement of muscle mass, could be used.
The use of a combination of tools to measure muscle mass, strength,
and physical performance for the screening and diagnosis of sarcopenia in community-dwelling older people, as well as predictive
value, needs further evaluation.
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