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Abstract

Background: Hand grip strength (HGS) is used for the diagnosis of sarcopenia and frailty. Several factors have been
shown to influence HGS values during measurement. Therefore, variations in the protocols used to assess HGS, as
part of the diagnosis of sarcopenia and frailty, may lead to the identification of different individuals with low HGS,
introducing bias. The aim of this systematic review is to gather all the relevant studies that measured HGS to
diagnose sarcopenia and frailty and to identify the differences between the protocols used.

Methods: A systematic review was carried out following the recommendations of The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) Statement. PubMed and Web of Science were systematically
searched, until August 16, 2016. The evidence regarding HGS measurement protocols used to diagnose sarcopenia
and frailty was summarised and the most recent protocols regarding the procedure were compared.

Results: From the described search 4393 articles were identified. Seventy-two studies were included in this
systematic review, in which 37 referred to sarcopenia articles, 33 to frailty and two evaluated both conditions. Most
studies presented limited information regarding the protocols used.

Conclusions: The majority of the studies included did not describe a complete procedure of HGS measurement.
The high heterogeneity between the protocols used, in sarcopenia and frailty studies, create an enormous difficulty

in drawing comparative conclusions among them.
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Background

Ageing is accompanied by numerous underlying physio-
logical changes and increasing risk of certain health con-
ditions, such as chronic diseases. These changes that
constitute and influence ageing are complex [1]. Sarco-
penia and frailty are two geriatric syndromes that are
frequently confounded [2].

Sarcopenia was initially proposed by Irwin Rosenberg,
in 1989, to define the age-related decrease of muscle
mass. It derives from the Greek words ‘sarx, that means
flesh, and ‘penia; that means loss [3]. In 2009, the Inter-
national Working Group on Sarcopenia (IWGS) pro-
vided a consensus definition describing sarcopenia as
the age-associated loss of skeletal muscle mass and
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function. It was proposed that older patients who pre-
sented decline in physical function, strength or overall
health should be considered for sarcopenia diagnosis [4].
In 2010, the European Working Group on Sarcopenia in
Older People (EWGSOP) released a clinic definition and
a consensus diagnostic criteria for age-related sarcope-
nia. They presented sarcopenia as a syndrome charac-
terised by progressive and generalised loss of skeletal
muscle mass and strength with a risk of adverse out-
comes such as physical disability, poor quality of life,
and death. The diagnosis should consider the presence
of low muscle mass and low muscle function (strength
or performance) to define conceptual stages as ‘presar-
copenia; ‘sarcopenia’ and ‘severe sarcopenia’ [2].

Frailty is a clinically recognisable state of increased
vulnerability resulting from age-associated decline in re-
serve and function across multiple physiologic systems

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-017-0625-y&domain=pdf
mailto:anaritadesousasantos@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Sousa-Santos and Amaral BMC Geriatrics (2017) 17:238

[5], which is associated with adverse outcomes, such as
falls, functional decline, hospitalisations and mortality
[6-9]. Even though, there is no single generally accepted
clinical definition of frailty, in the Cardiovascular Health
Study (CHS) it was defined as a clinical syndrome in
which three or more of the following characteristics
were present: unintended weight loss, exhaustion, weak-
ness, slow gait speed and low physical activity [10].
Fried’s frailty scale has been the most extensively tested
for its validity and is the most widely used instrument in
frailty research [11].

Hand grip strength (HGS) is used to diagnose both
sarcopenia and frailty [2, 4, 10]. It can be quantified
by measuring the amount of static force that the
hand can squeeze around a dynamometer [12] and it
is an indicator of overall muscle strength [13]. Age
and gender are described as the strongest factors in-
fluencing HGS in healthy subjects, HGS declines with
increasing age [14] and presents lower values for
women [15, 16]. It has good intra- and inter-tester re-
liability and can be recommended the use in clinical
practice [17, 18]. HGS can independently identify
changes in nutritional status [19]; it responds earlier
than anthropometrical measurements to nutritional
deprivation and has shown to be significantly associ-
ated with sarcopenia [2] and frailty [10].

While HGS is considered a reliable measure to as-
sess muscle strength, several factors have been shown
to influence HGS values during measurement. It was
reported that a different posture [20], different posi-
tions of the elbow [20] and wrist [21], the hand used
to test [22] and the setting of the dynamometer [23]
may affect the values of strength. It is even reinforced
that certain positions can optimise the measurement
and produce a maximal HGS. Therefore, variations in
the protocols used to assess HGS, as part of the diag-
nosis of sarcopenia and frailty, may lead to the identi-
fication of different individuals with low HGS,
introducing bias. This can occur even when the same
cut-off points are adopted, which consequently can
lead to differences in the number of individuals iden-
tified with sarcopenia and frailty.The American Soci-
ety of Hand Therapists (ASHT) recommended, in
1981, that HGS should be measured with the individ-
uals seated with their shoulders adducted, their el-
bows flexed 90° and their forearms in neutral position
using the Jamar dynamometer [24]. This protocol has
been updated with more details of the procedure in
1992 [25], and later in 2015 [26]. In 2011, a new
protocol was proposed, the Southampton protocol
[27], representing another step towards an improve-
ment of the description of HGS measurement. Never-
theless, there is still a lack of consistency in the
studies’ protocols to evaluate HGS used over time.
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This systematic review resulted from the need to
evaluate the differences between the protocols used for
the HGS measurement to diagnose sarcopenia and
frailty in older adults. For this reason, this revision rep-
resents a step forward towards the standardisation of the
procedure. Therefore, the aim of this article is to gather
all the relevant studies that measure HGS and to identify
the differences between the protocols used. To this end,
the proposed systematic review will answer the following
questions:

. Which dynamometer was used for measuring HGS?

. Which hand was used?

. What was the individual’s posture?

. What was the arm position?

. Which handle position was used?

. How long did the HGS measurement take?

. How long were the intervals between the
measurements?

N O U W

Methods

A systematic review was carried out following the rec-
ommendations for reporting systematic reviews and
meta-analyses of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (The PRISMA
Statement) [28]. PubMed and Web of Science were sys-
tematically searched until August 16, 2016, with no re-
striction on the year of publication. The search was
limited to English, Portuguese, Spanish and French pub-
lications and to human subjects. The reference lists
within the articles were scanned for any additional refer-
ences missing from the databases’ search. The following
search terms were used: [1] ((hand OR handgrip OR grip
OR grasp) AND (force OR strength)) AND (sarcopenia
OR frail elderly OR frail OR frailty). Subsequently,
search results were inserted in EndNote X7 and dupli-
cates were excluded. All the titles and abstracts were
screened based on the eligibility criteria and classified as
“relevant” or “not relevant”. Full texts of eligible articles
were assessed and read. Those that met all criteria were
included.

Eligibility criteria

Studies were included if [1] participants were aged
65 years or older within well-defined samples, with a
clear description of the inclusion and exclusion criteria;
[2] sarcopenia and frailty were considered as outcomes,
in which HGS was used to identify this condition; [3] a
description of the protocol used to measure handgrip
strength was provided; [4] the outcome measures de-
scribed are: type of dynamometer for the assessment of
HGS, individual’s position (including shoulder, elbow,
arm and handle position and posture), hand dominance,
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number of repetitions, acquisition and rest time, encour-
agement and handgrip strength values.

Randomised control trials, cohort studies, case control
studies and cross-sectional studies were included, and
meta-analyses or review articles, case reports, case
series, meetings’ proceedings, conference summaries and
duplicate records were excluded. Articles were not in-
cluded if information about either the posture of the in-
dividual, or concerning the arm position (shoulder,
elbow or wrist) was absent. When the complete proced-
ure was not described but a reference was made to an-
other article, we searched for the missing parts of the
procedure. If the article did not add more details regard-
ing the procedure, it was still excluded. In case of dis-
agreement about the inclusion of a study, the reviewers
discussed their opinions to reach consensus. The studies
were divided into two subgroups: [1] articles about sar-
copenia and [2] articles about frailty. Final studies se-
lected for inclusion in each category were independently
compiled in data tables. Articles which presented the
same data as an earlier study were still excluded.

Results
From the described search 4393 articles were identified.
After removing duplicates, a total of 2753 articles
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remained. From these, after screening for title and ab-
stract 2166 articles were excluded. Five hundred and
eighty-seven full-text articles were assessed for eligibility
and 515 references were excluded. Seventy-two studies
were found eligible and, therefore, included in this sys-
tematic review. Figure 1 presents a flow diagram of the
literature search and of the selection process.

The studies comprised in this systematic review were
published between 2003 and 2016. Fifty-two were cross-
sectional studies, 17 were cohorts, and three were clin-
ical trials. The sample size ranged between 24 and
11,844 individuals.

From the articles included, 37 studies referred to sar-
copenia, 33 to frailty and two evaluated both conditions.
The EWGSOP and the CHS definitions were used in the
majority of studies to diagnose sarcopenia and frailty.

Description of HGS measurement

Most studies presented limited information regarding
the protocols used. As shown in both Tables 1 and 2, all
72 studies described the dynamometer used, but only
five specified if it was calibrated for the study. Although,
there was a wide range of equipment used, the Jamar
dynamometer was the most mentioned (n = 35),
followed by the Smedley dynamometer (n = 10). Sixty-

)
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Fig. 1 Flow diagram of the literature search and selection process
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six studies described the posture of the individual, in
which the majority was measured in a sitting position
(n = 47), and 19 were in a standing position. Three stud-
ies mentioned variations regarding the posture, depend-
ing on the ability of the individuals.

Most studies chose to measure HGS only in the dom-
inant hand (#z = 33), in four studies measurement was
obtained from the non-dominant, and in 25 in both
dominant and non-dominant. In one study HGS was
measured using the preferred hand while the right hand
was used in two other studies. In seven articles informa-
tion about the chosen limb was absent. The position of
the shoulder and the elbow was indicated in 46 and 62
studies, respectively, and the wrist position was de-
scribed in 39 studies. The dynamometer’s handle was re-
ferred in 37 articles, while the second handle position
was mentioned in 16 articles. Encouragement during the
procedure was reported in 26 studies, only nine studies
indicated the data acquisition time and, 19 studies speci-
fied the rest time. Most studies (n = 42) used the higher
HGS value for the analysis. The ASHT protocol was
mentioned in 11 studies, of which the 1981 protocol was
referred twice and the 1992 protocol was cited in five
studies. The others did not specify the ASHT protocol
used. The Southampton protocol was alluded to in eight
studies.

Discussion

The aim of this systematic review is to identify the HGS
protocols used to diagnose sarcopenia and frailty. The
heterogeneity in HGS protocols, the wide variability in
the criteria used to identify either sarcopenia and frailty
and the different inclusion and exclusion criteria in the
evaluated studies is an issue in this research field. In-
deed, these differences hinder comparison between the
studies and hamper progress of the study of these
conditions.

We observed that most studies which diagnose these
conditions did not mention the protocol used in the
measurement of HGS, or did not include a full descrip-
tion of it. Although the ASHT and Roberts et al. pro-
posed standardised protocols, the results of the present
review showed high heterogeneity of the chosen proced-
ure. Studies concerning sarcopenia and frailty did not
differ in standardised protocols used. Plus, the complete
description of the procedure is lacking in most studies.
In trying to overcome this problem, some authors raise
an additional difficulty when they cite the previous pub-
lication of their study protocol.

The parameters regarding the HGS procedure that
were presented in the Tables 1 and 2 and its influence in
HGS values were evaluated in several studies. As shown
below, in spite of some results being similar between the
studies, others present contradictory results.
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Dynamometer

The ASHT recommends a calibrated Jamar dynamom-
eter in the second handle position for the measurement
of HGS [24-26]. While, the Southampton protocol sug-
gested the handle should be adjusted so that the thumb
is round one side of the handle and the four fingers are
around the other side and the instrument should feel
comfortable in the hand [27].

The Jamar hydraulic dynamometer presents higher
intra and inter-individual reliability [17]. Despite this be-
ing referred to as the most widely used and tested dyna-
mometer [27], this review shows a great variability in the
dynamometers used, regardless of Jamar’s predominance.
Present results exhibit a great number of studies which
failed to describe if the instruments were properly cali-
brated for the measurements. A correctly calibrated
dynamometer is highly reliable. Nevertheless, it should
be recalibrated regularly [29].

Other dynamometers, such as Smedley dynamometer
(mechanical) and Martin vigorimeter (pneumatic), meas-
ure HGS by a different mechanism [30]. Concerning the
Smedley dynamometer, it has shown excellent results re-
garding its laboratory tested accuracy but, when applied
among older adults, it did not produce comparable re-
sults to the Jamar hydraulic [31]. Low agreement be-
tween Jamar dynamometer and Takei dynamometer was
observed [32]. Otherwise, the results of the comparison
between the Jamar dynamometer and the Martin vigori-
meter in a healthy elderly population, indicate a very
high correlation between the two HGS data values [33].
When the hydraulic dynamometers, Baseline and Sae-
han, were tested they shown to be valid, reliable and
comparable to the Jamar dynamometer [34, 35].

Hand

A summary of the studies comparing HGS in domin-
ant and non-dominant limbs, revealed that it is rea-
sonable to expect greater grip strength in the
dominant upper extremity in right-handed individuals
[36]. Yet, it is important to consider that the differ-
ence between sides varies widely among studied sam-
ples and in a significant proportion of individuals the
opposite is observed [37, 38].

Posture and arm position (shoulder, elbow and wrist)

Most studies revised here, a standing or sitting position
was selected. In some cases, the position was adapted to
the individual’s physical function. The influence of the
standing versus sitting posture in HGS values was evalu-
ated and no significant differences were found by several
studies [39—41]. When comparing standing versus sitting
position, Balogun et al. observed significant differences
only between sitting with elbow at 90 degrees and stand-
ing with elbow at full extension [20]. These results were
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in agreement with one study that showed that grip
strength is significantly greater when measured with the
elbow in the fully extended position [42]. Additionally,
even though the posture alone did not significantly influ-
ence HGS values, combined with the elbow position it
could indicate the presence of an interaction between the
elbow position at 180 degrees and a standing position. On
the other hand, other results showed a stronger grip
strength measurement in the 90 degrees elbow flexed pos-
ition than in the fully extended position [41, 43].

Su et al. also evaluated different shoulder and elbow
positions. They observed that when the shoulder was
positioned at 180 degrees of flexion with elbow in full
extension the highest mean grip strength measurement
was recorded; whereas the position of 90 degrees elbow
flexion with shoulder in zero degrees of flexion pro-
duced the lowest grip strength score [44]. While, De
et al. did not find significant differences when shoulder
joints varied between 90 and 180 degrees [41].

Regarding the wrist position, one study suggested that
a minimum of 25 degrees of wrist extension was re-
quired for optimum grip strength [21]. Later, it was
shown that HGS measured with wrist in a neutral pos-
ition was significantly higher than that in the wrist ulnar
deviation [41] and, in another study that the mean grip
strength scores were higher for all the tested six posi-
tions when wrist was positioned in neutral than in ex-
tension position [45].

Handle position

Some researchers opted for HGS measurement in a
standard handle position. However, in others, re-
searchers adapted the handle to hand size or to a com-
fortable position for the individual. It was suggested that
hand size and optimal grip span only correlated in
women [46]. Other studies results have shown that the
second handle position was the best position for the ma-
jority of the participants. Therefore, the authors sug-
gested the use of a standard handle position (second
setting) over multiple different positions [23, 47]. This
would provide accurate results and increase the compar-
ability of the results [47].

Repetitions

Mathiowetz et al. suggested that the mean of three trials is
a more accurate measure than one trial or even the high-
est score of three trials [48], while the latter was the most
widely adopted by the studies included in this systematic
review. In contrast, it was suggested that muscle fatigabil-
ity might occur with each attempt and one trial is suffi-
cient for the measurement of grip strength [49]. In
another study, it was observed that the mean values of
grip strength generated for each method of grip strength
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testing (one trial, the mean of three trials, and the best of
three trials) produced comparable results [50].

Encouragement

To our knowledge, only one research described the ef-
fects of the encouragement during HGS measurement.
It showed that instruction, verbal encouragement, and
visual feedback had critical effects on the handgrip
strength and, therefore it should be mentioned in the ar-
ticles [51]. More than half of the articles included here
did not provide a full description of if and how the en-
couragement was made during the trials.

Analysis

As described above, most studies used the higher value
for the HGS analysis, however other forms of HGS
values chosen by the authors, such as the mean or the
sum of the values obtained during the measurements
was also observed. Hence, the diagnosis of sarcopenia
and frailty between the studies is even less comparable.

Comparison of the protocols

Although the most recent ASHT protocol presents
more details regarding the HGS measurement, this
protocol has not been adopted by any of the studies
included in this revision. Almost every aspect was de-
scribed in the protocol, making the variations be-
tween the studies almost impossible, but also
increasing the complexity of the measurement, and
therefore the duration of the procedure. Despite the
fact that the Southampton protocol referred to all the
aforementioned aspects in Table 3, it did not describe
in detail the joints position, which could lead to vari-
ations in HGS values between the studies.

Due to the great variability in the studies concern-
ing sarcopenia and frailty, namely in the inclusion
and exclusion criteria, and in the definition and pro-
cedures used to identify these conditions, it is difficult
to evaluate the impact of each parameter of the pro-
cedure in HGS values. Therefore, to diminish the het-
erogeneity observed in the studies, the most recent
ASHT protocol should be adopted. Variations in the
procedure are strongly discouraged, however when it
is impossible to fully implement this protocol, namely
due to the individuals’ health conditions, any variation
should be reported.

Main topics

The mixed results above discussed reinforce the need to
standardise HGS measurement. The difference between
the protocols can influence the HGS results and, conse-
quently, affect the comparability between the studies. A
common approach would be not only important for re-
search purposes but also for clinical practice. For both
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Table 3 Recent HGS protocols proposed
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ASHT protocol — 2015 [26]

Southampton protocol - 2011 [27]

Posture Subject seated in a chair without arm rests, with feet
fully resting on the floor, hips as far back in the chair
as possible, and the hips and knees positioned at
approximately 90°
Arm position
-Shoulder Adducted and neutrally rotated
-Elbow Flexed to 90°, the forearm should be in midprone
(neutral)
-Wrist Between 15 and 30° of extension (dorsiflexion) and
0-15° of ulnar deviation
Trials Three trials
Dynamometer
-Model Jamar dynamometer
-Calibration Yes
-Handle position 2nd

Acquisition time At least 3 s

Rest time At least 15 s

Instructions

“This test will tell me your maximum grip strength.
When | say go, grip as hard as you can until | say
stop. Before each trial, | will ask you ‘Are you ready?’
and then tell you ‘Go’. Stop immediately if you
experience any unusual pain or discomfort at any
point during testing. Do you have any questions?

Subject seated (same chair for every measurement)

Forearms rested on the arms of the chair

Just over the end of the arm of the chair, in a
neutral position, thumb facing upwards

Three trials on each side, alternating sides (start with
the right hand)

Jamar hydraulic hand dynamometer

Thumb is round one side of the handle and the four
fingers are around the other side

‘I want you to squeeze as hard as you can for as
long as you can until | say stop. Squeeze, squeeze,
squeeze, stop’ (when the needle stops rising)

Are you ready? Go!". “"Harder... harder... harder..Relax’

HGS analysis Mean of three trials

"

Maximal grip score from all six trials

sarcopenia and frailty, the major studies that suggested a
diagnosis using HGS did not recommend a protocol for
its measurement, neither referred to the protocols used
to estimate the outlined cut-off points. There is a neces-
sity to include guidelines concerning a standardised
protocol in the consensus made by European and Inter-
national societies. That will allow the results of the stud-
ies to be more comparable and more suitable for the
application in clinical practice.

In order to describe with precision the handgrip
strength protocol used, researchers should always
make reference to which protocol was adopted (when
applied). For a complete description of the protocol,
we suggest that all the points addressed in Table 3
should be mentioned in the methods section of the
articles, and therefore include the description of the
posture, arm position (including shoulder, elbow and
wrist positions), number of trials, characteristics of
the dynamometer (brand, model, resolution, calibra-
tion and handle position), acquisition and rest time,
the applied instructions and the HGS values used in
the analysis. The cut-off points to identify low HGS
for sarcopenia or frailty should also be stated.

Additionally, deviations to the protocol must be
described.

Strengths and limitations

Some strengths of this systematic review can be
highlighted. Besides the original search, we additionally
handsearched the references of the included articles for
a broader research. Plus, for our knowledge there is no
other review of literature that comprises a detailed de-
scription of the methods of HGS in observational and
experimental studies about sarcopenia and frailty in
older adults and that considered the most recent proto-
cols proposed for HGS measurement.

This article also had a few limitations. Data was only
searched in two databases (Pubmed and Web of Science)
and the inclusion of other databases could increase the
range of articles found. In addition, we identified three ar-
ticles in which we could not locate the references made
for the full procedure. The focus of the present revision
was to gather information regarding HGS methods, hence,
we have not evaluated the methodologic quality of the in-
cluded studies. In our opinion, we do not consider that
the limitations would substantially alter our results.
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Conclusion

In conclusion, the majority of the studies included did not
describe a complete procedure of HGS measurement. The
high heterogeneity between the protocols used, in sarco-
penia and frailty related studies, create an enormous diffi-
culty in drawing comparative conclusions among them.
Even though, there are suggested standardised procedures,
present results reinforce the need to uniform the proced-
ure not only in the studies that diagnose these conditions
but also in studies which present normative data. Further
studies should evaluate which factors contribute to higher
HGS values. Meanwhile, we suggest the adoption of the
most recent ASHT protocol. In our opinion, this is the
most detailed one and, thus, it is less probable to generate
differences in HGS values between the studies. Neverthe-
less, we embrace that the complexity of this protocol may
increase the difficulty in its application, especially in clin-
ical practice. Future studies of these issues should include
a complete description of the procedure, mentioning the
deviations to the protocol.
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