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ARTICLE INFO ABSTRACT
Article history: Hand grip strength is a useful measurement for individuals with rheumatoid arthri-
Received 20 November 2012 tis, since this disease is often associated with functional anomalies of the hands and
Accepted 14 May 2013 a consequent reduction in muscular strength. Thus, the standardization of the test
protocol is important in relation to make reproducible and reliable studies. The aim
Keywords: of this systematic review was to verify the parameters associated with the measure-
Rheumatoid arthritis ment of the hand grip strength in individuals with rheumatoid arthritis. The review
Handgrip strength was carried out according to the recommendations of PRISMA, based on the data-
Measurement parameters bases of the Web of Science and the Journals Website of the Brazilian governmen-
Dynamometry tal agency CAPES. The following inclusion criteria were established: articles whose

themes involved dynamometry to measure the hand grip in adult patients with
rheumatoid arthritis, published in English between 1990 and 2012. The articles were
selected by two independent reviewers. Initially, 628 articles were identified, and
in the final review only 40 were included in the qualitative synthesis, that is, those
in which the main tool used to evaluate the hand grip strength was the Jamar®.
In relation to the hand grip strength parameters feedback type, hand dominance, rep-
etitions, contraction intensity, acquisition time and rest period many data are impre-
cise and were not detailed in the method description. It is clear that there is a need for
the standardization of a protocol which establishes the type of dynamometer and the
parameters to be evaluated and also takes into consideration the clinical conditions of
patients with rheumatoid arthritis.

© 2014 Elsevier Editora Ltda. All rights reserved.

* Corresponding author.
E-mail: moniquegevaerd@yahoo.com.br (M.S. Gevaerd).
0482-5004/$ - see front matter. © 2014 Elsevier Editora Ltda. All rights reserved.
http://dx.doi.org/10.1016/j.rbre.2014.03.009



REV BRAS REUMATOL. 2014;54(2):140-147 141

Palavras-chave:

Artrite reumatoide
Preensdo manual
Pardmetros de medida
Dinamometria

Protocolos de avaliagio da forca de preensiao manual em individuos com
artrite reumatoide: uma revisdo sistematica

RESUMO

A forca de preensdo manual é uma medida ttil nos individuos com artrite reumatoide, pois
a doenga esta muitas vezes associada a anormalidades funcionais das méos e consequente
reducdo da forca muscular. Dessa forma, a padronizacdo do protocolo do teste é importante
por tornar os estudos reprodutiveis e confidveis. Essa revisdo sistemética teve como finali-
dade verificar os pardmetros de medida da forca de preensao manual em individuos com
artrite reumatoide. A revisdo foi realizada de acordo com as recomendacoes PRISMA, nas
bases de dados web of science e no Portal de Periédicos da CAPES. Foram estabelecidos os
seguintes critérios de inclusdo: artigos cujos temas envolvessem a dinamometria de pre-
ensdo manual em pacientes adultos com artrite reumatoide, no idioma inglés, publicados
entre 1990 e 2012. Os artigos foram selecionados por dois revisores independentes. Inicial-
mente foram identificados 628 artigos, sendo que na revisao final apenas 40 artigos foram
incluidos na sintese qualitativa; destes, verificou-se que o principal instrumento utilizado
para avaliagdo da forca de preensdo manual foi o Jamar®. Em relagdo aos pardmetros da
forca de preensdo manual: tipo de feedback, dominéancia, repeticdes, intensidade da contra-
¢ao, tempo de aquisi¢ao e tempo de descanso, muitos dados sao imprecisos e nao foram
criteriosos na descricdo do método. Evidencia-se a necessidade de padronizacdo de um
protocolo que estabeleca o tipo de dinamodmetro, os parametros a serem avaliados e ainda

leve em consideragdo as condigoes clinicas dos pacientes com artrite reumatoide.

© 2014 Elsevier Editora Ltda. Todos os direitos reservados.

Introduction

Rheumatoid arthritis (RA) is a major challenge to clinicians,
rheumatologists, physiotherapists and researchers, not only
because of its increasing long-term mortality, but also by work
incapacitation, and the evidence of producing joint damage,
weakness, fatigue, and general functional decline.'?

In these individuals, handgrip is a useful parameter of eval-
uation,® since muscle weakness is a common symptom, of dis-
use atrophy, which results in systemic inflammation as well as
of pain and joint stiffness.*

In the clinical context, handgrip strength serves several
purposes, it is recommended for clinical diagnosis, for the
evaluation and comparison of surgical techniques, for the doc-
umentation of the progress during rehabilitation, the response
to treatment and the level of disability after injury.>®

Handgrip strength can also be used as an indicator of over-
all strength and general health,” commonly used in profes-
sional environments to evaluate the performance of athletes
who depend on an adequate level of grip strength to maximize
control and performance and to reduce possible injuries.?

Despite the handgrip being a routine measure in the evalu-
ation of patients with RA, little attention has been paid to the
importance of standardization of the test protocol for patients
with this disease. The use of a standard protocol is important
to improve the accuracy and consistency of the test, since dif-
ferences in the protocols used can affect the reproducibility
of measurements and the comparison of the absolute values
to other studies.®

Given the importance of a standard protocol for the hand-
grip test in patients with RA, our study aims to conduct a sys-

tematic review to investigate the disease’s treatment state-
of-the-art, verifying which are the most used protocols for
handgrip strength evaluation in RA patients .

Method

This systematic review was performed according to the rec-
ommendations of the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)'® which consists of
a checklist of 27 items and a flow diagram and includes items
deemed essential for a clear reporting of systematic reviews.

Eligibility criteria

The review included only observational and uncontrolled
studies in English, encompassing adults with RA and hand-
grip strength dynamometry, published between 1990 and
2012, available in complete form. Randomized clinical trials
(RCTs) were not included, because in an initial search the
terms associated with a sensible search list for RCTs devel-
oped by Robinson and Dickersin (2002)'* did not yield any re-
sult.

The outcomes included were: type of dynamometer hand-
grip strength test (feedback, dominance, repetition, intensity
of contraction, acquisition time, and rest time) and strength
analysis. Feedback is understood as the stimulus needed
to maximize the individual's performance in the handgrip
strength test, which may be visual or verbal. The following
exclusion criteria were adopted: juvenile arthritis and/or oth-
er rheumatic diseases, review articles, meetings’ proceedings,
conference summaries and duplicate records.
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Search strategy

The following electronic databases were searched: Web of Sci-
ence and the online periodicals portal CAPES (Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior), using as
search strategy the following combination of terms in Eng-
lish: “(Grip strength maximal isometric* OR handgrip muscle
strength® OR hand-grip dynamometry* OR handgrip strength”
OR handgrip strength test contraction speed*)” AND “rheuma-
toid arthritis”.

In sequence, with the aid of database tools, a search refine-
ment was performed using the following keywords: “rheu-
matoid arthritis”, “arthritis rheumatoid”, “muscle strength”,
“hand”, “hand strength”, “grip strength”, “isometric contrac-

» o«

tion”, “mortality” and “grip”.
Study selection and data extraction

The first selection of articles was carried out from title read-
ing, and the second selection was conducted from the analy-
sis of abstracts and keywords. To manage duplicate files, we
used EndNote Web (version 3.3), a management system of
references. The titles and abstracts of all articles identified by
the search strategy were independently assessed by two of
the authors of this paper (APS and RRI).

In this second phase the reviewers independently evalu-
ated the full papers and made their selections, according
to the eligibility criteria previously specified. The outcomes
were: pneumatic dynamometer, Jamar and digital dyna-
mometer, measured in N (Newton) or kgf; in relation to the
handgrip parameters; the outcomes were: type of feedback
(visual or verbal), dominance (right or left), number of repeti-
tions, intensity contraction (maximum strength), acquisition
time and rest (in seconds or minutes, and the kind of strength
analysis (best result or average).

Assessment of risk of bias

No method to assess the risk of bias in included studies was
used for studies of different design.

Results

A total of 628 articles were identified by the reviewers, and
420 were obtained from the CAPES website (SciVerse, Scien-
ceDirect, MEDLINE, Science Citation Index Expanded, OneFile,
SpringerLink, Oxford Journals, Social Sciences Citation Index,
Future Science Medicine, PloS, American Psychological As-
sociation, Karger Journals, Wiley, Bentham Science) and 208
from Web of Science. After refinement, the search was re-
stricted to 301 articles, 93 of which were obtained from the
Newsletters’ Website of CAPES and 208 from Web of Science.
Initially, 75 articles were selected based on a title analysis; of
these, only 22 articles were chosen because abstract and key-
word analysis excluded several articles not meeting the inclu-
sion criteria. Finally, 13 articles that were not available in its
totality were excluded. Thus, 40 articles total were included in
our qualitative synthesis, according to the flow diagram pre-
sented in Fig. 1.

Registers identified by searching
the database
(n =628)

Registers identified by refining
the database
(n=301)

Registration excluded based on title
(n=226) M

v

Selected registers
(n=75)

Register deleted based on abstract,
keywords and inclusion and exclusion [«
criteria (n = 22)

A

Selected registers
(n=53)

Register deleted for not being
fully available (n = 13) -

v

Studies included in qualitative
synthesis
(n = 40)

Fig. 1 - Flow diagram of the steps for article selection.

Discussion

Equipment and techniques for measuring handgrip

For grip strength evaluation there are several devices avail-
able, used both in clinical practice and in research. Main
dynamometers are hydraulic, pneumatic, or digital.® Table 1
shows the main dynamometers and their characteristics.

Among them, Jamar® hydraulic dynamometer (Fig. 2)*? is
the most mentioned in the literature, considered as the gold
standard for the handgrip strength test.® In this review, 19
(47.5%) studies were found to include this device as an instru-
ment for measuring handgrip strength. On the other hand,
the use of a pneumatic dynamometer was reported in 10 (25%)
studies, and the use of a digital dynamometer was reported in
8 (20%) studies. In only 3 (7.5%) articles the type of equipment
used was not cited, as can be seen in Tables 2 and 3.

The Jamar® device enables a discrete handle adjust-
ment*>* with 5 positions: I - 3.5 cm; II - 4.8 cm; III - 6.0 cm; IV
-7.3cm; andV - 8 6 cm.” From the papers documenting the
use of Jamar® device, only three studies!¢*® described the po-
sition adopted during the test application. Silva, Jones et al.*®
standardized the position II for both genders; Escott, Ronald
et al. and Bogoch, Escort et al.’® used positions II, IIl and IV
for testing. However, none of these studies justified the crite-
ria adopted for determining a position.

Studies were published'*-* that report the influence of the
hand and handle sizes in the performance of grip strength.
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Table 1 - Types of dynamometers and their characteristics.

Type of dynamometer Measurement parameter Handhold grip Unit
Hydraulic Maximum strength With slight handle adjustment (5 different Newton
positions)
Pneumatic Pressure Without handle adjustment mmHg
Digital Maximum strength, time to peak strength, fatigue With or without continuous handle Newton

rate, area under the curve, rate of strength

development

adjustment

N/C, Not cited; RH, Right hand; DomH, Dominant hand; Smax, Maximum strength.

Fig. 2 - Jamar dynamometer.
Source: Pamela D’Scalona, et al. (2009).*2

The American Society of Hand Therapy establishes the posi-
tion II as the standard handle size.?

Pneumatic dynamometers are instruments that measure
pressure, not manual strength. This pressure depends on the
compression of air through a rubber bulb.? This type of dy-
namometer lacks the feature of adjusting the grip, for com-
pression. In this case, the pressure is dependent on the area
where the strength is applied; thus, the size of the hand can
influence the measurement.® In the papers examined, three
studies regulated the initial cuff pressure at 20 mmHg,>?3
other two studies regulated the initial pressure at 30 mmHg?»
or 40 mmHg? The other five studies did not show this infor-
mation on the methodology session.

Digital dynamometers allow the evaluation of strength x
time curve, providing other parameters for strength analy-
sis, such as time to reach maximum strength, fatigue rate,
and area under the curve, among others.?? This way of
analyzing the strength is advantageous in the evaluation of
hand disorders,? since one of the parameters considered as
an indicator of manual dysfunction is the rate of strength
development.?

Regarding digital dynamometers, none of the studies (8
articles) presented the description of handle adjustment.

Some digital dynamometers feature continuous adjust-
ment of the handle, allowing adaptation to the size of the
hand and possible deformities present. This adjustment? is
an important factor in strength performance, since the size
of the hand influences the performance of the test.'

Protocols for handgrip measurement

Several aspects can affect the outcome of the handgrip test,
and many of these are involved in defining the test applica-
tion protocol, such as number of repetitions performed, type of
feedback,” hand dominance, and fatigue.*

By setting the protocol to be applied to the handgrip strength
test, the contraction intensity shall be established: maximum
or submaximal. In special populations, such as arthritic people,
there are factors that can influence the intensity of the con-
traction election. The presence of pain, synovitis, erosion and
joint deformity are direct factors; on the other hand, motiva-
tion, pain tolerance and use of analgesics are indirect factors.*

The test of maximum strength in arthritic people is con-
sidered a test of physical function based on individual perfor-
mance, providing quantitative and reproducible information
about the current state of patient and disease prognosis.*? This
test is also used as a predictive measure of nutritional sta-
tus,* morbidity and mortality.>* The evaluation of maximum
strength is well established in the literature, so that there is
normative data for the healthy population.®*** These data
may serve as a comparison parameter to arthritic individuals;
thereby the use of the maximum contraction intensity param-
eter has this advantage. Of the studies analyzed, 15 (37.5%)
evaluated maximum strength only; the other studies did not
present this information.

Regarding the number of test repetitions, 14 (35%) articles
documented three attempts, 4 (10%) had only two repeats, and
22 (55%) did not report the number of repetitions performed.
The recommendations of the American Society of Hand Thera-
pistis®* and of the American Society for Surgery of the Hand¥
are that three steps are performed. However, there is disagree-
ment in the form of analysis of such measures, which can be
made from a single trial,® from the best obtained value,* or
from values’ average.? The average of three attempts has the
highest test-retest reliability. Therapists and physicians sug-
gest this form of analysis, rather than just an attempt, or the
analysis of the best value among three attempts, both for clin-
ical assessment of the patient and for research purposes.?? In
the study from Haidar, Kumar et al.,*® it was found that both
the average of three attempts as the value of a single mea-
surement showed high consistency, with no significant differ-
ence between methods.
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The resting time interval between trials influences the
performance of the strength, because this variable is directly
related to muscle fatigue. Of the articles analyzed, 35 (87.5%)
studies did not show the break time allowed in their meth-
odology. Other authors have used intervals of 15s;%* 30s;* 1
minute;**? and 2 minutes.2 When comparing the resting time
at 15s,30 s and 60 s, it was found that there was no significant
difference between the three breaks in strength application ,
however, the decline in strength was lower at 60 s.* It is con-
sidered cautious a rest period of at least 1 minute, to counter-
act the effects of fatigue.?31394344

By analyzing the acquisition time of the handgrip strength
test, it was found in 37 (92.5%) articles there was no descrip-
tion of this variable; in the remaining articles, three sec-
onds,*?* and ten seconds were used.** According to Kamimura
and Ikuta,? there are few studies that focus on the influence
of sustained strength time in the results. In a study compar-
ing the contraction time of six vs. ten seconds, it was found
that both showed a significant interclass correlation coeffi-
cient using a confidence interval of 95%.%

It is known that there are differences in grip strength be-
tween the dominant and non-dominant hand. Studies reveal
that the dominant hand has higher strength compared with
the non-dominant hand;® there is also a relationship with
gender, so that men have higher strength compared to wom-
en.* This difference between hands is about 10%.* In some
handgrip protocols, hand dominance is considered and usu-
ally the test begins with the dominant hand.*® Of the studies
surveyed, 37 (92.5%) articles did not consider the hand domi-
nance at the beginning of the test. Only Mathieux, Marotte et.
al.¥” specify that the participants must start the test with the
dominant hand. Two studies evaluated the test on only one
side - determining the protocol with only the right hand.?*

The last parameter analyzed refers to the feedback at the
moment of the strength accomplishment, and that can con-
tribute to achieve the best performance from the individual
under consideration. Some authors adopted into their proto-
col the use of verbal feedback!¢% and others have adopted
both verbal and visual feedback.” Other studies (36 articles
- 90%) reported no information about feedback. The use of
feedback is a variable not well established in the literature
involving individuals with arthritis, and also in other types
of populations. There is a gap regarding the use of any type
of feedback during handgrip strength tests; in this sense, Ma-
thiowetz, Weber et al.?? raise the question of the influence of
feedback on the outcome of grip strength.

Conclusion

Jamar dynamometer stands out as the most widely used
type of dynamometer. As for the protocol, three repetitions
at maximum intensity of contraction were reported. As for
strength analysis, both average and best result were observed.

From this review, a great variability of handgrip protocols
between studies was perceived, and in many of these studies
the protocol used was not fully disclosed.
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