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Abstract

Grip strength, a biomarker, can be measured at any age; however,
its values vary daily for each individual, which impacts the as-
sessment. Absolute test-retest reliability (i.e., minimal difference,
MD) is commonly defined as the variation in absolute values of
measurements taken by a single person or instrument on the same
item under identical conditions. Nevertheless, the potential mod-
erators of absolute repeatability in grip strength measurements
have not yet been fully elucidated. We conducted a systematic
review with meta-analysis to examine the influence of potential
moderating factors on the absolute test-retest repeatability of grip
strength measurements in healthy populations. PubMed, Scopus,
and SPORTDiscus databases were searched up to January 2025
following the PRISMA guidelines, and 48 studies were included
in this review. Age, test-retest interval, and device were used as
potential moderating factors; however, sex and sports experience
were excluded due to the limited number of published articles.
We found considerable variation among studies reporting MD
and percentage of MD to measured value (%MD) across each age
group. The mean MD (%MD) values were 1.9 kg (25.4%) in
young children (<7 years old), 2.5 kg (13.8%) in children (7-10
years old), 4.2 kg (17.1%) in adolescents (10 - 18 years old), 4.0
kg (11.6%) in young adults (18 - 35 years old), and 4.7 kg (16.7%)
in older adults (>60 years old). Neither age [effect size [ES]:
0.015 (95% confidence interval [CI]: -0.004, 0.035; p=0.113) for
MD and ES: -0.025 (95% CI: -0.089, 0.039; p=0.439) for %MD],
test-retest interval [ES: 0.006 (95% CI: -0.002, 0.013; p = 0.143)
for MD and ES: 0.022 (95% CI: -0.001, 0.046; p = 0.065) for
%MD] nor handgrip device (p = 0.752 for MD and p = 0.334 for
%MD) served as significant moderators of MD and %MD relia-
bility. Due to the limited number of studies, sex and sports expe-
rience were excluded from the analysis; as a result, their impacts
remain unknown.

Key words: Dynamometer, handgrip, reproducibility, peak mus-
cular strength.

Introduction

Grip (or handgrip) strength is an extensively used bi-
omarker in research and clinical practice within the health,
sports science, nutrition, and medical fields (Abe et al.,

2022; Bohannon, 2015; Bohannon, 2019; Norman et al.,
2011). An online literature search (i.e., grip strength as a
keyword) using PubMed identified over 48,000 publica-
tions at a rate of over 3,500 per year in the last five years.
These publications include scientific literature and guide-
lines discussing grip strength's reference values in each age
group in both sexes (Abe et al., 2016; Hanten et al., 1999;
Ramirez-Velez et al., 2021) and its association with current
and future health (Celis-Morales et al., 2017; Peralta et al.,
2023; Rantanen et al., 2003). For example, grip strength
increases dramatically from preschool children to young
adults, maintains stability in middle age, and then declines
in old age (Abe et al.,, 2024; Loenneke et al., 2024;
Stenholm et al., 2012). In children and adolescents, grip
strength may be a valuable indicator of bone health that
improves with growth (Saint-Maurice et al., 2018). Grip
strength is also used as a criterion for diagnosing sarcope-
nia in middle-aged and older men and women (Cruz-Jen-
toft et al., 2019). However, individual grip strength varies
daily, and the degree of these changes may differ depend-
ing on age, sex, device type, and sports experience (i.e.,
athletes). For example, assuming similar daily variation in
each individual, the absolute test-retest reliability of grip
strength measurements is expected to differ, being lower in
children and older adults with low grip strength levels than
in younger adults. The same is true for both men and
women in adolescence and beyond. Additionally, athletes
in sports may be better equipped to consistently exert max-
imum muscle strength. Thus, measurement error should be
considered when comparing the measured grip strength
values with the evaluation or diagnosis criteria.

As is the case with many studies assessing reliabil-
ity in the exercise science literature, the intraclass correla-
tion coefficient (ICC) appears to be the preferred method
for reporting the reliability of grip strength measurements
(Bobos et al., 2020; Bohannon, 2017). One major limita-
tion with reporting ICC values is that they are entirely de-
pendent on the heterogeneity of the sample included in the
reliability assessment (i.e. between subject variability)
given that the ICC is calculated with the following formula:
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betweeen subject variability

IcC =
between subject variability + within subject variability

Thus, if the sample recruited is very homogenous
(low between subject variability), the ICC values will
likely be small demonstrating poor reliability, even if the
absolute test-retest reliability is good. On the contrary, if
the sample recruited is very heterogenous (high between
subject variability), the ICC values will likely be high
demonstrating good reliability, even if the absolute test-re-
test reliability is not good (Weir, 2005). While there are
certainly instances where relative reliability may be im-
portant (i.e. epidemiologic studies, correlations between
variables, etc.), often absolute reliability (i.e., standard er-
ror of measurement (SEM) and minimal difference (MD))
is preferred and more useful (Weir, 2005). For example,
whenever repeated measures are used (i.e. training inter-
ventions), individuals are only compared to themselves, so
factoring in between subject variability is not important.
However, good absolute test-retest reliability will reduce
the variability (i.e. error) amongst repeated measures, im-
proving the ability to detect true changes by reducing the
denominator in the test statistic. The same holds true for
detecting differences between groups, where better abso-
lute test-retest reliability within each group is preferred to
lower the pooled standard error. Despite the importance of
establishing absolute test-retest reliability of grip strength,
it is unclear to what extent it varies with age and other
physical factors and measurement methods (e.g., time in-
terval, device used). Therefore, this systematic review with
meta-analysis examined the impact of potential moderators

on absolute test-retest repeatability of grip strength meas-
urements in healthy populations.

Methods

We conducted this systematic review according to the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) statement (Page et al., 2021). The
study was pre-registered (January 8, 2025) in the Interna-
tional Prospective Register of Systematic Reviews
(PROSPERO) (CRD42025635760).

English-language searches of the electronic data-
bases PubMed, Scopus, and SPORTDiscus were con-
ducted from inception to January 9, 2025, by a researcher
(J.S.S.). Relevant articles were retrieved from electronic
databases combining the following terms: (handgrip OR
grip) AND (reliability OR retest OR reproducibility OR re-
peatability). Initially, all files were extracted from data-
bases in either RIS (Scopus and SPORTDiscus) or NBIB
(PubMed) format. The files were then uploaded into Ray-
yan software, where duplicates were eliminated. Subse-
quently, two reviewers (T.A. and J.S.S.) independently
checked the titles and abstracts of identified articles for rel-
evance. The reviewers then independently reviewed the
full text of potentially eligible papers. Any disagreements
between the reviewers on inclusion were resolved by a con-
sensus between both reviewers. Additional articles were
identified via hand-searching and reviewing the reference
list of relevant papers. The study selection process is sum-
marized using the PRISMA flow diagram (Figure 1).
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Figure 1. PRISMA flowchart of outcomes of the search strategy.



Abe et al.

545

To be included in this systematic review, studies
were required to fulfill the following criteria: (1) a pub-
lished original study written in English language; (2)
healthy participants with no restrictions on age, sex, and
physical activity/training status; (3) measured maximum
handgrip strength using a standardized handgrip dyna-
mometer at both test and retest, with the same investigator
conducting the measurements (i.e., intra-observer); and (4)
reported absolute reliability (i.e., MD) or provided data
needed to calculate absolute reliability (e.g., standard error
of measurement, standard deviation of test-retest mean dif-
ference). Studies were included if they targeted healthy
participants based on the title and abstract of the articles,
but were excluded if they targeted participants with any
diseases. When reliability information was not available in
the title and abstract, we examined the characteristics of the
participants in the articles. If there was no mention of a
study participant's chronic diseases, they were considered
"healthy individuals." If a study did not report absolute re-
liability, then we calculated the MD using: the standard de-
viation of test-retest mean difference (SDd) (Equation 1);
and SEM (Equation 2).

Equation 1: MD = SDd x 1.96
Equation 2: MD = SEM x 1.96 x V2

If a study reported the test-retest pooled SD with in-
traclass correlation (ICC), we first calculated the SEM us-
ing Equation 3. The calculated SEM was then used to de-
termine the MD using Equation 2. For studies that did not
report the test-retest pooled SD, we used the SD of test
(pre-test), assuming that test-retest pooled SD and test SD
would be similar, as both tests were completed by the same
individuals.

Equation 3: SEM =
test & retest pooled SD (or test SD) x V(1 —1CC)

The percentage MD (%MD) was calculated follow-
ing Equation 4. When the study did not report test-retest
pooled values, the mean grip strength was calculated as av-
erage using the test and retest values.

Equation 4: %MD = MD =+ mean test & retest grip
strength x 100

The following study characteristics were extracted:
authors, publication year, participants’ characteristics (age,
sex, and health status), sample size, handgrip device, time
interval between test and retest, handgrip strength at test
and retest (with SD), test and retest mean difference (with
SD), ICC, SEM, and MD. Two researchers (T.A. and
J.S.S.) extracted these data manually, with disagreement
resolved by consensus between both researchers. To stand-
ardize grip strength values to kilogram units, those reported
in newtons were converted as follows: 1 N = 0.10197 kg.
In studies reporting the sum of grip strength values for both
the left and right hands, the MD value was divided by 2 for
statistical processing, as many studies used grip strength
values and MD values for one hand.

A modified version of the critical appraisal tool was
utilized to evaluate the methodological quality of the stud-
ies included in this review (Brink and Louw, 2011), and

two researchers (S.J.D. and J.S.S.) independently evalu-
ated the included studies. Seven relevant items were ex-
tracted from the modified checklist: 1) Subject characteris-
tics were clearly described, 2) The competence of the raters
was explicitly detailed, 3) Raters were blinded to their pre-
vious findings, 4) The time interval between repeated
measures was appropriate, 5) The execution of the test was
described in sufficient detail to allow replication, 6) Study
participant's withdrawals were clearly explained, 7) The
statistical methods were suitable for the study's objectives.
Other items were not included as they were not considered
relevant for this review. The score for each item was deter-
mined as follows: 1 = yes; 0 = no. Consequently, the max-
imal possible score was 7.

To account for the dependency of multiple effect
sizes nested within individual studies, a multi-level model
was employed using the metafor package (version 4.6 - 0)
in RStudio (version: 2024.12.1 + 563) (Assink and
Wibbelink, 2016). Three models were computed to assess
1) the MD, 2) the %MD, and 3) systematic bias (test 2 -
test 1). Since the effect sizes of interest were computed off
variability statistics to assess reliability, each of the studies
was weighted based on the sample size as we have done
previously (Dankel et al., 2019). Three moderating varia-
bles were also assessed for the MD and %MD which in-
cluded: 1) age (continuous: years), 2) time interval between
test-retest (continuous: days), and handgrip device used
(categorical: Jamar, Takei, other) to determine their influ-
ence on reliability. For systematic bias (calculated as the
change from test 1 to test 2), age was used as a moderator
to determine if children or younger adults may have expe-
rienced a greater learning effect. Sex and sports experience
were not used as moderating variables for any of the anal-
yses, given the limited number of studies that assessed
males and females separately and the limited number of
studies assessing athletes. In summarizing the results (Ta-
bles 1, 2, and 3), the following age ranges were used for
age categorization: young children (under 7 years old),
children (between 7 - 10 years old), adolescents (between
10 - 18 years old), young adults (between 18 - 35 years
old), middle-aged adults (between 36 - 60 years old), and
older adults (>60 years old). Statistical significance was set
atp <0.05.

Results

Included studies and participant and research protocol
characteristics

The original article search yielded 4,233 studies. Three ad-
ditional studies were identified from the reference lists of
the included articles. After removing duplicates and elimi-
nating articles based on the eligibility criteria, 48 studies
(Abe et al., 2018; Abe et al., 2019; Abe et al., 2022;
Amado-Pacheco et al., 2019; Anstey et al., 1997; Balogun
et al., 1991; Beauchamp et al., 2021; Biasini et al., 2023;
Bohannon, 2006; Bohannon and Schaubert, 2005; Bohan-
non et al., 2011; Boshnjaku et al., 2021; Cadenas-Sanchez
etal., 2016; Cildan Uysal et al., 2022; Dugdale et al., 2019;
Espana-Romero et al., 2010; Essendrop et al., 2001; Fer-
nandez-Santos et al., 2016; Ferreira et al., 2021; Gasior et
al., 2020; Gerodimos, 2012; Gerodimos and Karatrantou,
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Table 1. Study characteristics and absolute reliability in children and adolescents.

Author (Year) Age (yr) Sex  Device Interval Arm HGS testl HGS test2 MD (kg) % MD
Young Children (<7 years old)
Svensson et al (2008) 6 years 19BG  Grippit 7 days NR 7.65(2.24) 7.85(2.65 136 17.5
Sanchez-Delgado (3-5) 32B . 66030 62126 252 394
etal (2015) 35y 24G _ lakel 3 hours NR 66(3.1)  67(3.0) 217 327
Cadenas-Sanchez 4.90(0.86) 92B . .4 Avgof  8.40(240) 802(256) 259 315
et al (2016) 4.82(0.79) 69G YS  bothhands 7.24 (2.34) 7.22(221) 237  32.8
Amado-Pacheco 4.04 (0.82) 48B Na A Avgof  8.19(246) 8.10(239) 1.14 14.0
et al (2019) 3.95(0.82) 42G YS  bothhands 7.30 (1.95) 7.35(1.92) 141 193
Abe et al (2022) 6.1(03) 8B5G Takei 7 days Right 103(14) 10.1(1.1)  1.60 15.8
King-Dowling 22B 3 5 Dominant 7.4 (1.6) 7.8 (1.6) 2.16 28.4
etal (2024) SIUE) g TRl NEIS \odpmien 900ls) 8005 L6 A8
Children (7-10 years)
Espana-Romero . Sum of
etal (2010) (6-11)  58BG  Takei ~ 7days S . 299(49) 284(38) 431 14.8
. 30B Preferred  20.06 (4.67) 20.32 (4.81) 323 16.0
SaiaesiEh) 985(0.70) ppy Jamar  24hours o red 19.78(4.59) 19.92(4.59) 237 12.0
Gerodimos & 27B Preferred 2233 (3.37) 22.11 (3.66)  2.55 11.5
Karatrantou (2013) 949(0.96) [ypy Jamar  24hours g rred 2178 (3.30) 21.59 (3.42) 274 127
Fernandez-Santos . Sum of
etal (2016) 8.7(1.8) 98B82G Takei ~ 7days S . 315(10.1) 31.3(99) 525 16.7
Gasior et al (2020) 7~9  69B 68G Jamar 24 hours Dominant  13.25(3.28) 13.75(3.34) 1.78 13.2
Adolescents (10-18 years old)
Svensson 10 years  20BG . 157(3.98) 17.0(4.89) 5.68  34.8
et al (2008) Do OhG sl e NR 32.3(8.66) 33.1(8.57) 474 145
Ortega 13.7(0.8)  69B . Avg of 31.2(6.4)  31.5(6.9)  4.90 15.6
et al (2008) 13.6(0.8) 54G  LoKkel  2weeks i pands T 26.01 (5.0) 261 (49) 353 135
Espana-Romero . Sum of
etal (2010) (12-18)  80BG ~ Takei ~ 7days 0 o0 50.5(14.6) 51.9(153) 9.60 18.8
. 14.37 30B Preferred  42.10 (9.44) 42.67 (9.15) 3.14 7.4
Gerodimos (2012) (0.61)  [BB] Jamar 24hours i ferred 41.27 (841) 41.81(8.73) 325 78
Gerodimos & 14.60 27B Jamar 24 hours Preferred  47.07 (8.32) 47.26 (8.56) 2.94 6.2
Karatrantou (2013) (0.50) [WR] Non-preferred 46.67 (9.2) 46.63 (9.23) 3.60 7.7
Ramirez-Velez 12.8 (2.4) 124B Takei 7 davs Avgofboth 19.6(8.9) 19.0(8.5) 3.92 20.3
et al (2015) 12.8(2.5) 105G Y hands 169(5.1) 165(54) 3.14 18.8
26B 17.8(2.6) 17729 191 10.7
NR for  51B 18.1(3.6) 187(33) 4.l11 224
cach group, 75B 215(45) 221(48) 483 222
Dugdale et al (2019) overall 59B Takei 7-14 days Dominant 253 (5.3) 259 (5.8) 4.87 19.0
13.5(1.8) 81B 332(7.5) 334(12) 5.88 17.7
[SO] 46B 37.7(12) 383(63)  5.28 13.9
35B 375(73) 37.8(7.0) 7.0l 18.6
Gasior et al (2020) 10~13 87B 82G Jamar 24 hours Dominant  22.68 (5.60) 22.70 (5.50) 2.41 10.6
13.44
i 0.35) 19B, 26G . Avg of both 21.5(4.1) 21545 216 10.0
et al (2020) 13.42 LA CEVE s
© '32) 20B, 21G 253(54) 250(53) 1.76 7.0
Jamar Right 20.50 (4.89) 19.32(4.91) 525 264
Trajkovic Left 18.64 (4.07) 18.01(4.39) 5.17 282
et al (2024) 12.2(0.4) 32B24G Tokel 5 days Right _ 20.81 (4.84) 20.16 (534) 553 27.0
Left 19.22 (4.26) 19.01 (4.94) 554  29.0

B, boys; G, girls; Avg, average; NR, not reported; MD, minimal difference; %MD, percentage of a minimal difference to the measured value; HGS,
handgrip strength (unit in kilograms); BB, basketball players; WR, wrestlers; SO, soccer players

2013; Gil et al., 2022; Hamilton et al., 1992; Jenkins and
Cramer, 2017; Karatrantou et al., 2020; Kieser et al., 2025;
King-Dowling et al., 2024; Legg et al., 2020; Lemmink et
al., 2001; Leszczak et al., 2024; Maurya et al., 2023;
O’Keeffe et al., 2020; Ortega et al., 2008; Petersen et al.,
2015; Plant et al., 2016; Ramirez-Velez et al., 2015;
Sanchez-Delgado et al., 2015; Savva et al, 2013; Suzuki et
al., 2019; Svensson et al., 2008; Tan et al., 2001; Trajkovic
et al., 2024; Tsang, 2005; Venegas-Carro et al., 2022; Vil-
lafane et al., 2016; Walamies and Turjanmaa, 1993; Ward

and Adams, 2007) were included in this review. Of those
studies, 16 included 42 data points assigned to children and
adolescents (852 boys, 294 girls, and 879 mixed) (Abe et
al., 2022; Amado-Pacheco et al., 2019; Cadenas-Sanchez
et al., 2016; Dugdale et al., 2019; Espana-Romero et al.,
2010; Fernandez-Santos et al., 2016; Gasior et al., 2020;
Gerodimos, 2012; Gerodimos and Karatrantou, 2013;
King-Dowling et al., 2024; O’Keeffe et al., 2020; Ortega
et al., 2008; Ramirez-Velez et al., 2015; Sanchez-Delgado
et al., 2015; Svensson et al., 2008; Trajkovic et al., 2024)
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(Table 1), 25 included 50 data points assigned to young and
middle-aged adults (98 men, 109 women, and 1,244
mixed) (Abe et al., 2018; Abe et al. 2019; Balogun et al.,
1991; Beauchamp et al., 2021; Biasini et al., 2023; Bohan-
non, 2006; Bohannon et al., 2011; Boshnjaku et al., 2021;
Cildan Uysal et al., 2022; Essendrop et al., 2001; Gerodi-
mos, 2012; Gil et al, 2022; Hamilton et al., 1992;
Karatrantou et al., 2020; Kieser et al., 2025; Leszczak et al.,
2024; Maurya et al., 2023; Petersen et al., 2015; Plant et al.,
2016; Savva et al., 2013; Tan et al., 2001; Tsang, 2005;
Venegas-Carro et al., 2022; Walamies and Turjanmaa,
1993; Ward and Adams, 2007) (Table 3), and 12 included
23 data points assigned to older adults (166 men, 292
women, and 1,046 mixed) (Abe et al., 2018; Anstey et al.,
1997; Beauchamp et al., 2021; Bohannon and Schaubert,
2005; Boshnjaku et al., 2021; Ferreira et al., 2021; Gil et
al., 2022; Jenkins and Cramer, 2017; Legg et al., 2020;
Lemmink et al., 2001; Suzuki et al., 2019; Villafane et al.,
2016) (Table 2). The following studies (Bohannon, 2006;
Bohannon et al., 2011; Kieser et al., 2025; Plant et al.,
2016; Tsang, 2005) included participants spanning a broad
range of adults (young, middle-aged, and older) and were
therefore included in Table 3.

The main dynamometers used to measure grip
strength were Jamar (Abe et al., 2019; Bohannon and
Schaubert, 2005; Bohannon et al., 2011; Boshnjaku et al.,
2021; Essendrop et al., 2001; Gasior et al., 2020; Gerodi-
mos, 2012; Gerodimos and Karatrantou,2013; Hamilton et
al., 1992; Jenkins and Cramer, 2017; Karatrantou et al.,
2020; Legg et al., 2020; Lemmink et al., 2001; Savva et al.,
2013; Trajkovic et al., 2024; Tsang, 2005; Venegas-Carro

etal., 2022; Villafane et al., 2016; Ward and Adams, 2007)
and Takei (Abe et al., 2018; Abe et al., 2019; Abe et al.,
2022; Cadenas-Sanchez et al., 2016; Dugdale et al., 2019;
Fernandez-Santos et al., 2016; Gerodimos and
Karatrantou, 2013; King-Dowling et al., 2024; O’Keeffe et
al., 2020; Ortega et al., 2008; Petersen et al., 2015;
Ramirez-Velez et al., 2015; Sanchez-Delgado et al., 2015;
Suzuki et al., 2019; Tan et al., 2001; Trajkovic et al., 2024).
Other studies used different types of dynamometers, such
as Grippit (Svensson et al., 2008), JTECH (Biasini et al.,
2023; Plant et al., 2016), and MicroFET (O’Keeffe et al.,
2020). Two studies did not report the type of dynamome-
ters (Amado-Pacheco et al., 2019; Beauchamp et al., 2021).

The most commonly used test-retest intervals were
24 hours (Abe et al., 2018; Abe et al., 2019; Bohannon,
2006; Gasior et al., 2020; Gerodimos, 2012; Gerodimos et
al., 2013; Tan et al., 2001; Ward and Adams, 2007) or 7
days (Abe et al., 2022; Beauchamp et al., 2021; Espana-
Romero et al., 2010; Essendrop et al.,, 2001; Fernandez-
Santos et al., 2016; Ferreira et al., 2021; Gil et al., 2022;
Hamilton et al., 1992; Lemmink et al., 2001; O’Keeffe et
al., 2020; Petersen et al., 2015; Ramirez-Velez et al., 2015;
Savva et al., 2013; Svensson et al., 2008; Venegas-Carro et
al., 2022; Villafane et al., 2016), with several studies using
2 weeks (Amado-Pacheco et al., 2019; Cadenas-Sanchez et
al., 2016; Hamilton et al., 1992; Leszczak et al., 2024; Or-
tega et al., 2008). In 41 of the 48 studies, the test-retest in-
terval was 2 weeks or less. Nine studies had a range of test-
retest intervals that were not consistent, such as within 7
days (Balogun et al., 1991; Biasini et al., 2023; Maurya et
al., 2023) or 2 - 10 days (Kieser et al., 2025).

Table 2. Study characteristics and absolute reliability in older adults (>60 years old).

Author (Year) Age (yr) Sex Device  Interval Arm HGS testl HGS test2 MD (kg) % ML
Anstey et al. Spedly Right 2552 (455 26.15(591) 550 213
(1997) 67.92 (4.89)  S0W manual > months Left 22.63(4.16) 23.48(5.03) 4.61  20.0
Lemmink et 65.8 (7.03) __ 68M amar 7 dave Proforred 43.9(8.00) 44.7(845) 753 17.0
al. (2001) 66.1(6.75) _ 83W Y 28.1(5.30) 293 (5.55) 6.7 215
Bohannon & Right 26.70 (7.39) 25.83(7.05) 5.94 226
(S;élg;’)be“ 73069 4AMI7TW Jamar 12 weeks Left 24.71(7.69) 2436(7.44) 451 184
Villafane et Dominant 25.8 (9.9) 25.8(9.9) 0.67 2.6
al. (2016) ] Jamar  7days Q. jominant  24.4(10.5) 24.3(10.6) 222 9.

. 12 weeks 29.76 (9.27) 29.62(8.83) 549 185
JcerI;l;I;i & 76.8(6.3) 98M Jamar 24 weeks NR 30.42(9.09) 30.61 (3.98) 5.07  16.6
2017) 159(66)  159W 12 weeks 17.60 (6.10) 17.63 (6.08) 338 192

2O 24 weeks 1817 (582) 18.27(5.72) 2.66  14.6
‘é%el g; 2 72(3.8) 34M46W  Takei 1 year Right 31.8(79)  295(6.8) 64 21.1
(S;()Zfé()‘ ctal. >65  197M2IW  Takei NA Dominant 263(68) 26068 394 151
Legg et al. Dominant 34.7 (15.1) 35.1 (14.4) 5.92 17.0
(2020) GG O e AR N . 96 (160), 5oe(16)) e 10
Beauchamp 69(3) 29M 521W . 37.08 (12.79) 39.08 (13.23) 10.64 _ 28.0
etal. (2021) 81(4)  29M 20W NR 7 days Dominant =577 978) 36.65(12.63) 516 15.6
flozggjzalk)“ ® 707(61) 22M39W  Jamar  7-97days  Dominant  292(92)  288(9.3) 529 83
Ferreira et al. Baseline Dominant 18.9 (5.9) 18.9 (5.8) 3.49 18.5
(2021) 845(65) MW o dley 79 o dominant  17.1(5.6)  174(54) 291 169
Gil etal. . Right 295(84)  292(8.0) 227 77
(2022) MSEW)  Guen  Baugmg e Loft 269(78)  285(7.1) 292 105

M, men; W, women; Avg, average; NR, not reported; MD, minimal difference; %MD, percentage of a minimal difference to the measured value; HGS,
handgrip strength (unit in kilograms)
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Table 3. Study characteristics and absolute reliability in young and middle-aged adults.

Author (Year) Age (yr) Sex Device  Interval Arm HGS test1 HGS test2  MD (kg) % MD
Young Adults (18-35 years old)
SOM Right 36.7 (1.7) 36.2 (1.3) 423 11.6
within Left 35.4(6.7) 35.0 (6.8) 4.59 13.0
Balogun et al. (1991) 23.7 (2.4) ow Harpenden 7 days Right 241 (5.2) 24.6 (5.0) 376 5.4
Left 22.1 (4.5) 22.1(4.2) 3.46 15.7
. 7 days _ 63.09 (9.43)* 69.21 (8.08)*  9.19 13.9
Hamilton et al. (1992) 23.8 (4.9) 29W Jamar Ta davs e Right 63.09 (9.43)* 66.23 (10.50)* 11,55 179
. 26.06 Preferred 6649 (9.33) 66.71 (9.68)  4.57 6.9
Gerodimos (2012) (5.57) SOMIBB]  Jamar 24 hours =g = e 65.68 (9.16)  65.95(9.26) 406 6.2
Savva et al. (2013) 21~26  10M 9W Jamar 7 days Dominant 35.6 (12.1) 36.2 (12.7) 6.45 18.0
. Right 50.8 (10.6) (pooled) 543 10.7
Petersen et al. (2015) 25(2) &M Takei 7 days Loft 430 (10.7) (pooled) 6.93 144
Karatrantou et al. Preferred 40.45 (8.70)  40.65 (8.80) 2.66 6.6
(2020) 185Q.4) 14AMOW  Jamar  3days —qr o e 3085 (9.42) 40,00 (8.81)  4.80 12.0
Boshnjaku et al. 7-97 .
(2021) 22.6 (3.7) 31M 26W Jamar days Dominant 41.5(10.7) 42.3(11.0) 5.29 12.6
Venegas-Carro et al. 7 days 47.7 (12) 47.9 (12) 3.1 6.6
(2022) el T 47.7(12) 434 (14) 5.7 11.8
. . Right 350(9.8)  35.8(10.1) 478 13.5
Gil et al. (2022) 22.7(2.8) 6M 6W Straingauge 7 days Loft 33.0 (3.9) 34.0 (9.0) 351 105
Right (standing) 25.92 (8.49) 25.86(8.38)  2.68 10.4
Cildan Uysal et al. 22.32 K-Force Left (standing) 23.98 (8.01)  23.75(7.3) 3.22 13.5
(2022) ©0.79) M3IW T, 8 hours o i (sitting)  25.67 (8.36)  25.58 (8.25) _ 2.84 11.1
Left (sitting)  23.69 (7.43) 23.64 (7.45)  3.32 14.0
Biasini et al. (2023) 244 (1.4) 10M 10W  JTECH 2-5 days Dominant 45.4 (13.7) 44.4 (13.7) 6.90 15.4
Dynamo Torque 2-7 .
Maurya et al. (2023) 21 (3) 20W el s Dominant 18.8 (4.5) 18.2 (4.6) 3.37 18.2
Right (rater #1) 35.36 (11.69) 35.44 (11.77) _ 2.16 6.1
22.2 Biometrics Left (rater #1)  30.47 (9.89)  30.50 (9.81) 1.65 54
Leszezakeetal. 2024) (| 4 AAMTEW &yt Bpo 2 WookS Rioht (rater #2) 35.58 (11.66) 35.72 (11.70)  2.08 58
Left (rater #2)  30.06 (9.87)  30.01 (9.68)  1.98 6.6
Young and Middle-aged Adults
Walamies & . .
Turjanmaa (1993) 23-49  13M 27W Straingauge months Dominant 36.9 (11.2) 37.5(11.2) 4.39 11.8
Essendrop et al. (2001) 35(6.9) 6M 13W Jamar 7 days Right 39.8 (10.2) 41.5 (10.5) 4.00 9.8
Tan et al. (2001) 34.3(8.2) 12%\I/§,L9]W Takei 24 hours Bowling hand 38.2(8.8) 37.4(7.9) 6.45 17.1
Jamar Dominant __ 32.77 (10.43) 32.2(9.85) 6.70 20.6
Non-dominant  30.79 (9.69) 29.94 (847) _ 6.53 215
_ Dominant 30.02 (8.17)  28.47 (8.91) 6.88 23.5
Wil bakms L) sy B s e e T G (G, ol o6 20.9
N Dominant _ 29.41 (12.04) 28.11(12.38)  9.37 32.6
Y Non-dominant 27.84 (10.97) 26.11 (10.69)  7.61 282
Abe et al. (2018) 54(6) O9MOW Takei 24 hours Right 40.1(10.9) 387 (11.4) 3.97 10.1
46.4 Takei . 39.5 (10.8) 38.5 (10.8) 3.5 8.9
A ciell, () D T Right 42.6(128)  415(12.8) 46 10.9
g%azuf)hamp e alsg4y 1SM30W  NR 7days ~ Dominant  36.65(12.63) 37.56 (12.84)  6.07 16.4
Young, Middle-age and Older Adults
378 226M Dominant 36.2(10.4)  35.7(10.3) 6.10 17.0
Tsang et al. (2005) (10.9)  322W Jamar - 3days —  jominant  33.7(10.0) 333 (10.0) 610 18.2
38.0 . Right 44.1(153) 443 (16.1) 5.85 13.2
Bohannon (2006) (15.6) 14M, 16W MicroFET 24 hours Loft 422 (14.1) 418 (14.7) 479 114
45.7 4-10 Right 38.2 (10.0) 38.8 (10.8) 6.94 15.3
Bohannoneetal. 2011) 535, 14M, 14W  Jamar days Left 35.9(9.8)  36.5(10.2) 5.88 19.2
(IJ\;[ra}lEniIe;Il) 11.3 27.5(9.6) 26.7 (8.9) 5.32 19.6
Plant et al. (2016) (23-67) 10M 15W T TECH (10.6) NR
(s weeks 28.4 (10.2) 279 (9.4) 5.66 20.1
. 48.0 . 2-10 Max value of
Kieser et al. (2025) (20.2) 3I9M 61W  Biopac days both hands 26.9 (9.7) 27.1(9.6) 4.63 17.1

B, boys; G, girls; M, men; W, women; Avg, average; NR, not reported; MD, minimal difference; %MD, percentage of a minimal difference to the measured
value; HGS, handgrip strength (unit in kilograms); BB, basketball players; BL, 10-pin bowlers.
*The unit of measured grip strength was pounds per square inch. Thus, this study was not included in the minimal differences (MD) analysis.
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Table 4. Absolute reliability (minimal difference and percentage of minimal difference to the measured value) of grip
strength measurements according to age, sex, and hand dominance.

# of Studies = Minimal Difference % Minimal Difference
Mean [Min, Max] Mean [Min, Max]
Young Children 6 1.9[1.14,2.59] 25.4[14.0, 39.4]
Children 2.5[1.78, 3.23] 13.8[11.5, 16.7]
Ace Gro Adolescents 0 4.211.76,7.01] 17.1[6.2, 34.8]
ge Lroup Young Adults 13 4.0 [L1.65, 6.93] 11.6 [5.4, 18.2]
Young & Middle-aged Adults 7 5.813.97,9.37] 17.9 [8.9, 32.6]
Older Adults 12 4.710.67, 10.64] 16.7 [2.6, 28.0]
Boys 5 3.0[1.14,4.90] 24.2[14.0, 39.4]
Sex Girls 5 2.5[1.41,3.53] 23.4[13.5,32.8]
Men 3 5.4 [4.23,7.53] 15.3[11.6, 18.5]
Women 3 3.9 [2.66, 6.17] 17.3[14.6, 21.5]
Dominant 11 3.4[0.67, 6.1] 12.5[6.6, 28.4]
Hand Non-dominant 11 3.5[1.76, 6.1] 12.7[6.2,22.8]
Right 11 4.412.08, 6.97] 14.5[5.8,27.0]
Left 11 4.1[1.65, 6.93] 15.3[5.4,29.0]

Min, minimum; Max, maximum

Assessment of methodological quality

The mean score was 4.2 out of 7 (range: 2 - 7), indicating
a methodological quality rating that varied from low to
high (Supplementary Table 1). Seventeen of the 48 studies
scored 5 or higher, while 10 received scores of 2 or 3.
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Figure 2. The relationship between the average age of study
participants and the absolute reliability [minimal difference
(MD) and percentage of minimal difference to the measured
value (%MD)] of handgrip strength measurements. In studies
where MD was calculated using handgrip strength values of
both hands, 1/2 MD value was used. %MD = MD / average
handgrip strength * 100

Impact of potential moderators on absolute test-retest
reliability of grip strength measurements

Nine of the 48 studies did not report the mean age of par-
ticipants, only an age range (Dugdale et al., 2019; Espana-
Romero et al., 2010; Gasior et al., 2020; Plant et al., 2016;
Sanchez-Delgado et al., 2015; Suzuki et al., 2019; Svens-
son et al., 2008; Walamies and Turjanmaa, 1993; Ward and
Adams, 2007). There was considerable variation among
studies reporting absolute test-retest reliability (MD

and %MD) in each age group (Figure 2 and 4). Specifically,
the mean MD value for young children (under 7 years old)
was 1.9 kg (Abe et al., 2022; Amado-Pacheco et al., 2019;
Cadenas-Sanchez et al., 2016; King-Dowling et al., 2024;
Sanchez-Delgado et al., 2015; Svensson et al., 2008), while
it was 2.5 kg for children aged 7 to 10 (Espana-Romero et
al., 2010; Fernandez-Santos et al., 2016; Gerodimos, 2012;
Gerodimos and Karatrantou, 2013; Gasior et al., 2020).
The mean MD for adolescents (10 - 18 years old) was 4.2
kg (Dugdale et al., 2019; Espana-Romero et al., 2010;
Gasior et al., 2020; Gerodimos, 2012; Gerodimos and
Karatrantou, 2013; O’Keeffe et al., 2020; Ortega et al.,
2008; Ramirez-Velez et al., 2015; Svensson et al., 2008;
Trajkovic et al., 2024), which is similar to young adults (18
- 35 years old; 4.0 kg) (Balogun et al., 1991; Biasini et al.,
2023; Boshnjaku et al., 2021; Cildan Uysal et al., 2022;
Gerodimos, 2012; Gil et al., 2022; Hamilton et al., 1992;
Karatrantou et al., 2020; Leszczak et al., 2024; Maurya et
al., 2023; Petersen et al., 2015; Savva et al., 2013; Vene-
gas-Carro et al., 2022). Middle-aged (36 - 60 years old) and
older (>60 years old) adults had an MD of approximately
5 - 6 kg. On the other hand, the mean %MD values in young
children and adolescents were approximately 25% and
17%, respectively, while those in young and older adults
were about 12% and 17%, respectively (Table 4).

Mean weighted reliability statistics

The overall weighted MD was 4.463 (95% confidence in-
terval [CI]: 3.926, 4.999; p < 0.001). As there was signifi-
cant heterogeneity (Q = 36,484.970 p < 0.001) that could
be attributed to both within (33.9%) and between (65.7%)
study variance, potential moderators were examined. Nei-
ther age [effect size [ES]: 0.015 (95% CI: -0.004, 0.035; p
= 0.113)], test-retest interval [ES: 0.006 (95% CI: -0.002,
0.013; p = 0.143)] nor handgrip device (p = 0.752) were
significant moderators of reliability. The overall weighted
%MD was 16.307 (95% CI: 14.529, 18.085; p < 0.001).
Like that of the absolute MD, neither age [ES: -0.025 (95%
CI: -0.089, 0.039; p = 0.439)], test-retest interval [ES:
0.022 (95% CI: -0.001, 0.046; p = 0.065)], or handgrip de-
vice (p = 0.334) were significant moderators of reliability.
There was also no apparent systematic bias [ES: 0.162
(95% CI: -0.139, 0.464; p = 0.291)], and the presence of
systematic bias was not moderated by age [ES: 0.005 (95%
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CI: -0.006, 0.017; p = 0.380)] suggesting there was no
learning effect, and this did not differ based on age.

Four studies reported absolute reliability for both
boys and girls (Amado-Pacheco et al., 2019; Cadenas-
Sanchez et al., 2016; Ortega et al., 2008; Ramirez-Velez et
al., 2015; Sanchez-Delgado et al., 2015), while three stud-
ies focused on adult men and women (Bohannon, 2006;
Karatrantou et al., 2020; Maurya et al., 2023). The mean
MD value was 3.0 kg for boys and 2.5 kg for girls,
with %MD values of 24.2% and 23.4%, respectively. In
adults, the mean MD values were 3.9 kg for women and
5.4 kg for men, with %MD values of 17.3% for women and
15.3% for men (Table 4).

No studies have compared the absolute reliability of
grip strength measurements between participants with and
without sports experience. However, studies have been
done on pre-pubertal, pubertal, and young adult basketball
players (Gerodimos, 2012), pre-pubertal and pubertal
wrestlers (Gerodimos and Karatrantou, 2013), youth soc-
cer players (Dugdale et al., 2019), and middle-aged ten-pin
bowlers (Tan et al., 2001). Moreover, twenty-two studies
measured grip strength in both the left and right hands; half
(11 studies) compared dominant and non-dominant hands,
and the remaining 11 studies were able to compare right
and left hands (Table 4).

Discussion

The current manuscript investigated the impact of potential
moderating factors on the absolute test-retest reliability of
grip strength measurements in a healthy population. This
systematic review with meta-analysis included 48 studies
involving 4,980 healthy participants (i.e., 2,025 children
and adolescents, 1,451 young and middle-aged adults, and
1,504 older adults). Our findings demonstrated that (1)
there was considerable variation among studies reporting
MD and %MD across each age group; (2) the mean MD
(%MD) values were 1.9 kg (25.4%) in young children (<7
years old), 2.5 kg (13.8%) in children (7 - 10 years old), 4.2
kg (17.1%) in adolescents (10 - 18 years old), 4.0 kg
(11.6%) in young adults (18 - 35 years old), and 4.7 kg
(16.7%) in older adults (>60 years old); (3) no studies have
compared the MD and %MD between participants with and
without sports experience; (4) neither age, test-retest inter-
val, nor handgrip device served as significant moderators
of MD and %MD reliability.

In this study, our meta-analysis found no evidence
that the MD and %MD in test-retest reliability for grip
strength measurements were influenced by age. One possi-
ble reason is the considerable variation in MD and %MD
among studies within each age group (Figure 2 and Table
4). Nonetheless, the mean %MD for the reliability of test-
retest grip strength measures in each age group is distinc-
tive and partly similar to the %MD observed for muscle
strength measures other than grip strength. For instance,
maximal voluntary isokinetic muscle strength is a standard
outcome measure for assessing knee joint function. A study
measured knee extension and flexion peak torque at an an-
gular velocity of 60 degrees per second across two sessions,
7 days apart, involving 22 children (10 boys and 12 girls)
with a mean age of 8.8 years (Fagher et al., 2016). The MD

and %MD calculated from the SEM of the test-retest relia-
bility reported by the authors were 15.2 Nm and 30.9% for
knee extension and 9.7 Nm and 36.1% for knee flexion,
respectively. Another study (Santos et al., 2013) also as-
sessed the test-retest reliability (7 days apart) of knee ex-
tension and flexion peak torque (60 degrees per second) in
children with a mean age of 8.5 years. The %MD calcu-
lated from SEM was 29.3% for the dominant leg, 33.1%
for the non-dominant leg for knee extension, and 46.2%
and 32.6%, respectively, for knee flexion. The %MD val-
ues in these studies were similar to those observed in young
children (< 7 years old) for grip strength measurements.
Considering that the mean %MD of grip strength measure-
ments in children of the same age group (7 - 10 years old)
was 13.8%, the %MD of the isokinetic strength measure
may appear high. In addition, a study (Maffiuletti et al.,
2007) investigating the reproducibility (7 days apart) of
knee extension and flexion peak torques under the same
conditions (60 degrees per second) in young adults found
that the %MD values are in the same range (10.7% for knee
extension and 8.6% for knee flexion) as those observed in
grip strength measurements in young adults (11.6%).

Eighty-five percent (41 studies) of the 48 included
studies had a test-retest interval of less than two weeks,
with 7 days being the most common (16 studies). This may
explain why the test-retest interval did not affect grip
strength measurements' MD and %MD. Those results sug-
gest that at least a test-retest interval of two weeks or less
may not significantly affect the grip strength reliability of
MD and %MD. Three included studies reported test-retest
reliability at two different intervals: 7 days vs. 9 weeks
(Venegas-Carro et al., 2022), 24 hours vs. 1 year (Abe et
al.,2018), and 12 weeks vs. 24 weeks (Jenkins and Cramer,
2017). For instance, Venegas-Carro et al. (2022) reported
that MD and %MD values doubled at a 9-week interval
(5.7 kg and 11.8%) compared with a 7-day interval (3.1 kg
and 6.6 %). Abe et al. (2018) observed that although this
test was performed on a different population, the MD
and %MD values were greater at a 1-year interval (6.4 kg
and 21.1 %) than at a 24-hour interval (3.97 kg and 10.1 %).
However, Jenkins and Cramer (2017) reported similar MD
values at 12- and 24-week intervals, making it unclear
whether and at what point extending the interval affects
grip strength reproducibility. Grip strength is one part of a
physical fitness test taken annually for children and adoles-
cents. Future studies may clarify the impact of extending
the test-retest interval on the reproducibility of grip
strength measurements.

About 70% of the included studies utilized the
Jamar hand dynamometer, regarded as the gold standard or
the Takei dynamometer. In both Jamar and Takei, despite
differing standardized measurement conditions (sitting vs.
standing, elbows at 90 degrees vs. extended, five grip
widths vs. adjustments for hand size), the type of device
did not affect MD and %MD in grip strength measurements.
Furthermore, several studies examining the measurement
accuracy of different handgrip dynamometers using Jamar
as a benchmark also reported a good correlation between
the two (Cildan Uysal et al., 2022; Hamilton et al., 1992;
Trajkovic et al., 2024). However, the mechanical systems
of the devices differ between Jamar (hydraulic) and Takei
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(Smedley), and it has been observed that the measured val-
ues of the spring-type Takei differ from those of the Jamar
in participants with high grip strength (Abe et al., 2019).
Studies reporting test-retest reliability of grip strength
measurement in young children are limited to studies using
the Takei dynamometer.

In this study, sex and sports experience were not
used as moderating variables in meta-analyses due to the
limited number of studies that assessed boys and girls or
men and women separately and the limited number of stud-
ies that assessed athletes. The difference in grip strength
between boys and girls in children under 10 is less than that
observed in adult men and women (Ramirez-Velez et al.,
2021). Thus, MD may be similar in younger children
when %MD is identical in both sexes. In adults, there is a
clear sex difference in average grip strength, and when
the %MD is the same for both sexes, it is expected that the
MD of women with lower grip strength will be smaller than
that of men. The results of included studies reporting MD
and %MD separately for boys and girls or men and women
suggest this possibility (Table 4), although future studies
are needed. In addition, no studies have compared MD
and %MD between athletes and non-athletes. Further re-
search may be required to clarify whether sports experience
affects the test-retest reliability of grip strength measure-
ments.

Conclusion

The data analyzed from the collected studies found consid-
erable variation among studies reporting MD and the per-
centage of MD to measured value (%MD) across each age
group. Neither age, test-retest interval nor handgrip device
served as significant moderators of MD and %MD reliabil-
ity. Due to the limited number of studies, sex and sports
experience were excluded from the analysis; as a result,
their impacts remain unknown.
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Key points

e In previous studies, the intraclass correlation coeffi-
cient (ICC) is often the preferred method for report-
ing measurement reliability.

e One major limitation with reporting ICC values is
that they are entirely dependent on the heterogeneity
of the sample included in the reliability assessment.

e While there are certainly instances where relative re-
liability may be necessary, often absolute reliability
is preferred and more useful.

e We found considerable variation among studies re-
porting absolute test-retest reliability of grip
strength tests, such as minimal differences (MD)
and the percentage of MD to the measured value
across each age group.

e Neither age, test-retest interval, nor handgrip device
served as a significant moderator of MD and per-
centage of MD reliability.
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