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Abstract: The aim of this study is to determine the metric stability of the one-month handgrip test (HGT) in order to define the contractile
characteristics of the biological variation of maximal isometric strength (Fmax) and maximal isometric rate of force development (RFDmax)
of the handgrip in two different testing regimes (classic and impulse). The study was conducted with a total of 16 participants (11 men and
5 women). Testing was performed using an isometric handgrip probe with a standardized test protocol and equipment sports medical
solutions (SMS). The results of Fmax showed a low relative standard error of the mean (RS = 1.33 %), a high value of inter-class correlation
(ICC =0.996), and no statistically significant change in trend (p > 0.05) during the testing period. Therefore, can conclude that the HGT
procedure in classic mode can be used as a stable parameter in a human subject sample. However, the RFDmax results showed a low RS
(2.13 %) and a high ICC value (0.996), but a statistically significant change of trend (p < 0.05) during the measurement period. The regression
constant (RCO) trend was 42.629 N/s, which can be attributed to learning or to the adaptive effects of the test procedure, which triggered
similar adaptation processes as the training. In general, it can be concluded that the handgrip can be used to sensitively measure the effects
of different long-term health improvements, or the effects of different medical/health exercises, rehabilitation programs, effects of medication
applications, or dietary supplements for Fmax. However, further research should be conducted for the RFDmax considering the metric stability
parameters.
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1. INTRODUCTION

The hands are specialized manipulation organs of the
human body that can perform different tasks with different

mass, physical function, health status [4], and overall body
strength [5]. The test helps in the assessment of hand injuries,
work capacity, and conditions such as arthritis, chronic

physical objects and apply different muscle forces depending
on the type and intensity of the load [1]. Maximum muscle
strength can be measured with different types of
dynamometers in different contraction modes, including the
most commonly used isometric mode as well as concentric
and eccentric modes [2].

The handgrip dynamometer serves as a diagnostic tool for
measuring handgrip strength (HGS). It is valuable for
assessing congenital or acquired abnormalities of the hand
and objectively tracking and evaluating the healing progress
of hand or upper limb injuries. This non-invasive and rapid
test is used in clinical settings and research studies that rely
predominantly on mechanical dynamometers to provide data
related solely to maximum HGS [3].

The handgrip test (HGT) is one of the tests that can be used
to assess the general muscle strength potential of the body [1]
and provides information on nutritional status and muscle
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fatigue syndrome, and muscular dystrophy. It is also used to
evaluate the effectiveness of treatments for various
disabilities [6]. The HGT is the gold standard for the
assessment of mechanical muscle characteristics, including
maximal muscle strength (Fma) and maximal isometric rate
of force development (RFDmax) [7]. Explosive muscle
strength is typically assessed by measuring RFDmax [8].
RFDmax has important functional consequences as it
determines the force that can be generated in the early phase
of muscle contraction (0—200 ms). For isolated muscle
preparations, the contractile RFDmax is determined from the
slope of the force-time curve (Aforce/Atime), while for joint
movements, the RFDmax is calculated as the slope of the
moment-time curve (Amoment/Atime). For the elbow flexors
and knee extensors, the time required to reach the maximum
RFDmax is approximately 300 ms [10]. Muscle strength is
defined as the magnitude of torque exerted by one or more
muscles during a single maximum isometric contraction of
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unlimited duration [9]. The strength of a muscle is often
compared to muscular power and can be described as the
ability of a single muscle or a group of muscles to generate
force when contracting against an external resistance [10].
Factors such as the size, number and type of muscle fibers as
well as the type of contraction and degree of activation
determine muscle force production independent of joint
angles [11]. When measuring Fmax during classic contraction,
the mechanical component of the muscle is defined.
Parameters related to the neural component, the effective
synchronization of the motor units and the plasticity of the
central nervous system can be determined by measuring
RFDmax [10], [8].

For a test to be used to measure certain abilities, it must
first be validated and reliable. The HGS is used, for example,
in sport [12], rehabilitation [13] and clinical assessments [14].
Variability in strength is most commonly measured using the
coefficient of variation (CV), which is calculated by dividing
the standard deviation (SD) of a series of strength values by
the mean of the same series [15]. A high-reliability instrument
has been statistically validated to ensure consistent
measurement across sessions, examiners, and instruments.
Reliability is usually assessed using correlation coefficients
and standard error of measurement [16].

According to the initial findings of a group of authors [17],
it is crucial to adapt the established methodology to the
specific needs and objectives of each sport. For objective
values of explosive strength, the use of an impulse model for
isometric testing is recommended. For the assessment of
maximal strength, however, the use of a traditional test model
is recommended. This approach allows a more precise,
targeted and sensitive assessment of muscle mechanical
properties in terms of their maximal and explosive strength.
The use of the sports medical solution (SMS) handgrip (HG)
dynamometer is also found in other studies and is considered
a highly accurate measurement tool for the assessment of
maximal and explosive HGS [18], [19]. Recent studies have
shown that the HG dynamometer system is very reliable for
measuring Fmax [20].

One study [21] investigated the factors affecting the
reliability of HGS measurements in middle-aged and older
adults over 1-4 months. The results of the study showed a
high reliability of HGS measurements. However, in clinical
setting, testing and retesting may occur over different time
periods, including on the same day or after an extended
interval, such as the completion of a rehabilitation program,
which may result in gaps of several weeks or months between
tests [22], [23]. In this context, the aim of this study is to
determine the reliability of the tests at one month to define
the long-term biological variation of HGS contractile
characteristics, as well as Fma and RFDmay in two different
test regimes (classic and impulse). This is important for
scientific and methodological reasons for the definition of all
metrological characteristics of the HGT, as it is a regular,
long-term and metrologically sensitive and specific
instrument. On the other hand, it is necessary to define
quantitative methodological indicators of the test as an
applied measurement method, in terms of determining the
longitudinal test procedure, the longitudinal biological
variations and the circadian variations, both for the classic
Fmax and for the impulse RFDmax measurement method.

2. SUBJECTS & METHODS

Research sample

The study was conducted on a total of 16 healthy and
physically active adults. The participants were members of
the Faculty of Sport and Physical Education, with an average
age of 31.1 + 0.5 years. The sample comprised 11 men (Age
=33.7+12.4 yrs.) and 5 women (Age = 26.2 + 2.7 yrs.). At
the end of the study, the total number of participants was 30,
of which 14 had less than 5 test days and were therefore
excluded from the study due to the low number of test days.

All participants took part in the study voluntarily and had
no neuromuscular disorders, musculoskeletal dysfunctions,
injuries or previous operations on the hand or arm. The study
was conducted in accordance with the principles of the
Declaration of Helsinki and with the approval of the Ethics
Committee of the Faculty of Sport and Physical Education,
University of Belgrade (484-2).

Equipment

The data were recorded with the isometric handgrip probe
(Fig. 1). Signals from a force transducer (CZL302: Dongguan
City, China) were acquired using the commercially available
software SMS, Belgrade, Serbia — Isometrics Ver. 3.4.0 with
a sampling rate of 1000 Hz. The signals were filtered with a
low pass (5Hz), second-order Butterworth filter. The
software automatically calculated the Fmay (peak value on the
force-time trace after reaching the plateau) and RFDax (peak
value of the first derivative of the force-time signal) [11],
[16]. The signals are shown in Fig. 2 and Fig. 3. The sensor
calibration was performed using laboratory weights.

Fig. 1. SMS handgrip device with a fixed strain gauge.

Fig. 2 and Fig. 3 show the Fmax and RFDma signals
obtained from the HGS measurements with the SMS
software. The red line represents the RFDmax curve, while the
blue line represents the Fmax curve. In addition, the values for
Fmax and RFDmax during classic and impulsive contraction are
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displayed next to the signals. In addition to the results for
strength and explosiveness, you can also see the time frame
for reaching maximum strength and maximum explosiveness.
The time for Fmax during the classic contraction is greater than
300 ms, while the time for Fma during the impulsive
contraction is up to 300 ms [10].

Fig. 2. Signals of Fmax in classic contraction collected using the SMS
software.

Fig. 3. Signals of RFDmax in impulse contraction collected using the
SMS software.

Measurement methods

The measurements took place in the Methodological
Research Laboratory (MRL) at the Faculty of Sport and
Physical Education in Belgrade, between 10:00 and 14:00.
Before the measurement, each participant already had
experience in using an isometric probe and was thoroughly
familiarized with the procedures for the HG test.
Accordingly, they performed two grip tests at submaximal

intensity. The participants were subjected to the test
asynchronously, i.e. not daily, under real-life conditions to
ensure that the measurements were spontaneous, natural and
free from any influence or protocol. During the HGT, on
average of 11 measurements measurement frequency (MF)
were taken over 30 days (D) with an average interval of 3
days MF between each measurement. Alternatively,
participants were measured randomly at intervals of 2 to 5
days.
MF was determined using the following formula:

D

MF = —
MD

where D —duration of the test in days and MD — measurement
days.

Single day tests were randomized from trial to trial, with a
2 minute break between each trial. Since the participants
already had experience with HG measurements, they
performed two trials for each test and each measurement
mode [19], with the better result being selected for statistical
analysis. In the first trial, subjects performed classic
contractions, while in the second trial they performed impulse
contractions. The HGS (Fmax and RFDmax) Was tested using
standardized test procedures and protocols [8], [17], [20].

In the classic protocol, the instruction was to contract as
strongly and quickly as possible and to maintain the maximal
contraction for ~2 s. In the impulse protocol, the instruction
was to produce as strong and short a contraction as possible,
but without jerk. The measurement was performed in a sitting
position (knee joint angle at 90°; normal anatomical position
of the arm) with both arms being measured alternately

(Fig. 1).

Variables

To assess the overall upper body strength, the following
variables were defined separately for each participant over 30
days:

1. Maximal isometric strength, summarized for the right
and left hand (Fmaxesum) €xpressed in Newtons (N), was
measured using classic contractions [18].

2. Maximal isometric rate of force development,
summarized for the right and left hand (RFDmaxtcsum)
expressed in Newtons per second (N/s), was measured
with impulse contractions [18].

Statistical analysis

The results of the male and female participants were
statistically analyzed together to demonstrate a new
methodology with a human phenomenon at a general level.
Descriptive statistics was used to calculate —the mean, a
measure of dispersion — the standard deviation (SD) and the
coefficient of variation (CV). The reliability of the tests was
assessed by the inter-class correlation coefficient (ICC),
whose values were defined as low ICC <0.5, moderate
ICC = 0.5 - 0.75 and excellent reliability ICC > 0.9 [17]. The
precision of the measurement (measurement error) was
assessed using the relative (RS) and absolute (AS) standard
errors of the mean [18]. Linear regression was performed to
determine the dynamics of the trend change during the HGT
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period. Based on the results obtained, variables such as the
regression coefficient (RCC), regression constant (RCO),
slope of y, R-squared (R?), F-value and p-value were
analyzed. All statistical tests were performed using the
software package MS Excel 2013, IBM SPSS v23.0.

Results

The initial results for each participant are shown in Tables
1, 2, 3 and 4 further in the text. Table 1 and Table 2 show the
descriptive indicators for Fmaxtcsum classic and RFDmaxticsum
impulse. The results show that all variables are homogeneous,
as the CV is 4.12 % in Frmaxtcsum and 6.60 % in RFDmaxtgsum.
RS has a value of 1.33% in Fmateum and 2.13% in
RFDmaxHGsum.

Table 1. Descriptive statistics of Fmaxxesum, respectively for all
subject samples.

ID M SD Ccv AS RS D MD MF
1 969 4099 423 1549 160 36 7 5
2 1357 4470 329 1117 082 30 16 2
3 1075 3445 320 836 078 34 17 2
4 874 3117 357 75 086 30 17 2
5 676 1697 251 693 1.02 32 6 5
6 575 3369 58 773 134 30 19 2
7 1130 1943 172 561 050 28 13 2
8 892 2934 329 978 110 35 9 4
9 843 6761 801 2760 327 24 6 4

10 600 69.79 1162 21.04 350 29 11 3

11 578 2503 433 834 144 26 9 3

12 1103 5471 496 1824 165 30 9 3

13 1051 3544 337 1447 138 28 6 5

14 1213 3381 279 976 080 31 12 3

15 1200 2795 233 775 065 30 13 2

16 1147 1868 163 7.06 0.62 25 7 4

AVG 956 3648 412 1168 133 30 11 3

Note: M (mean); SD (standard deviation); CV (coefficient of variation);
AS (absolute standard error of the mean); RS (relative standard error of the
mean); D (duration of the test in days); MD (measure days); MF (measure
frequency); AVG (average values).

Table 2. Descriptive statistics of RFDmax+csum, respectively for all
subject samples.

ID M SD CVv AS RS D MD MF
1 6040 383.72 6.35 14503 240 36 7 5
2 8647 59423 6.87 14856 1.72 30 16 2
3 7638 52260 6.84 126.75 1.66 34 17 2
4 6966 43033 6.18 10437 150 30 17 2
5 4803 31453 6.55 12841 267 32 6 5
6 4151 40723 9.81 9343 225 30 19 2
7 7540 364.56 4.83 10524 140 28 13 2
8 6040 303.31 5.02 101.10 1.67 35 9 4
9 5764 82277 1427 33589 5.83 24 6 4

10 4187 43542 1040 13129 313 29 11 3

11 3684 24054 6.53 80.18 2.18 26 9 3

12 8008 39419 492 13140 1.64 30 9 3

13 7422 49461 6.66 201.92 2.72 28 6 5

14 8326 251.26 3.02 7253 087 31 12 3

15 8103 284.44 351 7889 097 30 13 2

16 8082 306.52 3.79 11585 143 25 7 4

AVG 6588 409.39 6.60 131.30 2.13 30 11 3

Note: M (mean); SD (standard deviation); CV (coefficient of variation);
AS (absolute standard error of the mean); RS (relative standard error of
the mean); D (duration of the test in days); MD (measure days); MF
(measure frequency); AVG (average value).

The results of the regression analysis to determine the
relationship between FmaxHesum and RFDmaxtesum as a function
of the measurement days are shown in Table 3 and Table 4.
In addition, the p-value is greater than 0.05, indicating that
there are no statistically significant changes in the HGS
measurements between the different measurement days.

Table 3. Regression model of FmaxHasum, respectively for all subject
samples.

ID RCO RCC  Slope R? F p
1 3.59 954.81 0.38 0.04 0.18 0.68
2 2.03 1339.90 0.15 0.05 0.72 041
3 199 1057.50 0.19 0.08 141 0.26
4 -1.53 887.93 -0.17 0.07 126 0.28
5 1.43 671.67 021 001 014 0.91
6 035 57188 0.06 001 014 0.72
7 1.89 1118.50 0.17 015 1.83 0.21
8 475 86836 055 0.22 199 0.20
9 6.11 82220 0.74 0.02 0.09 0.78

10 -10.67 66476 -161 0.31 396 0.08

11 3.69 55967 066 025 237 0.17

12 -4.97 112780 -0.44 0.02 0.15 0.71

13 949 101780 093 021 1.03 0.37

14 3.27 119190 027 0.16 1.88 0.21

15 -2.84 122030 -0.23 0.5 196 0.19

16 275 1136.69 024 0.06 0.32 0.59

AVG 1.33 950.69 0.13 0.12 122 0.42

Note: RCO (regression constant); RCC (regression coefficient);
Slope (Slope of Y); R? (squared value); F-value; p-value; AVG
(average value).

Table 4. Regression model of RFDmaxHesum , respectively for all
subject samples.

ID RCO _ RCC_ Slope R F p
1 8430 637740 -132 017 109 034
2 10115 778800 129 0.63 2353 0.00
3 3694 730630 051 016 291 011
4 4719 654180 072 032 6.86 0.02
5 11157 441270 253 056 505 0.8
6 2482 390290 064 011 204 0.17
7 4927 722040 068 022 273 0.13
8 033 603870 001 001 002 0.89
9 -10954 614780 -1.78 006 0.4 0.65

10  -4758 447330 -1.06 038 555 0.04

11 2259 357120 063 013 103 0.34

12 -1650 809050 -021 001 003 0.87

13 14214 692530 205 031 174 024

14 2207 818290 027 012 132 0.28

15  -38.04 8369.70 -045 024 3.65 0.08

16 49.72 788330 063 0.07 0.37 057

AVG 1949 645201 032 022 3.64 031

Note: RCO (regression constant); RCC (regression coefficient); Slope
(Slope of Y); R? (squared value); F-value; p-value; AVG (average
value).

Table 5 shows ICC values that are close to 1, indicating
high consistency or reliability between measurements. This
indicates that most of the variability is due to actual
differences between subjects and not due to random or
systematic measurement error. The F-value is greater than
0.05, which shows that there are no statistically significant
differences between the groups. This could indicate that there
are no systematic measurement errors.
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Table 5. 1CC of FmaxHosum and RFDmaxHasum, for all subject samples.

ICC 95 % Conf. Int. F p
Lower Upper
bound bound
FrnaxHGsum 0.996 0.996 1.000 1.147 0.358
RFDmaxtesum  0-996 0.986 1.000 1.289 0.263

Fig. 4 and Fig. 5 show graphically the basic descriptive
statistics (mean with standard deviation) and regression line
with the model (F=0.392; F=7.096) and (p=0.547;
p = 0.029) of the summarized results of all participants in the
longitudinal section by test day. Fig. 4 and Fig. 5 show the
results of 11 measurements over 30 days. For the first day,
the average values for Fmaxtesum and RFDmaxHesum Were
determined for all participants, as well as for the other
measurements.

F=0.392
p=0.547
1400

1200
1000
8l
6
4
2

y = 0.6646x + 920.83

I:maxHGsum‘ R2=0.0283

oo ®eeopo00 e oo o [N XN e oo e ° o

Fmax (N)
o
o

o

0

o o
o

0
o+

DAYS

Fig. 4. Summary of the results of all participants per testing day
for the variable FmaxHcsum.
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Fig. 5. Summary of the results of all participants per testing day
for the variable RFDmaxHcsum.

5. DiIsCUsSION

This study provides results indicating high reliability, high
homogeneity of data, absence of errors in repeated
measurements, and no significant changes in HGS
measurements over a month of randomized test days. The
combined results of Fmaxtesum and RFDmaxHesum foOr the left
and right hand may represent the overall strength of the upper
body. The average values from our study for Fmaxtcsum and
RFDmaxHesum are similar to the results of the study by [19],
which presented normative handgrip data in the general
population of healthy adults, namely Fmatgaum Of
910-084N and 495-604N and RFDmaxtesum Of

5763 — 7182 N/s and 3048 — 3963 for men and women,
respectively. The results of the CV (Table 1 and Table 2) for
the variable FmaxHesum Show a 4.12 % variability and
RFDmaxHesum @ 6.60 % variability. Since the value is below
10 % of variability, this indicates a high homogeneity value
of the data compared to the mean [24]. In other words, this is
crucial for all subsequent repeated longitudinal studies using
the long-term measurements of the HGT. The AS value of
12 N fOl' the FmaxHGsum and 132 N/S fOI‘ the RFDmaxHGsum
indicates minimal error in repeated measurements, suggesting
that the measurements are accurate and reliable. The RS
Va|l.IES Of 133 0/0 f0r FmaxHGsum and 213 % fOI’ RFDmaxHGsum
are low, there is no significant difference between day-by-day
consecutive trials measured with the HGS [25]. Based on the
results in Table 5, it can be concluded that the measurement
is consistent and reproducible [26]. For the variable Fraxtesum
the ICC has a value of 0.996 and for the variable RFDmax+gsum
a value of 0.996, which means that the measurement is
reliable. When measuring maximum voluntary isometric
contraction (MVIC), all participants achieved a reliability
coefficient between 0.996 and 1.000 for both variables, which
is considered a near-perfect degree of reliability. The study
[21] investigated factors influencing the reliability of HGS
measurements in middle-aged and older adults over 1 -4
months. The results showed high reliability (ICC = 0.95), but
also sensitivity to the influence of different examiners,
especially when measuring the non-dominant hand. This
could be a limiting factor in longitudinal studies.
Measurements of HGS with the Jamar dynamometer
conducted over 12 weeks are reliable with an ICC of 0.954
for the left hand and 0.912 for the right hand [26]. In a study
conducted by [20], the SMS HG dynamometric system was
also found to have a high degree of inter-reliability
ICC > 0.971 for the measurement (maximum isometric force
— Fmax) for both the dominant and non-dominant hand.

The results in Table 3 and Table 4 show that the number of
days is not a key factor in explaining the variation in the HGS,
as shown by the very low value. This means that the model
with the number of days as an independent variable explains
only a small part of the variation in the HGS. In addition, the
p-value (p > 0.05) indicates that the changes in HGS from day
to day are not statistically significant. The RCO (1.33 N;
19.49 N/s) indicates that the changes in HGS between days
are relatively small. Although the results suggest that the
number of days does not play a significant role in the
variations in HGS, it is important to note that the HGS test
results are generally reproducible and consistent. This means
that the HGS measurements are stable and consistent for the
same subjects during testing, which could indicate the metric
stability of HGS. Fig. 4 shows the summarized results of the
handgrip measurements per test days with a trend dynamics
change constant of 0.664 N. F =0.392 and p = 0.547 also
indicate that the Fmaxtesum does not change over the
measurement period. In other words, the strength is measured
in the same way every time, regardless of the day or circadian
rhythm. Based on the constant of the regression line and the
observed changes in the Fmax contractile characteristics, it can
be concluded that the applied test and measurement are
reproducible and consistent in the applied modality of the
classic method.
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On the other hand, Fig.5 shows an increasing trend
dynamics change constant of 42.629N/s in RFDmaxtcsum. The
results of the regression analysis show that there is a
significant change in the variable RFDmaxtcsun Over the
measurement period. The values F=7.096 and p =0.029
indicate that RFDmaxnesum has indeed changed over time.
Statistically significant changes and an increase in the
constant trend of change over time could be due to specific
adaptations to the long-term test protocol or to specific motor
learning as a side effect of the one-month procedure used.
Since the participants have not previously used the movement
pattern that occurs during the impulse contraction, the body
recognizes it as a new stimulus, leading to an increase in the
value of RFDmax over time. The mechanisms of neuronal
adaptation are crucial to the increase in RFDmax, including
changes in muscle morphology, increased firing frequency of
motoneurons, decreased presynaptic inhibition and inhibitory
neuronal pathways [27]. A study by [8] also found that the
early phase (50 ms) of voluntary activation and force
production during explosive contractions is highly variable at
the individual level, regardless of the measurement methods
used. Consequently, explosive force production is reliable
when measured from 100 ms onwards. If an assessment of
longitudinal changes is made retrospectively (e.g., after an
intervention), the results should be interpreted with caution
[28]. As the results presented in this study are among the first,
there may be limitations in terms of the number of
participants, the representativeness of the sample and the age
of the participants. This study may serve as a starting point
for future research where similar tests can be used to
determine if there are differences in strength and
explosiveness between patients following limb injury or
surgery and healthy participants.

6. CONCLUSION

The reliable use of the HGT was confirmed both in the
classic mode for Fnax and in the impulse mode for RFDmax.
The Fmax results show that the test can be used as a stable
parameter in human subjects. The test can be used to study
the long-term effects of various health interventions such as
exercise, medication or dietary supplements.

A significant trend change was observed in RFDmax
measured in pulse mode, possibly due to specific motor
learning or side effects of the test procedure. Further research
is needed to understand how the impulse expression of force
is affected, how much time is needed for adaptation, and the
effects of training or learning. These aspects should be
clarified before the test is used in long-term sports science or
clinical studies.
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