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Abstract: Handgrip strength (HGS) is an indicator of muscle condition and general health wellbeing.
Usually, instruments measuring handgrip strength only identify its maximum value. This preliminary
study is focused on identifying force vs. time parameters which could contribute to better describe
individual strength. They were obtained during a Handgrip strength test of 15 s in a sample group
of 94 university students. The tests were conducted with a smart multifunction novel prototype
dynamometer, named BodyGrip. Mean values of quantities related to the ability to develop and
to maintain strength in percentage of maximum handgrip strength, were extracted from the force
vs time profile. Contrary to maximum HGS, such quantities were found to be independent of the
participant’s anthropometric characteristics. Individual comparisons based on those quantities are
therefore not affected by the anthropometric characteristics. It was possible to identify individuals,
differing on the development of HGS. Results suggest that the functionality of the BodyGrip tool
enables a more thorough characterization of the time profile of the Handgrip strength that might
influence the knowledge of the muscle functions, such as power development and endurance.

Keywords: handgrip strength-time curve; handgrip dynamometer; force development characteristics;
explosive force; sustainability

1. Introduction

There are conditions and diseases that cause loss of muscular strength and wasting, such as
undernutrition, sarcopenia, and physical frailty [1-3]. Handgrip strength (HGS) has been reported to
be associated with markers of disability and morbidity [2]. In addition, research has shown that HGS
value below normal grip strength is related to hospital length of stay [4], low vitamin D status [5] and
higher risk of institutionalization and of mortality [6]. These outcomes, among many others, justify the
relevance of this clinical marker of wellbeing.

Muscle strength impairment occurs before changes in muscle structure and composition can be
detected [7]. Based on this early event in the disease process, isometric HGS has been widely used for
screening, for diagnosis and for monitoring all the health events that are strongly related to functional
and nutritional impairment [1].

Hand-held dynamometry offers numerous advantages over other nutritional, functional and
health status indicators, as it is an inexpensive, easy to use and portable evaluation method. Moreover,
HGS measurement are non-invasive, quick to perform, reliable, exhibiting low intra and between

Information 2020, 11, 546; doi:10.3390/info11120546 www.mdpi.com/journal/information


http://www.mdpi.com/journal/information
http://www.mdpi.com
https://orcid.org/0000-0003-4514-5484
https://orcid.org/0000-0003-1118-9331
https://orcid.org/0000-0002-3998-6730
https://orcid.org/0000-0002-2745-6951
http://www.mdpi.com/2078-2489/11/12/546?type=check_update&version=1
http://dx.doi.org/10.3390/info11120546
http://www.mdpi.com/journal/information

Information 2020, 11, 546 2 0of 10

observer variability and do not require specialized professionals [8]. Maximum HGS (Fmax) of an
individual can be quantified by measuring maximum force value using a simple protocol. Although
most of the research focuses on maximum HGS, many others have been considering different force
parameters that can be obtained in HGS tests such as the rate of force development (referred as RFD) [9]
and sustainability of maximum force [10], using adapted devices for providing the force profile during
test time. There is evidence that the explosive force, usually assessed via RFD, is related to mobility [11],
is different in young and older people [12] and it is commonly used parameter in sports performance
studies considering also other groups of muscles [9,13]. However, the use of distinct adapted devices,
the time interval considered to calculate RFD and the protocol adopted are very distinct from study to
study, preventing the establishment of general procedures.

Other studies consider parameters defined from the force-time profile such as “time to peak
force” [14], the time to reach distinct levels of peak force such as 50%, 70% or 90% [15,16]. The time
required to decrease from the peak force to 80%, 70% and 60% of peak force is a parameter reported
in [17]. The area under the force—time curve from onset of exertion to a given test time is studied
in [14,15] and has been also related to disabilities in rheumatoid hands [18]. There is no common
reference test time, as in these research works the test time considered ranges from two seconds [19],
to five seconds [14], seven seconds [20], fifteen seconds [21] and up to sixty seconds [18]. Once again,
a huge diversity of parameters is found, all related to the development of force during the test time as
well as protocols (when referred) and adapted devices.

The present exploratory study, using a sample of young healthy adults, aims at analyzing how
HGS changes with time during the handgrip test, including all relevant features that can be explored
such us explosive force, peak force and force sustainability. Therefore, an investigation on how these
different parameters relate to each other is performed with the purpose of establishing a more in-depth
characterization of the HGS force vs. time profile, based on universal parameters related to a typical
response of a first order system. The protocol follows the one defined in [22] conveniently amended
for obtaining the handgrip force vs. time profile. A novel patented prototype for HGS measurement
was used able to register the force vs. time profile that offers good precision and has been validated
against the golden standard [21] in which concerns maximum HGS.

Considering the evidence from many different studies that maximum HGS is related to
anthropometric data such as height, weight and hand length [21,23] the present study also analyses
the relationship of some anthropometric data with the proposed features related to explosive force,
peak force and force sustainability.

Therefore, this exploratory study aims at being a contribution to establish a set of HGS reference
descriptors that can be universally used by different researchers from different areas in future studies.

2. Materials and Methods

2.1. Procedure

Considering the exploratory research study objectives and the BodyGrip system features, the study
protocol adopted to measure force vs. time profile of HGS follows the recommendations described
in[22], and was conveniently amended for this new type of test. The participant was previouslyinformed
on the system functionality and the test procedure, followed by a demonstration: after triggering the
system by the expert, the participant should grip the device and apply strongly all his handgrip force.
During the test duration (15 s), he/she would be incited to sustain force as long as possible.

After this step, the participant anthropometric data were collected using the procedures
recommended by the International Society of Kinanthropometry (ISAK) [24]. Information on age,
physical activity, diseases, previous surgeries, and hand dominance was self-reported. Measures
of weight, height, left and right hand lengths were also taken. The handgrip strength test phase
started by sitting the participant in a chair with back support and fixed arms, regarding the following
circumstances: shoulder adducted and neutrally rotated, elbow closed to the body and flexed at
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90 degrees, the forearm and wrist in neutral position and thumbs up supported by the chair fixed arm.
The participant wrist should be just over the end of the arm of the chair.

The test is recorded in database during the test duration. The test would be repeated three times,
alternately in right and left hands and, according to the referred protocol. The resting time between
tests was 1 min.

2.2. Sample

A convenience sample of 99 students (21 males and 78 females), aged between 18 and 38 years
old, from the Faculties of Engineering and of Nutrition and Food Sciences, both from the University of
Porto was recruited.

Potential participants presenting muscle diseases, chronic blood disorders other diseases or
surgeries that could affect muscle performance, were not included. All participants received verbal and
written information about the study and signed an informed consent form. The Ethics Committee of
“Hospital de Sao Joao, Porto, Portugal”, approved this investigation. The entire study was conducted
in accordance with the recommendations established by the last revision of the Declaration of Helsinki.

The sample characteristics of homogeneity and healthy were requirements to provide a base for
the main objective of the study in exploring the parameters of handgrip strength force vs. time.

2.3. The BodyGrip Prototype

The participants’ isometric HGS profile during the test time duration was evaluated using a
prototype system originally named BodyGrip, integrating a novel dynamometer (Figure 1) which
interacts with a software application. The device used in this system was already validated against
the gold standard Jamar [25], in which concerns the maximum of the HGS. The system is under
international pattern request [26]. The US patent has been very recently granted (end of October 2020)
and the University of Porto spin-off named Gripwise Tech (https://www.racius.com/gripwise-tech-1da/),
is now producing the first unities of the system with the trademark of Gripwise.

Figure 1. BodyGrip dynamometer prototype.

The system allows the automatic recording of the force vs. time profile during an adjustable
time interval in a computer or remote database, and provides a real time graphical representation
(only observed by the evaluator who conducts the test protocol).

These characteristics open new possibilities to explore data of the force vs. time profile and to
study new features that could be used as new descriptors in future studies. These possibilities together
with the novel characteristics of the device and the potential to integrate intelligent algorithms in the
software application will bring promising perspectives for the area and for the system.

The BodyGrip device allows measuring the compressive or tensile force of a muscle or of a group
of muscles by just adapting convenient accessories. It also can provide the energy transferred to the
device during the user test (leg, arm, knee, elbow, shoulder or thorax) and, therefore, the estimation of
user spent average and/or instantaneously power [27].

Therefore, its usefulness in terms of evaluation of body muscular force also opens the fields of
application, not only for evaluating but also for rehabilitation and following up treatment progress.


https://www.racius.com/gripwise-tech-lda/
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Its design allows materializing it as a small device, light, easily portable and with a wireless
connection to a computer, that runs the software application for data recording, processing and storage
of the force vs. time profile.

This light (0.230 kg) and compact (114 mm X 22 mm X 45 mm) solution is capable of measuring
forces up to £980 N, with good sensitivity and resolution (0.098 N), with precision of +0.098 N making it
a potential pocket device for clinical use. The good sensitivity and its light body with small dimensions
also make it adequate to be used either in the pediatric or in the geriatric areas.

This device combines primary sensing elements (metallic part) and the secondary sensing elements
(resistance strain gauges) resulting in two symmetric strain gauge load cells due to its mechanical
centered cantilever system design (Figure 2).

! !
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(a) (b)

Figure 2. Schematic perspectives of the device design: the novel load cell (a) and device housing (b).

The system has a software application for personal computers that can be easily adapted for
a mobile device. The application allows recording the user data, set the test time and, force-time
recording. The force vs. time profile is presented in the user interface graphical window, in real time
(10 ms sampling). Any additional algorithm for post processing is possible to be programmed in the
prototype electronics, easily.

2.4. Data Analysis

In the following analysis, the force vs. time profiles of the dominant hand of 99 participants,
78 females and 21 males, were considered. Due to some incomplete HGS data, the analysis covers only
73 females, resulting in 94 subjects.

Figure 3 shows a typical behavior of HGS as function of time for the 15 s long trial. The descriptors
taken from the force vs. time curves, and signaled in Figure 3, are:

(1) The maximum force attained in the 15 s test—F .

(2) The time it takes to reach the maximum force—tgmax-

(3) Handgrip strength at 63.2% of its maximum value—Fg3». This choice stems from the fact that the
force profile follows a typical response of a first order system.

(4) The time it takes to reach Fg3,—trg3.0

(5) HGS at the end of the 15 s test—Fgnz.

(6) The arithmetic average of the HGS points in the 15 s test—Fay.
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Figure 3. Proposed descriptors in a typical handgrip strength (HGS) vs. time curve.

The quantities (a) to (d) defined below are introduced to quantify the different rates of change of

HGS along the 15 s test. They are normalized to the maximum force.

(@)
(b)

(©)

(d)

pFay—average force during 15 s test expressed in percentage of Fmax.

pRatel = (F63.2/tF63.2)/Fmax—rate of change of force up to tF63.2 expressed in percentage
of Fmax.

pRate2 = (Fmax — F63.2)/(Fmax * (tFmax — tF63.2))—the rate of change of force from tF63.2 to
tFmax, expressed in percentage of Fmax.

pRate3 = (Ffinal — Fmax)/(Fmax * (15 — tFmax))—the rate of change of force from the time of
maximum force until the end of the test, in percentage of Frax.

These normalized variables are related to the ability to develop and to maintain HGS (during the

15 s test time).

Data analysis comprised the following steps:

Friedman non-parametric statistical test to detect differences in descriptors’ means across the
multiple time trials. This test revealed no statistical significant differences (for instance, the tests

yields x2(2) = 0.391, p = 0.822 for Fnax). Therefore, averaged values (of the three trials) were
considered for each individual;

Gender comparisons of the anthropometric data and of the descriptors;
Spearman two tailed correlations calculated between:

@) Anthropometric data;
O Anthropometric data and the descriptors;
O Referred descriptors of the HGS vs. time curve.

Relevant relationships were further analyzed via linear regression.

Finally, the sample was divided in two categories of pF,y and comparisons across those categories

were conducted.

The Statistical Package for Social Sciences for Windows, (IBM Corp. Released 2019. IBM SPSS

Statistics for Windows, Version 26.0. IBM Corp., Armonk, NY, USA) was used in these analyses.

3. Results

Anthropometric characteristics of the participants are shown in Table 1, together with the results of

gender comparison tests. The two tailed Spearman correlations between weight, height and dominant
hand length (Lpy) are all statistically significant as denoted by the bold values, with p < 0.001 level,
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the strongest occurring between height and Lpyy (r = 0.741). The relationship between these variables
is expressed by the regression equation Lpy = 12.19 * Height — 2.05 (R? = 0.668, p < 0.001).

Table 1. Anthropometric characteristics.

Gender Significance
Female Male
N=73(76.7%) N =21(22.3%) P
Median Age (Min — Max) 20 (19-37) 22 (19-38) 0.009
Weight (kg) Mean + SD 61.1+11.8 725+ 11.8 <0.001
Height (m) Mean + SD 1.64 + 0.07 1.74 + 0.10 <0.0001
Lengthpyy (cm) Mean + SD 17.9 + 0.07 193+1.7 <0.0001

Table 2 indicates the means and standard deviations of the previously defined descriptors,
as well as the significance of the non-parametric Mann-Whitney U gender comparison test Significant
differences are denoted by the bold values.

Table 2. Means, standard deviations and gender comparisons of the descriptors.

Gender Significance
Descriptor (Unit)
Mean + SD Female Male
N=73(767%) N=21(22.3%) P

Fmax [N] 201 + 61 368 + 120 <0.001
tFmax [s] 1.89 + 0.84 1.96 +1.08 0.765
Fe3.2 [N] 125 + 38 227 +75 <0.001
tFe3.2 [s] 0.67 + 0.40 0.75 + 0.42 0.452
Ffinal [N] 139 + 51 255 + 97 <0.001
Fav [N] 154 + 52 287 + 101 <0.001
pFay 77 £ 6.7 77 £6.9 0.582
pRate; [1/s] 60 +7 63 +14 0.789
pRate; [1/s] 42 +£25 51 +42 0.207
pRate; [1/s] 242 +0.72 236 +0.92 0.763

Furthermore, there are no significant differences between the mean value of times to reach 63.2%
of maximum force and the mean value of time to reach maximum force. In addition, no significant
gender differences exist in the quantities expressed as percentage of Fiax (pFav, pRate;, pRatey pRates).

Table 3 shows the two-tailed Spearman correlation coefficients between the descriptors and the
anthropometric data, with the bold values indicating statistically significant correlations.

Table 3. Two tailed correlation coefficients.

Spearman Correlation Coefficients between Descriptors and Anthropometric Data

Descriptor Weight Height Lpu
Frnax 0.531 ** 0.462 ** 0.537 **
tFmax -0.027 0.134 0.260 *
Fe32 0.523 ** 0.462 ** 0.546 **
tFe3.2 0.059 0.138 0.201
Ffinal 0.424 ** 0.408** 0.519**

Fav 0.486 ** 0.427 ** 0.513 **
PFav -0.014 -0.037 0.076
pRate; -0.018 -0.107 -0.161
pRate; 0.0148 -0.110 —0.206 *

pRates -0.085 —-0.069 0.074

* Significant at the 0.05 level, ** significant at the 0.01 level.
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Fmax correlates with weight, height and length of dominant hand. The stronger relationship is
with Lpy as indicated by the regression equation Frax = 53,44 * Lpy — 735 (R2 =0.416, p < 0.001) with
Fmax in N and Lpy in cm.

tFmax correlates with length of dominant hand Lpy;. However, the linear relationship between
them is non-significant (R? = 0.018, p > 0.05).

It is relevant to note from Table 3 that the quantities expressed in percentage of the Fr,ax have no
significant correlation with the anthropometric characteristic of the participants.

Two tailed non-parametric correlations between all descriptors are shown in Table 4 (statistically
significant correlations are signaled by the bold values). As expected, Fmax relates strongly with Fg3 2
and Ffina1. However, it does not correlate with tFpax or tFgs. Although the correlation between Fryax and
pFay is significant (0.316, p < 0.01), the regression analysis indicates non-significant linear relationship
between them (pFay = 0.0174 * Fax + 72.31, R2 = 0.07). On the other hand, pFay is significantly related
to the value of Ffing). (pFay = 0.042 * Fgna) + 69.62, R2 =0.237, p < 0.001).

Table 4. Two tailed Spearman correlation coefficients.

Spearman Correlation Coefficients between Descriptors

Fmax tFmax Fes2 tFes.2 Ffinal Fav pFay pRate; pRate; pRates
Frax 1.000
tFmax 0.191 1.000
Feso 0.996 ** 0.130 1.000
tFe3.2 0.109 0.518 ** 0.130 1.000
Ffinal 0.922 ** 0.312 * 0.927 ** 0.195 1.000
Fav 0.975 ** 0.248 * 0.974 ** 0.096 0.965 ** 1.000
pFav 0.316 * 0.291 * 0.330 ** 0.018 0.566 ** 0.032 1.000
pRate; -0.07 —0.513 ** —-0.078 —0.962 ** —-0.156 —0.055 0.032 1.000
pRate; -0.181 -0.915 ** —-0.200 —0.236 * —0.293 * —0.256 * 0.361**  0.203 * 1.000
pRates 0.200 0.207 * 0.216 * 0.172 —0.516 **  0.347 ** 0.815**  -0.138 —0.188 1.000

* Significant at the 0.05 level, ** significant at the 0.01 level.

The quantities pRate;, pRate, and pRates are the mean rates of change, in percentage of Fiax,
occurring in three different stages of HGS course. The quantity pRate; is considerably bigger than
pRate,, suggesting that until tFg;3 5, the force rises steeply and once reached that value its rise slows
down until Frnax is reached. The quantity pRate; is a direct measure of the ability to maintain the
force, in percentage of Fnax. The correlation between the quantities pRate;, pRate, and pRates
are non-significant.

To understand better their relationship with pFay, a multiple linear regression was calculated
to predict pF,y based on pRate;, pRate; and pRate;. The regression equation found pF,, = 0.027 »
pRate; — 0.069 * pRate, + 6.773 * pRatejs is significant (F(3,90) = 84.42, (p < 0.001) with R? = 0.738).
The independent variables, measured in 1/s, are all significant predictors of pF,y (p < 0.001).

The results for the standardized regressions coefficients indicate that pRate;s is the strongest
predictor of pFay and pRate; the weakest.

To investigate how to distinguish HGS time development between individuals, independently of
their maximum handgrip strength, the sample was split into two equal sized pF,y categories (average
pFav = 76.5 + 6.9; median = 76.6). Using the non-parametric independent Mann-Whitney U test,
significant differences were found in pRate, and pRate; across the two categories, Cat 1 and Cat 2,
as shown in Table 5.

Table 5. Significant differences between two categories of pHGS_mean.

Descriptor (Unit) Cat1l Cat 2
Mean + SD (N =47) (N =47) P
pPFav 70.8 £4.2 82.1+37 <0.001
pRate; (1/s) 51.7 +33.7 38.5 +23.6 0.003

pRates (1/s) —293+049 -1.88+0.61 <0.001
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Figure 4 shows a sketch of the different phases of HGS time development, normalized to Fmax for
the two categories of pFay. Both groups of pF,y have a similar rate of change from the beginning of the
test until 63.2% of Frax. The participants of Cat 2 exhibit a lower force development rate since Fg3 2
until Fnax, and a lower decreasing force after reaching Fr,ax when compared with participants of Cat 1,
presenting a better endurance.

Normalized HGS time development

06 pFav category 1

0.4 —— pFav category 2

Os 3s 6s 9s 12s 15s

Figure 4. Sketch of HGS vs. time for the two groups of participants.
4. Discussion

This exploratory study proposes the use of several meaningful descriptors of handgrip strength
using a novel prototype that provides HGS vs. time data. The force vs. time profiles of the dominant hand
of 94 young adults (73 females and 21 males) were obtained in an isometric handgrip test, during 15 s.
A trained researcher collected the data according to a strict protocol. The used device, named BodyGrip,
is small and light, has good sensitivity and it is validated against Jamar, the golden standard.

From the force vs. time profile, five descriptors were taken and other quantities, defined in
percentage of F,x, were calculated. They are the average value of force and three different rates of
changes of force during a test of 15 s, in percentage of Fax.

The present findings suggest that there are three stages of force development. It was found that
the average time to reach Fg3 5 is approximately 0.69 s, and 1.9 s to reach Fyax, with no differences
between genders. In the future, it will be interesting to investigate whether these times are similar or
different for other group ages.

The definition of the rates from zero to 63.2% of maximum force and from 62.3% of maximum force
to maximum force might be an easier way to assess explosive force, since it can be replicated universally.

The relationships of maximum handgrip strength with the anthropometric characteristics,
in particular with Lpyg are in agreement with what is already known from other studies. In the
future, further studies could investigate if a possible software correction would avoid adapting the
device to the user’s hand length.

Other descriptors proposed are not correlated with weight, height or Lpyy. Two of them, pRate;
and pRatey, can be regarded as measures of explosive force. The other pRate3 as a measure of the
ability to maintain pF,y. The quantity pFa.y expressed in percentage of Fayx, contains information how
HGS changes during the 15 s test.

All the participants have shown a similar ability to increase force up to 63.2% of Fmax. However,
those with bigger pFay, have a slower rate of change decreasing force after reaching Fpax, exhibiting a
better endurance. With this study, it was possible to analyze different aspects of the force vs. time curve
related to explosiveness and sustainability and to compare those characteristics within two groups
differing in normalized average handgrip force. That comparison is not often seen in the literature.
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The biggest limitations of this exploratory study are the small number of participants, and the uneven
number of participants from both sexes. However, findings of many other studies were confirmed,
in particular in what concerns the existing relationship between Finax and anthropometric data.

The results clearly suggest that other quantities obtained from analyzing force vs. time development
might be also very important in characterizing HGS. In particular, they might give further insight on
the relationship between explosive and endurance capabilities of individuals.

The proposed parameters can serve as set of HGS reference descriptors that can be universally
used by different researchers, from different areas, in future studies.
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