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Abstract

This study aimed to explore the interplay of handgrip neuromuscular, morphological, and psychological
characteristics in well-trained and elite athletes. The research was conducted on a sample of 25 adults. For
Handgrip Neuromuscular characteristics, the sliding device that measures isometric finger flexor force was
used in both the classic and the impulse mode of isometric testing. Psychological Characteristics were assessed
using a shortened version of Big Five Plus Two, Mental Toughness Index, and Dark Triad Dirty Dozen test
questionnaires. Numerous significant correlations were obtained both in the classic and the impulse mode
of isometric testing. Numerous effective regression modes, which can explain a significant percentage of the
variance of psychological characteristics with mechanical characteristics of handgrip expressed in both impulse
and classical mode, were obtained [initially: aggression (R?>=0.95), extraversion (R*=0.74), neuroticism (R>=0.82),
negative valence (R?=0.75), openness (R?=0.62), positive valence (R?=0.62), mental toughness (R*=0.75),
Machiavellianism (R?>=0.56), psychopathy (R?>=0.56), narcissism (R?>=0.78), Dark triad (R*>=0.69]. It was concluded
that obtained discriminant modes are very efficient when it comes to their further use in selection in sports. Also,
the obtained results justify further research on this topic with the aim of better understanding the nature of the
obtained correlations.
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Introduction

The handgrip strength (HGS) test is a highly lateralized mea-
surement procedure (Gallup et al., 2007), a reflection of both
muscular force and neural activity (i.e., neuromuscular character-
istics) (Liu et al., 2005). Correlations of HGS with various psycho-
logical characteristics and behaviours are documented in previous
research (Hegerstad et al., 2019). Among other correlations with

the Big Five dimensions of personality were reported (Stephan
et al., 2022; Sutin et al., 2018). However, this topic should be ex-
plored further.

First, studies so far reached HGS as one solid variable, the
level of the force exerted by the flexor and extensor muscles of
the hand on the measuring device. Since force is produced in
time, it can also be analyzed according to the force-time curve

Correspondence:

Montenegrao i Milotevice

Sport  singidunum University, Danijelova 32, Belgrade 11000, Serbia

Tel.: +381645622961
E-mail: milosmilosevic80@yahoo.com

J. Anthr. Sport Phys. Educ. 9 (2025) 4:9-15



NEUROMUSCULAR AND PSYCHOLOGICAL CHARACTERISTICS | M. M. MILOSEVIC ET AL.

produced in the HGS task. This method is reliable and has
been used frequently in research (Cronin et al., 2017). In this
way, parameters of the maximal force (Fmax), maximum rate
of force development (RFD), the time needed for achieving
Fmax (tFmax), and the time needed for achieving RFD (tRFD-
max) can be obtained. This fact is important since different
physiological mechanisms are responsible for the manifesta-
tion of the mentioned characteristics (Baudry & Duchateau,
2021; Dideriksen et al., 2020). Moreover, studies of the effect
of immobilization showed non-uniform loss of isometric mus-
cle strength and neuromuscular characteristics, with different
outcomes between upper and lower limbs, attributed to differ-
ent degrees of central neural control (Campbell et al., 2019),
which justifies the expansion of research into neuromuscular
characteristics.

Second, in testing neuromuscular characteristics, the results
obtained can be expanded with verbal instructions given by the
researcher. The instruction "perform the test as fast as you can" re-
sulted in different values contrary to the instruction "perform the
test as hard and fast you can" (Sahaly et al., 2001). The second in-
struction refers to the classical mode of isometric testing, which is
the golden standard (Andersen & Aagaard, 2006; Markovi¢ et al.,
2020). However, the second instruction referring to the impulse
mode of isometric testing proves to have excellent metric char-
acteristics (Dopsaj, Klisaric, et al., 2021) and advantages when it
comes to assessing neuromuscular characteristics related to RFD
(Suzovi¢ & Nedeljkovi¢, 2009). This justifies the expansion of the
investigation in both modes of muscle contraction.

Third, it has been shown that the Big Five, although one of
the most commonly used models, does not capture sufficient
variation across the whole spectrum of personality when it
comes to the prediction of various phenomena. In order to ef-
fectively predict reactions related to stress, its extension with
Mental Toughness (MT) and the Dark Triad (DT) was proposed
(Papageorgiou et al., 2019). For this reason, the research on the
relationship between neuromuscular and psychological charac-
teristics should be expanded with MT and DT. This fact justifies
the expansion of the investigation into the field of psychological
characteristics.

Expanding the research described should provide a deeper
understanding of investigated relationships and find application
in the practice of selecting individuals for various occupations as-
sociated with stress and physical effort.

This study aimed to explore the relationship between neuro-
muscular characteristics of the hand grip expressed in different
modules of isometric contraction and psychological character-
istics. The first hypothesis (H1) was that the handgrip neuro-
muscular characteristics would be associated with psychological
characteristics. The second hypothesis (H2) was that the handgrip
neuromuscular characteristics can serve as a good predictor of
various psychological characteristics.

Materials and Methods
Participants

The research was conducted on a sample of adults of various
professional orientations who volunteered to participate in the
research after an ad posted by the researchers on social media.
The criteria for participation were voluntary registration and
the absence of any health problems. Any history of arm injury
was exclusion criteria. The total sample included 25 participants
[age=30.4%+10.1 years, body height =177.1+9.9 c¢m, body mass
=77.4 £13.5 kg, and body mass index =24.5+2.8], from which 10
were females and 15 male.

The study was conducted in accordance with the European
Commission's General Data Protection Regulation, the Amer-
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ican Psychological Association-prescribed Ethical Principles
and Code of Conduct, as well as the Helsinki Declaration. The
study design was approved by the Ethical Board (number 484-
2) of the Faculty of Sport and Physical Education, University
of Belgrade.

Procedures

All testing procedures were conducted within two sessions.
During one session, participants filled out the questionnaire to
record their socio-demographic status as well as psychological
questionnaires, with no time limitation. The second session,
performed on another day, included a performance of HGS
tests in classical and impulse modes of muscular contraction.
Tests were preceded by a standard warm-up routine, including
5 min of upper-body exercises and 3 min of dynamic exercis-
es that activate tested muscle groups, which included superfi-
cial and deep finger flexor muscles. During the last part of the
warm-up, each participant performed two HGS trials with a
gradual increase of muscle force until Fmax and two maximally
strong and fast trials. The rest of the rest between the warm-
up trials and actual testing procedures, as well as between the
classical and impulse modes, was about 5 min. The order of
sessions, psychological questionnaires, HGS for dominant and
non-dominant hands, and classical and impulse modes were
randomized.

Handgrip neuromuscular characteristics

The HGS was assessed using a custom-made device (SMS HG
system) and software system (Isometrics Lite, ver. 3.1.1, Isometrics
SMS All4Gym, Belgrade). This system was shown to be valid and
reliable for this type of testing compared to the Jamar Handgrip
Dynamometer (dominant hand ICC=0.98, non-dominant hand
ICC=0.97) (Markovi¢ et al., 2020). It allows the adjustment of each
participant's hand grip size. The HGS device was attached to the
force transducer that measured the isometric force of finger flex-
ors. The standard potentiometric probe with a measurement preci-
sion of £0.01 N was connected to the force reader. The force-time
signal was sampled at 1000 Hz and low-pass filtered (10 Hz) using
a fourth-order (zero-phase lag) Butterworth filter (Knezevic et al.,
2014). RFD was calculated as the maximal slope of the force-time
curve (over the first derivative of the force-time curve) in regard to
the force onset (Knezevic et al., 2014). Prior to measurement, the
device was calibrated. The onset of the contraction was defined as
the point in time when the first derivative of the force-time curve
exceeded the baseline by 3% of its maximal value.

Participants performed the HGS test according to previously
reported procedures (Dopsaj et al., 2019b; Gallup et al., 2007). The
test was performed with participants in a sitting position with an
extended arm beside the body (angle in the elbow joint of 180°)
with mild abduction (5-10 ¢cm) for dominant and non-dominant
hands. Participants were not allowed to lean the hand and the de-
vice on the thigh or another solid object. Two types of testing were
performed; for the first (classical mode), a verbal instruction was
given: "grip the gauge maximally hard and fast as you can, and
hold it for 1 to 2 seconds", while for the second (impulse mode), a
different verbal instruction was given: "grip the gauge maximally
hard and short as you can". This procedure has also been reported
and proven to be valid (Dopsaj, Klisaric, et al., 2021; Suzovic &
Nedeljkovic, 2009).

Since muscular force results increase by 50% with body size,
standard allometric partialization will be performed for the ob-
tained force by dividing it by body mass scaled to 2/3 (Dulac et
al, 2016).

The force output was projected on the screen, and participants
were verbally encouraged to obtain the best result. From the HGS
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test, Fmax [N/kg¥?], tFmax [s], RED [N/kg*?/s], tRFD [s] of dom-
inant (D) and non-dominant (ND) hand, as well as for classical
(C) and impulse (P) mode were collected. From the obtained val-
ues, Neural reserve indexes (NRI) for both D and ND hands were
calculated in the following way:

NRI=CRFD/PRFD

Psychological characteristics

To assess psychological characteristics, a shortened version of
the Big Five Plus Two (BF+2), Mental Toughness Index (MTTI),
and Dark Triad Dirty Dozen test (DTDD) questionnaire was used.

BF+2 is composed of 70 items which assess five basic di-
mensions: neuroticism (Nrt), extraversion (Ext), openness
(Opn), conscientiousness (Cns), and aggression (Agr), as well as
two additional dimensions: positive (PV) and negative valence
(NV) (Colovi¢ et al.,, 2014). Responses to each item are scored
on a 5-step Likert scale, ranging from "strongly disagree” (1) to
"strongly agree" (5). The total score on each of the dimensions is
calculated as the average of the scores on the scales. The BF+2 has
been widely used in scientific research and clinical practice (Vuk-
mirovic et al., 2020) due to its good psychometric characteristics
(Colovi¢ et al., 2014). In previous studies, reliability estimates for
BF+2 scores were >0.81 (Colovi¢ et al., 2014).

MT was assessed by the Mental Toughness Index (MTT) (Gu-
cciardi et al., 2015). The instrument consists of 8 items that were
answered using the seven-point Likert-type assessment scales.
The total score varies from a minimum of 1 (False, 100% of the
time) to a maximum of 7 (True, 100% of the time). The construct
validity of the MTT has been supported by studies involving par-
ticipants from various cultures (Stamatis et al., 2022). In previous
studies, reliability estimates for MTT scores were 20.86 (Stamatis
etal., 2022).

DT traits were assessed by DTDD (Dinic¢ et al., 2018a), which
consists of 12 items that were answered using seven-point Likert-
type assessment scales. The DTDD assesses an individual’s over-
all DT through three socially malevolent traits: Machiavellianism
(Mch), psychopathy (Psc), and narcissism (Nrc). The scores vary
from a minimum of 1 (poorly present) to a maximum of 7 (ex-
tremely present). In previous studies, reliability estimates for DTDD
scores were >0.77 (Jonason & Webster, 2010; Dini¢ et al., 2018a).

Statistical analysis

The sample size was estimated after applying a power analy-
sis. For two-tail t-tests - Correlation: Point biserial model, with
a=0.05, power 1-$=0.80, and effect size p=0.55, the sample size
should comprise at least 21 participants. For f tests - MANOVA:
Repeated measures, within factor, with a=0.05, power 1-p=0.80,
effect size f=0.25, 2 groups, 2 measurements and correlation
among repeated measurement 0.7. The sample size was estimated

to be 22 participants at least. For two-tail t-tests — Linear multiple
regression, with a=0.05, power 1-$=0.80, effect size =0.50, and
18 predictors, the sample size should comprise at least 25 partic-
ipants. Power analyses were performed using G-power 3.1.9.6
(Franz Faul, Universitat Kiel, Germany).

All statistical analyses were performed using SPSS 20 (IBM
Corp., Armonk, N.Y., USA). The statistical significance at the
present study was set to value p<0.05. Descriptive statistical analy-
sis was performed, including mean (M), standard deviation (SD),
minimal (Min) and maximal (Max) values. The Kolmogorov—
Smirnov test was used to assess the normality of distribution. In
order to examine the differences between the classical and pulse
regimes, isometric characteristics were used, and repeated mea-
surements of MANOVA were used. Partial eta squared (np?) was
calculated for the MANOVA effect size. The criterion for evalua-
tion of the effect size in MANOVA was: *(0.01)=small, n*(0.06)=-
medium, n*(0.14)=large (Sawilowsky, 2009).

Pearson's correlation analysis was performed to discover the
relationship between handgrip neuromuscular and psychologi-
cal characteristics (H1). The effect size of correlation coefficients
was defined as weak =0.20-0.49, moderate =0.50-0.80, or strong
>0.80 (Sullivan & Feinn, 2012). In order to evaluate the poten-
tial of the handgrip neuromuscular model in predicting psycho-
logical characteristics (H2), multiple linear regression analysis,
backward stepwise selection, with criterion: the probability of
F to remove 20.10, was performed. To address concerns about
model overfitting, outlier analysis adjusted R* was used to deter-
mine if extreme values are skewing results and verify model sta-
bility. Due to the small sample, cross-validation was performed
on 75% of randomly selected respondents (n=19) to confirm the
model's reliability.

Results

Descriptive statistical analysis of psychological characteristics
[aggression (Agr), extraversion (Ext), neuroticism (Nrt), nega-
tive valence (NV), openness (Opn), positive valence (PV), con-
scientiousness (Cns), Mental Toughness (MT), Machiavellianism
(Mch), psychopathy (Psc), narcissism (Nrc), Dark Triad (DT)]
and handgrip neuromuscular [ maximal force (Fmax), maximum
rate of force development (RFD), time needed for achieving Fmax
(tFmax), the time needed for achieving RFD (tRFDmax), neural
reserve index (NRI)] characteristics for both dominant (D) and
non-dominant (ND) hand, in classic (C) and pulse (P) mode of
isometric contraction for the whole sample is presented in Tables
1 and 2. The nonparametric Kolmogorov-Smirnov test did not
show significant deviations from the normal distribution for any
variable. Outlier analysis revealed that only one out of 750 scores
was outside the scope of M+3*SD (tRFDmaxND=0.19) but did
not significantly skew the distribution.

Table 1. Descriptive Statistical Analysis of Psychological Characteristics

Agr Ext Nrt NV Opn Cns MT Mch Psc Nrc DT

Min 1.60 3.10 1.00 1.00 3.40 2.20 2.50 4.13 1.00 1.00 1.00 1.00
Max 3.90 4.60 3.20 2.20 5.00 4.80 5.00 6.88 333 3.75 6.00 342
M 2.34 3.88 1.98 143 4.19 3.42 4.06 5.94 1.94 1.82 3.13 2.21
SD 0.59 0.46 0.69 0.32 0.42 0.70 0.61 0.63 0.76 0.88 1.51 0.72

Note. Agr: aggression, Ext: extraversion, Nrt: neuroticism, NV: negative valence, Opn: openness, PV: positive valence, Cns: conscientiousness,
MT: Mental Toughness, Mch: Machiavellianism, Psc: psychopathy, Nrc: narcissism, DT: Dark Triad, Min: minimum, Max: maximum, M: mean,

SD: standard deviation
Analysis of variance revealed significant differences with large

effect size between classic and impulse mode of isometric contrac-
tion for FmaxND (F=22.3, p<0.001, np2:0.48), RFDND (F=10.1,
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p<0.01, np2:0.30), tFND (F=52.8, p<0.001, np2:0.69), FmaxD
(F=20.6, p<0.001, 1 *=0.46), REDND (F=10.3, p<0.01, np2=0.30),
tEND (F=74.5, p<0.001, n =0.76).
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Table 2. Descriptive statistical analysis of Handgrip Neuromuscular Characteristics in Classic (C) and Impulse (P) mode of
Isometric Contraction

CFmaxND CRFDND CtFmaxND CtRFDND CFmaxD CRFDD  CtFmaxD CtRFDD NRID

Min 14.60 77.62 0.34 0.09 15.71 82.84 0.37 0.09 0.73
Max 32.59 220.48 1.88 0.19 36.27 249.93 139 0.17 1.10
M 22.86 152.02 0.85 0.12 24.71 163.09 0.77 0.12 0.95
SD 5.62 44.81 0.40 0.02 6.29 48.07 0.27 0.02 0.08
PFmaxND  PRFDND  PtFmaxND  PtRFDND  PFmaxD PRFDD PtFmaxD PtRFDD NRIND
Min 13.50 100.11 0.20 0.09 11.45 94.89 0.15 0.10 0.71
Max 29.91 219.68 0.41 0.13 31.54 241.57 0.43 0.14 1.14
M 21.27 160.39 0.27 0.11 22.75 171.32 0.26 0.11 0.94
SD 4.92 38.33 0.06 0.01 6.00 43.88 0.08 0.01 0.10

Note. C: classical mode of isometric contraction, P: impulse mode of isometric contraction, D: dominant hand, ND: non-dominant hand, Fmax:
maximal force, RFD: maximum rate of force development, tFmax: time needed for achieving Fmax, tRFDmax: the time needed for achieving RFD,
NRI: neural reserve index, Min: minimum, Max: maximum, M: mean, SD: standard deviation

The correlation analysis (Table 3) revealed a weak positive asso- ND CRFDND, PFmaxND, PREDND, NRIND; Ext with CRFDND,
ciation of NV with CFmaxND, CREDND, and CRFDD; Psc with CE- CFmaxD, PFmaxND, and PFmaxD. The correlation analysis also re-
maxND, CRFDND, CFmaxD, and PFmaxDL and DT with PFmax-  vealed a strong positive association of NV with CFmaxD, PFmaxND,
ND, NRID; as well as weak negative association of Agr with CFmax- PRFDND, and Psc with CREDD, PFmaxND, PREDND, and PRFDD.

Table 3. Correlation Analysis of Handgrip Neuromuscular with Psychological Characteristics
Agr Ext Nrt NV Opn PV Cns MT Mch Psc Nrc DT
CFmaxND -0.42* -0.36 0.11 0.47* -0.01 -0.29 -0.03 0.20 0.33 0.45* 0.26 0.39
CRFDND -0.48*  -0.40* 0.12 0.43* -0.01 -0.26 0.05 0.22 0.23 0.44* 0.21 0.32
CtFmaxND -0.10 0.13 -0.33 -0.10 0.20 0.04 0.14 0.19 -0.14 -0.16 -0.28 -0.25
CtRFDND 0.19 0.20 -0.22 -0.19 -0.16 -0.01 -0.13 0.12 0.03 -0.15 -0.14 -0.10

CFmaxD -0.36 -0.42* 0.14 0.50* -0.05 -0.23 0.01 0.15 0.15 0.49% 0.14 0.31
CRFDD -0.36 -0.35 0.12 0.41* -0.06  -0.24 0.05 0.12 0.12 0.54%* 0.19 0.32

CtFmaxD -0.09 -0.13 0.07 0.08 0.20 -0.13  -0.01 -0.24  -0.08 -0.05 0.00 -0.04
CtRFDD 0.14 0.36 -0.06 -0.18 0.10 0.23 -0.20 0.07 -0.14 -0.33 -0.07  -0.12

PFmaxND -042*  -0.42* 0.18 0.53**  -0.02 -026 -0.07 0.19 0.25 0.52** 0.26 0.40%

PRFDND -0.41* -0.38 0.18 0.50% -0.01 -0.20 0.00 0.20 0.26 0.50* 0.26 0.39
PtFmaxND 0.20 0.25 0.18 0.20 0.10 0.13 -0.09 0.09 0.07 -0.08 -0.03  -0.01
PtRFDND 0.10 0.36 -0.15 -0.24 0.05 0.13 0.01 -0.12 -0.22 -0.19 -0.09 -0.17

PFmaxD -0.36 -0.41* 0.14 0.39 -0.09  -0.29 0.02 0.18 0.14 0.47* 0.12 0.25
PRFDD -0.40* -0.36 0.12 0.39 -0.15  -0.28 0.03 0.15 0.10 0.50*% 0.10 0.25
PtFmaxD -0.12 -0.06 0.15 0.07 0.10 -0.06 0.01 0.22 -0.09 -0.01 -0.07  -0.10
PtRFDD 0.31 0.28 0.13 -0.23 0.22 0.34 -0.12 0.06 0.06 -0.22 0.08 0.01

NRIND -0.48* -0.35 -0.13 0.09 -0.03 -0.35 0.14 0.23 0.07 0.16 0.02 0.03
NRID 0.03 -0.17 0.09 0.29 0.30 0.01 0.08 -0.09 0.20 0.37 0.40 0.41*

Note. Agr: aggression, Ext: extraversion, Nrt: neuroticism, NV: negative valence, Opn: openness, PV: positive valence, Cns: conscientiousness,
MT: Mental Toughness, Mch: Machiavellianism, Psc: psychopathy, Nrc: narcissism, DT: Dark Triad, C: classical mode of isometric contraction,
P: impulse mode of isometric contraction, D: dominant hand, ND: non-dominant hand, Fmax: maximal force, RFD: maximum rate of force
development, tFmax: time needed for achieving Fmax, tRFDmax: the time needed for achieving RFD, NRI: neural reserve index, *p<0.05,
**p<0.01

Table 4. The resulting models of multiple linear regression analysis of Handgrip Neuromuscular Characteristics (standardized
coefficients) as predictors of Psychological Characteristics

Agr Eks Nrt NV Opn PV Cns MT Mch Psc Nrc DT

R2 0.94 0.18 0.74 0.71 0.46 0.46 0.14 0.46 0.44 0.29 0.70 0.55
Adjusted R2 0.90 0.14 0.58 0.47 0.19 0.32 0.06 0.35 0.21 0.26 0.55 0.40
F 23.10%**  501* 4.48* 2.96* 1.71 0.28 178  4.24* 190  9.34* 463* 3.64%

(continued on next page)
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(continued from previous page)

Table 4. The resulting models of multiple linear regression analysis of Handgrip Neuromuscular Characteristics (standardized

coefficients) as predictors of Psychological Characteristics

Agr Eks Nrt NV Opn PV Cns MT Mch Psc Nrc DT
CFmaxND 1.4%%% - - - -0.9 -1.5%% - - 0.7 - - -
CRFDND RN - -2.3%* - 5.8 - - - - - -1.5% -1.3
CtFmaxND ~ -0.3** - 0_;** -04%* 03 - - 0.4* - - - -
CtRFDND - - -0.4 0.3 - - 1.1 0.5% 0.6 - - -
CFmaxD - - - 3.0%* - - - - - - -2.7%% -1.4%
CRFDD 0.7** - - -7.2% -1.0% 13 - - -46  0.53**  8.1**  2.8%*
CtFmaxD 0.3* - 0.9** 0.6 - - - -0.6%* - - - -
CtRFDD -0.6%** - - - - - - - - - - -
PFmaxND - -0.4* 2.1%* - - - -1.1 - - - - -
PRFDND 0.7* - - - -3.1 1.7% - - - - 3.5%¥% D 5¥x
PtFmaxND 0.1 - 0.4* 0.4% - - - - 0.2 - -0.3 -
PtRFDND -1.4%% - -0.7% - - - - - -0.5 - - -
PFmax_D _ - - -2.4% - -1.4% - - - - - -
PRFDD _ - - 4.5% - - - - 35 - -6.2* -1.9%
PtFmaxD _ - - 0.5 0.3 - - - - - - -
PtRFDD 0.8*** - 0.5%* -0.3 - 0.8** - - - - 0.7** 0.5*
NRIND _ - - - -1.9 - - 0.7** - - -
NRID _ - -0.3 1.1% 0.9%* - - - 14 - -1.2 -

Note. Agr: aggression, Ext: extraversion, Nrt: neuroticism, NV: negative valence, Opn: openness, PV: positive valence, Cns: conscientiousness,
MT: Mental Toughness, Mch: Machiavellianism, Psc: psychopathy, Nrc: narcissism, DT: Dark Triad, R2:coefficient of determination, F: F statistic, C:
classical mode of isometric contraction, P: impulse mode of isometric contraction, D: dominant hand, ND: non-dominant hand, Fmax: maximal
force, RFD: maximum rate of force development, tFmax: time needed for achieving Fmax, tRFDmax: the time needed for achieving RFD, NRI: neural

reserve index, *p<0.05, **p<0.01, ***p<0.001

The multiple linear regression analysis started with all hand-
grip neuromuscular variables as predictors for Agr (R*=0.95),
Ext (R?=0.74), Nrt (R*=0.82), NV (R*=0.75), Opn (R*=0.62), PV
(R2=0.62), MT (R?=0.75), Mch (R?=0.56), Psc (R?=0.56), Nrc
(R?=0.78), DT (R?=0.69), where only a Agr model was significant
(p<0.05). Performing backward stepwise selection resulted in
more efficient models (Table 4).

Cross-validation on 75% of randomly selected respondents
revealed the following models Agr (R?=0.96), Ext (R?=0.41),
Nrt (R?>=0.79), NV (R?=0.76), MT (R?=0.45), Psc (R?*=0.37), Nrc
(R?=0.78), DT (R?>=0.70), where Agr, Ext, Nrt, Psc, Nrc, and DT
models were significant (p<0.05).

Discussion

This study aimed to investigate the relationship between neu-
romuscular characteristics of the hand grip expressed in different
modules of isometric contraction and psychological characteris-
tics. Our findings have illuminated numerous significant associa-
tions, thereby corroborating the first hypothesis. Numerous effec-
tive regression models, which can explain a significant percentage
of the variance of psychological characteristics (over 90% in Agr),
supporting the second hypothesis, were also documented.

Before discussing explored relationships and comparing the
morphological characteristics to the general population (Dopsaj,
Pajic, et al., 2021), it could be stated that participants come from
an average, physically prepared and healthy population. Accord-
ing to descriptive indicators (Table 2), all handgrip neuromuscu-
lar variables are also near average (Dopsaj et al., 2019b, 2019a). A
similar can be concluded by comparing the psychological charac-
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teristics of the sample (Table 1) to the general population (Dini¢
etal., 2018D).

The results of the MANOVA confirm the findings of previ-
ous studies (Dopsaj, Klisaric, et al., 2021; Suzovic & Nedeljkov-
ic, 2009) in the manifestation of neuromuscular characteristics
in the classic and impulse mode of isometric contraction, which
supports the conclusions of the difference in physiological mech-
anisms responsible for their manifestation.

The observed correlations (Table 3) also mainly align with
prior research (Stephan et al., 2022) when it comes to the exis-
tence and direction of relationships between handgrip neuromus-
cular and psychological characteristics. The most significant devi-
ation is a negative correlation with Ext, which could be explained
by the documented inconsistency of findings of previous studies
(Stephan et al., 2022). Namely, the difference in correlations is
documented when they are examined separately for women and
men or altogether. In our study, the sample is composed of per-
sons of both sexes. However, unlike the previous research, allo-
metric partialization enabled the partialisation of the effect of the
body mass on the production of muscle force (Dulac et al., 2016).
Therefore, the obtained correlation is a valid description of the
observed relationship and not the sampling artefact.

Another novelty of our research is the association between
neuromuscular characteristics with MT and elements of DT.
Namely, while MT, Mch and Nrc (similar to Opn, Nrt, Cns and
PV) do not significantly correlate with neuromuscular charac-
teristics, Psc positively correlates with Fmax and RFD (similar
to NV). DT positively correlates with PFmaxND as well as with
the ability to generate more force in less or the same time in im-
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pulse compared to the classical mode of isometric contraction
for the dominant hand (NRID). We believe that NRID can also
be described as an indicator of the possibility of creating more
nerve impulses when needed, as well as efficient execution of the
movements while maintaining neural reserve. In our opinion, this
link is lacking (since bigger NRID indicate smaller reserve) abili-
ty to efficiently execute movements and tendencies of benevolent
behaviour and can be potentially described as a lack of impulse
control, both in the sense of motor control and behaviour in gen-
eral. Adding to this negative correlation of Agr and Ext with Fmax
and RFD, the hypothetical psychological profile of persons able to
generate a large amount of force quickly (and vice versa) can be
hypothetically described as non-aggressive introverts with a neg-
ative self-image prone to anti-social behaviour, emotional cold-
ness, impulsive and manipulative. On the other hand, the ability
to control impulses and maintain neural reserve could be a cor-
rective mechanism which prevents the manifestation of the listed
tendencies through aggression.

The difference in a relationship can be observed when compar-
ing the non-dominant to the dominant hand, RFD to Fmax, and
the impulse mode to the classical one. This result opens some new
possibilities for explaining the relationships that were obtained.
Although all mentioned variables represent a complex neuromus-
cular characteristic, because of its dependence on the speed of re-
cruitment of motor units, RFD primarily reflects the ability of the
nervous system to produce and transport impulses quickly (Bau-
dry & Duchateau, 2021; Dideriksen et al., 2020), this is especially
true for non-dominant hand in impulse mode of contraction. The
possibility that some relationship between HGS and psychologi-
cal characteristics can also be explained by the peculiarities of the
functioning of the nervous system and not exclusively with the
muscular strength factors is worth additional studies.

Regression models (Table 4) have a surprisingly high coefhi-
cient of determination, which raises concerns about overfitting.
Outlier analysis showed that this cannot be attributed to skewed
distributions of the scores due to extreme values. Adjusted R*
scores showed that initial models are mainly unsteady. The excep-
tion is the Agr model, which initially showed good stability. After
performing stepwise regression analyses, models gained much
more stability regarding adjusted R”.

Regarding cross-validation, the total sample that is not too
large limits its performance. Therefore, one should not rush to
say that even six models have been validated. Namely, although
some models showed similarity in the total sample and on a sam-
ple of 75% of randomly selected respondents, cross-validation
still showed that there is model instability and that some of the
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