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Abstract:

Background: Handgrip strength (HGS) is essential in sports, including martial arts, as it can be used to evaluate general ath-
letes’ performance and physical fitness. Reaction time (RT) is another characteristic that is of value in sports based on fast reac-
tion instead of strength. The two measures belong to the same group of coordinative energetic abilities analyzed in sports theory.
The available literature suggests that handgrip strength may depend on body weight but can also be affected by other parameters.
Additionally, the athlete’s age and martial arts training can impact reaction time. Still, verifying whether the characteristics could
be applied to martial arts athletes is crucial.

Materials and Methods: Several characteristics, such as athletes’ body weight, age, years of training, and skills, were evalu-
ated during a survey of 166 male jiu-jitsu athletes (modern jiu-jitsu) and karate (Shotokan, Kyokushin). HGS was measured based
on the dynamometric approach, whereas reaction time was evaluated using Ditrich’s rod method. The data were analyzed using
the hierarchical multiple regression method to identify the variables influencing HGS and RT. Furthermore, the classification and
regression tree method was implemented to illustrate how variables used in the study influenced HGS or RT.

Results: The present study demonstrated that athletes’ body weight is the most significant factor affecting the handgrip strength
of male athletes trained in martial arts. It can explain 61% of the HGS variance. Regression analysis of factors influencing reaction
time showed that martial arts are the factor that affects the characteristic. However, martial arts can explain up to 17% of the reaction
time variance. Based on the classification and regression tree approach, it was shown that HGS depends primarily on athletes’ body
weight rather than on their age, skills, and years of training. For reaction time, martial arts were the most significant factor distinguish-
ing between jiu-jitsu and karate participants. The next factor affecting athletes’ classification was years of training.

Conclusion: Based on the hierarchical multiple linear regression method and classification and regression tree approach, it
was found that athletes’ body weight is the most influential factor affecting the handgrip strength of martial arts practitioners.
Reaction time is affected by martial arts. However, using the classification and regression tree approach revealed that additional
factors such as athletes’ age, years of training, or skills should be considered. Similarly, reaction time is also affected by years of
training. Although our study showed that handgrip strength and reaction time are functions of other variables that can be easily
evaluated in trainers’ practice, the two statistical methods cannot reveal the relationships between the variables, suggesting further
studies in the field.
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Introduction

Martial arts styles have unique features related to the specific drills developed during training. Measurements fre-
quently used in sports can assess those characteristics. According to the literature, the measurements fit numerous
martial arts differently, reflecting their specificity i.e., anthropometric measurements, physical characteristics, or mo-
tor skills. Furthermore, the measurements can be applied to distinguish between training methods for the athletes of
the style of fighting discussed in the present study, i.e., Brazilian jiu-jitsu (BJJ) [1,2]. Studies using discriminant analy-
sis have shown that anthropometric measurements (body mass, body height, and body fat), physical performance
characteristics, and motor skills can differ between athletes practicing taekwondo, judo, and karate across two age
groups [3]. Judo athletes tend to have the highest scores for sit and reach, handgrip, countermovement jump, and
balance beam activities, while taekwondo practitioners typically score the highest for sit-ups, sprints, and jumping
sideways. Handgrip strength (HGS) and reaction or response time (RT) are particularly noteworthy among the many
essential characteristics in sports. The two, including coordination and resistance, form a concept of motor charac-
teristics [4]. According to the concept, reaction time encompasses five variables but only three of them (perception,
processing, and reaction) can be improved through training. Moreover, RT depends on athletes’ skills, age, and years
of training. It is also linked to body mass and associated with strength. [5]. Furthermore, in sports theory, HGS and
RT are classified in the same group of coordinative energetic abilities [6].

The highest force generated during the voluntary flexion of the person’s thumbs, wrists, and finger joints under
typical biokinetic circumstances determines his or her handgrip strength. Handgrip strength is a reliable indicator of
anindividual’s overall muscle strength and function. It has been found to be a useful predictor of various health factors
and physical performance for both genders [7]. Although it is frequently neglected, this aspect of strength is crucial
in medical diagnostics [8] and sports such as climbing, judo, weightlifting, wrestling, tennis, and field hockey [9].
Handgrip strength can vary depending on age, sex, hand size, and expertise in a particular sport. In addition to body
height, body mass [10] and its composition [11], and lean body mass [12], HGS is also related to the body mass
index (BMI) [11,13]. A study conducted on 546 male judokas of different ages showed that athletes’ body weight
significantly impacts handgrip strength [14]. It was observed that the differences in isometric handgrip strength were
mainly due to variations in body mass between the age groups [14]. Additionally, handgrip strength is linked to lung
function [15], and testosterone biomarkers in MMA athletes [12].

Experienced arm wrestlers have higher handgrip strength [16]. HGS is a fitness test that has been widely used in
judo and Kkarate to evaluate upper limb strength [17], with results correlated with body mass [10] and composition
[11]. However, as body mass is a significant factor, it may not be the most effective method to distinguish between
judokas and non-judokas. An alternative index called HGSINDEX has been suggested [18]. Additionally, it has been
shown to be ineffective in showing differences between BJJ athletes [19]. Nonetheless, HGS is successful in distin-
guishing between male judokas and karatekas, with judokas demonstrating higher HGS values in both hands [17].
HGS was also partially useful in finding differences between some martial arts [20].

Studies have shown that HGS can distinguish between the skill levels of white-belt and black-belt judokas, making
it a valuable tool in martial arts [2]. Furthermore, research has found that aikidokas tend to have weaker handgrip
strength compared to athletes in other combat sports and martial arts [21]. Moreover, a discriminant analysis re-
vealed that young male judo athletes with higher body weight tend to have higher maximal handgrip strength than
their lighter peers [22]. Furthermore, increased HGS across body weight categories was evaluated in sambo athletes
of both genders [23]. Women are better suited to take the test than men [7]. Additionally, a person’s dominant side
typically has a stronger handgrip, however, this can change depending on whether he or she is right- or left-handed
[24]. According to recent studies, women typically have greater HGS values in their dominant than non-dominant
hands [25,26]. Regardless of gender, consistent participation in hand sports helps increase strength in a person’s
non-dominant hand. The occupation of men is more likely to affect their grip strength, indicating different patterns of
hand dominance and function [27]. According to discriminant analysis, the HGS of male and female judokas depends
on their body weight and gender [22]. Furthermore, elite judo athletes usually develop higher levels of HGS [10]. The
handgrip strength of young BJJ competitors can also be an identifying feature [28]. Uneven physical exertion on both
sides of the body can also affect directional and absolute asymmetry in judo, but this impact is less noticeable in
jiu-jitsu athletes [29].

Interestingly, based on ANOVA, HGS failed to differentiate between MMA competitors at various competitive lev-
els and weight classes [30]. This implies that HGS can be informative only occasionally. According to BJJ experts,
the power of an isometric handgrip varied significantly between novices and specialists in both hands [31]. Across
weight categories, there is an overall tendency toward rising absolute handgrip strength and decreasing relative
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handgrip strength, probably caused by muscle mass variations. Because each hand’s absolute and relative values
have a strong association, it is possible to evaluate just one hand. Furthermore, a study using ANOVA utilizing the
maximum isometric handgrip strength of 406 judo athletes of different body weights showed that the weight category
had a more significant effect on HGS, with higher values for heavier practitioners [32]. Similarly, isometric lumbar
strength showed differences between MMA athletes according to their competitive level and weight class [30]. These
studies controlled for chronological age and body mass and investigated the mediating role of anthropometric vari-
ables [33]. Among mediators, arm span, stature, fat mass, fat-free mass, and inferior member length showed that the
relationships between characteristics influencing HGS might be complex. However, the effects were relatively small.
Unfortunately, whether the same complexity is valid across both genders’ whole lifespans is still being determined,
as is whether it is typical for other martial arts.

The other characteristic used in medicine and sport is the time between perceiving something and reaction,
known as reaction/response time (RT). This process involves detecting, processing, and responding to a stimulus,
depending on the type of perception (such as seeing, hearing, or feeling a stimulus), processing the stimulus, and
responding with motor agility. If any part of this process is altered, RT will be affected. A good reflex is necessary for
the motor component of RT. The processes involved in RT take place in milliseconds, but the complexity, familiarity,
preparation, expectations, body status, and stimulated sensory modality of the stimulus affect RT. Additionally, the
type of stimulus, whether simple, choice, or selection, also affects RT [34].

In combat sports, attacks occur quickly and last for a short time, making effective defense difficult. It may seem
logical to assume that high-level athletes react faster to an attack than those of a lower level. This assumption is
based on the belief that high-level athletes have a shorter time between the stimulus and the onset of their response
and move their limbs faster when responding. Such reasoning likely accounts for why RT was historically a significant
concern for trainers, psychologists, and sports scientists [35]. The role of RT was recognized as a secret aspect of
Yang'’s legendary spear-turning-stab technique [36].

Sport and physical activity play a significant role in developing motor reaction time [37]. There have been efforts
to investigate if reaction time (RT) correlates with an athlete’s success within a specific sport. These studies usually
compared novices with experts or athletes at different levels. Some studies have discovered that higher-level athletes
are characterized by a faster RT [38,39], while others have found no difference [40] or even the opposite effect [41].
In addition, results could have been more consistent when multiple RT tasks had been used in the same study. These
studies suggested that RT solely influences sports performance in particular tasks [42]. Still, in combat sports, in-
cluding some karate styles, reaction time is crucial to success [43]. The ability to strike or counter-strike quickly can
significantly impact performance and chances of success. [44, 45].

In martial arts, RT depends on an optimal location for gaze anchoring. One must account for the cost, namely
that the further a stimulus is presented in the periphery, the more time is needed to initiate a response. [46]. Despite
what coaches believe, there is no widespread agreement that reaction time accurately predicts success in combat
sports. However, studies have shown that experienced combat sports athletes are adept at anticipating their oppo-
nent’s actions based on information they gather before and during an attack. These experts likely use the gaze fixation
strategy, which helps them pick up important information more easily [35]. Thus, RT serves as a vital diagnostic tool
for combat sports. It has been confirmed that the reaction speed of taekwondo athletes varies by age and training
experience. As athletes get older and gain more experience, their reaction speed improves. This trend is particularly
evident when comparing junior and senior athletes, indicating that RT could be used to monitor the performance of
martial arts athletes [47].

Research on taekwondo athletes suggests that RT can be enhanced through various training modes [48] and
methods [49]. Core strength training has been found to be particularly effective in improving RT in taekwondo ath-
letes [50]. However, it is important to note that fatigue can negatively impact RT, as observed in MMA athletes [51].
Elite MMA athletes have demonstrated preserved or improved cognitive performance, including RT, immediately after
exhaustive exercise. Therefore, MMA athletes should consider incorporating cognitive-motor programs [52]. With
a well-planned training program, motor proficiency in martial arts can be achieved at a level comparable to that of
older athletes and surpassing that of athletes of the same age [53]. Overall, RT is a crucial indicator of performance
in martial arts. Among many parameters studied, athletes of technical martial arts (judo, sambo) demonstrated the
best results, i.e., in simple visual-motor reactions. However, the worst results of athletes practicing strength-based
sports (Greco-Roman and freestyle wrestling) show that the reaction speed to different irritators is not the leading
predictor of their success [54]. On the other hand, comparing the reaction times of athletes from various martial arts
has proven highly informative. Athletes of ITF taekwondo, WTF karate, and hand-to-hand combat performed better
than those from Greco-Roman and freestyle wrestling (including sambo and judo) [55].
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There are many RT tests including those developed to be performed in virtual reality [56] or the real world
[57,58]. The value of VR tests is still being investigated. However, RT tests for karate kumite athletes performed in
virtual reality are similar to those in the real world [56]. They proved to be correlated with conventional computer
tests in the case of MMA athletes [59]. On the other hand, the position of the conventional tests including the ruler
drop test assessing visual reaction time (i.e., Ditrich’s rod) is well-grounded in martial arts [53,57]. It has been
found that different tests to evaluate reaction time (RT) results can lead to varying outcomes [35]. A study that
compared athletes in boxing, gymnastics, judo, karate, tackwondo, and wrestling [60] showed that while boxers
had the best results in simple RT, they were weaker in other RT tasks. Other studies have also attempted to rank
sports based on reaction time [61], with fencers ranked as the fastest, followed by tennis players, boxers, and
table tennis players. Evidently, the interpretation of different RT tests or comparison of RT tests based on distinct
methodologies should be taken with caution. Thus, there is no clear consensus on whether RT differences exist
between and within groups of combat athletes. RT per se is not a variable that can reliably predict combat sports
performance or potential for success.

Analysis of the factors linked to handgrip strength and reaction time to visual stimulus can help identify those
most critical and can be useful for the evaluation of the athlete’s potential. Furthermore, the analysis of how the fac-
tors classify athletes according to HGS and RT can benefit coaches by helping them implement the most effective
training programs for individual athletes. Additionally, utilizing these factors can also aid in predicting which abilities
can be developed based on the available information. The classification tree and linear regression methods are rec-
ommended statistical techniques for this purpose.

This study aims to select the variables (body weight, age, years of training, skills, and martial arts) that signifi-
cantly impact HGS and RT and classify athletes using linear regression analysis and classification trees.

Materials and Methods

Selection criteria

The authors of the study personally surveyed participants of various independent events such as instructor master
courses and advanced training sessions held between 2018 and 2022 in Poland and Germany. Participants aged 18
years or older and with higher belt ranks were invited to participate in the survey. Moreover, athletes were inquired
regarding putative surgical interventions within the last year, including upper limb interventions. Furthermore, it was
verified whether athletes experienced muscle pain or overload injuries. Those who met the exclusion criteria were
excluded from the analysis.

Surveyed and measured characteristics

The others had their body weight measured, handgrip strength (HGS) assessed, and declared their belt ranks, age,
and years of training. A total of 166 male participants were tested across different styles (modern jiu-jitsu (groups
from Poland and Germany), Shotokan karate, Kyokushin karate), skill levels (Kyu or Dan grades), with their age,
body weight, years of training, reaction time, and HGS recorded (Table 1). The kyu and Dan ranks were incorporated
into the analysis as they were suggested to be correlated with body mass, and HGS [62] Furthermore, studies have
shown that HGS can differentiate between the skill levels of white-belt and black-belt judokas, making it a valuable
tool in martial arts [2].

Table 1. Survey athletes’ classification to respective martial arts

Athletes
Classification

men

Participants 166
Jiu-jitsu (Poland) 24
Jiu-jitsu (Germany) 97
Kyokushin 29
Shotokan 16
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Handgrip strength measurement

To measure handgrip strength, we conducted the HGS test using the KERN MAP 130K1 palm hand dynamometer.
The test involves pressing down on the dynamometer with a firm grip, ensuring that the forearm extension line is
parallel to the wrist, and keeping the test hand from touching the body. Hand strength is measured in kilograms, and
we chose the measurement that yielded the best results for further assessment. We selected the appropriate grip size
for each participant based on the size of their hands so that their distal finger joints could fit comfortably within the
dynamometer. We instructed participants to maintain concentration and avoid swinging their hands during the test to
ensure accurate results. The goal was to determine the athletes’ maximum HGS strength [59].

Reaction time measurement

The participant sits astride a chair, facing the rest, where he or she places the forearm (resting it halfway down);
four fingers are straightened and tightened, and the thumb is abducted. The tester holds a stick with a diameter
and length of 50 cm, on which a centimeter scale is marked along its entire length. The lower end of the cane
(0 cm) is at the level of the lower edge of the patient’s hand, approximately 1 cm from his or her hand. The partici-
pant’s task is to grasp the cane by clenching the hand. The distance from point 0 to the grip point (bottom edge)
is measured. The study participants performed the procedure five times, and two extreme results were rejected.
The arithmetic mean was calculated from the remaining trials. The present experiment followed the procedure
developed by Ditrich [63].

Statistical methods

Descriptive characteristics (min, max, mean, standard deviation, variance, skewness and kurtosis), Pearson
and Spearman correlation coefficients were conducted in XIStat v. 2020.5.1 software [64]. A regression tree
using the C&RT method with a maximum depth of 9 and a complexity parameter (CP) of 0.0001 was accom-
plished in XIStat software v. 2020.5.1 [64]. Multiple linear regression analysis (stepwise) was performed in
SPSS v. 28 [65].

Results

A total of 166 male athletes took part in a survey to measure their HGS and RT. The participants practiced jiu-jitsu
(Poland and German groups), Kyokushin, and Shotokan (Table 1). However, the jiu-jitsu (Germany) group had the
highest number of participants, making the representation unequal. The survey collected all the data (Table 2). The
athletes’ handgrip strength ranged from 20 to 106, with an average value of 82.2. RT ranged from 0 to 24 with a mean
value of 12.67.

Moreover, their body weight varied from 49 to 125 kg while age and years of training ranged from 12 to 61 and 4
to 56, respectively. The athletes differed in their experience (1Kyu to 7 Dan) in four martial arts groups. As indicated
by skewness and kurtosis, quantitative variables exhibited normal or close to normal distribution.

Table 2. Descriptive statistics of quantitative variables employed in analysis

Min Max Mean SD Var Skew Kurt
HSD* 20 106 82.22 15.08 227.56 -1.04 1.73
Ditrich’s rod 0 24 12.67 413 171 0.34 0.1

Body weight 49 125 80.71 13.16 173.13 0.46 1.53

Age 12 61 37.01 12.84 164.86 0 -0.99

Years of training 4 56 19.57 10.08 101.54 1.21 1.34
Skills (grade) 0.1 7 1.45
Martial arts 1 4 2.31

* HGS stands for handgrip strength; Ditrich’s rod reflects reaction time, Body weight is the athletes’ weight in kg; Age is the athletes’ age
in years; Years of training illustrates the number of years the athlete has practiced martial art; Skills is the grade the athletes achieved;
Martial arts included jiu-jitsu (Poland, Germany) and karate (Kyokushin and Shotokan) styles; Min — minimum; max — maximum values.
Mean is the mean value; S.D - Std. Deviation; Var — variance; Skew — skewness; Kurt — kurtosis.
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After analyzing the correlations (Table 3), it was found that handgrip strength (HGS) had a strong correlation with
HGS and athletes’ age. Reaction time expressed by results of Ditrich’s rod experiments was correlated with martial
arts. Furthermore, body weight was correlated with athletes’ age and years of training, years of training was corre-
lated with age, and age and years of training were correlated with skills. Additionally, martial arts showed a significant
correlation with reaction time measured by Ditrich’s rod. Notably, there was no correlation between handgrip strength
and reaction time.

Table 3. Pearson’s correlation coefficients (Pearson’s for quantitative and Spearman’s nominal variables).

HGS pitrich's V&;‘;‘{n A"::;es' ‘T"r’:;f“:’; Skills  Martial arts

HGS 1

Ditrich’s rod 0.085 1

Body Weight 0.601" -0.035 1

Athletes’ Age 0.185 0.038 0.292° 1

Years of Training 0.086 0.043 0.165 0.757" 1

Skills -0.06 -0.07 0.081 0.579" 0.638" 1

Martial arts -0.063 0.414 -0.073 0.060 0.082 -0.001 1.000

**_Correlation significant at 0.01 (2-tailed).
*, Correlation significant at 0.05 (2-tailed).

We used a hierarchical multiple regression analysis to see if adding factors such as athletes’ body weight, age,
years of training, skills, and martial arts they practice would improve the accuracy of predicting HGS compared to
body weight alone (Table 4). A similar approach was undertaken in the case of RT (Table 5).

The results of the multiple linear regression analysis showed that only athletes’ body weight was a significant
predictor of HGS (Table 4). The model accounted for 61% of the variation in HGS (F(7, 164) = 92.49, p-value <
0.001, and R? = 0.61).

Table 4. Hierarchical multiple linear regression predicting HGS
from athletes’ body weight, and martial arts.

Handgrip strength
Statistics B p-value B
Constant 26.66 <0.01
Body weight 0.688 <0.01 0.601
R?(male) 0.61
F 92.49

Linear regression results showed that only martial arts was a significant predictor of RT (F(7,764) = 33.464,
p-value < 0.001, RZ = 0.169). Martial arts explained 6.9% of the reaction time variance (Table 5). Adding other
variables (skills, years of training, age, and body weight) resulted in insignificant models (not shown).

According to the classification tree analysis, an athlete’s body weight is the most critical factor in determining
handgrip strength (HGS) (Figure 1, Table 6). The analysis showed that athletes with a body weight below 74.5kg
(25.9%) were separated from those above that body weight (74.1%). Young athletes under 21.5 (8.4%) and older
athletes over that age (17.5%) made up the first group. The latter group was then divided according to their skills.
The group of athletes with a body weight above 74.5kg was then again divided by their body weight. The athletes
with body weight less than 91 kg (56.6%) were then divided by their skills, with one group including 24.1% and
the other 32.5% of athletes. The smaller subgroup was then separated by the years of training, whereas the bigger
one had a body weight with an impact of years of training relating to the athletes with a body weight above 78.5
kg. The athletes classified in the group above 91 kg were divided into two groups with a breaking point at body
mass equal to 98.
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Table 5. Hierarchical multiple linear regression predicting RT
from body weight and martial arts

Reaction time

Statistics B p-value B
Constant 8.431 <0.01
Martial arts 1.842 <0.01 0.318
R*(male) 0.169
F 33.464

Reaction time

Table 6. Tree structure illustrating the improvement each node introduces to the classification explaining HGS

Nodes Objects % Improve- S!)|It Values Parent Sons Predicted
ment variable node values

Node 1 166 100 0.29 2;3 82.22

Node 2 43 25.90 0.34 Weight <=1745 1 4;5 68.60

Node 3 123 74.10 0.16 Weight > 745 1 6;7 86.98

Node 4 14 8.43 Age <=215 2 53.36

Node 5 29 17.47 0.29 Age > 215 2 10; 11 75.97

Node 6 94 56.63 0.18 Weight <=191 3 12; 13 84.71

Node 7 29 17.47 0.16 Weight > 91 3 14; 15 94.34

0.1;0.2; 2;
Node 10 15 9.04 Skills 4; 5; 5 68.33
Node 11 14 8.43 Skills 1,36, 7; 5 84.14
0.1;0.2; 2;

Node 12 40 24.10 0.11 Skills 34,57, 6 24; 25 79.95

Node 13 54 32.53 0.06 Skills 1, 6; 6 26, 27 88.24

Node 14 15 9.04 Weight <=098 7 91.33

Node 15 14 8.43 Weight > 98 7 97.57
Years_of

Node 24 19 11.45 training <=235 12 82.79
Years_of

Node 25 21 12.65 training > 235 12 77.38

Node 26 14 8.43 Weight <=785 13 84.29

Node 27 40 24.10 0.09 Weight > 1785 13 54; 55 89.62
Years_of

Node 54 21 16.27 training <=16.5 27 87.78
Years_of

Node 55 13 1.83 training > 16.5 27 93.46
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According to the classification tree analysis, martial arts is the most crucial factor when determining their RT
(Figure 2, Table 7). The analysis showed that all jiu-jitsu athletes were separated from those training karate. Then, the
group of JJ athletes was divided according to their years of training. The larger group was further divided according
to age, with a breaking point around 41.5 years.

Table 7. Tree structure illustrating the improvement each node introduces to the classification explaining RT

Nodes Objects % Improvement Split variable Values Parent Sons Predicted
node values
Node 1 166 100 0.13 2;3 12.67
Node 2 121 72.89 0.06 Martial arts 1,2 1 4;5 11.74
Node 3 45 27.11 Martialarts 3; 4 1 15.156
Node 4 38 22.89 Years_of training <= 14.5 2 12.97
Node 5 83 50.00 0.02 Years_of training > 14.5 2 10; 1 11.18
Node 10 43 25.90 Age <=415 5 10.72
Node 11 40 24.10 Age > 415 5 11.67
Node: 11 Pred RT
Size: 166 12.67
%100
Jiujitsu Shotokan, -
(Pal., (.Berm.) RT : RT
%72.9 %271
<=14.5 >14.5
Node: 4 Pred RT Node: 5 Pred RT
Size: 38 1297 Size: 83 11.18
%22.9 %50
<=41.5 >41.5
} RT . RT
Sooas |l 1072 || | Spea0 |7 1168
%25.9 %24.1

Figure 2. Regression Tree using the C&RT method illustrating how reaction time (RT) is affected by other variables.

Discussion

Handgrip strength is an important variable used in sports [9], including martial arts, to test athletes’ fitness or evaluate
their physical fitness. It is usually applied to persons practicing judo [18,66,67], MMA [12], karate [3,11,17,68,69],
or BJJ [1,19,25,31,62,70,71]. However, HGS may only sometimes be a good choice [18]. HGS is linked to body
mass and BMI [10-14]. Furthermore, it may discriminate between skilled and inexperienced judokas [2], men and
women [23], and athletes’ age [14]. However, more information is needed about the effect years of training have
on HGS. Our findings indicate a correlation between HGS and body weight. Additionally, we observed a correlation
between HGS and age. Thus, these variables may have an impact on HGS.

Current results based on linear regression analysis have demonstrated that athletes’ body weight was the only
predictor of HGS. The regression analysis has shown that increasing an athlete’s body weight by one kilogram is
expected to increase his or her HGS by 0.69.
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The role of body weight was confirmed by classification regression analysis, with body weight being the primary
factor responsible for athletes’ classification based on HGS, which is in accordance with linear regression analysis.
Furthermore, classification and regression tree analysis indicated that years of training, athletes’ age, and skills may
also affect HGS. Interestingly, both linear regression and classification trees failed to demonstrate that HGS might
depend on martial arts. Thus, our results agree with data published earlier concerning the role of body weight in HGS
but indicate that athletes’ age, years of training, and athletes’ skills might also impact HGS. The role of skills in HGS
is consistent with the analysis of BJJ athletes [62].

Another characteristic used in sports and martial arts is reaction time [38,39,72]. RT solely influences sports
performance in particular tasks [42]. Still, reaction time is crucial in combat sports, including some karate styles
[43-45]. Despite coaches’ belief, there is no agreement that reaction time predicts success in combat sports. Thus,
the value of RT in other martial arts and the variables it depends on need to be evaluated. A study using correlation
analysis found that RT is somewhat correlated with martial arts, indicating that martial arts may have a potential
impact on RT.

Linear regression analysis showed that among all variables used in the study, only martial arts were significant.
However, this can explain a minor part of the variance of RT (ca 17%), which suggests that additional variables not
investigated by us are needed. The presented data are congruent with results indicating that RT is crucial in dif-
ferentiating martial arts; however, RT is explained by martial arts only to a small extent, possibly making it quite
inconvenient in some cases.

On the other hand, classification analysis confirmed that RT may differentiate between martial arts. Kyokushin
and Shotokan were separated from the remaining arts in the current study. Interestingly, karate requires fast reaction
time, unlike the other arts tested in the study, which rely on grappling. Possibly, RT should be used only in the case
of such styles. The notion is confirmed by the fact that RT is useful in taekwondo [48-50].

The other outcome of the classification regression tree analysis is the importance of years of training and athletes’
age in grouping athletes. The effect of age on RT is prominent and well-documented in taekwondo [47,53]. However,
classification tree analysis indicated that years of training and athletes’ age are the other factors used in classifica-
tion. Therefore it is likely that with years of training and age, RT may progress, as indicated by previous studies [73].

A correlation analysis showed no correlation between HGS and RT. This lack of correlation can be explained by
the hierarchical concept of essential motor characteristics, which group strength and reaction time as conditional but
distinct abilities [6,74]. Therefore, HGS and RT should not be considered variables that directly interact with each
other. Moreover, our results did not identify any relationships between RT and skills, in contrast to the analysis of BJJ
athletes [62].

Study Limitations

A limitation of this study was the limited number of participants. Furthermore, an unequal representation of the ath-
letes with different ranks was surveyed. Another limitation was that only four groups of athletes of modern jiu-jitsu
and karate styles were surveyed.

Conclusions

Based on a combination of regression analysis and classification tree, it was found that athletes’ body weight plays
a significant role in determining handgrip strength, whereas martial arts impact reaction time. The linear regression
analysis results are congruent with the classification regression tree where martial arts allowed the grouping of
Shotokan and Kyokushin into one and jiu-jitsu practitioners into another group. Furthermore, the classification tree
indicated that RT depends on martial arts, years of training, and age. Our results also demonstrated that in contrast to
RT, HGS is somewhat linked to skills expressed by belt ranks and that HGS and RT follow the hierarchical concept of
essential motor characteristics belonging to the same group of conditional abilities but being distinct.

Practical implications.

Athletes’ body weight can be a good predictor of HGS in athletes trained in martial arts. On the other hand, martial
arts explain a small fraction of reaction time, and, therefore, it is not clear whether martial arts can be a good predictor
of reaction time. More studies involving distinct practitioners in varying martial arts are needed to solve this problem.
However, the presented results determined some variables affecting HGS and RT, but specific relationships between
each other still need to be evaluated before practical implications for trainers are provided.

Journal of Kinesiology and Exercise Sciences 55



Dariusz S. Bajkowski, Wojciech J. Cynarski

Conflicts of Interest: The authors certify that there is no conflict of interest with any financial organization regarding
the material discussed in the manuscript.

Funding: This research received no specific grant from any funding agency in the public, commercial, or not-for-profit
sectors.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of Helsinki, and
approved by the Ethics Committee of the Idokan Poland Association, Committee of Scientific Research (Opinion No.
A2/2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the corresponding author.

References:

[1] Magno, A.P, Andreato, L.V., Honorato, R.C., Del Vecchio, F.B., Coswig, V.S. Brazilian jiu-jitsu specific training model highly
emulates simulated match demands. Science & Sports, 2022. 37(8): p. 766-775.

[2] Lima, M.C., Kubota, L.M., Monteiro, C.B.D., Baldan, C.S., Pompeu, J.E. Handgrip Strength in Judo Athletes. Revista Brasilei-
ra De Medicina Do Esporte, 2014. 20(3): p. 210-213.

[3] Pion, J., Fransen, J., Lenoir, M., Segers, V. The value of non-sport-specific characteristics for talent orientation in young
male judo, karate and taekwondo athletes. Archives of Budo, 2014. 10: p. 147-154.

[4]  Jujitsu. April 24th, 2023 Available from: https://www.britannica.com/sports/jujitsu.

[5] Jagietto, W., Przygotowanie fizyczne mfodego sportowca. 2000, Warszawa: Centralny O$rodek Sportu. 202.

[6] Starosta, W. Zdolnosci koordynacyjne i kondycyjne w zespofowych grach sportowych. An International Conference on Sci-
ence in Sports Team Games, (ed.) J. Bergier. Instytut Wychowania Fizycznego i Sportu, Biata Podlaska, 1995: p. 105-138.

[7]1 Gallup, A.C., Fink, B. Handgrip Strength as a Darwinian Fitness Indicator in Men. Frontiers in Psychology, 2018. 9.

[8] Lee, S.H., Gong, H.S. Measurement and Interpretation of Handgrip Strength for Research on Sarcopenia and 0Steoporosis.
J Bone Metab., 2020. 27(2): p. 85-96.

[9] Soysal, P, Hurst, C., Demurtas, J., Firth, J., Howden, R., Yang, L., Tully, M.A., Koyanagi, A., llie, PC., Loopez-Sanchez, G.F,
Schwingshack, L., Veronese, N., Smith, L. Handgrip strength and health outcomes: Umbrella review of systematic reviews
with meta-analyses of observational studies. Journal of Sport and Health Science, 2021. 10(3): p. 290-295.

[10] Santos, R., Franchini, E. Developing strength-endurance for combat sports athletes. Revista De Artes Marciales Asiaticas,
2021.16: p. 174-191.

[11] Cavalcanti, D.A., Kucharsky, B.A., Rossi, L. Is there relation between hand grip and body composition in Shotokan Karate
high level athletes? Rbne-Revista Brasileira De Nutricao Esportiva, 2019. 13(79): p. 421-425.

[12] Camarco, N.F, Neto, I.V.D., Ribeiro, E., Andrade, A.J.M. Anthropometrics, Performance, and Psychological Outcomes in
Mixed Martial Arts Athletes. Biology-Basel, 2022. 11(8).

[13] Eksioglu, M. Normative static grip strength of population of Turkey, effects of various factors and a comparison with inter-
national norms. Applied Ergonomics, 2016. 52: p. 8-17.

[14] Franchini, E., Schwartz, J., Takito, M.Y. Maximal isometric handgrip strength in judo athletes from different age groups.
Sport Sciences for Health, 2020. 16(1): p. 93-98.

[15] Mgbemena, N., Jones, A., Leicht, A.S. Relationship between handgrip strength and lung function in adults: a systematic
review. Physiotherapy Theory and Practice, 2022. 38(12): p. 1908-1927.

[16] Podrihalo, 0.0., Podrigalo, L.V., Bezkorovainyi, D.0., Halashko, O.1., Nikulin, I.N., Kadutskaya, L.A., Jagiello, M. The analysis
of handgrip strength and somatotype features in arm wrestling athletes with different skill levels. Physical Education of
Students, 2020. 24(2): p. 120-126.

[17] Zaggelidis, G. Maximal isometric handgrip strength in Greek elite male judo and karate athletes. Sport Sci Rev., 2016. 25(5-
6): p. 321-344.

[18] Kulkamp, W., Ache-Dias, J., Kons, R.L., Detanico, D., Dal Pupo, J. The ratio standard is not adequate for scaling handgrip
strength in judo athletes and nonathletes. Journal of Exercise Rehabilitation, 2020. 16(2): p. 175-182.

[19] Lima, PO.D., Lima, A.A., Coelho, A.C.S., Lima, Y.L., Aimeida, G.PL., Bezerra, M.A., de Oliveira, R.R. Biomechanical Dif-
ferences in Brazilian Jiu-Jitsu Athletes: The Role of Combat Style. International Journal of Sports Physical Therapy, 2017.
12(1): p. 67-75.

[20] Bajkowski, D.S., Cynarski, W.J. Handgrip Strength as a Distinguishing Factor of People Training Martial Arts. Appl. Sci.,
2023. 13(9900): p. app13179900.

[21] Vodicka, T., Pieter, W., Reguli, Z., Zvonar, M. [sokinetic strength of the wrist in male aikido athletes. 1do Movement for Culture-
Journal of Martial Arts Anthropology, 2016. 16(2): p. 48-54.

56 Journal of Kinesiology and Exercise Sciences



Testing Factors Influencing Handgrip...

[22] Engwerda, I.M., Lidor, R., Elferink-Gemser, M.T. Performance characteristics of top-level youth judokas in light- and heavy-
weight categories. International Journal of Sports Science & Coaching, 2020. 15(5-6): p. 783-792.

[23] Trivic, T., Eliseev, S., Tabakov, S., Raonic, V., Casals, C., Jahic, D., Jaksic, D., Drid, P Somatotypes and hand-grip strength
analysis of elite cadet sambo athletes. Medicine, 2020. 99(3).

[24] Bohannon, R.W. Grip strength: A summary of studies comparing dominant and nondominant limb measurements. Percep-
tual and Motor Skills, 2003. 96(3): p. 728-730.

[25] Detanico, D., Kons, R.L., da Silva, J.N., Bittencourt, D.L., Gheller, R.G. Health-related body composition and muscle strength
in Brazilian Jiu-Jitsu practitioners. Sport Sciences for Health, 2021. 17(2): p. 291-297.

[26] Madaleno, F.O., Verhagen, E., Ferreira, T.V., Ribeiro, T., Ocarino, J.M., Resende, R.A. Normative reference values for handgrip
strength, shoulder and ankle range of motion and upper-limb and lower limb stability for 137 youth judokas of both sexes.
Journal of Science and Medicine in Sport, 2021. 24(1): p. 41-45.

[27] Bardo, A., Kivell, T.L., Town, K., Donati, G., Ballieux, H., Stamate, C., Edginton, T, Forrester, G.S. Get a Grip: Variation in
Human Hand Grip Strength and Implications for Human Evolution. Symmetry-Basel, 2021. 13(7).

[28] Bulhoes-Correia, A., de Almeida-Neto, PF., Cabral, B.G.D.T., Dantas, PM.S. Discriminant factors and the relationship betwe-
en anthropometry and maturation on strength performance in elite young male Brazilian Jiu-Jitsu athletes. Sport Sciences
for Health, 2022. 18(3): p. 999-1009.

[29] Burdukiewicz, A., Pietraszewska, J., Andrzejewska, J., Chromik, K., Stachon, A. Asymmetry of Musculature and Hand
Grip Strength in Bodybuilders and Martial Artists. International Journal of Environmental Research and Public Health,
2020. 17(13).

[30] Folhes, O., Reis, V.M., Marques, D.L., Neiva, H.P, Marques, M.C. Maximum Isometric and Dynamic Strength of Mixed Martial
Arts Athletes According to Weight Class and Competitive Level. International Journal of Environmental Research and Public
Health, 2022. 19(14).

[31] Diaz-Lara, FJ., Garcia, J.M.G., Monteiro, L.F., Abian-Vicen, J. Body composition, isometric hand grip and explosive strength
leg - similarities and differences between novices and experts in an international competition of Brazilian jiu jitsu. Archives
of Budo, 2014. 10: p. 211-217.

[32] Franchini, E., Schwartz, J., Takito, M.Y. Maximal isometric handgrip strength: comparison between weight categories and
classificatory table for adult judo athletes. Journal of Exercise Rehabilitation, 2018. 14(6): p. 968-973.

[33] Giudicelli, B.B., Luz, L.G.0., Sogut, M., Massart, A.G., Junior, A.C., Figueiredo, A.J. Bio-Banding in Judo: The Mediation Role
of Anthropometric Variables on the Maturation Effect. International Journal of Environmental Research and Public Health,
2020. 17(1).

[34] Reaction Time. Cognitive Ability- Neuropsychology. [cited 2023 Dec., 27th]; Available from: https://www.cognifit.com/
science/response-time.

[35] de Quel, 0.M., Bennett, S.J. Perceptual-cognitive expertise in combat sports: a narrative review and a model of perception-
-action. Ricyde-Revista Internacional De Ciencias Del Deporte, 2019. 15(58): p. 323-338.

[36] Liu, Y.F, Kong, J.G., Wan, X.P, Shan, G.B. Biomechanical analysis of Yang’s spear turning-stab technique in Chinese martial
arts. Physical Activity Review, 2020. 8(2): p. 16-22.

[37] Kadri, A., Slimani, M., Bragazzi, N.L., Tod, D., Azaiez, F. Effect of Taekwondo Practice on Cognitive Function in Adole-
scents with Attention Deficit Hyperactivity Disorder. International Journal of Environmental Research and Public Health,
2019. 16(2).

[38] Borysiuk, Z. The significance of sensorimotor response components and EMG signals depending on stimuli type fencing.
Acta Univ. Palacki. Olomuc. Gymn., 2008. 38(1): p. 43-51.

[39] Vieten, M., Scholz, M., Kilani, H., Kohloeffel, M. Reaction time in taekwondo. in In ISBS-Conference Proceedings Archive.
2007.

[40] Sanchez-Lopez, J., Silva-Pereyra, J., Fernandez, T. Sustained attention in skilled and novice martial arts athletes: a study of
event-related potentials and current sources. Peer J., 2016. 4: p. e1614.

[41] VencesBrito, A.M., Rodrigues Ferreira, M.A., Cortes, N., Fernandes, 0., Pezarat-Correia, P. Kinematic and electromyographic
analyses of a karate punch. Journal of Electromyography and Kinesiology., 2011. 21(6): p. 1023-1029.

[42] Coskun, B., Kocak, S., Saritas, N. The comparison of reaction times of karate athletes according to age, gender and status.
Ovidius University Annals, Series. Physical Education and Sport/Science, Movement and Health., 2014. 14(2): p. 97-101.

[43] Zadarko, E., Mostek, |., Zadarko-Domaradzka, M., Barabasz, Z., Lenik, J., Przednowek, K.H., Huzarski, M., Niziol-Babiarz, E.,
Szyhisty, A., Przednowek, K. Diagnostics of selected motor skills of Oyama Karate competitors preparing for the champion-
ships. 1do Movement for Culture-Journal of Martial Arts Anthropology, 2019. 19: p. 102-106.

[44] Langer, A., Polechonski, J., Polechonski, P, Cholewa, J. Ruler Drop Method in Virtual Reality as an Accurate and Reliable
Tool for Evaluation of Reaction Time of Mixed Martial Artists. Sustainability, 2023. 15(1).

[45] Rodrigues, J.C.C., Penna, E.M., Machado, H.E.S., Sant’Ana, J., Diefenthaeler, F., Coswig, V.S. Effects of lower and upper
body fatigue in striking response time of amateur karate athletes. Peerd, 2023. 11: p. e14764.

[46] Hausegger, T, Vater, C., Hossner, E. J. Peripheral Vision in Martial Arts Experts: The Cost-Dependent Anchoring of Gaze.
Journal of Sport & Exercise Psychology, 2019. 41(3): p. 137-146.

Journal of Kinesiology and Exercise Sciences 57



Dariusz S. Bajkowski, Wojciech J. Cynarski

[47] Podrigalo, L., Romanenko, V., Podrihalo, 0., lermakov, S., Huba, A., Perevoznyk, V., Podavalenko, O. Comparative analysis
of psychophysiological features of taekwondo athletes of different age groups. Pedagogy of Physical Culture and Sports,
2023. 27(1): p. 38-44.

[48] Zong, W. Analysis of Training Method of Taekwondo Athletes with Reaction Ball. Revista Brasileira De Medicina Do Esporte,
2022. 28(1): p. 14-16.

[49] Zhang, X.Y. The Speed of Athletes’ Responses to Different Training Methods. Revista Brasileira De Medicina Do Esporte,
2022. 28(2): p. 152-154.

[50] He, B.A., Wan, Y.W. The Influence of Strength Training on Taekwondo Athletes’ Reaction Speed. Revista Brasileira De Medi-
cina Do Esporte, 2022. 28(2): p. 137-140.

[51] Pavelka, R., Trebick, V., Fialova, J.T., Zdobinsky, A., Coufalova, K., Havlicek, J., Tufano, J.J. Acute fatigue affects reaction
times and reaction consistency in Mixed Martial Arts fighters. Plos One, 2020. 15(1): p. e0227675.

[52] Faro, H.K., Fortes, L.S., Machado, D.G. Dynamics of cognitive performance at rest and after exhaustive exercise in top-three
world-ranked mixed martial arts athletes: a series of case studies. Journal of Sports Medicine and Physical Fitness, 2020.
60(4): p. 664-668.

[53] Boutios, S., Fiorilli, G., Buonsenso, A., Daniilidis, P, Centorbi, M., Intrieri, M., di Cagno, A. The Impact of Age, Gender and
Technical Experience on Three Motor Coordination Skills in Children Practicing Taekwondo. Int J Environ Res Public Health,
2021.18(11).

[54] Podrigalo, L., lermakov, S., Romanenko, V., Rovnaya, 0., Tropin, Y., Goloha, V., Halashko, Q. Psychophysiological features
of athletes practicing different styles of martial arts - the comparative analysis. International Journal of Applied Exercise
Physiology, 2019. 8(1): p. 84-91.

[55] Romanenko, V., Podrigalo, L., lermakov, S., Rovnaya, 0., Tolstoplet, E., Tropin, Y., Goloha, V. Functional state of martial arts
athletes during implementation process of controlled activity - comparative analysis. Physical Activity Review, 2018. 6: p.
87-93.

[56] Ritter, Y., Droste, M., Burger, D., Pastel, S., Witte, K. Comparison of response behavior in karate kumite between real world
and virtual reality. Sports Engineering, 2022. 25(1).

[57] Wasik, J., Bajkowski, D., Shan, G.B., Podstawski, R., Cynarski, W.J. The Influence of the Practiced Karate Style on the De-
xterity and Strength of the Hand. Applied Sciences-Basel, 2022. 12(8).

[58] lIgnatjeva, A., Nitychoruk, M., Terbalyan, A., Langer, A., Wacek, A., Maszczyk, A. The effect of the dynamics of external load
changes in the aspect of the lower limit response time of the competitors of mixed martial arts (MMA) taking into account
weight categories and sport experience. Baltic Journal of Health and Physical Activity, 2021. 13(2): p. 1-10.

[59] Polechonski, J., Langer, A. Assessment of the Relevance and Reliability of Reaction Time Tests Performed in Immersive
Virtual Reality by Mixed Martial Arts Fighters. Sensors (Basel), 2022. 22(13).

[60] Badau, D., Baydil, B., Badau, A. Differences among Three Measures of Reaction Time Based on Hand Laterality in Individual
Sports. Sports, 2018. 6(2): p. 45-50.

[61] Mouelhi Guizani, S., Tenenbaum, G., Bouzaouach, I., Kheder, A.B. Information-processing under incremental levels of
physical loads: Comparing racquet to combat sports. Journal of Sports Medicine and Physical Fitness, 2006. 46(2): p.
335-343.

[62] Almeda, C.G., Mangine, G.T., Green, Z.H., Feito, Y., French, D.N. Experience, Training Preferences, and Fighting Style Are
Differentially Related to Measures of Body Composition, Strength, and Power in Male Brazilian Jiu Jitsu Athletes-A Pilot
Study. Sports, 2023. 11(1).

[63] Raczek, J., Juras, G., Waskiewicz, Z. The diagnosis of motor coordination. Journal of Human Kinetics., 2001. 6: p. 113-125.

[64] Wilson, G.S., Barron, J.A., Ashworth, A.C., Askin, R.A., Carter, J.A., Curren, M.G., Dalhuisen, D.H., Friedmann, E.I., Fyodo-
rov-Davidov, D.G., Gilichinsky, D.A., Harper, M.A., Harwood, D.M., Hiemstra, J.F,, Janecek, T.R., Licht, K.J., Ostroumov, V.E.,
Powell, R.D., Rivkina, E.M., Rose, S.A., Stroeven, A.P, Stroeven, P, van der Meer, J.J.M., Wizevich, M.C. The Mount Feather
Diamicton of the Sirius Group: an accumulation of indicators of Neogene Antarctic glacial and climatic history. Palagoge-
ography Palaeoclimatology Palaeoecology, 2002. 182(1-2): p. 117-131.

[65] IBM SPSS Statistics for Windows. (Version 28.0) [Computer software]. 2021, Armonk, NY: IBM Corp.: IBM Corp.

[66] Kons, R.L., Franchini, E., Detanico, D. Relationship between physical fitness, attacks and effectiveness in short- and long-
duration judo matches. International Journal of Performance Analysis in Sport, 2018. 18(6): p. 1024-1036.

[67] Dias, J.A., Kuelkamp, W., Wentz, M.D., Ovando, A.C., Borges, N.G. Effect of hand grip on the balance of judokas. Motriz-
Revista De Educacao Fisica, 2011. 17(2): p. 244-251.

[68] Mustafa, H., Harrison, A., Sun, Y., Pearcey, G.E.P, Follmer, B., Nazaroff, B.M., Rhodes, R.E., Zehr, E.P. Five weeks of Yuishinkai
karate training improves balance and neuromuscular function in older adults: a preliminary study. Bmc Sports Science
Medicine and Rehabilitation, 2022. 14(1).

[69] Violan, M.A., Small, E.W., Zetaruk, M.N., Micheli, L.J. The effect of karate training on flexibility, muscle strength, and balance
in 8- to 13-year-old boys. Pediatric Exercise Science, 1997. 9(1): p. 55-64.

[70] Moller, G.B., Censi, M.T., Goulart, M.J.V.D., Nunes, R.B., Schneider, C.D. Effect of carbohydrate supplementation on strength
parameters during a Brazilian Jiu-Jitsu simulated tournament. Sport Sciences for Health, 2020. 16(3): p. 561-569.

58 Journal of Kinesiology and Exercise Sciences



Testing Factors Influencing Handgrip...

[71] Cesar, E.P, da Silva, TK., de Resende, C.S., Rezende, Y.G.M. The role of static stretching on performance variables and
induced effects of exhaustion exercises in Brazilian jiu-jitsu athletes. Archives of Budo, 2016. 12: p. 211-218.

[72] Quinzi, F, Modica, M., Berchicci, M., Bianco, V., Perri, R.L., Di Russo, F. Does sport type matter? The effect of sport disci-
pline on cognitive control strategies in preadolescents. Int J Psychophysiol, 2022. 177: p. 230-239.

[73] Temur, H.B., Baytar, R. Comparison of the Reaction Time Period of Individuals in Sport, Fine Arts and Classroom Education.
Asian Journal of Education and Training, 2019. 5(3): p. 495-500.

[74] Rynkiewicz, T. Struktura zdolnosci motorycznych oraz jej globalne i lokalne przejawy. 2004, Akademia Wychowania Fizycz-
nego im. Eugeniusza Piaseckiego w Poznaniu: Poznaniu.

Citation:

Bajkowski DS, Cynarski WJ: Testing factors influencing handgrip strength and reaction time to visual stimulus in
selected martial arts. Journal of Kinesiology and Exercise Sciences. 2024; 105 (34): 46-59.

Journal of Kinesiology and Exercise Sciences 59



