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ABSTRACT

Introduction: This article presents a comparison of the striking power low kick and
a hook punch in martial arts. To accomplish the survey, a modern tactile striking
platform and a statistical analysis of the parameters of the punches performed by
the participants. The results for striking power were recorded in the same way and
under the same conditions for each participant. To verify the reliability of the re-
corded data, we applied appropriate statistical methods.

Aim and Objectives: This study aims to compare the striking power of elite athletes
in kyokushin karate, kickboxing, kudo, and muay thai. Using modern statistical
methods, we established the average typical level, the interrelationships between the
indicators, and compared the results in the four studied combat sports. This will help
draw practical conclusions about the differences in striking power between the two
studied strikes—low kick and hook punch— in combat sports.

Methodology: The study was conducted for the period from September to Decem-
ber 2024 using a modern tactile striking platform, the PowerKube Combat Per-

Ivo Kamenov Jformance Center Pro, by means of which the striking power of low kicks and hook
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INTRODUCTION

punches in kyokushin karate, kickboxing, kudo, and muay thai was recorded. Each
athlete performed 10 maximum-power attempts for both strikes.

Results: The comparison of low-kick and hook techniques across the combat sports
in the study reveals statistically significant differences in the applied human force,
impact powet, and kinetic energy among athletes from the four disciplines.
Conclusion: Overall, the results confirm that striking performance varies consider-
ably between combat sports, depending on technique, training, and possibly equip-
ment. These results provide valuable information for coaches and athletes on the
differences in the impact power of the low kick and the hook punch across different
combat sports.

Keywords: PowerKube, martial arts, low kick, hook, striking power

tons) was recorded. Among the techniques ana-

One of the main criteria for awarding the victory in
combat sports is defeating the opponent by means
of a strike delivered with the necessary power and
speed to a vital point, at the precise moment, and
from the correct distance. This is why combat sports
demand the development of high levels of mus-
cle power (Zerpa et al., 2013; Arakchiyski, 2002;
Kautzner, N., Marques Junior, 2012). It is clear that
power and its manifestation in striking techniques
are extremely important in combat sports, as they
can secure victory by rapidly reducing the oppo-
nents capabilities and potentially bringing them
to a halt. Therefore, competitors need to execute
effective, powerful strikes to score a point (Muha-
mad, Haqiyah, 2018).

When analyzing various kicking strikes, an average
striking power ranging from 122.6 to 9015 N (New-

lyzed, the sidekick (yoko geri) produced the highest
striking power — 9015 N, which is sufficient to cause
injury, including a fracture (Corcoran, et al., 2024).
The rear-hand punch of elite boxing competitors
reaches up to 4800 N. The high striking powers gen-
erated by the rear hand relate to significantly higher
peak joint torques when flexing and extending the
elbow joint of the same limb (Akbas et al., 2021).
Identifying the qualities of power in the most fre-
quently performed strikes and punches is essen-
tial for developing better neuromuscular training
methods (Loturco et al., 2016).

The quality of striking power and its manifestation
in the striking technique are extremely important
in martial arts, since they can grant victory by dras-
tically reducing the opponent’s capabilities or even
bringing them to a complete halt. The results regard-
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ing the striking power of the low kick and the hook
punch were recorded in the same way for each par-
ticipant. This ensures that the study was conducted
under the same conditions for all the athletes. The
input data on the striking power were measured
using a specialized striking platform - PowerKube
Combat Performance Center Pro. In order to prove
the reliability of the recorded data, we applied the
necessary methods of statistical analysis.

Aim and Objectives

This study aims to compare the striking power of
elite athletes in - kyokushin karate, kickboxing, kudo,
and muay thai. Using modern statistical methods,
we established the average typical level, the interrela-
tionships between the indicators, and compared the
results in the four studied combat sports. This will
help to draw practical conclusions about the differ-
ences in striking power provided by the two studied
strikes - low kick and hook-punch, in combat sports.

METHODOLOGY

The study was conducted between September and
December 2024 using a modern tactile striking
platform, the PowerKube Combat Performance
Center Pro (PowerKube, 2025), to record the pow-
er of low kicks and hook punches in kyokushin
karate, kickboxing, kudo, and muay thai. The par-
ticipants were categorized by sport, and all four
groups included medalists from world and Euro-
pean championships, as well as multiple winners of
professional bouts ranked in the top 10 of national
championships. The athletes completed informed
consent forms for participation in the scientif-
ic study, having been previously informed of the
study’s purpose and procedures.

We identified a specific difference in punch power
across the selected combat sports. In kyokushin ka-
rate, punches are delivered at the body level and with
bare hands, while in kickboxing, kudo, and muay
thai, punches are delivered at the head level and

Table 1. Descriptive statistics of the studied variables

boxing gloves are used, with the exception of kudo,
where specific gloves are required for this sport.

The Powerkube Combat Performance Center Pros
unique technology and software make it suitable for
measuring all combat sports strikes. An advantage of
using this device is its precise measurement of im-
pact power (watts), kinetic energy (joules), and the
human force (franklin) through the power testing
function. The human force unit, the Franklin (f), was
developed to quantify the total destructive potential
of human force. It is a combination of measured im-
pact power and kinetic energy. (PowerKube 2025).
Thirty elite athletes took part in the study, with
an average age of 23.83+7.15 years, height of
178.43+5.56 cm, and weight of 74.98+5.23 kg. Each
athlete performed 10 maximum power strikes of
each kind. The statistical analysis of the results
was completed using Jamovi V.2.6.44 (The jamovi
project, 2024), a program based on the statistical
language R that offers a variety of statistical analy-
ses (R Core Team, 2024). The data will be analyzed
using descriptive statistics, a normal distribution
test (Shapiro-Wilk), correlation analysis, One-way
ANOVA (non-parametric Kruskal-Wallis), and
the DSCF test, which is a non-parametric multi-
ple comparison test used to identify which specific
pairs of groups differ significantly.

RESULTS

The data from the variance analysis showed a de-
viation from the normal distribution for some of
the studied indicators and groups. The fact that
the combat sports studied had different numbers
of participants was also taken into account, as this
also influenced the normality of the distribution,
especially in the division by technique execution.
This necessitated the application of non-paramet-
ric methods for subsequent processing of the re-
sults, as well as analyzing the mean values rather
than arithmetic averages.

Shapiro-Wilk

N Mean Median SD Minimum Maximum W P
Age 60 23.9 20.0 8.1 16.0 40.0 0.8 <.001
Height 60 178.4 178.0 5.6 160.0 190.0 0.9 <.001
Beight 60 74.9 74.0 5.3 65.0 85.0 0.9 0.013
Human Force 60 70672.4 68782.4 32167.3 21753.4 156883.3 0.9 0.061
Kinetic Energy 60 240.0 228.3 61.7 114.4 391.9 0.9 0.490
Impact Power 60 40184.0 40116.4 14726.4 15485.7 738319 0.9 0.169

Figures 1 and 2 compare the means of human force,
kinetic energy, and impact power for the low kick

strike across the sports of kyokushin karate, kick-
boxing, kudo, and muay thai.
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From the data presented in Figure 1, it can be ob-
served that Muay Thai competitors have the high-
est values for both measured indicators, followed
by Kudo athletes. The differences and deviations
observed between the average values and medians

60000
Figure 1. Values of the striking power of the low kick
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of the indicators result from the smaller number of
subjects in these two sports and show differences
from the normal Gaussian distribution. The val-
ues for karate and kickboxing athletes are almost
identical.
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Figure 2. Kinetic energy of a low kick

Figure 2 illustrates the mean kinetic energy gen-
erated during the low kick. Here, again, the Muay
Thai athletes exhibit higher values compared to
those from other combat sports, whereas the Kudo
competitors, again, show the lowest kinetic energy
values for the low kick.

The generalized values presented in Table 2 demon-
strate strong to very strong correlations between

Table 2. Generalized correlation matrix

260

m Kinetic Energy (J)

270 280 290

the studied indicators. The breakdown by tech-
nique reveals slight differences in the striking pow-
er parameters of these correlations, ranging from
0.891 to 0.992. The same explanation applies to the
correlation between impact power and kinetic en-
ergy. By increasing the impact power of a low kick,
its kinetic energy will also increase.

Human Force (F) Kinetic Energy (J) Impact Power (W)
Human Force (F) P;%?,ﬁﬁ: r :
o Pearson’s r .927 -
Kinetic Energy (J) p-value <.001 —
Pearson’s r 992 .891 —
Impact Power (W) p-value <.001 <.001 —

The study’s comparison of the low kick technique
across combat sports reveals statistically significant
differences in the applied human force and impact
power among athletes from the four disciplines.

Table 3. One-way ANOVA of low kick

The calculated effect size (¢?) indicates a significant
effect for both human force and impact power in
the low-kick technique (Table 3).

Kruskal-Wallis

Human Force (Franklin)
Kinetic Energy (Joules)
Impact Power (Watts)

X df P S
20.495 3 <.001 0.599
7.479 3 .058 0.056
23.855 3 <.001 0.630
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No statistically significant differences in kinetic
energy were found among the competitors. The
estimated effect size (¢? = 0.056) indicates a small
effect. To compare individual sports, a DSCF test
was applied, which highlighted differences be-
tween the groups. The human force, kinetic ener-
gy, and impact power achieved by kickboxing and
kudo competitors differ statistically significantly
(W =4.87, p <.003). Interestingly, in the low kick
technique, the human force, kinetic energy, and
impact power indicators of kickboxing and kyo-
kushin karate competitors are equal, which is also
confirmed by W = 3.05, p = .14. The comparison
of the low kick technique shows differences in the
human force and impact power of execution be-
tween elite competitors in kickboxing and Muay
Thai (W =4.58, p =.004). The measured kinetic
energy levels do not show differences between the
two combat sports. The execution technique of the
low kick for Kyokushin Karate and Muay Thai does
not differ in the measured kinetic energy level be-
tween these two combat sports. For the other two
indicators, human force and impact power, statisti-
cally significant differences were found (W > 4.78,

Kyokushin karate [

p <.005). When comparing the low kick executed
by kyokushin karate and kudo athletes, statistically
significant differences were observed in the human
force and impact power of the strike. Kinetic ener-
gy values were closer (W =3.96, p = .05), yet dif-
ferences among athletes remained. No statistically
significant differences were observed between the
measured human force, kinetic energy, and impact
power indicators of the low kick technique in elite
kudo and muay thai competitors. This could result
from similar execution techniques and training
programs.

Kickboxing athletes showed the highest average
values, followed by Muay Thai competitors. Kudo
athletes had the lowest average values once again.
The lower human force and impact power values in
karate might be due to the absence of boxing gloves
during the study, unlike in other combat sports.
Figures 3 and 4 highlight the higher values for the
hook punch in kickboxing compared to other com-
bat sports. The difference in the average kinetic en-
ergy values between kickboxing and kudo athletes
is 100 J.

Kickbox [

Kudo [

= [mpact Power (W)

® Human Force (F)

Muay thai [
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Figure 3. Human force and impact power values for a hook punch
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Figure 4. Kinetic energy values for a hook punch

The hook punch technique performed by the ath-
letes shows higher empirical values of y* (> 7,81;
p < .05), suggesting that there are statistically sig-
nificant differences in the human force, kinetic en-
ergy, and impact power with which athletes from
the various combat sports execute this technique.

The DSCEF test, applied to compare the groups in
view, demonstrated statistically significant differ-
ences across all three indicators for kickboxing and
kudo (W > 4.50, p < .05). On the other hand, the

E Kinetic Energy (J)

200 250 300

hook punch technique showed differences in the
execution of human force between kickboxing and
kyokushin karate. These differences were found in
the human force, kinetic energy, and impact power
of execution (W > 4.50, p < .05). The hook punch
technique also varied in human force, kinetic en-
ergy, and impact power values among elite com-
petitors of kickboxing and Muay Thai. Kyokushin
karate and Muay Thai athletes differed statistically
significantly in their execution of the hook punch.
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The observed differences were across all three indi-
cators, confirmed by W > 4.50, p < .05.

We find that for the hook punch technique, no
statistically significant differences are observed
between elite kyokushin karate and kudo ath-
letes across all three indicators studied (W < 4.50,
p > .05). This could be due to a similar execution
method for the technique, as well as similar plan-

Table 4. One-way ANOVA of the Hook Punch

ning and management of the training process.

The hook punch technique shows statistically sig-
nificant differences in human force, kinetic energy,
and impact power among elite kudo and muay thai
athletes (W > 4.50, p < .05). The calculated effect
size indicates very large values for all three exam-
ined indicators (&? > .14) (Table 4).

Kruskal-Wallis

Y’ df p &
Human Force (Franklin) 16.373 3 <.001 0.565
Kinetic Energy (Joules) 15.018 3 .002 0.518
Impact Power (Watts) 15.985 3 .001 0.551

DISCUSSION

The data presented in the study compares data on
low kicks and hook punches in different combat
sports, obtained using specialized equipment. Un-
fortunately, similar studies with which we can com-
pare our results are still lacking.

In a Daily Mail article, the strongest hand punch
recorded with the Powerkube platform was by Ed-
die Hall with a score of 208.901 Franklin (Lynch,
2024). The strongest kick registered on the same
platform is by Joe Rogan with a score of over
150,000 Franklin (Riddle, M. 2025).

According to the data in some studies obtained us-
ing different research equipment, the average val-
ues for low kicks have significantly greater kinetic
efficiency than those studied in other martial arts
styles. In addition, the measured average values for
low kicks in xyokushin karate significantly exceed
the upper limit of the values obtained in similar
studies (Akbas et al., 2021; Corcoran et al., 2024).
The hook punch has significantly greater kinetic ef-
ficiency than the same one studied in other martial
arts styles. The obtained data can be compared with
those obtained in elite boxers, especially when the
different measurement methodologies and perfor-
mance conditions are taken into account. For ex-
ample, the kinetic energy data for kickboxing are
also higher than the similar data obtained in other
studies (Akbas et al., 2021; Corcoran et al., 2024).
The differences between the values obtained and
those in the literature can be explained by the tech-
nique used, the biomechanical efficiency of the ath-
letes, and the specific characteristics of the respec-
tive sport (Miu et al., 2019).

Age and sports experience correlate with the maxi-
mum striking power, but there is a critical point af-
ter which they lead to a diminishing effect on max-

imum striking power. The critical age is 31 years,
and the critical point for experience is 11 years. Af-
ter these critical points, athletes are advised to seek
ways to compensate for these diminishing factors
through nutrition or additional training (Brito et
al.,, 2011; Eraslan, 2016).

In summary, the results obtained not only confirm
the data from global literature but also indicate
that with proper technique and intensive training,
athletes can surpass the established values in other
combat sports.

CONCLUSION

The analysis of measured values for the low kick
technique shows that kyokushin karate competi-
tors achieve the highest average values for both ki-
netic energy and impact power compared to com-
petitors in other combat sports. The comparison of
hook punches demonstrates that kickboxing com-
petitors outperform the others across all measured
indicators—human force, kinetic energy, and im-
pact power —reflecting the effectiveness of boxing
techniques in this sport. The results obtained from
the analysis of variance for the low kick technique
confirm the presence of statistically significant dif-
ferences between combat sports in terms of human
force and impact power, but not in kinetic energy.
The correlation analysis performed establishes a
very high dependence between human force, im-
pact power, and kinetic energy in both low kick
and hook punch, which emphasizes their mutu-
al dependence. The results obtained confirm that
strike execution varies significantly across combat
sports, depending on the technique, training regi-
men, and possibly the equipment (e.g., gloves).
Regular measurement and comparison of com-
petitors’ progress across different training stages
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and cycles will help objectively manage the train-
ing process. The results of this study can serve as
a guide and source of information for the develop-
ment of competitors in various combat sports, with
the aim of improving the power of their strikes.
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