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Abstract:

Problem Statement: Karate is a complex discipline in which multiple practice and training coexist. Traditional
Karate is characterized by a methodological approach based on the integrated practice of Kihon, Kata and
Kumite, whereas modern Sport Karate emphasizes training oriented toward competitive performance. To date,
there is a lack of experimental comparisons capable of clarifying whether, and to what extent, these differing
training approaches influence ground reaction force production and force impulse during the execution of the Oi-
tsuki punch. Therefore, the actual biomechanical effectiveness of the two practice models remains unclear.
Purpose: The aim of the present study was to analyse and compare ground reaction force and force impulse
generated during the execution of the Oi-tsuki punch in Traditional Karate practitioners and Sport Karate
athletes, in order to verify whether different training models influence the ability to effectively exploit ground
propulsion and force transmission along the kinetic chain. Approach: The study involved a sample of 30
Traditional Karate practitioners trained according to the three Ks method (Kihon, Kata and Kumite) and 30
competitive Sport Karate athletes engaged in a specialised competition-oriented training programme. Ground
reaction force was recorded using a force platform during the execution of the Oi-tsuki punch from a
standardised Zenkutsudachi stance. Data was analysed using descriptive and inferential statistics. Results:
Statistical analysis revealed significant differences between the two groups in ground reaction force production
during the execution of the Oi-tsuki punch. Traditional Karate practitioners showed a higher peak vertical
ground reaction force than Sport Karate athletes (1985 £ 265 N vs 1710 + 240 N; p = .003; d = 1.08). Similarly,
force impulse was greater in the Traditional Karate group compared with the Sport Karate group (315 + 42 N-s
vs 268 £ 38 N's; p = .001; d = 1.17). Conclusion: The results of the present study indicate that the adopted
training model has a substantial impact on the ability to generate and transfer force through interaction with the
ground during the execution of the Oi-tsuki punch. The higher ground reaction force and impulse values
observed in Traditional Karate practitioners suggest a more efficient use of the kinetic chain.
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Introduction

Karate represents a complex and articulated discipline that, throughout its historical development, has
assumed different meanings and purposes, while maintaining a common martial foundation linked to the
effectiveness of technical execution and body control in space (Giardullo et al, 2024). Alongside its diffusion as
a regulated sport, Karate has preserved, particularly within traditional schools, a methodological framework
oriented toward the holistic development of the individual, in which technical training is not exclusively aimed at
competitive outcomes but also at the construction of stable and transferable motor patterns (Esposito et al,
2025a). Within this framework, training progressively shapes movement organization, postural control, and
neuromuscular regulation, promoting functional adaptations that directly influence the biomechanical
effectiveness of technical gestures (Ceruso et al, 2019a). This perspective reflects a conception of Karate as a
complex motor-educational system, in which technical learning is closely connected to the development of
coordinative abilities and bodily awareness. In the contemporary landscape, two main practice models can be
identified (Ceruso et al, 2019b). On one hand, Traditional Karate integrates Kihon, Kata, and Kumite within a
progressive training pathway aimed at developing stable, efficient, and biomechanically effective techniques,
with particular emphasis on intersegmental coordination, center of mass control, and harmonious use of kinetic
chains (Gawet et al, 2024). On the other hand, competitive Sport Karate adopts an approach strongly influenced
by competition rules, prioritizing execution speed, motor anticipation, and situational adaptability (Gawet et al,
2025). In this context, training is often oriented toward performance optimization within limited time frames,
with a selective focus on techniques most functional to competitive dynamics. Although both models share a
common technical foundation, the divergence in training objectives may lead to different motor and
biomechanical adaptations, particularly in the production, management, and transmission of forces during
movement (Esposito et al, 2024). From a movement science perspective, these differences reflect neuromuscular
adaptation processes induced by prolonged exposure to specific training modalities (Raiola et al, 2025). Training
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models characterized by controlled repetition, execution accuracy, and integration of complex motor tasks, as
typically observed in Traditional Karate, promote the stabilization of coordinative patterns and a more efficient
management of joint degrees of freedom (Raiola et al, 2022). This type of practice tends to enhance the ability to
progressively and continuously modulate force, a crucial aspect in movements requiring high intersegmental
synchronization. Conversely, highly competition-specific training may generate adaptations focused on speed
and reactivity, but potentially less transferable to actions requiring fine integration between postural stability,
propulsion, and movement control (Altavilla et al, 2022a). From an applied standpoint, this implies that athletes
may achieve effective performance through different motor strategies, prioritizing either movement velocity or
the quality of force transfer along the kinetic chain. The biomechanical effectiveness of a striking technique does
not depend solely on the action of distal segments but emerges from a coordinated process involving the entire
body, beginning with interaction with the ground (D’Isanto et al, 2022). The capacity to generate force through
the lower limbs and efficiently transfer it to the trunk and upper limb represents a central component of technical
performance (Esposito et al, 2024). This principle is well documented in disciplines involving complex
explosive actions, such as athletics, weightlifting, and combat sports, where the quality of force transmission
along the kinetic chain is a determining factor for movement effectiveness. In Karate, this mechanism is
particularly relevant, as technical precision, postural stability, and body alignment are essential elements for
correct technique execution (D’Isanto et al, 2021). Within this context, Ground Reaction Force (GRF) constitutes
a biomechanical indicator of primary importance for analyzing lower-limb propulsion and the efficiency of force
transfer during movement (Altavilla et al, 2022b). GRF allows for the quantification not only of the magnitude
of force applied to the ground but also of the temporal characteristics of its application. In addition to peak force,
which describes the maximum instantaneous expression of force, force impulse integrates intensity and duration
of propulsion, providing a more comprehensive measure of mechanical energy production and transfer in
complex explosive movements. Numerous studies have shown that GRF is sensitive to training modalities,
experience level, and adopted coordinative strategies, significantly influencing performance and movement
economy (Shih et al, 2024; Borzucka et al, 2024; Di Domenico et al, 2024). In Karate, however, the systematic
application of biomechanical tools remains limited, particularly with regard to techniques that are not among
those most frequently employed in competitive contexts (Giardullo et al, 2025). Specifically, the Oi-tsuki punch,
which represents one of the fundamental techniques in Traditional Karate and constitutes a central element in
basic technical training, has rarely been investigated through instrumental measurements, despite its high
didactic and biomechanical value (Marques Junior, 2022; Raiola et al, 2015). Oi-tsuki requires effective forward
displacement of the center of mass, appropriate muscular pre-activation, and precise synchronization between
lower-limb propulsion and upper-limb action to maximize force transfer (Csakvari et al, 2025). In modern sport
contexts, this technique is often considered less functional due to longer execution times and greater exposure to
counterattack (Aliberti et al, 2025). Nevertheless, an exclusively competitive evaluation risks underestimating its
role as a complex technical gesture capable of clearly highlighting kinetic chain efficiency and intersegmental
coordination quality (Esposito et al, 2025b). In traditional practice, systematic Oi-tsuki training does not solely
aim at immediate performance but contributes to the development of motor competencies with clear martial
significance and broader applicability (Raiola, 2025). Although the integration of the three K (Kihon, Kata, and
Kumite) is widely believed to promote greater biomechanical effectiveness of techniques, experimental evidence
quantitatively supporting this assumption remains scarce (Gora et al, 2023). In particular, the literature lacks
direct comparisons between Traditional Karate and Sport Karate regarding the influence of training models on
Ground Reaction Force production and force impulse during Oi-tsuki execution (Yuan et al, 2025). This gap
limits the understanding of actual biomechanical differences between the two approaches and hinders objective
evaluation of training model effectiveness in terms of force transfer quality (D’Elia et al, 2020). In light of these
considerations, an experimental comparison is therefore necessary to determine whether different training
models influence the ability to generate and transfer force through ground interaction during the execution of the
Oi-tsuki, within a context characterized by the coexistence of training approaches with distinct technical and
performance-oriented objectives. The aim of the present study is to analyse and compare the ground reaction
force and force impulse generated during the execution of the Oi-tsuki punch in Traditional Karate practitioners
and competitive Sport Karate athletes, in order to verify the influence of the training model on the ability to
effectively exploit ground propulsion and the transmission of forces along the kinetic chain.

Materials and Methods
Study participants

Sixty Karate practitioners took part in the study and were divided into two distinct groups based on the
training model followed. The first group consisted of 30 Traditional Karate practitioners, whose training
pathway was structured according to the three K method (Kihon, Kata and Kumite). The second group included
30 competitive Sport Karate athletes engaged in a specialised training programme predominantly oriented
towards competition. All participants were male, aged between 18 and 45 years, and had a minimum of five
years of continuous Karate practice. This criterion was adopted to ensure an adequate level of technical
competence and familiarity with the execution of the Oi-tsuki punch, thereby reducing the influence of factors
related to the learning phase of the movement. The two groups were comparable in terms of age, body mass,
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stature and overall training experience. Participants reporting musculoskeletal injuries to the lower limbs, trunk
or upper limbs in the six months preceding data collection were excluded from the study, as were individuals
with neurological disorders or conditions that could interfere with the execution of the technical gesture. All
participants took part in the study on a voluntary basis and were informed about the aims and experimental
procedures prior to the beginning of the measurements.
Study design

The study analysed biomechanical differences in ground reaction force production during the execution
of the Oi-tsuki punch between Traditional Karate practitioners and Sport Karate athletes. The comparison
between the two groups was designed to evaluate the influence of different training models on force expression
and on the efficiency of force transmission along the kinetic chain. All participants underwent the same
experimental procedure, performing the technical gesture under standardized conditions, without any
intervention or modification of their habitual motor patterns. The study design did not include experimental
manipulations or familiarization periods, as the participants possessed consolidated experience in Karate practice
and were fully competent in the execution of the analysed technique. The between-group comparison was
structured to examine differences potentially associated with the training model as the primary discriminating
factor, while minimizing the influence of confounding variables such as overall training experience,
anthropometric characteristics, and execution conditions. This approach made it possible to analyse differences
in ground reaction force and force impulse as biomechanical characteristics potentially related to practice
specificity, rather than to contingent or situational factors.
Training protocol

The two groups differed substantially in terms of the organization and objectives of their training.
Traditional Karate practitioners followed a program based on the systematic integration of Kihon, Kata and
Kumite, with a balanced distribution of training load between the study of fundamental techniques, the
consolidation of motor patterns through forms, and their application in sparring. This approach was oriented
towards the progressive development of body segment coordination, postural control, and the ability to generate
and transfer force efficiently, regardless of the competitive context. Competitive Sport Karate athletes, by
contrast, were engaged in a predominantly specialized training program aimed at competition preparation.
Within this model, technical work is strongly influenced by competition rules and prioritizes high execution
speed, short- and medium-range actions, and rapid situational adaptations. Training is therefore more focused on
optimizing performance in specific contexts, with reduced emphasis on long-range techniques and on aspects
related to stability and global force transmission. Table I presents a comparison between the different training
models.

Table I. Comparison between training models in Traditional Karate and Sport Karate.

Characteristic

Primary objective

Training structure

Role of competition
Preferred types of techniques

Emphasis on posture and stability
Coordination of body segments
Use of kinetic chains

Centre of mass management
Martial applicability

Role of Oi-tsuki

Traditional Karate

Holistic development of technical
execution and the individual

Integration of Kihon, Kata and
Kumite

Part of the developmental pathway,
not the primary objective

Long-, medium- and short-range
techniques

High

Central to technical development
Oriented towards global force
transmission

Large displacements with
progressive control
High, including
contexts
Fundamental
didactic model

non-sporting

technique and

Sport Karate

Optimization of  competitive

performance

Specialized  competition-oriented
training

Primary objective of training

Short- and
techniques
Moderate
Functional to the situational context

medium-range

Oriented towards movement speed
Rapid and reduced displacements
Limited to the regulated context

Techniques are rarely used in
combat

Testing procedure

Data collection was carried out in a controlled environment, ensuring uniform experimental conditions

for all participants. Prior to the beginning of the measurements, each subject was provided with a detailed
explanation of the procedure and of the required motor task, in order to reduce the influence of variables related
to the understanding of the exercise. All participants performed a standardised warm-up phase lasting
approximately 10 minutes, including general joint mobilisation and muscle activation exercises, while avoiding
specific explosive movements that could influence the subsequent execution of the technique. The motor task
under analysis consisted of the execution of the Oi-tsuki punch from the Zenkutsudachi stance, in accordance
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with the technical modalities commonly recognised in Karate practice. The technique involved a forward step
with the leading lower limb, coordinated with pelvic rotation and the projection of the ipsilateral punch towards
a target positioned in front of the participant. The use of the target was adopted in order to ensure a real impact
condition, allowing participants to express the technique with full motor intention and to manage the reaction
force resulting from the impact. During execution, both feet were positioned on the force platform so as to record
the overall contribution of ground reaction force generated by the lower limbs. This methodological choice was
made considering that, during the execution of Oi-tsuki, both the rear and the front lower limbs actively
contribute to force production and transmission through coordinated pressure against the ground and dynamic
management of the centre of mass. The platform therefore allowed the combined action of both lower limbs to
be recorded throughout the entire advancement and impact phase. Participants were instructed to perform the
technique with maximal intensity compatible with correct technical execution, maintaining trunk alignment, a
forward gaze, and a direction of force consistent with the axis of movement. The distance from the target was
adapted to individual anthropometric characteristics, while keeping body orientation and action direction
constant, in order not to alter the mechanics of the movement. In accordance with the characteristics of their
respective training models, Traditional Karate practitioners executed the technique preceded by voluntary body
pre-tensioning, aimed at stabilising posture and preparing the kinetic chain for subsequent force production. This
modality reflects a consolidated practice in traditional training, in which gesture preparation includes a phase of
postural and muscular organisation prior to explosive action. In contrast, competitive Sport Karate athletes
performed the technique without explicit pre-tensioning, favouring fluid and continuous execution consistent
with an approach oriented towards movement economy and execution speed typical of the competitive context.
These execution modalities were not experimentally imposed but reflected habitual motor strategies consistent
with the respective training models. Each participant performed three valid trials of the required execution,
separated by adequate recovery intervals to avoid the onset of fatigue. Between trials, feedback was limited
exclusively to compliance with the experimental procedure, avoiding technical instructions that could modify the
participant’s habitual motor pattern. Trials were considered valid when characterised by continuous execution,
absence of evident hesitation, and correct synchronisation between lower-limb propulsion, trunk rotation and
punch impact on the target. For the purposes of analysis, the trial presenting the highest values of the parameters
of interest was selected for each participant, as it was considered the most representative of the maximal
expressive capacity of the technical gesture. Data acquisition focused on the force production phase during
advancement and impact, with particular attention to peak ground reaction force and force impulse, which were
considered indicators of the ability to generate and transfer force through interaction with the ground. For each
subject, the parameters of interest were extracted from trials deemed valid and representative of habitual
execution of the technique. The entire procedure was applied identically to both experimental groups, with the
sole exception of the execution modalities spontaneously adopted in relation to the different training models.
This approach allowed any observed differences to be interpreted as expressions of biomechanical adaptations
linked to practice specificity, rather than to variations artificially introduced by the experimental protocol.

All participants provided informed consent prior to inclusion in the study. The study was conducted in
accordance with the Declaration of Helsinki. In accordance with Regulation (EU) 536/2014 and Directive
2001/20/EC, research involving minimal risk to participants may be exempt from formal ethical review, as it
does not entail invasive or experimental interventions. Furthermore, pursuant to Legislative Decree No. 211 of
24 June 2003, research that does not involve significant risks and is aimed exclusively at improving educational
practices may be exempt from review and approval by an Institutional Review Board (IRB) or Ethics
Committee.

Statistical analysis

Data was analysed using JASP (version 0.95.4). For each participant, the parameters of interest (peak
ground reaction force and force impulse) were extracted from the best of the three valid trials, defined as the
attempt presenting the highest values of the analysed parameters. Initially, a descriptive analysis of the variables
was performed, reporting mean and standard deviation for each group; in the presence of non-normal
distributions, median and interquartile range were also reported. Data normality was assessed using the Shapiro—
Wilk test, while homogeneity of variances between groups was examined using Levene’s test. To compare
Traditional Karate practitioners and Sport Karate athletes, differences in the analysed parameters (peak GRF and
impulse) were evaluated using two-tailed independent-samples t-tests when the assumptions of normality and
homogeneity of variances were satisfied. In cases of violation of variance homogeneity, Welch’s correction was
applied. When data distributions were markedly non-normal, the non-parametric Mann—Whitney U test was
employed as an alternative analysis. In addition to p-values, the mean difference between groups with 95%
confidence intervals and effect size measures were reported (Cohen’s d for the t-test; r for the non-parametric
comparison), in order to describe the practical relevance of the observed differences. The level of statistical
significance was set at o = .05.

Results
For both analysed variables, the data did not show relevant deviations from normality (Shapiro—Wilk, p
>.05), and no significant differences emerged in the homogeneity of variances between groups (Levene’s test, p
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> .05). Accordingly, between-group comparisons were conducted using two-tailed independent-samples t-tests.
The Traditional Karate group showed a higher peak ground reaction force compared with the Sport Karate group
(1985 £ 265 N vs 1710 + 240 N). The between-group comparison revealed a statistically significant difference:
t(58) =4.21, p <.001, with a mean difference of 275 N (95% CI: 144 to 406) and a large effect size (Cohen’s d =
1.09). Similarly, for force impulse, the Traditional Karate group reported higher values than the Sport Karate
group (315 + 42 N-s vs 268 + 38 N-s). The comparison confirmed a statistically significant difference: t(58) =
4.55, p < .001, with a mean difference of 47 N-s (95% CI: 26 to 68) and a large effect size (Cohen’s d = 1.17).
Table II presents the comparison of results between the two analysed groups.

Table II. Comparison between Karate Traditional and Sportive groups

Variable Group Mean SD t (df) p-value Cohen's d
GREF peak (N) Karate Traditional 1985 265 4.21 (58) <.001 1.09

GRF peak (N) Karate Sportive 1710 240

Impulse (N*s) Karate Traditional 315 42 4.55 (58) <.001 1.17
Impulse (N-s) Karate Sportive 268 38

The statistical values (t, p and Cohen’s d) refer to the comparison between the two groups (Traditional
Karate vs Sport Karate) for each analysed variable and are therefore reported only once for each comparison.
Mean values and standard deviations, by contrast, are presented separately for each group. Descriptive results for
peak ground reaction force and force impulse in the two groups are graphically illustrated in Figures I and II.

Figure 1. Mean values (+ standard deviation) of peak ground reaction force in the two groups.
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Figure II. Mean values (+ standard deviation) of force impulse in the two groups.
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Discussion

The study analysed differences in ground reaction force production during the execution of the Oi-tsuki
punch between Traditional Karate practitioners and competitive Sport Karate athletes, with the aim of
understanding the extent to which different training models may influence the effectiveness of the technical
gesture (Cusano et al, 2025). The results obtained support the initial hypothesis, showing higher values of both
peak ground reaction force and force impulse in Traditional Karate practitioners compared with Sport Karate
athletes (Esposito et al, 2025¢). From a biomechanical perspective, these differences suggest a greater ability in
the Traditional Karate group to generate force through interaction with the ground and to transfer it effectively
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along the kinetic chain to the upper limb (Sannicandro et al, 2024). This finding appears consistent with the
characteristics of the traditional training model, which places marked emphasis on postural stability, centre-of-
mass management and coordination of body segments, fundamental aspects for the organisation of a long-range
striking technique such as Oi-tsuki (Hornikova et al, 2025). The greater magnitude of force impulse observed in
Traditional Karate practitioners indicates not only higher force production, but also an enhanced ability to apply
it over a temporal interval more favourable to the transmission of mechanical energy (Altavilla et al, 2019). In
this sense, impulse represents a particularly relevant indicator of technical effectiveness, as it integrates both the
intensity and the duration of the propulsive action against the ground (Altavilla et al, 2023). Systematic training
of fundamental techniques, typical of the three Ks method, may promote more efficient muscular organisation
during loading and unloading phases, allowing improved synchronisation between the lower limbs, trunk and
striking limb (Esposito et al, 2025d). A further interpretative element concerns the different execution strategies
observed between the two groups. Traditional Karate practitioners performed the technique preceded by a body
pre-tensioning phase, consistent with postural and neuromuscular preparation of the gesture (Esposito et al,
2019). This strategy is well documented in the literature as enhancing force-generating capacity through the use
of the stretch—shortening cycle and improving system stability during explosive actions (McGarrigal et al, 2025).
By contrast, Sport Karate athletes exhibited a more continuous execution oriented towards movement economy,
reflecting a functional adaptation to the demands of the competitive context, in which speed and reduction of
execution time are prioritised over maximisation of transferred force (Van Hooren et al, 2024). Although the
scientific literature on Karate remains limited, particularly with regard to comparative analyses between different
practice models, the results of the present study are consistent with evidence from other combat sports and
striking disciplines (Stewart et al, 2025). Studies conducted in boxing, mixed martial arts and other striking
sports have shown that strike effectiveness is strongly dependent on the ability to utilise lower-limb propulsion
and intersegmental coordination, rather than solely on upper-limb speed (Kacprzak et al, 2025). In particular,
investigations analysing ground reaction force during punches or kicks have demonstrated that different motor
strategies and training modalities can substantially influence both the magnitude and temporal distribution of the
forces produced (Zhou et al, 2025). Within the specific context of Karate, the present study contributes to filling
an important gap by providing quantitative evidence in support of observations long present in traditional
practice and pedagogy. Oi-tsuki, often considered marginal in modern Sport Karate, emerges as a highly
informative gesture from a biomechanical perspective, capable of highlighting substantial differences in
movement organisation and in the use of kinetic chains. The evidence observed indicates that training oriented
towards the construction of the technical gesture in its entirety, rather than towards situational effectiveness
alone, may foster a greater ability to generate and transfer force. Taken together, these findings indicate that the
training model represents a key factor in the development of specific biomechanical strategies, significantly
influencing force expression during the execution of a fundamental Karate technique. This evidence opens
interesting perspectives for reinterpreting the relationship between Traditional Karate and Sport Karate not in
terms of opposition, but as different functional adaptations to distinct objectives and practice contexts.
Practical applications

The findings of the present study may be used as a reference for broader reflection on the design of
training programmes in Karate (Raiola et al, 2021). In particular, the analysis of ground reaction force during the
execution of Oi-tsuki highlights how certain practice modalities promote a greater ability to organise the
technical gesture starting from contact with the ground, offering useful indications for the selection and
structuring of training exercises. From an applied perspective, the inclusion of long-range techniques such as Oi-
tsuki within training may represent an effective tool for assessing and stimulating the quality of force
transmission along the kinetic chain. The systematic implementation of exercises requiring conscious control of
body alignment and weight management may contribute to improving overall movement efficiency, regardless
of the practice context. For instructors and strength and conditioning coaches, these results emphasise the
opportunity to integrate training phases oriented towards the construction of the technical gesture in its entirety,
alongside more specific and situational training components. An approach that alternates structured drills with
less constrained motor tasks may promote the development of more versatile adaptations, beneficial both in
sporting practice and in contexts requiring a high degree of body and force control. Finally, the evidence
emerging from this study may support the use of objective biomechanical parameters, such as ground reaction
force, as tools for monitoring training effectiveness. Observing changes in these parameters over time could
provide valuable indications for adjusting training loads and for evaluating the impact of different training
strategies on technical execution.
Limitations

The present study has some limitations that should be considered when interpreting the results, without
however compromising the overall validity of the evidence obtained. First, the cross-sectional experimental
design allows the description of differences associated with different training models but does not permit the
establishment of direct causal relationships. Longitudinal studies could provide a more in-depth understanding of
the evolution of adaptations over time in response to specific training programmes. A further aspect concerns the
choice to analyse exclusively the Oi-tsuki punch. Although this technique represents a fundamental and highly
informative gesture, the findings cannot be automatically extended to other striking techniques or to more
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complex combat situations. Nevertheless, the standardisation of the analysed gesture allowed more precise
isolation of differences in the production and management of ground reaction force. The selection of the best of
the three valid trials for each participant, adopted to represent the maximal expressive capacity of the gesture,
may have emphasised differences between groups. This choice is nonetheless consistent with the aim of the
study, which was oriented towards evaluating technical effectiveness under conditions of maximal motor
intention, and is in line with procedures commonly adopted in studies on explosive movements. Furthermore, the
analysis focused primarily on ground reaction force parameters, without including kinematic or muscle
activation measures. The integration of kinetic, kinematic and electromyographic data could provide a more
comprehensive description of the motor strategies adopted by practitioners, further clarifying the mechanisms
underlying the observed differences. Finally, although numerically adequate for between-group comparison, the
analysed sample was drawn from specific practice contexts. Consequently, the results should be interpreted as
representative of the training models considered, rather than as generalisable to all forms of Karate or to all
levels of experience.

Conclusions

The study highlighted relevant quantitative differences in ground reaction force production during the
execution of the Oi-tsuki punch between Traditional Karate practitioners and competitive Sport Karate athletes.
In particular, the Traditional Karate group showed higher mean values for both peak ground reaction force
(approximately 1985 + 265 N) and force impulse (315 + 42 N-s) compared with the Sport Karate group (1710 +
240 N and 268 + 38 N-s, respectively), with statistically supported differences associated with large effect sizes.
The magnitude of the observed differences, approximately +275 N for peak force and +47 N-s for force impulse,
suggests that the traditional training model is associated with a greater capacity to generate and transfer force
through interaction with the ground. These findings indicate that the biomechanical effectiveness of the gesture
does not depend exclusively on execution speed, but also on the quality of movement organisation and on the
management of loading and unloading phases along the kinetic chain. Overall, the data show how the different
training objectives of Traditional Karate and Sport Karate are reflected in distinct biomechanical strategies
during the execution of a fundamental technical gesture. Without establishing an absolute superiority of one
approach over the other, the evidence indicates that training based on the systematic integration of the three Ks
allows greater expression of force and impulse during Oi-tsuki, confirming the value of this model in the
construction of an effective and well-structured technical gesture. In conclusion, this work contributes to the
Karate literature by providing quantitative data that objectively support differences previously described mainly
in theoretical and practical contexts, and by laying the groundwork for further investigation into the relationship
between training methodology and the biomechanical expression of technical execution.
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