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Abstract. The aim of the study was to develop scientific and methodological approaches to optimising training load, taking
into account the psychophysiological state of athletes using the example of boxing and kickboxing. The methodology was
based on analysis, which allowed to identify psychophysiological indicators, synthesis, which was used to build a closed-
loop model of “state — load - response”, comparison, which provided a comparison of styles and protocols, generalisation,
which determined the principles of individualisation, induction, which revealed typical threshold solutions, and deduction,
which checked their logical consistency in training scenarios. On this basis, practical recommendations were formed on
the zonal logic of load correction and a roadmap for implementation in the training of boxers and kickboxers. The results
of the study found that heart rate variability below the individual 20" percentile was regarded as a signal to reduce training
intensity and extend rest intervals. The analysis showed that the optimal monitoring organisation included daily morning
recordings lasting about 5 minutes; cognitive tests of simple and selective response (2-5 min) were performed 2-3 times
a week; neuromuscular tests were performed 2 times a week on the days of key stimuli. In the pre-competitive period,
discrete control of readiness at time points -72, -48, -24, -12 and -2 hours before the start was effective. Additionally, it
was found that inter-round intervals (60 seconds) were appropriate for “quick recording” of heart rate (30/60 seconds) and
ultra-short cognitive tests lasting 10-15 seconds with 6-8 stimuli. The combination of these procedures provided multi-
level control of the athletes’ condition and made it possible to adjust the load parameters in a timely manner. The results
obtained have summarised and structured a system for monitoring and correcting training load in boxing and kickboxing,
which included quantitative thresholds, measurement protocols and action algorithms. The proposed system can be used
by coaches, sports scientists and training specialists to optimise loads, prevent overfatigue and increase the efficiency of
the training process

Keywords: heart rate variability; latency; adaptation; neuromuscular readiness; recovery; zonal interpretation; cognitive-
sensory motor tests

Introduction

Optimising training loads in boxing and kickboxing is a
controlled process of matching external training doses to
the athlete’s internal psychophysiological state. This state
is defined as a multidimensional indicator that integrates
autonomous heart regulation, cognitive-sensory-motor
functions, neuromuscular readiness, and emotional-stress
reactivity, directly affecting speed-strength performance,
the quality of tactical decisions, and fatigue resistance.
Translating the dynamics of this state into load parameters
(volume, intensity, density, alternation of means) at the mi-
cro-, meso- and macrocycle levels ensures phase synchro-
nisation of adaptations and controlled fatigue/recovery

changes. In practical terms, the key scientific and applied
problem is the construction of a validated “state — load —
response” circuit that formalises the rules for making de-
cisions about load, incorporating individual variability,
weight reduction modes, sparring exposure volume, sleep
and transit factors, integrating objective and subjective data
into a single training management system.

The psychophysiological state of athletes determines
the effectiveness of martial arts, as it modulates reaction
speed, decision-making stability, and the nature of the
training response. Comparative age profiles of the psycho-
physiological characteristics of tackwondo athletes were

Suggested Citation: Aksiutin, V. (2025). Scientific and methodological approaches to optimisation of training load based on the
psychophysiological state of athletes (on the example of boxing and kickboxing). Theory and Practice of Physical Culture and Sports,

4(1), 41-52. doi: 10.69587/tppcs/1.2025.41.

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0003-2232-2759

Scientific and methodological approaches..

described by L. Podrigalo et al. (2023), and the results
showed differentiation in sensorimotor and vegetative indi-
cators between age cohorts. The novelty was age stratifica-
tion with applied interpretation for load dosage. Changes in
the psychophysiological states of elite athletes after critical
life events were recorded by I. Korobeinikova et al. (2024).
These observations outlined predictive links between event
stress and regulatory responses. A strong aspect was the
event operationalisation and practical focus of stress man-
agement, but the lack of combat specialisation and formal
decision triggers narrowed the applied validity. R. Pavel-
ka et al. (2020) demonstrated a deterioration in latency and
consistency of response under the influence of acute fatigue
in mixed martial arts, which elevated cognitive metrics to
the status of sensitive markers of stress. Causal sensitivity
emphasised the advisability of including cognitive monitor-
ing in intensity dosing, while species differences required
cautious interpretation for boxing and kickboxing. The role
of heart rate variability (HRV) in sports regulation mecha-
nisms was summarised by E. Mosley & S. Laborde (2024),
highlighting the potential of autonomic indicators for as-
sessing readiness. At the same time, the heterogeneity of
protocols and the lack of unified interpretation thresholds
complicated the direct conversion of HRV signals into load
assignment algorithms.

Monitoring and management of training load ensures
the conversion of multi-channel data into manageable
coaching decisions. The quantification of load distribu-
tion in Mixed Martial Arts was performed by C. Kirk et
al. (2021), revealing a lack of clear periodisation and uneven
management of volume and intensity between microcycles.
The study performed a synchronous analysis of external
load, internal responses, and training structure, which ob-
jectified planning practices. In international boxers, load
dynamics correlated with creatine kinase and well-be-
ing indicators, as recorded by D. McCabe et al. (2023) in
a twelve-week multi-stage training cycle. The integration
of biochemical and questionnaire indicators into a single
monitoring scheme provided an applied model for the op-
erational correction of microcycles. The concept of using
load indicators as a decision support system for elite sports
was formulated by S. West et al. (2021), proposing to syn-
thesise external stimuli, internal responses and contextual
moderators. The emphasis on avoiding “metric myopia”
and multi-channel integration created a methodological
basis for evidence-based load management.

The style of fighting determines the starting conditions
for individualising training loads in boxing and kickbox-
ing. Cluster analysis of biomechanical and psychophysio-
logical indicators in skilled veteran boxers, performed by
V. Kozin et al. (2022), demonstrated reproducible style
profiles with clear differences in sensorimotor and regula-
tory parameters. These profiles set differentiated planning
goals and coordinated the volume, intensity, and technical
and tactical emphases with individual performance deter-
minants. According to Y. Myroshnychenko et al. (2020),
skilled kickboxers developed model characteristics of psy-
chophysiological indicators consistent with the specifics of
striking techniques. A set of key indicators created a bench-
mark for testing and served as a basis for style-dependent
load assignment in preparatory and pre-competitive mi-
crocycles. During official competitions and in simulated

conditions, as shown by L. Rydzik et al. (2024), neuroendo-
crine markers were consistent with the nature of physical
activity and situational requirements. The comparison of
hormonal and neurophysiological responses with training
activities confirmed the practical validity of style-specific
monitoring for operational load correction.

Despite numerous studies, verified thresholds and al-
gorithms for translating psychophysiological indicators
into decisions regarding the volume and intensity of train-
ing loads in boxing and kickboxing remained undefined,
protocols and measurement time windows were heteroge-
neous, and the integration of objective and survey data re-
mained fragmentary. The study aimed to scientifically and
methodologically justify the integration of psychophysio-
logical indicators into the decision-making system for op-
timising training load parameters in boxing and kickbox-
ing. The main objectives of the study were: to systematise
and operationalise psychophysiological indicators for load
management; to develop principles for their translation
into parameters (volume, intensity, density, alternation of
means) and feedback criteria; to determine monitoring
protocols and measurement time windows in preparatory
and pre-competitive microcycles of boxing and kickboxing.

Materials and Methods

The study was theoretical and methodological in nature,
using a comparative and analytical strategy based on box-
ing and kickboxing. The chronological scope of the source
base covered 2019-2025. The source base included meth-
odological developments in boxing, in particular studies by
L. Pérez (2019), E. Franchini (2020), J. Hernandez-Martin-
ez et al. (2024), as well as in kickboxing by T. Ambrozy et
al. (2021), M. Babi¢ et al. (2023). In addition, empirical ex-
amples from striking and mixed martial arts presented by
M. Slimani et al. (2022), O. Kaya & G. Giil (2025), C. Wu et
al. (2025), and general sports guidelines for monitoring
and periodisation were provided by A. Coutts et al. (2021)
and L. Montull et al. (2022). Based on these sources, a pre-
liminary list of indicators and load parameters (with typical
protocols and time windows) was identified and used as the
starting point for formalisation of the rules in the “state -
load - response” loop.

The analysis was used to decompose the subject area:
domains of psychophysiological indicators (autonomic
regulation of the heart, cognitive-sensory-motor functions,
neuromuscular readiness, psychoemotional reactivity),
specific variables and measurement protocols (HRYV, laten-
cy/consistency of response, indicators of power and speed
fatigue). Comparisons were used to compare fighting styles
(power, tempo, etc.), training phases (micro-/mesocycle),
observation situations (inter-session, pre-competition, in-
ter-round windows) and load types to identify stable cor-
respondences between “status profile > training priority”
The generalisation was used to formulate the principles
of individualisation and monitoring standards, refine the
definitions of variables and criteria for the transition from
observations to load assignment rules.

Synthesis ensured the integration of domains into a
comprehensive taxonomy of indicators and the construc-
tion of a conceptual-operational model of a closed-loop
“state — load - response” circuit with a correspondence
matrix “indicator > load parameter (volume, intensity,
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density, alternation of means) - control action” Induction
was used to derive typical triggers and threshold decisions
from repetitive patterns (e.g., relative deviations of HRV
from the individual baseline or shifts in reaction latency
as a basis for correcting volume/intensity). Deduction was
used to verify the logical consequences of the formulated
rules in training process scenarios: typical micro- and mes-
ocycles with different density, intensity, weight reduction
and sparring exposure were modelled, and the necessary
corrections (redistribution of intensity, change in density,
insertion of recovery modules) were recorded.

Based on the model, proceduralisation and formali-
sation were conducted in the form of algorithms, thresh-
olds and protocols. As a result, practical recommendations
and a step-by-step implementation plan were formed:
minimum monitoring profile (HRV, cognitive latency/
consistency of response, neuromuscular indicators, self-re-
ported well-being indicators), measurement windows (in-
ter-session, pre-competition, inter-round), zone thresholds
(“green/yellow/red”) and load correction algorithms (vol-
ume, intensity, density, alternation of means, recovery).
The roadmap included the following phases: preparation,
calibration, piloting on microcycles, scaling to mesocycles,
and retrospective audit.

Results
Standardised description of psychophysiological
domains and training load parameters
Standardisation covers four interrelated domains: auto-
nomic regulation (BPR), cognitive-sensory-motor func-
tions, neuromuscular readiness, and psycho-emotional re-
activity. Their coordination with load parameters (volume,
intensity, density, alternation of means) is achieved through
the logic of operational decision-making in training mi-
cro- and mesocycles, as well as in pre-competition and in-
ter-round intervals. In the autonomous domain, the key in-
dicator is HRV with priority on short morning recordings
of INRMSSD under standardised conditions (=5 minutes in
a lying/sitting position, calm breathing) and/or within the
orthostatic test; interpretation is performed relative to an
individual baseline through zonal deviations, which can be
used to assess “stress/recovery” balance and readiness for
a stimulus of a certain intensity (Montull et al., 2022). At
the same time, a summary of the evidence indicates that
the relationships between psychophysiological factors and
HRV are heterogeneous, therefore, it is advisable to use
autonomic markers as part of a multi-domain profile rath-
er than as the sole trigger for exercise decisions (Lapo et
al., 2024). The relevance of including autonomic indica-
tors in the monitoring of load/recovery cycles is support-
ed by neurophysiological measures of central fatigue and
recovery phases, which reinforce the validity of combined
decisions regarding the density and alternation of means
(Reichel et al., 2022).

The cognitive domain is structured by the choice/in-
hibition reaction (CRT/Go-NoGo), simple psychomotor
reaction (PVT) and response stability metrics (coefficient
of variation), which reflect readiness for speed-tactical
actions and stability of perceptual-motor control under
the influence of fatigue (Coutts et al., 2021). For boxing,
the relevance of such monitoring is reinforced by empir-
ical data on the disruption of temporal prediction under

the influence of mental fatigue and the degradation of
sensorimotor synchronisation, which directly reduces the
quality of technical and tactical decisions in a fight (Wu et
al., 2025). Therefore, shifts in latency/reaction variability
are interpreted as a basis for correcting intensity, local den-
sity, and simplifying tactical tasks on days when there are
high demands for rapid decision-making.

The neuromuscular domain is described by the power
capacity and fatigue of speed-strength work based on in-
dicators such as height/power (CM]), rate of force devel-
opment (RFD), sprint/strike metrics and, where available,
biochemical/hormonal markers reflecting the phasing
of recovery after intense cycles (Reichel et al., 2022). For
kickboxing, systematic reviews emphasise the advisability
of using complex biomarkers and functional tests precise-
ly as a reflection of the specifics of striking-series train-
ing, which are useful triggers for the distribution of vol-
ume and intensity in power-oriented mesocycles (Kaya &
Giil, 2025). In practical terms, this means that a decrease
in power/increase in fatigue indicators serves as a signal to
redistribute intensity, increase rest intervals, and adjust the
sequence of exercises in favour of technical-tactical or re-
covery modules. The psycho-emotional domain represents
validated short-format survey instruments (wellness, SRPE,
recovery/mood indices) that demonstrate high sensitivity
to cumulative load and may precede objective deviations,
especially in competitive stress conditions (Coutts et
al., 2021). The study established that changes in emotional
states are consistent with training load and determine be-
havioural decisions, therefore, inclusion of this component
in the control loop increases the predictive potential and
timeliness of corrections (Vacher et al., 2023).

The typical regimen involves daily morning HRV re-
cordings at rest (5 minutes under standardised conditions),
cognitive-sensory motor tests (PVT/CRT, 2-5 min) and
CM]/speed tests, as well as session-by-session collection of
subjective indicators (total sSRPE, short wellness). Pre-com-
petition windows are organised according to a -24/-12/-2-
hour schedule with an emphasis on autonomous regulation
and short cognitive tests; inter-round intervals can be used
for “rapid removal” of heart rate and a simplified cognitive
test to control response stability without interfering with
the combat strategy (Coutts et al., 2021). The presence of
neurophysiological indicators of central fatigue/recovery
further justifies the choice of these windows, which ensures
the coordination of the stimulus and recovery phases.

The broadcast algorithm is based on relative normalisa-
tion (to an individual baseline) and zonal interpretation: the
“green” zone maintains the planned volume/intensity; “yel-
low” initiates local correction (change in intensity, length-
ening of pauses, redistribution of density); “red” causes re-
jection of peak stimuli, emphasis on recovery and tactical
simplicity (Coutts et al., 2021). The procedural reflection
of the relationship between psychophysiological state and
training dosage is based on generalised correspondences
between “domain > variable > protocol/window > con-
trol action” Table 1 presents standardised domains and
their operational indicators with interpretation guidelines,
measurement regulations in inter-session, pre-competition
and inter-round windows, as well as typical decisions on
the volume, intensity, density and alternation of means with
standardisation to the individual base and zone thresholds.
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Table 1. Comparison of psychophysiological domains, variables and control actions

Domain Key changes (area)

Typical protocol and window

Load decisions

Autonomous INRMSSD/HRV (4 = stress)

Morning 5 min, orthostatic; daily

Intensity/density correction depending on the area

Cognitive-sensory-motor | PVT/CRT latency, CV (T =worse)

2-5min, 2-3x/week; -12/-2 hours;
between rounds (simplified)

Simplification of tactics, reduction in the intensity
of speed series

Neuromuscular CMJ, RFD (L =fatigue)

2-3 times per week; on days of key
stimuli

Redistribution of intensity, prolongation of rest,
change of alternation of means

SRPE, wellness (T sRPE at a stable

Psycho-emotional .
volume = accumulation of stress)

Every session/every day

Density restrictions, introduction of renewable
modules

Note: /4 - relative increase/decrease in the indicator; InNRMSSD - natural logarithm of RMSSD (root mean square of successive interval
differences) (for distribution normalisation); CV - coeflicient of variation (response stability); RFD - rate of force development);
wellness — short questionnaire indices of well-being (sleep, stress, muscle pain, etc.)

Source: compiled by the author based on analysis of A. Coutts et al. (2021), T. Reichel et al. (2022), M. Babic¢ et al. (2023), C. Pruneti et
al. (2023), P. Vacher et al. (2023), H. Lapo et al. (2024), C. Wu et al. (2025)

A summary of the data in Table 1 shows that daily
5-minute morning HRV recordings form a “background
limit” of acceptable total stress, while two or three 2-5-min-
ute PVT/CRT and CM]J tests per week serve as operational
triggers for session correction. In the pre-start windows of
-24/-12/-2 hours, readiness for peak stimuli is refined, and
inter-round “quick removals” of heart rate combined with
a short cognitive test provide micro-correction of tactics in
real time. Dosage decisions are based on the convergence
of at least two of the four domains and zonal interpreta-
tion (three zones: “green/yellow/red”): in the “yellow” zone,
the redistribution of intensity and prolongation of pauses
prevail; in the “red” zone, peak stimuli are abandoned and
recovery modules are activated, even at an acceptable HR,
if cognitive latency/variability or CM] power show nega-
tive dynamics. The subjective sRPE, recorded at each ses-
sion, is used as an early indicator of fatigue accumulation
(increase at a constant volume) and initiates a decrease in
density without losing the target direction. This three-level
time-scale organisation (inter-session, pre-competition, in-
ter-round) ensures consistency of decisions over time, while
style-specific weighting (tempo versus strength profile) is
determined by the ratio of changes in cognitive and neu-
romuscular indicators relative to the individual baseline.

The standardisation of domains, variables, protocols,
and time windows created the functional conditions for
further formalisation of the “state — load - response” mod-
el, where the convergence of at least two signals determines
the control actions regarding the volume, intensity, density,
and alternation of means in boxing and kickboxing. The
substantive differentiation of domain roles, style-specific
weighting, and multi-scale organisation of measurements
ensured the practical applicability of the description for the
transition to the “indicator - parameter > action” matrix
and the construction of algorithms for assigning and cor-
rectingloads with controlled fatigue and recovery dynamics.

Monitoring protocols for preparatory and
pre-competition microcycles and inter-round intervals
In preparatory and pre-competition microcycles, the basic
set includes: BHR in the morning at rest as an indicator
of autonomous regulation; short cognitive-sensory motor
tests (PVT/CRT) to control latency and response stabili-
ty; neuromuscular tests of explosiveness and speed fatigue
(CMJ, RFD or shock-speed metrics); subjective question-
naire indicators (sRPE, short well-being scales) to record

cumulative fatigue and emotional reactivity (Coutts et
al., 2021). Morning HRV recordings (=5 min in a stand-
ardised position) are recorded daily to form an individual
baseline; PVT/CRT (2-5 min) and CM]J/speed tests are per-
formed 2-3 times per week on key stimulus days; sRPE and
short well-being indices are collected every session to track
load accumulation (Coutts et al., 2021). In the pre-com-
petition period, discrete readiness monitoring (-72/-48/-
24/-12/-2 hours) is used: autonomous indicators and short
cognitive tests refine tolerance to peak stimuli, while neuro-
muscular tests are used sparingly to avoid induced fatigue
(Franchini, 2020). Inter-round intervals (=60 s) are supple-
mented by “quick removal” of heart rate (HR30/HR60) and
an ultra-short cognitive test (10-15 s, 6-8 stimuli), which
provides micro-correction of the pace, complexity of com-
binations and tactical emphases of the next round (Wu et
al., 2025). For kickboxing (serial striking with frequent
tempo changes), a slightly higher frequency of neuromus-
cular screening in the microcycle is considered appropriate
to control speed fatigue (Babi¢ et al., 2023).

ECG recording is performed using validated optical or
electrocardiographic devices with a fixed protocol for time
of day, body position and breathing; artefacts are eliminated
by automated filters with subsequent visual control, and in-
terpretation is performed relative to an individual base (per-
centile zones, sliding medians), which increases the stability
of thresholds in dynamics (Pruneti et al., 2023). Given the
heterogeneity of the links between HRV and psychophysi-
ological factors, decisions are not based on the autonomic
channel as the sole predictor: the principle of convergence
of at least two domains (autonomic + cognitive/neuromus-
cular or subjective) is applied (Lapo et al., 2024). Cognitive
tests are conducted according to standardised instructions
(time of day, duration, number of stimuli) with control of
the coeflicient of variation as an indicator of stability; neu-
romuscular tests are conducted with the same warm-ups
and rest intervals; observations with protocol violations are
marked as invalid. Short questionnaires (sSRPE, recovery in-
dices) are mandatory, as in several scenarios, subjective data
precede objective deviations and signal the accumulation of
stress. The distribution of volume, intensity, and alternation
of means in microcycles is consistent with the principles
of structured load planning in boxing. When high-inten-
sity interval training is required in pre-start modules, the
dosage is correlated with autonomic and cognitive signals,
which minimises the risk of excessive fatigue (Table 2).
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Table 2. Calendar and monitoring windows in the microcycle

Indicator Preparatory microcycle Pre-competition period Between rounds
HRV (InRMSSD) Daily, morning, 5 minutes -72/-48/-24/-12/-2 hour -
PVT/CRT 2-3x/week (2-5 min) -24/-12/-2 hours (short) 10-15 s (6-8 stimuli)

CMJ/ speed tests 2x/week; on stimulus day

1x light screening -

SRPE / well-being Each session

Each session -

“Rapid reduction” of HR (30/60) -

- Each break (=60's)

Note: “-” stated that the indicator was not applied in the corresponding window or was not provided for by the protocol
Source: compiled by the author based on analysis of A. Coutts et al. (2021), T. Reichel et al. (2022), M. Babic¢ et al. (2023), C. Pruneti et
al. (2023), P. Vacher et al. (2023), H. Lapo et al. (2024), C. Wu et al. (2025)

The combination of daily 5-minute morning HRV re-
cordings and 2-3 times a week short cognitive (PVT/CRT,
2-5 min) and neuromuscular (CM]/speed) tests provides
a combination of high temporal resolution of background
control with operational sensitivity to training stimuli.
Before the start, discrete points -72/-48/-24/-12/-2 hours
can be used to sequentially refine readiness without in-
ducing fatigue, and each 60-second break between rounds
with “quick removals” of HR (30/60) and an ultra-short
10-15-second cognitive test serves as a means for instant
micro-correction of the pace and complexity of combina-
tions. The calendar reduces the risk of false positive deci-
sions: local fluctuations in one domain are confirmed or re-
futed by data from another (for example, increased sRPE at
a constant volume initiates a decrease in density, even with
acceptable autonomous indicators), while a drop in CM]
twice a week on stimulus days signals the need to redistrib-
ute intensity and extend rest without losing the target focus
of the session. The “-” marks in the inter-round column for
HRV and CM] emphasise the methodological unsuitability
of these procedures in minute breaks and preserve the eco-
logical validity of the protocol.

Thus, the analysis showed that the key elements of
monitoring in boxing and kickboxing are daily recordings
of HRV, regular cognitive-sensory-motor and neuromus-
cular tests 2-3 times a week, as well as pre-session ques-
tionnaire indicators. Additional checkpoints are used in
the pre-competition period, while inter-round intervals are
used for quick heart rate measurements and short cognitive
tests. Collectively, these approaches provide multi-scale
monitoring and reduce the risk of misjudgments by inte-
grating subjective and objective data.

Closed-loop model “state - load - response”

and translation matrix “indicator > parameter > action”
The closed control loop is summarised as a typical load man-
agement concept, in which the psychophysiological state
acts as an input signal, the training load as a control action,
and the body’s response as an output parameter. Informa-
tion flows function in a cyclical logic: from measurements
of state (autonomic, cognitive, neuromuscular, emotional)
to decisions about correction of volume, intensity, density,
or alternation of means, after which the result obtained is

interpreted as a new input signal. This architecture inte-
grates different data channels into a single control loop and
reduces the risk of misinterpreting individual fluctuations.

The generalised unit of this approach is a translation
matrix in which psychophysiological indicators are corre-
lated with specific decisions regarding workload. For exam-
ple, a decrease in HRV below the individual 20" percentile
serves as a signal to limit intensity; a deterioration in the
cognitive stability of reactions is identified as a reason to
simplify tactical tasks; a decrease in power in jump tests
indicates the need to extend rest periods and change the se-
quence of exercises; an increase in subjective load at a con-
stant volume is interpreted as an indicator of the need for
recovery modules. Thus, the translation matrix summarises
four blocks of variables (autonomic, cognitive, neuromus-
cular, subjective) and four key parameters of training load,
forming a system of “indicator > parameter > action”. The
generalised correspondences between these variables are
shown in Table 3.

Analysis of the data presented in the table shows that
consistency between different indicator domains can be
used to structure decision-making regarding training load.
A decrease in HRV below individual thresholds, combined
with a decline in cognitive stability, is interpreted as a sign
of high stress and a reason to reduce intensity and simpli-
fy tactical tasks. Neuromuscular indicators, in particular a
decrease in power in jump tests or the RFD, are interpreted
in various sources as a marker of fatigue, requiring a redis-
tribution of density or the insertion of recovery modules.
Subjective indicators (sRPE, well-being indices) serve as
an early signal of accumulated load: even with stable au-
tonomous parameters, they indicate the need to adjust the
volume or density. Together, this matrix reflects the logic
repeated in several works: the decision is not based on an
isolated indicator but requires confirmation from at least
two domains. Feedback is determined by the following cri-
teria: stable recovery of autonomous, cognitive and neuro-
muscular indicators to individual average values (positive
feedback) or their progressive deviation towards deteriora-
tion (negative feedback). In the case of negative feedback,
not only a reduction in volume and intensity is expected but
also changes in the structure of the microcycle (for example,
replacing sparring days with technical and tactical days).

Table 3. Translation matrix “indicator > parameter - action”

Indicator

Parameter

Guidance action

HRV <20 percentile

Intensity

Reduction in intensity, longer rest intervals

T latency/ L stability in PVT/CRT

Tactical tasks

Simplification of combinations, reduction in tempo
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Table 3, Continued

Indicator

Parameter

Guidance action

{ CM] power/RFD

Density/alteration

Load transfer, inclusion of recovery modules

1 sRPE at a stable volume

Volume / density

Local reduction in volume or density, introduction of active
restoration

Positive response (increased BSR, stable cognitive and
neuromuscular indicators)

All parameters

Maintenance or gradual increase in the load

Note: 1/1 - relative increase/decrease in the indicator

Source: compiled by the author based on analysis of A. Coutts et al. (2021), T. Reichel et al. (2022), M. Babic¢ et al. (2023), C. Pruneti et
al. (2023), P. Vacher et al. (2023), H. Lapo et al. (2024), C. Wu et al. (2025)

The logic of the model is illustrated by scenarios that
reflect typical challenges in combat disciplines. Under
conditions of weight reduction, autonomous and cogni-
tive indicators are central: significant deviations in HRV
or reaction latency are identified as grounds for reducing
the intensity and adjusting nutritional recovery modules.
In microcycles with high sparring exposure, the emphasis
is on neuromuscular signals: a decrease in CM] power or
strength development speed is interpreted as a marker of
the need to redistribute loads and insert recovery days. In
pre-competition blocks, the convergence of positive signals
from two or more domains is interpreted as confirmation
of readiness for peak stimuli, while negative trends are con-
sidered as a basis for minimising the risk of overtraining.

Thus, the closed-loop model of “state — load - re-
sponse” and the translation matrix of “indicator > parame-
ter > action” serve as a conceptual framework for integrat-
ing autonomous, cognitive, neuromuscular, and subjective
signals into decisions about the volume, intensity, density,
and alternation of means. The combination of feedback
criteria with typified scenarios is defined as a theoretical

mechanism for minimising the risk of overtraining and
maintaining the athlete’s target readiness for peak stimuli
in boxing and kickboxing.

Practical algorithms for load correction

in boxing and kickboxing

Training parameters in boxing and kickboxing are stand-
ardised based on the principle of relative deviations of psy-
chophysiological indicators from the individual baseline.
For this purpose, a three-level scale of zonal interpretation
is used: “green’, “yellow” and “red”. The scale is based on
deviations of 10-20% from personal control values, which
can be used to address interindividual differences while
maintaining a unified approach. Each zone corresponds to
specific management actions regarding volume, intensity,
density, alternation of means, and inclusion of recovery
procedures. Generalised algorithms for management ac-
tions are presented in the form of zonal logic, where each
level of deviation of psychophysiological indicators corre-
sponds to specific decisions regarding training load param-
eters (Table 4).

Table 4. Zonal logic of training load parameter correction

Zone Volume Intensity Density Alteration of means Restoration
Green Scheduled Scheduled Scheduled Maintenance of structure Basic (sleep, nutrition)
Yellow -10-15% -10-15% Prolongation of delays by 30-60's |  Slight simplification of tactics Massage, br.eathlng techniques,
active recovery
Elimination of Significant spacing, extended Exclusion of sparring, emphasis | Recovery days, sleep 29 hours,
Red -20-30% - : : :
peak stimuli pauses on technical and tactical modules physiotherapy

Note: “-” denoted a decrease relative to planned values

Source: compiled by the author based on analysis of A. Coutts et al. (2021), T. Reichel et al. (2022), M. Babic¢ et al. (2023), C. Pruneti et
al. (2023), P. Vacher et al. (2023), H. Lapo et al. (2024), C. Wu et al. (2025)

Analysis of the table data shows that the gradation of
zonal logic provides for step-by-step regulation of the load
depending on the depth of deviations in psychophysiolog-
ical indicators. In the “green” zone, the full training plan
is maintained, corresponding to the state of optimal readi-
ness. The “yellow” zone reflects the accumulation of stress
and requires a 10-15% reduction in intensity and density
with longer breaks, which prevents adaptation breakdown.
The most critical is the “red” level, where deviations exceed
20% and require a radical redistribution: a 20-30% reduc-
tion in volume, elimination of peak stimuli, and a transition
to recovery modules. Subjective signals (sRPE, well-being)
are substantial, often preceding objective changes and act-
ing as an early trigger for correction. This structure pre-
vents decisions based on a single indicator, as confirmation
from at least two domains reduces the risk of missteps.

Style-specific recommendations detail the application
of zonal logic depending on the conduct of combat. For
a power style characterised by short explosive exchang-
es, neuromuscular indicators (CM]J, RFD) are critical. In
the “yellow” zone, lengthening pauses and reduction of
the frequency of explosive series are prioritised, while in
the “red” zone, the emphasis is shifted to technical mod-
ules with the complete exclusion of power stimuli. For the
tempo style, which involves a long series of strikes and
high cognitive stability, in the “yellow” zone, the speed
component is limited, and combinations are simplified; in
the “red” zone, the total number of series is reduced, and
recovery blocks are inserted to maintain cognitive con-
trol. The implementation roadmap defines the sequence
of steps for the transition from algorithm development to
its practical application (Fig. 1).
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1. Preparation
Selection of devices (HRV, PVT/CRT, CM, RFD), training of coaches and athletes

AY4

VAN

2. Calibration
Formation of an individual database (3-4 weeks, daily/session data collection)

3. Piloting

Testing algorithms within 1-2 micracycles

Y4

4. Scaling

Integration into the mesacycle, considering pre-competition peaks

5. Audit
Retrospective analysis of HRV, cognitive, neuromuscular and subjective indicators

Figure 1. Roadmap for the implementation of zone-based logic
for monitoring and adjusting training loads in boxing and kickboxing
Source: compiled by the author based on analysis of A. Coutts et al. (2021), T. Reichel et al. (2022), M. Babi¢ et al. (2023), C. Pruneti et
al. (2023), P. Vacher et al. (2023), H. Lapo et al. (2024), C. Wu et al. (2025)

Analysis of the roadmap data shows that the sequence
of five stages can negate key methodological errors and en-
sures a gradual increase in the validity of the decision-mak-
ing system. The initial stage of preparation, with an empha-
sis on device selection and training, creates the technical
and methodological foundation without which the sub-
sequent steps would not be reliable. Calibration over 3-4
weeks ensures the formation of an individual base, which
minimises the risk of false alarms and stabilises the thresh-
olds for zonal interpretation. Piloting on microcycles acts
as an intermediate filter: this is where the logic of signals
and the realism of control actions are tested on a controlled
scale. Scaling at the mesocycle level is justified only after
such testing, which can be used to maintain competitive
readiness without overload. The final audit, based on a ret-
rospective analysis of HRV, cognitive, neuromuscular and
subjective data, guarantees not only the correction of algo-
rithms, but also the accumulation of practical experience.
This structure emphasises the combination of scientific and
methodological logic with applied adaptability, making the
roadmap suitable for use in different styles and phases of
training. Thus, the proposed zonal system with action al-
gorithms and a roadmap for implementation is considered
a theoretically sound basis for further practical implemen-
tation. Its structure potentially ensures a balance between
volume, intensity, density and recovery, as well as incorpo-
rating the style of combat and the individual characteristics
of the athlete.

Discussion

The results obtained showed that psychophysiological in-
dicators can serve as control variables in the training load
regulation system. The proposed monitoring protocols and
the “indicator - parameter - action” translation matrix en-
sured the formalisation of decision-making in preparatory,
pre-competition and inter-round conditions. Zonal logic
and a roadmap for implementation outlined the practical
potential for individualising training in boxing and kick-
boxing. These provisions provided a basis for comparison
with existing approaches and assessment of the prospects
for their application in modern sports practice.

The results of the analysis showed that HRV, in par-
ticular the InNRMSSD indicator, served as a basic indicator

of background adaptation in athletes. In several studies, a
decrease in values below the individual 20% percentile was
interpreted as a reason to reduce the intensity of training
loads and extend rest intervals. This interpretation was
consistent with the results of G. Korobeynikov et al. (2022),
where HRV in wrestlers served as a marker of tolerance to
stress stimuli and was used to regulate the load. In a study
by L. Benedik & K. Gorner (2020) among karate practition-
ers, the stability of autonomic indicators also determined
the level of readiness for intensive training, confirming the
universality of this criterion for combat disciplines. At the
same time, N. Malikov et al. (2021) expanded the use of
HRV by combining it with comprehensive functional fit-
ness tests and highlighted that the autonomic profile did
not always fully reflect the physical condition of the athlete,
requiring integration with other markers. Furthermore,
L. Yoda et al. (2024) emphasised the relevance of combin-
ing HRV with recovery strategies, as the isolated use of au-
tonomic indicators did not guarantee the reliability of the
prediction. At the same time, S. Russell et al. (2024) high-
lighted the limitations of using HRV as the sole predictor of
mental fatigue in elite sports, noting the need for additional
monitoring of psychological markers.

The analysed materials indicated that monitoring cog-
nitive-sensory-motor functions using PVT and CRT was
key to regulating training tasks: increased latency and de-
creased reaction stability were interpreted as grounds for
tactical adjustments. To this end, short tests (2-5 minutes,
2-3 times a week), discrete checks in the pre-competition pe-
riod (-72/-48/-24/-12/-2 hours) and ultra-short inter-round
tests (10-15 seconds, 6-8 stimuli) were used. A similar
approach was confirmed by the results of Y. Shestak et
al. (2020), where the cognitive indicators of young boxers
(15-16 years old) showed sensitivity to the effects of special
exercises, and deviations in reaction latency served as a cri-
terion for adaptive reserve. Similar conclusions were drawn
by A. Tuxtaevich (2023), emphasising that the accumula-
tion of fatigue was reflected primarily in cognitive mark-
ers, even with stable physiological parameters. According
to A. Thompson et al. (2023), the combination of cognitive
tests with the assessment of muscle readiness provided a
comprehensive explanation of the tactical stability of ath-
letes in stressful conditions, which was consistent with the
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logic of integrated control. D. Crivelli & M. Balconi (2022)
noted that neuroassessment of cognitive stability in sport
improved accuracy of prediction of readiness for peak
loads than isolated somatic indicators. At the same time,
S. Stephen et al. (2020) demonstrated that style specifici-
ty (aggressive vs. technical fighting) significantly modified
cognitive profiles, which partially limited the universality
of standard protocols. Thus, digitally structured control
regimes (2-5 minute tests several times a week, discrete
checks in the hours before competition, and ultra-short in-
ter-round tests) were consistent with previous observations
about the sensitivity of cognitive indicators to load and, at
the same time, highlighted the need to address style and age
specificity to improve the accuracy of their interpretation.

In the analysed materials, neuromuscular indicators, in
particular the height and power of the jump with a prelim-
inary squat and the speed of strength development, were
considered reliable markers of accumulated fatigue. A de-
crease in these indicators on the days of key training stimuli,
especially more than 10-15% from the individual baseline,
was interpreted as a signal to redistribute intensity, length-
en pauses between sets, and shift the focus to technical and
tactical tasks. This stratification was consistent with the data
of V. Kozin et al. (2021), where cluster analysis of psycho-
physiological and biomechanical indicators differentiated
between the fighting styles of veteran boxers. The study by
A. Yongtawee et al. (2022) also confirmed that leading cog-
nitive functions differed depending on the sport, and there-
fore on the athlete’s style of work, which coincided with the
interpretation of the cognitive domain as critical in tempo
styles. In the study by N. Neumann et al. (2025), network
analysis demonstrated the interdependence of psycho-
logical and physiological determinants of performance,
reflecting the multidimensional nature of style-specific
adaptations. Additionally, J. Chmiel & J. Nadobnik (2025)
demonstrated the potential of electroencephalographic
metrics in identifying differences in the neurocognitive
readiness of athletes in different combat disciplines, which
was consistent with the emphasis on cognitive indicators
in tempo styles. At the same time, the results of M. Ber-
tollo et al. (2021) emphasised the role of body-mind inte-
gration in sport, indicating that styles cannot be explained
solely by individual markers; a comprehensive combina-
tion of cognitive and physiological signals is required. The
comparison confirmed that the style-specific approach to
interpreting indicators was justified and consistent with
the idea of the multidimensional nature of combat profiles.

As a result of the analysis, an implementation roadm-
ap was proposed, which included five stages: preparation,
calibration, piloting, scaling, and auditing. This sequence
can create an individual database within 3-4 weeks, testing
of algorithms within 1-2 microcycles, and further integra-
tion of the system into mesocycles with subsequent analysis
of the stability of key indicators (HRV, cognitive latency,
CM]J, sRPE). This approach ensured the structure and con-
trollability of the process, which was substantial for com-
bat disciplines with high load dynamics. Similar principles
of research process organisation were traced in a study by
V. Potop et al. (2023), which emphasised the significance
of a set methodological sequence and proceduralisation to
improve the reproducibility of results. S. Horokhov & S.
Yaremenko (2024) also emphasised the need for consist-

ency in the professional training of athletes, which cor-
responded to the idea of step-by-step implementation of
monitoring protocols. Parallels were also observed in the
study by R. Braun-Trocchio et al. (2022), which emphasised
the gradual introduction of recovery strategies into the
training process, reflecting the logic of multi-level auditing.
The adaptability of the roadmap to different disciplines was
consistent with the findings of A. Enes et al. (2023) demon-
strated that psychophysiological responses and muscle
adaptations were largely dependent on the organisation of
the process and the gradual increase in stimuli. These com-
parisons confirmed the validity of the developed roadmap
as a systematic approach consistent with current trends in
sports science.

A summary of the materials showed that the most
effective approach to load management was a convergent
combination of psychophysiological indicators of different
natures. Autonomic indicators (HRV), cognitive tests (la-
tency and reaction stability), neuromuscular characteristics
(CMJ, RFD) and subjective questionnaire data performed a
complementary function: each individually could demon-
strate a high level of variability or be sensitive to contex-
tual factors, but their combination formed a more reliable
picture of the athlete’s condition. This logic was consist-
ent with the data of N. Jai et al. (2020), emphasising that
psychophysiological responses during exercise in boxers
correlated with heart rate dynamics and reflected cogni-
tive load, but that several channels needed to be integrated
simultaneously to increase reliability. Similar conclusions
were made by N. Limani & B. Bulica (2024), emphasis-
ing that modern combat disciplines were characterised by
complex interactions between cognitive and physiological
mechanisms; therefore, a separate analysis provided an in-
complete overview. In turn, A. Zadeh et al. (2021) showed
that wearable sensors and data analysis technologies made
it possible to identify the risks of injury and fatigue much
earlier when both physiological and psychophysiological
markers were addressed, in particular, indicators of cardio-
vascular adaptation and cognitive functions.

The summary of the results showed that the integration
of psychophysiological indicators into the decision-making
system provided a structured basis for regulating the vol-
ume, intensity, density, and recovery in combat disciplines.
The use of HRV thresholds, cognitive tests, neuromuscular
indicators, and subjective scales can be used for the timely
identification of overload risks and adjustment of the train-
ing process. Comparison with other studies confirmed the
feasibility of a multi-domain approach, while the emphasis
on style-specific characteristics (power or tempo profile)
broadened the practical relevance of the findings. Thus, the
formulated model has the potential to increase the speci-
ficity of training and minimise the risk of overtraining in
boxing and kickboxing.

Conclusions
Analysis of psychophysiological indicators demonstrated
their effectiveness for managing training loads in boxing
and kickboxing. HRV (InRMSSD, 5-minute morning re-
cordings) was a key marker of background adaptation:
its decrease below the individual 20" percentile indicat-
ed overload and required correction of the intensity and
density of loads. Cognitive tests (PVT/CRT) lasting 2-5
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minutes, performed 2-3 times a week, reflected the latency
and stability of reactions, and their deterioration was con-
sidered a reason to simplify tactical tasks. Neuromuscular
indicators (CM]J, RED) signalled speed-strength fatigue
and the need for longer rest periods, while subjective as-
sessments (sRPE, short questionnaires) often preceded ob-
jective changes, demonstrating the accumulation of stress.
Daily HRV recordings, regular cognitive and neuromus-
cular tests 2-3 times a week, and subjective indicators at
each session proved to be optimal for preparatory micro-
cycles. In the pre-competition period, effectiveness was en-
sured by discrete control at time points -72/-48/-24/-12/-2
hours, which can be used for timely refinement of tolerance
to peak stimuli without inducing fatigue. Inter-round in-
tervals (=60 s) were supplemented by “quick removal” of
HR30/HR60 and ultra-short cognitive tests (10-15 s, 6-8
stimuli), which ensured prompt correction of pace and
tactical emphasis. The convergence of signals from at least
two domains minimised the risk of wrong decisions and
increased the specificity of load regulation.

The matrix “indicator > parameter - action” coor-
dinated decisions: HRV <20% percentile predicted a de-
crease in intensity; increased latency of reactions in PVT/
CRT - simplification of tactics; a drop in CMJ/RFD - re-
distribution of density; an increase in sSRPE with a constant
volume of recovery modules. A positive response was a
return to individual baseline indicators, while a negative
response was a progressive deterioration requiring struc-
tural adjustments in the microcycle. This model integrat-
ed autonomous, cognitive, neuromuscular, and subjective

signals into a single decision-making loop. The zonal sys-
tem provided a practical interpretation: the “green zone”
meant maintaining the plan; the “yellow” zone meant re-
ducing the intensity by 10-15% and extending the rest pe-
riod by 30-60 seconds; the “red” zone required a 20-30%
reduction in volume and the exclusion of peak stimuli.
For the power style, the priority was to control power and
speed of strength development, while for the tempo style,
the priority was reaction stability and speed endurance.
The implementation roadmap included five stages: prepa-
ration, calibration, piloting, scaling, and auditing, which
ensured the systematicity and controllability of the process.
As a result, this approach balanced the volume, intensity,
density, and recovery, reducing the risk of overtraining and
increasing the specificity of training in boxing and kick-
boxing. The limitation of the study was that the analysis
was based solely on theoretical and methodological sourc-
es without empirical verification of the models. In future
studies, it would be advisable to test the proposed protocols
and algorithms in real training and competition conditions
to assess their effectiveness and validity.
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HaykoBo-meTogunyHi nigxoamn go ontumisauii TpeHyBasibHOro
HaBaHTAXXeHHA 3 ypaxXxyBaHHAM NcuxodizionoriyHoro ctaHy CnopTcmeHiB
(Ha npuKnagi 60Kcy Ta KiKBOKCUHry)

BikTop AKcloTiH

[doKTop dinocodil, aoueHT

HauioHanbHU yHiBEpCcUTET Bi3MYHOro BUXOBAHHA i CNOPTY YKpaiHM
03150, Byn. Piskynstypu, 1, M. Kuis, YrpaiHa
https://orcid.org/0000-0003-2232-2759

AHoTaujifa. Metow pocmimkeHHs 6yno copMyBaTy HayKOBO-METOAMYHI MiAXOAM [O ONTMMIisalii TPeHYBanbHOTO
HAaBaHTOKEHHS 3 ypaxyBaHHAM IICMXO(]i3i0NOriYHOrO CTaHy CIOPTCMEHIB Ha INpUKIafgi OOKCy Ta KiKOOKCHHIY.
Meropororia IpyHTyBajacsi Ha aHalisi, IO TO3BOIMB BMOKpeMUTU Icuxo¢isionoriyHi iHAMKaTOpW, CMHTe3H, 3a
JoroMorox sAKoro 6yma mobyfoBaHa MOJIeNb 3aMKHEHOTO KOHTYPY «CTaH — HaBaHTaKeHHHA — BiATYK», MOPiBHAHHI, IO
3a0es3Ie4nIo 3iCTaB/IeHHsI CTUIB i IPOTOKOJIB, y3ara/JbHEHHI, sIKe BUSHAYIIIO IPUHIWUIN iHAMBIAyamisanil, iHgyKuil,
110 BMABM/IA TUIIOBi IIOPOTOBi pillleHHA, Ta MeAYKIii, fKa IepeBipuaa IXHIO JIOTIYHY Y3TOIPKEHICTb Y TpeHyBaJIbHUX
cuenapisx. Ha uiit ocHOBi 6ynu copmoBaHi mpakTHYHI peKOMeHAAIlT 1107j0 30HaIbHOI JIOTiKY KOPeKIlii HaBaHTa>KeHHS
Ta JTOPOXXHBOI KapTU BIIPOBA/PKEHHS y MifAroToBLi OokcepiB i kikbokcepiB. Y pesynbTaTax [OCTIIXeHHA Oyno
BCTAHOBJICHO, 1IJ0 Bapiabe/lbHICTh CepleBOro PUTMY HIDKYe iHAMBimyanbHOro 20-ro HepLeHTMIA pO3LjiHIOBamacs
AK CUTHAJ A 3MEHIIEeHHs iHTEeHCUMBHOCTI TpPeHyBaHb i IOJIOBXKEHHA iHTepBasiB BiIOYMHKY. AHaji3 IIOKa3aB, 10
OITUMAa/IbHA OPraHisallis MOHITOPMHIY BK/II0Ya/Ia MIOAEHH] PAaHKOBI 3aIMCY TPUBAICTIO G/IM3bKO 5 XBIINH; KOTHITHBHI
mpo61t IPOCTOi Ta BIOIpKOBOI peakiiii (2-5 XB) BUKOHYBA/INCS 2-3 pasyl Ha TYDK/IEHb; HEIIPOM s130B1 TeCTI IIPOBOJIICS
2 pasy Ha TIOKJEHb y JHI KJIIOUOBUX CTUMYIIB. Y Ilepef; 3MarajbHUil mepiof eeKTUBHUM BUSABMBCS AUCKPETHMUIL
KOHTPOJIb TOTOBHOCTI Y 4aCOBMX TOYKax -72, -48, -24, -12 Ta -2 rofguuu 1o cTapTy. JlofaTKOBO BCTAaHOBJIEHO, 1[0 MiX
payHpnoBi inTepBamu (60 cekyHy) OyaM DOLIBHMMM /IS «IIBUAKOTO 3HATTS» YaCTOTY CepLeBUX CKopodeHb (30/60
CeKyHJI) i yIbTPaKOPOTKUX KOTHITYBHUX P0o6 TpuBaiictio 10-15 cexyHp i3 6-8 ctumynamu. CyKyIHICTb IMX IPOLERYp
3abesmedyBasa 6araTOpiBHEBUIT KOHTPO/Ib CTaHy CIHOPTCMEHIB i [jaBaja 3MOTy CBOEYACHO KOPUIYBATH IApaMeTpu
HaBaHTaXeHHA. OTpuMaHi pe3ynbTaTl y3araJbHIIN Ta CTPYKTYPOBAHO NPENCTaBMIN CUCTeMY MOHITOPMHTY 11 KOpeKIii
TPEeHYBa/IbHOTO HaBaHTaXeHHs y OOKCI Ta KiKOOKCHHIY, 1[0 BK/IIOYaaa KiUTbKICHI MOPOTHM, IMPOTOKOIM BUMIPIOBaHb
i amroputmu pifl. 3ampoIlOHOBaHA CHUCTeMa MO)Ke OyTM BMKOPMCTaHA TPeHepaMM, CIOPTUBHUMM HAyKOBLSAMM Ta
¢daxiBuAMYM 3 MiTOTOBKM HJIs ONTMMisalii HaBaHTa>KeHb, MPOMITAKTUKM NTepeBTOMN Ta IifIBUIEHHA e(eKTUBHOCTI
TPEHYBaJIbHOTO NPOIIeCy

KntouyoBi cnoBa: BapiabenpHICTD CeplLieBOro PUTMY; JIaTEHTHICTD; afjalTallis; HeIfpoM’ 130Ba TOTOBHICTb; BifHOB/IEHHS;
30Ha/IbHA iHTepIIpeTallisi; KOTHITMBHO-CEHCOMOTOPHI po6u
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