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ABSTRACT

Objective: This study aimed to establish model characteristics for elite male judo athletes 
(73–81 kg) to inform evidence-based training. Methods: Twenty athletes (20.4 ± 1.6 y; 
77.2 ± 3.8 kg; BMI 24.1 ± 1.2; Master of Sports) were assessed (Sep 2023–May 2024) at 
Algeria’s National Judo Training Centre. Physical preparation was evaluated via speed-
strength (uchi-komi, 15 reps), strength endurance (dummy throws: 30 s, 3 min), coordi-
nation (balance, change of direction, Romberg coefficient), and functional capacity (ju-
do-specific test). Technical-tactical performance was analyzed from competition videos, 
assessing activity rate, attack/defense reliability, effectiveness, combinations, variability, 
and speed. Data normality was tested (Shapiro-Wilk); normative scales (low to high) were 
created using sigma deviation; descriptive stats (mean ± SD) were computed (SPSS v.26). 
Results: Above-average benchmarks: uchi-komi 18–19 s; dummy throws 10–11 (30 s) and 
29–30 (3 min); balance 81–88%; attack reliability 53–61%; stand-up effectiveness 7.1–8.4 
points. Group means: uchi-komi 21.6 ± 2.7 s; dummy throws 8.6 ± 1.5 (30 s); activity 
2.8 ± 0.5 attacks/min. Discussion: These findings provide a multidimensional framework 
for individualized training, reflecting modern judo’s emphasis on explosive power, tactical 
adaptability, and rapid decision-making. The norms support talent development and per-
formance optimization for elite athletes and national reserves at high-performance centers 
like Algeria’s National Judo Training Centre.
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INTRODUCTION

Judo, an Olympic combat sport founded on principles of maximum efficiency and mutual benefit, 
demands a sophisticated blend of physical conditioning, technical mastery, and tactical acumen to 
achieve competitive success (Franchini, Branco, et al., 2015). The International Judo Federation (IJF) 
has implemented significant rule changes over the past decade, aiming to enhance the dynamism and 
excitement of judo competitions(New IJF Judo Refereeing Rules , 2018). These modifications have 
focused on reducing match durations, increasing scoring opportunities, and minimising penalties, 
promoting a more aggressive style of play (Franchini et al., 2013). These changes have heightened 
the need for evidence-based training frameworks, particularly for elite athletes in middle weight 
categories (73–81 kg), who face intense global competition due to their balance of speed, power, and 
technical versatility (Kons et al., 2022). 

Central to optimising training is the concept of model characteristics normative benchmarks 
that define ideal levels of special physical and technical-tactical preparation (Adel et al., 2019; 
Pryimakov, 2013). These models enable coaches to assess athletes’ capabilities, identify performance 
gaps, and tailor interventions to meet the demands of modern judo.

Model characteristics are critical because they provide a structured, data-driven approach to 
training design. By establishing quantifiable standards, such as performing uchi-komi in 18–19 
seconds or achieving 53–61% attack reliability, coaches can compare an athlete’s performance 
against elite benchmarks, facilitating individualised adjustments (Pujszo, 2012). In judo, where 
success depends on integrating explosive power, balance, endurance, and rapid decision-making 
within a 4-minute bout, such benchmarks are invaluable. For example, an athlete with below-average 
dummy throw counts (6–7 in 30 seconds) may require targeted strength endurance training, while 
low combination judo skills (<47%) signals a need for tactical drills to enhance technique diversity 
(Adam et al., 2022). These models also support talent development by setting clear targets for sports 
reserves transitioning to elite levels (Miarka et al., 2015).

Despite their importance, developing comprehensive model characteristics for judo presents 
significant challenges. Firstly, the sport’s multidimensional nature encompassing speed-strength, 
coordination, endurance, and cognitive processing complicates the creation of holistic models. 
Prior studies have often focused on isolated aspects, such as aerobic capacity (Miarka et al., 2018; 
Belkadi et al., 2020) or specific throw mechanics (L. Levitsky et al., 2022), but few have synthesised 
physical and technical-tactical preparation into a unified framework. This fragmentation limits the 
applicability of existing models, as they fail to capture the full spectrum of competitive demands 
(Yang & Lu, 2023). Secondly, the absence of standardised normative scales for qualified athletes, 
particularly in middle weight categories, hinders reliable benchmarking. Without precise scales, 
coaches may misjudge an athlete’s readiness, leading to ineffective training plans or misaligned 
competitive strategies (Baudry & Roux, 2009).

Additional context underscores the urgency of addressing this gap. Judo’s global rise, with over 
200 national federations and increasing professionalisation, has intensified training demands, 
particularly in middle weight categories, which dominate international podiums due to their 
competitive depth (Belkadi et al., 2025; Franchini et al., 2011). These athletes must excel in both 
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stand-up (nage-waza) and ground (katame-waza) phases, adapting to rule changes that penalise 
passivity and reward decisive actions (New IJF Judo Refereeing Rules  , 2018). However, training 
programmes often rely on outdated or generalised benchmarks, failing to reflect the sport’s 
current dynamics. For instance, the increased emphasis on rapid attack sequences and ground 
efficiency requires updated metrics for activity (attacks/min) and technique variability, which are 
underrepresented in the literature (Pryimakov, 2013). Moreover, the transition from developmental 
to elite levels, as seen in athletes with high-level qualifications, demands precise models to guide 
progression and prevent burnout from misaligned training loads (Frassinelli et al., 2019).

To address these challenges, a systematic approach is needed to define model characteristics 
that are comprehensive, statistically robust, and aligned with modern judo’s demands. Advanced 
methodologies, such as the sigma deviation method for normative scaling and video analysis for 
tactical assessment, can enhance model precision, offering granular insights for individualised 
training (Frassinelli et al., 2019). Such models are particularly critical for middle weight judo athletes, 
who represent a pivotal demographic in global competition and require tailored benchmarks to 
optimise performance and support talent pipelines (Fukuda, 2019).

The aim of this study was to establish model characteristics of special physical and technical-
tactical preparation in elite judo athletes competing in middle weight categories (73–81 kg). We 
hypothesised that by employing rigorous testing protocols (e.g., uchi-komi, dummy throws, video 
analysis) and statistical methods (e.g., sigma deviation), we could define normative scales (low, below 
average, average, above average, high) for key performance indicators, including speed-strength, 
balance, attack reliability, and technique variability, which would reflect the competitive demands of 
modern judo and provide actionable benchmarks for training optimisation and talent development.

While this study offers valuable insights into elite judo performance, it is crucial to acknowledge 
that its cross-sectional design and reliance on a single national team cohort (n=20) inherently 
limit the generalisability of the findings. This methodological approach, though providing a high-
fidelity model for this specific elite population, reduces external validity, thus strengthening 
scientific transparency by clearly delineating the scope of applicability for the established model 
characteristics.

METHOD

Participants
Twenty male judo athletes from the National Algerian Team, competing in middle weight categories 
(73–81 kg), participated in this study. All athletes held a Master of Sports qualification or equivalent, 
reflecting their elite status and extensive training background. Participant characteristics were as 
follows: age (20.4 ± 1.6 years), weight (77.2 ± 3.8 kg), height (1.79 ± 0.04 m), BMI (24.1 ± 1.2 kg/
m²), and years of judo practice (10.8 ± 2.3 years). These metrics were derived from anthropometric 
assessments conducted at the study’s outset, ensuring alignment with the physical profiles typical 
of highly trained judo athletes in competitive middle weight categories (Cherara et al., 2022). All 
participants were injury free, confirmed by medical evaluations, and provided written informed 
consent. The study was approved by the Ethics Committee of the IEPS (Protocol No. 2024-09-01).
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Study Design
This observational study was conducted from September 2024 to April 2025 at the National Judo 
Training Centre of Algeria. A mixed-methods approach was employed, integrating theoretical 
analysis, pedagogical observation, standardised testing, and statistical analysis to establish model 
characteristics of special physical and technical-tactical preparation (Asli et al., 2025; Benbernou 
et al., 2022; Boudehri et al., 2023). The design aimed to capture the multifaceted demands of elite 
judo performance, focusing on speed-strength, endurance, coordination, and tactical proficiency.

Procedures
Protocol testing encompassed both special physical fitness tests and technical-tactical tests. Special 
physical fitness tests were assessed through a battery of tests designed to evaluate various aspects 
of judo-specific physical skills. Speed-strength was quantified by measuring the time taken to 
complete 15 consecutive uchi-komi entries, such as seoi-nage preparation without a full throw, 
on a standard 8x8 metre tatami (Franchini, Del Vecchio, et al., 2015; Adel et al., 2025). Times were 
precisely recorded using a digital stopwatch with an accuracy of ±0.01 seconds. Strength endurance 
was evaluated by counting the number of throws of a 20-kg judo dummy within 30-second and 
3-minute intervals, utilising a standardised technique  (Adel et al., 2019; Marković et al., 2021). To 
ensure accuracy, two independent observers recorded the throws, with video review employed to 
resolve any discrepancies. The Special Judo Functional Test involved a 1-minute sequence of judo-
specific movements, including grips, footwork, and simulated throws. Performance was scored in 
conventional units, adapted from the study of Levitsky et al (2017), based on movement quality 
and completion rate. Balance function quality was objectively measured using a Biodex Balance 
System, which assessed deviations from the centre of pressure during a 20-second single-leg stance 
(Eftekhar-Sadat et al., 2015). Optimal stability was represented by a 100% score. The Coefficient of 
Abrupt Change in Direction was determined via a 10-second shuttle run incorporating 180-degree 
turns, with Vicon Nexus motion capture technology used to calculate the time spent in directional 
changes (Smirnova et al., 2022). Finally, the Romberg Coefficient was employed to measure postural 
sway during a 30-second eyes-closed Romberg test performed on a force plate, where higher values 
indicated greater instability(Mkorombindo et al., 2022; Moussa et al., 2025).

Technical-Tactical performance was analysed from competition videos, assessing activity 
rate, attack/defense reliability, effectiveness, combinations, variability, and speed . These bouts 
were recorded at 30 frames per second. Two expert analysts meticulously quantified several key 
performance indicators. Activity was measured as the number of attacks initiated per minute (Atici 
et al., 2025). the reliability of attacking actions and defence was determined by calculating the success 
rates of offensive manoeuvres (resulting in scoring or positional advantage) and the neutralisation 
of opponent attacks, respectively. Stand-up and Ground Effectiveness were quantified by points 
scored via throws (nage-waza) and holds/submissions (katame-waza), adhering to International Judo 
Federation (IJF) rules (Ahmedov et al., 2024; Beboucha et al., 2021). Combination Judo Skills was 
assessed as the percentage of attacks involving multiple techniques executed in sequence(Brandão 
Kashiwagura et al., 2021). Variability, both general and effective, was evaluated by the number of 
technique class groups (e.g., throws, holds, submissions) utilised overall and specifically for scoring 
(Miarka et al., 2020; Brandão Kashiwagura et al., 2021; Belkadi et al., 2015). Speed  was broken 
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down into Total, Motor, and Decision-making components, measured as attack frequency, physical 
execution speed, and cognitive processing speed, respectively, through frame-by-frame analysis 
(Aranha et al., 2017; Manar et al., 2023). Inter-rater reliability for these assessments was strong, 
indicated by a Cohen’s kappa of 0.87.

Data Collection
Video recordings were analysed within 48 hours, stored securely, and reviewed by certified judo 
analysts to ensure data integrity (Adel et al., 2019; Villapol et al., 2017).

Statistical Analysis
Data were analysed to establish model characteristics of special physical and technical-tactical 
preparation. The Shapiro-Wilk test was used to confirm normality for all variables (p > 0.05), justifying 
parametric methods. The sigma deviation method, based on the “three sigma” rule, was applied to 
derive normative scales, categorising performance into five intervals: low (< mean – 2SD), below 
average (mean – 2SD to mean – 1SD), average (mean – 1SD to mean + 1SD), above average (mean 
+ 1SD to mean + 2SD), and high (> mean + 2SD). Descriptive statistics (mean ± SD) were computed 
for all measured variables, including uchi-komi time, dummy throw counts, balance function, attack 
reliability, and speed, using SPSS v.26. The sample size (n=20) was justified based on prior judo 
studies [2] and a priori power calculations assuming a moderate effect size (Cohen’s d = 0.5, α = 0.05, 
power = 0.80), ensuring adequate statistical power for detecting significant performance differences.
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RESULTS

The descriptive statistics (mean ± standard deviation) for the special physical fitness tests are presented in Table 1.

Table 1: Preliminary data on special physical fitness tests

Athlete ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Mean ± SD

Uchi-komi (s) 20 22 19 23 18 22 22 19 27 20 17 23 21 18 20 25 24 25 24 23 21.6 ± 2.7

Dummy Throws (30 s, n) 9 10 8 9 7 8 9 12 7 8 6 8 7 11 8 10 8 10 9 8 8.6 ± 1.5

Dummy Throws (3 min, n) 26 27 26 33 29 24 28 30 29 26 24 26 30 28 26 24 28 26 27 25 27.1 ± 2.3

Functional Test (units) 10 13 11 10 8 11 9 12 11 7 9 8 9 11 12 8 10 9 10 13 10.1 ± 1.7

Balance Function (%) 90 85 76 70 75 74 70 69 84 78 83 67 60 75 73 79 85 80 79 86 76.1 ± 7.0

Change of Direction (%) 23 15 25 10 28 22 18 12 14 6 16 17 11 18 12 14 14 16 25 15 16.6 ± 5.6

Romberg Coefficient (%) 87 150 150 115 205 141 202 130 178 156 113 226 57 135 187 163 159 115 145 167 149.0 ± 40.6

These metrics provide a baseline understanding of the athletes’ physical capabilities. For instance, the mean time for 15 uchi-komi repetitions is 21.6 ± 2.7 
seconds, indicating a relatively quick execution of this fundamental judo movement. The dummy throws, both for 30 seconds (8.6 ± 1.5 repetitions) and 3 minutes 
(27.1 ± 2.3 repetitions), reflect the athletes’ strength endurance, crucial for sustained effort during bouts. The functional test, with a mean of 10.1 ± 1.7 units, assesses 
judo-specific movements and overall functional capacity. Balance, measured by the Balance Function (76.1 ± 7.0%), and agility, indicated by the Change of Direction 
(16.6 ± 5.6%), are also quantified. The Romberg Coefficient (149.0 ± 40.6%) provides insight into postural stability. These preliminary data serve as the foundation 
for establishing normative scales and identifying areas for targeted training interventions.

Table 2: Standardised measures of special physical fitness tests

Indicator Low Below Average Average Above Average High
Uchi-komi (s) >27.0 24.3-27.0 18.9-24.3 16.2-18.9 <16.2
Dummy Throws (30 s, n) <5.7 5.7-7.1 7.1-10.1 10.1-11.5 >11.5
Dummy Throws (3 min, n) <22.5 22.5-24.8 24.8-29.4 29.4-31.7 >31.7
Functional Test (units) >13.5 11.8-13.5 8.3-11.8 6.6-8.3 <6.6
Balance Function (%) <61.9 61.9-69.4 69.4-84.4 84.4-91.9 >91.9
Change of Direction (%) >27.8 22.2-27.8 10.9-22.2 5.3-10.9 <5.3
Romberg Coefficient (%) <67.8 67.8-108.4 108.4-189.7 189.7-230.3 >230.3

Notes: Scales calculated using the sigma deviation method: low (< mean – 2SD), below average (mean – 2SD to mean – 1SD), average (mean – 1SD to mean + 1SD), above average (mean + 1SD 

to mean + 2SD), high (> mean + 2SD). 
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Table 2 defines normative scales, with above-average model levels at uchi-komi (16.2–18.9 
s), dummy throws (10.1–11.5 in 30 s; 29.4–31.7 in 3 min), functional test (6.6–8.3 units), balance 
function (83.2–90.0%), change of direction (5.3–10.9%), and Romberg coefficient (189.6–230.1%). 
Approximately 15% of athletes (n=3) reached the model level for uchi-komi (e.g., Athlete 11: 17 s), 
and 25% (n=5) for dummy throws in 3 min (Athlete 4: 33 throws).

Table 3: Standardised measures of technical and tactical fitness tests

Indicator Low Below Average Average Above Average High

Activity (attacks/min) <1.8 1.9–2.3 2.4–3.2 3.3–3.7 >3.8

Attack Reliability (%) <32.6 32.7–40.4 40.5–55.9 56.0–63.7 >63.8

Stand-up Effectiveness (points) <3.8 3.9–5.1 5.2–7.7 7.8–9.0 >9.1

Ground Effectiveness (points) <3.7 3.8–4.7 4.8–6.6 6.7–7.6 >7.7

defence Reliability (%) <76.2 76.3–81.4 81.5–91.8 91.9–97.0 >97.1

Combinationality (%) <34.0 34.1–42.8 42.9–60.4 60.5–69.2 >69.3

Variability Stand-up (groups) <2.0 2.1–3.2 3.3–5.5 5.6–6.7 >6.8

Variability Ground (groups) <0.5 0.6–1.6 1.7–3.8 3.9–4.9 >5.0

Effective Stand-up (groups) <0.5 0.6–1.6 1.7–3.8 3.9–4.9 >5.0

Effective Ground (groups) <0.1 0.2–1.1 1.2–3.4 3.5–4.4 >4.5

Total Speed (attacks/s) <0.017 0.018–0.022 0.023–0.032 0.033–0.037 >0.038

Motor Speed (attacks/s) <0.036 0.037–0.041 0.042–0.051 0.052–0.056 >0.057

Decision-making Speed 
(attacks/s)

<0.084 0.085–0.094 0.095–0.114 0.115–0.124 >0.125

Table 3 provides the normative scales for technical and tactical fitness tests, similar to Table 2 but 
focusing on combat-specific skills. These standardized ranges allow coaches to evaluate an athlete’s 
tactical performance and decision-making abilities against established benchmarks. For example, 
an athlete with an activity level of more than 3.8 attacks/min is considered to have a ‘high’ level of 
activity, indicating a very aggressive and proactive fighting style. Conversely, an activity level below 
1.8 attacks/min is categorized as ‘low’. Similarly, for attack reliability, a percentage greater than 
63.7% is considered ‘high’, signifying a highly effective offensive game (Belkadi et al., 2025). These 
scales are invaluable for identifying specific tactical strengths and weaknesses. For instance, if an 
athlete consistently falls into the ‘below average’ category for combination, coaches can focus on 
drills that encourage more varied and complex attack sequences. The speed metrics (Total, Motor, 
and Decision-making Speed) are particularly important in modern judo, where rapid execution 
and quick decision-making are paramount (Marcos et al., 2019). An athlete demonstrating a ‘high’ 
decision-making speed (>0.111 attacks/s) is likely to be highly adaptable and responsive in dynamic 
combat situations. This table serves as a critical tool for refining tactical strategies and optimizing 
an athlete’s competitive performance.
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Table 4: Preliminary data on technical and tactical fitness tests

Athlete ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Mean ± SD

Activity (attacks/min) 3.5 3.8 2.6 2.5 2.8 3.1 3.4 2.0 2.1 2.5 3.2 2.8 2.3 3.0 2.5 2.6 2.9 1.9 2.8 3.3 2.8 ± 0.5

Attack Reliability (%) 43 35 52 60 58 56 40 51 63 44 55 49 45 44 41 50 45 35 51 46 48.2 ± 7.8

Stand-up Effectiveness 
(points)

8.5 7.0 5.6 4.5 6.5 8.2 7.7 6.5 6.3 6.2 7.3 8.3 6.0 5.0 4.5 7.0 5.8 4.2 6.5 6.0 6.4 ± 1.3

Ground Effectiveness 
(points)

6.3 5.3 7.8 5.2 6.5 5.6 6.2 6.2 6.1 5.2 3.5 5.0 4.5 5.9 7.3 5.0 7.0 5.2 5.3 4.2 5.7 ± 1.0

Defense Reliability (%) 84 85 87 84 85 79 86 93 84 82 93 84 81 85 80 100 92 88 87 92 86.6 ± 5.2

Combinationality (%) 39 55 41 63 54 49 67 49 63 52 55 45 51 54 65 40 53 35 52 50 51.6 ± 8.8

Variability Stand-up 
(groups)

5 6 6 4 5 6 5 5 4 3 3 4 5 3 4 5 2 3 6 3 4.4 ± 1.2

Variability Ground 
(groups)

3 2 2 4 1 4 5 2 3 2 3 2 1 2 4 2 4 3 3 1 2.7 ± 1.1

Effective Stand-up 
(groups)

4 4 3 2 3 4 2 5 1 4 3 1 3 2 3 2 3 2 1 2 2.7 ± 1.1

Effective Ground 
(groups)

2 2 3 2 3 2 2 2 4 4 4 2 4 1 1 3 0 1 2 1 2.3 ± 1.2

Total Speed (attacks/s) 0.038 0.021 0.027 0.018 0.028 0.027 0.029 0.029 0.027 0.025 0.034 0.030 0.020 0.030 0.019 0.033 0.028 0.024 0.036 0.025 0.027 ± 0.005

Motor Speed (attacks/s) 0.055 0.051 0.035 0.045 0.045 0.045 0.048 0.046 0.039 0.049 0.046 0.048 0.048 0.044 0.049 0.047 0.043 0.052 0.054 0.038 0.046 ± 0.005

Decision-making Speed 
(attacks/s)

0.108 0.096 0.112 0.089 0.105 0.112 0.080 0.109 0.123 0.101 0.118 0.106 0.097 0.107 0.101 0.093 0.104 0.099 0.108 0.106 0.104 ± 0.010

Table 4 presents raw data for technical-tactical metrics. Mean values included activity (2.8 ± 0.5 attacks/min), attack reliability (48.2 ± 7.8%), defense reliability 
(86.6 ± 5.2%), stand-up effectiveness (6.4 ± 1.3 points), ground effectiveness (5.7 ± 1.0 points), combinationality (51.6 ± 8.8%), variability stand-up (4.4 ± 1.2 groups), 
variability ground (2.7 ± 1.1 groups), effective stand-up (2.7 ± 1.1 groups), effective ground (2.3 ± 1.2 groups), total pace (0.027 ± 0.005 attacks/s), motor pace (0.046 
± 0.005 attacks/s), and decision-making pace (0.104 ± 0.010 attacks/s). Table 4 defines normative scales, with model levels at activity (3.3–3.7 attacks/min), attack 
reliability (56.0–63.7%), and defense reliability (91.9–97.0%). Approximately 20% of athletes (n=4) reached the model level for defense reliability (e.g., Athlete 8: 93%), 
but only 10% (n=2) for attack reliability (e.g., Athlete 9: 63%).
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DISCUSSION

The primary aim of this study was to establish model characteristics for special physical and 
technical-tactical preparation in elite male judo athletes in the middle weight categories (73−81 
kg), a critical demographic in international competition. The results provide a set of quantifiable 
benchmarks that can serve as essential criteria for talent identification, training individualization, 
and performance optimization within national training centres. Critically, this research addresses 
a significant gap in the literature by integrating both the physical and the complex technical-tactical 
dimensions into a single, comprehensive model, moving beyond the fragmented assessments often 
reported previously.

Previous research on judo performance has often segregated performance components, focusing 
either on physiological attributes or technical execution in isolation. For instance, studies have 
frequently investigated the specific metabolic demands of high-intensity intermittent effort 
on blood components in judo athletes (Adel et al., 2019) or assessed the impacts of competition 
modality on upper and lower limb strength perseverance (Belkadi et al., 2020). While valuable, such 
approaches overlook the interaction between these domains. Our model proposes that the true 
characteristics of elite performance are found in the synthesis of specialised physical fitness and 
match-specific tactical efficiency. The high values recorded for Attack Reliability and Activity in the 
“Above-Average” group directly reflect the demands of the current International Judo Federation 
(IJF) rules, which prioritise aggressive, continuous engagement and penalize passive stalling. This 
tactical intensity is fundamentally supported by robust physiological function, as demonstrated in 
related sports where high-level performance requires finely tuned physiological and biomechanical 
responses to intermittent demands (Benhammou et al., 2025)

The special physical model characteristics revealed high requirements for strength-speed and 
special endurance. For the uchi-komi speed-strength test (15 repetitions), the “Above-Average” 
group achieved times faster than 18 seconds, indicating exceptional explosive power and rapid 
force generation critical for effective throwing techniques. Furthermore, the capacity to maintain 
intensity, measured by the 3-minute dummy throw test, highlights the necessity for high-level 
strength perseverance in the gripping and pulling muscles, a component directly impacted by 
competition duration and repeated, high-force actions (Adel et al., 2019). These results align with 
findings highlighting that physiological and neuromuscular performance must be category-specific 
and highly developed in elite judokas (Manar et al., 2023).

The findings on functional capacity, assessed via the judo-specific test, demonstrate the athletes’ 
ability to perform repeated high-intensity actions under fatigue. This capacity is particularly 
relevant given the necessity of rapid and effective recovery strategies to maintain performance 
during sequential matches in a tournament setting (Belkadi et al., 2025). Optimizing these recovery 
strategies is paramount for competitive success, as even subtle physiological changes can impact 
subsequent performance (Senouci et al., 2024)).

The inclusion of technical-tactical parameters derived from match analysis is a core strength of 
this study. The identified model characteristic for Attack Reliability (successful action or dominant 
grip acquisition per sequence) provides coaches with a quantifiable goal that correlates directly 
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with competitive success. This measure is more ecologically valid than isolated technique counts, 
as it integrates the decision-making process under pressure, a critical element of technical-tactical 
preparation (Pujszo, 2012).

Moreover, the high standards set for Romberg Coefficient and Coordination highlight the 
complex motor control required by elite judo. The ability to maintain dynamic balance and execute 
rapid change of direction which relies on efficient cardiac autonomic modulation (Adel et al., 2025) 
is essential for executing complex transitions from standing (Tachi-waza) to groundwork (Ne-waza) 
and vice-versa (Pryimakov, 2013). This integration of neuromuscular control is crucial, given that 
coaching competencies and training needs directly influence the development of these professional 
skills in elite athletes (Belkadi et al., 2019; Mohamed et al., 2019).

The established normative scales serve as a powerful diagnostic and prognostic tool. Coaches can 
use these defined ranges (e.g., “Above-Average,” “Average”) to individualize training load and pinpoint 
specific deficits. For example, an athlete scoring “Below Average” in strength endurance would be 
prescribed targeted concurrent training, paying careful attention to optimizing the training regimen 
while monitoring physiological functions to ensure peak performance (Belkadi et al., 2025). This 
focused approach ensures the training process is efficient and evidence-based, a principle that applies 
across various sports requiring high functional fitness (Abdelouaheb et al., 2025).

A limitation of the current study is the reliance on a national-level elite sample (N=20) in a specific 
geographical context. Future research should aim to validate these model characteristics with data 
from international medallists across multiple continents. However, the rigor of the methodology, 
particularly the objective measurement of complex variables like balance using quantitative methods 
(e.g., Romberg coefficient, similar to advanced gait analysis techniques (Smirnova et al., 2022), 
provides a robust foundation for practical implementation in high-performance programs globally. 
The ability to quantify and target areas for improvement based on these model characteristics 
represents a significant step towards the next generation of data-driven judo coaching.

CONCLUSION

This study successfully established a comprehensive set of model characteristics for special physical 
and technical-tactical preparation in elite male judo athletes within the highly competitive 
73−81 kg weight categories, moving beyond fragmented research by adopting a unified Physical-
Technical-Tactical (PTT) approach that directly reflects the integrated, high-intensity demands 
of modern IJF competition. The data conclusively demonstrate that superior performance in this 
cohort necessitates a rigorous synthesis of attributes, including exceptional strength-speed and 
special endurance (quantified by high values in the uchi-komi and 3-minute dummy throw tests), 
synchronized with robust neuromuscular coordination (Romberg coefficient) and effective match-
specific tactical reliability (Attack Reliability index). Consequently, the derived normative scales 
and the PTT model provide an invaluable, data-driven tool for high-performance judo systems, 
enabling coaches to objectively diagnose specific performance gaps, refine training periodization, 
and precisely individualize training loads to optimize competitive readiness, thereby offering a 
crucial scientific foundation for talent identification and maximal performance potential.
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