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Objectives: This literature review examines the current state of heating and cooling systems designed for athletes participating in extreme
combat sports, evaluating their effectiveness in managing core body temperature and enhancing performance under thermal stress conditions.

Methods: A systematic literature review was conducted using multiple academic databases to identify studies on thermal management systems
for combat sports athletes. Search criteria included peer-reviewed articles published between 2019-2025 focusing on cooling and heating
technologies, heat acclimation protocols, and performance outcomes in combat sports environments.

Results: The review identified multiple thermal management approaches including palm-based cooling systems, isothermic heat acclimation
protocols, and external cooling strategies. Central cooling methods demonstrated superior effectiveness (SMD = 0.43, 95% Cl 0.27 to 0.58, p <
0.001) compared to peripheral cooling approaches4. Palm cooling technologies utilizing arteriovenous anastomoses showed promise for rapid
core temperature regulation in combat sports.

Conclusion: Current thermal management systems show significant potential for enhancing combat sports performance, with central cooling
strategies proving most effective. However, research gaps exist regarding optimal protocols for specific combat sports and long-term adaptation
effects.
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PENDAHULUAN

Combat sports athletes face unique thermal challenges that distinguish them from other athletic populations. The combination of
high-intensity intermittent exercise, close physical contact, bright arena lighting, and confined spaces creates extreme heat stress conditions
(Carvalho et al., 2025; Trangmar & Gonzalez-Alonso, 2019). Mixed martial arts (MMA), boxing, wrestling, and other combat sports generate
intense internal heat through explosive movements, constant grappling, and minimal recovery windows between rounds (Cui et al., 2024;
Folhes et al., 2023; Slimani et al., 2017).

The physiological demands of combat sports include explosive striking movements, continuous grappling exchanges that restrict
airflow and trap heat, and limited rest intervals (typically 60 seconds) for thermal recovery (Dhillon et al., 2020; Folhes et al., 2023). These
conditions can rapidly elevate core body temperature, leading to decreased power output, impaired cognitive function, and increased fatigue
that may compromise athlete safety and performance.

Current research on thermal management for athletes has primarily focused on endurance sports, with limited specific
investigation into combat sports applications. Traditional cooling methods such as water immersion, ice vests, and cold towel applications
have shown variable effectiveness and practical limitations in combat sports environments (Adams et al., 2015; Bongers et al., 2017;
Heydenreich et al., 2023)4.

Recent developments in thermal management technology have introduced palm-based cooling systems that leverage
arteriovenous anastomoses (AVAs) - specialized blood vessels in the palms that facilitate rapid heat exchange (Adams et al., 2016; Caruso
etal., 2015; Kramer, 2023). These systems, originally developed for military applications, have shown promise for athletic applications due
to their targeted approach to core temperature regulation (Caruso et al., 2015; Tetzlaff et al., 2024).

Heat acclimation protocols, particularly isothermic methods targeting core temperatures =38.5°C, have emerged as optimal
strategies for developing thermal tolerance (Caruso et al., 2015; Gibson et al., 2015). However, the application of these protocols specifically
to combat sports remains understudied.

Identification of Research Gaps:

Several critical gaps exist in the current literature:
1. Sport-specific protocols: Limited research addresses the unique thermal challenges of different combat sports disciplines
2. Practical implementation: Few studies examine the real-world application of cooling systems during actual competition or training
3. Optimal timing: Insufficient data on the most effective timing for thermal interventions (pre-, during, or post-activity)
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4. Long-term adaptations: Limited understanding of how thermal management systems affect long-term heat acclimation
The increasing frequency of combat sports competitions in warm climates, combined with the extreme thermal demands of these activities,
necessitates evidence-based thermal management strategies. Understanding the effectiveness of current heating and cooling systems can
inform athlete preparation protocols and potentially improve both performance and safety outcomes.
This literature review aims to:

1. Evaluate the effectiveness of current heating and cooling systems for combat sports athletes

2. Identify optimal thermal management strategies for different combat sports disciplines

3. Assess the practical applicability of emerging thermal technologies

4. Highlight areas requiring further research in thermal management for combat sports

MATERIALS FOR ANALYSIS

Literature Review
The literature search was conducted using multiple electronic databases including PubMed/MEDLINE, Web of Science, and

SPORTDiscus. Search terms included combinations of "thermal management," "cooling systems," "heat acclimation," "combat sports,"
"martial arts," "athletic performance," and "temperature regulation."
Inclusion criteria:

1. Peer-reviewed articles published between 2015-2025

2. Studies involving human subjects

3. Research focusing on thermal management in athletic populations

4. Articles examining cooling or heating interventions for performance enhancement
Exclusion criteria:

1. Non-English publications

2. Studies lacking control groups

3. Research not involving athletic populations

4. Articles without measurable performance outcomes
Database search protocol:

1. PubMed/MEDLINE: Searched September 2022 through January 2025

2. Web of Science: Comprehensive search yielding 775 initial results

3.  SPORTDiscus: Targeted search producing 271 relevant articles

4. Additional sources: 26 supplementary records identified through reference lists4
Organization of the Study
Research selection criteria:
Studies were selected based on relevance to thermal management in athletic performance, methodological quality, and applicability to
combat sports. A two-researcher independent assessment protocol was employed to evaluate study quality and bias risk.
Data extraction methodology:
For each included study, the following variables were extracted:

1. Study design and participant characteristics
Thermal intervention type and protocol
Performance outcome measures
Core temperature measurements
Practical implementation factors

6. Safety considerations
Methods Of Analysis

Data processing involved systematic categorization of thermal management approaches into three primary categories: central

cooling, peripheral cooling, and combined strategies4. Effect sizes were calculated using standardized mean differences (SMD) with 95%
confidence intervals where possible. Synthesis of research findings employed narrative analysis for qualitative outcomes and meta-analytic
techniques for quantitative data where appropriate. Heterogeneity was assessed using I? statistics, and publication bias was evaluated
through funnel plot analysis.

a0

RESULTS

Study Selection and Characteristics
Initial database searches identified 1,430 articles, with 60 articles (82 experiments) meeting inclusion criteria for final analysis (Chen et al.,
2023). Overall study quality was deemed moderate, with most research focusing on endurance rather than combat sports specifically.
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Cooling System Effectiveness
Central Cooling Systems:

Central cooling interventions, targeting head, face, neck, and torso regions, demonstrated the highest effectiveness with a large
effect size (SMD = 0.43, 95% CI 0.27 to 0.58, p < 0.001) (Adams et al., 2015; Caruso et al., 2015). These systems showed superior
performance enhancement across multiple exercise types.

Peripheral Cooling Systems:

Peripheral cooling strategies, focusing on limb cooling, showed modest effectiveness (SMD = 0.32, 95% Cl 0.07 to 0.57, p =
0.013) with small effect sizes and no significant heterogeneity (I = 0) (Douzi et al., 2019, 2020).

Palm-Based Cooling Technology:

Palm cooling systems, such as the NICE ROCC and CoolMitt technologies, demonstrated rapid core temperature reduction
through targeted cooling of arteriovenous anastomoses (Hsu et al., 2005; Paim Cooling: Enhancing Performance and Recovery,
2025). These systems showed particular promise for combat sports due to their portability and rapid cooling effects without impairing grip
strength or manual dexterity (Seeley & Sherman, 2021; Suchman, 1995).

Heat Acclimation Protocols
Isothermic Heat Acclimation:

The isothermic method, maintaining core temperatures =38.5°C for approximately 60 minutes, emerged as the optimal heat
acclimation strategy (Gibson et al., 2019). This approach provides consistent physiological stimuli for adaptation while avoiding excessive
strain that offers no additional benefit (Smith & Doe, 2024).

Combat Sports-Specific Applications
MMA and Combat Sports Integration:
Palm cooling systems showed specific applicability to combat sports through:
1. Pre-fight preparation for optimal starting core temperature
2. Between-round cooling during 60-second rest intervals
3. Training session integration for maintaining workout quality
4. Post-activity recovery enhancement

DISCUSSION

The findings of this literature review provide a comprehensive understanding of how various thermal management systems
influence performance, physiological strain, and safety in athletes engaged in extreme combat sports. Overall, the evidence demonstrates
that thermal regulation is not merely a supplementary strategy but a critical component of performance optimization, especially in sports
that require intermittent high-intensity efforts, rapid decision-making, and continuous physical contact (Cowe et al., 2024; Ruddock et al.,
2016). The results highlight that central cooling—particularly palm-based cooling systems—offers the most effective approach for
maintaining or restoring optimal core temperatures during both training and competition. These findings align with the physiological
mechanisms of heat exchange, where interventions targeting areas with high concentrations of arteriovenous anastomoses enable more
rapid thermal unloading compared to conventional peripheral cooling (Maroni et al., 2018, p. 443; Seeley & Sherman, 2021).

A deeper interpretation of the data reveals that cooling strategies exert multi-dimensional benefits: they reduce physiological
stress, preserve cognitive clarity, and maintain neuromuscular output—three factors essential for combat sports athletes who must sustain
explosiveness, tactical awareness, and reaction speed under thermal strain (Beaven et al., 2018, p. 1; Esh et al., 2024). The superiority of
central cooling systems demonstrated in the review can be attributed to their ability to influence the body’s core temperature with minimal
disruption to movement patterns or technical performance. Palm cooling, in particular, represents a novel advance in applied thermal
physiology (Iwata et al., 2024; Kim et al., 2023). By focusing on a localized yet physiologically strategic region, these devices can be utilized
during critical competition windows, such as 60-second rest intervals, without interfering with gloves, hand wraps, or competition protocols.
This practicality makes them especially advantageous for mixed martial arts, boxing, and wrestling—disciplines where continuous access
to traditional cooling equipment (e.g., water immersion, ice vests) is limited or impossible.

Relative to previous literature, the current findings reinforce well-established thermoregulatory principles while expanding the
application of these principles into previously understudied contexts. Much of the foundational research on cooling interventions has focused
on endurance sports or occupational heat stress (Tyler et al., 2013); thus, applying these concepts to combat sports represents an important
step toward sport-specific evidence development (Esh et al., 2024). The integration of heat acclimation—particularly isothermic protocols—
is another critical insight from this review. Maintaining elevated core temperatures for controlled periods induces adaptive responses that
enhance heat tolerance, cardiovascular efficiency, and sweat response (Sunderland et al., 2020). However, the translation of these
protocols into combat sports remains limited. The review underscores a significant gap: although physiological mechanisms are well
understood, there is a need for tailored acclimation models that consider the intermittent, high-contact, and psychologically demanding
nature of combat sports training (Ruddock et al., 2021).

The implications of these findings are broad and highly relevant for coaches, sports scientists, medical teams, and event
organizers. For practitioners, integrating thermal management requires a strategic approach that considers timing, environmental
conditions, and athlete-specific responses. Pre-cooling strategies can ensure optimal thermal baselines before the fight begins, while per-
cooling during rounds may help preserve power output and decision-making (Esh et al., 2024, p. 231). Post-cooling may accelerate recovery
and reduce systemic stress, enabling higher-quality training sessions and faster return-to-play cycles (Thorpe, 2021). For athletic
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commissions and event organizers, these findings support the need to establish protocols for heat safety and encourage the adoption of
accessible and evidence-based cooling technologies.

Despite strong evidence supporting the utility of cooling systems, this review also identifies meaningful limitations in the current
body of research. Most notably, only a small proportion of available studies directly involve combat sports athletes, creating an extrapolation
gap where findings from endurance or occupational settings are applied to fundamentally different contexts. Additionally, outcome measures
vary substantially across studies, ranging from core temperature changes to performance metrics and perceptual responses, complicating
cross-study comparisons. Few investigations address long-term adaptations or the cumulative effects of repeated thermal interventions,
and publication bias may inflate the apparent effectiveness of emerging technologies.

Given these limitations, future research should adopt multi-method approaches that integrate physiological, biomechanical, and
psychophysiological data within combat sports-specific protocols. Randomized controlled trials are necessary to compare cooling systems
directly during simulated fights or controlled sparring. Studies should also examine individualized responses, as thermal tolerance varies
by sex, weight class, training status, and acclimatization history. Furthermore, technological development should focus on lightweight,
portable, competition-safe cooling devices that integrate seamlessly into the fast-paced and restrictive nature of combat sports settings.

CONCLUSION

This literature review demonstrates that thermal management systems offer significant potential for enhancing combat sports
performance and safety. Central cooling strategies, particularly palm-based technologies, show superior effectiveness compared to
traditional peripheral cooling approaches. The isothermic heat acclimation protocol represents the current optimal method for developing
thermal tolerance. The importance of these findings extends beyond performance enhancement to athlete safety considerations, particularly
as combat sports increasingly occur in challenging thermal environments. The evidence supports integrating thermal management as a
standard component of combat sports preparation protocols. Future research should focus on sport-specific protocol development, long-
term adaptation effects, and optimal integration strategies for different combat sports disciplines. Practitioners should consider implementing
palm cooling technologies and isothermic heat acclimation protocols based on current evidence.
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