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The Influence of Peripheral Temperature Modulation on Grip Strength and Hang-Time Endurance in Trained Climbers
The study aimed to investigate the influences of peripheral temperature by assessing athletes hang time endurance and grip strength. The research intends to identify forearm peripheral temperature modulation in 3 conditions. The 3 conditions include Cold (10 degrees), neutral (25 degrees) and warm (40 degrees). The research question corresponds to existing peer reviewed evidence that examines the physiological effects of temperature on muscular function, contractibility and peripheral blood flow (Vincent & Tipton, 1988) 
Existing studies exploring thermal interventions have predominantly prioritised cooling and heating for recovery-based applications. Whereas Limited research has examined how localized peripheral temperature effects influences immediate performance. 
By understanding how thermal exposure and applied thermal stressors such as warming or cooling influences grip strength and endurance, the investigation desires to contribute to the development of efficient methodologies for athletic preparation, optimized performance and effective recovery. Implementing the findings within the realm of athletic performance could revolutionize coaches and athlete’s approach to optimization. By incorporating thermal modulation especially during warm up routines or intensive grip training protocols would be deemed beneficial to enhancing athletic prowess. 

Introduction/Rationale 
Among athletic populations, optimal muscular endurance and grip strength are widely recognised as vital determinants of athletic performance and adaption (Cronin et al., 2017). Sustaining grip against Fatigue is a key component to sports such as climbing or gymnastics, considering the importance of neuromuscular endurance and overall capacity of the forearm flexors resistance to force output decline (Baláš et al., 2012). Very limited research has been conducted on peripheral temperature modulation in relation to fatigue resistance and muscular output (Oksa et al., 2000).  Identifying possible benefits to peripheral temperature modulation could provide important applications for athlete’s competing in sports that demand precise motor control and sustained grip strength (Peiffer et al., 2010).
Peripheral temperature change is clinical in the neuromuscular systems ability to generate and maintain force (Ferreira et al., 2022).Cheung elaborates the profound effects that local temperature has on muscle contractibility and endurance capacity, emphasizing that variations in thermal conditions can significantly alter neuromuscular endurance by influencing the bodies nerve conduction velocity, enzymatic activity, blood perfusion and cycling efficiency (Cheung, 2015). Elevating body temperature enhances tissue elasticity, facilitates nerve impulses and increases metabolic reaction rates, all of which contribute to delayed onset of fatigue and optimized grip strength (Racinais and Oksa, 2010) Reducing body temperature usually stiffens muscle contractibility and initiates vasoconstriction to preserve core temperature by decreasing the blood systems circulation. These affects lead to decline in precise motor control and maximal voluntary contractions (Vincent and Tipton, 1988). 
Many well documented studies have examined the physiological impact of temperature on muscle performance (Tipton et al., 2017). Prior investigations have primarily shifted focus on recovery strategies or body thermal interventions, in contrast to localized peripheral temperature manipulation. Limited studies investigating forearm immersion in warm and cold water have illustrated evidence that athletic performance can be affected by body temperature regulation (Rabelo et al., 2016). Although very few have integrated strength and endurance-based measures, scarce amount of research has explored the relationship between peripheral temperature responses interaction as an indicator for physiological adaption or onset fatigue. The studies purpose is to identify how short-term peripheral temperature modulation via the forearm and hand can affect muscular performance in hang time endurance and grip strength across 3 conditions (warm, neutral and cold). The study will require participants to undergo a hand-grip dynamometer and endure a hang time endurance test to provide insight into an unexplored area of applied exercise physiology linking peripheral temperature modulation to muscular performance. 
The rationale for the study aims to enhance overall understanding neuromuscular function under temperature stress, while providing valuable insight to training methods and overall knowledge for practitioners or coaches to utilise to potential and development. The studies discoveries could influence strategies relating to environmental adaptions, approach to warm up routine methods and cooling for recovery (Peiffer et al., 2010)

Research question:
How does peripheral forearm and hand temperature modulation impact grip strength and hang-time endurance performance in trained climbers

Objectives
1. Measure athlete’s grip strength in 3 trail conditions (warm, neutral and cold)
2. Evaluate climbers hang time endurance for every temperature condition.
3. Compare differences between the conditions to Identify the effectiveness of thermal modulation and how it influences neuromuscular function 

Method 
Participants 
The study opted for 20 trained climbers aged between 18-25 (Baláš et al., 2012). Participants will be recruited from the overhang climbing centre. All participants will require a minimum of two years of climbing based training experience to ensure familiarisation to grip related movements. All participants will be briefed on procedures, purpose and any potential risks and before testing every participant must complete a PAR-Q to guarantee medical clearance. Prior to any data collection, written consent will be secured, and all participants are given the chance to withdraw at any point of testing with no repercussions. Ethical approval will be granted by the ethics committee situated on the university campus and all data collected during the study will be held confidential in alignment with the institutional guidelines (University of Wales Trinity Saint David, 2025).

Design 
Repeated measure design with participants completing the trial under three conditions:
1. Warm (40 degrees)
2. Neutral (25 degrees)
3. Cold (10 degrees)
Order of temperature conditions will be randomised to prevent participants learning or gaining any advantage. All trials will be on assessed on different days to minimize participant fatigue, while ensuring the studies reliability and repeatability
All trial conditions, participants are required to complete a hand grip dynamometer attempting maximal effort, shortly followed by a dead hang with the duration held on the bar being recorded. 

Temperature procedure 
Participants will be instructed to immerse hands and forearm in water containers, making sure the forearm is fully immersed up to the elbows. All condition trials participants must remain immersed for exactly 10 minutes and throughout the testing, water temperature must be constantly monitored by a calibrated digital thermometer for precise readings. Instantly after immersion, participants are instructed to dry hands immediately and attempt both testing trials to record the acute effects of temperature manipulation (Rabelo et al., 2016)


Performance testing
Grip strength performance evaluation
Participants are informed to perform 3 maximal contractions utilising a hand grip dynamometer. Each contraction lasting a duration of 3 seconds with a 30 second recovery period implemented between attempts. Data recorded will be highest value (kg) out of the 3 contractions completed. 

Hang time endurance evaluation
Participants will perform a dead hang from a stationed pull up bar, holding a pronated grip perpendicular to the shoulders. All participants are instructed to maintain grip until failure or voluntary release. The duration of hang time is recorded with a stopwatch to gain precise timing for results. 

Data collection 
All testing will be conducted in a controlled testing environment to allow consistency throughout all trials and reduce external influences. Ambient temperature of 22 degrees and humidity of 50% will be regulated during the testing process to maintain credibility. All equipment required for testing will be calibrated prior to trials and all procedures will be standardized to maintain reliability. verbal encouragement will not be utilised during the testing to ensure extrinsic motivation doesn’t alter the outcomes. 

Data analysis plan 
Data collected will be analysed using IBM SPSS Statistics, grip strengths standard deviation and mean will be calculated and hang time endurance compared to each condition to illustrate a clear variability dependant on temperature modulation. 
Considering the study purpose a repeated measures ANOVA will be applied to examine the statistical significances between temperature conditions for both dependant variables. ANOVA felt relevant to the study as test is perfect for within subject comparisons and precise control in individual variability. Any variation identified a post-hoc test will be used to evaluate the conditions differences. 
Data collected on the study will be presented in clear illustrations of tables and graphs to highlight the discoveries. 

Expected outcomes
Reviewing past research, the studies educated expectations anticipate that peripheral temperature modulation will exert a significant impact on both grip strength and hang time endurance. Comparing all 3 conditions participants are predicted to perform best under the warm condition (40 degrees) due to the fact, nerve conduction muscle elasticity and blood flow are all enhanced by elevated muscle temperature. Neutral condition (25 degrees) is predicted to have really no response reflecting the participants baseline muscular capability. Lastly the cold condition is believed to lower muscular contraction resulting int the worst condition due to overall muscle stiffness and decreased circulation Overall peripheral temperature could enhance an athlete’s neuromuscular performance and endurance capabilities. 

Limitations 
The study demonstrates a solid design to investigating the effects of peripheral temperature on grip strength and hang time endurance, but certain aspects present opportunities for refinement. Repeating the study with a larger sample size would provide significance in athletic populations. Increasing the studies immersion time in all 3 conditions replicating real life circumstances during performance or training could prove beneficial to future research (Oksa et al., 2000). Participants individual differences such as motivation and pain tolerance can possibly influence performance outcomes. Adapting the study to apply to other sports such gymnastics or powerlifting can amplify results across diverse athletic populations (Baláš et al., 2012).

Conclusion 
Overall, the studies aim is to investigate how acute peripheral hand and forearm temperature influences climbers grip strength and hang time endurance. By comparing the athlete’s performance outcomes under 3 conditions (warm, neutral and cold), the research demonstrates the importance of the effects on temperature modulation in relation to onset fatigue and neuromuscular capability.  The studies hypothesize believes the warm condition will yield the most effective enhancement to muscular performance. T enhancement Whereas the cold condition will produce the worst enhancement. The analysis can ultimately contribute to the sporting populations by presenting a deeper understanding into the benefits of temperature dependant muscular function. Informing athletes and coaches the practical evidence the results display can provide valuable insight for optimization in performance and training by utilising varying thermal adaptions (Racinais and Oksa, 2010).
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