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Abstract 
Introduction: This study investigated the effects of inter-set palm cooling on 
performance, physiological, and perceptual responses during high-load deadlift 
exercise.   
Methods:  Twelve resistance-trained males (age: 20.6 ± 1.4 years) completed two 
randomized, counterbalanced experimental sessions involving repeated sets of hex bar 
deadlifts at 95% of their estimated 5-RM. During rest intervals, participants either sat 
passively without a device (no palm cooling; NPC) or held a commercially available 
palm cooling device (palm cooling; PC). Performance metrics (total volume, bar 
velocity, power, and force), physiological responses (heart rate, core and skin 
temperature), and perceptual measures (RPE, affect, thermal comfort, and perceived 
recovery) were recorded. 
Results: No significant differences were observed between PC and NPC conditions 
for performance or physiological outcomes (p>0.05). Although not statistically 
significant, PC resulted in greater total volume (+15%), partial (concentric-phase) 
power (+4%), and peak force (+5%). Perceptual responses differed significantly, with 
PC producing lower RPE (p=0.049), higher affect (p=0.049), and improved thermal 
comfort (p=0.002), but unexpectedly lower perceived recovery between sets 
(p=0.001). 
Conclusions: PC did not significantly enhance performance or physiological recovery 
during high-load deadlifts but improved perceptual responses, supporting the 
hypothesis that PC may modulate central sensory feedback during exercise. These 
findings suggest PC may be especially useful during high-intensity resistance training 
in hot environments or for athletes sensitive to thermal strain. 
 
Key Words: thermoregulation, resistance training, central sensory feedback. 
 

Corresponding author: Jeffrey Buxton buxtonjd@gcc.edu 
 
 
Introduction 
Resistance training is a foundational component of athletic performance and general 

fitness, with benefits ranging from increased muscular strength and hypertrophy to improved metabolic health 1, 2, 3 
Maximizing performance during resistance training sessions often depends on the ability to sustain high force and 
power output across successive sets. However, fatigue accumulation and thermal discomfort can impair performance, 
particularly during high-intensity protocols which may increase energy consumption, and subsequently, heat generation 
up to 100-fold in working muscles.4 
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Thermoregulation plays a critical role in exercise performance. Research has shown that local skeletal muscle tissue 
exhibits an optimal working temperature range, with temperatures exceeding this range resulting in rapid decreases in 
contractile force capabilities.5 Additionally, elevated core and skin temperatures can negatively affect neuromuscular 
function, cardiovascular efficiency, and perceptual responses such as perceived exertion and thermal discomfort, 
resulting in diminished performance.6, 7 Although several cooling strategies have shown benefits, such as cold water 
immersion, cooling vests, and localized cooling, most are impractical for use during training due to their invasiveness, 
time demands, or logistical constraints.8 In contrast, palm cooling (PC) is non-invasive, fast-acting, and can be applied 
during short rest intervals between sets, making it a practical alternative for athletes and practitioners. The palms 
contain specialized vascular structures known as arteriovenous anastomoses, where heat absorbed by circulating blood 
from working muscles can be extracted, thereby reducing the rate of heat accumulation in the active muscle tissue. 
Since temperature is a limiting factor of muscle function, delaying heat accumulation may improve muscle contractile 
fore capabilities and ultimately performance.9 

 
Palm cooling may influence both physiological and perceptual responses during resistance exercise. Mechanistically, 
cooling the palms can attenuate the rise in active muscle and core temperature and modulate thermal perception, 
thereby reducing central fatigue by altering afferent thermal signals and potentially preserving central motor drive.9, 6 
Additionally, psychophysiological factors such as thermal discomfort and perceived exertion are closely linked to motor 
unit recruitment and pacing behavior, suggesting that thermal interventions may indirectly influence performance 
through perceptual pathways.10 High-load resistance training elevates perceptual strain, such as perceived exertion, 
thermal discomfort, and affective valence, which can impair exercise tolerance and reduce adherence. By reducing 
perceptual strain, palm cooling may enhance the subjective experience of training, potentially improving performance 
indirectly by increasing comfort and reducing the psychological burden of effort.11, 12 

 
Preliminary research suggests that PC may enhance endurance and anaerobic performance, delay fatigue, and improve 
physiological, metabolic and responses during resistance exercise.9, 13, 14, 11, 12 However, PC’s effects on resistance 
training performance, particularly during high-load multi-set protocols, remain underexplored. Thus, this study aimed 
to investigate the effects of inter-set PC on performance, physiological, and perceptual responses during repeated sets 
of high-load deadlifts. It was hypothesized that PC would reduce perceptual strain and improve physiological and 
performance outcomes compared to a no-cooling control condition. 
 
Scientific Methods 
Experimental Design 
A randomized, counterbalanced crossover design was employed to investigate the effects of inter-set palm cooling on 
performance during multiple sets of high-load deadlifts. Twelve participants completed one familiarization session 
followed by two experimental sessions conducted at the same time of day, each separated by at least seven days. During 
the familiarization session, participants were introduced to all procedures, completed anthropometric assessments 
(height, weight, and body composition), and performed a 1-repetition maximum (1-RM) test using a hexagonal barbell. 
This 1-RM was used to estimate each participant’s 5-RM load. During each experimental session, participants 
performed a standardized dynamic warm-up and then completed as many sets as possible of five repetitions at 95% of 
their estimated 5-RM, using the hexagonal barbell, with three minutes of rest between sets. During rest periods, 
participants either sat passively without a device (non-palm cooling; NPC) or held a commercially available palm 
cooling device (palm cooling; PC). Performance and physiological outcomes were assessed throughout each session, 
including total training volume (sets × reps), bar velocity metrics (average and peak velocity, partial power, and peak 
force), heart rate, core and skin temperature, and perceptual measures [ratings of perceived exertion (RPE), affect, 
thermal comfort, and perceived recovery]. All procedures were approved by the institutional review board (IRB #127-
2024), and written informed consent was obtained from all participants. Experimental sessions were conducted in the 
Exercise Science Laboratory at Grove City College. 
 
Participants 
Twelve resistance-trained, college-aged males with at least two years of consistent training experience and no known 
chronic disease volunteered to participate (Table 1). All participants were familiar with the hexagonal barbell deadlift 
and regularly performed it at high relative intensities (>85% 1-RM) at least once per week. Participants were excluded 
if they were involved in competitive weightlifting, had sustained an injury within the previous 12 months, were currently 
injured, or had a known cardiovascular, metabolic, or pulmonary disease. Participants were instructed to refrain from 
caffeine consumption for 24 hours and from vigorous physical activity for 48 hours prior to each testing session. 
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Additionally, participants were instructed to maintain their regular exercise and dietary habits throughout the study. 
All participants were familiarized to the study protocols and informed of the risks prior to providing written consent. 
 

Table 1: Physical characteristics of the participants (N=12). 

Variable Mean ± SD 

Age (yr) 20.58 ± 1.37 
Height (cm) 182.78 ± 9.33 
Weight (kg) 93.35 ± 18.17 
BMI 27.27 ± 5.89 
Fat % 17.57 ± 8.72 
Fat mass (kg) 17.71 ± 12.41 
FFM (kg) 75.63 ± 6.88 
Muscle mass (kg)   71.91 ± 6.52 
Resting heart rate (bpm) 76.92 ± 11.98 
1RM deadlift (kg) 179.96 ± 28.32 
5RM deadlift load (kg) 148.78 ± 23.44 

                                            yr = years; cm = centimeters; kg = kilograms; bpm = beats per minute  
 
Protocol 
Familiarization 
During the familiarization session, following orientation to all experimental procedures and provision of written 
informed consent, participants completed anthropometric assessments for height (cm) using a stadiometer (Detect-
Medic Balance scale, Detecto Scales, Inc., Brooklyn NY) and body mass (kg) and body composition (BMI (kg/m²), fat 
mass (% and kg), and fat free mass (kg) using a bioelectrical impedance analyzer (BIA) (TBF-310GS, Tanita 
Corporation of America, Arlington Heights, Illinois). Participants were then introduced to four perceptual scales: the 
OMNI-Resistance Exercise RPE Scale,15 the ASHRAE Thermal Comfort Scale,16 the Feeling Scale for affect,17 and 
the Perceived Recovery Status Scale.18 These were explained prior to testing to ensure consistent interpretation during 
experimental sessions. Participants then completed a standardized dynamic warm-up followed by a 1-repetition 
maximum (1-RM) hexagonal barbell deadlift protocol, following NSCA guidelines.19 Experimental session load was 
calculated using the equation: 1-RM × 0.87 × 0.95, where 0.87 represents the estimated load for 5-RM and 0.95 
accounts for the intensity used during testing sessions.20 Randomized counterbalancing was used to determine the 
assignment of palm cooling (PC) or no palm cooling (NPC) sessions.   
   
Experimental Session 
Before each session, participants were fitted with a heart rate monitor (Polar H10, Polar Electro, Kempele, Finland) at 
the xiphoid process and a core temperature sensor (CORE Sensor, greenTEG AG, Zürich, Switzerland), which was 
attached to the heart rate strap and positioned along the left anterior axillary line, prior to beginning the standardized 
warm-up. Following the warm-up, participants completed the deadlift protocol, which involved performing as many 
sets as possible of five repetitions at 95% of their estimated 5-RM, with three minutes of seated passive recovery 
between sets. The protocol was terminated when a participant was unable to complete five successful repetitions, 
defined as maintaining a neutral spine throughout the concentric and eccentric phases and achieving full knee lockout 
at the end of each concentric phase. During the PC condition, participants held a cylindrical palm cooling device 
(Charge Bar, AVA Cooling Technology, Sun Valley, ID, USA) with both bare hands continuously throughout each 
recovery period. The PC device was monitored continuously throughout each trial and maintained at a temperature of 
7-15˚C per manufacturer’s recommendations. If the device exceeded 15°C, it was immediately replaced with one within 
the recommended temperature range. No placebo device was used in the NPC condition; participants rested without 
holding any object. The laboratory environment where all procedures were conducted was maintained at a 
thermoneutral temperature and humidity (~20°C & 40% relative humidity) for all trials. 
 
RPE, affect, thermal comfort, HR, skin temperature (ST), and core temperature (CT) were recorded immediately post-
set. HR, ST, CT, and perceived recovery (PR) were then recorded again prior to the start of the next set. Changes in 
HR (ΔHR), skin temperature (ΔST), and core temperature (ΔCT) were calculated by subtracting pre-set values from 
immediately post-set values, and these deltas were used in analysis. During deadlift repetitions, a linear position 
transducer (TENDO Unit, Tendo Sports Machines, London, UK) was used to record average and peak bar velocity 
(m/s), peak force (N), and partial power (mean concentric-phase power, W). The average of each perceptual and 
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mechanical variable across all sets was calculated for each participant and used for analysis. Total session volume was 
recorded as the number of sets and successful repetitions completed.  
 
Statistical Analysis 
All statistical analyses were performed using SPSS version 29.0 (IBM, Amonk, NY, USA) and GraphPad Prism version 
10.5.0 (Dotmatics, Boston, MA, USA). Statistical significance was set a priori at p≤0.05. Descriptive statistics were 
calculated for each variable. Paired-samples t-tests were used to compare outcome variables between conditions (PC 
vs. NPC). Normality was confirmed for all variables using the Shapiro-Wilk test.  Effect sizes (Cohen’s d) were 
calculated to aid interpretation, with thresholds of 0.2 (small), 0.5 (medium), and 0.8 (large). 
 
Results  
Performance Outcomes 
No significant differences (p>0.05) were observed between conditions for any performance variables (Table 2, Figure 
1 & 2). Although not statistically significant, the PC condition resulted in ~15% greater total volume (mean difference: 
5 repetitions), along with small increases in partial power (~4%) and peak force (~5%). All effect sizes were small 
(d≤0.38). 
 

Table 2: Performance measures (total volume, average velocity, peak velocity, partial power, and peak force (N=12). 

Variable PC NPC Δ P-value (Effect size) 

Total Volume (a.u.) 36.67 ± 17.75 31.67 ± 15.28 5.00 0.214 (0.38) 
Avg. Velocity (m/s) 0.44 ± 0.1 0.44 ± 0.1 0.00 0.917 (0.03) 
Peak Velocity (m/s) 0.83 ± 0.2 0.83 ± 0.17 0.00 0.937 (0.05) 
Partial Power (W) 495.90 ± 118.26 477.57 ± 136.63 18.33 0.609 (0.15) 
Peak Force (N) 1841.65 ± 277.71 1750.45 ± 325.34 91.20 0.251 (0.35) 

  PC = palm cooling; NPC = no palm cooling; a.u. = arbitrary units; m/s = meters per second; W =    
  watts; N = newtons 
 

Table 3: Average change during recovery periods, calculated as the difference between immediately post-set and pre-set 
values, for heart rate (ΔHR), core temperature (ΔCT), and skin temperature (ΔST) (N = 12). 

Variable PC NPC Δ P-value (Effect size) 

ΔHR (bpm) 45.77 ± 11.33 43.32 ± 12.37 2.45 0.518 (0.04) 
ΔCT (°C) 0.25 ± 0.83 0.01 ± 0.04 0.24 0.96 (-0.02) 
ΔST (°C) -0.09 ± 0.22 -0.05 ± 0.09 0.04 0.85 (-0.06) 

   PC = palm cooling; NPC = no palm cooling; HR = heart rate; bpm = beats per minute; °C = degrees   
   Celsius.  
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Figure 1. Total volume (reps x sets) performed during each condition. PC = palm cooling; NPC = no palm cooling; 
a.u. = arbitrary units. 
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Figure 2. Average (A) and peak bar velocity (B), partial power (C), and peak force (D). PC = palm cooling; NPC = 
no palm cooling; m/s = meters per second; W = watts; N = Newtons. 
 
Physiological outcomes 
No significant differences (p>0.05) were observed between conditions for changes in heart rate (HR), core temperature 
(CT), or skin temperature (ST) during the recovery periods (Table 3, Figure 3). 
 

Table 3: Average change during recovery periods, calculated as the difference between immediately post-set and pre-set 
values, for heart rate (ΔHR), core temperature (ΔCT), and skin temperature (ΔST) (N = 12). 

Variable PC NPC Δ P-value (Effect size) 

ΔHR (bpm) 45.77 ± 11.33 43.32 ± 12.37 2.45 0.518 (0.04) 
ΔCT (°C) 0.25 ± 0.83 0.01 ± 0.04 0.24 0.96 (-0.02) 
ΔST (°C) -0.09 ± 0.22 -0.05 ± 0.09 0.04 0.85 (-0.06) 

   PC = palm cooling; NPC = no palm cooling; HR = heart rate; bpm = beats per minute; °C = degrees   
   Celsius.  
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Figure 3. Average changes in heart rate (A), core temperature (B), and skin temperature (C) during recovery periods. 
HR =heart rate; PC = palm cooling; NPC = no palm cooling. 
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Perceptual Outcomes 
Only perceptual measures [rating of perceived exertion (RPE), affect, thermal comfort (TC), and perceived recovery 
(PR)] differed significantly between conditions (Table 4, Figure 4). The PC condition resulted in significantly lower 
RPE, higher affect, and lower thermal comfort scores, indicating that participants felt cooler during PC than NPC. 
Interestingly, although PC improved thermal comfort and reduced RPE, it was also associated with significantly lower 
perceived recovery between sets. The effect sizes for differences between conditions in RPE and affect were moderate 
(d=0.64), while differences in TC and PR were large (d≥-1.14). 
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Figure 4. Perceptual measures: rating of perceived exertion (RPE; A), affect (B), thermal comfort (TC; C), and 
perceived recovery (PR; D). RPE = rating of perceived exertion; a.u. = arbitrary units; TC = thermal comfort; PR = 
perceived recovery; PC = palm cooling; NPC = no palm cooling. *p < 0.05, **p < 0.01, ***p ≤ 0.001. 

 
Table 4: Perceptual measures: RPE, affect, thermal comfort (TC), and perceived recovery (PR) during 
experimental sessions (N = 12). 

Variable PC NPC Δ P-value (Effect size) 

RPE (a.u.) 7.59 ± 0.61 7.91± 0.61 0.32 0.049 (-0.64) 
Affect (a.u.) 1.01 ± 1.69 0.31 ± 2.27 0.70 0.049 (0.64) 
TC (a.u.) 1.54 ± 0.51 2.01 ± 0.50 0.47 0.002 (-1.14) 
PR (a.u.) 5.82 ± 1.34 7.62 ± 0.56 1.80 0.001 (-1.30) 

RPE = rating of perceived exertion; a.u. = arbitrary units; TC = thermal comfort; PR = perceived recovery;    PC = 
palm cooling; NPC = no palm cooling. 
 
Discussion 
This study examined the impact of inter-set palm cooling on performance, physiological, and perceptual responses 
during repeated high-load deadlifts. It was hypothesized that palm cooling would enhance performance (i.e., total 
volume, bar velocity), improve physiological recovery (i.e., HR, core temperature), and reduce perceived exertion. 
However, these hypotheses were not supported for objective performance or physiological outcomes. Palm cooling 
did, however, yield significant improvements in perceptual responses, including lower RPE, more positive effects, and 
improved thermal comfort.  
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Notably, no significant differences in core or skin temperature were observed between the palm cooling and control 
conditions. This is consistent with the limited surface area involved in palm cooling and suggests that the intervention 
did not meaningfully alter whole-body heat content or deep body temperature. Despite this, participants reported 
significantly lower RPE, greater thermal comfort, and more positive affect, suggesting that perceptual benefits occurred 
independently of changes in core or skin temperature. These findings support the hypothesis that palm cooling may 
operate through modulation of central sensory feedback, particularly from arteriovenous anastomoses in the hands, 
rather than through traditional thermoregulatory pathways.21, 22 This dissociation between objective thermal strain and 
subjective perception highlights palm cooling’s potential as a targeted perceptual aid during high-intensity resistance 
exercise. 
 
These findings align with prior research suggesting that cooling interventions may more effectively improve perceptual 
responses, such as reduced exertion or enhanced comfort, than directly enhance neuromuscular output, particularly 
during short-duration, high-intensity resistance exercise.11, 12 The modest, non-significant increases in total volume 
(~15%, ES = 0.14) and power output (~4%) observed in the palm cooling condition may indicate a potential benefit 
that could become more pronounced over longer training periods or with larger sample sizes.14   
 
Generally, cooling strategies result in improved comfort and reduced perceptions of effort during exercise resulting in 
the perception of being more recovered between exertional bouts than.23 Occasionally this enhanced perception of 
recovery is different than one’s actual state of physical recovery. Interestingly, despite lower RPE and improved thermal 
comfort, participants in the present study reported significantly lower perceived recovery in the PC condition. This 
counterintuitive result may reflect a dissociation between thermal comfort and neuromuscular readiness. One 
possibility is that the cooling intervention may have altered participants’ sense of recovery or readiness between sets 
without improving actual neuromuscular status. Alternatively, the cooling sensation may have masked fatigue cues, 
leading to a mismatch between perceived and physiological recovery.23 In other words, while palm cooling may have 
reduced discomfort, it could have disrupted internal cues typically used to assess recovery, resulting in lower PR scores. 
 
This study adds to emerging evidence that localized palm cooling can influence perceptual responses during exercise, 
even in the absence of immediate measurable performance benefits.9 Current evidence shows mixed acute performance 
benefits with respect to resistance training, repeat sprint ability, and aerobic performance.11, 13, 14, 24, 25 The results of 
the present study suggest that acute performance benefits from PC should not be expected. However, improved 
thermal comfort and reduced exertion may help athletes tolerate higher training volumes throughout high intensity 
training blocks or maintain effort across longer sessions, particularly in hot environments. As such, PC could be a 
viable strategy employed by coaches, athletes, practitioners, etc. to mitigate thermal strain during training blocks, which 
over time may lead to significant performance enhancements. This is consistent with a series of experiments from 
Grahn et. al., who employed inter-set PC during resistance training over the course of several weeks which resulted in 
significant improvements in overall work volume and strength outcomes.26  
 
Future studies should first explore whether palm cooling improves long-term training adaptations when used 
consistently across multiple sessions. Furthermore, future work should also assess effects across different exercise 
modalities and populations, and clarify underlying mechanisms such as thermoregulation, cardiovascular strain, or 
neuromuscular recovery. 
 
Limitations of this study include the small sample size, the use of a single exercise modality, and the relatively short 
duration of the protocol. Additionally, the cooling device’s temperature range and application method may influence 
its effectiveness. The study did not assess long-term training adaptations or neuromuscular recovery, which could 
provide further insight into the utility of palm cooling in resistance training contexts. Finally, participants were not 
blinded to condition, and no placebo cooling device was used, which may have influenced perceptual outcomes. 
 
Conclusions 
While palm cooling did not significantly enhance performance, it improved perceptual responses, including lower RPE, 
greater thermal comfort, and more positive effects. Palm cooling may be especially useful during high-intensity 
resistance training in hot environments or for athletes sensitive to thermal strain. 
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