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Abstract

:

The purpose of this investigation was to determine the influence of intermittent neck cooling during exercise bouts designed to mimic combat sport competitions. Participants (n = 13, age = 25.3 ± 5.0 year height = 176.9 ± 7.5 cm, mass = 79.3 ± 9.0 kg, body fat = 11.8% ± 3.1%) performed three trials on a cycle ergometer. Each trial consisted of two, 5-min high-intensity exercise (HEX) intervals (HEX1 and HEX2—20 s at 50% peak power, followed by 15 s of rest), and a time to exhaustion (TTE) test. One-minute rest intervals were given between each round (RI1 and RI2), during which researchers treated the participant’s posterior neck with either (1) wet-ice (ICE); (2) menthol spray (SPRAY); or (3) no treatment (CON). Neck (TNECK) and chest (TCHEST) skin temperatures were significantly lower following RI1 with ICE (vs. SPRAY). Thermal sensation decreased with ICE compared to CON following RI1, RI2, TTE, and a 2-min recovery. Rating of perceived exertion was also lower with ICE following HEX2 (vs. CON) and after RI2 (vs. SPRAY). Treatment did not influence TTE (68.9 ± 18.9s). The ability of intermittent ICE to attenuate neck and chest skin temperature rises during the initial HEX stages likely explains why participants felt cooler and less exerted during equivalent HEX bouts. These data suggest intermittent ICE improves perceptual stress during short, repeated bouts of vigorous exercise.
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1. Introduction


The scientific community has recently drawn interest in the complex physiological demands of combat sports (e.g., wrestling, boxing, judo) [1]. Their energetic requirements and activity patterns differ from steady-state sports such as cycling or running whereby they require alternating bouts of maximal exertion (usually 5–15 s) and active rest (usually 5–40 s), repeated for 2–6 min, per round, with most competitions requiring 3–10 rounds [1,2,3,4]. Causes of fatigue during these activities, or similar forms of high-intensity exercise (HEX), are multifaceted as various physiological, and perceptual inputs interact to control both physical capacity and the desire to perform it [5,6,7]. Specifically, a combination of body temperature and the conscious perception of thermal distress [8], thermal sensation (TS), and the rating of perceived exertion (RPE) [9] combine to determine exercise workload/performance [5,6,7,10].



Reducing skin temperature in thermally sensitive areas (face, hands, specific exercising muscles, or a combination of these) may reduce TS, thermal discomfort, and RPE, which improves exercise performance and perception [7,10,11]. Applying cooling agents (e.g., ice packs) to these locations before or during the rest intervals (RI) of HEX (i.e., “intermittent cooling”) has been shown to increase exercise power output [12] and time to fatigue [10,13,14]. Unfortunately, cooling these areas is not practical for combat sports due to the number of muscles involved, the equipment, and sport rules [9]. Coaches typically circumvent this problem by placing an ice bag on the back of an athlete’s necks between rounds. Neck cooling typically enhances performance during low- [15,16,17] and moderate-intensity exercise (≤70% VO2max) [16,17]. However, little is known about its effectiveness during HEX.



A growing collection of parallel research strongly supports thermal perception as a thermoregulatory controller [7,8,18]. Thus, researchers are now also investigating the effects of perceived (i.e., non-thermal) cooling on thermoregulation and performance [5,6,7,18], particularly when applied to the neck. The early indications suggest that non-thermal cooling (usually menthol sprays) does not alter core and skin temperatures, skin blood flow, or skin sweat rate [5], but does promote positive changes in TS and RPE.



Taken together, while the literature supports a relationship between body cooling and exercise performance, it is still unclear (1) if intermittent neck cooling during HEX alters performance, TS, or the perception of difficulty, and (2) if these alterations are a result of actual physical cooling, or simply the perception of cooling. Therefore, the purpose of this study was to investigate physiological and perceptual effects of intermittent neck cooling during the rest periods of repeated HEX bouts designed to mimic combat sport competition energetic demands.




2. Materials and Method


2.1. Study Design


Participants reported to the laboratory on four separate occasions (each separated by ≥48 and ≤168 h), which included one familiarization and three experimental trials (Figure 1). Each trial consisted of repeated bouts of HEX cycling. During the rest intervals (RI) between acute HEX bouts, participants had (A) a wet-ice bag (ICE) [19], (B) a menthol spray (SPRAY), or (C) nothing (CON) placed on their cervical spine. This was designed to mimic a typical 3-round combat sport event (i.e., 3 × 5-min rounds, with 1-min rest between rounds). Only one treatment (ICE, SPRAY, or CON) was used per experimental trial, and the order was randomized.




2.2. Experimental Controls


All trials took place in the Exercise Physiology Laboratory (maintained at 25.0 ± 1.0 °C, 53.0% ± 1.0% relative humidity) with the same technicians, at the same time of the day (within participant). Participants were asked to not exercise the 24 h before each trial, but were encouraged to maintain their normal training routine throughout the duration of the study. Participants were instructed to consume a diet similar to their first trial for all subsequent trials. To verify consistency, hydration and food logs were recorded 24 h prior to each trial. Participants were further instructed to consume 500 mL of water the night before and 500 mL in the morning before the start of the trial. Height, mass, and body fat percentage (via bioelectrical impedance analysis) was recorded prior to each trial. To minimize confounding influences of motivation, participants were given no feedback on their performance, nor did they receive verbal (or any other) encouragement at any point of the study.




2.3. Participants


Physically active males (n = 13, age = 25.3 ± 5.0 year, height = 176.9 ± 7.5 cm, mass = 79.3 ± 9.0 kg, body fat = 11.8% ± 3.1%) without previous experience with neck cooling were recruited for this investigation. In order to participate, volunteers were required to have performed repeated HEX bouts (which we defined as repeated bouts of ≥90% maximal perceived exertion and/or heart rate) ≥3 times per week for at least six weeks prior to testing, and to have been free of any current joint, musculoskeletal, or neuromuscular injuries. Prior to participation, volunteers signed an informed consent form and filled out a physical activity questionnaire previously approved by the California State University, Fullerton Institutional Review Board.




2.4. Familiarization and Experimental Trials


Before every trial (familiarization and three experimental), participants performed a 10-min warm-up consisting of 3 min (total) of knee hugs, toe touches, lunges, power skips, and side shuffles, and 7 min of cycling at 50 Watts (self-selected cadence). For the familiarization trial, participants followed the warm-up with a 10-s Wingate test (to measure peak power (PP)), rested for 10 min, and then completed the full experimental trial (including scale reading practice and wearing of the metabolic cart headgear or mouthpiece). For the experimental trials, 1 min of rest was given between the end of the warm-up and beginning of the HEX.



Each experimental trial was performed on a cycle ergometer (Ergomedic 839E, Monark Exercise AB, Sweden) and consisted of two, 5-min HEX bouts (20 s maximal cadence cycling, plus 15 s passive rest) at 50% PP, plus a single bout to exhaustion (TTE) at 30% PP. Pilot work suggested 50% PP allowed participants to reach maximal effort within a 20-s interval, while still being physically capable of completing the full protocol. The work-to-rest ratio of 20:15 s was chosen because it is a standard protocol used among HEX practitioners, and it also represents the typical activity pattern observed during combat sport competitions [3]. Exhaustion during the TTE was defined as the participant’s inability to pedal ≥60 revolutions per min for more than 5 consecutive seconds. Pilot data also suggested 30% PP would allow most participants to reach exhaustion between 1–5 min, which is the length of most combat sport rounds.



A 1-min passive RI separated all three bouts of exercise (the two HEX and the one TTE). During the RI, participants remained on the bike but were not allowed to cycle, as combat sport athletes typically sit passively on a stool during competition RI. However, during the RI between HEX round 1 (HEX1) and HEX round 2 (HEX2), and between HEX2 and TTE, the posterior neck was treated with either ICE, SPRAY, or CON. The treatment (ICE, SPRAY, or CON) was consistent within each trial, but the order of each trial was randomized (e.g., Participant 1 received SPRAY Day 1; CON, Day 2; ICE, Day 3, while Participant 2 received CON, Day 1; ICE, Day 2; SPRAY, Day 3).



For ICE, participants had a researcher hold an ice bag (Mueller Sport Medicine, Inc., Prairie Du Sac, Wisconsin) filled with 1 quart of ice (immediately from freezer) and 600 mL of room temperature water on the back of the neck (in direct contact with only the skin) [19]. This method mimics the cooling technique frequently used in combat sport competitions. SPRAY was achieved by having a researcher apply 2–4 mL of a commercially available 8% menthol spray (Stopain: DRJ Group, Inc., Hazelton, Pennsylvania) directly on the participant’s neck at the beginning of RI1 and RI2. The spray was wiped off the neck with a towel immediately following RI1 and RI2 to prevent potential residual influences on subsequent exercise bouts (i.e., HEX2 and TTE) [7]. Participants were not informed of the reason for including the SPRAY treatment. Participants received no treatment during either RI1 or RI2 during the CON trial.




2.5. Skin Temperature


Skin temperature was recorded every second from the beginning of the cycling warm-up until the end of recovery. Four calibrated surface thermistors (DS1922L-F5# Thermochron, Ibutton, Whitewater, Wisconsin) were secured in place with surgical tape to the neck (TNECK), the right side of the pectoralis major (TCHEST), the upper arm (TARM), and the quadriceps (TLEG). Data were reported at the same time points as TS and RPE. Core temperature was not reported, as similar cooling research indicated that it would not be influenced by our treatments [7,17,18].




2.6. Expired Gas and Heart Rate


Expired gases were collected with a metabolic cart (Parvo Medics 2400, Sandy, Utah) throughout every trial (i.e., cycling warm-up through recovery). A chest monitor (Polar FS1, Lake Success, New York) was used to record heart rate (HR) through the same period. Expired gas and HR data were recorded every 15 s from the beginning of the cycling warm-up until the end of recovery.




2.7. Perceptual Measures


TS and rating of RPE were measured by having participants point to visual scales (1) immediately (<2 s) following HEX1/start of RI1, (2) immediately following RI1/the start of HEX2, (3) immediately following HEX2/start of RI2, (4) immediately following RI2/the start of TTE, (5) immediately following TTE, and (6) 2 min after the end of TTE (recovery). TS was rated with a 9-point scale, ranging from 0 (unbearably cold) to 8 (unbearably hot), with 4 as comfortable (neutral). RPE was measured on the 15-grade Borg scale ranging from 6 (no exertion) to 20 (maximal exertion).




2.8. Statistical Analysis


All statistical analyses were performed on IBM SPSS Statistics 20.0. Alpha was set at p < 0.05. TTE was analyzed using a 3 × 1 (treatment x time) repeated measures ANOVA. A 3 × 6 (treatment x time) factorial ANOVA was used to analyze TS, RPE, skin temperature, VO2, RER, VE, and HR. Where appropriate, LSD post hoc test comparisons were used. Standardized effect size (Cohen’s d; d) analyses were used in interpreting the magnitude of differences between treatments. An effect size was classified as trivial (<0.20), small (0.20–0.49), moderate (0.50–0.79), or large (>0.80) as expressed by dividing the mean difference by the between-participant SD. All data are presented as mean ± SD.





3. Results


3.1. Skin Temperature


The condition x time interaction was not significant for any skin temperature. Significant (p < 0.05) main effects existed for time (TNECK: F = 10.77, TCHEST: F = 11.16, TARM: 49.32, TLEG: F = 7.58) and condition (TNECK: F = 4.24, TCHEST: 3.41, TARM: 3.45). Pairwise comparisons revealed the following. TNECK following RI1 was significantly lower during ICE than SPRAY (p < 0.05) (Figure 2). TCHEST was significantly lower during ICE than SPRAY (p < 0.05) and tended to be lower than CON (p = 0.08, d = 0.48) following RI1 (Figure 2). TCHEST was significantly lower (p < 0.05) during ICE than both SPRAY and CON both immediately following HEX2, and after RI2. TARM tended to be lower during ICE compared to CON and SPRAY, both immediately following HEX2 (p = 0.07; d = 0.59, p = 0.08; d = 0.63, respectively) and after RI2 (p = 0.08; d = 0.44, p = 0.08; d = 0.80, respectively). TLEG did not change at any time point, for any condition.




3.2. Expired Gas and Heart Rate


No significant differences existed among treatments at any time point in metabolic and cardiovascular variables. Thus, data were collapsed between treatments and reported across time (Table 1).




3.3. Perceptual Measures


3.3.1. Thermal Sensation


The condition x time interaction was significant (F = 2.717, p = 0.034). A significant main effect existed for time (F = 19.46, p = 0.001) and condition (F = 4.22, p = 0.029). Pairwise analysis showed participants felt significantly cooler during ICE than CON (p = 0.02) and tended to feel cooler than during SPRAY (p = 0.10). Analysis of the simple main effects showed TS was the same among treatments immediately after HEX1 and HEX2. However, following RI1 and RI2 (i.e., after treatment administration), TS decreased (i.e., participants felt significantly cooler) with ICE compared to CON (p < 0.05; Figure 3) and tended to decrease with ICE compared to SPRAY after RI1 (p = 0.10; d = 0.35). SPRAY tended to have a similar cooling affect as ICE following RI2 when compared to CON (p = 0.07, d = 0.67). Immediately following TTE, TS significantly (p < 0.05) decreased during ICE compared to CON and tended to decrease compared to SPRAY (p = 0.09; d = 0.58). This continued through recovery as ICE was significantly lower than CON (p < 0.05).




3.3.2. Rating of Perceived Exertion (RPE)


The condition x time interaction was not significant (p = 0.519). A significant main effect existed for time (F = 44.808, p < 0.000) and condition (F = 6.26, p = 0.040). Pairwise analysis showed participants felt significantly less exerted during ICE than CON (p = 0.018). Analysis of simple main effects showed RPE was the same among treatments immediately after HEX1 (Figure 3). Additionally, no differences existed among treatments after RI1. However, RPE was lower in ICE following HEX2 when compared to CON (p < 0.05) and tended to be lower when compared to SPRAY (p = 0.10; d = 0.38). RPE was also lower with ICE compared to SPRAY and tended to be lower compared to CON (p = 0.08; d = 0.41) after RI2. RPE was not different between treatments immediately following TTE but tended to be lower in ICE during recovery compared to SPRAY (p = 0.10; d = 0.40) and CON (p = 0.12; d = 0.37).





3.4. Time To Exhaustion


Treatment did not influence TTE (ICE = 66.5 ± 16.6, SPRAY = 74.0 ± 23.7, CON = 65.9 ± 16.6 s).





4. Discussion


Our findings provide new insight into the relationship between neck cooling, physiological and perceived fatigue, skin temperature, and actual performance during repeated, high-intensity exercise intervals. These data show that holding an ice bag on the back of the neck for one minute between rounds of HEX attenuates the rise in skin temperature and, as a result, makes participants feel cooler and, at times, less exerted, but does not alter cardiovascular or metabolic function. Thus, intermittent neck cooling may function as an effective, practical, and legal cooling option for combat sport athletes (or others who participate in repeated HEX for sport or recreation) to utilize during competition and training.



Temperature, Perception, and Performance


Temperature, perception, and actual exercise performance significantly influence each other [20]. In fact, Mündel [4] suggested the temperature of a skin surface area ≤10% of the body may significantly effect hormonal and perceptual responses to exercise [9]. The attenuated rise in neck, chest, and arm skin temperature seen here with ICE did not correspond with a reduced rise in heart rate (or altered metabolic function) as proposed by others [20]. However, the ability of ICE to cool the skin is similar to previous research [21] and likely explains our improvements in TS [13]. This reduction in TS allowed participants to enter subsequent exercise bouts feeling cooler. Interestingly, while the effect of the first application of ICE on TS was eliminated by the next round of exercise (i.e., post HEX2 TS was not different between treatments), its effects on RPE persisted (i.e., post HEX2 RPE was significantly lower in ICE). This continued through RI2, suggesting that participants both (1) completed the standardized exercise bout (HEX2) and (2) went into the third bout of exercise (TTE) feeling less exerted and cooler, even though several cardiovascular and metabolic markers (RERPEAK, VEAVE, HRAVE, and HRPEAK) indicated HEX2 was more physiologically challenging than HEX1. They also felt cooler after a matched workload (TTE) and 2 min into recovery. Additionally, lower pre-exercise TS corresponded with lower post-exercise RPE (when compared to a standardized work bout—HEX2). Unfortunately, our study design eliminated the ability to determine if the reduced post-RI2 RPE was a function of ICE (1) aiding recovery from HEX1; (2) pre-cooling the neck in preparation for HEX2; (3) or both. Research from others suggests intermittent cooling of other body parts reduces RPE [22], but we are the first to show such changes with intermittent neck cooling.



The ability of ICE to attenuate the rise in skin temperature diminished as the exercise session extended. This means changes in skin temperature either (1) did not fully explain the continual decrease in TS or RPE; or, more likely, (2) caused a continued perception of cooling, even when actual cooling was not occurring. Actual temperature changes are not required to alter thermoregulatory responses or to improve performance [7]. We chose to globally account for both actual and perceived cooling by including a treatment group that received an over-the-counter spray (SPRAY) containing menthol, a substance that interacts with cold receptors in sensory neurons [6] and alters exercise performance [5,23]. Recent evidence suggests an L-menthol spray with a concentration of 0.2% lowers TS [23]. Our data show a limited effectiveness of SPRAY, which is probably a result of differences in exercise protocols (i.e., our repeated HEX vs. 40 min of steady-state) [5,23], or our use of an 8% commercially available product. None of our participants reported skin irritation or discomfort from SPRAY, as has been reported in some previous studies. Thus, it was unlikely to explain our findings.



Changes in physical and perceptual markers during intermittent [13,14] or pre-cooling [20] of the actual exercising muscle, face and palm, and/or neck usually correspond with improvements in endurance and time trial performance [24]. The inability of ICE to influence leg temperature and subsequently improve TTE in our study is most likely explained by a combination of (a) the location and (b) a short duration (1 min) of cooling, and the (c) high-intensity and (d) short duration (~1 min) of TTE. Cooling the legs directly would obviously maximize the influence on skin temperature and likely improve TTE performance [14]. However, this strategy is unrealistic for combat sport athletes or during any exercise bout that uses multiple muscle groups. As opposed to previous research, which typically use >5 min [24,25,26] or even leaves the cooling device on the neck during the actual exercise [17], our cooling period was limited to 1 min. This distinction is important as the amount of cooling time significantly alters its effectiveness [27]. Our time was chosen as it reflects the timeframe of combat sports, and excessive cooling may actually harm repeated sprint performance [26].



Cooling is typically effective for exercise tasks performed at 40–70% VO2max that last ~20–60 min [14,17], but not always [15]. We are the first to examine intermittent neck cooling at normal room temperature at this high of exercise intensity. Drust et al. (2005) showed that performance during a 40-min high-intensity, intermittent cycling protocol (15 s on, 15 s off) was worse when performed in a hot room compared to a normal temperature room [28]. Moreover, the effects of intermittent cooling during high-intensity exercise may be enhanced when in hot environments. Individual perception of recovery, independent of physiological measures [27], relates to subsequent sprint performance [29]. Therefore, the fact that our reduced TS persisted through HEX2 suggests that RPE and performance might have actually improved if a standardized HEX was performed instead of the short TTE (TTE required maximal effort, eliminating our ability to compare the effects of ICE during RI2 on post-TTE RPE), or had additional rounds of HEX been performed. The combination of short duration, high RPE, and reduced cardiovascular or metabolic demand (which was significantly greater in HEX2, but not TTE, compared to HEX1) suggest that failure during TTE was a muscle, not cardiovascular issue. The apparent delayed improvements in perception caused by reduced skin temperature means intermittent cooling might enhance performance in exercise tasks lasting longer than were tested here.



In concert with previous literature, our data suggest ICE might be effective for combat sports or other activities that require repeated, high-intensity exercise intervals that last more than two rounds and result in high physiological and perceived fatigue ratings [2]. ICE could also help long-term training motivation as how one (athlete or non-athlete) feels during exercise predicts future exercise intentions and behavior [30], which is probably why RPE is regarded as a highly effective tool for monitoring combat sport training [31]. The specific mechanisms explaining our findings are unknown. Several postulates exist (e.g., altered sensory perception, pain reduction, Gate Control Theory, and Central Fatigue Theory) and have been reviewed elsewhere [14].



Not measuring core temperature during our study was a limitation. However, extensive research on humans exercising at normal environmental temperatures supports our position [7,17,18]. Specifically, one study showed neck icing does not significantly alter core temperature more than simple passive rest [32]. Improvements in exercise performance have even been noted with cooling when core temperature did not change [25] or even increased [33]. Moreover, core temperature changes slower than skin temperature, making skin the more likely primary thermal signal [18]. We also acknowledge that our exercise task was atypical for exercise physiology research and would be considered novel to most participants. This left us potentially susceptible to a familiarity effect during visits 3 and 4. With this in mind, we specifically utilized participants with a history of frequent, high-intensity exercise intervals. We also analyzed and confirmed that no depended variables were altered by visit order (p > 0.4).





5. Conclusions


Small durations (i.e., 2 min total) of intermittent wet-ice neck cooling (i.e., an ice bag) partially attenuated the rise in skin temperature during repeated bouts of high-intensity exercise. This made participants feel cooler and less exerted (at times) over the course of 12–15 min (total) of exercise. However, time to exhaustion during a ~1 min cycling protocol was not altered. The benefits of neck cooling may be limited for activities primarily limited by power or muscular endurance. However, it may benefit combat sport athletes or other individuals during exercise of more than two, 5-min HEX rounds. Practitioners may incorporate intermittent neck cooling as an effective, practical, and legal cooling option for combat sport athletes. Future research should focus on physiological and performance outcomes during actual competition.







Acknowledgments


The research team would like to thank all the participants for their hard work and effort in this exhausting task.




Author Contributions


Andrew J. Galpin, James R. Bagley, Blake Whitcomb, Leonard D. Wiersma, Jared W. Coburn, and Daniel A. Judelson conceived and designed the experiment; Andrew J. Galpin, Blake Whitcomb, and Jakob Rosengarten performed the experiments; Andrew J. Galpin, James R. Bagley, Blake Whitcomb, Jakob Rosengarten, and Daniel A. Judelson analyzed the data; Andrew J. Galpin, James R. Bagley, Blake Whitcomb, Leonard D. Wiersma, Jakob Rosengarten, Jared W. Coburn, and Daniel A. Judelson wrote the paper.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Davis, P.; Benson, P.R.; Pitty, J.D.; Connorton, A.J.; Waldock, R. The activity profile of elite male amateur boxing. Int. J. Sports Physiol. Perform. 2015, 10, 53–57. [Google Scholar] [CrossRef] [PubMed]

	



Chaabene, H.; Mkaouer, B.; Franchini, E.; Souissi, N.; Selmi, M.A.; Nagra, Y.; Chamari, K. Physiological responses and performance analysis difference between official and simulated karate combat conditions. Asian J. Sports Med. 2014, 5, 21–29. [Google Scholar] [CrossRef] [PubMed]

	



Del Vecchio, F.B.; Hirata, S.M.; Franchini, E. A review of time-motion analysis and combat development in mixed martial arts matches at regional level tournaments. Percept. Mot. Skills 2011, 112, 639–648. [Google Scholar] [CrossRef] [PubMed]

	



Mundel, T.; Bunn, S.J.; Hooper, P.L.; Jones, D.A. The effects of face cooling during hyperthermic exercise in man: Evidence for an integrated thermal, neuroendocrine and behavioural response. Exp. Physiol. 2007, 92, 187–195. [Google Scholar] [CrossRef] [PubMed]

	



Gillis, D.J.; House, J.R.; Tipton, M.J. The influence of menthol on thermoregulation and perception during exercise in warm, humid conditions. Eur. J. Appl. Physiol. 2010, 110, 609–618. [Google Scholar] [CrossRef] [PubMed]

	



Kozyreva, T.V.; Tkachenko, E.I.A. Effect of menthol on human temperature sensitivity. Fiziol. Cheloveka 2008, 34, 99–103. [Google Scholar] [CrossRef] [PubMed]

	



Schlader, Z.J.; Simmons, S.E.; Stannard, S.R.; Mündel, T. Skin temperature as a thermal controller of exercise intensity. Eur. J. Appl. Physiol. 2011, 111, 1631–1639. [Google Scholar] [CrossRef] [PubMed]

	



Cheung, S.S. Interconnections between thermal perception and exercise capacity in the heat. Scand. J. Med. Sci. Sports 2010, 20 (Suppl. 3), 53–59. [Google Scholar] [CrossRef] [PubMed]

	



Radomski, M.W.; Cross, M.; Buguet, A. Exercise-induced hyperthermia and hormonal responses to exercise. Can. J. Physiol. Pharmacol. 1998, 76, 547–552. [Google Scholar] [CrossRef] [PubMed]

	



Verducci, F.M. Interval cryotherapy decreases fatigue during repeated weight lifting. J. Athl. Train. 2000, 35, 422–426. [Google Scholar] [PubMed]

	



Armada-da-Silva, P.A.; Woods, J.; Jones, D.A. The effect of passive heating and face cooling on perceived exertion during exercise in the heat. Eur. J. Appl. Physiol. 2004, 91, 563–571. [Google Scholar] [CrossRef] [PubMed]

	



Dixon, P.G.; Kraemer, W.J.; Volek, J.S.; Howard, R.L.; Gomez, A.L.; Comstock, B.A.; Dunn-Lewis, C.; Fragala, M.S.; Hooper, D.R.; Hakkinen, K.; et al. The impact of cold-water immersion on power production in the vertical jump and the benefits of a dynamic exercise warm-up. J. Strength Cond. Res. 2010, 24, 3313–3317. [Google Scholar] [CrossRef] [PubMed]

	



Grahn, D.A.; Cao, V.H.; Nguyen, C.M.; Liu, M.T.; Heller, H.C. Work volume and strength training responses to resistive exercise improve with periodic heat extraction from the palm. J. Strength Cond. Res. 2012, 26, 2558–2569. [Google Scholar] [CrossRef] [PubMed]

	



Kwon, Y.S.; Robergs, R.A.; Schneider, S.M. Effect of local cooling on short-term, intense exercise. J. Strength Cond. Res. 2013, 27, 2046–2054. [Google Scholar] [CrossRef] [PubMed]

	



Bulbulian, R.; Shapiro, R.; Murphy, M.; Levenhagen, D. Effectiveness of a commercial head-neck cooling device. J. Strength Cond. Res. 1999, 13, 198–205. [Google Scholar] [CrossRef]

	



Tyler, C.J.; Sunderland, C.; Cheung, S.S. The effect of cooling prior to and during exercise on exercise performance and capacity in the heat: A meta-analysis. Br. J. Sports Med. 2015, 49, 7–13. [Google Scholar] [CrossRef] [PubMed]

	



Tyler, C.J.; Wild, P.; Sunderland, C. Practical neck cooling and time-trial running performance in a hot environment. Eur. J. Appl. Physiol. 2010, 110, 1063–1074. [Google Scholar] [CrossRef] [PubMed]

	



Schlader, Z.J.; Prange, H.D.; Mickleborough, T.D.; Stager, J.M. Characteristics of the control of human thermoregulatory behavior. Physiol. Behav. 2009, 98, 557–562. [Google Scholar] [CrossRef] [PubMed]

	



Dykstra, J.H.; Hill, H.M.; Miller, M.G.; Cheatham, C.C.; Michael, T.J.; Baker, R.J. Comparisons of cubed ice, crushed ice, and wetted ice on intramuscular and surface temperature changes. J. Athl. Train. 2009, 44, 136–141. [Google Scholar] [CrossRef] [PubMed]

	



Wegmann, M.; Faude, O.; Poppendieck, W.; Hecksteden, A.; Frohlich, M.; Meyer, T. Pre-cooling and sports performance: A meta-analytical review. Sports Med. 2012, 42, 545–564. [Google Scholar] [CrossRef] [PubMed]

	



Siegel, R.; Laursen, P.B. Keeping your cool: Possible mechanisms for enhanced exercise performance in the heat with internal cooling methods. Sports Med. 2012, 42, 89–98. [Google Scholar] [CrossRef] [PubMed]

	



Bishop, S.H.; Herron, R.; Ryan, G.; Katica, C.; Bishop, P. The effect of intermittent arm and shoulder cooling on baseball pitching velocity. J. Strength Cond. Res. 2016, 30, 1027–1032. [Google Scholar] [CrossRef] [PubMed]

	



Gillis, D.J.; Weston, N.; House, J.R.; Tipton, M.J. Influence of repeated daily menthol exposure on human temperature regulation and perception. Physiol. Behav. 2015, 139, 511–518. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Marsh, D.; Sleivert, G. Effect of precooling on high intensity cycling performance. Br. J. Sports Med. 1999, 33, 393–397. [Google Scholar] [CrossRef] [PubMed]

	



Duffield, R.; Dawson, B.; Bishop, D.; Fitzsimons, M.; Lawrence, S. Effect of wearing an ice cooling jacket on repeat sprint performance in warm/humid conditions. Br. J. Sports Med. 2003, 37, 164–169. [Google Scholar] [CrossRef] [PubMed]

	



Schniepp, J.; Campbell, T.S.; Powell, K.L.; Pincivero, D.M. The effects of cold-water immersion on power output and heart rate in elite cyclists. J. Strength Cond. Res. 2002, 16, 561–566. [Google Scholar] [CrossRef] [PubMed]

	



Minett, G.M.; Duffield, R. Is recovery driven by central or peripheral factors? A role for the brain in recovery following intermittent-sprint exercise. Front. Physiol. 2014, 5, 24. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Drust, B.; Rasmussen, P.; Mohr, M.; Nielsen, B.; Nybo, L. Elevations in core and muscle temperature impairs repeated sprint performance. Acta Physiol. Scand. 2005, 183, 181–190. [Google Scholar] [CrossRef] [PubMed]

	



Cook, C.J.; Beaven, C.M. Individual perception of recovery is related to subsequent sprint performance. Br. J. Sports Med. 2013, 47, 705–709. [Google Scholar] [CrossRef] [PubMed]

	



Ekkekakis, P. Let them roam free? Physiological and psychological evidence for the potential of self-selected exercise intensity in public health. Sports Med. 2009, 39, 857–888. [Google Scholar] [CrossRef] [PubMed]

	



Padulo, J.; Chaabene, H.; Tabben, M.; Haddad, M.; Gevat, C.; Vando, S.; Maurino, L.; Chaouachi, A.; Chamari, K. The construct validity of session rpe during an intensive camp in young male karate athletes. Muscles Ligaments Tendons J. 2014, 4, 121–126. [Google Scholar] [CrossRef] [PubMed]

	



Yang, Z.; Svetlana, N.; P, K.C.; B, C.A.; Catalina, C.; Gytis, B.; Jesper, S.; A, B.P. Effect of half time cooling on thermoregulatory responses and soccer-specific performance tests. Monten. J. Sports Sci. Med. 2014, 3, 17–22. [Google Scholar]

	



Uckert, S.; Joch, W. Effects of warm-up and precooling on endurance performance in the heat. Br. J. Sports Med. 2007, 41, 380–384. [Google Scholar] [CrossRef] [PubMed]








[image: Sports 04 00038 g001 1024] 





Figure 1. Laboratory visits timeline and schematic showing repeated high-intensity exercise bouts. For each visit, the TREATMENT included either ICE (wet ice), SPRAY (menthol spray), or CON (control, no treatment). Abbreviations: HEX: high-intensity bout of exercise; PP: peak power; RI: rest interval; TTE: time to exhaustion. 
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Figure 2. Skin temperatures (TNECK, neck; TCHEST, chest) during exercise bouts (HEX: high-intensity exercise interval; TTE: time-to-exhaustion) with intermittent rest intervals (RI) and neck cooling treatments (ICE: “wet ice” bag; SPRAY: non-thermal cool spray; or CON: control). Significance among treatments: * ICE vs. CON (p < 0.05), § ICE vs. CON (trend; p ≤ 0.08), † ICE vs. SPRAY (p < 0.05). Mean ± SD. 
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Figure 3. Perceptual responses to repeated exercise bouts (HEX: high-intensity exercise interval; TTE: time-to-exhaustion) with intermittent rest intervals (RI) and neck cooling treatments (ICE: “wet ice” bag; SPRAY: non-thermal cool spray; or CON: control). TS: thermal sensation; RPE: rating of perceived exertion. Significance among treatments: * ICE vs. CON (p < 0.05), † ICE vs. SPRAY (p < 0.05). Mean ± SD. 
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Table 1. The cardiovascular and metabolic variables collapsed between treatments and displayed across time.
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Variable

	
HEX 1

	
HEX 2

	
TTE






	
RERAVE

	
1.00 ± 0.5

	
0.97 ± 0.03

	
1.01 ± 0.04




	
RERPEAK

	
1.12 ± 0.07

	
1.22 ± 0.09 *

	
1.13 ± 0.07




	
VEAVE

(L·min−1)

	
67.6 ± 12.8

	
80.3 ± 16.1 *

	
75.1 ± 17.0 ¥




	
VEPEAK

(L·min−1)

	
89.8 ± 17.5

	
90.9 ± 18.1

	
89.9 ± 19.1




	
HRAVE

(bpm)

	
147.7 ± 17.7

	
163.6 ± 14.0*

	
157.3 ± 15.7




	
HRPEAK

(bpm)

	
169.7 ± 11.2

	
175.7± 10.6 §

	
173.3 ± 11.4




	
VO2AVE

(mL·kg−1·min−1)

	
35.5 ± 5.9

	
39.0 ± 6.3

	
32.6 ± 6.5




	
VO2PEAK

(mL·kg−1·min−1)

	
45.1 ± 6.1

	
44.8 ± 7.5

	
41.7 ± 8.2








Data are reported as mean ± SD. * signifies p < 0.05 compared to HEX 1 and TTE, § signifies p < 0.05 compared to HEX 1, ¥ signifies p = 0.07 compared to HEX 2.








© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
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