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Heat Exchange Mechanisms During 
Exercise

Overview of Heat Production/Heat Loss

Powers, S. K., & Howley, E. T. (2012). Exercise physiology: Theory and application to fitness and performance (8th ed.).



體溫恆定

4Kang, J. (2018). Nutrition and metabolism in sports, exercise and health (2nd ed.) (p. 409).
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Relationship of Relative Humidity (%), 
Temperature, and Heat Index

Heat Index—A Measure of How Hot It Feels

Powers, S. K., & Howley, E. T. (2012). Exercise physiology: 
Theory and application to fitness and performance (8th ed.).



Chapter 12

Copyright ©2012 The McGraw-Hill Companies, Inc. All Rights Reserved.

Core Temperature and Sweat Rate 
During Exercise in a Hot/Humid 
Environment

Exercise in a Hot Environment

Powers, S. K., & Howley, E. T. (2012). Exercise physiology: Theory and application to fitness and performance (8th ed.).



Core-to-skin thermal 
gradient

7Phillips, S. (2015). Fatigue in sport and exercise (p. 101).



舒適vs. 熱環境

8Kenney, W. L., et al. (2012). Physiology of sports and exercise (5th ed.) (p. 292).



電擊

9Phillips, S. (2015). Fatigue in sport and exercise (p. 98).



體溫過高與疲勞

10Phillips, S. (2015). Fatigue in sport and exercise (p. 95).



Self-paced exercise

11
Flouris, A. D., & Schlader, Z. J. (2015). Human behavioral thermoregulation during 
exercise in the heat. Scandinavian Journal of Medicine & Science in Sports.



環境溫度與疲勞

12Australian Institute of Sport. (Ed.). (2013). Physiological tests for elite athletes (2nd ed.) (p. 134).



田徑

13Tyler, C. J. (2019). Maximising performance in hot environments: A problem-based learning approach (p. 67).

1999-2011
世錦賽

成績分析



Pre- and per-cooling

14https://keynutrients.com/blogs/learn/can-you-be-overhydrated



冰水浴
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Cold water immersion 
(CWI)

16

https://www.ishn.com/articles/112410-heat-illness-more-
dangerous-easier-to-prevent-than-you-think https://www.polarproducts.com/polarshop/pc/Polar-Life-

Pod-Cold-Water-Immersion-System-p2105.htm



CWI實用性??
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https://today.line.me/tw/v2/article/eDlxqx

https://www.setn.com/News.aspx?NewsID=1144435



韓國選手
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https://news.tvbs.com.tw/world/438063



HPSC JISS 
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● はじめに ●

20



Ice slurry冰沙
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冰vs. 水

22
https://wiki-co-
notes.fandom.com/zh/wiki/State_of_matter%E7%89%A9%E8%B3%AA%E7%8B%80%E6%85
%8B?file=%E7%89%A9%E8%B3%AA%E7%9A%84%E4%B8%89%E6%85%8B.png



建議攝取量
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Cycling trials to exhaustion 
at 55% peak PPO
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Running protocol to 
simulate match-play tennis
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自製碎冰
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Core-to-skin thermal 
gradient

27
Choo, H. C., et al. (2018). Ergogenic effects of precooling with cold water 
immersion and ice ingestion: A meta-analysis. European Journal of Sport Science.



Ice vest冰背心
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Phase Change Material
(PCM)

29Kwiecien, S. Y., et al. (2020). Don't lose your cool with cryotherapy: The application of phase change material 
for prolonged cooling in athletic recovery and beyond. Frontiers in Sports and Active Living.



Rugby match-specific 30-
min warm-up

30



Hand/palm cooling

31



Hand/palm cooling

32



Uncompensable heat stress

33

Subjects wearing a semi-permeable NBC protective garment and 
a light bulletproof vest were exposed to a 125 min exercise-heat 
stress (35 degrees C, 50% RH; 5 km/h, 5% incline).



冰水配方

34Australian Institute of Sport. (Ed.). (2013). Physiological tests for elite athletes (2nd ed.) (p. 139).



Rapid thermal exchanger 
(RTX)

35

https://news.stanford.edu/2012/08/29/c
ooling-glove-research-082912/

https://www.medgadget.com/2007/05/r
tx_cooling_glove_hits_the_market_1.html



Arm Immersion Cooling

36

https://www.mindef.gov.sg/web/portal/pioneer/article/fe
ature-article-detail/ops-and-training/2018-Q3/sep18_fs3

https://twitter.com/fortleonardwoo
d/status/1420861914893127684



Arm Immersion Cooling 
System (AICS)

37https://techlinkcenter.org/technologies/portable-body-cooling-system-for-preventing-heat-injury/b5ea71e9-affd-45fc-84c2-cad9f15ed0b5



Arm Immersion Cooling 
System (AICS)

38https://techlinkcenter.org/technologies/portable-body-cooling-system-for-preventing-heat-injury/b5ea71e9-affd-45fc-84c2-cad9f15ed0b5



Arm Cooler Harness

39https://harcor.com.au/products/fire-fighting-arm-cooler-harness



Ice packs/
Neck cooling collar

40https://www.prweb.com/releases/2005/08/prweb268766.htm



Cooling in NSTC
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JISS自由車

42



JISS網球
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JISS帆船

44



JISS足球
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Fan cooling/water spray

46https://www.irunfar.com/stay-cool-cooling-techniques-in-endurance-running



Menthol薄荷醇
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Melatonin退黑激素

48



Cooling調查

49



2019 IAAF World Athletics 
Championships

50Racinais, S., et al. (2021). Hydration and cooling in elite athletes: Relationship with performance, body mass loss and 
body temperatures during the Doha 2019 IAAF World Athletics Championships. British Journal of Sports Medicine.



Cooling先驅

51
Cheung, S. S. (2010). Advanced environmental exercise physiology (p. 42).



系統性回顧/統合分析

52Castell, L. M., et al. (Eds.). (2015). Nutritional supplements in sport, exercise and health: An A–Z guide (p. 21).



2010系統性回顧
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Ranalli et al. (2010)
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+4.25%

有氧運動



Ranalli et al. (2010)
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+0.66%

無氧運動
S & IS pooled

45 s cycling



2012統合分析
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Wegmann et al. (2012)

 Pre-cooling had a larger effect on 
performance in hot (+6.6%) (>26°C) than 
in moderate temperatures (+1.4%).

 The largest performance enhancements 
were found for endurance (+4.2-8.6%).
 ETE +8.6%, GXT +6.0%, TT+ 4.2%

 A similar effect was observed for 
intermittent sprints (+3.3%), whereas 
performance changes were smaller during 
short-term, high-intensity sprints (-0.5%).57



Before 2012

 Ranalli et al. (2010)
 Pre- and/or per-cooling

 ice vest, ice packs, CWI or IWI (n=6 of 13)

 Wegmann et al. (2012)
 Pre-cooling

water application (n=12 of 27), cooling 
packs, cold drinks, cooling vest and a cooled 
room

 CWI or cooled room應用性??
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2015統合分析
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Tyler et al. (2015)

 Cooling which was external in nature.
 cooling jackets/vests, 

forearm/leg/neck/head cooling
 Fluids (eg, ice slurries) were not considered.
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ES

61圖片重製
Tyler, C. J. (2019). Maximising performance in hot environments: A problem-based learning approach (p. 135).

Data:
Tyler, C. J., et al. 
(2015). British 
Journal of Sports 
Medicine.



2015統合分析
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Pre-

63

Data:
Bongers, C. C. et al. 
(2015). British 
Journal of Sports 
Medicine.

圖片重製
Bongers, C. C. et al. 
(2017). 
Temperature.



Per-

64

Data:
Bongers, C. C. et al. 
(2015). British 
Journal of Sports 
Medicine.

圖片重製
Bongers, C. C. et al. 
(2017). 
Temperature.



Bongers et al. (2015)

 No correlation between Tc and 
performance was found.
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2017統合分析
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Ruddock et al. (2017)

 Cooling strategy that would be practical 
for athletes to apply during competitive 
performance.
 cold/ice slurry ingestion, neck/palm/head 

cooling
 Continuous exercise (≥25°C)

 core/skin temperature, HR, WB sweat 
production, RPE and thermal perception
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Ruddock et al. (2017)

 Unclear effects for cooling during exercise 
on mean core temperature, core/skin 
temperature, HR, WB sweat production.

 Cooling during exercise was beneficial for 
self-paced exercise performance.
 RPE and thermal perception were also 

improved and are likely mediators of 
performance during continuous exercise.
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2019統合分析

69



Douzi et al. (2019)

70

(A) 有氧運動 (B) 無氧運動



2020系統性回顧
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2022系統性回顧
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73
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2023統合分析
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Jiang et al. (2023)

 Central cooling was most effective in 
improving athletic performance in the heat 
(≥ 28°C), followed by central and 
peripheral cooling, AND peripheral 
cooling.

 The enhancement effects of peripheral 
cooling require sufficient rewarming, 
otherwise it will be trivial.
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2023統合分析
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Fernández-Lázaro et al. 
(2023)

 The significant improvements in time-trial 
exercise and important improvements in 
MxPO could be directly influenced by the 
significant reduction in Tsk, indirectly by 
the significant improvement in perceptual 
responses, essentially RPE, and without the 
involvement of Tc.
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2016游泳研究
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Zochowski et al. (2016)
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2021阻力訓練研究
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Esteves et al. (2021)
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可能疑問

83



擊劍

84



2019柔道研究
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可能疑問

 比賽地點/季節天氣不熱，平時訓練有需要
cooling？

 使用cooling是否會干擾熱適應成效？

86Hoffman, J. (2014). Physiological aspects of sport training and performance (2nd ed.) (p. 359).



個人淺見

 訓練品質
 品質 (強度) 不佳的訓練是否有效益？
 比賽地點/季節天氣不熱，但若平時訓練地點

高溫炎熱，訓練品質打折
競賽對手可維持良好訓練品質 (相對強度)

 兼顧熱適應與訓練品質
 上半場不使用，中場休息或下半場使用
 模擬比賽時使用
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可能疑問

 運動項目為極高強度/極短時間，是否該使用
cooling ?
 除專項訓練外，其餘輔助/體能訓練內容有無

耐力訓練？

 實際訓練/比賽中無法使用cooling設備
 運動前pre-cooling
 中場休息/暫停per-cooling
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Pre-cooling

89https://www.irunfar.com/stay-cool-cooling-techniques-in-endurance-running



Pre-cooling

90Australian Institute of Sport. (2013). Physiological tests for elite athletes (2nd ed.) (p. 134).



速度/力量/耐力

91
圖片重製Laursen, P., & Buchheit, M. (Eds.) (2019). Science and application of high-
intensity interval training: Solutions to the programming puzzle (p. 13).



總結與後續應用

 在熱環境時 (≥ 25°C)，pre- and/or per-
cooling可提升耐力與間歇衝刺運動表現，但
對單趟衝刺運動無明顯益處。

 內部或外部降溫各有其利弊，同時使用多種
cooling手段之成效優於使用單一方法。

 Cooling增進耐力表現的原因可能為降低RPE、
促進thermal perception；對生理指標 (體溫、
心率) 的研究結果不一致。
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總結與後續應用

 Internal cooling
 內部降溫

 冰沙
 冷飲
 薄荷醇漱口
 薄荷醇飲料
 退黑激素

 External cooling
 外部降溫

 中樞降溫
 頭/臉/頸cooling

 冰帽/噴霧/冰領巾

 軀幹cooling
 冰背心/CWI

 周邊降溫
 四肢cooling

 手掌、前臂降溫/冰雹
/CWI
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NSTC cooling

 Internal cooling
 內部降溫

 冰沙
 冷飲
 薄荷醇漱口
 薄荷醇飲料
 退黑激素

 External cooling
 外部降溫

 中樞降溫
 頭/臉/頸cooling

 冰帽/噴霧/冰領巾

 軀幹cooling
 冰背心/CWI

 周邊降溫
 四肢cooling

 手掌、前臂降溫/冰雹
/CWI
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感謝聆聽

Thank you!
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