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110年度教練增能課程

 基礎課程
 阻力訓練與神經、肌肉適應 (110/11/13)
 有氧/無氧訓練與循環、代謝系統
 停止訓練之影響

 實務議題
 冰水浴與肌肉適應
 抗氧化劑與訓練適應
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Underrecovery

3https://www.open.edu/openlearn/mod/oucontent/view.php?id=85414&extra=thumbnailfigure_idm211



Supercompensation

4https://www.open.edu/openlearn/mod/oucontent/view.php?id=85414&extra=thumbnailfigure_idm197



Recovery

5https://www.sciencedirect.com/science/article/abs/pii/S2468867319300379



Hydrotherapy

 冰水浴 (CWI)
 對比浴 (CWT)
 熱水浴 (HWI)

6https://www.dailymail.co.uk/sport/olympics/article-2178793/London-2012-
British-track-field-stars-make-final-Olympic-preparations-Portugal.html

https://www.menshealth.com/fitnes
s/a26788252/ice-bath-benefits/
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7https://www.dailymail.co.uk/sport/olympics/article-2178793/London-2012-
British-track-field-stars-make-final-Olympic-preparations-Portugal.html

https://www.menshealth.com/fitnes
s/a26788252/ice-bath-benefits/



8AIS. (2013). Physiological tests for elite athletes (2nd ed.) (p. 154).



Cold water immersion
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 恢復效益
 肌力
 肌肉痠痛
 自覺疲勞
 發炎反應
 肌肉損傷
 痙攣與疼痛
 向心血流
 腫脹

 一般療程
 浸泡四肢或軀幹
 5-20 min
 8-15 ℃
 連續vs. 間歇

 Ex: 3 bouts of 4 min 
with 30 s resting

Peake (2020). The Journal of Physiology.
Petersen et al. (2021). Front. Sports Act. Living.



Yamane et al. (2006)
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Yamane et al. (2006)

 Study design
 CWI: 20 min at 10 ± 1℃
 CON: Non-immersion

at 25 ± 1℃

 Exercises trained
 Wrist flexion

exercise
 4 weeks
 3 x / week
 3 × 8-RM

 Maximal strength
 Greater ↑ for 

control vs. CWI
group

 Strength
endurance
 ↑ Number of for 

control group, but 
↔ for CWI group

11Petersen et al. (2021). Front. Sports Act. Living.



Ohnishi et al. (2004)

 Exercises trained
 6 weeks
 Handgrip exercise

 Strength 
endurance
 ↑Number of for 

both control and 
CWI groups

 No difference 
between groups

12



研究結果矛盾

 某因子對某變項之影響
 有、無統計顯著差異
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研究 統計結果

A 顯著差異

B 無差異

C 顯著差異

D 顯著差異

E 無差異



研究結果矛盾

 某因子對某變項之影響
 效果量大、中、小
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研究 統計結果 效果量

A 顯著差異 中

B 無差異 小

C 顯著差異 大

D 顯著差異 小

E 無差異 小



研究結果矛盾

 某因子對某變項之影響
 樣本數多寡
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研究 統計結果 效果量 樣本數

A 顯著差異 中 20

B 無差異 小 30

C 顯著差異 大 20

D 顯著差異 小 40

E 無差異 小 60



Meta-analysis

 統合分析
 搜尋相似主題研究
 計算整體的效果量與

信賴區間，依各實驗
的效果量、樣本大小
進行加權或重組

 判定整體效果量是否
達到統計顯著差異

16https://www.dictionary.com/e/tech-science/meta-analysis/



Malta et al. (2021)
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Methods

 The restrictions on language (i.e., articles 
published in English language only) was 
adopted.

 The selected studies were clinical 
controlled studies.

 Books, theses, dissertations, reviews, and 
conference papers were excluded.
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Methods

 The criteria for inclusion of studies:
 (1) being a controlled investigation
 (2) conducted with healthy humans
 (3) with CWI performed at ≤ 15 °C (after 

training sessions)
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Methods

 The criteria for inclusion of studies:
 (4) being associated with a regular 

training program (≥ 3 weeks)
 (5) having performed baseline and post-

training assessments of strength or 
aerobic exercise performance
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Data Extraction

 Strength performance
 One-repetition maximum (1RM)
 Maximal isometric strength
 Strength endurance (number of lifts)
 Ballistic efforts (force measured during 

jump performance and rate of force 
development)
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Data Extraction

 Aerobic exercise performance
 Time-trial duration
 Mean power in a time-trial
 Maximal aerobic power (MAP) in a graded 

exercise test
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Results
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Results

 Among the eight articles selected for the 
present study:
 Brazil x 1
 Australia x 4
 Japan x 2
 Germany x 1

 All were published between the years 2006 
and 2019.
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Results

 Study volunteers
 Trained
 Physically active
 Recreationally active
 Sedentary

 Total number including CWI and control 
groups = 470 volunteers
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Strength performance
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Cohen's d

27
https://www.simplypsychology.org/effect-size.html



Aerobic exercise performance

28



Conclusions

 The regular use of CWI associated with 
exercise programs has a deleterious effect 
on resistance training adaptations but 
does not appear to affect aerobic exercise 
performance.
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本土研究
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本土研究
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Cold water immersion

 CWI
 ↓ core and tissue temperature
 local vasoconstriction
 hydrostatic pressure

 Physiological alterations
 Decreases in metabolic activity, 

infiltration of immune cells, and limb 
blood flow.

32Malta et al. (2021). Sports Medicine.



Inflammation

33Peake et al. (2017). Journal of Applied Physiology.



34Wilmore & Costill. Physiology of sports and exercise.



Muscle protein synthesis

35Peake (2020). The Journal of Physiology.



Amino acids

36https://www.ajinomoto.com/amino-acids/what-are-amino-acids



Molecular mechanisms

37Petersen et al. (2021). Front. Sports Act. Living.



Peake (2020).

 CWI after exercise suppresses satellite cells 
and various molecular factors that regulate 
muscle hypertrophy.
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Take-home message

 If the goal of exercise training is to build 
muscle mass and strength, regular CWI 
after exercise may not be beneficial.

 However, no disadvantage to using CWI 
when rapid recovery is needed during a 
taper period, or between games/matches 
in close succession.

39



Whole-Body Cryotherapy

40https://michaelkummer.com/health/ice-bath-vs-cryotherapy/



CWI vs. WBC

 CWI
 浸泡四肢或軀幹
 5-20 min
 8-15 ℃
 深層肌肉降溫

 肌肉血流量↓

 WBC
 肩部以下
 60 s x 3 sets
 90 s x 2 sets
 -110 to -140 ℃
 表皮短暫降溫/回溫

 全身血流量↑
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Mawhinney et al. (2017)
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冷療法真有效？
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CWI vs. WBC

 原理與機轉不同
 生理變化情形不同

 WBC不會造成深層
肌肉溫度與血流下降
 衛星細胞活化？
 胺基酸運送？
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Mawhinney et al. (2017). Medicine and 
Science in Sports and Exercise.



感謝聆聽

Thank you!
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