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It is well established that endurance performance is negatively affected by environmental heat stress.
Numerous scientific investigations have attempted to improve performance in the heat with pre-cool-
ing and per-cooling for endurance athletes. Some cooling strategies are more logistically challenging
than others, and thus are often impractical for use in training or competition. The purpose of this
study was to review the literature on the use of cooling interventions in the improvement of perform-
ance and recovery from exercise-induced heat stress. We undertook an examination that focused on
the effects of pre-cooling and per-cooling on the improvement in endurance performance and the ef-
fects of post-exercise cooling on recovery. The benefits for pre-cooling and per-cooling strategies un-
dertaken in the laboratory setting could be employed by athletes who compete in hot environmental
conditions to improve performance. Most laboratory studies have shown improvements in endurance
performance following pre-cooling and per-cooling, and in recovery following post-cooling. Cooling
strategies such as cooling vest, neck cooling collar, menthol and ice slurry are practically relevant to
sports field. Cooling interventions that can be applied frequently to reduce thermal strain prior to,
during and directly after training appear to be the best effective strategy to improve performance and
recovery. Future research is warranted to investigate the effectiveness of practical pre-cooling and
per-cooling strategies in competition or field settings.
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Table 1. Effects of pre-cooling for improving performance
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Study Method

Exercise protocol Effects

Arngrimsson et al. ~ Cooling vest

2004[3] (Neptune Wetsuits Australia)
Byrne et al. . o
2011[13] Cold-fluid / 900 ml(2°C)
Castle et al. Ice packs covering the upper legs
2006[14] (-16°C) / 20 min

Cold water immersion (17.8°C)
Cooling vest /10°C(1.4 kg)
20 min

Castle et al.
2006[14]

Cotter et al. Cooling vest (3°C)

5-km running time trials in 32°C Performance 1

cycling to exhaustion in 32°C Performance 1
cycling intermittent sprint protocols in
y . 5 prnt p Performance 1
33.7°C

cycling intermittent sprint protocols in

33.7°C No difference

35-min cycle exercise in 35°C Performance

40-km cycling time trial Performance 1

85min free-paced running in 33°C Performance 1

cycling time trial in 32°C-35°C Performance 1

running to exhaustion in 34°C Performance 1
submaximal running to exhaustion in
4oC Performance !

5 km running time trials in 33°C No difference

5 km running time trials in 33°C Performance 1

3 km running time trials in 33°C No difference

10 km outdoor running time-trial in

28.2°C Performance |

2001[15]
Thsan et al. . .
2010[25] Ice ingestion / 6.8g/kg(-1)
Minett et al. . .
2011[34] Whole body cooling / 20 min
Ross et al.
2011[50] Ice slurry / 14g-kg(-1)
Siegel et al. 0
2010[53] Ice slurry /7.5gkg(-1) (-1°C)
Siegel et al. . . 0
2012[54] Cold water immersion (10°C)
Stevens et al. le slurr
2016[58] y
Stevens et al. . .
2017[57] Cold water immersion
Stevens et al. Cold-water immersion and ice slurry
2017[55] ingestion
Yeo et al. 0
2012[70] Ice slurry /8g-kg(-1.4°C)
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Table 2. Effects of per-cooling for improving performance
Study Method Exercise protocol Effects
Barvxzrgi);l[ 4‘? al Menthol-spray in t-shirt 16.1-km cycling time trial in 33.5°C No difference
Cuttell et al. . . . . aro
2016[16] Cooling vest cycling to exhaustion in 35°C Performance 1
Cuttell et al. . . . o .
2016[16] Neck cooling collar cycling to exhaustion in 35°C No difference
Eijsvogels et al. . L i oo .
2014[19] Cooling vest 5-km running time trials in 25°C No difference
Luomala et al. . . . Ao
2012[31] Cooling vest 70min cycling trial in 30°C Performance 1
Stevens et al. Menthol mouth rinse . . L o
2016[58] (25ml/0.2km) 5 km running time trials in 33°C Performance 1
Ste;/gﬁ[seg] al Ice slurry (<1°C)/10g-kgBM(-1) triathlon 10 km running in 32°C-34°C Performance 1
Stevens et al. . S S 0
2017[57] Facial water spray 5 km running time trials in 33°C Performance 1
Stevens et al. Facial water spray and Menthol L Lo o
2017[55] mouth rinse 3 km running time trials in 33°C Performance 1
Tyler et al. Neck collar . . e o
2011[59] (80°C for 24 to 28 hr) submaximal running to exhaustion in 32°C  Performance !

Walters et al.

2017[66] Head cooling with cooling cap (7 min)

cycling [40 min] at 65% of VO2max in 35°C

Performance
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Table 3. Effects of post-cooling on recovery from prolonged exercise

Study Method of cooling

Interventions

Effects of cooling

Cold-water immersion
Abaidia et al.

2016[2
2 Whole-body cryotherapy

Lindsay et al.

2017[30] Cold-water immersion

Vanderlei et al. Cold-water immersion

2017[63] Cold-water immersion

Vieira et al.

2016[65] Cold-water immersion

cold-water immersion
Mawhinney et al.

2017[33]

Whole body cryotherapy

10 min at 10°C

3 min at -110°C

15 min at 10°C

15 min at 14°C
5 min at 14°C

20 min at 15°C

10 min at 8°C

2 min at -110°C

DOMS | at 48 hr
RPE | at 24 hr

Cold-water immersion was more effective in
accelerating recovery kinetics than whole-body
cryotherapy

DOMS |

HPA axis activation |
CK concentration |
Lactate concentraion |
CK | at 72 hr
DOMS | at 24 hr

Blood flow |

Tissue temperature |

Reductions in thigh skin (-5.9+1.8°C) |
Superficial muscle temperature (-4.4+1.3°C) |

Reductions in thigh skin (0.2+0.5°C) |
Superficial muscle temperature(-1.8+1.1°C) |

DOMS:Delayed-onset muscle soreness, RPE:Perceived Rate of Exertion, CK:Creatine Kinase

HPA axis :Hypothalamic-Pituitary-Adrenal Axis
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