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Chapter 12 Overview of Heat Production/Heat Loss

Heat Exchange Mechanisms During
Exercise
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Powers, S. K., & Howley, E. T. (2012). Exercise physiology: Theory and application to fithness and performance (8th ed.).

Copyright ©2012 The McGraw-Hill Companies, Inc. All Rights Reserved.
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Kang, J. (2018). Nutrition and metabolism in sports, exercise and health (2nd ed.) (p. 409).



Relationship of Relative Humidity (%),
Temperature, and Heat Index
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Chapter 12 Exercise in a Hot Environment

Core Temperature and Sweat Rate
During Exercise in a Hot/Humid
Environment
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Core-to-skin thermal
gradient

Table 4.2 Estimated skin blood flow requirements during prolonged high-intensity
running at different body core and skin temperatures

Core temp. (°C) Skin temp. (°C) Temp. gradient Skin blood flow
N (litres per min)

38 30 8 .1

38 32 6 1.5

38 34 4 202

38 36 2 4.4

39 30 9 1.0

39 32 7 |3

39 34 5 1.8

39 36 3 2.9

Note: At any given skin temperature, increased core temperature increases the temperature gradient
between the core and the skin, and there is a reduction in skin blood flow. At any given core
temperature, increasing the skin temperature reduces the temperature gradient between the core
and the skin, and there is an increase in skin blood flow.

Source: Sawka et al.*

Phillips, S. (2015). Fatigue in sport and exercise (p. 101).
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ISP (a) Rectal temperature and (b-d) cardiovascular responses to graded exercise in thermoneutral (26
°C, 78 °F; open circles) and hot (43 °C, 110 °F; filled circles) environments. Note that, in addition to directional changes in
these variables caused by heat stress, the maximal intensity is decreased when exercise is performed in a hot environment.
Based on Rowell, 1974.

Kenney, W. L., et al. (2012). Physiology of sports and exercise (5th ed.) (p. 292).
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Figure 4.5 Force production from the thigh muscle during a 2 minute maximal knee
extension during hyperthermia (core temperature of 40°C) and control
(core temperature of 38°C). Participants were asked to make a maximal
effort for the entire 2 minutes. Electrical stimulation of the muscle was
applied every 30 seconds during the contraction. Electrical stimulation
showed that the ability of the muscle to contract was not influenced by
hyperthermia. However, participants were not able to voluntarily maintain
the level of force production that the muscle was capable of, or that they
could maintain in the control trial. This suggests that the causes of reduced
force production in the hyperthermia trial were central in origin. From
Nybo and Nielsen.*®

Phillips, S. (2015). Fatigue in sport and exercise (p. 98).
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Figure 4.4 Potential causes of hyperthermia-induced fatigue during exercise. The causes
of fatigue are characterised as central or peripheral in origin. Adapted from
Cheung and Sleivert.*

Phillips, S. (2015). Fatigue in sport and exercise (p. 95).
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Self-paced exercise
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Flouris, A. D., & Schlader, Z. J. (2015). Human behavioral thermoregulation during
exercise in the heat. Scandinavian Journal of Medicine & Science in Sports. 11
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FIGURE 9.2 Time to exhaustion at 70% VOzmax in 3, 20, and 40 °C (<50% relative humidity). Data given as mean
with error bars representing standard deviation.

Adapted from J.M. Parkin et al., 1999, "Effect of ambient temperature on human skeletal muscle metabolism during fatiguing submaximal exercise,”
Journal of Applied Physiology 86(3):902-208. Used with permission.

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



Effect on exercise performance 67
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FIGURE 41 Mean (£95% confidence intervals) percentage change in performance
observed in temperate (<25°C) and hot (>25°C) IAAF World Cham-
pionship track events (1999-2011) in male (a) and female (b) athletes.
Reprinted by permission from Springer Nature: Sports Medicine. Guy
et al. (2). Adaptation to Hot Environmental Conditions: An Exploration
of the Performance Basis, Procedures and Future Directions to Opti-
mise Opportunities for Elite Athletes. Sports Medicine, 45(3): 303—11.
Springer 2015.

Tyler, C. J. (2019). Maximising performance in hot environments: A problem-based learning approach (p. 67). 1 3



Pre- and per-cooling

https://keynutrients.com/blogs/learn/can-you-be-overhydrated 14
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Cold water immersion: the gold standard for
exertional heatstroke treatment

ACTIONS

Douglas J Casa 1 , Brendon P McDermott, Elaine C Lee, Susan W Yeargin, Lawrence E Armstrong,
Carl M Maresh
[1 Collections

Affiliations: + ex_pand "
PMID: 17620933 DOI: 10.1097/jes.0b013e3180a02bec

Abstract SHARE

The key to maximize the chances of surviving exertional heatstroke is rapidly decreasing the elevated o o @
core body temperature. Many methods exist to cool the body, but current evidence strongly supports

the use of cold water. Preferably, the athlete should be immersed in cold water. If lack of equipment

. . . . . . . - PAGE NAVIGATION
or staff prevents immersion, a continual dousing with cold water provides an effective cooling

modality. We refute the many criticisms of this treatment and provide scientific evidence supporting

cold water immersion for exertional heatstroke. < Title & authors

15



Cold water immersion
(CWI)

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

16



https://today.line.me/tw/v2/article/eDIxgx

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

17



LERT 5] LCH
--—Eﬁ*ﬁﬁﬁ%ﬂ:ﬂ L

TVRS NEWS WmEFE | THE LS * LN —|—

https://news.tvbs.com.tw/world/438063
18



HPSC JISS

NITD g =T AR R=Dur 9~
BAAC-TNPL/ 9=

RIREBDI=HD - o

SHIE 00
HARDwT

(Ri%E) | A

Nt

—

p—

Piasamanid

H P IArAN WL
S C woercovnn

RREEDI=HD
=HXIR
HARITYD
£ 4:1)
B X
(18]
AW < EBROBE S E
(28]
BESNORBE ~EREAOLA~
F=A
L al/ - 4
Yoh—
BEBEHNSON
(38
NKFTR)=rAOHESNEOLR
(49
¥Rt

10

seeas |2

14

18

35

19



® ZLHIZO®

ER2020A4 U Y - )I\TUVEY VBRI 7 H24H~ 9HCHICHESN
£9, CORHRIFRBAICESIEHEL, APEN SR T DRHITHD, FEFICIERS
BIRBICIRDENFEINET, I\ A/ T —TVRAAR—Yt>45— (HPSC) Eiz
AR—YRIFLEV S — (JISS) Tld, BER 2020 KR&lCmiF=7Ay 7 MizRo—>D
EUT 2015 5FENS 'BANKICEET AT, ICHDBATEER Uz, ZDOHRTIE
ERRETOEEICLSAEEFHRNEOFEDERNEDRRZFNDIcHDER
ZiToEEblc. B MAREREICBRERZTOIEZBNELCERNTEI F—
LU, SBIC, FEE. O—F - BEERLOBR - E - RERIVI%E
WREUVCERRBENRICEAITLZ VT —MNABEDKER Y., EARIBETCOEEFPE
B RICEETDINETCOERNNDIHRMEZREDIE THEEDICOHDBEXS KN
ARTwo, 201 7&EICFITUEU

20



Ice slurrykb

PARARAZ)—

TAAZAZ) =& IKEBUNBKD Y v —Ry MRISGEE S
JoKEEI T (BE1-1), 74 AXZY—IHERETRENE
NE<. KOKISHITBRICHRDEZ % IRIRT 5 &N
TEEY, D, 71 ARAZY—DEBEULISTZWELRID
BINEDEEBICHEWVWAHMRZELUTCED. ERGERN
‘/DO—DTY,

EE1-1 7M4RAXZ
|J—EZX5)—< >

21



e 10, (1 D)
e ] (ER)

https://wiki-co-
notes.fandom.com/zh/wiki/State_of matter%E7%89%A9%E8%B3%AA%ET7%8B%80%E6%85
%8B ?file=%E7%89%A9%E8%B3%AA%E7 %9A%84%E4%B8%89%E6%85%8B.png

22



Ll

Jpiu
ik

H
-
il
XTT
>
M
|ILIJHI

FPAARZ ) —BRDI(IVT - &

iR TlE. EFRIDEBETHNIEL. AE 1kgdhrich 7.5g (60kg DEFTH
NIE4509) = EXDITEIT 5& TR EDETHROENTWET, /o,
FERIETA RARZ ) =204 —3 007y (W-up) BiI&DERICIEET2EE
THKREL, BAEEE /T4 — Y VAR U THEEN TCHEENRESNTWE
9 (F1-1A),

B AICIE KD TEDHE R TILEFFIC, BREPRITRENRITSNTVWSEHRE T
EFDIRBER(C, PARART)—EERETEIENTEXT, EREIL. RBEEITE
B 1kgd7zh 1.25g (60kg DRF THNIL75g) ZEIT D&, BEEL IO RIERMEK
RO EREMETLIENHEESINTVWET (K1-1B),

23



Cycling trials to exhaustion
at 55% peak PPO
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Running protocol to
simulate match-play tennis
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Core-to-skin thermal

gradient

Stanley, Peake, Coombes, & Buchheit, 2014). More-
over, the increase in core-to-skin thermal gradient is
associated with the ‘after-drop’ effect, which allows
for continued cooling, even upon the commence-
ment of exercise task (Kay, Taaffe, & Marino,
1999). Conversely, CWI has been shown to reduce
peripheral blood flow and muscle metabolic activity,
which may negatively impact the performance of
exercise tasks of certain nature (Choo et al., 2016;
Ihsan, Watson, Lipski, & Abbiss, 2013; Stanley
et al., 2014). Whereas, ICE has been shown to
decrease core body temperature, without influencing
skin or muscle temperature, offering no benefit of an
‘after-drop’ mechanism, but in turn also not likely to
result in impaired muscle metabolism‘ (Siegel, Maté,
Watson, Nosaka, & Laursen, 2012; Stevens,
Thoseby, et al., 2016). Moreover, ICE has been pur-
ported to enhance exercise performance, in part
through improved thermal perception via the stimu-
lation of thermoreceptors located within oral and

Accordingly, the present review aimed to compare
the psychophysiological responses and the effect of
precooling via CWI and ICE on exercise perform-
ance undertaken in the heat.

Methods
Inclusion criteria

Studies were screened and selected for data synthesis
based on the following criteria: (i) cooling was per-
formed before exercise, and included studies where
cooling treatment was undertaken between repeated
exercise bouts; however, studies which performed
an additional cooling manoeuvre during exercise
were excluded; (ii) precooling was performed with
ICE or CWI, while studies involving the combined
use of additional cooling methods were considered
as mixed cooling methods and were excluded; (iii)
exercise longer than 6 min was performed in

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. 27
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Phase Change Material
(PCM)

Kwiecien et al. Phase Change Material and Recovery

FIGURE 2 | Two Glacier Tek 15°C PCM packs in the frozen state (left), and in their melted state (right).

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



Rugby match-specific 30-
min warm-up
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Hand/palm cooling
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Hand/palm cooling

FENBSHDOIAIVT - Kim - FE

FEFIBSANILEEBFIOEBBE TERT SENTEXIN, HRERNSIEE)
BTOERINEIIBLNETA, BEELT FELETNDMAENEEICL-
TEML, DELOMRZSHTHENTEDcHEEZSNTWVWET, BFIZIE.
EEED 107DRK (10°C) FEBERZET (K1-6) S€221FTIEG, KB
BV R ETIEZIENTEEYT, KRIGEFHE THNIL. 10~ 15 CEEEN
RFREESNTVWET, TNUTORECIIMEZNHESETLESH. &
HMKEFR<HBDEEA. BARFEISEIEBDOETICIE 10D EENERLWTT
N, FERETORRBRZFSIENTEERT,

32



Uncompensable heat stress
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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).
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TABLE 9.2 Volume of Ice Required
to Lower Water Temperature of a
600 L Bath From 25 °C to Desired
Temperature

Desired water temperature 20°C 14°C 8 °C

Ice requirement, kg 37.5 825 1275

Australian Institute of Sport. (Ed.). (2013). Physiological tests for elite athletes (2nd ed.) (p. 139).
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Rapid thermal exchanger
(RTX)

: https://www.medgadget.com/2007/05/
https://news.stantord.edu/2012/08/29/c - 0 i O e market. Lhtm
ooling-glove-research-082912/
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Arm Immersion Cooling

https://www.mindef.gov.sg/web/portal/pioneer/article/fe d/status/1420861914893127684
ature-article-detail/ops-and-training/2018-Q3/sep18_fs3
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Arm Immersion Cooling
System (AICS)

https://techlinkcenter.org/technologies/portable-body-cooling-system-for-preventing-heat-injury/b5ea71e9-affd-45fc-84c2-cad9f15ed0b5
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Arm Immersion Cooling
System (AICS)

Benefits v
The Opportunity v
Articles & Downloads A

|'£| Impact of Arm Immersion Cooling During Ranger Training on Exertional Heat lliness and Treatment

Costs

[4 Extremity cooling for heat stress mitigation in military and occupational settings

IP A

(® International filing WO/2012/162,199

38

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



Arm Cooler Harness

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



lce packs/
Neck cooling collar

https:.//www.prweb.com/releases/2005/08/prweb268766.htm
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Cooling In NSTC
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Fan cooling/water spray

- i’ = =
Sally McRae's crew carrying a spray bottle they used to spray her head, face, neck, and body during the 2018 Badwater 135. Image
courtesy of Sally McRae,

https://www.irunfar.com/stay-cool-cooling-techniques-in-endurance-running 46
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Review 2 J Sci Med Sport. 2019 Jun;22(6):707-715. doi: 10.1016/j.jsams.2018.12.002.
Epub 2018 Dec 6.

The effects of menthol on exercise performance and
thermal sensation: A meta-analysis

Owen Jeffries T, Mark Waldron 2

Affiliations: + expand |
PMID: 30554924 DOI: 10.1016/j.jsams.2018.12.002

Abstract

Objectives: Menthol is an organic compound with non-thermal cooling properties that has been
shown to relieve thermal strain associated with exercise in the heat; however, its effects on
performance have not been systematically analysed. The aims were to determine the effects of
menthol applied (1) internally and (2) externally on exercise performance and thermal sensation.

Design: Meta-analysis METHODS: A search was performed using various databases in August 2018.
The studies were screened using search criteria for eligibility. Thirteen peer-reviewed articles were
identified for inclusion in a primary analysis on the effect of menthol on exercise performance;
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Meta-Analysis > Eur J Appl Physiol. 2013 Sep;113(9):2323-9. doi: 10.1007/s00421-013-2668-x.
Epub 2013 Jun 16.

A meta-analytic approach to quantify the dose-
response relationship between melatonin and core
temperature

K Marrin 1, B Drust, W Gregson, G Atkinson

Affiliations: + expand |
PMID: 23771573 DOI: 10.1007/s00421-013-2668-x

Abstract

A melatonin-mediated reduction in body temperature could be useful as a "pre-cooling” intervention
for athletes, as long as the melatonin dose is optimised so that substantial soporific effects are not
induced. However, the melatonin-temperature dose-response relationship is unclear in humans.

Individual studies have involved small samples of different sexes and temperature measurement sites.

Therefore, we meta-analysed the effects of exogenous melatonin on body core temperature to
quantify the dose-response relationship and to explore the influence of moderating variables such as
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Hydration and cooling in elite athletes: relationship
with performance, body mass loss and body
temperatures during the Doha 2019 IAAF World
Athletics Championships

Sebastien Racinais ', Mohammed lhsan 2 3, Lee Taylor 4 5 Marco Cardinale 2 ©,
Paolo Emilio Adami 7, Juan Manuel Alonso &, Nicolas Bouscaren ?, Sebastian Buitrago 1°,

Chris J Esh 2 4, Josu Gomez-Ezeiza ', Frederic Garrandes 7, George Havenith 12, Mariem Labidi 2,

Gunter Lange 7 Alexander Lloyd 12 Sebastien Moussay 13 Khouloud Mtibaa 4,

Nathan Townsend 2 1>, Mathew G Wilson 2 ©, Stephane Bermon 7 16

Affiliations: + expand
PMID: 33579722 PMCID: PMC8606454 DOI: 10.1136/bjsports-2020-103613
Free PMC article

Abstract
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2019 IAAF World Athletics
Championships

Original research

Pre-cooling Mid-cooling

80% 93%
Yes Yes
Fanning
Other menthol
Menthol mouth rinse Other menthol ||
Other [] Menthol mouth rinse ﬂ
Leg CWI [
Whole-body CWI |[] |ce-slurry D
Ice-slurry ingestion Other
Neck collar || : g
Cold water ingestion
Cold towel .
lcevest [T Head/face dousing
0 20 40 60 80 100 0 20 40 60 80 100

Athletes (%) Athletes (%)

Figure 2 Pre-cooling and mid-cooling strategy during the World Athletics Championships. Upper panel: percentage of athletes declaring to plan
a pre/mid-cooling strategy. Lower panel: details of the strategy declared (in per cent of athletes). Right panel: example of water dousing plus neck
collar, and ice in cap with neck flap. Getty images for World Athletics.

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

Where cooling during exercise is not possible, precooling—decreasing body tempera-
ture before exercise—has been popular among athletes prior to exercise in the heat.
Some of the initial athletic proponents included the Australian rowing teams prior to
the 1996 Atlanta Olympics, whose members used vests containing ice packs during
warm-ups before competition. Since then, precooling has become popular for a vari-
ety of sports, including athletics, swimming, and cycling. In clinical settings, cooling
helmets have been employed to induce brain hypothermia rapidly following cardiac

Cheung, S. S. (2010). Advanced environmental exercise physiology (p. 42).
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Level | Anecdortal evidence or
expert opinion

These are common in the supplement
marketplace, particularly when high-
profile athletes promote the use of a
particular supplement

Level 11 Case series or
observational studies

Less common in the supplement research
literature

meta-analysis

Level III Randomised control trials | The most common type of research
(RCT) undertaken in the supplement literature.
However, it is key that the research is of
suitable quality (Figure 5)
Level IV Systematic reviews and The highest level of evidence to show

efficacy of a supplement. However, these
are rare and may not always be available,
especially for newer supplements which
appear on the market

FIGURE 4 Levels of evidence

Castell, L. M., et al. (Eds.). (2015). Nutritional supplements in sport, exercise and health: An A-Z guide (p. 21).
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Review 2> J Strength Cond Res. 2010 Dec;24(12):3488-96. doi: 10.1519/JSC.0b013e3181fb3e15.

Effect of body cooling on subsequent aerobic and
anaerobic exercise performance: a systematic review

Gregory F Ranalli T Julianne K Demartini, Douglas J Casa, Brendon P McDermott,
Lawrence E Armstrong, Carl M Maresh

Affiliations 4+ expand
PMID: 21088554 DOI: 10.1519/JSC.0b013e3181fb3e15

Abstract

Body cooling has become common in athletics, with numerous studies looking at different cooling
modalities and different types of exercise. A search of the literature revealed 14 studies that measured
performance following cooling intervention and had acceptable protocols for exercise and

performance measures. These studies were objectively analyzed with the Physiotherapy Evidence

Database (PEDro) scale, and 13 of the studies were included in this review. These studies revealed that
body cooling by various modalities had consistent and greater impact on aerobic exercise -
performance (mean increase in performance = 4.25%) compared to anaerobic (mean increase in 33



Ranalli et al. (2010)
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AEROBIC STUDIES: PERCENT CHANGE POST COOLING
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Figure 2. Percentage of change in aerobic studies, with each individual trial listed separately. The percentages are shown as an increase or decrease vs. control
trials. (The dashed line represents the average percent increase across all trials + 4.25%). 5 4



Ranalli et al. (2010)

Body Cooling and Athletic Performance: A Systematic Review

|
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Figure 3. Percentage of change in anaerobic studies, with each individual trial listed separately. The percentages are shown as an increase or decrease
compared to control trials. (The dashed line represents the average percent increase across all trials +0.66%.)
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Pre-cooling and sports performance: a meta-
analytical review

Melissa Wegmann T Oliver Faude, Wigand Poppendieck, Anne Hecksteden, Michael Frohlich,
Tim Meyer

Affiliations 4+ expand
PMID: 22642829 DOI: 10.2165/11630550-000000000-00000

Abstract

Pre-cooling is used by many athletes for the purpose of reducing body temperature prior to exercise

and, consequently, decreasing heat stress and improving performance. Although there are a

considerable number of studies showing beneficial effects of pre-cooling, definite conclusions on the
effectiveness of pre-cooling on performance cannot yet be drawn. Moreover, detailed analyses of the
specific conditions under which pre-cooling may be most promising are, so far, missing. Therefore, we
conducted a literature search and located 27 peer-reviewed randomized controlled trials, which

addressed the effects of pre-cooling on performance. These studies were analysed with regard to ’6



Wegmann et al. (2012)

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

o The largest performance enhancements
were found for endurance (+4.2-8.6%).

ETE +8.6%, GXT +6.0%, TT+ 4.2%

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




Before 2012

o Ranalli et al. (2010)

Pre-cooling

owater application (n=12 of 27), cooling

Pre- and/or per-cooling
olice vest, ice packs, CWI or IWI (n=6 of 13)

o Wegmann et al. (2012)

packs, cold drinks, cooling vest and a cooled

room

o CWI or cooled roomf/

e

(R3)N

1?7
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Review 2 BrJ Sports Med. 2015 Jan;49(1):7-13. doi: 10.1136/bjsports-2012-091739.
Epub 2013 Aug 14.

The effect of cooling prior to and during exercise on
exercise performance and capacity in the heat: a
meta-analysis

Christopher James Tyler ', Caroline Sunderland 2, Stephen S Cheung 3

Affiliations + expand
PMID: 23945034 DOI: 10.1136/bjsports-2012-091739

Abstract

Exercise is impaired in hot, compared with moderate, conditions. The development of hyperthermia is
strongly linked to the impairment and as a result various strategies have been investigated to combat
this condition. This meta-analysis focused on the most popular strategy: cooling. Precooling has
received the most attention but recently cooling applied during the bout of exercise has been
investigated and both were reviewed. We conducted a literature search and retrieved 28 articles which
investigated the effect of cooling administered either prior to (n=23) or during (n=5) an exercise test
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Tyler et al. (2015)

o Cooling which was external in nature.

cooling jackets/vests,
forearm/leg/neck/head cooling

o Fluids (eg, ice slurries) were not considered.
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Cooling 135
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FIGURE 7.2 Effect sizes observed with pre- and per-cooling approaches broken
down by activity (for pre-cooling) and heat stress (for per-cooling).
Data extracted from the meta-analysis conducted by Tyler et al. (3).
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Epub 2014 Apr 19.

Precooling and percooling (cooling during exercise)
both improve performance in the heat: a meta-
analytical review

Coen C W G Bongers ', Dick H J Thijssen 2, Matthijs T W Veltmeijer !, Maria T E Hopman ',
Thijs M H Eijsvogels 3

Affiliations + expand
PMID: 24747298 DOI: 10.1136/bjsports-2013-092928

Abstract

Background: Exercise increases core body temperature (Tc), which is necessary to optimise

physiological processes. However, excessive increase in Tc may impair performance and places

participants at risk for the development of heat-related illnesses. Cooling is an effective strategy to
attenuate the increase in Tc. This meta-analysis compares the effects of cooling before (precooling)

and during exercise (percooling) on performance and physiological outcomes. 62
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Bongers et al. (2015)

o No correlation between Tc and
performance was found.
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Practical Cooling Strategies During Continuous
Exercise in Hot Environments: A Systematic Review
and Meta-Analysis

Alan Ruddock 1, Brent Robbins 2, Garry Tew 3 Liam Bourke 4, Alison Purvis >
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Abstract

Background: Performing exercise in thermally stressful environments impairs exercise capacity and
performance. Cooling during exercise has the potential to attenuate detrimental increases in body
temperature and improve exercise capacity and performance.

Objective: The objective of this review was to assess the effectiveness of practical cooling strategies f-6
applied during continuous exercise in hot environments on body temperature, heart rate, whole body



Ruddock et al. (2017)

o Cooling strategy that would be practical
for athletes to apply during competitive
performance.

cold/ice slurry ingestion, neck/palm/head
cooling

o Continuous exercise (=25°C)

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

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

o 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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Cooling during exercise enhances performances, but
the cooled body areas matter: A systematic review
with meta-analyses

Wafa Douzi ', Benoit Dugué !, Ludwig Vinches 2, Chady Al Sayed 2, Stéphane Hallé 2,
Laurent Bosquet !, Olivier Dupuy

Affiliations + expand
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Abstract

Introduction: Hyperthermia during exercise induces central and peripheral fatigue and impairs

physical performance. To facilitate heat loss and optimize performance, athletes can hasten body

cooling prior (pre-cooling) or during (per-cooling) exercise. However, it is unclear whether per-cooling

effect is the same on 'aerobic’ and 'anaerobic’ types of exercise (duration <75 and >76 seconds,

respectively, according to Gastin [Sports Med 2001;31:725-741]) and whether the body area that is 69



Douzi et al. (2019)
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FIGURE 4 Effect of cooled body area on ‘aerobic’ (A) and ‘anaerobic’ (B) exercise performances, N, number of subjects; n, number of
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A Matter of Degrees: A Systematic Review of the

Ergogenic Effect of Pre-Cooling in Highly Trained
Athletes

Miguel Angel Rodriguez 1 José Victor Piedra ', Mario Sanchez-Fernéndez 1, Miguel Del Valle 2
Irene Crespo ! 3, Hugo Olmedillas 1 4
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PMID: 32344616 PMCID: PMC7215649 DOI: 10.3390/ijerph17082952
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Abstract

The current systematic review evaluated the effects of different pre-cooling techniques on sports
performance in highly-trained athletes under high temperature conditions. PubMed/MEDLINE,
EMBASE, Web of Science, CENTRAL, Scopus, and SPORTDiscus databases were searched from
inception to December 2019. Studies performing pre-cooling interventions in non-acclimatized
highly-trained athletes (>55 mL/kg/min of maximal oxygen consumption) under heat conditions (=30
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Performance effects of internal pre- and per-cooling

across different exercise and environmental
conditions: A systematic review
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Abstract

Exercise in a hot and humid environment may endanger athlete's health and affect physical
performance. This systematic review aimed to examine whether internal administration of ice, cold
beverages or menthol solutions may be beneficial for physical performance when exercising in
different environmental conditions and sports backgrounds. A systematic search was performed in
PubMed, Web of Science, Scopus and SPORTDiscus databases, from inception to April 2022, to
identify studies meeting the following inclusion criteria: healthy male and female physically active
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Effects of different external cooling placements prior
to and during exercise on athletic performance in the
heat: A systematic review and meta-analysis
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Free PMC article

Abstract

Background: Nowadays, many high-profile international sport events are often held in warm or hot
environments, hence, it is inevitable for these elite athletes to be prepared for the challenges from the

heat. Owing to internal cooling may cause gastrointestinal discomfort to athletes, external cooling

technique seems to be a more applicable method to deal with thermal stress. Central cooling mainly

refers to head, face, neck and torso cooling, can help to reduce skin temperature and relieve thermal
perception. Peripheral cooling mainly refers to four limbs cooling, can help to mitigate metabolic heat 75



Jlang et al. (2023)

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

o The enhancement effects of peripheral
cooling require sufficient rewarming,
otherwise it will be trivial.
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Is the Cooling Vest an Ergogenic Tool for Physically
Active Individuals? Assessment of Perceptual
Response, Thermo-Physiological Behavior, and
Sports Performance: A Systematic Review and Meta-
Analysis
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Gema Santamaria ©, Jests Seco-Calvo 7 8
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Abstract

Exercise capacity is limited by environmental heat stress because thermoregulatory systems are
altarad and cannot nrayvent the elevation of body temperature due to a complex interplay of

rrant analtrice com



Ferndndez-Lazaro et al.
(2023)

o 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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The effect of hand cooling during intermittent
training of elite swimmers

Thomas Zochowski 1, David Docherty
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Abstract

Background: The aim of this paper was to determine the effects of using intermittent hand cooling
during high intensity, intermittent training on thermoregulatory, performance and psychophysical
variables in elite level swimmers in a training pool (30.5+0.5 °C).

Methods: Randomized cross-over design. Following a standard warm-up, ten male swimmers
(20.3+3.2 years) were instructed to maintain the fastest 100-m time (on average) for an 8 x 100 m
freestyle swimming set performed either in a training pool with cooling (TPC) or a training pool with
no-cooling (TPNC). Time at 100 m, core temperature (Tc), heart rate (HR), ratings of perceived exertion
(RPE), thermal comfort (ThC) and thermal sensation (ThS) were recorded following each repetition.
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Figure 2.—Mean (SD) 100 m time for each repetition during TPC and ~ Figure 3.—Mean (SD) heart rate (bpm) for each repetition during TPC

TPNC conditions. (TPC and TPNC significantly different = *P<0.05, and TPNC condition (Significant repetition effect [1] between Repl vs.
N.=10). Rep4, Repl vs. Rep8, and Rep4 vs. Rep8 (P<0.05, N.=10).
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Different Cooling Strategies Applied During Inter-
Set Rest Intervals in High-Intensity Resistance
Training

Gilmar J Esteves ' 2, Renato A Garcia !, PauloH S M Azevedo ' 3
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PMID: 34055152 PMCID: PMC8136565
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Abstract

The purpose of this study was to verify whether cooling between sets during high-intensity resistance
exercise improves physical performance and to compare performance among different sites of

cooling. It is important because delaying the muscular fatigue could improve total volume at a

training session which could lead to greater hypertrophy. Nine healthy and recreational resistance

training experienced men, performed six tests of a biceps curl exercise on different days. The first test

was the one-repetition maximum test (1RM). Following, we applied five sessions, in crossover and 81



Esteves et al. (2021)

No cooling strategy was able to improve performance compared to control. However, neck
cooling compared to control showed a 71% probability of increasing the total volume of
repetitions (figure 3).

Control vs Palm Controls vs Neck
% »
71
n HO = H1 = HO = H1

Control vs Biceps ~ Control vs Tunnel

28

= HO = H1 = HO) = HI1

Total volume

Figure 3. The probability that the null hypothesis holds across all cooling procedures to the exercise total volume.
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Intermittent Cooling During Judo Training in a
Warm/Humid Environment Reduces Autonomic and
Hormonal Impact

Eduardo Carballeira 1, José Morales 2, David H Fukuda 3, Maria L Granada #,

Vicente Carratala-Deval 2, Alfonso Lopez Diaz de Durana 6 Jeffrey R Stout 3
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Abstract

Carballeira, E, Morales, J, Fukuda, DH, Granada, ML, Carratala-Deval, V, Lopez Diaz de Durana, A, and

Stout, JR. Intermittent cooling during Judo training in a warm/humid environment reduces autonomic

and hormonal impact. J Strength Cond Res 33(8): 2241-2250, 2019-The purpose of this study was to

identify the effects of superficial cooling on physiological responses while training in a warm, humid
environment during an international Judo training camp. Sixteen judokas (8 women and 8 men) 85
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Table 21.1 Physiological Adaptations to Heat Acclimatization'

Heart rate decrease

Plasma volume expansion
Rectal temperature decrease

Perceived exertion decrease

Sweat Na* and CI- concentration decrease?

Sweat rate increase | | |

Renal Na* and CI- concentration decrease | |

'Point at which approximately 95% of the adaptation occurs.
?During consumption of a low NaCl diet.
Adapted from Armstrong and Dziados 1986.

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

A track-and-field athlete warms up while wearing an ice vest befare his event. Image: IAAF Twitter account

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



Pre-cooling

Brearley and Saunders
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FIGURE 9.4 Gastrointestinal temperature response of an international field hockey athlete to 8 min of 15 °C torso
immersion at half-time during a test match played in hot and humid conditions.

Australian Institute of Sport. (2013). Physiological tests for elite athletes (2nd ed.) (p. 134). 90
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Figure 1.6 Various sports, their physical demands relative fo needed speed, strength, and endurance.

Adapted from G.A. Nader, “Concurrent Strength and Endurance Training: From Molecules to Man,” Medicine & Science in Sports & Exercise
38, no. 11 (2006): 1965-1970.

R E#Laursen, P, & Buchheit, M. (Eds.) (2019). Science and application of high-
intensity interval training. Solutions to the programming puzzie (p. 13). 91
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NSTC cooling

o Internal cooling

AN
o MK

\AA
©) /75&

o SEREEHR O
e

i

= N

o External cooling
I EB Bz

o F&EfER
B8/fg/$Acooling
oAU EZE /KB
fk5*cooling
o KB /EAL

o FZErFim

TYfizcooling

o FE  BIBRR/KE

/A o

—




BEIlEE

10N

/|t

Thank you!

95



