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H B€on Tou cwpatoc Ko n v

Oeplokpacia Tou vepou anoteAolv .
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ONMOVTLKOUC TAPAYOVTEC, TTOU
ennpealouv to HEYEDOC TWV

dUCLOAOYIKWV AVTLOPACEWV KATA

™ BUBLON




O peyaAUtepec uotoAoyikeG aAAayEG emtteAolvTolL oTtnV
Kkatakopudn napa otnv umtia O€on.

Katd tnv koAUpuBnon otnv enidpAaveLla Tov VEPOUL auEAaveTal n
OLLHATWON TWV HUWV TWV AKPWYV, TTOU CULLETEXOUV OTNV AOKNON,
EVW KATA TNV KOAUUBNON KATW amo tnv entpAvELO TOU VEPOU
auéavetat n atpatwon tne KepaAng Kat tov Bwpaka.
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HOW TO CALCULATE
YOUR AQUATIC TARGET HEART RATE

. 220 - your age = Maximum Heart Rate
2. Max HR x 60% = Lower End for the Target Heart Rate (for land activities)

3. Max HR x 85% = Higher End for the Target Heart Rate (for land activities)
NOW...

. Take the heart rates you calculated in Step 2 and Step 3 and subtracted 10% from both:
Lower land target HR = Lower End for the water Target
Heart Rate {i.e. for water fies)

Higher land target HR * = Higher End for the water Target
Heart Rate {i.e. for water dctivities)

EXAMPLE: Person = 20 years af age
. 220-20 = 200 (Max HR)
. 200 x 60% = 120 (Lower Target HR - land)
. 200 x 85% = 170 (Higher Target HR - land)
120 x 90% = 108 (Lower Target HR - water)
170 x 90% = 153 (Higher Target HR - water)




Snustead et al. (2018) int J Res Ex Phys. 13(2):1-9.

International Journal of Research in Exercise Physiology
Original Research Article
A Comparison of the Submaximal and Maximal
Cardiorespiratory Responses to Aquatic vs. Land Cycling

McKenzie Snustead?, John P. Porcari, Kathryn Johnson!, Scott Doberstein®, Kari Emineth?, Carl Foster®
‘Department of Exercise and Sport Science, University of Wisconsin-La Crosse, La Crosse, W1, USA

Table 2. Heart rate and oxygen consumption (VO,;) responses at RPE levels of 11, 13, 15, and maximal
exercise.

Land Water

HR at RPE 11 (bpm) 132 +21.2° 116 + 12.3
HR at RPE 13 (bpm) 149 + 17.7° 129 +13.2
HR at RPE 15 (bpm) 163 + 15.7° 146 + 15.1
HRmax (bpm) 180 +9.3° 166 + 14.0
V0; at RPE 11 [ml/kg/min) 229+4.74 203 +2.93
VO; at RPE 13 [ml/kg/min) 27.7 + 553" 246+4.13
V0; at RPE 15 [ml/kg/min) 34.3+5.10 306 +5.13
VO:max (ml/kg/min) 44.0+5.94" 39.3 + 6.87

"Significantly greater than water (p < 0.05). All values represent mean + standard deviation.




Karadurtiko
avravakAaoTIKO

(mammalian reflex)

Apx£Eyovog TTPOCAPMOYK TOU OPYAVIOHOU OTNV P
Kal €EUTTNPETNON (WTIKWV OpPYAVWV

TTEPIPEPIKN AYYEIOOUOTTAON

Bpadukapdia

AUENMEVN AIpATWOoN TTVEUNOVWY, K.N.Z., kapdidg

NTTIO aUENnonN apTNPIOKAG TTiEong, dioupnon
2KOTTOG: TTPOETOINACIA YIa EAEUBEPN KATAdUON KAl
g¢olkovopunon BgppdrTnTag
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KaradurTiko avravakAaoTIKO
(mammalian reflex)
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Cold water immersion

-

Face cold and wet
Breath hold

|

Diving Response
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Cutaneous cold

receptors

Cold Shm:t Response
Artempted Breath hold
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Parasympathetic
Stimulation

{Predominamtiy affecting
SA and AV nodes)
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Sympathetic
Sstimulation

[{Affecting SA and AV nodes
and the myocardium])

|

A N N

Bradycardia

Break of Breath
hold
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Tachycardia

Break of Breath

Autonomic Conflict

hold
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Channelopathies

Ischaemic heart

(LOTS)

- Arrhythmias

H

disease

el

® @
Atherosclerosis r \

aT interval does not match the
prevailing heart rate

Predisposing factors

Acgquired [drug-
induced) LOTS

.

Myocardial hypertrophy

Shattock & Tipton,
2012
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- There is no strict definition of ‘cold water'. However, given that
the majority of observable dangerous reactions to cold water
appears to peak when immersed between 15 and 10 °C, it is
reasonable to say that cold water is defined as water with a

temperature of <15 °C. However, the thermoneutral water
temperature for a resting undressed person is —35 °C, so that
people may experience a decrease in the core body
temperature over time when immersed in water below this
temperature. The corresponding temperature for long-distance

swimmers’ training is —25 °C.



In recent years, ice swimming (in water below 5 °C) has
evolved into an all year-round sport, with many swimmers
participating and competing regularly in both local and

international events.

(Knechtle et al., 2020)
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The officially recognized ‘Ice Mile’ is held in water with a

maximum of 5 °C whereby a swimmer is only permitted the use




2€ VEPO ME oXeTkA uPnAn Bepuokpaocia ( ), n dtéyepon

Twv Oeppoiimodoxewv tov dEpuatog Kat n avénon Tou Tovou

TOU cupmtaOntikol VEUPLKOU cuoTtipatoc odnyouv os avénon

NG KapdLakng cuxvotntag.
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B AL

2€ VEPO UE OXeTIKA xaunAn depuokpaoia (20°C):

H 81éyepon twv PuxpoimodoxEwv Kat tov utobaAdapov
odnyel o€ emBpaduvon tng KapSLaknc cuxvotntog.

Ot tepLPEPLKEC OLYVELAKEC OLVTLOTAOELG KOl | CUOTOALKN
Kot N Lo ToAKA ieon avéavovtan, AGyw Heilwong tng
Oeppokpaociag Ttov dEppartoc.



KAl OE U/70,U€V/0'T0 EPYO0,

TNV EKGEOT] OTO KpUO KaTaG urf/{' ‘
19 .Jr TNG HETAPOPAG me BepPOTNTAG

| 5I€Y€IpOVTCII |JI’]XCIVIO|JOI yid rr]v éO ;

......

auénon TNG EKKPIONC Kawo)\aplvwv kopTlKo Bnlvd)v, BupesoTponivey,
KopTICOANG, Fmars

auénon Tou KUTTAapIKou |J£TC|[30)\|U|.|OL'J,
avopBwaon TV TPIXWV. Kal avacToAr) TNE EPIOPWONC,

MPOKANGN PIYOUG (LEI®ON TOU VEUPOUUIKOU GUVTOVIGHOU Kal TNG
anoooaong).

(Kolettis & Kolettis, 2003, AeAnyiavvic, 1992, Deligiannis et al., 1992)
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TOU OYKOU TOU CIIUCITO_: -.
mieon) kar avénon an Ka‘pélaknq
Mapoxrng. - ~E5,f ‘
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>TO VEPO OIEYEIpOVTal Ol MEPIPEPIKOI
UMNOOOXEIC TOU napaouunaGnTlKou N.2.
(Bpadukapdia karaduong).

(Amoretti & Brion, 2004)



. H koAUpBnon o Bepjills
- 18-25°C mpokaAer:

LEIWON TOU KU'I'I'ClQIKOU UETaBo)\l’bu@uﬁm\

OIATAPAXEC TNG vsupﬁq )\slToupylac;

(Holmer, 1997; McAraleret al., 1984)



- MEPIPEPIKN ayysloou&cnacn

- auénon TG aanplaKgg I'IIEOT](;
- UNEPAEPIGHOGC (unomnvna)

. AVAnVEUOTIKNG AAKAAWGNC, sstcpa)\lan unoaaq
KapOIaKwWV appubuiwy.



Auonvola
Ynepnvoia

Teravia

—

MepIpEPIKN ayvsloouc)_‘:f‘(/)‘)\ﬁ’(YnépTaon)
Tayukapdia (AUENGN KApPdIaKOU GOPTIOU)
AdpevaAivn / NopadpevaAivn (AppuBuiec)



— Clerebral peduncle
Superior peduncle

Middle pedunele
Inferior peduncle

Medulla oblongaia,

O Bavaroc. osr)\sTal KUPIWGC O€ Kapolaka

Kal EyKEQANIKA aiTid, o€ am‘c‘icupnuwwon
(OXNUATIGUOC Gpoquv) N G€ KAKOnBEeIC
appubuiec (UMEPOIEYEPTN TOU
ouunadnTikou VEUPIKOU GUGTNUATOG)

(Kolettis & Kolettis, 2003)
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o Kapolaka npopAnuara
o 2NUAvTIKN PEIWON TG ApTNPIAKNC NIEGNG



Ta 4 oTaofulirn | N uﬂlang nou
ouvdeovTaIIEIPNAO Kiviuvo

—  NMrwon TnG 6£ 4_JJ%§'_ dgplaq TOU 6£p|.|aToq

—  Em@aveiakn ,;;ﬁ. \ r,|f1'r|q espNOKpuélaq TWV VEUPWV
Kal TOV puw\fkfz‘ft j <op
MakpornpoBea(in avnﬁpacn (30 )\snTa AR
—  MTtwon tng Bsﬁaokpaolaq TV BABUTEPWYV ICTWV
Meta T Bubion (Kqu-Tn 0IdoWon)
~ MeydAn nT®ON THG APTNPIAKAGC MIECNG
—  Zuvei(OpEVN NTWON TNG BEpHOKPACIaAG

(Golden & Hervey, 1981)



r 1 International Journal of
" Environmental Research
WA and Public Health

Review
Cold Water Swimming—Benefits and Risks:
A Narrative Review

Beat Knechtle 7, Zbigniew Waskiewicz 2317, Caio Victor Sousa ', Lee Hill *
and Pantelis T. Nikolaidis ®-*

Table 2. Three stages of immersion in cold water.

Cooling of the Skin,
Initial (Cold Shock) First Three Minutes Hyperventilation, Tachycardia,
Gasp Reflex

Short-term After three minutes Superficial neuromuscular cooling
After 30 min Hypothermia, later collapse
Immediately before, during or ~ Cardiac arrythmia, hemostasis,
after rescue UNCONSCiousness

Long-term
Circum-rescue collapse (afterdrop)



H |.|un<r] anoéoon 1.I€I03V€TCII Kcn;g 800 yial kaBe °C
NTWONG OTh esgugilg’paola TOU! IUGE.

[pAYOpN KOMWON Vid HUikA BEpHOKPAcia KT
ano 27°C.
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H Ko)\uanTlKﬁ- AHO000N O KPUO VEPO EIval
ONUAVTIKA PEIMPEVN KAl ERITAYXUVETAI N ATWOoN
TNC BepPOKPACIAC TOU GWUATOC (Ho/mer, 1974).
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CONFUSION
DISORIENTATION

__ SWITCH OFF PHENOMENON

AMNESIA
SHIVERING REPLACED BY
CARDIAC ARRHYTHMIAS PERSISTENT MUSCLE RIGIDITY

» SEMI CONSCIOUS

TEMP °(

' PUPILS DILATE
———— UNCONSCIOUSNESS 1evnon Rertexes Apsen

——— VENTRICULAR FIBRILLATION

LA DEATH
. > (FAILURE TO REVIVE)

(Golden, 1973)



Spontaneous shivering, rapid heart rate, rapid breathing rate

Confusion, disorientation, decreased muscle coordination

Amnesia

Cardiac arrhythmias, poor perfusion of the skin

Clouding of consciousness, spontaneous shivering stops, rigid muscle tone

Stupor or unconsciousness, diminished respirations, poor muscle tone, hypotension
Ventricular fibrillation, near absent respiration, vital signs near absent

Cardiac arrest, death
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Fig. 4-10 Predicted calm water survival time (defined as the
time required to cool to 30° C) in lightly clothed, nonexercising
humans in cold water. (Hayward, 1975)
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Figure 22.1 Survival expectancy related to water temperature



4 9I0'I1 OTO VEPO

y .4
0°C W, 15min 15 min- 45 min
0-45°C jﬂ‘"j"' ’-15-30min 30 min - 90 min
45-10°C  ~ “30min f1RfY  1hr-3hrs
10 - 15,5°C ’!5'* 1 hr-2hrs 1 hr-6hrs
155-21°C ..~ 2hrs-7hrs 2 hrs - 40 hrs
21 - 27°C ~ 3hrs-12hrs  Tavw a6 3 hrs

[Mavw atrd 27°C AKaBoploTo AkaBoploTo
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ATopua PUeEYAAUTEPNC NAIKIAG

(Inoue et al., 1992, Kobus, 2005)
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. Baoikoi napayovTeg i Tr|pr|a|1 TNG OEPHIKAG
Icopponiag o€ KOAUNSHTEGHN ﬁaewvmc; KoAUHBNnoNg

- NocooTo unoéc')plo
c'leoov)

(BIsley; 1999, Toner et al., 1984 Mameletzi & Deligiannis, 2004)
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(Gerrard, 1999, Nuckton. et al., 2000, Tipton. et al., 1999)
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THE COLD STRESS EQUATION

LOW TEMPERATURE + WIND SPEED + WETNESS
= INJURIES & ILLNESS

When the body
IS unable to
warm itself,
serious cold-
related illnesses
and injuries may
occur, and
permanent
tissue damage
and death may
result.
Hypothermia
can occur when
land tempera-
tures are above
freezing or water
temperatures are
below 98.6°F/
37°C. Cold-
related illnesses
can slowly
overcome a
person who has
been chilled by
low tempera-
tures, brisk
winds, or wet
clothing.

30vF/-1.1rC

20rH-6.7rC

10vF/-12.2vC

OvF/-17.8yC

-107F/-23.3yC

-20rF/-28.9vC

-30vF/-34.4xC

-40rF/-40rC

-50rF/-45.6yC

Wind Speed (MPH)

010 20 3040

Little Danger
(Caution)

Freezing to Exposed Flesh
within 1 Hour

Danger
Freezing to Exposed Flesh
within 1 Minute

Extreme Danger
reezing to Exposed Flesh
within 30 Seconds

dapted from: ACGIH

hreshold Limit Values,
Chemical Substances
and Physica Agents
Biohazard Indices,
1998-1999.

AUO BAGIKOI APAYOVTEG
TNG UNOBEPMIAC:
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KaAn evudarwo .
KaAr (uoIKn Ka r,,urJn :

Fvwon Twv E,r] ((.*' o[ y)Y 0U|J1'IT(1)|JC|T(1)V fnou
00nyouv. o€ uno did

E€acknon kai syk)upaﬁ(moc; o-rlc; aKpcusc; ouUVOnKeg
Ano@uyn svmvn_c,,g<onwonc; Kal EE,GVT)\nonc;
Anwn (eoTwV I'IOTO.)V XWPIC Kapeivn

Anwn (eoTwV TPOPIN®Y UWNANG BepuIdiknG a&iag

(Amoretti: & Brion, 2004, Kobus, 2005)
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- BeATiwon TG BeppoyeveonGiiB ”%{W pfpovn TWV. BEPHOPUBHICTIKWY. KEVTPWV
TOU unoea)\apou (auEr]o -rouhl 2j[e G)\louou kal META TNV, AOKNGON Kal

(xapunAn K.2. kai KCIp5ICI FJ',], 0)'(s auE-;npevn ayyslébuonaon GT0 OEPHA).
" “ (KoJettis & Kolettis, 20085)
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vaxucn ToU avoao)\oleou

OUOTNUATOG (40% HEIDORTWV-,

AvVanveUoTIKWY. )\oua’ﬁ)Eso)v)
(Brenke, 1990).

EvioYulEVN MPOCTAGCIA Ao TIG
ENEUBEPEC PICEC (Siems et al.,
1999).
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Cold Water Swimming—Benefits and Risks:
A Narrative Review

Beat Knechtle 1, Zbigniew Waskiewicz 23, Caio Victor Sousa *(7, Lee Hill

and Pantelis T. Nikolaidis ®*
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Table 1. Benefits of cold-water swimming.

=y

System

Effects

References

Cardiovascular system

Lowering blood pressure

[23,47,53,54]

Endocrine system

Decrease in triglycerides
Increase in insulin sensitivity
Decrease in norepinephrine
Increase in cortisol

[24,31,55]
[3,11,31,56]
[53]

[57,58]

Psyche

Antidepressant effect

[8,59]

Immune system

Increase in leucocytes
Increase in monocytes
Fewer infections

[27,28,60,61]
[7,13,62]
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BT 34.66 °C
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Figure 3. Body core temperature before, during and after an ‘Ice Mile’ (data provided by the athlete

with his permission).
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v In summary, ice swimming is held as an official competition swim in
various swimming routes and disciplines at water temperatures below 5
°C. Regular swimming training in cold water seems to have a positive
effect on various systems such as the cardiovascular system, endocrine
system, immune system and the psyche.

v However, cold water swimming still poses a significant health risk for
Inexperienced and untrained swimmers. It is recommended that in
order to fully benefit from the metabolic and thermogenic effects of cold
water swimming, a grade and progressive acclimatization program is
required and preferably done under supervisor.

v That being said, cold water swimming (ice, cold and winter swimming) is
an exciting new discipline and further research is required to fully
understand the health benefits of its undertaking.
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Key messages
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v hBava ogpeAn - Possible benefits

v' 'Oyi1 yi1a oAouc - Not for everyone

v/ AnapaiTnTn 1aTPIKN Kaodnynon -
Medical supervision required

v AogaA&ia > Anodoorn -
Safety > Performance

v EEaropikeuon - Individualization
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TEKUNPIWONG - Recommendations
based on scientific evidence
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