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COLD-WATER
IMMERSION (CWI)

Patfi mezi kryoterapeutické metody

Ponoreni (Castecné/celkoveé) do
studené vody (~ 10-15 °C) po dobu
5- 20 minut

Vétsinou nasleduje inned po fyzicke
aktivité

Kontinudlni/prerusované




» Ovlivnéni prokrver

» Akutni snizeni markeru svalového poskozeni a zdnétu (2), redukce svalové
bolesti, a udrzeni svalove funkce

» Zlepsenisvalové regenerace (¢)
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Post-exercise Cold Water Immersion Effects on Physiological Adaptations to

Resistance Training and the Underlying Mechanisms in Skeletal Muscle: A Narrative
Review

Aaron C. Petersen'" and Jackson J. Fyfe?

> Oprqvu CWI flumll Zé néi‘livou Od pOVéd’ po RT? = Author information = Arficle notes = Copyright and License information  PMC Disclaimer

» ,Although cold exposure is commonly cited as reducing post-exercise inflammation, much
of the evidence to support this comes from animal models of muscle injury or human
eccentric exercise models,

» Indeed, studies investigating the inflammatory or immune cell response 1o resistance

exercise show (Gonzalez et al., 2014q,b; Fragala et al., 2015; Jajtner eyl.,
2015; Yamane et al., 2015; Peake et al., 2017; Fuchs et al., 2020) S50
(Roberts et al., 2014; Jajtner et al., 2015; Fuchs et al., 2020) , With only /// Ui

(Earp et al., 2019)
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CWI VS SVALOVA BOLEST
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Can Water Temperature and Immersion Time Influence
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» Celkem vyhleddno 258 studii

» Do systematického prehledu zahrnuto 9 studii
» Konftrolni skupina (pasivni odpocinek)

» Jedna fréninkovad jednotka

» Aplikace CWI do 1 hodiny po zatizeni

» Pouze jedna aplikace CWI



e Medidn 12 °C
e ,severe cold (5-10 °C)
e ,moderate cold (11-15 °C)

Rozdéeleni dle doby aplikace (ponoreni

* Medidn 14 minut

e ,,short immersion* (5-10 minut)

e ,medium immersion (11-15 minut
e ,longerimmersion* (16-20 minut)

Okamzity a ,,pozdni" efekt aplikace
* Do 24 hodin od aplikace

e Po 24 hodindch od aplikace




Study

Relative

Mean difference

Mean difference

weight (%) [95%CI) [95%CI)
Teplota vody
Severe cold 5-10°C
rystal et al, 2013 [25] 23.56 11300 [-2927,0.327] —
Getto andGolden, 2013 [26]  20.48 0.240 [-1.740, 2.220] S —
akemanetal, 2009 [28] 2073 0500 [-1.442,0.442] ——
Bailey et al, 2007 [9] 2623 1980 [D645,3315) —a—
Fooled effect:
120 00 (random effect) 100.00 0.144 [1299,1526] <—-——-—> >
p=0875 Pozdni efekt
Moderate cold 11-15°C
Elias et al, 2013 [27] 4519 0210 [0.079,0.341] : Study i S ELETED -
Elias et al, 2012 [23] 4771 0.240 [0.122,0.358] weight (%0) EomEl) potech
Stanley etal, 2012 [24] 7.10 0.900 [0.312,1.488] — R
Pooled effect:
Crystalet al, 2013 [25] 21 .40 2200(-4.169,.0231] ——8—
F'uj 3511 rancom eEtect) 100.60 0273)0.107,84408 <D Getto andGolden, 2013 [26] 2220 0950 [2.814,0914] - =
p= Jakeman et al, 2009 [28) 3001 0300 [0.032, 1 632] -
Bailey et al, 2007 9] 2639 1,890 [0.557,3223] — =
otal:
1258 48 (random effect) 0290 [0.037,0 543] D Pooled effect:
p=0025 1%=21 71 (random effect) 100.00 0.057 [1483,1.598] ——em——
p=0942
Moderate cold 11-15°C
Efias et al, 2013 [27] 46.20 0.280 [0.172,0.388] m
D jas et al, 2012 [23] 4283 0.450 [0.370,0.530] ®
Oka szry efekt Brophy-Williams et al, 2011 [2] 395 0980 [-2.018,0.058] —_—
eeder et al, 2015 [22] 101 0.650 [-1.460, 2.760]
Pooled effect:
100.00 0317 [0.102,0532]

=53 20 (random effect)

[%=63 64 (random effect)
p=0.021

0315 [0.048,0.581]




Stud Relative Mean difference Mean difference
¥ weizht (%) P5%CI) [#5%aCI)

Short immersion < 10 minutes
Getto and Golden, 2013 [26] 1533 0.240[-1.740, 2 220] _—
Stanleyetal, 2012 [24] 3352 0200 [0312,1482] -
Jakemanetal, 2009 [28] 28 .42 0500 [-1.442,0.443] —
Bailey et al, 2007 [?] 22.71 1980 [0.645,35315] .
Pooled effect:
[%=4.10 (random effect) 100.00 0.646 [.0.360,1.652) C—-—-
p=0.202

Medium irmmersion 11-15 minutes

Eliaset al, 2013 [27] 4477
Elias et al, 2012 [23] 5523
Fooled effect:

1%=0.00 (random effect) 10000
p=0.000

Longerimmersion 16-20 minutes
Crystalet al, 2013 [23] 100.00

Pooled effect:
[*=Not applicable
p=0.117

10000

Total:
[%=5% 48 (random effect)
p=0.025

0.210[0.079,0.341]
0.240 [0.122,0.358]

0227 [0.139,0314]

-1.300[-2927,0327]

-1300 [-2927,0327)

n

>

@
(.

0290 [0.037,0.543] D
| | |
[ | | 1
-4 -2 0 2 4
Favourscontrol Favours CYWI

Okamzity efekt

Stud Relative Mean difference Mean difference
¥ weight (%0) [P5%0CI] [P5%0CI]
Shortimmersion < 10 minutes
Getto andGolden, 2013 [26] 2473 0D950[-2514,0914) o=

Jakemanetal 2009 [22] 4220
Bailey et al, 2007 [9] 3308
Pooled effect:

[%=24.45 (random effect) 10000
p=0.268

Medium immersion 11-15 minutes

Elias et al, 2013 [27] 4620
Elias et al, 2012 [23] 4823
Brophy-William s et al , 2011 [2] 395
Leederetal, 2015 [22] 101
Pooled effect:

[%=67 77 (random effect) 100.00
p=0.004

Longer immersion 16-20 minutes
Crystalet al, 2013 [23]
Pooled effect:

[*=HNot applicable
p=0.02%

100.00

Total:
1%=63 64 (random effect)
p=0.021

0.300 [0.032,1632]
1.290 [0.557,3.223]

0.728 [0561,2.017]

0.280 [0.172,0.388]

0.450 [0.370,0.530]
D980 [-201%,0.058)]

06350[-1.460,2.760]

0317 [0.102,0.532]

-2200[-4.169,-0.231]

-2200[-4.169,-0231]

0315 [0.048,0.581]

C

I ]
-4 -2

Favourscontrol

0



pozitivni vysledky

11 -15°C

11-15 minut

U1 C

» AcCkoliv byl vysledek favorizujici CWI statisticky vyznamny,
tzv. (v rediné situaci zlepseni~ 5 % )

KLICOVA ZJISTENI



SYSTEMATIC REVIEW article

Front. Physiol., 20 January 2023 This article is part of the Research Topic

Sec. Exercise Physiology Physical Stimulus-Performance-Adaptation : Understanding
Volume 14 - 2023 | the physiclogical relationship

https://doi.org/10.3389/fphys 2023.1006512 View all 9 Articles >

Effects of cold water immersion after exercise
on fatigue recovery and exercise performance--
meta analysis

6 Feiyan Xiao* a Anastasiia V. Kabachkovat . Lu Jiao! Huan Zhao?
. Leonid V. Kapilevicht3

24H

— 1 Temp<10°C T; Part — —_

N NN\

— t Temp —; Part — — t Temp —; Part —

CK

Lactate — t Temp —; Part — 1l 1
CRP

IL-6 - - -

| = significantly decrease in CWI, groups, compared with CON, groups; T = significantly increase in CWI, groups, compared with CON, groups; — = unsignificant difference between CWI, and CON,
groups; 1 = heterogeneity present between CWI, and CON, groups; Temp = CWI, temperatures; Part = CWI, of different body parts; CM] , countermovement jump; DOMS, delayed-oneset muscle
soreness; RPE | rating of perceived exertion; CK , creatine kinase; CRP = C-Reactive protein; IL-6 , Interleukin 6.




Systematic Review | Published: 04 November 2020

The Effects of Regular Cold-Water Immersion Use on
Training-Induced Changes in Strength and Endurance
Performance: A Systematic Review with Meta-Analysis

Elvis S. Malta, Yago M. Dutra, James R. Broatch, David J. Bishop & Alessandro M. Zagatto

Sports Medicine 51, 161-174 (2021) | Cite this article
2218 Accesses |4 Citations | 194 Altmetric | Metrics

» Celkem vyhleddno 697 studii
» Do systematického prehledu zahrnuto 8 studii
» Konftrolni skupina (pasivni odpocinek, aktivni odpocinek)

» Viiv CWI na adaptaci na silovy/vytrvalostni trénink



Std. Mean Difference Std. Mean Difference

Study or Subgroup Weighting 1y gived, 95%CI IV, Fixed, 95%CI
1RM (kg)

Roberts et al. [23] (Knee extension) 6.9 % -1.73[-2.77; -0.70] ——

Fyfe et al. [24] (Bench press) 7.6 % 0.28 [-0.71; -0.70] _—

Fyfe et al. [24] (Leg press) 7.7 % 0.06 [-0.92; 1.04] S
Roberts et al. [23] (Leg press) 7.9 % -1.17[-2.14; -0.21] —_—

Frohlich et al. [5] (Knee extension) 16.1 % -0.27[-0.95; 0.40] —e—
Subtotal (95% CT) 46.1 % -0.50 [-0.90,-0.10] &
Test for overall effect: Z=245(P=0.01)

Maximal isometric strength (kg)

Yamane et al. [36] (Wrist-flexion) 5.0% -1.41[-2.63; -0.20]

Yamane et al. [28] (Wrist-flexion; part-IV) 76 % -0.12[-1.10; 0.86] —
Roberts et al. [23] (Knee extension) 8.1% -1.09[-2.04; -0.13] ——

Yamane et al. [28] (Wrist-flexion; part-III) 10.3 % -0.34[-1.19; 0.50] _
Subtotal (95% CT) 31.0 % -0.65[-1.14; -0.17] <>

Test for overall effect: Z = 2.63 (P= 0.009)

Strength endurance (n. Lifts)

Yamane et al. [36] ] (Wrist-flexion) 6.3 % -0.62[-1.70; 0.46] —

Yamane et al. [28] ] (Wrist-flexion; part-IV) 7.2% -0.62[-1.63; 0.39] —

Yamane et al. [28] ] (Wrist-flexion; part-IIT) 94 % -0.88[-1.76; 0.01] —_—

Subtotal (95% CT) 22.9% -0.73 [-1.29; -0.16] <D

Test for overall effect: Z=251(P=0.01)

Total (95% CI) 100.0 % -0.60 [-0.87; -0.33] 2

Test for overall effect: Z=4.33 (P < 0.0001) i i _2= 0 *2 i

- Effect + Effect

Ballistic efforts (N and Nm-s))

Fyfe et al. [24] (Ballistic push-up) 259% -0.04[-1.02; 0.94]

Fyfe et al. [24] (CMY) 25.7% -0.21[-1.19; 0.78] e .

Fyfe et al. [24] (SJ) 24.4% -0.62[-1.63; 0.39]

Roberts et al. [23] (Knee extension) 24.0% -1.65[-2.66; -0.63] . P

Total (95% CI) 100.0 % -0.61[-1.11; -0.11] <>

Test for overall effect: Z=2.40(P= 0.02) ' ' '

-4 -2 0 2
- Effect + Effect




Std. Mean Difference Std. Mean Difference

Study or Subgroup Weighting IV, Fixed, 95%CI IV, Fixed, 95%CI

Time-trial mean power (W)
. 14.1% 0.08 [-0.87; 1.04
Aguiar etal. [21] (15 km) 3 or o 22[[_1 S 84]]
Broatch et al. [4] (20 km) 13 2 o 0'21[ 1-19"0-77]
Broatch et al. [4] (2 km) -0 - Rty

0, .
Halson et al., [27] (10 min) 17.4 ;’° -0.15 [-1-00z 0.71]
Subtotal (95% CT) 56.0 % -0.12 [-0.60; 0.36]

Test for overall effect: Z= 048 (P= 0.63)

MAP in Graded exercise test (W)

Aguiar et al. [21] (incremental test) 0.59[-0.42; 1.61]
Broatch et al. [4] (incremental test) 0.01 [-1.00; 1.03]
Yamane et al. [28] (incremental test; part-I) -0.60[-1.77; 0.57]
Yamane et al. [28] (incremental test; part-II) -0.22[-1.36; 0.92]
Subtotal (95% CD -0.01 [-0.54; 0.53]
Test for overall effect: Z= 0.02 (P= 0.98)

Total (95% CI) 100.0 % -0.07 [-0.54; 0.53]
Test for overall effect: Z=0.38(P=0.71)

Time-trial performance (s)

Aguiar etal. [21] (15km) 36.2% -0.25[-1.21; 0.71]
Broatch et al. [4] (2 km) 343 % 0.19[-0.80; 1.17]
Broatch et al. [4] (20km) 29.5% 0.09[-0.97; 1.15]
Total (95% CI) 100.0 % 0.00 [-0.58; 0.58]

Test for overall effect: Z= 0.00 (P= 1.00)

| 2
+ Effect
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mérena behem vyskoku, rc

» CWI nema vliv na tréninkem indukované zvyseni aerob
vykonu

HLAVNI ZJISTENI



Preprint / Version 1
Throwing cold water on muscle growth

Horgan et al 2022 - — -0.17 [-0.50, 0.25] A systematic review with meta-analysis of the effects of post-exercise cold water immersion on resistance training-

R P ST T YT

Ohnishi et al 2004 1 Conclusion

The current data suggest that the application of CWI immediately following bouts of RT
Wilson et al 2021 1

may modestly attenuate gains in muscle hypertrophy. When considering the practical

Fyfe etal 2019 — : : :
fees implications of these findings, it is important to note that the results of this analysis apply solely

Poppendieck et al 2021 1 to CWI application within 15 minutes of exercise cessation, which may not accurately reflect

Yamane ol a1 2006 1 ecologically valid scenarios where CWI is employed several hours post-RT and/or implemented

periodically rather than exclusively on RT days. It is unknown as to whether, or the degree to
Roberts et al 2015

which, intermittent use of CWI or more time between RT sessions and CWI application may

Yamane et al 2015 1 . N e . _
influence gains in muscle mass. Thus, individuals seeking to maximize muscle hypertrophy

Average 1 should aveid using CWI immediately following bouts of RT and further consider the fregquency

and timing of application. In addition, the current results suggest that RT in combination with

- .

-2.00 .75 - . _
CWI may still induce gains in muscle mass, but to a lesser degree compared to RT alone. These

Figure 2: Bayesian forest plot illustr: 11NdINgs may have practical implications for athletes looking to limit RT-induced gains in muscle

Sgie;n?(mlie?g Eiggj;':iﬂii mass (e.g. distance runners). Further research is needed to understand the effects of different
and negative values favor resistance
based on all effects sizes included, tl
across studies to reduce uncertainty oqicranca trained individuals and endurance athletes.
value and 95% credible intervals for
the raw estimates and sampling vari
illustrates uncertainty in the pooled

frequencies and timing strategies of CWI on RT-induced muscular adaptations, especially in




Independent, corroborating evidence continues to accumulate

s SGTeIiTnl’Ch bunék a kllIéOVVCh enZYmLoJ that post-exercise cooling diminishes muscle adaptations to
zapojenych v signdaini kaskaddée mTOR strength training
Jonathan M. Peake B4,
> GminOkyselin do kOSTernllhO SVG'STVO First published: 25 December 2019 | https://doi.org/10.1113/JP279343 | Citations: 3

> ndstupu odezvy testosteronu po tréninku  RlelEsell=Nale (VIR e
(2) hypertrofie (long-term)

» Zvyseni bazdlnich hodnot

> ribozomalni biogeneze Potential mechanisms:

Systematic Review | Published: 04 November 2020

The Effects of Regular Cold-Water Immersion Use on
Training-Induced Changes in Strength and Endurance
Performance: A Systematic Review with Meta-Analysis

| satellite cell activation

| ribosomal biogenesis

Elvis S. Malta, Yago M. Dutra, James R. Broatch, David J. Bishop & Alessandro M. Zag@ . .
| protein translation

Sports Medicine 51, 161-174 (2021) ‘ Cite this article
2218 Accesses ‘ 4 Citations ‘ 194 Altmetric ‘ Metrics

| amino acid delivery/uptake

MOZNE MECHANISMY

EXERCISE-INDUCED
ANABOLIC RESPONSE

Akutni odezva




Resistance Exercise + Cold-Water Immersion

.
Post-exercise Cold Water Immersion Effects on
Physiological Adaptations to Resistance Training
and the Underlying Mechanisms in Skeletal

J Muscle
blood flow

/ - Muscle: A Narrative Review
X : J mTORC1 J Ribosomal 1 FOXO
¥ Amino acid .~ signaling Biogenesis signaling S8R
transport | l
| l | | | & MURF1
&> Myogenin &> Inflammation &> Myostatin & IGF-1 &> HSPs & Gaddas & atrogin-1

‘ /
J Satellite i
: miR-15a,
cell content ¥ rle-ZOSb, H —  miR-16, miR- |
miR-499a 126
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J Muscle Protein ? Muscle Protein — T MYH1, MYH2 <« =1 EGE
Synthesis Breakdown

l

4 Type Il fibre
hypertrophy

v

&> Fibre type ; :
. \ A » composition 1T Capillary density
‘ \lf Muscle mass | — & ECM remodelling — ? Mitochondrial density
? Muscle fibre specific ;
? Muscle fibre = T aan — ? Muscle buffer capacity
shortening velocity
— ? Muscle pennation angle — 2 Metabolic enzymes

N\
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Chronicka aplikace CWI Akutni aplikace CWI

Pravdépodobné negativni

Narust svalové hmoty ofakt

Ndrust svalové sily
(maximdlni, explozivni,
vytrvalostni)

Pravdépodobné negativni
efekt

Narust vytrvalostni Pravdépodobné bez
vykonnosti efektu

Pravdépodobné pozitivni

Zmirnéni svalové bolesti
efekt



Effect of hot water immersion after 0900

mysportscience

exercise on muscle protein synthesis v
a @jeukendrup
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Sports Performance

Active recovery vs hot- or cold-water immersion for
repeated sprint ability after a strenuous exercise training

session in elite skaters

Robert Solsona, Thibaut Méline, Fabio Borrani, Roméo Deriaz, Jéréme Lacroix, Tom Normand-Gravier, ..show all

Received 04 Feb 2023, Accepted 09 Aug 2023, Published online: 18 Sep 2023

66 Cite this article 3 https://doi.org/10.1080/02640414.2023.2259267 0. Checkforupdstcs

CWI VS, HWI VS, ACTIVE RECOVERY



Sports Performance

v o > Active recovery vs hot- or cold-water immersion for
> 12 bruslaru (7M,52) repeated sprint ability after a strenuous exercise training

» Crossover design session in elite skaters

Robert Solsona, Thibaut Méline, Fabio Borrani, Roméo Deriaz, |éréme Lacroix, Tom Normand-Gravier, ...show all
ived 04 Feb 2023, Accepted 09 Aug 2023, Published online: 18 Sep 2023

> Ap | | ka Ce m eZ | t ré n | n ky (9 O m | n U t p Fe StéVka) &6 Cite this article https://doi.org/10.1080/02640414.2023.2259267 | Cieskiorupdates

» VycCerpavaijici bruslarsky trénink > opakované cyklistické sprinty
» HWI 20 min (41.1 £0.5°C), CWI 15 min (12.1 £ 0.7°C), 15 min AR

>
. No statistical difference was observed between the
conditions for both lactatemia and rating of perceived exertion.
Furthermore, no significant effect of recovery was observed on the

fatigue index calculated from the repeated sprint cycling exercises
(p>0.05). Y
,’/
In conclusiop,/the use
of CWI in between high-intensity training sessions could slightly impair
the performance outcomes compared to AR and HWI.



» Dochazl k posile
podpora schopnosti odolava

» Cviceni — stres (metabolicky, mechanicky, oxidativni) — aktivac
mechanismu vedoucich k adaptaci

» CWI za Ucelem snizeni tréninkem indukovanych zédnétlivych procesu
—mozné negativni ovlivnéni adaptace (zanétlivé medidtory a reaktivni
formy kysliku = signdalni molekuly)

HORMEZE



Am J Physiol Regul Integr Comp Physiol. 2011 Mar; 300(3). R655-R662. PMCID: PMC3064281
Published online 2010 Dec 15. doi: 10.1152/ajpregu.00611.2010 PMID: 21160058

Influence of acetaminophen and ibuprofen on skeletal muscle

adaptations to resistance exercise in older adults

» Urcitym moduldtorem efektu muze byt vékjnce

» Studie Trappe et al. (2011)
» Jedinci 60-85 let
» Odporovy trénink (3x tydné, 12 tydnu)

» Placebo vs. protizanétlivé leky (3x denné) /
» NArUst sily

» Placebo 1 protizanétlivé leky11
» Hypertrofie

» Placebo 1 protizanétlivé leky 1 1

HORMEZE



Randomized Controlled Trial > Acta Physiol (Oxf). 2018 Feb;222(2). doi: 10.1111/apha.12948.
Epub 2017 Sep 16.

High doses of anti-inflammatory drugs compromise

muscle strength and hypertrophic adaptations to

» Studie Lilja et al. (2018) esstance g nyoung s
» Jedinci 18-35 let satson |2 TR Lundberg
» Odporovy frénink (8 tydnu, 20 fréninku)

» [buprofen ( 3x denne 1 200 mg — obdobne jako ve studii na
minulém slidu)

» Svalova sila

» |buprofen 1 placebo 11
» Hypertrofie

» Ibuprofen 1 placebo 11

HORMEZE




