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Underrecovery

Improvement

Normal periodisation of training

e "
Quick recovery
| still possible
- with rest

Performance —»

Overreaching
(quickly reversible symptoms)

Prolonged recovery needed below this line A

Overtraining syndrome

Decline
(prolonged symptoms)

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



Supercompensation

Improvement
@ Before
E Bage | TrANING Suparﬂnmm b Time
£ Level Training
t
L]
o

Decline
48-96(hours

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



Recovery

Exercise

Ok
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Currant Opinion in Physiclogy

gical and

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



Hydrotherapy

o 7KK
o ¥t

B
O %&7</D

https://www.menshealth.com/fitnes

5= s/a26788252/ice-bath-benefits/

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



Hydrotherapy

o JKIKA (CW|)

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

(o PA &

https://www.dailymail.co.uk/sport/olympics/article-2178793/London-2012- 7
British-track-field-stars-make-final-Olympic-preparations-Portugal.html



(0 = 1£), [£] NOT WaTer IMMaTsion [0 = 11), or [3)

contrast water therapy (n = 15) (Vaile et al. 2008a) 0 |
(figure 10.1). For each trial, participants performed 3

a DOMS-inducing leg press protocol followed by Y
either passive recovery or one of the hydrotherapy 57 Y\
interventions for a total of 14 min. Performance was =~ _
assessed via weighted sguat jump and isometric £ -0 \
squat; perceived pain, thigh girths, and blood vari- &

ables were measured prior to exercise, immediately gu e

afterward, and at 24, 48, and 72 h postexercise. ]

Owerall, cold water immersion and contrast water

therapy were found to be effective in reducing the -20 4
physiclogical and functional deficits assodated with

DOMS, including improved recovery of isometric o

force and dynamic power and a reduction in local-
ized edema (Vaile et al. 2008a). Although hot water
immersion was effective in the recovery of isometric
force, it was ineffective for recovery of all other
markers compared with passive recovery.

24 h S
48 h
72 h

Basaline o

Poslasardsea

£ -1
5 154

_Eu. -

-25 - 35,

24 h
48 h S
72 h -
24 H
48 h
72h 4

Basalineg -
Postemarcisa -

Basaling -
PosEsenizs -

b C

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



Cold water immersion
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8-15 °C S
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o Ex: 3 bouts of4 min A AEE

with 30 s resting oz 5 B R R

o] /0 [0 77

iERS

Peake (2020). 7he Journal of Physiology.
Petersen et al. (2021). Front. Sports Act. Living.



Yamane et al. (2006)

> Eur J Appl Physiol. 2006 Mar;96(5):572-80. doi: 10.1007/s00421-005-0095-3. Epub 2005 Dec 22.

Post-exercise leg and forearm flexor muscle cooling
in humans attenuates endurance and resistance
training effects on muscle performance and on
circulatory adaptation

Motoi Yamane ', Hiroyasu Teruya, Masataka Nakano, Ryuji Ogai, Norikazu Ohnishi, Mitsuo Kosaka

Affiliations + expand
PMID: 16372177 DOI: 10.1007/s00421-005-0095-3

Abstract

The influence of regular post-exercise cold application to exercised muscles trained by ergometer
cycling (leg muscles) or handgrip exercise using a weight-loaded handgrip ergometer (forearm flexor
muscles) was studied in human volunteers. Muscle loads were applied during exercise programs three
to four times a week for 4-6 weeks. Besides measuring parameters characterizing muscle
performance, femoral and brachial artery diameters were determined ultrasonographically. Training
effects were identified by comparing pre- and post-training parameters in matched groups separately
for the trained limbs cooled after exercise by cold-water immersion and the corresponding trained
limbs kept at room temperature. Significant training effects were three times more frequent in the

@ Sgrinﬁerl.ink
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Yamane et al. (2006)

o Study design o Maximal strength
CWI: 20 min at 10 + 1°C Greater 1 for
CON: Non-immersion control vs. CWI
at 25 + 1°C group

o Exercises trained o Strength
Wrist.flexion endurance
EXErcise 1 Number of for
4 weeks control group, but
3 x / week — for CWI group
3 x 8-RM

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



Ohnishi et al.

(2004)

Purchase PDF
) Journal of Thermal Biology
...fz_E'AL Volume 29, Issues 7-8, October-December 2004, Pages 839-843

Adaptive changes in muscular performance
and circulation by resistance training with
regular cold application

Ohnishi* & &, M. Yamane °, N, Uchiyama 2, S. Shirasawa ®, M. Kosaka °, H. Shiono

Show more

+ Add to Mendeley of Share 33 Cite

o Exercises trained
6 weeks
Handgrip exercise

o Strength
endurance

T Number of for
both control and
CWI groups

No difference
between groups

12
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Meta-analysis

Datal Data 2 Data 3 Datad
l i |
Summary 1 Summary 2 Summary 3 Summary 4

>

[mnm-po;mmma J

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

o 4t

=Pakiil

=L E R

ST ERENMREN
EREE  KSER

IR E ~ RN/

EITINES =
HIEREMRER
ZERETRIE =R

16



Malta et al. (2021)

Sports Medicine (2021) 51:161-174
https://doi.org/10.1007/540279-020-01362-0

SYSTEMATIC REVIEW M)

Check for
updates

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'

Published online: 4 November 2020
© Springer Nature Switzerland AG 2020

Abstract

Background Cold-water immersion (CWI) is one of the main recovery methods used in sports, and is commonly utilized
as a means to expedite the recovery of performance during periods of exercise training. In recent decades, there have been
indications that regular CWI use is potentially harmful to resistance training adaptations, and. conversely, potentially ben-

17



Methods

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

o The selected studies were clinical
controlled studies.

o Books, theses, dissertations, reviews, and
conference papers were excluded.

18



Methods

o 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)

19



Methods

o 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

20



Data Extraction

o 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)

21



Data Extraction

o Aerobic exercise performance
Time-trial duration
Mean power In a time-trial

Maximal aerobic power (MAP) in a graded
exercise test

22



Results

|

Identification

J

Screening

JI

Eligibility

J

Included

Total records found in the
databases: 697

I

Records found in
MEDLINE: 195

Records found in
CENTRAL: 470

[

Records found in
SPORTDiscus: 32

r

Total records after removal of
duplicates between databases:
604

"

Excluded after screening of
title and abstracts: 593

Potentially relevant papers

retried for evaluation of full text:

11

v

Articles included in the
systematic review: 8

Papers excluded after full text
analyze: 3
Reason:
* 2 studies did not evaluate
performance gains;
+ 1 study did not include a
controlled training.
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Results

o Among the eight articles selected for the
present study:

Brazil x 1
Australia x 4
Japan x 2
Germany x 1

o All were published between the years 2006
and 2019.

24



Results

o Study volunteers
Trained
Physically active
Recreationally active
Sedentary

o Total number including CWI and control
groups = 470 volunteers

25



Strength performance

Study or Subgroup Weighting Std. M?an Difference Std. ’V[&:an Difference
IV, Fixed, 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) 76% 0.28[-0.71; -0.70] e

Fyfe etal. [24] (Leg press) 7.7 % 0.06 [-0.92; 1.04] O m—

Roberts et al. [23] (Leg press) 79% -1.17[-2.14; -0.21] R

Frohlich et al. [5] (Knee extension) 16.1% -0.27[-0.95; 0.40] ——

Subtotal (95% CI) 46.1 % -0.50 [-0.90, -0.10] <&

Test for overall effect: Z=2.45(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-IIT) 103 % -0.34[-1.19; 0.50] —_—

Subtotal (95% CI) 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] pr— 1

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

Subtotal (95% CD 22.9% -0.73 [-1.29; -0.16] -

Test for overall effect: Z=2.51 (P= 0.01)

Total (95% CT) 100.0 % -0.60 [-0.87; -0.33] *

Test for overall effect: Z = 4.33 (P < 0.0001) 4 ,_: 0 g 4

- 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] (CMI) 257% -0.21[-1.19; 0.78) =l

Fyfe et al. [24] (S7) 24.4% -0.62[-1.63; 0.39] —_—

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

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

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

-4 32 0 2 4 2 6
- Effect + Effect




Cohen's d

% of control group

Relative size Effect size below the mean of
experimental group
0.0 50%
Small 0.2 58%
Medium 0.5 69%
Large 0.8 79%
1.4 92%

https://www.simplypsychology.org/effect-size.html
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Aerobic exercise performance

; Std. Mean Difference
Study or Subgroup Weighting Std. M?’m Difference IV. Fixed. 95%CI
IV, Fixed, 95%CI » Fixed, 957
Time-trial mean power (W) " )
Aguiar et al. [21] (15 km) E; ;o 0.(:81 ['0'?’. 1.04] N —
Broatch et al. [4] (20km) 13'_, ; '0':" ['1"'8_= 0.84]
Broatch et al. [4] (2 km) 17'; °/° g"sl [-1.3(9; %’777]
Halson et al., [27] (10 min) e -0.15[-1. . 1]
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 etal. [21] (incremental test) 124 % 0.59[-0.42; 1.61] —_
Broatch et al. [4] (incremental test) 124 % 0.01 [-1.00; 1.03] —_—
Yamane et al. [28] (incremental test; part-I) 94 % -0.60[-1.77; 0.57] —
Yamane et al. [28] (incremental test; part-II) 9.9% -0.22[-1.36; 0.92] _
Subtotal (95% CD 44.0 % -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) ?
i : = * = 7 : : T : :
Test for overall effect: Z= 0.38(P=0.71) 5 3 o 3 5
- Effect + Effect
Time-trial performance (s)
Aguiar etal. [21] (15km) 36.2% -0.25[-1.21; 0.71]) —a—
Broatch et al. [4] (2 km) 343 % 0.19[-0.80; 1.17] _
Broatch et al. [4] (20 km) 295% 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) + + t *
-2 1 0 1 2

- Et_fect + Effect 2 8




Conclusions

o 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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Cold water immersion

o CWI
| core and tissue temperature
local vasoconstriction
hydrostatic pressure

o Physiological alterations

Decreases in metabolic activity,
iInfiltration of immune cells, and limb
blood flow.

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



Inflammation

Genes expressed; proteins secreted Effects on muscle cells and repair

elastase, MPO, RONS, TNF-o 1 necrosis, phagocylosis & lysis

Neutrophils

1-4 h 1 phagocytosis, lysis & proliferation;

IL-1f, TNF-g, IL-6, SLPI | differentiation

Pro-inflammatory macrophages

TGF-B, IL-10, PPAR-y, IGF-1, T myogenin expression &
ECM proteins myolube formation

Anti-inflammatory macrophages

4-24 h feration. fi i
amphiregulin, IL-10, PDGF, TGF-f 1 proliferation, fiber maturation,

1 SC expansion;
CCL2, CCR1, CCR2 | differentiation, fibrosis

CD8 and T regulatory lymphocytes

tryptase, histamine, TNF-, proliferation, MyoD expression; |
1 y
PAF, LTB4 myogenin expression
1-7d Mast cells
IGF-1, HGF, follistatin, 1 differentiation, MyoD and
NO. IL-6 myogenin expression,
! 1 necrosis

myonucleus Fibro-adipogenic progenitors

Eellihe cefl angiopoietin, IGF-1, TGF-j3, 1 differentiation, MyoD and
HGF, CCL2, VEGF... myogenin expression; SC quiescence
ATt sarcolemmp>7 d
Type 2 pericytes
Mranhinal illhctratian af tha ~all firnac anthin clalatal mncsla that cantrihnta fa mnoala immnna call intarantiane and raanlata mucala adantatinan Fallanrine

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



SATELLITE CELL RESPONSE TO INJURY

Muscle injury Quiescent satellite cell
,@ T N
< x5 g (@, Myonuclei
50 (@ W Resting myofiber
a Satelite cell activation ~““ve...  __.e® o
and proliferation
P Self-renewal
/ ....,_
@ e Regenerated myofiber

m with central nuclei

b Chemotaxis to injured fiber

Fusion to damaged myofiber
(hypertrophy)

Alignment and fusion to produce
new myofibers (hyperplasia)

Wilmore & Costill. Physiology of sports and exercise. 34



Muscle protein synthesis

4 Potential mechanisms: [
| satellite cell activation ﬂ ’/7\5

| ribosomal biogenesis il
| protein translation B~y ) }

| amino acid delivery/uptake

EXERCISE-INDUCED
ANABOLIC RESPONSE

‘ r\‘ n‘_ r\3 n‘_ na_ r-‘ ,@

-l
- -y YNy W Wy "y Wy

>
TIME

Figure 1.

Infographic depicting acute anabolic responses (continuous lines) and the trajectory of long-term
gains in muscle mass and strength (dotted lines) to repeated bouts of resistance exercise with
(blue lines) or without (red lines) post-exercise cold water immersion.

Peake (2020). 7he Journal of Physiology. 35



Amino acids

[ B
Amino acids are the building blocks of proteins
o ®0 O... °
??Eﬂ?? ® ® 20 kinds © ®
E? O OO - @ .o (@)

Free amino acids

100,000 kinds @
- of Proteins & _J

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

Resistance Exercise + Cold-Water Immersion

L Muscle
blood flow
/ - - mTORC1 J- Ribosomal 1 FOXO0
J Aminoacid -~ signaling Biogenesis signaling
transport
| — |
| I | | I & MuRF1
<> Myogenin <> Inflammation <> Myostatin > IGF-1 > HSPs <> Gadd45 > atrogin-1
}
4 Satellite
cell content - miR-208b, H
miR-499a
- Myonuclear
content m 4 MYH? H
= T MYH1, MYH2 <

- Muscle Protein
Synthesis

|

4 Type ll fibre

? Muscle Protein
Breakdown

hypertrophy !

J Muscle mass

? Muscle fibre
shortening velocity

X

J, Power/RFD

<> Fibre type
composition

<> ECM remodelling

? Muscle fibre specific
tension

T

? Muscle pennation angle

4 Maximal strength

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

J» miR-15a,
—  miR-16, miR-  |——
126
—  ¢>SPRED ———
—  TVEGF  +—

‘I Capillary density
? Mitochondrial density
? Muscle buffer capacity

? Metabolic enzymes

J, Strength endurance



Peake (2020).

o CWI after exercise suppresses satellite cells
and various molecular factors that regulate
muscle hypertrophy.

J Physiol 598.4 (2020) pp 625-626

TRANSLATIONAL PERSPECTIVES

Independent, corroborating
evidence continues to
accumulate that post-exercise
cooling diminishes muscle
adaptations to strength training

Jonathan M. Peake!2

' School of Biomedical Sciences and Institute
of Health and Biomedical Innovation,
Queensland  University  of  Technology,
Brisbane, Australia

28port  Performance  Innovation  and
Knowledge Queensland
Academy of Sport, Brisbane, Australia

Excellence,

Email: jonathan.peake@qut.edu.au

Edited by: Scott Powers & Troy Hornberger

more comprehensive studies by several
independent research groups has ensued.

Roberts et al. conducted a study of
physically active young men who performed
3 months of strength training (twice per
week) (Roberts er al. 2015). After each
training session, half of the participants
immersed their lower body in water at 10°C
for 10 min, while the other participants
performed active recovery on a stationary
bicycle. Similar to the findings of Yamane
et al, regular CWI attenuated gains in
muscular strength, but it also reduced
improvements in muscle mass. Follow-up
studies by the same group on the acute
effects of CWI after resistance exercise

625

acutely reduced phosphorylation of rpS6
kinase (another key protein involved in
muscle protein synthesis). Over the training
period, CWT also decreased the expression
of heat shock protein 27, whereas it
increased the expression of Forkhead
Box O1 protein. These findings therefore
provided further evidence that CWI not
only blocks mechanisms responsible for
anabolic responses in skeletal muscle, but
it also appears to induce some catabolic
reSponses.

Although intriguing, the findings of these
studies were restricted to upstream factors
that regulate muscle protein synthesis in
response Lo resislance training. A key

38



Take-home message

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

o However, no disadvantage to using CWI
when rapid recovery is needed during a
taper period, or between games/matches

INn close succession.

39



Whole-Body Cryotherapy

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



CWI vs. WBC

o CWI o WBC
=700 Y B B) Hla 5% BEILL
5-20 min 60 s x 3 sets
3-15°C 90 s x 2 sets
2 BRI P m -110 to -140 °C
o MR MnteE | <5272 5 % m/ el m
o B M= 1
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Mawhinney et al. (2017)

Cold Water Mediates Greater Reductions in Limb
Blood Flow than Whole Body Cryotherapy

Chris Mawhinney ', David A Low, Helen Jones, Daniel J Green, Joseph T Costello, Warren Gregson

Affiliations + expand
PMID: 28141620 DOI: 10.1249/MSS.0000000000001223

Abstract

Purpose: Cold-water immersion (CWI) and whole body cryotherapy (WBC) are widely used recovery
methods in an attempt to limit exercise-induced muscle damage, soreness, and functional deficits
after strenuous exercise. The aim of this study was to compare the effects of ecologically valid CWI
and WBC protocols on postexercise lower limb thermoregulatory, femoral artery, and cutaneous
blood flow responses.

Methods: Ten males completed a continuous cycle exercise protocol at 70% maximal oxygen uptake
until a rectal temperature of 38°C was attained. Participants were then exposed to lower-body CWI
(8°C) for 10 min, or WBC (-110°C) for 2 min, in a randomized crossover design. Rectal and thigh skin,
deep, and superficial muscle temperatures, thigh, and calf skin blood flow (laser Doppler flowmetry),
superficial femoral artery blood flow (duplex ultrasound), and arterial blood pressure were measured
before, and for 40 min post, cooling interventions.

Results: Greater reductions in thigh skin (CWI, -5.9°C + 1.8°C; WBC, 0.2°C + 0.5°C; P < 0.001) and

{1 Cite
R Collections

006

< Title & authors
Abstract
Similar articles
Cited by

Publication types
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A DISCUSSION

din The major finding of the present ctudy is that, relative to
WBC, CWI led to greater reductions in femoral artery and cu-
e tancous blood flow, as well as deep and superficial muscle tem-
' L perature, during the postexercise recovery period. Collectively,
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FIGURE 2 Thigh skin temperature (A) and rectal temperature (B) pre- E 13 4
and postcooling in CWland WBC (v = 10, mean £ SD). Main effects for ‘g
condition (P < 0,001) and time (P < 0,001) alongside a significant inter- E
action between condition and time (P < 0.001) were found for thigh skin *- .
temperature. Main effects for time (P < 0,001) and a significant interac- ‘; 10 - .
tion between condition and time (P < 0.001) were found for thigh skin ;
temperature. *Significant difference from basdine (P < 0L05). +Signifi-
cant difference bedween cooling conditions (P < 0.05), y
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FIGURE 4 Femoral artery blood flow (A) and conductance (B) pre- and postcooling in CWland WBC (n = 10, mean £ SD) and percentage change in
thigh cutancous vascular conductance (C) and calfl vascular conductance (D) from preimmersion in CWland WBC (n = 10, mean £ SD). A main effect
for time (P < 0.001) alongside a significant interaction between condition and time (P < 0.01) was found for both artery flow and conductance. Main
eMects for condition (P < 0.001) were found for both thigh and call cutancous vascular conductance. A main elfect for time (P < 0.01) was also found for
thigh conductance. There were no interactions between condition and time in thigh (P = 0.44) or calfl vascular conductance (P = 0.52). *Significant
difference from baseline/preimmersion (P < 0,001). +Significant difference between cooling conditions (A and B, P < 0.05; C and D, P < 0.001),
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CWI vs. WBC
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Mawhinney et al. (2017). Medicine and
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