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How to introduce our topic?

Training sessions induce severe physiological adaptations. 

However, in athletes, high levels of training do not necessarily lead to performance.

A complex set of central and peripheral events can lead to significant drops in 
performance in the period following intense training.

Thus, when recovery periods are insufficient, fatigue can reach such a degree that 
only complete rest can be effective.
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WHAT ABOUT RECOVERY?

Training is therefore inseparable from fatigue, a 
normal physiological phenomenon in everyday 
life.

However, this must be recognized, analyzed and 
linked to appropriate recovery times, coupled 
with practical recovery methods in line with the 
training load.

It is therefore important to recognize the signs of 
fatigue and to associate early and recurrent 
recovery periods with effective recovery 
methods!

www.bescored.fr
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PRSENTATION OUTLINE

1 Why do we need to recover?

2 The main categories of sports recovery

3 The different roles of recovery
 A. The development stage

B. The competition window
C. The tapering period

4 Towards a synthesis of sports recovery 
programming.

www.bescored.fr
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MULTI-FACTORIAL APPROACH TO RECOVERY

From a practical perspective, we define recovery 
as the whole set of processes that result in an 
athlete’s renewed ability to reach or exceed a 
previous performance. 

Furthermore, the recovery period is also defined 
as the time necessary for various physiological 
parameters, which were modified by exercise, to 
return to resting values.

Hausswirth et Mujika, 2013

www.bescored.fr
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BEFORE…

WHY RECOVER?

…AFTER

www.bescored.fr
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Impaired functions:

• Mechanical.

• Metabolism.

• Cognition.

• Etc.

Dependent on previous exercise …

• Duration

• Intensity

… and the following

WHY RECOVER?

www.bescored.fr
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 Facilitate adaptations to high training loads

Decrease risk of overload

Reduce risk of injuries

Improve the repeatability of performance

WHY IMPROVING RECOVERY?

www.bescored.fr
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Training

Load

W(t)
Performance

P(t)

TRAINING MODELIZATION

Bannister 1975

Fatigue

Adaptations

Σ

Ability to recover

+

-

www.bescored.fr
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THE TRAINING BALANCE

Hausswirth C. Eds Vigot 2013

Training load

Recovery

Training load

Recovery

www.bescored.fr
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X

Reduced performance.

Intense and persistent perceived 
fatigue.

Mood disorders.

Increased prevalence of infections.

SUPPORT TRAINING LOAD

Meeusen et al. Med. Sci. Sport Exerc 2013

High Training Load Poor recovery = Drop in performance

www.bescored.fr
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RECOVERY METHODS FOR THE ATHLETES…

Active recovery

Rest

Electromyostimulation

Hydration

Passive streching

Temp. immersion

WBC

Andrews-Pilates method

Contrasted immersion

Sleep

Ice-vest

Muscle chain method

Circulatory massage

Warm application

Relaxing massage

Stretching

Local Cryotherapy

Aromatherapy

Far infrared

Hot immersion

Mechanical massages

Sauna

Hydrojet massage

Joint mobilization

Jones technique

Sophrology

Hammam

Ultrasounds

…
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3 KEY CATEGORIES

NATURALS

Rest

Active

Hydration

Nutrition

Sleep

PHYSIO-THERAPEUTICS

Massage

Whole-Body 
Cryotherapy (WBC)

Immersion

Electromyo-stimulation

Compression

Oxygeno-therapy

Ultrasouds

Etc.

PSYCHOLOGIQUES

Relaxation 
techniques

Stretching

Etc.

www.bescored.fr
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❶ DEVELOPMENT STAGE

THE VARIOUS ROLES OF RECOVERY
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THE VARIOUS ROLES OF RECOVERY

❷ TAPERING PERIOD

…
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THE VARIOUS ROLES OF RECOVERY
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❸ COMPETITIVE PERIOD

…
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Depends on 
type :
Effleurage
Pressure
Kneading
Friction

Protocole Main(s) 
idea(s)

Réponse physiologique

Training/Performance

When? 
Precautions

To find out 
more (Review)

SUPPORTING MODEL

www.bescored.fr
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MANAGING 
RECOVERY 
USING WBC

www.bescored.fr
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10%
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Medical domain

Rheumatismal & inflammatory pathologies 

-Rheumatoid arthritis, 
-Ankylosing Spondylitis

(Wichmann et Fricke 1997; Metzger et al. 2000)

Dermatological pathologies 

Depressive symptoms

-Psoriasis
(Fricke, 1989)

(Rymaszewska et al. 2003)

Sport, training, performance

Recovery

-Inflammation

-Oxidative stress

-Muscle strength

-Cardiodeceleration

Sports medicine

Injuries & joint and tendons overuse syndrome

(Barbiche, 2006; Westerlund, 2009)

-Muscle damage/DOMS Whole-Body Cryotherapy 
(3min at -110°C ; -160°C)

(Hausswirth et al.2011, 2013;             
Pournot et al. 2011)

www.bescored.fr



Fibromyalgia
11

13%

Ankylosing
Spondylitis

19
23%

Multiple 
Sclerosis

2
2%

Rheumatoid 
Arthritis 

3
3%

Pain
20

24%

Osteoarthritis
6

7%

Tendinopathy
8

10%

Recovery
3

4%

Dermatology
3

4%
Others

8
10%

Distribution of WBC sessions per pathologies

- INSEP-
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Distribution of WBC sessions per sport
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PHYSIOLOGICAL EFFECTS OF WBC

23

Thermal shock

Skin temperature

Vasoconstriction,         

stimulation of cold 

receptors

Blood distribution to 

central bodies

Stroke volume, BP

Muscular blood flow

Oxygenation and 

release of metabolic 

by-products

Muscle pain
Healing of micro 

lesions

Better recovery

Sympathetic 

stimulation 

(catecholamines)

Parasympathetic 

stimulation (HR, HRV)



Expected effects of WBC

Thermal shock

Skin temperature

Pre -110°C Post -110°C

Infra-red Thermal Camera (Flirs system, Sweden) www.bescored.fr
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15

17

19

21

23

25

27

29

31

33

35

Pre Post P1 P2 P3 P4 P5 P20

Cont

-10°C

-60°C

-110°C

-4°C

-9°C

-14°C

Skin temperature (whole-body)

Louis & Hausswirth 2013 



Core temperature during WBC

www.bescored.fr



Louis et al. PlosOne, 2015 

Multi-exposures to WBC



MUSCLE SORENESS, DAMAGE AND WBC

29 Hausswirth et al. PlosOne, 2011 
6 min

3min 3 min
3 min

+ 10 %
0 %

- 15 %

Hausswirth et al. PlosOne, 2011 
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Hausswirth et al. Plos One 2011

MUSCLE PERFORMANCE

DOMS values decreased after WBC (post 1h, 24h and 48h) and after 48h for FIR.

Subjective fatigue decreased after WBC (post 1h, 24h and 48h)

WB increased after WBC de 24h à 48h, and after 48h for FIR

~ 9.6% MVC decline following the running session (p<0.05)



INESPORT Pournot et al. PlosOne 2011

INFLAMMATION AND WBC EXPOSURES

www.bescored.fr
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IL1β

IL1receptor 

Passive 
condition

After a 
single WBC 

session
IL1β

IL1receptor

IL1ra

Pro-inflammatory action: Activation

Pro-inflammatory action: Inhibition

WBC: PHYSIOLOGICAL RESPONSE

Pournot et al. PlosOne 2011
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WBC VS. CWI VS. CWT

Qu Chaoyi et al. J Ath Training 2020
www.bescored.fr
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WBC VS. CWI VS. CWT

Qu Chaoyi et al. J Ath Training 2020
www.bescored.fr
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12 players ATP

10 sessions of 3 min, 

2 sessions per day

Training programme « tennis 
& Physical »

4200 Cal per day

INFLAMMATORY MARKERS AND TENNIS: WBC

Ziemann et al. J Athle Tr 2012
www.bescored.fr
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10 sessions of WBC over 5 days help reduce inflammation 
during a tennis training camp.

3 min at -110°C at 9:30AM and 5:30PM pre-training

4

3,5
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INFLAMMATORY PROCESS & TENNIS: WBC

Ziemann et al. J Athle Tr 2012
www.bescored.fr



INESPORT Banfi et al, 2008

10 Elite Rugby players
5 sessions; one per day
Training: rugby match. 
Cytokines and PGE2.

www.bescored.fr

INFLAMMATORY PROCESS & RUGBY: WBC



INESPORT

IL-10: anti-inflammatory cytokine (+++) 
→ macrophage- and T-cell-mediated inflammation. 

*

*

Banfi et al., 2008
www.bescored.fr
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INFLAMMATION IN VOLLEY-BALL 

Mila-Kierzenkowska et al. Oxid Med Cell Longev 2013.

18 athletes;
VO2max: 61 ml.O2/min/kg;
1 session of 2 min at -130°C 
BEFORE ergocycling (160W 
during 40min, i.e. 85% 
HRmax).

www.bescored.fr
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1 pre-exercise CCE session helps prevent pro-inflammatory cytokine elevation

Mila-Kierzenkowska et al. Oxid Med Cell Longev 2013

INFLAMMATION IN VOLLEY-BALL 

www.bescored.fr
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META-ANALYSIS : WBC and FORCE LEVEL POST-FATIGUE

Beakley et al. Cochrane 2014 
www.bescored.fr
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WBC and IN-BETWEEN RECOVERY

In the context of 2 closely scheduled maximal exercise bouts,

 to evaluate the effect of 4 recovery techniques including two cooling methods, on:

 

 

 

1. Metabolic indicators of recovery and subsequent exercise capacity

2. Postexercise parasympathetic reactivation, as assessed through 

HRV analysis

  

30min Active 
recovery (swim 
& sync. Swim)

Whole-body 
cryotherapy 

(3min)

15 min 
Contrast-Water 

therapy

30 min 
Passive 
recovery

Schaal et al. APNM, 2013 
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METHODS – Study Design

PreB1

• [La-]b

• HRV

• Warm-up

Ballet 1 
(B1)

• VO2peak

PostB1

• [La-]b

• HRV

TEST mode PreB2

• [La-]b

• HRV

• Warm-up

Ballet 2 
(B2)

• VO2peak

PostB2

• [La-]b

•

• HRVACTIVE

PASSIVE

CWT

WBC

RECOVERY – 70 minutesExercise Exercise

VO2 by retro-extrapolation

400m

VO2max

[La-]b

4 trials, randomised order

Participants:
11 elite  synchronised swimmers
20.3 ± 1.8 years old
VO2max: 62.4 ± mL /min/kg

Schaal et al. APNM, 2013 
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Results:  Metabolic Variables

#

p=0.06

-12

-11

-10

-9

-8

-7

-6

-5

-4

m
m

o
l/

L

Change in [La-]b during recovery

Values are mean ± SD.

#, different from PAS (p<0.05)

*, significant difference from PreB1 and PreB2 (p<0.05) , Wilcoxon test

PAS  CWT  ACT  WBC

Schaal et al. APNM, 2013 
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Results: Heart Rate Variability (HRV)

*# 

0

1

2

3

4

5

6

PreB1 PostB1 PreB2 PostB2

rMSSD (ms)
PAS

ACT

CWT

WBC

Mean ± SEM
*, different from PreB1 (p<0.05).
 #, different from PAS (p<0.05)

*#

60

70

80

90

100

110

120

PreB1 PostB1 PreB2 PostB2

HR (beats/min)

Schaal et al. APNM, 2013 
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SLEEP QUALITY AND FUNCTIONAL OVERREACHING: 
WBC VS. CONTROL

Schaal et al. Med Sci Sport Exer 2015

www.bescored.fr
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Perceived Fatigue

Schaal et al. Med Sci Sport Exer 2015

SLEEP QUALITY AND FUNCTIONAL OVERREACHING: 
WBC VS. CONTROL

www.bescored.fr
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SLEEP QUALITY AND FUNCTIONAL OVERREACHING: 
WBC VS. CONTROL



INESPORT

WBC: TAKE-HOME MESSAGES

Qu Chaoyi et al. J Ath Training 2020

IN ACUTE EXPOSITION

One session of WBC can be programmed to maintain force generation after 
severe exercise

After sport when we want to improve perceptual recovery: better well-
being, less DOMS, less tiredness

Beneficial for all  sports involving muscle damage or eccentric exercise

IN CHRONIC EXPOSITION 

Prevent functional overreaching

Facilitate sleep quality with increasing training loads

No inhibitory effect on mitochondrial biogenesis and cycling performance

www.bescored.fr
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WBC: WHEN ?

During a week with heavy loads.

Between two events with light 
recovery (Ex: 2/3 matches in a week).

Intense muscle soreness

Daily care: 

• ??? Training = 
stress → Adaptations.

• In principle, it's not limiting.

• What about protein 
synthesis? PGC1α?

www.bescored.fr
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• Hausswirth C. & Mujika I 
(2013) 

Recovery for performance 
in sport

Eds. Human kinetics, pp386.

TO FIND OUT MORE…

www.bescored.fr
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Do you know the 3 pillars of sports recovery?

www.bescored.fr
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WHAT ABOUT IMMERSION?

www.bescored.fr
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This recovery technique involves 
immersing part or all of the body 
in water.

In the scientific literature, four 
immersion modalities (different 
according to water temperature) 
are mainly studied.

IMMERSION (PROTOCOLES)

Cold Water Immersion 
(CWI)
8°C to 15°C / 5 to 15 min
Temperate Immersion 
18°C to 36°C / 25 min
Hot Water Immersion (HWI)
36°C to 42°C / 10 to 15 min
Contrasted Water 
Immersion (CWI) : 
alternative cold/hot/cold 
from 10 to 30 min

www.bescored.fr



INESPORT

CWI can significantly reduce muscle temperature if 
the minimum dose of CWI applied is 1.1, 
corresponding, for example, to an 11-minute
immersion in water at 10°C.

NEW DOSE-RESPONSES FOR CWI

Vromans et al. J Sports Med Phys Fit 2019
www.bescored.fr
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« LIST » TEST: 5 sets of 15 
min (sprints + running with 
changes of direction) 
2 positions (sitting and 
standing): 14 min at 14°C.

INFLUENCE IN CWI POSITIONS ON DOMS

Leeder et al. J Sport Sciences 2015
www.bescored.fr
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These data suggest that increasing hydrostatic pressure by standing in cold water provides no additional recovery benefit compared to cold 
water immersion in a seated position. no additional benefit in terms of recovery compared with cold water immersion in a seated position..

INFLUENCE IN CWI POSITIONS ON DOMS

Leeder et al. J Sport Sciences 2015
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META-ANALYSIS: CWI

Leeder et al. Brit J Sport Med 2012
www.bescored.fr



INESPORT Leeder et al. Brit J Sport Med 2012

META-ANALYSIS: CWI 

www.bescored.fr
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IMMERSION CWI VS. TWI VS. CWT

Hausswirth, Pournot et al. Eur J Appl Physiol 2012
www.bescored.fr
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3 conditions CWI, TWI et TWP.
CWI : 15 min at 10,3°C.
TWI : 15 min at 34,7°C.
TWP : 15 min at 34,7°C (cleaned skin then « Recovery Oil »).

PLACEBO EFFECT?  IMMERSION & RECOVERY

Broatch et al. Med Sci Sport Exer 2014
www.bescored.fr
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PLACEBO EFFECT?  IMMERSION & RECOVERY

www.bescored.fr
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Cold water immersion attenuated long-term gains in muscle mass and strength. It also slowed the activation of key 
proteins and satellite cells in muscles for up to two days after exercise.

Those using strength training to enhance performance or recovering from injury should therefore reconsider the 
use of cold water immersion as an adjunct to their training. 

The notion of recovery timing seems to be important (> 1h post-exercise).

PROMOTE TRAINING ADAPTATIONS?

Roberst et al. J Physiol 2015
www.bescored.fr
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IMMERSION: WHEN?

Contrasted: immediately 
after exercise.

Cold: > 1 and within 6 hours 
of "traumatic" exercise.

No diff between seated and 
standing to reduce DOMS.

Choose deep immersion.

Contrasted: more than 1 
hour after exercise.

Warm.

www.bescored.fr
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Broatch J, Petersen A, Bishop D 
(2018)

The Influence of Post-Exercise Cold-
Water Immersion on Adaptive 

Responses to Exercise: A Review of the 
Literature. 

Sports Med :1369-1387

FOR MORE INFORMATION…

www.bescored.fr
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REDUCE OVERALL FATIGUE: 
ACTIVE RECOVERY

www.bescored.fr
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MAIN IDEAS

Accelerate blood flow.

Eliminate metabolites.

Restore neuromuscular 
properties.

Reduce muscle soreness.

www.bescored.fr
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ACTIVE RECOVERY

Lum et al. Int J Sports Med 2010 

Limits the drop in performance between two 
intense exercises spaced less than an hour apart.

Maintains initial performance if R > 1h.
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ACTIVE RECOVERY AND  CWI

Pooley et al. J Sport Sci 2019 

The present study indicates that AR and CWI are beneficial recovery interventions for 
young Elite soccer players following high-intensity matches.

 15 Players
3 matches of 80 min
Recov. Stretch (SS)
Recov. (CWI)
Active Recov. (AR)

www.bescored.fr
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SPORT EXERCISE DURATION TIME BETWEEN TESTS ACTIVE RECOVERY METHOD OUTCOME

Swimming
(Greenwood 2008)

2 min 10 min 10 min at the lactic threshold ☺

Artistic gymnastics
(Jemni 2003)

6x ~30s 10 min 5 min passive recovery followed by 5 min active recovery ☺

Judo (Franchini 2003) 5 min 15 min 15 min running at 70% of the anaerobic threshold Ø

Judo (Franchini 2009) 5 min 15 min 15 min cycling at 70% of the anaerobic threshold ☺

Climbing (Heyman 2009) ~8 min 20 min
20 min pedalling with the legs at 30-40 W (increase in brachial arterial 

circulation noted)
☺

Cycling (Monedero 2000) (~6 min) 20 min 50% VO2max ☺

Cycling (Thiriet 1993) 4 x~2 min 20 min Arm or leg pedalling ☺

Running (Coffey 2004) ~5 min 4 h 15 minutes at 50% of MAS Ø

Futsal (Tessitore 2008) 1 h 6 h 8 min jogging, 8 min alternating walking / side skipping, 4 min stretching Ø

Cycling (Lane 2004) 18 min 24 h 15 min at 30% VO2max Ø

Netball (King 2009) 60 min 24 h 15 min running at 40% VO2max Ø

Soccer (Andersson 2008) 90min 72 h
20 min pedalling at 45% of O2peak, 30 min circuit training < 50% 1RM, 10 min at 

45% of VO 2peak
Ø

ACTIVE RECOVERY & METABOLITES CLEARANCE

www.bescored.fr
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ACTIVE RECOVERY: WHEN?

Immediately after exercise.

Low intensity.

More than 1 hour after exercise.

Avoid a mode of locomotion that 
accentuates muscle damage.

Limit glycogen depletion.

www.bescored.fr
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Le Meur et Hausswirth (2013)

La récupération active

Extrait du livre : “Améliorer sa
recuperation en sport” 

C. Hausswirth

Eds Vigot: 54-69

FOR MORE INFORMATION….

www.bescored.fr
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MASSAGES

www.bescored.fr
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Procédés de récupération utilisés par
les athlètes de la délégation française lors des Jeux

olympiques de TOKYO 2021 (données CNOSF).

MASSAGES: PERCENTAGES & TECHNIQUES

DEPENDS ON TYPE

Grazing

Pressing

Kneading

Frictions

Tapping

Vibrations

Palpating and rolling

www.bescored.fr
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MASSAGE: PHYSIOLOGICAL RESPONSE

Micklewright et al. Medicine & Science in Sports & Exercise 2003  

 No effect on [La-]bl

www.bescored.fr
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10 min and 2.5 h after massages (N=1).

MASSAGE: PHYSIOLOGICAL RESPONSE

Crane et al. Sci Trans Med 2012  
www.bescored.fr
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10 min and 2.5 h after massages (N=11).

PGC-1α activation : mitochondrial biogenesis
and decrease in inflammation

Decrease in  TNF-a and IL-6 : pro-inflammatory cytokines.

MASSAGE: PHYSIOLOGICAL RESPONSE

www.bescored.fr
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Evolution of muscle pain following a 10 km race. 

In the 48h following the race, participants massaged by 
physiotherapy students with 950h of practice reported less 
pain than those massaged by physiotherapists with 700h or 
450h of practice.

* : différence significative (p < 0,001). 

MASSAGES: INFLUENCE IN THERAPIST EDUCATION?

MORASKA A. Medicine & Science in Sports & Exercise 2007

*

www.bescored.fr
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MASSAGES: WHEN ?

In the minutes or hours following 
exercise.

Duration 30 min to 1h 30, possible 
effect in 10 min.

Highly experienced therapist (>950h)

Essentially psychological effect.

Risk of masking potential injuries.

Therapist with little experience.

www.bescored.fr
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THE VARIOUS ROLES OF RECOVERY
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Effects of energy drinks on sports performance

Means obtained by cyclists during the 
time-limit to exhaustion.

2h ergocycle at 65-75% VO2max.

2h recovery (with recovery drink): 
then time-limit.

Results: 128% improvement in Glyc
resynthesis and 30% improvement in 
performance in CHO-PRO condition.

NUTRITION & RECOVERY IN-BETWEEN RACES

Berardi et al. Med Sci Sport Exerc 2006
www.bescored.fr
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PROMOTE SPORTS 
RECOVERY!

www.bescored.fr
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DEVELOPMENT TAPER COMPETITION

Sleep ✓ ✓ ✓ 

Nutrition ✓ ✓ ✓ 

Hydration ✓ ✓ ✓ 

Immersion & WBC
Only in severe 
fatigue state

✓ ✓ 

Active recovery ✓ ✓ ✓ 

EMS Depending on the device used?

Compression No? ✓ ✓ 

Massage ? ✓ ✓ 

Ice jacket? One-off use No ✓ 

TOWARDS PERIODIZATION OF SPORTS RECOVERY

www.bescored.fr
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THANKS FOR YOUR ATTENTION…

www.bescored.fr
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