


Training = physiological & 

psychological stress leading t

o disturbances of 

homeostasis.

Fatigue = state in which 

physical & metal performance i

s reduced.

Recovery = process resulting in a

n athletes renewed ability to 

meet or exceed performance.



Coutts, 2016



Training

R
ec

o
ve

ry



Acute fatigue
• High perceived fatigue

• No performance decrement

• Supercompensation

Functional Overreaching
• Very high perceived fatigue

• Short-term performance decrement (days, weeks)

• Supercompensation

Non-Functional Overreaching
• Very high perceived fatigue
• Performance decrement (< 1 month)
• Performance back to baseline
• No supercompensation

Overtraining
• Very high perceived fatigue

• Long-term performance decrement 

(months to years)
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• Decreased muscle & body temperature

• Reduced muscle damage, inflammation, 

heart rate & cardiac output

• Peripheral vasoconstriction reducing edema

formation



• Temperature: 10 – 12 °C

• Duration: 5 – 20 minutes whole-body or 1 – 5 minutes intermittent, 30 minutes 

post-exercise 

• Depth: hips, shoulder or fatigued muscles only



Endurance: + 2.6 % Speed: + 2.6 %

Poppendieck et al. 2013

ES = 0.19 ES = 0.69



Strength: + 1.8 % Jump: + 3.0 %

Poppendieck et al. 2013

ES = 0.10 ES = 0.15





CWI: 15 min, 10°C
TWI: 15 min, 35°C
Placebo:15 min, 35 °C + “Recovery Oil”

• No difference between placebo & 
CWI

• Improved performance after 
placebo compared to TWI

Broatch et al. 2014





• Improved VO2max & time to exhaustion 
(Yamane et al. 2006; Ishan et al. 2015)

• Increased training tolerance (e. g. interval training) (H
alson et al. 2014)

• Reduced adaptation in strength & muscle mass 
(Roberts et al. 2015)

Halson et al. 2014

Roberts et al. 2015

Molecular changes in inflammation & satellite 

cells (Roberts et al. 2015; Yamane et al. 2006)

Molecular changes in mitochondrial 

biogenesis (Ishan et al. 2015)





“Mechanical manipulation of body tissues with rhythmical pressure and stroking for 

the purpose of promoting health and well-being.” (Cafarelli et al., 2005)

Application:

1. Recovery

2. Competition preparation

3. Injury prevention & rehabilitation

Very popular in athletes but evidence on effects & physiological mechanisms are 

unclear.



Weerpong et al. 2014



Overall effect: 3.3%

Type of Massage
Classic Western Massage: 3.5%
Vibration: 1.8%
Underwater Massage: 2.8%

Duration:
5 – 6 min: 7.8%
8 – 12 min: 6.1%
15 – 20 min: 0.9%
>30 min: 1.1%

Duration of effect:
Up to 10 min: 7.9%
24 h: 1.7%
48 h: 2.8%
72 h: 3.9%
96 h: 4.6%
>96 h: 1.1%



Endurance: + 6.0 % Speed: + 3.1 %

ES = 0.28 ES = 0.28

Poppendieck et al. 2016



Strength: + 6.0 %

ES = 0.13



Designed by Yann Le Meur (@YLMSportScience)





Sleep is
„.. Not simply the absence of waking, sleep is a special activity of the brain, 
controlled by elaborate and precise mechanisms. Not simply a state of rest, 

sleep has its own specific, positive functions“ (Hobson, 1995)

Essential for cognitive & physical function:

1. Restorative effects on immune & endocrine systems
2. Assistance in recovery of central nervous system & metabolic cost
3. Cognitive development



NREM:

Protein synthesis

Mobilisation of free fatty acids

Increased release in growth hormones

Accelerated healing of peripheral muscle 

damage.

90 min cycles separated in REM and NREM sleep

Hobson 2005 

REM: Critical in establishing brain connections.



• Ø sleep duration & sleep quality

• Sleep onset latency

Leeder et al. 2012



Sargent et al. 2014



• Increased sleep disturbances be

fore competition.

• Total sleep duration reduced 

up to 60 min.

• Total sleep volume & efficacy be

low recommendations.

• Nervousness, increased 

physical & mental stress.

Juliff et al. 2013



“Normal“ sleep behaviour on training days & day matches.

After night matches:

• Sleep duration

• Perceived recovery

• Accumulated negative effect over season?

Fullagar et al. 2016

Carrico et al. 2017



Endurance performance (> 30 min)

Speed

Strength

• Increased perceived load 

• Reduced neuro activity

• Reduced muscle activity

• Impaired availability of energy

Oliver et al. 2009

Martin 1981



Anaerobic capacity

Peak performance

Cognitive performance 
(reaction time, attention, decision making, m

emory)

• Perceived load 

• Impaired anaerobic glycolysis

Axelsson et al. 2009
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Prather et al.  2016 Cole et al. 2009

< 5 h sleep/night increases risk for infection by 4.5 times.

< 92% SE increases risk by 5.5 times.

Immune 

system

Inflammation



Milewski et al. 2014

• Athletes who sleep < 8 h/night have 1.7 times increased risk of injury.

• 61% reduced re-injury risk when athletes meet sleep recommendations.

von Rosen et al. 2017



Do it simple but do it well!

CWI: Context

Placebo-effect

Individual response

Massage: Standardisation is difficult

Science vs practice

Sleep: Should be a cornerstone

Sleep-Hygiene protocols

Awareness is important
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Cardiovascular / 
anaerobic

Metabolic

Neuromuscular

Muscle traumaBiomechanical

Thermoregulatory

Psychological 
/motivation

Fatigue



Abbiss & Laursen 2005

• Fatigue depends on the exercise 

type/mode, duration & intensity.

• Fatigue-induced changes vary within & 

between individuals.

• Different time periods for recovery.





Alterations in training stimulus highlight the need to adapt recovery interventions.



• Many physiological systems are involved with differing time courses of recovery.

• Effectiveness of recovery interventions are related to the nature & extend of fatigue.

• Planning & implementation of recovery interventions is complex.

General preperation Specific preperation Taper Competition

Appropriate recovery to 
maximize adaptation.

Specific recovery support 
after key sessions, especially 
high-quality/skill sessions.

Recovery to minimize 
fatigue, decrease time to 
taper appropriately.

Recovery support to 
minimize fatigue and 
maximize competition 
performance.

Potentially withholding 
recovery.

Recovery to reduce fatigue & 
soreness for specific 
sessions.

Increased recovery to 
maintain high-intensity 
training.

Support to manage fatigue 
around travel & jetlag.

Mujika et al.  2018



Recovery zone

Sleep

CWI

Fluid

Nutrition

Massage
Foam rolling

EMS

Stretching

Recovery boots

Compression

Sauna

Active recovery




