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Demands of competitive football match-play

Mohr et al. (2003); Bradley et al. (2009); Barnes et al., (2014)

Typical match-demands (aerobic)

• Total distance: 10-13 km

• High-intensity running: 2-3 km

• Average heart rate: 80-90% HR max

• Average VO2: 70-80% of VO2max

• Substantial aerobic demand



Demands of competitive football match-play

Akenhead et al. (2013); Nielsen et al. (2012)

Typical match-demands (anaerobic)

• 1500 activities performed per-match

• Sprint distance (200-400 m)

• Change in activity every 4-6 s
• Jumping/landing
• Tackling
• Accelerating/decelerating 
• Changing direction
• Kicking

• High anaerobic energy turnover
• Substantial muscle damage



Demands of competitive football match-play



Increasing demands of competitive football match-play

Barnes et al (2014)
• Study conducted between 2006/07 

and 2012/13.
• ~30% increase in high-intensity 

running
• ~35% increase in sprint distance
• ~85% increase in number of 

sprints



Fatigue during match-play: match-running performance

Transient fatigue: temporary reductions in 
work-rate following  the most intense periods 
of a match

Cumulative fatigue: reductions in work-rate 
towards the end of a match. 

Mohr et al. (2005)



Fatigue during match-play: technical performance and injury risk

Alberti et al., 2013; Rampinini et al., 2009; Ekstrand et al., 2011



Fatigue and recovery following football match-play



Fatigue and recovery in football: what is known?

Time-course of recovery:

• Sprint speed 
- 5 hours (Andersson et al., 2008)
- 96 hours (Ascensao et al., 2008; Magalhaes et al., 
2010)

• Countermovement jump (CMJ) height

- 48 hours (Ispirlidis et al., 2008; Fatouros et al., 
2009)
- 72 hours (Andersson et al., 2008; Magalhaes et 
al., 2010)

• Maximal voluntary contraction (MVC) 

- 48 hours (Rampinini et al., 2011)
- > 72 hours (Thomas et al., 2017; Ascensao et al., 
2008)



Fatigue and recovery in football: what is known?

“While some parameters are recovered, our systematic review shows that a period 
of 72 h post-match play is not long enough to completely restore homeostatic 
balance.”

“Overall, coaches must adjust the structure and content of the training sessions 
during the 72 h post-match intervention to effectively manage the training load 
within this time-frame.”



Recovery in football: a topical area

Hours between start of first fixture and end 

of last fixture during the festive period

53 hours

74 hours



Recovery in football: a topical area



Recovery in football: a topical area



Recovery in football: a topical area



Recovery in football: a topical area



Fatigue and recovery in football: what is known?



Fatigue and recovery in football: what is known?

Minett & Duffield, 2014; Rattray et al., 2015; Coutts, 2016



Aims

To examine the aetiology 

of fatigue and the time-

scale of recovery 

following competitive 

football match-play

To profile the time-course 

recovery of a range of 

simple measures of 

perceptual & physical 

function as markers of 

readiness to train



Aims



Methods

• 16 male semi-professional footballers (level 9 of EFL)

• Players studied over two 90-minute 
matches

• Neuromuscular measures:
o Maximal voluntary contraction 
o Voluntary activation (motor nerve and 

motor cortical stimulation)
o Potentiated twitch force 

• Measures taken pre-, post-, 24, 48 & 72 h 
post-match

• Physical measures:
o CMJ
o Drop-jump RSI
o 20 m sprint

• Corticospinal excitability & SICI



Results



Results: perceptual measures

***

***

***

**

*** ***

***

***

*** ** *

Significant differences indicated by * = p < 0.05, 
** = p < 0.01 and *** = p < 0.001.



Results: neuromuscular fatigue
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Results: corticospinal excitability and SICI



Results: physical measures
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Conclusions

Football match-play elicits 
impairments in voluntary 
activation and contractile 
function which persist for 

48 to 72 h post-match

Perturbations within the 
central nervous system 

contribute to the prolonged 
decrement in muscle 
strength post-match



Conclusions

The similar decline and 
subsequent time-course of 
recovery of the drop-jump 
RSI test suggests that this 
might be appropriate tools 

to indirectly assess the 
recovery of neuromuscular 

function post-match

Perceptual fatigue persisted 

even after neuromuscular 

function had recovered



Prolonged impairments in VA and peak twitch 
force – mechanisms:

1) Football match-play elicits considerable muscle damage

muscle damage?



Prolonged impairments in VA and peak twitch 
force – mechanisms: muscle damage?

2) Muscle damage causes prolonged impairments in 

contractile function (peak twitch force)

Metabolic 

• Accumulation of Pi

• Accumulation of H+

(maybe)

• Accumulation of ADP

• Rapid recovery

Mechanical

• Disorganisation of 
sarcomeres

• Damage to sarcoplasmic 
reticulum

• Impaired calcium release

• Slow recovery

Reduction in peak twitch



Prolonged impairments in VA and peak twitch 
force – mechanisms: muscle damage?
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Prolonged impairments in VA and peak twitch 
force – mechanisms: muscle damage?

3) Muscle damage elicits prolonged reductions in voluntary 

activation 

Prasartwuth et al., 2005; Goodall et al., 2018 

Eccentric exercise
Eccentric exercise



Prolonged impairments in VA and peak twitch 
force – mechanisms: muscle damage?

Mechanical stress 
(eccentric contraction)

Primary muscle damage
Disorganisation of sarcomeres, damage to the sarcoplasmic reticulum, 

perturbations in calcium homeostasis

Symptom ↓ strength

Production of pro-inflammatory cytokines. Infiltration of 
neutrophils, macrophages and ROS

Secondary muscle damage
Degradation of damaged tissue, damaging of adjacent healthy fibres, 

Symptom

↓ strength
↑ soreness
↓ ROM

1)

2)

3)

4)



Prolonged impairments in VA and peak twitch 
force – mechanisms: muscle damage?

Production of pro-inflammatory cytokines. Infiltration of 
neutrophils, macrophages and ROS

3)

↑ firing of group III/IV afferents
↑ systemic inflammation

Possible contributor to reduction in VA

Damage to healthy fibres
ROS interfere with Ca2+ release and sensitivity
Possible contributor to reduction in Qtw,pot

Peripheral Central



Prolonged impairments in VA and peak twitch 
force – mechanisms: muscle damage?

Mechanical stress 
(eccentric contraction)

Primary muscle damage
Disorganisation of sarcomeres, damage to the sarcoplasmic reticulum, 

perturbations in calcium homeostasis

Symptom ↓ strength

Production of pro-inflammatory cytokines. Infiltration of 
neutrophils, macrophages and ROS

Secondary muscle damage
Degradation of damaged tissue, damaging of adjacent healthy fibres, 

Symptom

↓ strength
↑ soreness
↓ ROM

1)

2)

3)

4)

Opportunity to accelerate 
recovery?



Effect of phase-change material on 
recovery of neuromuscular function 

following competitive football match-
play

Brownstein et al., (under review)



Phase change material vs traditional cryotherapy

Cold-water immersion
• Brief cooling stimulus (typically 

10-15 minutes)

• Thermal discomfort

• Logistically impractical (e.g. away 
fixtures)

Phase change material
• Prolonged cooling stimulus

• Lower thermal discomfort

• Easy to implement



Kwiecien et al., (2019)

PCM: prolonged decrease in muscle temperature



PCM: recovery of muscle function



PCM: recovery of muscle function



Methods

• 11 male semi-professional footballers (level 8 of EFL)

• Players studied over two 90-minute 
matches. Players wore either frozen PCM 
(PCMcold) or unfrozen PCM (PCMamb) for 3 h 
post-match.

• Neuromuscular fatigue measures:
o Maximal voluntary contraction 
o Voluntary activation (motor nerve and 

motor cortical stimulation)
o Potentiated twitch force 

• Measures taken pre-, 24, 48 & 72 h post-
match

• Physical measures:
o CMJ
o Drop-jump RSI



Results: match-demands



Results: soreness and fatigue



Results: neuromuscular responses



Results: neuromuscular responses



Results: physical function 



Conclusions

  



Conclusions

Present study Clifford et al. (2018)

-4% -15%

Cohen’s d = 0.26 

Cohen’s d = 1.59 



Practical implications: training scheduling



Practical implications: training scheduling

Match-day

72 h post-match



Practical implications: squad rotation



Practical implications: squad rotation

< 72 h



Practical implications: recovery strategies



Merci, désolé je n'ai pas pu présenter en français !

Dr. Kevin Thomas

Dr. Stuart Goodall

Prof. Glyn Howatson



Prolonged impairments in VA and peak twitch 
force – mechanisms: Glycogen depletion?



Present study Thomas et al.(2017)
MVC

pre-post −14 ± 9% −16 + 8%
pre-24 −11 ± 6% −10 + 6%

pre-48 −4 ± 6% −7 + 5%
pre-72 −2 + 9% −3 + 4%
Qtw,Pot

pre-post −14 ± 6% −14 ± 10%
pre-24 −6 ± 6% −13 ± 5%

pre-48 −1 ± 4% −9 ± 6%
pre-72 −3 ± 7% −5 ± 6%

VA

pre-post −8 ± 6% −9 ± 4%
pre-24 −5 ± 5% −4 ± 2%
pre-48 0 ± 4% −2 ± 3%
pre-72 0 ± 3% −2 ± 4%

CVA
pre-post −6 ± 4% −11 ± 6%

pre-24 −2 ± 5% −3 ± 3%
pre-48 −1 ± 5% 0 ± 4%

pre-72 0 ± 5% 0 ± 3%





Kwiecien et al., (2019)

PCM: prolonged decrease in muscle temperature



Neuromuscular impairment throughout match-
play


