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Pulmonary oxygen uptake  
during cycle exercise (100 yrs ago) 

Krogh &  
Lindhard (1913)  



Exercise-induced fatigue development  
– physiological models 

 



The one-legged knee  
extensor model 



Experimental set-up 

 



Femoral 
artery and 
vein blood 
sampling 



Microdialysis in human skeletal muscle 



Microdialysis principal 

• Microdialysis 

Inlet 

Membrane 

Outlet 

Interstitium 



Performance measurements  
– whole body exercise 



Elektrisk 
stimulering av 

nervum og heila 



Fatigue during exercise 

- muscle fatigue/peripheral fatigue 
 



Potassium induced fatigue 
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Potassium induced fatigue 
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Muscle interstitial K+ and 
Na+ during repeated 

intense exercise 
- effect of caffeine intake 

 
- Mohr et al., 2011 Time (min)
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- Performance increase of 16% 



Marathon:  
Athletes of East African 
origin are present in 87 of 
the top 100 marathon 
performances of all time 
and every top ranked 
marathoner since 2003!  

 

100 m sprint: 
Athletes born in USA or 
Caribbean Islands have won 10 
of the last 13 Olympic titles, 
every World title since 1983 
and have recorded 74 of the 
100 times in history! 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=WUyF7Vv6JeyjtM&tbnid=39ZL130l850buM:&ved=0CAUQjRw&url=http://www.zimbio.com/photos/Usain+Bolt/Usain+Bolt+Jamaica+seen+winning+gold+medal/9eMa3H7Pjfw&ei=L2k7UpWgFeSA0AXDi4HYCA&bvm=bv.52434380,d.bGE&psig=AFQjCNE7GsAUbcrBH1jtYU5TGw5M4axSgQ&ust=1379711595632390
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=BGmn6t4JV0orwM&tbnid=_6BlH4CTpAW_KM:&ved=0CAUQjRw&url=http://rycefitness.com/2012/03/26/miami-beach-personal-trainer-lose-fat-and-stay-young-with-high-intensity-interval-training-hiit/&ei=z2k7UuCgHKrB0QWY64GADw&bvm=bv.52434380,d.bGE&psig=AFQjCNHEtqHM9IweroHEBueXCrj7ydEfOw&ust=1379711755842176


Muscle fiber types 



Muscle biopsy of 
the vastus lateralis 

muscle 



Muscle biopsy of  
the deltoid muscle 



Muscle glycogen during a football game 
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Mohr et al., 2005 



Muscle glycogen (intramyofibrillar and subsarcolemmal)  
before and after prolonged exercise 



Muscle glycogen before and after a football 
game as well as 24 and 42 h into recovery  

Fig. 2.7

Before 0 h after 18 h after 42 h after

%
 o

f 
re

s
ti
n
g
 l
e
v
e
ls

0

40

50

60

70

80

90

100
Normal diet 
CHO rich diet 

Institute of Exercise and Sport Sciences, University of Copenhagen, Denmark 

Fig. 2.15

M
V

C
 (

N
)

0

400

500

600

0 h after 24 h after 48 h after 72 h afterBefore

*
*

*

Mohr, 2008 



Effect of caffeine  
and NaHCO3 

supplementation 

Fig. 1
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Mohr et al., 2013 



Endurance performance 
- effect of beetroot supplementation 

 

Wylie et al., 2012 



Exercise training and muscle fatigue 

a1-a4 b1-b3 



Capillary 

KATP 

K+ K+ 
Na+ 

Na+ K+ 

α1-2 β1 

pH 

ATP 
α2 

β1 

KATP   channels 



Western blotting – protein analysis of sarcolemmal 
transporters 



Muscle ion transporter adaptations  
with ST and SET training 

  

Institute of Exercise and Sport Sciences, University of Copenhagen, Denmark 

Mohr et al., 2007 



Performance changes  
 

 Fig. 3.4
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Mohr et al., 2007 



Study design 

 

 

 

 

 

 Sessions per week: 

 2-3 x AnT, 1 x AH, 1 x AL, 1 x AM  

 

Pre test Post test 



3,000-m performance 

EXP

T
im

e
 (

s
)

0

560

580

600

620

640 PRE

POST 

CON

* 



10,000-m performance 

EXP

T
im

e
 (

s
)

0

30

32

34

36

38

40 PRE

POST 

CON

* 





 
 Fatigue profile  

-  one central midfield player 
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Temporary intensity decrement 

 

+

Fig. 2.3
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Mohr et al., 2003; 2008 

 

Game-fatigue index 

 



Sprint characteristics – certain sprints provoke 

fatigue 

 Fig. 4.1.B
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Two different players  

in the same game 
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INDIVIDUAL TRAINING 



Lampard – Speed endurance drill 

1: Accelerate, control and diagonal pass to TP 
 
2: Run (>20 km/h) then into box (>27 km/h) to 
meet cross from TP  
 
3: Run (>17 km/h) and wall-pass with TP(>17 
km/h), then curved run into box to meet cross 
from server (>25 km/h) 
 
4: Run  (>21 km/h), turn, dribble and shoot 
 
5: Defensive run (>21 km/h) 
 
 
~30 s exercise: 120 s recovery x 6 (2 sets 
separated by 10 min of low intense activity) 
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Fitness and Health Effects of Football training 



Effect of 12 wks of training 
on maximal oxygen uptake
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Effect of 12 wks of training 
on lean body mass
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Effect of 12 wks of training 
on fat percentage
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Effect of 12 weeks of training on bone mass 



Rate of percieved exertion (RPE) 
during different training regimes 



Fast runs      110 
 
Sprints  14 
 
Tackles  11 
 
Headers    5 
 
Turns   33 
 
Dribles  49 

Intense 

actions 



Metabolic  
fitness 

Muskulo- 
skeletal  
fitness 

Cardio- 
vascular  
fitness 

Aerobic  
low-intensity  
 
Aerobic mode- 
rate intensity 
 
Aerobic high  
intensity 
 
 
Speed endurance 
 
Speed, strength 
 
Impact 

Type 2  
diabetes 

Risk of falls 

Cardio- 
vascular 
deseases 

Osteoporosis 

Fat per- 

centage 

Glucose 

tolerance 

Blood 

pressure 

VO2max 

Balance 

Training categories Areas of fitness Measures Life style 
deseases 

Effects of physical training on life-style deseases 

 Muscle 

mass 





March 4, 2010, 2:25 pm  

Health Gains for Grown Up Soccer Players 

By TARA PARKER-POPE 

 

 

 

 

 

 

 
 

Adults who regularly kick around a soccer ball with friends  

have better heart and bone health, a new study found.  

Being a soccer mom usually means carpooling kids to games  

and watching them play. But new research shows that women  

who join in the fun and kick around a soccer ball can dramatically  

improve their bone and heart health. 

http://www.nytimes.com/


Takk fyri! 



http://www.google.co.uk/imgres?imgurl=http://sshs.exeter.ac.uk/data/profiles/profile_photos/Daryl_Wilkerson.jpg&imgrefurl=http://sshs.exeter.ac.uk/staff/index.php?web_id=Daryl_Wilkerson&usg=__Pgu7eRFPO2qVXIS8FkIGVrWqxzA=&h=230&w=218&sz=15&hl=en&start=1&zoom=1&tbnid=TqYdhCA7V4MlmM:&tbnh=108&tbnw=102&ei=c57TToPnEJGssAaljMH1DA&prev=/images?q=Daryl+Wilkerson&hl=en&sa=N&gbv=2&tbm=isch&prmd=ivnso&itbs=1
http://www.google.co.uk/imgres?imgurl=http://www.isssmc.com/images/speakers/Andrew-Jones.jpg&imgrefurl=http://www.isssmc.com/conference-speakers.html&usg=__N2c6DXsDqdsAgA39nJt3dPcHKWM=&h=140&w=101&sz=10&hl=en&start=2&zoom=1&tbnid=HxOWge1P5_SCKM:&tbnh=93&tbnw=67&ei=0prTToeiMdCjsgbUhvGGAg&prev=/images?q=Andy+M+Jones&hl=en&sa=N&gbv=2&tbm=isch&prmd=ivnso&itbs=1

