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Statistical analysis  

All data was recorded with Mr Kick IIIpreview (v. 2.9) and stored on a personal computer (Fujitsu 

Siemens, Esprimo). Analysis of data was performed post hoc in Mr Kick IIIpreview (v. 2.9) and 

Excel 2010 (Microsoft) except for the footswitch data which was analyzed in MatLab (Version 

7.8.0.347 (R2009a)). Statistical analysis of all data was performed with IBM SPSS 20.   

All data are presented as mean±sd, and paired T-test (2 tailed) was applied to evaluate statistical 

significance with significance level set to P<0.05. Further MANOVA was used to detect statistical 

significance of H-reflex, V-wave and rmsEMG between speeds. All parameters were tested for 

Gaussian distribution by the Shapiro-Wilk test. All measures had a Gaussian distribution except for 

the V-wave. Despite of this, parametric tests were applied to all measures since more subjects will be 

added continuously.   
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Central/Peripheral fatigue  

H-reflex and V-wave measurements were obtained for all subjects at 50%, 75% and 100% speeds. 

The modulation from the first and last epoch of the runs were compared. Fig 12A and 12B illustrate 

raw H-reflex and V-wave amplitudes for one subject, representative for the sample.      

The mean H-reflex amplitudes from the first to the last epoch for all the subjects, n=4, showed a 

significant increase during the 100% run, 18.13 ± 10.7% (P = 0.043; Fig 13A). The corresponding M-

wave also showed a small but significant increase, 7.9 ± 2.7% (P = 0.009). However the values were 

within our criteria for acceptable M-waves, 25±10% of Mmax. V-wave modulations during the same 

epochs at the 100% run, also showed a significant increase, 23.9 ± 1% (P = 0.038; Fig 13B). The 

corresponding Mmax showed a significant decrease, -16.1 ± 2.1% (P = 0.001; Fig 13C). See also 

table 1 for individual subject data and means.          

  

  Mmax (mV) 
  

  Hreflex (%Mmax) 
 

  Vwave (%Mmax) 
  

  First Epoch Last Epoch Diff. First Epoch Last Epoch Diff. First Epoch Last Epoch Diff. 

1 5.1 ±0,3 4.2 ±0,3 -1.0 49.7 ±11,2 73.6 ±16,8 23.8 31.1 ±2,9 73.9 ±8,3 42.9 

2 6.8 ±0,4 5.9 ±0,5 -1.0 45.3 ±15,2 66.7 ±16,1 21.3 47.9 ±8,3 67.9 ±26,4 20.0 

3 6.1 ±0,4 5.2 ±0,2 -0.9 25.0 ±5,1 50.0 ±5,8 25.1 31.3 ±7,1 52.9 ±3,8 21.6 

4 6.4 ±0,4 5.3 ±0,2 -1.1 26.9 ±1,5 29.2 ±2,7 2.3 30.9 ±15,1 42.1 ±9,3 11.2 

Avg. 6.1 ±0,4 5.1 ±0,3 -1.0 36.7 ±8,2 54.9 ±10,3 18.1 35.3 ±8,4 59.2 ±11,9 23.9 

 

Table 1 - Data from 4 subjects from the first and last epoch during the 100% run. The epochs comprise 12.5% of the data-
points in either the first or latter part of the run. Mmax, H-reflex and V-wave data are displayed for each subject with the 
appertaining standard deviations and difference. The overall means are also shown.   
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Figure 12 - Representative H-reflex (A) and V-wave (B) responses 
from the first to the last epoch for one subject. Full line represents 
the first epoch and dashed line represents the last epoch.    
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The size of the H-reflex 

amplitude was significantly 

dependent on treadmill speed 

(P = 0.05; Fig 13A).  

The size of the V-wave 

amplitude was also dependent 

on treadmill speed (P=0.01; 

Fig 13B ).  

The Mmax results revealed 

significant changes during the 

100% run only (P = 0,001), 

and not during the 

submaximal runs, 50% and 

75% (Fig 13C). Furthermore, 

no change was found between 

the 100%, 75% and 50% runs 

in either epoch (Fig 13C). M-

wave results showed 

significant increase during the 

100% run (P=0,009), and not 

during the submaximal runs.  

Voluntary activation (VA) 

measured during MVC pre 

and immediately post 100% 

running and quantified by use 

of the twitch interpolation 

technique showed a significant 

decrease, -9.3 ± 7.3% (n=7, P 

= 0.026; Fig 14A) and the 

appertaining resttwitches (RT) 

also showed a significant 

decrease, -28.5 ± 15.7% (n=7, 

P = 0.004; Fig 14B).  
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Figure 13 - All plots show mean data from 4 subjects from the first (Black) to the last (Grey) epoch during their 100%, 75% and 50% 
run. The epochs comprise 12.5% of the data-points in either the first or latter part of the run. * signifies significant statistical 
difference between epochs (P < 0.05). A: H-reflex amplitude normalized to Mmax within the same epoch from the first to the last 
epoch, during the 100% run, 75% run and 50% run. B: V-wave amplitude normalized to Mmax within the same epoch from the first 
to the last epoch, during the 100% run, 75% run and 50% run. C: Mmax modulation normalized to Mmax within the same epoch 
(mV) from the first to the last epoch, during the 100% run, 75% run and 50% run.  
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The underlying rmsEMG during the first and last epoch in the 100%, 75% and 50% run is shown in 

Table 2. The results showed no significant change from the first to the last epoch during either of the 

runs (n=4).  

  Soleus (%Mmax) 

 

  Gastrocnemius (%Mmax)   Tibialis anterior (%Mmax) 

 
  First Epoch Last Epoch Diff. First Epoch Last Epoch Diff. First Epoch Last Epoch Diff. 

100% run 4.4 ±0,4 3.5 ±0,6 -1.0 12.2 ±7,1 10.1 ±6,4 -2.1 1.1 ±0,6 0.9 ±0,7 -0.1 

75% run 3.4 ±0,6 2.7 ±0,8 -0.7 6.3 ±2,4 5.8 ±2,4 -0.5 0.9 ±0,5 0.7 ±0,4 -0.2 

50% run 2.5 ±0,7 2.0 ±0,5 -0.5 4.4 ±2,1 3.6 ±2,2 -0.8 1.0 ±0,6 0.6 ±0,1 -0.4 

 

Table 2 - rmsEMG for the soleus, gastrocnemius and tibialis anterior from the first to the last epoch, during 50% run, 75% 
run and 100% run. The epochs comprise 12.5% of the data-points in either the first or latter part of the run (n=4). 
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Figure 16 - A: Soleus silent periods at 50, 75 and 100% contractions. B: Soleus MEP area at 50, 
75 and 100% contractions normalized to Mmax peak to peak from sitting position. Square 
represent pre measurements and diamond represent post measurements. (n=5) 
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No significant change was measured in the mean 

rmsEMG during MVC pre and immediately post 

(Fig 17).  

Stride time for 4 subjects showed no significant 

difference from the first to the last epoch in either 

of the runs. There was a significant difference 

when comparing the 50% run, 75% run and 100% 

run (P = 0.05; Fig 18).  

 

 

 

 

Figure 18 - Stride time in seconds 
from the first to the last epoch 
during 50% run, 75% run and 
100% run. Black represents the 
first epoch and grey represents 
the last (n=4). 
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Figure 17 - : Mean of 5 highest MVC RMS normalized to 
prefatigue. Black represents Pre measurements and grey 
represents post measurements. (n=7) 
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Base 

  Pre ingestion, Avg.    Pre exercise, Avg.    Difference   

pH 7,394 ±0,025 7,449 ±0,05 -0,055 * 

HCO3(mmol/l) 24,013 ±1,49 28,469 ±3,047 -4,456 ** 

BE (mmol/l) -0,513 ±1,77 4,675 ±3,332 -5,188 ** 

H+ (mmol/l) 40,394 ±2,392 35,806 ±4,361 4,588 * 

Na+ (mmol/l) 143,313 ±4,574 144,938 ±3,234 -1,625 

 
K+ (mmol/l) 4,688 ±0,459 4,35 ±0,225 0,338 * 

Cl- (mmol/l) 103,5 ±7,176 102,5 ±4,309 1 
 

PCO2 39,625 ±0,968 41,8 ±3,118 -2,175 

 
PO2 82,694 ±4,323 74,056 ±4,421 8,638 *** 

       

 

 

 

 

Placebo 

     
  Pre ingestion, Avg.    Pre exercise, Avg.    Difference   

pH 7,403 ±0,022 7,413 ±0,031 -0,01 

 
HCO3(mmol/l) 24,638 ±1,304 25,731 ±2,167 -1,093 

 
BE (mmol/l) 0,244 ±1,518 1,519 ±2,546 -1,275 

 
H+ (mmol/l) 39,594 ±2,022 38,775 ±2,921 0,819 

 
Na+ (mmol/l) 141,688 ±2,59 141,313 ±2,329 0,375 

 
K+ (mmol/l) 4,6 ±0,443 4,563 ±0,572 0,037 

 
Cl- (mmol/l) 106,125 ±4,494 104,75 ±6,205 1,375 

 
PCO2 39,981 ±1,355 45,781 ±12,933 -5,8 

 
PO2 88,494 ±12,82 77,638 ±9,034 10,856 

 

Table 1 - The blood values obtained pre ingestion and pre exercise for all trials. (P < 0,005 ***, P < 0,01 **, P < 0,05 *) 
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Under testen opsamles EMG data, via programmet MrKick II, fra hele løbet som efterfølgende vil 

blive analyseret statistisk.  

Forsøgssessionen varer 1½ time.   

 

Risici, bivirkninger og ulemper  

Risici og ulemper forbundet med løb på en løbebane 

Ved løvfald eller regn kan banen være glat, hvormed risikoen for at falde i sving øges.  

Risici og ulemper forbundet med løb på et løbebånd 

Der er altid en risiko for at snuble, mens man går eller løber på et løbebånd, hvorved personen 

risikerer at falde. Denne faldrisiko er fjernet ved at anvende en sikkerhedssele, der er fastgjort i loftet, 

og som bæres af alle forsøgspersoner. Der er et nødstop på gangbåndet, som forsøgspersonen samt 

testleder nemt kan trykke på. 

Risici og ulemper forbundet med optagelse af EMG 

Måling af EMG med overfladeelektroder kan betragtes som ufarlig, og der er ingen kendte risici eller 

ulemper forbundet med denne metode. Der kan dog forekomme en let rødme i huden i forbindelse 

med placering af elektroderne på huden, men dette er ufarligt og vil hurtigt fortage sig. 

Risici og ulemper forbundet med elektrisk stimulation af perifere nerver 

Stimuleringen af motoriske nervefibre med elektriske pulser med en længde på op til 1ms, der 

benyttes i dette projekt, kan betragtes som ufarlig. Der er ingen kendte risici ved disse elektriske 

stimuli, men de kan blive opfattet som smertefulde. Stimulationerne, der benyttes i dette projekt, er 

sammenlignelige med de stimulationer, der benyttes i andre protokoller i klinisk neurofysiologi 

(såsom bestemmelse af nerveledningshastigheder). Erfaringen fra disse undersøgelser er, at de ikke 

opfattes som værende direkte smertefulde men kan opfattes som ubehagelige af raske forsøgspersoner 

eller patienter. 

Risici og ulemper forbundet med TMS 

TMS med enkelte pulser, som gives med de nævnte intervaller (>5s), betragtes som et sikkert og 

brugbart værktøj til at studere forskellige aspekter af neurofysiologi hos både raske forsøgspersoner 

og patienter. TMS benytter magnetiske felter til at inducere en strøm i hjernen, som kan aktivere 

neuronerne. Disse stimulationer kan derved udføres, uden at der skal sendes en strøm igennem huden. 

Derved undgår man den smerte og det ubehag, der er forbundet med elektrisk stimulation af hjernen 

med elektroder anbragt på hovedbunden. Det har endvidere vist sig, at TMS er en relativ smertefri 

metode. De TMS-stimulatorer, der er i brug i dag og som benyttes i nærværende projekt, skaber et 

magnetfelt på op til 3.0 tesla (T), og de menes at aktivere kortikale neuroner i en dybde af 1,5-2 cm. 

Disse stimulationsintensiteter er sikre, så længe der kun gives enkelte pulser med intervaller på over 1 

sekund imellem stimulationerne. Den anvendte stimulator er rent fysisk forhindret i at give 

stimulationer med et mindre interval end et sekund på grund af den måde, elektronikken er designet 




















