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The “Threshold” Phenomenon



H+ + HCO3
- → CO2 + H2O

Lactate and Ventilatory Thresholds (incremental test) 

“A total of 25 LT concepts were located”



Electromyography threshold



De-oxyhaemoglobin + myoglobin [HHb] signal represents balance between O2

extraction/utilisation and convective O2 delivery

Near Infrared Spectroscopy (NIRS) Threshold



Cerebral Oxygenation Threshold 



• No previous literature examines simultaneously the 
ventilatory, EMG, muscle and cerebral oxygenation thresholds 
during ramp incremental testing

Aim

Statement of Problem

• Examine simultaneously the ventilatory, EMG, muscle and 
cerebral oxygenation thresholds during ramp incremental 
testing



• Subjects
– 25 recreational cyclists 

• Age: 37 ± 8 yr
• Weight: 78 ± 13 kg
• VO2max: 53 ± 8 ml/min/kg 

• Procedures
– 25 W/min ramp incremental test to volitional exhaustion (Excalibur, Lode)

• Measures
– Breath x breath gas analysis (Cosmed Quark b2)

– 2000 Hz vastus lateralis, rectus femoris, biceps femoris EMG (BSL Pro, Biopac)

– 10 Hz vastus lateralis and pre-frontal cortex NIRS (Oxymon MkIII, Artinis)

• [HHb] = deoxy-hemoglobin + myoglobin; [O2Hb] = oxygenated hemoglobin + myoglobin

• Bandpass filter: 30-500 Hz

Methods



• Ventilatory thresholds
1. VT1: non-linear increase in VE/VO2 without increase in VE/VCO2

2. VT2:  second non-linear increase in VE/VO2 with corresponding non-linear 
increase in VE/VCO2

3. Visual inspection

• NIRS and EMG
1. Normalized to 100 points (1 point = 1% of exercise duration)
2. Individual muscle EMG root mean square (RMS) normalized to maximal 

activity during incremental test
3. Iterative double linear regression analysis solved for least sum of squares 

error: intersection of regression lines denotes threshold

• Statistics
– Shapiro-Wilk test for normality
– Mixed linear modeling (to accommodate missing data)

– Effect sizes using Cohen’s d

Data Analysis



EMG threshold (EMG-t)

• Only one threshold identified (60-88% of measures)

Muscle de-oxygenation threshold (HHb-t)

• Only one threshold identified (64% of measures)

Cerebral oxygenation threshold (HHb-t)

• 80% of cases two cerebral thresholds were determined

Results



Results

EMG threshold (EMG-t)

• EMG-t for RF and BF not significantly diff to VT2

• EMG-t for VL occurred after VT2 (p=0.004, d = 
1.7) and also muscle HHb-t (p=0.006; d=1.7)

*

*
*

Cerebral oxygenation threshold (HHb-t)

• 1st threshold for [HHb] and [O2Hb] not different from VT1 
(p > 0.86, d < 0.1)

• 2nd threshold for [HHb] and [O2Hb] occurred later than 
VT2 (p < 0.02, d > 0.8)

Muscle de-oxygenation threshold (HHb-t)

HHb-t and O2Hb-t not sig diff to VT2 (p>0.15; d<0.4)



Discussion: Ventilatory Threshold

VT1 VT2



• Muscle HHb and O2Hb breakpoints coincident with VT2

Discussion: Muscle Oxygenation Threshold

No sig diff between muscle O2Hb breakpoint and VT2



Discussion: Muscle De-Oxy Threshold
De-oxyhaemoglobin + myoglobin [HHb] signal represents balance between O2

extraction/utilisation and convective O2 delivery



• BF and RF EMG-t coincident with VT2 
• VL EMG-t occurred after VT2

Fatigue → additional MU recruitment
Henneman size principle → type II MU recruitment

Discussion: EMG Threshold

≈45 s



• Cerebral O2Hb threshold occurs after VT2

Discussion: Cerebral Oxygenation

Cerebral Autoregulation
• PaCO2 (↓PaCO2 = vasoconstriction)
• Perfusion pressure



Type II MU recruitment and subsequent rapid onset fatigue 
reflected by t-EMG

Summary and Conclusions
Threshold behaviour during incremental ramp exercise reflects central feed-forward 

and rapid neural feedback mechanisms to increase VE

Reduced O2 extraction and plateauing of HHb signal

coincident with type II MU recruitment 

Decreasing PaCO2 → cerebral vasoconstriction and ↓CBF

↓ cerebral O2Hb signal



Practical application = non-invasive monitoring

??


