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MASSIMO CONSUMO D’OSSIGENO
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3 Distinti domini di intensità a livello metabolico 
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Relazione Parametri da Laboratorio e Prestazione in una gara di trail di 65 km 



....considering the increasing popularity of 
these events, it seems necessary to quantify...

§ the sustainable intensity in this kind of 
ultra-endurance exercise

§ the physiological loads imposed on the athletes

Ultra-endurance
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§ Physiological predictors of performance

Obie%vo



ParHcipants

§ 12 trained trail-runners (4 F)
§ 7 ± 3 h/week
§ 7 ± 7 running experience (3 ± 3 years 
trail running experience)

65 km, 4000 m d+

mean ± s.d
Age (years) 38.6 ± 6.1 30.4 - 48.9
Anthropometry
Body mass (kg) 65.8 ± 12.1 47.0 - 83.5
Height (cm) 171 ± 9 157 - 181
BMI (kg/m2) 22.2 ± 2.7 18.8 - 27.3
Fat-free mass (kg) 55.8 ± 10.5 39.6 - 68.8
Fat mass (kg) 10.0 ± 4.1 3.9 - 19.4
Body fat (%) 15.1 ± 5.0 6.2 - 23.3
Incremental exercise
VO2max (ml/min/kg) 58.4 ± 6.2 48.0 - 65.1
VO2 @VT2 (ml/min/kg) 52.9 ± 5.0 45.5 - 59.5
VO2 @VT1 (ml/min/kg) 46.3 ± 4.5 36.8 - 52.1
Hrmax (bpm) 182 ± 9 164 - 196
HR @VT2 (bpm) 171 ± 10 154 - 186
HR @VT1 (bpm) 158 ± 11 136 - 175
Pmax (W/kg) 3.1 ± 0.6 1.8 - 4.0
P @VT2 (W/kg) 2.4 ± 0.4 1.6 - 3.0
P @VT1 (W/kg) 1.7 ± 0.3 1.0 - 2.2

Characteristics of the subjects (N=12)
range
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Before the race
§ laboratory tests (VO2max, VT1, VT2) and the heart rate 
response 

VT1 VT2

HR

MAX

During the race
§ HR was conGnuously 
monitored using portable 
HR monitors (Polar RS800, Polar 
Electro, Kempele Finland).
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§Total exercise load was calculated according to 
Lucia’s training impulse method (Lucia’s TRIMP)

Zone I (<VT1),
Zone II (VT1-VT2)
Zone III (>VT2)

§ Exercise intensity distribution
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Results

§ The variable that beaer correlated with the 
performance was Power output@VT1 (r=-0.79, 
P<0.001).

Performance

§ Mean performance Gme for the race was 11.5±1.7 h
 (range 8.2-14.3h) 

§ High correlaGon with VO2max
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§mean intensity 77 ± 5 % HRmax

§Total exercise load was 766 ± 110 TRIMP units 

§ Exercise intensity distribuGon was: 
ü86% ± 19% Zone I
ü14% ± 19% Zone II
ü0% ± 1% Zone III

%Intensity

Training Load

(89%±6% HR@VT1)

Results



VT1 represents an important threshold 
in ultra-endurance trail running
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Ultra-endurance
> 6h



§higher fat to carbohydrate uGlizaGon

§ sparing carbohydrate reserves, delaying muscle and liver glycogen depleGon

“…an exercise intensity marginally below VT1

à reducing faHgue …and improving overall ultra-
endurance performance…” 

(Laursen & Rhodes, 2001)

Ultra-endurance
> 6h

89% ± 6% HR@VT1

§ultra-endurance threshold below VT1 and around 80% HRmax (O’Toole et al. 1998; Laursen, Knez, et al. 
2005) 



TRAINING:
§ ≈ 1000-1500 units/week in professional cycling training (Lucia, Earnest, et al. 2003)

§ ≈ 1000 units/week in ultra-endurance triathletes (Muñoz, Cejuela, et al. 2014)

§ ≈ 800 units/week elite Kenyan runners (Billat, Lepretre, et al. 2003)

§ ≈ 800 units/week in elite junior Nordic skiers (Seiler and Kjerland. 2006)

§ ≈ 400 units/week sub-elite runners (Esteve-lanao, san juan, et al 2005)

COMPETITION:
§ ≈ 2000 units/week in professional road cycling compeGGon (Lucia, Hoyos, et al. 1999)

§ 1061 ± 200 units during an Ironman triathlon (Muñoz, Cejuela, et al. 2014)

§ 801 ± 98 units during a 24-h relay cycling race (Bescós, Rodríguez, et al. 2011)
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HR-based TRIMP score in literature:

766 ± 110 TRIMP units

Physiological load65 km 4000 d+ trail



Prac>cal Applica>ons

Ultra-endurance
> 6h

An exercise intensity slightly below VT1 (~90%), could represent a threshold of 
tolerable intensity for amateur runners in a >10h race, where athletes could 
manage their energy reserves and opHmize compeHHve results.
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• Vertical 91.7±4.0%
• 10-25 km races 89.5±4.3%
• 25-45 km 84.0±5.7%
• >45 km races 78.6±3.8%
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Studio 2

Relazione Parametri da Laboratorio e Prestazione nel Vertical



Relationship between VO2max and performance in vertical races

• 270 performances, from 26 VRs 

• CPET data of 64 highly-trained mountain runners 
53 M: VO2max: 75.7±5.8 mL/min/kg  VT2 ~90%  VO2max 
11 F: 65.7±3.4 mL/min/kg VT2 ~89%  VO2max



International Races:

Average VO2max best performance 
(RECORD): 
• 89.4 (88.2–90.5) M
• 76.8 (76.4–77.3) F

Average VO2max (mL/min/kg) to 
WIN: 
• 86.2 (85.3–87.1) M 
• 74.0 (73.6–74.4) F

VK record
• 90.4(89.0–91.8) M
• 77.1(77.6–77.7) F



non-uniform variation in the 
metabolic demand of off-road 
running, likely attributable to the 
different features of the VRs (e.g., 
terrain, technical level, use of 
poles). 



Studio 3
(work in progress)



Dataset Gare Vertical Record Maschili e femminili

Modello prestazione: predittori:
• Dislivello
• pendenza media
• quota d’arrivo
• uso bastoni

DATASET CON 62 GARE 
VERTICAL, RELATIVE 
CARATTERISTICHE E 
RECORD TIME



~93% varianza totale spiegata
Effetto dislivello
Effetto pendenza
Effetto quota
No effetto bastoni  

Table 3. Model Information

D+ 0.72 0.51 0.50 3.57 0.51 62.6 0.000
D+, Slope 0.92 0.85 0.84 2.03 0.34 63.8 0.000
D+, Slope, Altitude 0.96 0.92 0.91 1.49 0.07 51.1 0.000
D+, Slope, Altitude, Poles 0.96 0.93 0.92 1.41 0.01 0.8 0.385

F change p Change 

n = 62 Performance  (min)

Sample Dependent Variable Predictors R R2 Adj R2 SE R2 change
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Decremento in funzione quota d’arrivo

• -6.5%/1000m M
• -6.2%/1000m F



TENTATIVO DI RECORD VERTICALE? 

ATLETA MASCHIO con ~91mL/min/kg
ATLETA FEMMINA con ~ 78mL/min/kg

Gara da 0 a 1000 m per limitare il più possibile l’influenza della quota 

Pendenza media 28° per gli UOMINI
Pendenza media 26° per le DONNE



Grazie per 
l’attenzione!


