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We have seen amazing advances in science in the 
sport

Denying the scientific approach in the XXI 
century is denying progress

However, when it comes to training & coaching 
many coaches and athletes don’t rely on science 

Marginal gains are thought to be the scientific 
approach…But they are just that: Marginal 
gains…That 1%...

The Major gains ( The ABC’s) however are not  
achieved many times because the scientific 
approach is not applied by coaches and athletes 
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THE MAJOR GAINS

What Training Really Elicits



Muscle Metabolism is Absolutely Key in Endurance 

Performance

Endurance Training is mainly about improving at the Metabolic Level



Each Body is DIFFERENT!. We have DIFFERENT Metabolism 

and Physiology  and therefore different parameters and training 

zones!!

Training Individualization

Why is it so important? 



We MUST measure the physiology and metabolism of who are 

we working with 

The Only way to Individualize training scientifically is to know 

who we are working with 





-The man who invented Management

-Father of Business Analytics

-Father of Modern Business Corporation

What Gets Measured, Gets Managed” –Peter Drucker

Peter Drucker



Physiological Testing

üThe foundation of  any scientific-based training program- Coaching 101

üIt is crucial to establish the physiological and metabolical parameters of 

each athlete  in order to prescribe the most accurate and scientific-based 

training program. 

üEvaluation of the “engine” of an athlete.

üEvaluation of the weak and strong points.

üEvaluation of quantity and quality of training



Traditional View

Exercise Physiology LAB
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WORTHLESS!!





Central Adaptations Local Adaptations



Improvement in Performance but not necessarily in Vo2max 

 

Professional 32 y.o. male cyclist 

 

No 

Improvement in 

VO2max 

 

 

Very important 

Improvement in 

Lactate Clearance 

Capacity 



Local Adaptations

Cellular Level

-The events happening at the cellular level ultimately make the difference

-A mediocre athlete can have the highest VO2max but not the best cellular 

adaptations to exercise



Physiological Testing- Coaching 101

• Lactate Metabolism

•Fat metabolism

•Carbohydrate Metabolism 

•VO2max

• Metabolic Efficiency

-Only with the evaluation of 

these parameters it is possible

to establish an appropriate and

Individual training program for  an 

athlete

-Otherwise, without  testing…..We are 

guessing!

Main Parameters



In  the Laboratory:

Physiological/Metabolic Testing



In  the Field:

Ryder Hesjedal
2012 Tour of Italy (Giro) Winner 

Tom Danielson
1st Stage 4 of US Pro Cycling 
Challenge 2012

Rory Sutherland
Winner of Queen Stage of US 
Pro Cycling Challenge 2012



In  the Field:

CU Football

Colorado Rapids



Physiological/Metabolic Testing
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Cellular and Metabolic Mechanisms Behind 

Performance



Mitochondrion is the Absolute King in Metabolism 



Mitochondrion is the Absolute King in Metabolism 



Lactate

Lactate

Skeletal Muscle Fiber

Mitochondria and Performance

Lactate Metabolism  

Lactate

H+

H+H+
H+H+

H+

Power Output decreases 
up up to 50%

Deboldet al, 2008

http://jcem.endojournals.org/content/96/2/494/F1.large.jpg


• WPC Criteria:

- Tour de France, Italy and Spain winners or podium 

finishers.

-World Champions.

-UCI Pro Tour stage races or “classics” winners.

Differences in Lactate Metabolism

San Millán et al. Physiological Differences Between Road Cyclists of Different Categories. A New Approach.

Med Sci Sports Exerc 41:S48. 2009



Mainly recruited:

Easy -Long 

“Tempo riding” 

Mainly recruited:

Mild-Intense

Exercise.

Competition

Mainly recruited:

-Sprinting, 

Intense Exercise

FFA (free fatty acids) Glucose Glucose + 

ATP + PCType I muscle cells

SLOW TWITCH
Type IIa muscle cells

FAST TWITCH

Type IIb muscle cells

FAST TWITCH

Lactate Lactate 

Muscle Lactate Clearance

H+
H+

H+
H+

H+

H+
H+

Deboldet al, 2008

Nelson et al, 2014

Nelson et al, 2014



Mitochondria and Performance

Substrate Utilization

http://jcem.endojournals.org/content/96/2/494/F1.large.jpg


Á Substrate Utilization

CHO

FAT

FATmax Crossover 

Point

•San Millán, I.; Gotshall, R.W.; González-Haro, C.; Gil, J.; Irazusta, J. Sensitivity of Crossover Concept to Discriminate Different Levels of Performance: A New 

Approach.

Med Sci Sports Exerc 40:293. 2008.

•González-Haro, C.; San Millán, I. Application of the Crossover Concept to UCI Pro Tour Level Professional Cyclists: A New Approach. 

Med Sci Sports Exerc 40:396-397. 2008



Recreational Athlete

World ClassAthlete

San Mill§nôsLab Data 



Endurance Coaching Summit  |  2015

 

TYPE I FIBER (RED) 
SLOW TWITCH 
OXIDATIVE SYSTEM 
(AEROBIC) 
Mainly recruited: 

Easy -Long  
“Tempo Exercise” 

 

TYPE IIa FIBER 
(WHITE/RED)  
FAST TWITCH 
GLYCOLYC SYSTEM 
(AEROBIC) 
Mainly recruited: 
Mild-Intense Exercise. 

Competition 

TYPE IIb FIBER 
(WHITE)  
SUPER FAST TWITCH 
PC & GLYCOLYTIC 
SYSTEM (ANAEROBIC) 

Mainly recruited: 
Maximal Exercise 

Sprinting 
Weight Lifting 

 

FAT IS MAIN FUEL USED 
This Happens in the 

Mitochondria. That’s 
why these fibers have 

the highest 
mitochondrial content 

GLUCOSE IS 

MAIN FUEL 

USED 

Z1 
Training 

Zone 

Z2 
Training 

Zone 

Z3 
Training 

Zone 

Z4  
Training 

Zone 

Z5 
Training 

Zone 

Z6 
Training 

Zone 

ATP+PC

Main Fuels

San Millán. 2013

The Metabolic Map
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The Metabolic Training Concept

Zone Type of training/Fule mainly used/Type of Fiber

Z1 Easy- Recovery/Fat/Type I

Z2 ñEnduranceò/Fat/Type I

Z3 ñIntensive Enduranceò/Fat-CHO/Type I-IIa 

Z4 "Lactate threshold"/CHO/ Type IIa

Z5 " Above Lactate threshold"/CHO/Type IIa- IIb

Z6 "Anaerobic"/CHO-ATP-PC/ Type IIb



Training  Monitoring and 

Quantification



Monitoring of Overtraining



Monitoring of Overtraining  



Preventing Overtraining is KEY









Hematological Monitoring of Overtraining

üEssential to prevent Overtraining before it happens

üDiagnose Overtraining in time

üOne of the most important tools for an elite athlete and Coach

üEssential to have a scientific and clinical approach

üThe answer is in the blood



Embedded PowerPoint Video
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Monitoring of Overtraining

üThere are many parameters in the 

blood indicators of many different 

physiological conditions

- Hematological

- Biochemical

- Hormonal

- Serological

üAbout 200 Billion RBC’s are destroyed 

daily. So 200 Billion have to be replaced 

daily
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Á 15g/dl Hgb x 1.34 mL O2 = 20.1g/dl O2

Á 14.0g/dl Hgb x 1.34 mL O2 = 18.76 g/dl O2

-6.8% 
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Á 15g/dl Hgb x 1.34 mL O2 = 20.1g/dl O2

Á 12.8g/dl Hgb x 1.34 mL O2 = 17.15 g/dl O2

-15% !
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Á Healthy muscle Á Muscle Injury

Á Z-Lines

Á Sarcomere

Muscle Damage 

Hematological Monitoring Throughout the Season
Bolood Profiling



-Microrupture

Hematological Monitoring Throughout the Season
Bolood Profiling



Á Blood 

Muscle Damage 

Hematological Monitoring Throughout the Season
Bolood Profiling



0 No Damage 

1 Mild Damage 

2 Moderate Damage/slight Risk of Injury 

3 Important Damage/Moderate Risk of Injury 

4 Very High Damage/  Hihg Risk of Injury 

 

Normal 

Levels

Decrease in Injury rate: 3x!

Hematological Monitoring Throughout the Season
Bolood Profiling



No Damage 
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Hematological Monitoring Throughout the Season
Bolood Profiling



Marginal Gains. How important are they?



Aren’t Major Gains what we should be focusing on 

First?
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Where is the Future?

The Biosensors



- Scientific Training maximizes and utilizes all possible resources

- The Goal is to utilize 100% of genetic potential

- No Scientific Training= minimization and  under-utilization of potential 

- Overtraining is a great unknown affecting many Athletes and it should be 

assessed properly by a professional

- A true Scientific Training Necessary to make it to the next level

ÁSummary 
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