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We have seen amazing advances in science in t
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

s - Marginal gains are thought to be the scientific
$re approach...But they are just that: Marginal
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\ ;\xk\mMajor gains ( The ABC’s) however are not
achieved many times because the scientific

D
& approach is not applied by coaches and athletes
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Today’s Main Topics



Determinants of Performance

Physiology
Genetics

PERFORMANCE

Psychology

Health
Injuries




HOW MANY ELEMENTS DO WE CONTROL???

Physiology
Genetics

PERFORMANCE Health
Injuries

Psychology




MAJOR GAINS
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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

What are the Principles of Training?

- Specificity
- Individuality
- Overload

- Progression
- Adaptation
- Recovery




Training Individualization
Why is it so important?

Each Body is DIFFERENT!. We have DIFFERENT Metabolism
and Physiology and therefore different parameters and training
zones!!




The Only way to Individualize training scientifically is to know
who we are working with

We MUST measure the physiology and metabolism of who are
we working with
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Training Intensity Zones
www i-multisport. com

Heart Rate Zones Swim Pace
{cycling and munning) | (time per 100)
I0ONE1

FRecovery pace

/pace— 10 sec

T-Pace + 5 sec

T-Pace
ZONE 5A T-Pace
Super-LT pace
ZONE 5B T-Pace — 5 sec
Anaerobic effort
ZONE 5C
All out sprinting effort

Heart Rate Training Zones

Intensity Zone Accomplfhment Borg
3 Tempo 5
MEDIUM
4 Road Race 6

Zone/Level | Range |Edwards® Coggan’ |Edwards®| Coggan’ |

Low 6% | 16 | 121

2 Endurance | mid_ | 65% 126 | 133
High | 70% 16| s
Low 70% 84% 147

3 Tempo Mid 75% 89% 146 56
High | 20% | 94% 155 1
Low ‘80% 95% 155 166

4 Threshold Mid 85% 100% 165 175
P I T I T
Low 90% > 106% 175

5 VO2max Mid 95% 184
High | 100% 190

Enter LTHR ssxssssssusssssss> 175 Coggan® Ref. Or. Andy Coggan
Enter HRMax ssssssssssessse> 194 Edwards’ Ref, Sally Edwards




Peter Drucker

-The man who invented Management

-Father of Business Analytics
-Father of Modern Business Corporation
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Physiological Testing

U The foundation of any scientific-based training program- Coaching 101

U Itis crucial to establish the physiological and metabolical parameters of
each athlete in order to prescribe the most accurate and scientific-based
training program.

U Evaluation of the “engine” of an athlete.

U Evaluation of the weak and strong points.

U Evaluation of quantity and quality of training




Traditional View

Exercise Physiology LAB




Exercise
Physiology/Human
PERFORMANCE Lab




gse Ialogy lab

~*VO2 max "

Patient Information

Name: File number: 11A-Ultra Test time: 2010/10/27 10:41

Age: 25 yrs Sex: M Doctor: Mattern

Height: 72.5in (184 cm) Weight: 158.0 Ib (71.8 kg) Tech:
Test Protocol

Test degree: Maximal

Exercise device: Treadmill
Test Environment

Insp. temp.: 22.0deg C Baro. pressure:  733.0 mmHg

Insp. humidity: 320% Exp. flow temp.: Mean of room temp. and 37.0 deg C

Insp. O2: 20.94 % Insp. CO2: 0.03 %

(STPD to BTPS: 1.2580)
Base Values for Sampling

Base O2: 20.94 % Base CO2: 0.03 % Measured 02: 20.95%, CO2: 0.02%
TIME vO2 vCOo2 VE FEO2 FECO2 RR TE Tl

STPD (STPD % BTPS BTPS
min:sec Limin i Umin  Umin % % BPM sec sec bpm
0:16 1.03 1.10 2568 0.85 16.07 4.31 22 1.49 265 106
0:30 137 1.38 31.01 080 15.60 4.50 21 1.60 282 112
0:45 1.78 1.67 3486 075 14.86 4.83 23 1.58 258 1186
1:02 1.76 1.67 33.73 0.75 14.72 4.98 18 1.89 3.25 113
1:15 1.97 1.86 36.54 0.75 14.52 5.12 23 1.59 263 114
1:31 2.20 2.1 4083 0.76 14.50 521 22 1.65 267 121
1:48 198 2.02 39.20 0.81 14.83 5.18 22 1.65 277 126
2:00 2.28 229 4364 0.80 14.85 5.28 25 1.48 2.38 125
2:17 237 242 46.81 0.81 14.82 5.21 25 1.40 2.38 125
2:3 1.75 1.85 37.10 084 15.20 5.03 25 1.32 240 124
2:48 249 2.52 47.10 0.80 1456 5.38 21 1.71 278 126
3:01 2.56 2.69 50.72 0.83 14.80 5.34 22 1.82 2.68 130
3:17 2.39 261 49.52 0.87 15.04 5.29 23 1.57 260 129
3:31 222 2.47 4788 0.88 1526 5.18 25 1.50 2.38 127
3:48 1.86 2.01 3841 086 15.03 5.27 18 2.00 3.33 129
4:01 2.89 2.91 51.18 0.80 14.14 571 23 1.50 2.62 130
4:18 2.39 33.3 4219 250 46.09 0.83 14.63 5.486 21 1.56 285 138
4:30 2.99 4.7 52.18 3.18 57.00 084 14.55 5.61 25 1.39 2.38 138
4:45 263 6 5038 294 55.03 0.89 15.07 537 23 1.53 255 142
5:00 233 325 4337 255 47.38 0.87 14.92 5.42 25 1.37 241 135
5:15 287 40.0 5138 3.05 58.10 0.84 14.71 547 23 1.54 2.55 136
5:31 2.74 38.1 51.79 3.05 56.57 0.88 15.00 5.42 22 1.57 267 138
5:45 278 386 5226 3.09 57.09 0.88 1497 543 22 1.58 266 138
6:00 261 363 5054 296 55.21 0.90 1512 5.39 23 1.49 2.57 137
6:16 277 385 5217 3.06 56.99 0.88 1498 541 23 1.53 255 137
6:32 267 372 5204 299 56.85 0.89 15.17 528 25 1.25 229 139
6:45 267 371 50.72 295 5541 0.88 15.04 5.35 31 1.19 1.90 135
7:01 279 389 5359 3.07 5854 0.87 1510 5.28 27 1.22 222 138
7:15 2,05 286 4222 235 46.12 0.91 15.45 513 29 1.18 203 135
7:30 148 206 30.5¢ 1.66 33.42 088 15.50 4.99 20 1.98 3.04 127
7:47 157 21.8 2825 165 3086 0.84 14.77 5.39 18 1.86 3.23 105
8:03 1.48 205 2694 155 2043 084 1485 530 19 1.92 3.21 107
8:15 1.32 184 2627 147 2869 088 15.28 5.16 19 1.83 3.08 a9
8:30 1.1 155 2298 1.26 2511 080 1549 506 16 221 3.69 98
8:47 1.07 150 2248 1.25 2456 0.92 1552 5.12 18 1.87 3.33 100
9:01 1.22 170 2544 140 27.79 0.92 15652 5.08 21 1.47 287 109
9:17 1.04 144 2343 124 2560 095 1590 4.87 19 1.88 312 101
9:32 1.14 158 2649 1.38 2893 0.98 16.01 4.81 20 1.75 3.01 100
9:46 1.05 1486 2479 1.30 27.08 0.98 16.08 482 22 1.65 274 103
10:00 0.96 13.4 2350 1.21 2567 1.00 16.23 474 16 2.16 3.62 104
10:15 121 16.8 2798 1.52 3056 1.00 15.86 5.00 17 2.05 3.61 111
10:33 0.94 13.1 2225 121 2431 102 16.08 5.00 16 227 3.62 108
10:49 0.87 12.2 2128 1.14 2325 103 16.17 483 15 265 4.10 106
11:03 0.82 1.3 1898 1.03 20,73 100 15.99 5.00 13 281 447 104



Blood Lactate (mM)
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WORTHLESS!!







Central Adaptations

¢

%
<3 &’ \‘_‘_
Lung§SEs ,\ﬁ\x
’Zj’ Heart

oy

Local Adaptations

carbon dioxide

\\\\\\\\\M...
@ﬁi@ “/ %&? . . _g— Synthesis of ATP
. ,:,‘;?) mitochondria

~

adenosine triphosphate

high energy bonds

adenosine monophosphate




Improvement in Performance but not necessarily in Vo2max

Professional 32 y.o. male cyclist

75 - Changes in VO2Max (ml/kg/min) Overtime No
72.2 2.7 Improvement in
VO2max
70 -
65 -
60 -
55 -
50 -
V02 Jan-09 V02 March-11

9 7 Lactate vs Workload (Watts/Kg) 8.4

g -

7 - Very important
% 6 - Improvement in
E 5 - Lactate Clearance
E’ 4 Capacity
g, \_ Y,
2

2

1

0

2W/Kg 2.5W/Kg 3W/Kg 3.5W/Kg 4W/Kg 4.5W/Kg 5w/kg 5.5w/kg

—|aJan-09 e——|aMar-11



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

Main Parameters

* | actate Metabolism

*Fat metabolism
*Carbohydrate Metabolism
*VVOZ2max

» Metabolic Efficiency

-Only with the evaluation of

these parameters it is possible

to establish an appropriate and
Individual training program for an
athlete

-Ot her wi s e, Wi thout
guessing!

BRESSN N ( . -




Physiological/Metabolic Testing




In the Field:

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

Ryder Hesjedal
2012 Tour of Italy (Giro) Winner

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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Physiological/Metabolic Testing




Physiological/Metabolic Testing




Cellular and Metabolic Mechanisms Behind
Performance




Mitochondrion is the Absolute King in Metabolism




Mitochondrion is the Absolute King in Metabolism
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http://jcem.endojournals.org/content/96/2/494/F1.large.jpg

Differences in Lactate Metabolism

JC AC PC WPC
317 £ 23"°? 338 + 26%* 370 £ 32"° 401 £ 29%*
4.91+0.28>° 5.09+0.217 527 +0.39>°® 6.10+0.31%"°
1.8+0.2%%"9 1.3+0.2° 1.3+0.1*" 1.0 £ 0.4"9"
3.0+£0.9"¢ 2.1+0.7" 1.8+0.6"" 1.3 +£0.2%""

6.6 £2.0m"° 46+1.3"P9 3.2+1.0"P7 1.88+£0.4%%"
101 +2.1%" 8.7 +2.0%“"Y 58+15%"%  31+09"""
9.35+ 3.26 7.86 +2.16 5.64 +1.29
8.63 + 0.50
11.4 +1.21

* WPC Criteria:
- Tour de France, Italy and Spain winners or podium

finishers.
-World Champions.
-UClI Pro Tour stage races or “classics” winners.

San Millan et al. Physiological Differences Between Road Cyclists of Different Categories. A New Approach.
Med Sci Sports Exerc 41:548. 2009



Muscle Lactate Clearance

FFA (free fatty acids) Glucose Glucose +

ATR+ PC
Type I muscle cells Type Ila muscle cells
SLOW TWITCH
Effects of pH and Pi on Contraction Velocity in Rat Type I

FAST TWITCH
muscle fibers

a o~

VElocity (fl/s)
w = (5l

=N

o

pH 7.4 pH 6.4

Nelson et al, 2014
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Nelson et al, 2014



Mitochondria and Performance
Substrate Utilization
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Substrate Utilization

Crossover

Point

5 - FAT and CHO Oxjdation rates vs HR - 0.3
c 45 - 4.6 E
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5.0 3
i -02 £
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5 2 =
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1 - w
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*San Millan, I.; Gotshall, R.W.; Gonzalez-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.

*Gonzalez-Haro, C.; San Millan, 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
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The Metabolic Map

Structure of a Skeletal Muscle

Bone \\
4 &

Perimysiun  Blood vess

N Muscle i

Fascicle

Metabolic Response to Exercise. Lactate, Fat and Carbohydrate Response

EATIS MAIN FUEL USED

This Happens in the
Mitochondria. That’s
why these fibers have
the highest
mitochondrial content
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== actate (mM/—-—CHOox (g/m FAT ox (g/mx
{ \
Z5

S —
GLUCOSHH

o B

TYPE lla FIBER TYPE Ilb FIBER

(WHITE/RED) (WHITE)

FAST TWITCH SUPER FAST TWITCH
PC & GLYCOLYTIC

SYSTEM (ANAEROBIC)
Mainly recruited:
Maximal Exercise

Sprinting
Weight Lifting

ATP+PC

San Millan. 2013

Muscle Fiber Recruitment. TYPE | Fibers (Slow Twitch)

TYPE lla Fibers (Fast Twitch)

TYPE llb Fibers (Super-Fast Twitch )

Az Exercise intensity increases, muscles need to contract faster and stronger so faster muscle fibers need to be recruited. Fuel needs alzo change. Fat provides energy at low-moderate
intensities (£1-Z2) but it is not fast enough to provide energy at higher intensities, so Glucose is then the preferred fuel.




The Metabolic Training Concept

Metabolic Response to Exercise. Lactate, Fat and Carbohydrate Response
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Training Monitoring and
Quantification
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Monitoring of Overtraining



Monitoring of Overtraining
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Preventing Overtraining is KEY

It is important to measure and monitor different
important parameters throughout the season

We need to apply a scientific approach




General Workout/Recovery Cycle

Supercompensation Involution

Training Stimulus \ l

Recovery

\

f

Fatigue

Zatsiorsky & Kraemer, 2006



Supercompensation Models

‘(\/Xi/gi/f\ﬂ Supercompensation positive
v
s . .

bv\J — Supercompensation positive
v
A

2 A Supercompensation negative

TV Y~ P i Supercompensation positive

lW accumulated

=—=_ Supercompensation null

Zatsiorsky & Kraemer, 2006



Physiological Monitoring throughout the season

10.00 -
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Blood lactate levels vs power output




Hematological Monitoring of Overtraining

U Essential to prevent Overtraining before it happens

u Diagnose Overtraining in time

U One of the most important tools for an elite athlete and Coach
U Essential to have a scientific and clinical approach

U The answer is in the blood

red blood cells

plasma

M

© 2006 Encyclopadia Britann platelets



U There are many parameters in the
blood indicators of many different
physiological conditions

- Hematological
- Biochemical

- Hormonal

- Serological

Monitoring of Overtraining

u About 200 Billion RBC’s are destroyed
daily. So 200 Billion have to be replaced
" daily

Hemoglobin molecule

Red blood
cell
Red blood

cells contain
several hundred
hemoglobin molecules
_ . which transport oxygen
e Oxygen binds to heme on
: the hemoglobin molecule




Hematological Monitoring Throughout the Season
Bolood Profiling

Hgb Evolution during the season
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A 5.2
15 1 15.2 15
/ 15.1 \ N 14,
14 -
40 / —
14.0
13 - // \ /
12

2/1/p007/ 3/2/2007 2/3/2007 5/4/2007 \4/5/2007 6/6/2007 2/7/2007 2/8/2007 4/9/2008

<

DETECTION, INTERVENTION AND CORRECTION

Optimum Performance Frame
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Hematological Monitoring Throughout the Season

Bolood Profiling

Hgb Evolution during the season

15.2 15
15.1 \ 14.7
4.0
A 4

5.2

14.

14.0
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2/1/2007 3/2/2007 2/3/2007 5/4/2007 4/5/2007 6/6/2007 2/7/2007 2/8/2007 4/9/2008

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

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

-6.8%

——Hgb



Hematological Monitoring Throughout the Season
Bolood Profiling

Hgb Evolution during the season
16

15 4

14

13

12/

2/1/2007 3/2/2007 2/3/2007 5/4/2007 4/5/2007 6/6/2Q07 2/7/2007 2/8/2007 4/9/2008

NO Detection, Intervention ,correction = OVERTRAINING!!
Optimum Performance Frame



Hematological Monitoring Throughout the Season

16 1
15 4
14 4
13 ~
12 4

11 -

Bolood Profiling

Hgb Evolution during the season

15

12.8

2/1/2007 3/2/2007 2/3/2007 5/4/2007 4/5/2007 6/6/2007 2/7/2007 2/8/2007 4/9/2008

15g/dl Hgb x 1.34 mL O2 = 20.1g/dl O2
12.8g/dl Hgb x 1.34 mL O2 = 17.15 g/dl O2
-15% !



Hematological Monitoring Throughout the Season
Bolood Profiling

Muscle Damage
Healthy muscle Muscle Injury

Z-Lines




Hematological Monitoring Throughout the Season
Bolood Profiling

-Microrupture




Hematological Monitoring Throughout the Season
Bolood Profiling

Muscle Damage
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Hematological Monitoring Throughout the Season
Bolood Profiling

Average Muscle Damage Index for Starters on a

Football Team During the Season Normal
. Levels

35
3
25
2
1.5
1
_
; ]
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Where Is the Future?




Summary

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
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