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La cuantificacion del entrenamiento

L a cuantificacion y la ciencias del deporte
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EDITORIAL

The Alphabet of Sport Science Research Starts With Q

The training stimulus in competitive sports is usu- Pollock indicated in 1973 that “many investigators have

ally described as a combination of training intensity, reported their results without quantifying their train-

volume and frequency. It is generally believed that ing procedures, i.e., no mention of energy cost, heart

these three factors produce an adaptive response in rate intensity, miles covered, etc.”**'37 Along the same

the body that should lead to improved performance. lines, Prof Will G. Hopkins indicated in his classic 1991

1.p393 work on the quantification of training in competitive

sports that, given that the links between training and

These were the introductory words of my first scientific outcomes such as performance and injury are so strong,
publication as first author back in 1995. That study was it is surprising

desiened to describe a method for estimatine

Un estudio de intervencidn es inutil si no se ha realizado una cuantificacion precisa



La cuantificacion del entrenamiento

Especializacion dentro del cuerpo técnico

Organisation of the professional team

Manager
Roberto Mancini

™~

TECHNICAL STAFF ¢ SPORT SCIENCE UNIT

Staff of the manager 1 Headchief of Medical unit
4 assistant sport science 5 Physician
1 fitness coach 1 strength fitmess coach 5 Massors
1 goalkeepers coach I I}f‘ﬂ_‘r?ﬂﬁﬂnﬁmm mzch 1 Nutritionist
[ ey /ot oo Structure of
UugG Wor, alyst i
1 fitness coach for the EDS collaboration
7 v 1 exterior medical lab
Control de la carga fisica a la que ha sido il s‘s perfor mancet Sport science university
expuesto cada deportista tanto en 1 headchief ‘-‘Jf Eﬂ'f"’”"me unit
entrenamiento como en competicién 2 opposition analysts
(Dvorak et al., 2000) I own team analyst
1 post match analyst




La cuantificacion del entrenamiento

Indicadores utilizados para
evaluar la carga interna

/ TRAINING PROCESS N Frecuencia cardiaca

External
training load
Individual - ——

characteristics Quality and quantity Organization

Lactato sanguineo

I
\ r INTERNAL _/ Temperatura central Yy
TRAINING LOAD
I || Physiological muscular
— - - Assessment
TRAINING I._
OUTCOME ., ,
. Deplecidn de glucégeno
Figure 2. The training outcome is the consequence of the internal muscular

training load determined by (1) individual charateristics, such as
genetic factors and previous training experience, and (2) the
quality, quantty and organization of the external training load.

Consumo de oxigeno

Impellizzeri, FM., Rampinini, E., y Marcora, S.M. (2005). Physiological assessment of aerobic training in soccer. Journal of
Sports Sciences, 23(6), 583-592
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La cuantificacion del entrenamiento

Técnicas de monitorizacion de

L a carga externa carga externa
TRAINING PROCESS
a [ == N\ s :
xterna
| I training load I I
Individual Quality and quanﬁy s [ — !)rgani?.atiun

characteristics

\._ INTERMNAL n _/ [
TRAINING LOAD * .
|| Physiological
ey Assessment

TRAINING
OUTCOME

Figure 2. The training outcome is the consequence of the internal
training load determined by (1) individual charateristics, such as
genetic factors and previous training experience, and (2) the
quality, quantity and organization of the external training load.

S

o

e Método util para conocer demandas de |Ia et
competicion (Reilly y Thomas, 1976)
* Amplio abanico de técnicas de registro atendiendo a
diferentes criterios (Barris y Button, 2008) [ Automatico

Criterio: “intervencion humana”

Impellizzeri, FM., Rampinini, E., y Marcora, S.M. (2005). Physiological assessment of aerobic training in soccer. Journal of
Sports Sciences, 23(6), 583-592
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Carga = Volumen x Intensidad

1. Quantifying Training. .
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La cuantificacion del entrenamiento

Percepcion subjetiva del esfuerzo

¢Como perciben nuestros
jugadores que son las
tareas/entrenamiento?

iCoOmo de intenso ha resultado el
entrenamiento?

Carga = volumen * intensidad = X

Carga = minutos sesion * valor
escala de PSE = X

Escala Descripcion
0 Recuperacion
1 Sumamente facil
2 Facil
3 Moderado
1 Algo duro
S Duro
6
7 Muy duro
8
9
10 Maximo




Valoracién del esfuerzo percibido
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Figure 4. Relationship between player load (determined by acceler- Figure 3. Relationship between the session-rating of perceived exertion
ometry) and the session-rating of perceived exertion indicator for the 210 indicator and the total distance covered for the 210 recordings made (r=
recordings made (r = 0.74; p < 0.01). “AU" is arbitrary unit. 0.76; p < 0.01). “AU" is arbitrary unit.

Casamichana et al. (2013)
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Figure 5. Relationship between the session-rating of perceived exertion
indicator and the training load indicator obtained via the Edwards method
for the 210 recordings made (r=0.57; p < 0.01). "AU" is arbitrary unit.

Casamichana et al. (2013)
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Neuromuscular, endocrine, and perceptual fatigue responses during different
length between-match microcycles in professional rugby league players.
International Journal of Sports Physiology and Performance. 5(3): p. 367-83.

Pretemporada Periodo Competitivo
Temporada

Figura 2. Carga media de sesion durante la pretemporada y durante la
temporada obtenida a través de acelerometria, a través del método
sesion-PSE y a través del método Edwards con monitorizacion de
frecuencia cardiaca (Casamichana y Castellano, datos sin publicar).



Aspectos a tener en cuenta...

* Momento estandarizado de

utilizacion (30 minutos

después de finalizar) *
e Decidir si contabilizar tiempo #

bruto o neto de sesion 7

e Decidir si  incluir o no
calentamiento (especialmente
en partido, porque
sobreestimaremos; Comyns et
al., 2013)

CONSISTENCIA
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Carga (UA) basada en el método
Sesion RPE
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La cuantificacion del entrenamiento

Carga (UA) basada en el método
Sesion RPE

Percepcion subjetiva del esfuerzo Escala  Descripcion

0 Recuperacion
¢ Como perciben nuestros jugadores que son las | Sumamente facil
tareas/entrenamiento? 2 Facil
éComo de intenso a resultado el entrenamiento? 3 Moderado

! Algo duro

5 Duro
Carga = volumen * intensidad = X 6
Carga = minutos sesion * valor escala de PSE = X 7 Muy duro

8

9

10 Maximo

Propuesta de 0 euros



Loadness

Descripcion

Controla |la carga interna de

entrenamiento de tus
deportistas de forma rapida y
comoda.

Tus deportistas rellenaran un
Test de Valoracion del Estado
de Bienestar y un Test de
Valoracion del esfuerzo
percibido: Borg, y
simplemente pulsando un
boton, recibiras todos los
datos de los test rellenos en un
documento excel, a través de
un correo electronico.




Loadness Trainer

Pepe Perez

Tests

Nombre
Pepe Peroz
Email
Pepepe@gmail.com
MNuevo Password

Password

Repetir pas

Actualizar

Loadness

Ema

Passward
Olvide mi password

Pepe Perez

Tests

20141019

Valoracion del Estado de
Bienestar

® @

Valoracion del Esfuerzo
Percibido: Borg

Loadness Athlete




Loadness Athlete

Pepe Perez — Pepe Perez =
Tests Tests
FATIGA
2014-10-19
1 Cansado Siempre O
Véloracmn del Estado de @ 15 O
Bienestar
Z Muy Cansado O
Valoracion del Esfuerzo @
Percibido: Borg 25 ®
3 Normal O
35 O
4 Fresco O
45 O
5 Muy fresco O
CALIDAD DEL SUENO
1 Insomnio O
1.5 O
2 Suefo inquieto @
25 ~




Pepe Perez

Tests

2014-10-19

Valoracion del Estado de
Bienestar

Valoracion del Esfuerzo
Percibido: Borg

Loadness Athlete

® @

Pepe Perez

0 Nada en absoluto
0.5

1 Muy ligero

2

3 Ligero

4 Moderado

] Algo duro

6 Duro

T

8 Muy duro

9

10 Extremadamente duro

O|0|0|0O

O

g
LS

O
O
O

Volver




loadness Trainer

loadness.test@gmail.com

Sesiones

2014-10-18

Deportistas

Y s 2709

loadness.test@gmail.com

Seslones

Deportistas

Nuevo Deportista

Pepe Perez
Raoberto Lopez

Francisco
Fernandez

RO

loadness.test@gmail.com

Sesjones

Nuevo Deportista

Nombre

Email

Password

| e

Deportistas




loadness Trainer

Envio sencillo de informacion al mail para tener el control del estado
pre- y post entrenamiento

INSERTAR DISEMO DE PAGINA FORMULAS DATOS REVISAR VISTA DAVIDCASAMICHANA GOMEZ -
Aial 10 AN = = General = :g_" [ ..‘v Mormal Buena Incorrecto Neutral !:‘3‘ 8 E S E‘V H
N K S = A . o o 45§  Fomato  Darformato [EEIERISCI] Entrada Notas salida Insertar Elimir 'b\ i
Tt condicional = coma tabla - - Bortar
Pi paf r L Extil Celda: Aadi ~
g .;' v
B C D E F G H J L I N 0 P a R 5 T ] W =
1 |Jugader Facha y hora Fatiga Calidad del suefio Dolor muscular general Estrés Humor Horas de suefio Dolor Comentario Borg Hora Borg Test Borg2 Hora Borg2 Test
2 [jonmoya  WWed Mar 04 08.09.35 UTC 2015 25 3 3 3 3
3 |josu etxaniz Wed Mar 04 05:39:40 UTC 2015 3 3.5 35 35 4
4 |urko macias  Wed Mar 04 16:20:09 UTC 2015 3 4 2.5 35 4 8 Gemelo - Soleo
5 |juanes Wed Mar 04 07-01-15 UTC 2015 3 4 3 35 35
& |manuel busto Wed Mar 04 08:18:17 UTC 2015 3 4 3 35 3
T |Adnano Wed Mar 04 11:10:31 UTC 2015 3 4 3 35 4 8
B |sergio martin  Wed Mar 04 09:52:46 UTC 2015 3 4 3 25 3 ]
9 |lker Zarata  WWad Mar 04 08:17-36 UTC 2015 3 5 35 4 4930
10 |xabi sanchez WWed Mar 04 06:36:13 UTC 2015 4 5 4 i 5 1
11 |txabi galan  Wed Mar 04 07:21:04 UTC 2015 4 4 4 4 4 8
&
._1:
i8] 1
=
A [ B C D E F G H | J K L M M
1 |Jugador Fecha y hora Fatiga Calidad del suefio Dolor muscular general Estrés Humor Horas de suefio Dolor Comentario Borg Hora Borg Test Borg2 Hora Borg2 Test
2 |jon moya Wed Mar 04 08:09:35 UTC 2015 25 3 3 3 3
3 |josu etxaniz Wed Mar 04 05:39:40 UTC 2015 3 35 34 3.4 4
4 Jurko macias  Wed Mar 04 16:20:09 UTC 2015 3 4 2.5 3.5 4 8 Gemelo - Soleo
5 |juanes Wed Mar 04 07:01:15 UTC 2015 3 4 3 35 3.5
6 'manuel busto Wed Mar 04 08:18:17 UTC 2015 3 4 3 35 3
7 |Adriano Wed Mar 04 11:10:31 UTC 2015 3 4 3 3.5 4 8
g |sergio martin Wed Mar 04 09:52:46 UTC 2015 3 4 3 2.5 3 6
9 |lker Zarate Wed Mar 04 08:17:36 UTC 2015 3 5 3.5 4 4 5:30
10 {xabi sanchez Wed Mar 04 06:36:13 UTC 2015 4 5 4 5 5 7
11 |txabi galan  Wed Mar 04 07:21:04 UTC 2015 4 4 4 4 4 ]
12
44

Informe b ‘



Valoracion del estado de bienestar

Fatiga muy fresco fresco normal mas cansado de siempre cansado

lo normal
Calidad del muy tranquilo bueno dificultad para sueno inquieto insomnio
suefio caer dormido
Dolor muscular sentirse muy sentirse bien normal incrementoenel  muy dolorido
general bien dolor/tirantez
WVEIEEGEESTESS muy relajado relajado normal sentimiento de altamente
estress estresado
humor muy generalmente menos interés altamente
positivo buen humor en otros y/o en irritable

otras actividad

de los normal




Valoracion del estado de bienestar

AND Niar G, MacFariane®

Exervise Scvemce, Aust

*Center for Sport and Fxeraiwe, Hersor

o, Lisind Komgudom

AnsTRACT

Johnston, RD, Gibson, NV, Twist, C, Gabbett, TJ, Machay, SA,
and MacFardane, NG. Physiological responses o an intensifiad
penod of rughy league competition. J Strength Cond Res 27(3)
B43-654, 2013-This study mvestigated the physiological

responses 1o an nlensded penod of rugby league competibon

and the subsequent mpact on match periormance. The paic
pants ware 7 rugby league players competng n an mtamabonal
student toumament. The toumament mvobed three BO-mnute
games over a 5-day penod, with 48 howrs between each malch,
Basdre messures of upper and lower body newromuscular
functions va a pyometrc pressup (PP and countermovement
jump (CMJ), respectvely (peak power and peak force wers
maasured), bio

creatre knase [CK), and perceptons of
wel-bang wers assessed with a questionnare. These measures
were repeated every morning of the competiion; neuromuscular

fatigue and CK were ac

onally assessed within 2 hous after

wrversity, Brichane, Australis; “Scotlond Rugdy Lea
&t Unrversaty, Edmbuergh, Usited Kon
Larmaie Saowes, Unioernly of Chester, Chester, Unstad Kingdom: and “Sciool of Life Soe

PHYSIOLOGICAL RESPONSES TO AN INTENSIFIED
PEeri1op oF RugBy LEAGUE COMPETITION

Rica D, Jomsston,'# Nen V. Gmsox,** Cruc Twist,* Tim J. Gasgerr,' SopHE A. MacNay,!

, Edimburgh, Unsted
palom; *Department of Sport and
nees, Universty of Glagow,

socumulate. This cumulatve fatigee may compromise high
mtensty match actrvbes such as high-speed running, accelera
tons, and tacking. Furthermoms, CMJs and PPs appear to be
sensitve messwres for monitonng neuromuscular funchion n
rugby league players

Ery Worps newomusculer faiigus, muscle damage,
BCOVETY, contact sport, wlwwl’

IntroDUCTION

ughby league is a contact team sport that is mnter

mittent in nature, with peric i high-inte nsity

sctivity (eg, high-speed run , sprinting, wnd

physical collvions) and low-intensity recovery
feg. sanding, walking and jogring) performed over two
40-minute halves. Depending on playing position, players

cover distances i the range of 3,000-8,000 m during & match
o~

A3). Over the course of & rughy league season, players

gre_required 0 compete on & weekdy basis over a 7- to

Taete 1. Fatigue monitoring protocol during the week-long intensified competition.*

Time Sunday Monday Tuesday

Wednesday

Thursday Friday

am 08.00- CK CK CK CK

CK CK

10.00 CMJ and PP
Fatigue

questionnaire

CMJ and PP
Fatigue

questionnaire
Game 1

CMJ and PP
Fatigue
questionnaire

CMJ and PP
Fatigue

questionnaire
Game 2

CMJ and PP
Fatigue
questionnaire

CMJ and PP
Fatigue
questionnaire

PM 19.00- Game 3

21.00
22.00-
23.00

CK
CMJ and PP

CK
CMJ and PP

CK
CMI and PP

*CK = creatine kinase; CMJ = countermovement jump; PP = plyometric press-up.




Valoracion del estado de bienestar

Reduccion significativa
a las 12 horas después
de cada partido
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Aumento significativo
a las 12 horas después
de cada partido
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Wellness Score (AU)

12 Post Game |
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E
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Time (hours)

Figure 6. Perceived well-being scores for each time period during the week-long intensified competition. *A significant difference (p < 0.05) to baseline. Data
are presented as mean *+ SE.
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Creatine Kinase (ul)
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Figure 5. Whole-blood creatine kinase activity at each time period during the week-ong intensified competition. * A significant difference (p < 0.05) to baseline;
A significant difference (p < 0.05) 1012 hours pregame 2 and 36 hours posigame 2. Data are presenled as mean + SE.



Valoracion del estado de bienestar

Table 1 General description of trmining content and daily training load (in arbitrary units; mean = 5D) during
each of the microcycles
Microcycle
and Time Day 0 Day 1 Day 2 Day 3 Day 4 Day & Day & Day 7 Day 8 Day 9
Five Days
AM Recovery Skills/
Swength
PM Match Skills Maich
Training load: | 421 2 173 | 118 =24 395 2 81 244 =55 475 = 196
Seven Duvs
AM Recovery Skills/Contact/ Specc Skills
Weights Conditionmg Skills
M Maich Weighls Maich
Trammg load: | 411+ 215 G4 =15 IBE + 163 iKY+ 150 %6 = 107 151 +1 | 412 % 190 |
Nine Days
AM Recavery Weights' | Conditioning/ Spead/ Skills
Skills Contact s
PM Match Skills Match
Training load: | 4112217 | 9615 133+ 118 478 =271 339277 | 166233 | 4372172
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Figure 1 — The well -being review sheet that was completed during the smidy.
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Neuromuscular, Endocrine, and Perceptual
Fatigue Responses During Different
Length Between-Match Microcycles in
Professional Rugby League Players

Blake D. McLean, Aaron J. Coutts, Vince Kelly,
Michael R. McGuigan, and Stuart J. Cormack

Introduction: The purpose of this study was to examine the changes in neuro-
muscular, perceptual and hormonal measures following professional rugby league
matches during different length between-match microcycles. Methods: Twelve
professional rugby league players from the same team were assessed for changes
in countermovement jump (CMJ)} performance (flight time and relative power),
perceptual responses (fatigue, well-being and muscle soreness) and salivary hor-
mone (testosterone [T] and cortisol [C]) levels during 5, 7 and 9 d between-match
training microcycles. All training was prescribed by the club coaches and was
monitored using the session-RPE method. Reswdts: Lower mean daily training load
was completed on the 5 d compared with the 7 and 9 d microcycles. CMJ flight time
and relative power, perception of fatigue, overall well-being and muscle soreness
were significantly reduced in the 48 h following the match in each microcycle (P
< .05). Most CMI variables returned to near baseline values following 4 d in each
microcycle. Countermovement jump relative power was lower in the 7 d microcycle
in comparison with the 9 d microcycle (P < .05). There was increased fatigue at
48 hinthe 7 and 9 d microcycles (P < .03) but had returned to baseline in the 5 d
microcycle. Salivary T and C did not change in response to the match. Discussion:
Neuromuscular performance and perception of fatigue are reduced for at least 48
h following a rughy league match but can be recovered to baseline levels within
4 d. These findings show that with appropriate training, it is possible to recover
neuromuscular and perceptual measures within 4 d after a rughy league match.

Keywords: neuromuscular fatigue, testosterone, cortisol, team sport, monitoring
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Valoracion del estado de bienestar

McLean et al. (2010)
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Pregunta final.....

Si las escalas de intensidad son utiles, ¢ por qué nos las utilizamos?
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Ellfutbol | (ahora)esiasi|

Toato e Felp Virmmen J Al
‘ Lacradel bigdataestd revolucionando la trastienda del fiitbol gracias atéenicos dvidos
5 de controlar todo lo controlable en un deporte impredecible. A las puertas de la final
de laChampions, shasta qué punto los GPS, los cardiémetros y los programas de andlisis

ayudan al triunfo final en un juego en el que lasuerte y el talento cuentan tanto?

.




