JORNADAS DE ACTUALIZACION EN

RENDIMIENTO DEPORTIVO

Diseno efectivo del
calentamiento para el
entrenamiento de alta
intensidad

David Casamichana Gomez
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¢Qué es alta intensidad?

Rendimiento a

largo plazo

>5 minutos

Rendimiento a
medio plazo

10 segundos- 5 minutos

Rendimiento a
Deportes

corto plazo

colectivos

<10 segundos



¢ Cual es el objetivo del calentamiento?

Preparar al deportista/equipo

. ara el acontecimiento
Exito 4 "

principal siguiente
(Woods, Bishop, & Jones, 2007)
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¢ Nos lesionamos por mal calentamiento?
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La mitad de lesiones en el
ultimo cuarto de hora de
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Woods et al. (2004)

Figure 3 Time of hamstring strains sustoined during motch play



Efectos del calentamiento

Efectos relacionados con la T2 Efectos no relacionados con la T2

* Incremento de la T2 | | * Incremento del flujo sanguineo
intramuscular * Incremento del consumo de oxigeno

* Incremento de la velocidad de| |« potenciacion post-activacion (PAP)

conduccion nerviosa .,
* Preparacion mental y efectos

* Incremento de la velocidad de psicolégicos
contraccion muscular

* Incremento de la velocidad de las
reacciones metabodlicas

* Disminucion de la resistencia de
musculos y articulaciones al
movimiento

e Mayor liberacion de oxigeno
procedente de hemoglobina vy
mioglobina

Bishop, D. (2003). Warm up |. Potential mechanisms and the effects of passive warm up on mechanisms and the effects
of passive warm up on exercise performance. Sports Med, 33, 439-54
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Performance Changes Following Active Warm Up and How
to Structure the Warm Up
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Abstract While warm wp is considored i be os=catiol for oplimem performance, ther is

litthe scicntific evidenoo supporting its cffoctiveness in many simations. As a
rosull, warm-up procedures o usually based on the trial and cmror expericnce of
the athlele or coach, rather than on sciontific study. Summarising the findings of
the many warm-up studics conducted aver the years is difficult Many of the
caricr studics weore poorly controlled, contaimed few study participants and oficn
omitied statistical analysecs. Furbecrmors, over the yoars, warm op prolocals
consisting of differenl types (e.g sctive, passive. specific) and siructures (e.g.
varicd imicosity, duralion and recovery] have boon wsed. Finally, whilke many
studics haove investigabed the physiclogical responscs o warm up, relatively fow
studics have roporied changes in performance following wanm up. The first part of
this review critically analyses reponed changes in performance fallowing various
aclive warm-up prtocals.

While thore is a scarcity of well-conimdled studies with larpe subject numbers
and approprioic siatistical analyscs, o number of conclusions can be drawn
regarding the effects of sctive warm wp on porformance. Active warm up iends 1o
result in shightly lerger improvemenis in short-term performance (<10 soconds)
than those achicved by passive beating alone. Howerer, shori-lerm performance




Factores a tener en cuenta

Necesidades

Capacidades Contexto
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Bishop, 2003
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Chapter IX

To Warm up or to Pre-cool?
The Paradox of Optimal Strategies to
Undertake Prior to Exercise in the Heat

Rob Duffield” and Ric Lovell”
! School of Himean Movement Stadies, Charles Shurt University, Panorama Ave,
Batmrst, N5W, Australia, 2705
* Department of Sport, Health and Exercise Sciences, University of Hall, Hull,
HUS TR UK

Abstract
Exarcise in hot conditioms alters the physiclegical mspozes to the exsxing smartdse

boot and may kasten the coset of fxtige. Fagardles: of the eovimcoment, offen pre-
exmrcise procedurs: ame saoployed in ender o exume the comeencesant of exencise o an

A Combined role For warm-up and i o e et i b e ey, Wit b e b
- - ihown %o koo arpogeadc benefin, they are somewhat conmadicory i marems. It i well
Pre-coollng In thE Heat dncumanted that ogtimal pemorhr Smefion of te comtractle Shres soours with an

increased mmscls temparymre. Accordingly, the practice of 2 wam wp prior to sXarcie
commencement i endanzic to most sports and athlotes and i coften based on the premize
of mcreasing omscle wooperaure. In conirast, it is equally well decumenizd that reducing
Ty temperature by cooling the pariphery of the body, incheding the presculamra, is alse
arpogenic for axurcise parformance. Accordmply, the practics of pre-cooling is regalary
msed by adhletes fom a rmge of spors and smvircmment. This contadicticn batwmen
incrasing and decrsasng mespectve body emperatores to Improve sXercive parformance

" Costac desails. Rob DuiTield PED. &1 26338 459309 (Tely, 61 2 6338 4065 (Fax) ridud T I e e au




Elementos a manipular

Intensidad

[
=
I

1DD_/

shor-term performance (% control)

a0 -

60 No Deplecion
consigue de

D elevar T2 substratos

I
0 20 40 60 a0 100
Warm-up intensity (% VOu0,)

Fig. 1. Changes in short-term performance (expressed as a per-
centage of a control performance without a warm up) immediately

following warm up performed at different intensities of maximum
oxygen consumption (VO2may).['# 19225

Cuando no hay
periodo de
recuperacion
posterior

\/

Bishop et al., 2003




Elementos a manipular

Intensidad

Deportistas

moderadamente | >
R entrenados
S 100 - e
: 7\
£ % — \
D —
28 w{
= —
g = Deportistas poco > 50-60%
= entrenados ’
5 80 VO, max
E | | | | |
— 0 20 40 G0 80

Warm-up intensity (% \;’C}Enﬂ]

Fig. 2. Changes in intermediate performance (expressed as a per-

centage of maximum performance) following warm up performed at

different intensities of maximum oxygen consumption
(VO2max).[22 Bishop et al., 2003



Elementos a manipular

| Intensidad |

Rendimiento a
largo plazo

Rendimiento a
corto plazo

Rendimiento a
medio plazo




Elementos a manipular

Duracion

e Suficiente duracion para elevar
temperatura muscular. La duracién afecta
al rendimiento posterior.

Minima duracion para no “fatigar”

Incremento Tm

A los 20" se ha conseguido elevacion de
Tm, y con intensidad del 60% VO, max se

Duracion “fatiga” poco




Elementos a manipular

Duracion

100 —,
= | Si el calentamiento es muy intenso y no hay
3 00 4 \ periodo de recuperacion, el rendimiento
g \ posterior desciende
E 80 "‘\
e,
g ~—
= T .
:‘—l_-l ?-I:I N . . V 4 [ 7
£ Vaciamiento de depdsitos de energia de alta
Z intensidad
60 —

0 1 2 3 4 5 6 [ 8 9
Warm-up duration (min)

Fig. 3. Changes in short-term performance (expressed as a per-
centage of a control performance without a warm up) immediately Tan corto como sea
following high-intensity warm up performed for different dura- .

fions 192555 ! o F posible




Elementos a manipular

Duracion

‘ Rendimiento a

- ar
Rendimiento a E\-e\;men’te el largo plazo
corto plazo cogrestV
P NS o

Rendimiento a
medio plazo




Elementos a manipular

Duracion de la recuperacion

‘ Dependiendo de la intensidad y de la duracion

Rendimiento a Rendimiento a
corto plazo - largo plazo

Rendimiento a
medio plazo
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Efectos del calentamiento pre-
co fitivo

de ca\entam'\ento

inutosS .
20 min sisten en.

qerobico que con
o o
. Carrerade baja intensida
(10 mins) r
. Estiramientos dinamico
(5 mins)

de entrad

o jones :
Accl de tiro (3 mins)

° ACC'\OHES
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and Jump Performance, Temperature and Muscle Damage. Hum Kinet, 46:167-75. doi: IS aStaste St
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Efectos del calentamiento pre-
competitivo
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Before the After the 4% gquarter 24h After 48 h
warm-up warimi-up
Figure 1

Mean (£ SD) values for rectal body temperature
*p<0.05 significant difference compared with the values before the warm-up

Pliauga, V., Kamandulis, S., Dargeviciuté, G., Jaszczanin, J., Kliziené, 1., Stanislovaitiené, J.,
& Stanislovaitis, A. (2015). The Effect of a Simulated Basketball Game on Players' Sprint

and Jump Performance, Temperature and Muscle Damage. Hum Kinet, 46:167-75. doi:
10.1515/hukin-2015-0045.




Efectos del calentamiento pre-
competitivo
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Pliauga, V., Kamandulis, S., Dargeviciuté, G., Jaszczanin, J., Kliziené, 1., Stanislovaitiené, J.,
& Stanislovaitis, A. (2015). The Effect of a Simulated Basketball Game on Players' Sprint
and Jump Performance, Temperature and Muscle Damage. Hum Kinet, 46:167-75. doi:
10.1515/hukin-2015-0045.




Efectos del calentamiento pre-
competitivo
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Figure 3

Mean (£ SD) values for jump height
*p<0.05 significant difference compared with the jump height values before the warm-up
#p<0.05 compared with the jump height values after the warm-up

Pliauga, V., Kamandulis, S., Dargeviciuté, G., Jaszczanin, J., Kliziené, 1., Stanislovaitiené, J.,
& Stanislovaitis, A. (2015). The Effect of a Simulated Basketball Game on Players' Sprint
and Jump Performance, Temperature and Muscle Damage. Hum Kinet, 46:167-75. doi:
10.1515/hukin-2015-0045.




iComo es el calentamiento en
el futbol profesional?

Duracion

30.8 £ 8.2 min

Frecuencia
9% >25" min

Down-Time

12.4 £ 3.8 min

El 63% de los técnicos instruye a los jugadores a
realizar actividades de re-calentamiento en este
tiempo

Towlson, C., Midgley, AW., & Lovell, R. (2013). Warm-up strategies of professional
soccer players: practitioners' perspectives. J Sports Sci, 31(13):1393-401.




¢ Es necesario re-calentar antes
del inicio del partido?

37.2 1 10 min
. B 20 min

E 37.0 1 | | A 30 min
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Time (min)

Galazoulas, C., Tzimou, A., Karamousalidis, G., & Mougios, V. (2012). Gradual
decline in performance and changes in biochemical parameters of basketball

players while resting after warm-up. European Journal of Applied Physiology,
112, 3327-3334.




CMJ (cm)

¢ Es necesario re-calentar antes
del inicio del partido?

50 A - *
#10 min 24 I .
W20 mi
45 4 30 min —_
®40 min -,
E
40 £ 22
o
7]
35 E
- 2p4 #1410 mi|
W20 mi
30 1 430 min
*40 m|
25 ¥ T - y y - 1.8 . . . : .
0 10 20 a0 40 0 10 20 30 40
Time (min) Time (min)

-
na

[ =~
o® =}
A
]
—
1

20-m Sprint (s)
[~] [~]
E= [=x]
_—H
—
T
883
3 3 3

32 T T T T
4] 10 20 30 40

Time (min)
Galazoulas, C., Tzimou, A., Karamousalidis, G., & Mougios, V. (2012). Gradual
decline in performance and changes in biochemical parameters of basketball
players while resting after warm-up. European Journal of Applied Physiology,

112, 3327-3334.







Efectos de Potenciacion

Post-Activacion

Proceso neuromuscular transitorio
gue permite mayor rendimiento
contractil del musculo

Incremento de la eficiencia neugg
Un descenso de las tg
unidades motorag

frecuenC|

o’n de miosina de las

gde la sensibilidad proteica al Ca+2




Efectos agudos diferentes

calentamientos Calentamiento

tra'mnal
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Zois, J., Bishop, D.J.,, Ball, K., Aughey, R.J. (2011). High-intensity warm-ups elicit superior
performance to a current soccer warm-up routine. J Sci Med Sport. 2011 Nov;14(6):522-8.




Efectos agudos diferentes .
calentamientos Calentamiento

tra'mnal
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1

Blood lactate {mmnI-L'1}

BL SSG SRM TS
+67.2% +2% +65.5%

Zois, J., Bishop, D.J.,, Ball, K., Aughey, R.J. (2011). High-intensity warm-ups elicit superior
performance to a current soccer warm-up routine. J Sci Med Sport. 2011 Nov;14(6):522-8.




Efectos agudos diferentes -

calentamientos Calentamiento
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Zois, J., Bishop, D.J.,, Ball, K., Aughey, R.J. (2011). High-intensity warm-ups elicit superior
performance to a current soccer warm-up routine. J Sci Med Sport. 2011 Nov;14(6):522-8.




Efectos agudos diferentes
calentamientos
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Zois, J., Bishop, D.J.,, Ball, K., Aughey, R.J. (2011). High-intensity warm-ups elicit superior
performance to a current soccer warm-up routine. J Sci Med Sport. 2011 Nov;14(6):522-8.
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Efectos agudos diferentes
calentamientos

F-1
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Zois, J., Bishop, D.J.,, Ball, K., Aughey, R.J. (2011). High-intensity warm-ups elicit superior
performance to a current soccer warm-up routine. J Sci Med Sport. 2011 Nov;14(6):522-8.

Calentamiento

trafiicional ; [

| k¥

y M

23.mins

L F\-__‘.r—” ] /
b e
2 mins-carrergyy




Efectos agudos diferentes

calentamientos e imlen'mf
ional

tra
El calentamiento habitual de partido no ‘zs.mms .

mejora el rendimiento fisico posterior )
*Aumenta temperatura del Core, produce Lactato, y no mejora

L _tendimiento resBecto a otras propuestas
|
Los departistas pueden préSentar fatiga;por
las series repetidas de spfihts, cambias [de

direccion, saltos y regates
*La carga de entrenamiento.fue de 147.2 UA, mientras que en
; SRM fue de 1.1 UAy en SSG fue de 78 UA r §

v

Zois, J., Bishop, D.J.,, Ball, K., Aughey, R.J. (2011). High-intensity warm-ups elicit superior
performance to a current soccer warm-up routine. J Sci Med Sport. 2011 Nov;14(6):522-8.



Efectos agudos diferentes

calentamientos

Las situaciones de juegos reducidos
mejoraron la capacidad de salto

Mejora en la capacidad reactiva de agilidad,
por transferencia

Las.acciones de alta intensidad iterativas de
este tipo de tareas, preparan al deportista
para la actividad posterior

Zois, J., Bishop, D.J.,, Ball, K., Aughey, R.J. (2011). High-intensity warm-ups elicit superior
performance to a current soccer warm-up routine. J Sci Med Sport. 2011 Nov;14(6):522-8.



Efectos agudos diferentes

calentamientos

La sobrecarga 5RM provoeca un efecto de
potenciacion post-activacion, con ‘el menor
estrés fisiologico

El 97% de |os sprints.fue«ln 3% mas rapido
que en el calentamiento tradicional de
futbol, y en el 67% de los cases Uun 4% mas
rapido que durante.los SSG

El PAP mejora el ratio de fuerza, alcanzar
velocidad altas antes

Zois, J., Bishop, D.J.,, Ball, K., Aughey, R.J. (2011). High-intensity warm-ups elicit superior

performance to a current soccer warm-up routine. J Sci Med Sport. 2011 Nov;14(6):522-8.



Con la Inercia donde
cada deportista expresa
la maxima potencia

Efecto de
Potenciacion

Post-
Activacion

5" pedaleo 80 romy 80 W
+

4 series de 6 repeticiones/2"’




Efectos agudos diferentes

calentamientos

Fase de contacto mas rapida después del entrenamiento de sobrecarga
excéntrica

Mejora capacidad de salto y tiempo en sprint 20 m

Cierta variabilidad en el efecto mejora
(2 de 20 emporan CMJ)

de Hoyo, M., de la Torre, A., Pradas, F., Safiudo, B., Carrasco, L., Mateo-Cortes, J., Dominguez-
Cobo, S., Fernandes, O., & Gonzalo-Skok, O. (2014). Effects of Eccentric Overload Bout on
Change of Direction and Performance in Soccer Players. International Journal of Sports
Medicine, ahead of print




El efecto de
potenciacion post-
activacion

20-m sprint time

Relative 1 RM Back Squat (kg.kg™')

1.8 v o
1 2 3 4
PAP response (%)
- 20-m sprint time
<
o 18 =063
x
= r2=0.40
8 14{ p=002 %o
O B
@ %
e o
§ 1.2+ :
= © ® °
E 1.0
o
2
Seitz ,L.B., Trajano, G.S., y Haff, G.G. (2014). The back squat % 0.8 > 3 2 X
and the power clean: elicitation of different degrees of o PAP response (%)

potentiation. Int J Sports Physiol Perform, 9(4):643-9.



El efecto de PAP
¢Cuando aparece? {Cuanto dura?

N=11 .
6 respondedores +++e++ Non-responder JH
e e sponder JH
5 no respondedores

=
P

o o
L i
0o o

<
w
o

Jump Height (m)

Baseline 15 s 4 min 8 min 12 min 16 min 20 min

Jump Condition (Time)

Mola, J. N., Bruce-Low, S. S., & Burnet, S. J. (2014). Optimal recovery time for postactivation potentiation in professional
soccer players. J Strength Cond Res, 28(6):1529-37.



¢ Cual es el mledo?




¢Como es la actividad durante un
partido?
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Akenhead, R., Hayes, P.R., Thompson, K.G., & French, D. (2013). Diminutions of acceleration |~ :
and deceleration output during professional football match play. J Sci Med Sport, 16(6):556-61.




Efectos a medio plazo de
. . - A
diferentes calentamientos [egii s

Start / Finish tragikional ;
5 \ , o '/
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i c | \, s
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RESSIGE ! 20 m Sprint c
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| 7
Turn backwards g i e o
(180 degrees turn) i O
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Zois, J., Bishop, D., & Aughey, R. (2015). High-intensity warm-ups: effects during subsequent
intermittent exercise. Int J Sports Physiol Perform, 10(4):498-503.
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Vertical Jump height (cm

{seconds)

Time
Media de Sprints

Efectos a medio plazo de
diferentes calentamientos
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Efectos a medio plazo de
diferentes calentamientos

con calentam'® somos Ma>
. o PAP (apido:
coﬂsegu\mo agjles

uede®
El calentamie £atigarno> 20
d‘\c\Ona\ SO, \0
icue P . oS Pagd
cons's tigd driam
adema al fin

Zois et al., 2015






éComo son los descansos?

40.0 - 39,62C 39,02C

39'5_——%1—-__ [ i*-----------
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g 37.5
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= 3654"
36.0 -
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Mohr, M., Krustrup, P., Nybo, L., Nielsen, J., & Bangsbo, J. (2004). Muscle temperature and sprint performance during
soccer matches--beneficial effect of re-warm-up at half-time. Scand J Med Sci Sports, 14(3):156-62.



éComo son los descansos?
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éComo son los descansos?
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Fig. 1. Mean relative (m min~) total distance (A), low-speed running (B) and high-speed running (C) for the first half and the second half periods of 46—60 min,
46-50min, 51-55 min and 56—60 min.

Lovell, R., Barrett, S., Portas, M., & Weston, M. (2013). Re-examination of the post half-time reduction in soccer work-rate.
Journal of Science and Medicine in Sport, 16(3):250-4. doi: 10.1016/j.jsams.2012.06.004.



Estrategias de mantenimiento de temperatura pasivas

La inmersion en agua caliente (402C)
atenua el empeoramiento del
rendimiento posterior

SSAH | 0.4%1.4% *

NsaH | 0.5%1.3%

PH | -1.2 £1.9%

Control | -3,1#1.9%

*

Trial

60 -40 20 0 20 40 60 80 100 120
2% half performance decrement (m)

Figure 4.—Soccer-specific endurance performance decrement, SSAH:
soccer-specific active heating; NSAH: non-specific active heating; PH:
passive heating; CON: control trial. *: it denotes significantly lower than
CON (P<0.013).

Lovell, R.J., Kirke, 1., Siegler, J., McNaughton, L.R., & Greig, M.P. (2007). Soccer half-time strategy influences thermoregulation
and endurance performance. J Sports Med Phys Fitness, 47(3):263-9.



Estrategias de mantenimiento de temperatura pasivas
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Kilduff, L. P., West, D. J., Williams, N, et al. (2013). The influence of passive heat maintenance on lower body power
output and repeated sprint performance in professional rugby league players. J Sci Med Sport. 2013;16(5):482-6.



¢ Es efectivo re-calentar?
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Mohr, M., Krustrup, P., Nybo, L., Nielsen, JJ., & Bangsbo, J.(2004). Muscle
temperature and sprint performance during soccer matches--beneficial effect of
re-warm-up at half-time. Scand J Med Sci Sports,14(3):156-62.



¢ Es efectivo re-calentar?
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temperature and sprint performance during soccer matches--beneficial effect of
re-warm-up at half-time. Scand J Med Sci Sports,14(3):156-62.



¢ Es efectivo re-calentar?
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Lovell, R., Midgley, A., Barrett, S., Carter, D., & Small, K. (2013). Effects of different
half-time strategies on second half soccer-specific speed, power and dynamic
strength. Scandinavian Journal of Medicine and Science in Sports, 23(1), 105—
113.




¢ Es efectivo re-calentar?
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Lovell, R.,Midgley, A., Barrett, S., Carter,D., & Small, K. (2013). Effects of different
half-time strategies on second half soccer-specific speed, power and dynamic
strength. Scandinavian Journal of Medicine and Science in Sports, 23(1), 105—
113.




Flying 10 m sprint time (s)

113.

¢ Es efectivo re-calentar?
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¢ Es efectivo re-calentar?
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Zois, J., Bishop, D., Fairweather, I., Ball, K., & Aughey, R.J. (2013). High-intensity re-warm-ups 2 minln]tOS

enhance soccer performance. Int J Sports Med, 34(9):800-5.




¢ Es efectivo re-calentar?

Fatiga percibida inmediatamente después recalentamiento
+73% que en control

Fatiga percibida después de la segunda serie de trabajo
intermitente +29% en 5RM y +22% en SSG que en control

Dolor muscular mayor
inmediatamente después en
5RM (+39% SSG; +49% Control)

A pesar de menor Lay FC

Dolor muscular sin diferencias

después de las dos series de
trabajo intermitente

Zois, J., Bishop, D., Fairweather, I., Ball, K., & Aughey, R.J. (2013). High-intensity re-warm-ups
enhance soccer performance. Int J Sports Med, 34(9):800-5.




¢ Es efectivo re-calentar?

Edholm, P., Krustrup, P., & Randers, M.B. (2014). Half-time re-warm up increases
performance capacity in male elite soccer players. Scand J Med Sci Sports. doi:
10.1111/sms.12236. [Epub ahead of print]




¢ Es efectivo re-calentar?
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El sprint disminuye un 3% después de la primera parte
El recalentamiento mantiene el descenso del 3%, no
recalentar desciende otro 2,6%
Edholm, P., Krustrup, P., & Randers, M.B. (2014). Half-time re-warm up increases

performance capacity in male elite soccer players. Scand J Med Sci Sports. doi:
10.1111/sms.12236. [Epub ahead of print]




¢ Es efectivo re-calentar?
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El salto se mantiene después de la primera parte
El recalentamiento provoca pérdidas del 3%, no recalentar
desciende hasta el 7%
Edholm, P., Krustrup, P., & Randers, M.B. (2014). Half-time re-warm up increases

performance capacity in male elite soccer players. Scand J Med Sci Sports. doi:
10.1111/sms.12236. [Epub ahead of print]




Pero, ¢ se recalienta?

Retum to changing room
Video analysis

Playing attire

Player personal preparation

Player/Coach discussion

Nutritional intake

Medical attention
Tactical de-briefing
Time for HT re-WU

Figure 1. Mean (s5) time spent by players undertaking typical half-time activities during a competitive domestic match. Half-time (HT)
activities were variable and over-lapping in nature and therefore have a cumulative sum greater than the standard 15-min half-time interval.

Time (min)

re-WU: re-warm-up.

iTenemos tiempo para recalentar?

El 58% de los técnicos encuestados
realiza re-calentamiento en el campo o
dentro del estadio (vestuario o gym)

Towlson, C., Midgley, AW., & Lovell, R. (2013). Warm-up strategies of professional
soccer players: practitioners' perspectives. J Sports Sci, 31(13):1393-401.




Y, é Por qué no se hace?

Ausencia de tiempo
Interferencia con la preparacion psicoldgica

No preferencia del entrenador

Los deportistas realizan autonomamente
sus actividades

Poca motivacion de jugadores

Poca motivacidn de jugadores para prevenir
lesiones

Poca motivacion del cuerpo técnico

Towlson, C., Midgley, AW., & Lovell, R. (2013). Warm-up strategies of professional (
soccer players: practitioners' perspectives. J Sports Sci, 31(13):1393-401. !




iComo “deben” ser los descansos?
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Russell, M., West, D.)., Harper, L.D., Cook ,C.J., & Kilduff, L.P. (2015). Half-time strategies to enhance second-half
performance in team-sports players: a review and recommendations. Sports Med, 45(3):353-64.
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