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Objetivos da aula

o Caracterizar o fenomeno e diferentes tipos de
manifestacoes

o Eventos fisiologicos

o Efeitos no desempenho e influéncia
de variaveis do treinamento
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Potencializacao pos-ativacao

v Aumento da atividade contratil, medido pela forca
maxima evocada em estimulacao elétrica apos realizacao

de uma atividade condicionante de alta intensidade;

(Blazevich e Babault, 2019)




Muscle twitch

o Contracao evocada a partir
de um estimulo externo
(eletroestimulacao)

o Pode-se obter dois
parametros: Forca/torque
da contracao e atividade
elétrica do musculo (EMG)

-

[MVC or Tetanus

PAP
Twitch | .
_/\ _ -
— - >
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Figure 1. An example of postactivation potentiation (PAP). First, a
baseline twitch is evoked in a musdle that has been at rest for some time.
Then, a conditioning contraction, such as an electrically evoked tetanic
contraction or a maximal voluntary contraction (MVC) is done. A twitch
contraction evoked soon after the conditioning contraction shows the
increased force and shortened time course typical of PAP. For an example
of actual twitch recordings, see (7).

(Sale, 2002)



PAP vs PAPE (aumento do desempenho
pos ativacao)

= Aumento da forca de forma voluntaria (aumento de
desempenho), observado apos a realizacao de uma

atividade condicionante de alta intensidade;

(Blazevich e Babault, 2019)
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PAP = 28s até 3 min

PAPE =6 a 10 min

(Blazevich e Babault, 2019
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Aumento do desempenho
pos-ativacao

v Manipulacao da atividade condicionante
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PAP e PAPE

v Mecanismos

v

v

v

Fosforilacao da cadeia leve da miosina
Recrutamento de unidades motoras
Modificacao transitoria na arquitetura muscular

Temperatura

Rigidez (Stiffness) o o




Fosforilacao da cadeia leve da miosina

Actin binding site

ATP binding site

Fig. 1. One myosin molecule. Each myosin molecule is composed
of two myosin heavy chains. Regulatory light chain (RLC)-2 re-
presents a pair of RLCs positioned at the neck of a myosin head.
Each RLC can incorporate a phosphate molecule, altering the
structure of the myosin head. At each myosin head there is an actin
and adenosine triphosphate (ATP) binding site.

(Tillin e Bishop, 2009)

Alteracao na estrutura da miosina
como facilitadora da mobilidade da
cabeca da miosina

Interacdes mais sensiveis ao calcio
(menor concentracao de calcio
para a contracao)
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Angulo de penacao

= Angulo formado pelos fasciculos
e aponeurose em relacao ao
tecido conectivo, ou seja o
tendao;

o Menores angulos maior a
vantagem mecanica na
transmissao da forca para o
tendao

-l
i)
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FIGURE 1. Pennation angle pre, during and after maximal vol-
untary contraction of the vastus lateralis muscle.




Recrutamento de unidades motoras

= O reflexo H € um reflexo artificial utilizado na avaliacao da
excitabilidade da via reflexa e consiste em aplicar um
choque elétrico em um nervo periférico

o EMG = quanto maior € a amplitude das ondas H maior €
tambéem o numero de unidades motoras que contribuiram
para essa resposta, em funcao de um maior nivel de
excitabilidade do pool de motoneuronios




MVC-induced short-term [RCH) © by IAAF
. . . 11:4; 67-81, 1996
potentiation of explosive force

by Arne Giillich and Dietmar Schmidtbleicher

o 5 x 5s CVM com 1 minuto de intervalo de recuperacao
o 13 minutos de intervalo

o Reflexo H

o Forca explosiva (flexao plantar)




pre-MVCs

Trigger ‘l

0-1 min post-MVCs 10-11 min post-MVCs

| |

M

MGL

SOL

H

M H M H

Wp— —I—

—







Fexp

1,20 - - ~
K ek

1,15 |

1,10

1,05
1'00 ! : 4 ! : . - -

095

0,90

0'85 : | : i —t ;_; — — — — - —
-5 0 5 10 15

t [min]

Figure 10: Time course of the explosive force (Fexp) with voluntary isometric plantar flexions
before and after 5 MVCs Group mean values. Difference from control value: * p<.05; ** p<.01.
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Figure 7: Time course of the H-amplitude of the lateral gastrocnemius muscle (MGL) before
and after 5 MVCs Group mean values. Difference from control value: * p<.05; ** p<.01.
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Rigidez

o Rigidez das estruturas elasticas (principalmente
tendao)

o O trabalho realizado nas pontes cruzadas sera
“absorvido” pelos tecidos elasticos quando eles se
alongam, estocando energia

o A rigidez influéncia no desempenho




Meta-analises
Efeitos no desempenho

56




Aumento do desempenho pos-
ativacao - Aplicacao no esporte

v Durante o treinamento - otimizacao dos ganhos

v No dia da competicao




META-ANALYSIS OF POSTACTIVATION POTENTIATION
AND PowEgR: EFFECTS OF CONDITIONING ACTIVITY,
VoLUME, GENDER, REST PERIODS, AND TRAINING
STATUS
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o Variavel dependente = poténcia

o Atividade condicionante com intensidade maior que
a condicionada

o Sem estimulos externos (elétricos)
Com humanos, ensaios controlados e randomizados
32 estudos selecionados




Aumento do desempenho pos-ativacao

v/ Variaveis manipuladas

7 Nivel de treinamento

v Duracao do periodo de recuperacao

v Tipo, volume e intensidade da atividade
condicionante

v Sexo




Codificando os estudos

o Atividade condicionante o Intervalo de recuperacao
o Moderada 60 a 84% de 1RM @ < 2 minutos

- Pesada >85% 1RM »3a 7/ minutos
o 7 a 10 minutos

o Mais de 10

o Tipo da atividade
condicionante

o Estado de treinamento

o L o Treinado recreacionalmente
= Serie multipla (ativo mas ndo treina forca)

o Treinado (pelo menos 1 ano
de treino de forca)

o Atleta competitivo

o Serie simples




Resultado geral

o 141 ES (comparacoes pareadas)
o 32 estudos primarios
- ES=0,38; p < 0,05




Mean (95% ClI) N
Overall 0.38 (0.21, 0.55) 141
Moderators
Gender
Male 0.42 (0.23,0.61) 113 p = 0.05
Female 0.20 (-0.31, 0.71) 16
Male and female 0.21 (-0.38, 0.79) 12
Age
<25y 0.38 (0.21, 0.55) 141
Training status
Untrained 0.14 (-0.27, 0.57) 25 p < 0.05
Trained 0.29 (0.03, 0.55) 68 p < 0.05
___Athletes 0.81 (0.44, 1.19) 32
Conditioning activity
Dynamic low body 0.42 (0.22,0.61) 107 p = 0.05
Static lower body 0.35 (—0.19, 0.89) 14
Dynamic upper body ~ 0.17 (—0.28, 0.63) 20
Intensity @ 1RM)
Moderate (60-84%) 1.06 (0.54, 1.57) 15 p < 0.05
Heavy (85-100%) 0.31 (0.13, 0.49) 121
Volume
Single 0.24 (0.37 0.44) 95 p < 0.05
Multiple 0.66 (0.36, 0.95) 46
Rest periods (min)
<2:00 0.17 (—0.23, 0.58) 24
3-7 0.54 (0.31,0.77) 75 p < 0.05
7-10 0.70 (0.10, 1.30) 11
=10 0.02 (-0.33, 0.38) 31




Aumento do desempenho pos-
ativacao - Intensidade

Mean (95% ClI) N
Overall 0.38 (0.21, 0.55) 141

Intensi RM)
iModerate (60-84%)  1.06 (054,157) | 15 p<0.05

Heavy (85-100%) 0.31 (0.13, 0.49) 121




Aumento do desempenho pos-
ativacao - Volume

Mean (95% Cl) N
Overall 0.38 (0.21, 0.55) 141
Volume
inal 0.24 (0.37 0.44) 95

Multiple 0.66 (0.36, 0.95) | 46




Aumento do desempenho pos-
ativacao - Intervalo de recuperacao

Mean (95% Cl) N
Overall 0.38 (0.21, 0.55) 141
Rest periods (min)
<2:00 0.17 (-0.23, 0.58) 24

=10 0.02 (—-0.33, 0.38) 31

Ij;7 Q.M_lam_o.zz}_l 75 p<0.05
7-10 0.70 (0.10, 1.30) 11




Aumento do desempenho pos-
ativacao - Nivel de treinamento

Mean (95% CI) N
Overall 0.38 (0.21, 0.55) 141

Training status
Untrained 0.14 (-0.27, 0.57) 25

IILaLned 029_(.0.03_0.55.)_| 68 p < 0.05
Athletes 0.81 (0.44, 1.19) 32
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Figure 1. Effects of a single vs. multiple sets conditioning mode
protocol on power in untrained, trained, and athletic populations.
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Figure 2. Power after immediate (<2 minutes), short (3-7 minutes),
moderate (7-10 minutes), and long (=10 minutes) rest penod lengths in
untrained, trained, and athletic populations.
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Factors Modulating Post-Activation Potentiation of Jump, Sprint,
Throw, and Upper-Body Ballistic Performances: A Systematic
Review with Meta-Analysis
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Identification

217 records

Screening

identified through rmoi;drzclorcli?cates)
database searching up
206 records
screened by title or 35 records
excluded
abstract

Eligibility

l

171 full-text articles
assessed for
eligibility

Included

l

47 studies
included in the

meta-analysis

124 full-text articles
excluded by specific
criteria

Reasons:

* Criteria 2= 11
* C(Criteria 3= 10
* Crteriad4="7
» Criteria 5= 25
* Criteria 6= 31
» Criteria 7= 40




Caracteristicas

o Variaveis dependentes = salto, sprint, arremesso,
movimentos balisticos com membros superiores (ES)

o Influéncia de:

Obrigatorio

o Tipo de atividades condicionantes aquecimento

o Profundidade do agachamento
Tudo no mesmo

o Intervalo de recuperacao dia

o Volume de atividade condicionante

o Carga da atividade condicionante

o Nivel de treinamento




Effect size
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Table 1 Effect sizes for different subject characteristics

Independent variables ES SD 95 % CI
Strength level
Stronger 0.41 0.33 0.31 to 0.51
Weaker 0.32 0.47 0.16 to 0.50
Resistance training experience
>2 years 0.53 0.55 0.35 to 0.71
<2 years 0.44 0.41 0.28 to 0.61
None 0.07 0.20 -0.08 to 0.23

CI confidence interval, ES effect size, SD standard deviation




Table 2 Effect sizes for different strength-power—potentiation
complex components

Independent variables ES SD 95 % CI n
Type of CA (,:> Acima 85% 1RM
Traditional high intensity 041 046 02910052 66

Traditional moderate intensi 0.19 020 0.11t0027 24
‘Plyometric 047 061 02310072 25 \

Maximal isometric -0.09 0.19 -0.20 t0 0.02 14




Squat depth of CA
Parallel or below 025 033 01510034 48

Above parallel 0.58 049 03410082 19

ype of load during the CA

Repetition maximum 0.51 046 03310070 26




Recovery post-CA

g
) 34 mar

049 047 03310064 38
044 060 02210066 30

\

Number of set(s) of CA
Single set 024 032 01710030 103
Multiple sets 069 072 0390098 26




Table 3 Effect sizes for different strength-power—potentiation complex components for both stronger and weaker individuals

Independent variables Stronger individuals Weaker individuals
ES SD 95 % CI n ES SD 95 % CI n
Type of CA*
Traditional high intensity 0.54 0.35 0.40-0.68 26 0.34 0.53 0.12 to 0.57 24
Traditional moderate intensity 0.19 0.21 0.01-0.36 8 0.30 0.19 0.13 to 0.46 8
Squat depth of CA
Parallel or below 0.55 0.34 0.37-0.72 16 0.12 0.25 0.00 to 0.25 18

Above parallel 0.60 0.33 0.18-1.01 5 0.67 0.58 0.23 to 1.12




Recovery time post-CA

0.3-4 min 0.15 0.16 0.06-0.24 15 0.28 0.25 -0.12 to 0.67
5-7 min 0.62 0.30 0.49-0.75 23 031 0.70 -0.19 to 0.81 10
=8 min 0.23 0.09 0.13-0.32 6 0.36 0.38 0.16 to 0.55
Type of load during the CA
Repetition maximum 0.60 042 0.32-0.88 11 0.28 0.35 0.03 to 0.53
Sub-maximal 0.36 0.28 0.25-0.46 30 035 0.52 0.12 to 0.58
Number of set(s) of CA
Single set 044 0.35 0.33-0.56 37 0.17 0.23 0.08 to 0.26
Multiple sets 0.21 0.10 0.08-0.34 5 1.19 051 0.56 to 1.82




Table 3 Effect sizes for different strength—-power—potentiation complex components for both stronger and weaker individuals

Independent variables Stronger individuals Weaker individuals
ES SD 95 % CI n ES SD 95 % CI n

Type of CA®

Traditional high intensity 0.54 0.35 0.40-0.68 26 0.34 053 0.12 to 0.57 24

Traditional moderate intensity 0.19 0.21 0.01-0.36 8 0.30 0.19 0.13 to 0.46 8
Squat depth of CA

Parallel or below 0.55 0.34 0.37-0.72 16 0.12 0.25 0.00 to 0.25 18

Above parallel 0.60 033 0.18-1.01 5 0.67 058 0.23 to 1.12 9
Recovery time post-CA

0.3—4 min 0.15 0.16 0.06-0.24 15 0.28 0.25 -0.12 to 0.67 4

5-7 min 0.62 0.30 0.49-0.75 23 031 0.70 -0.19 to 0.81 10

>8 min 0.23 0.09 0.13-0.32 6 0.36 0.38 0.16 to 0.55 17
Number of set(s) of CA

Single set 0.44 0.35 0.33-0.56 37 0.17 0.23 0.08 to 0.26 27

Multiple sets 0.21 0.10 0.08-0.34 5 1.19 051 0.56 to 1.82 5
Type of load during the CA

Repetition maximum 0.60 042 0.32-0.88 11 0.28 0.35 0.03 to 0.53 10

Sub-maximal 0.36 0.28 0.25-0.46 30 0.35 052 0.12 to 0.58 22

CA conditioning activity, CI confidence interval, ES effect size, SD standard deviation

* Plyometric and maximal isometric variables not included because they were unavailable




FJournal of Sports Sciences, 2013 l Routledge
Vol. 31, No. 5, 459-467, http://dx.doi.org/10.1080/02640414.2012.738924

Taylor & Francis Groy

The effects of rest intervals on jumping performance: A meta-analysis
on post-activation potentiation studies

ANDRE LUIZ GOUVEA, IGOR ALEXANDRE FERNANDES, EURICO PEIXOTO CESAR,
WAGNER ANTONIO BARBOSA SILVA & PAULO SERGIO CHAGAS GOMES



Caracteristicas

o Condicionante como isoinercial e voluntaria

o Variavel dependente: salto vertical (altura do salto)
o Drop, squat e contra movimento
o Sub-grupo para intervalo de recuperacao

o Experiéncia de pelo menos 6 meses com treino de
forca ou poténcia




=
S Records identified through database (n = 469)
g and additional records identified through other
= sources (n=5)
Q
= ! !
Records after removing _
o duplicates (n = 167) Records excluded (n = 307)
.g l
g
A
Records screened (n = 167)
Full text articles
4 excluded (n =153)
g Full text articles Reasons:. g
e s 13 tetanic contraction
o assessed for elegibility |——> 35 skl stinclis:
2 criteria (n = 14) .
= 08 not indexed
23 unrelated to PAP

107 by especific criteria
° Full text articles after
3 quantitative synthesis
£ (n=14)

Figure 1. Flow diagram of studies that underwent the review
process.




Caracteristicas das atividades
condicionantes

o Leg press, extensao de joelho, deadlift e agachamentos
o 80% de 1RM

o Intervalo entre 0 e 360 minutos

o NUmero de series=1a 6

o Repeticoes=1a7/

Quando foi usado salto como atividade condicionante 1 a 8
tentativas com peso do corpo ou adicional




Resultados gerais

o 36 comparacoes de 14 estudos
o Resultados significante e sem heterogeneidade




0 a 3 min; ES =-0,25;
12=0%; n=9

Study %
1D SMD (95% CI) Weight
Crewther et al. 11 (15sec) - 033(126,061) 775
Jones and Lees 03 (1min) - 005(103,093) 699
Jensen and Ebben 03 (10sec) - . 075(161,012) 892
Jensen and Ebben 03 (1min) - 0.16(-100,068) 958
Jensen and Ebben 03 (2min) +* 000(084,084) 961
Jensen and Ebben 03 (3min) -~ 008(092,075) 960
Killduf ot al 08 (15sec) -— 036(098.027) 1718
killdu ot al. 07 (15sec) p 021(079,037) 1997
Webber et al 08 (3 min) o 024(104,057) 1040
Overall (1-squared = 0.0%, p = 0 977) 0 026(051,001)  100.00
. : T e : :

igure 2. Forest plot of rest intervals from 0 to 3 minutes. (SMD = standardised mean difference.)




4 a 7/ min; ES = 0,15;
12=0%; n =10

Study %
D SMD (95% CI) Weight

Crewther et al. 11 (4min) - 034(059,127) 615
Esformes et al. 10 (Smin) - 0.18(059,095)  8.98
Jensen and Ebben 03 (4min) . 0.18 (066,102 760
Khamoui et al. 09 (Smin) -— 004 (074,065 1110
killduf et al 08 (4min) i 0.12(050,074) 1385
Killduf et al. 07 (4min) - 015(043.073) 1591
Mitchell and Sale 11 (4min) 000(084,084) 763
Til and Cooke. 09 (7min) 0.04(058,0.66) 1387

Saez Saez de Villarreal et al. 07 (4min)
Young et al. 09 (4min)
Overall (l-squared = 0.0%, p = 0 997) <

- 050(031,132) 805

029(059,118) 686
0.15 (-0.08, 0.38) 10000

't
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g
o
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8 a 12 min; ES = 0,24;
12=0%; n = 8

Study
Lo
Crewther et al 11 (8min) .
Crewther et al 11 (12min) -
Deutsch and LLoyd 08 (10min) -
Jones and Lees 03 (10min)
killduf et al. 08 (8min) —-—.—
killduf et al 08 (12min) -
killduf et al. 07 (Bmin) ———.—
kiliduf ot al. 07 (12min) -——.—
Overall (1-squared = 0.0%, p = 0 584) O

Al : L

SMD (95% CI)

0.31 (0,62, 1.24)
0.28 (0.65, 1.21)
0.70 (1.72, 0.31)
0.06 (-1.04, 0.92)
0.32 (0.30, 0.95)
0.02 (0,60, 0.64)
0.44 (-0.15, 1.02)
0.63 (0.06, 1.11)

0.24 (002, 049)

755

157

16.77

17.00

19.08

1887

100.00




Acima de 16 min; ES = 0,01
12=0%; n=9

Study
0

Crewther et al 11 (16min)

Gourgolis et al. 03 (20min)

Jones and Lees 03 (20min)

kiliduf et al. 08 (16min)

killduf et al. 08 (20min) -

killduf et al. 08 (24min)

killduf et al. 07 (16min) —-
killduf et al. 07 (20min) —-
Saez Saez de Villarreal et al. 07 (6h) -

Overall (I-squared = 0.0%. p = 0.935)

SMD (9% CI)
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Estado de treinamento

= Porque os individuos mais treinados (fortes)
conseguem se beneficiar em maior
magnitude?

o Maior % fibras do tipo |l




PAP e esportes de endurance

AcUTE PRIOR HEAVY STRENGTH EXERCISE
Bouts IMPROVE THE 20-KkM CycLING TIME
TRIAL PERFORMANCE

RENATO A.S. SiLvA,'? FERNANDO L. SiLvA-JUNIOR,'? FaBiaNo A. PINHEIRO,>®
Partricia F.M. Souza,! DANEL A. BouLLosa,! AND FLAvio O. PRes!2#
!Catholic University of Brasilia (UCB), Brasilia, Brazil: *Exercise Psychophysiology Group School of Arts, Sciences and

Humanity, Unrversity of Sio Paulo (USP), Séo Paulo, Brazil: and *School of Physical Education,
Untversity of Sao Paulo (USP), Sao Paulo, Brazil




Protocolo

= 11 ciclistas treinados; prova de 20 km

= Controle (aquecimento padrao 3 min livre e 2 minutos
a 100W com 80rpm)

= Aquecimento padrao + 4 series de 5RM com 5 minutos
entre as séries no leg press - intervalo de 10 minutos

o Consumo de oxigénio, lactato PSE, economia




TaBLE 1. Overall performance responses (mean * SD) during the TToqym, in both
the control and potentiation condition.*

Variables Control Potentiation % of control p

Time (min) 28.1 = 4.0 26.6 = 3.9 —6.1 0.02
Wiean (W) 247.4 + 67.5 254.9 + 65.2 +3.0 0.21
RPMean (rpm) 95.6 = 10.8 96.6 = 14.0 -0.1 0.59

*'I'I'20km = 20-km time trial.

TWhean and Wc.i are the mean and peak power output throughout the trial, respectively,
RPMpmean and RPM,¢. are the mean and peak pedal cadence throughout the trial, respec-
tively.

Cycling Economy

The mean Vo, responses during the last 30 seconds of the
controlled-pace cycling warm-up at 100 W (and pedal
cadence of 80 rpm) suggested that cyclists increased the
cycling economy (p < 0.01) after the heavy-intensity strength
exercise bouts (18.6 = 2.5 ml-kg-min~—!) when compared
with the control condition (21.3 = 8.7 ml-kg-min~1).




Take home message

o PAP- atividade contratil

o PAPE - efeitos no desempenho (atividade voluntaria)

= Principais mecanismos envolvem a fosforilacao da cadeia
leve da miosina, recrutamento das UM, arquitetura e
rigidez

o Variaveis importantes: estado de treinamento, intensidade
e volume da atividade condicionante e intervalo de
recuperacao entre as atividades




Obrigadal!

valeriapanissa@usp.br




