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CONTEUDO DA AULA

m Definicao
m Hipoteses para explicar o fendmeno

m Variaveis do treinamento que sao importantes




Definicao

Treinamento Concorrente (TC)

!

Associacao de exercicios aerobios e de forca em um programa
de treinamento

2 Examinar a interferéncia




N0OsSso organismo consegue se adaptar
otimamente para ambas as formas de
treinamento?
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Adaptacoes fisiologicas

Treinamento Aerdbio

cAumento da densidade
mitocondrial

*Aumento da densidade capilar

cAumento da atividade das
enzimas oxidativas

*Estabilizacao ou reducao da
area de seccao transversa

Treinamento de forca

» Reducao da densidade mitocondrial

* Estabilizacao ou diminuicao
densidade capilar

* Diminuicao da atividade das enzimas
oxidativas

*Aumento da area de seccao
transversa



Treinamento Concorrente

Forga Maxima
Poténcia Maxima

Hipertrofia

Mta capilarizagio

At3 atividade
mitocondnal

V0, maximo

Poténcia aerdbia

Glicolise anaerobia

Glicolise aerdbia lenta
Oxidagao acidos graxos

F 4  Levantamento olimpico
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R Levantamento de peso
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(Adaptado de Nader, 2006)
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Um pouco de historia

Primeiro estudo a demonstrar os efeitos da interferéncia

Strength (k@)

$ 2000
= T
ReX e i
=
o IS0 0 =
—
(=]
i 1 S&E
= 10060 =
©
] > S5
=z 1 i o 1T | J
O 5 10 C 5 e
Training Duration (week) Training Duration (week)

Fig. 1. Strength changes in response to the three types of training. Measurements were made on a
weekly basis in the strength (S) and strength and endurance (S and E) groups. The endurance (E)
group was tested before and after 10 weeks of training

Fig. 2. Increases in average total bicycle work per week during the 10 weeks of training in the
endurance (E) and strength and endurance (S and E) groups

(Hickson et al., 1980)



Interference of Strength Development
by Simultaneously Training for Strength and Endurance®

Robert C. Hickson

University of Illinois at Chicago Circle, Department of Physical Education,
Box 4348, Chicago, Il 60680, USA




CURIOSIDADE

Pds doutorado com John Washington
Holloszy.

“this should be the
first study you do when you have your own lab.” True to
his word, the first study that Hickson completed in his new
laboratory at the University of lllinois in Chicago was the
seminal study on concurrent training.

(Baar et al., 2014)



Fenomeno da Interferéncia

O inibicao do desenvolvimento da forca ou hipertrofia
(Hickson., 1980; Kraemer al., 1995)

 inibicao no desenvolvimento da aptidao aerdbia (Nelson et
al., 1990)

[ sem interferéncia (Sale et al., 1990; Bell et al., 1991)




HIPOTESES

- Hipbtese dos efeitos agudos (diminuicao de
desempenho agudo)

] Hipotese dos efeitos cronicos (prejuizo na adaptacao)



Hipotese Aguda
c m Fadiga residual gerada na atividade aerdbia

m Impediria o desenvolvimento do grau de tensao
maximo na tarefa de forca D

c m Reducao do volume agudo realizado

m Reducao do volume em longo prazo D

l ganho de forca ou hipertrofia




Hipbtese Aguda

Interaction between concurrent strength and endurance training

_ » D. G. Sale, J. D. MacDougall, I. Jacobs, and S. Garner
©Joumal of Sports Science and Medicine (2018) 17, 623-632

hitp://wwrs: jsstm.org 01 JAN 1990 doi.org/10.1152/jappl. 1990.68.1.260

Research article

Maximum Strength Development and Volume-Load during Concurrent
High Intensity Intermittent Training Plus Strength or Strength-Only Training

Valéria L. G. Panissa', David H. Fukuda °, Flaviane P. de Oliveira , Sergio S. Parmezzani *, Eduardo
Z. Campos *, Fabricio E. Rossi’, Emerson Franchini 1 and Fabio S. Lira’>

The Effects of Running, Weightlifting
and a Combination of Both

Strength prior to endurance intra-session exercise sequence optimizes neuromuscular
and cardiovascular gains in elderly men

Joumal of Apphed Spoet Science Research Eduardo Lusa Cadore **, Mikel Izquierdo ®, Cristine Lima Alberton *9, Ronei Silveira Pinto ?,
1991, Volume 5, Number 4, pp. 198-203 Matheus Conceicdo °, Giovani Cunha ad Régis Radaelli ®, Martim Bottaro €,
Guilherme Treis Trindade ¥, Luiz Fernando Martins Kruel ®




Hipotese Aguda

» B4d realizou maior média

550 - de volume total de treino
259, (10,3%) e de numero de
- = repeticoes (2,4%)
13% comparado ao grupo A2d.
200 ]
T 1 .

e Quando A2d realizava a
ordem aerobio-forca havia
diminuicao (4%) do

_ volume total de treino e

do numero de repeticoes

& em relacao a ordem

contraria

1 RM, kg
{

100 =~

(Sale et al. 1990)
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Research article

Maximum Strength Development and Volume-Load during Concurrent
High Intensity Intermittent Training Plus Strength or Strength-Only Training

Valéria L. G. Panissa', David H. Fukuda ?, Flaviane P. de Oliveira °, Sergio S. Parmezzani *, Eduardo
Z. Campos *, Fabricio E. Rossi’, Emerson Franchini - and Fabio S. Lira’l<

Concurrent endurance and strength or strength-only traning

Baseline Week 4 Week 8 Week 12

]

Figure 1. Study design.?anthropometry. maximal strength and
1isolated acute volume test evaluations: }e maximal aerobic
speed test.
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The physiological effects of concurrent strength
and endurance training sequence: A systematic
review and meta-analysis

Zsolt Murlasits, Zsuzsanna Kneffel & Lukman Thalib

Taylor & Frandis Group

SHOTES ’ Journal of Sports Sciences
e NG /

clences I

ica.tandfonline.com/loi/

Sports Med (20 18) 48:177-188 @ CrossMark
https://doi.org/10.1007/s40279-017-0784-1

SYSTEMATIC REVIEW

The Role of Intra-Session Exercise Sequence in the Interference
Effect: A Systematic Review with Meta-Analysis

Lee Eddens' (5« Ken van Someren' + Glyn Howatson™?




Trials of Order OR Sequence of
Concurrent Strength OR Resistance
AND Endurance Training

(n=351)
Trials excluded for fo(lowlng reasons:
animal studles, non-randomized, non-
relevant outcomes, reviews
(n=316)
v
Potential Iy relevant triaks
{n=35)

Excluded after review of titie and
abstractinciusion criteria not
fulfllled: acute effects, missing data,
duplicate study, Intervention Is less

than 8 weeks
¥ {n=19)
Full text articles assessed for
eligibliity
(n=16)
Excluding after reviewIng the full
paper missing data (SD, SE, Si)

(n=3)

s

Full text articles assessad for meta-
analysis (n=13)

Studies Included In 1
RM analysis
(n=9)

Studles Included In
VO; max analysls
(n=6)

Figure 1. Study selection fio g for meta-analysis.
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SYSTEMATIC REVIEW

The Role of Intra-Session Exercise Sequence in the Interference
Effect: A Systematic Review with Meta-Analysis

> >
Lee Eddens' + Ken van Someren' + Glyn Howatson™?




382 articles identified through
electronic database searches

:

15 additional articles identified
through other sources

|

317 articles following removal of duplicates

Minimo de 5 semanas

l

317 articles screened —

:

81 full-text articles retrieved
and assessed for eligibility

:

18 articles identified for
possible entry into meta-

analysis

10 articles included in
meta-analysis

236 articles excluded

63 full-text articles excluded
due to:

- no strength, power, or
hypertrophy outcome
measure (n = 24)

- incorrect methods; >15 min
relief, nutritional
manipulation, or insufficient
training stimulus (n = 39)




Consumo maximo de oxigénio

RES-END END-RES
Mean sD Mean sD Mean difference Mean difference

Study [% change] [% change] Total [% change] [% change] Total Weight IV, Fixed, 95% CI [% change] 1V, Fixed, 95% CI [% change]

Cadore et al. [16] 8.1 9.9 13 93 9.8 13 10.6% -1.20[-8.77, 6.37] S

Collins and Snow [25] 7.3 6.9 15 71 7.3 15 23.6% 0.20[-4.88, 5.28] —

Eklund et al. [27] 10 8 14 12 12 15 11.2% -2.00[-9.38, 5.38) —

Eklund et al. [27)} 7 9 18 7 10 16 14.8% 0.00 [-6.43, 6.43] .

MacNeil et al. [20] 8.1 13 9 95 11.9 9 4.6% -1.40 [112.91, 10.11] S

Pinto et al. [18] 6.8 7.4 13 5.1 43 13 28.2% 1.70[-2.95, 6.35] T

Pinto et al. [17] 0.4 96 10 5.8 12.1 11 7.0% -5.40 [-14.70, 3.90] I

Total (95% Q1) 92 92  100.0% 0.27[-2.74,2.20] ?

Heterogeneity: Chi* = 2.20, df = 6 (P = 0.90); I* = 0% ; — ; - 1*0 2‘ )

Test for overall effect: Z=0.21 (P = 0.83) Favours END-RES Favours RES-END

Forca estatica
RES-END END-RES
Mean SD Mean O Mean difference Mean difference

Study [% change] [% change] Total [% change] [% change] Total Weight IV, Fixed, 95% CI [% change] IV, Fixed, 95% CI [% change]
Cadore et al. [16] 8 71 13 5.7 9.6 13 23.5% 2.30[-4.19, 8.79] -
Eklund et al. [26] 14 18 18 12 18 17 7.0% 2.00[-9.93, 13.93) -
Eklund et al. [27] 12 13 14 22 18 15 7.7% -10.00 [-21.37, 1.37] L —
MacNeil et al. [20] 71 138 9 16 9.9 9 81% 5.50 [-5.60, 16.60] -1 v
Pinto et al. [18] 6.6 6.5 13 10.8 115 13 19.2% -4.20 [-11.38, 2.98] - v
Pinto et al. [17] 7.5 6.4 10 6.3 6.1 11 34.5% 1.20[-4.16, 6.56)
Total (95% Q) 77 78 100.0% -0.04 [-3.19,3.11)

H ')_ — - - 2_ L) L] T T
::Iete;ogeneltylf; C:fl _'62.0_1(,)(32-2(_2_ 908.31),I =17% 20 -10 0 10 20
estfor overallaffect: 2= 0.02 (P = 0.98) Favours END-RES Favours RES-END




Forca dinamica

184 L. Eddens et al.
RES-END END-RES
Mean sD Mean sD Mean difference Mean difference
Study [% change] [% change] Total [% change] [% change] Total Weight IV, Random, 95% O [% change] 1V, Random, 95% O [% change]
Cadore et al. [16] 35.1 12.8 13 21.9 10.6 13 11.6% 13.20 [4.17, 22.23) —
Chtara et al. [19] 12.2 a4 10 10.6 6.5 10  16.1% 1.60 [-3.26, 6.46] B L
Collins and Snow [25] 12.3 7.9 15 14.2 7.9 15 15.2% -1.90[-7.55, 3.75] —
Eklund et al. [26] 17 12 18 12 8 17 141% 5.00 [-172, 11.72] T
Eklund et al. [27] 17 10 14 13 12 15  12.7% 4.00 [-4.02, 12.02) B
McGawley and Andersson [14] 19.1 15.3 9 18.7 11 9 87% 0.40 [-11.91, 12.71) .
Okamoto et al. [15] 39 37 11 16.3 13 11 37% 22.70 [-0.48, 45.88) ’
Pinto et al. [18] 436 14 13 27 18.1 13 86% 16.60 [4.16, 29.04) =
Pinto et al. [17] 346 135 10 14.2 13.7 11 9.3% 20.40 [8.76, 32.04] —_—
Total (95% Q) 113 114 100.0% 6.91([1.96,11.87) e
Heterogeneity: Tau? = 33.64; Chi? = 23.48, df = 8 (P = 0.003); I*= 66% 2 5 1 T o 1=0 240
Test for overall effect:Z= 2.73 (P = 0.006) Favours END-RES Favours RES-END

Dados heterogéneos!

Média de 7% (1,9 a 22%)




Hipertrofia

RES-END END-RES
Mean sD Mean SD Mean difference Mean difference

Study [%change] [% change] Total [% change] [% change] Total Weight IV, Random,95% O [% change] IV, Random, 95% Cl [% change]
Cadore et al. [16] 7.3 46 13 7.5 53 13 19.7% -0.20 [-4.01, 3.61] i
Eklund et al. [26] 14 9 18 11 8 17 13.5% 3.00[-2.63, 8.63) B
Eklund et al. [27] 11 8 14 15 10 15 11.2% -4.00 [-10.57, 2.57) i
Pinto et al. [18] 10.2 31 13 5.8 19 13 27.4% 4.40 [2.42, 6.38] L
Pinto et al. [17] 4.2 12 10 41 2.7 11 28.3% 0.10[-1.66, 1.86])

- o8 100.0% 1.15 [-1.56, 3.87)

Heterogeneity: Tau? = 5.98; Chi= 14.38, df = 4 (P = 0.006); I2= 72% 2 5 1 . 1 5 2 5
Test for overall effect:Z = 0.83 (P = 0.40) Favours END-RES Favours RES-END




Volume de
Exercicio
Aerobio

Tipo de Exercicio
Musculatura Aeroébio

ativa

INTERFERENCIA

Intensidade do
exercicio

Recursos

ergogénicos

Intervalo de
Recuperacgao
entre as
atividades

Todas as vezes que
manipulamos uma variavel
estaremos ignorando outras!




Modelo da interferéncia baseado na
Intensidade

A Proposed Model for Examining
the Interference Phenomenon

between Concurrent Aerobic and
Strength Training

David Docherty and Ben Sporer

Sports Med 2000 Dac; 30 (8): 385-394
0112-1642/00/0012-0G85/520.00/0




Modelo da interferéncia

Intensidade
treinamento de

. (=10 RM) forca (=5RM)
Intensidade Adaptacéo Periférica Central
treinamento -
Eins S. v}
(<LAn) aerdbio (95 1~00 & PAM) Adaptacao
Adaptacao Periférica 7
Central - Neurel
Adaptacao
Cardiovascular

Zona de Interferénica

(Docherty e Sporer, 2000)




Intensidade

Utilizacao do modelo de Docherty e Sporer (2000) para efeitos agudos.

Souza et al., 2007 testaram o modelo.

Aerobio continuo ou 1RM ou resisténcia de
intermitente forca (80%)

Aquecimento Intervalo

B | = ] i " Foo
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FIGURE 1. Overview of experimental sessions. A- Warm-up.
B: Aerobic exercise, either continuous or intermittent. C: Pas-
sive recovery. D: Strength tests, either 1 repetition maximum
(1RM) or strength endurance. E: Passive recovery. F: Strength
upper-body tests, either 1RM or strength endurance.

5KM - 1:1 Vmax - 90% Lan (Souza et al. 2007)




Intensidade

1RM 80% RM | 1IRM |80% RM
Leg press | Leg press | Supino| Supino
Aerobio
Continuo X X X X
Aerobio
Intermitente X ‘ X X

(Souza et al. 2007)
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FIGURE 3. Strength endurance (repetitions) for the bench exercise. * Significantly smaller than control condition (p =
press exercise. 0.03).
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(2000)

Leveritt,
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Abernethy (2000)

Sporer e Wenger
(2003)

Panissa et al.
(2012)




AcutkE ErrecTt OF HiGH-INTENSITY AEROBIC
ExERCISE PERFORMED ON TREADMILL AND CYCLE
ERGOMETER ON STRENGTH PERFORMANCE

VaLEriA L.G. Panissa,! Varmor ALA. TricoLl,' Ursura F. JuLio,' NaraLia RiBeiro,!
Raymunpo M.A. pE Azevepo NETo,? EVERTON C. CARMO,! AND EMERSON FRANCHINT!



Table 1: Maximum number of repetitions and total volume performed (kg) in

four sets at 80% 1RM in the half-squat exercise in the control condition (S) and

after the running (RS) and cycling exercises (CS).

Set 1° Set 2 Set3 Set 4 Total

Maximum number of repetitions

s° 1014 715 6+3 613 29+13

RS 6 + 3° 613 6+2 912 239

CS 4 £ 5° 5+ 4° 52 412 18+ 13
Total volume (kg)

S° 1432+ 593 1052+624 873+472 8911363 4248 + 1818

RS 921 + 351° 805+405 742+258 717+311 31851 1191

CS 756 + 605° 668 +573° 623+332 592+233 2639 + 1643
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Niio baune diferesga sgndicanie catre a5 condiples (p = 00720)

Volume Total (Kg)

150000 -

- T T

Ssgnilicaniemene menx @ 3 condgdio controk (p < 005)
Sageiicanicmente mencr gue 23 condiples 3ken ¢ Sn (p < 0.05)

(Ribeiro et al., 2015)



Concurrent Training and
the Acute Interference
Effect on Strength:
Reviewing the Relevant
Variables

Valéria Leme Gonc, alves Panissa,' Camila C. Greco, PhD,? Natalia Ribeiro, MSc,® Ursula F. Julio, PhD,’

Valmor Tricoli, PhD,® and Emerson Franchini, PhD'

'High-intensity Intermittent Exercise Physiology Research Group, Department of Sport, School of Physical Education
and Sport, University of Sdo Paulo, Sdo Paulo, Brazil; 2Human Performance Laboratory, Department of Physical
Education, Sao Paulo State University, Rio Claro, Brazil; and 3School of Physical Education and Sport, University of
Sao Paulo, Sao Paulo, Brazil



Concurrent training \
For whom and why is it prescribed?
Performed by athletes of several sportz and physically active individuala for
aerobic fitneez and strength development AND/OR to reduce body fat
AND/OR to increase muscle mass.

What could be a potential imitation?

Strength performance may be impaired when an aerobic =zession is
performed before strength, consequently, the reduced exercizse volume
eenpotenﬁallyhannmaxinalstrangthandhypedmphydevalopny

(acute hypothesis).

How to manipulate acute aerobic
exercise session followed by strength
session, to minimize the impairment on
strength performance?

Hign-intensity interval exercise results in more

Aerobic exercise pronounced negative effacts on strength-endurance

intensity exarcise but not in i strength compared with
T T

Aerobic Cycling results in more negative effects on strengtn
exercise mode andurance performance than running.

Duration of
recovery interval
between exercises

Generalty after 4- to 8-hours recovery interval
strength-endurance performance is not affected.

Muscles groups . _
) ) Reduction in strength-endurance performance s
involved in both located in muscie groups involved in both exercises.
exercises

Low volume of running (3km; 18 min) does not
Aerobic exercise diminish  strength-endurance  whersss  higher
volume volumes (6 and 7km; 30 and 42 minutes) generate

impairments.

Creatine and capsaicin analog supplementsation are

Ergogenic aids able to revert the deisterious effect on strength-
endurance  performance, whereas  caffsine,
carbohydrate and beta-alanine are not.

.

~

on gth will not ly nulify p long-lerm ellect in

gth and hyp phy P since the acute hypothesis is only part of olher possible
factors that may culminate in interference effects

Conclusions made in this present review are limited due to the lack of a number of studies with a

Y ging of )




Aerobic exercise
intensity

High-intensity interval exercise results in  more
pronounced negative effects on strength-endurance
exsrcise but not in maximum strength compared with
moderate intensity exercise.

Aerobic
exercise mode

Cycling results in more negative sffects on strength-
andurance parformance than running.

Duration of
recovery interval
between exercises

Generally after 4- to 8-hours recovery interval
strength-endurance performance is not affected.

Muscles groups
involved in both
exercises

Reduction in strength-endurance performance s
located in muscie groups involved in both exercises.

Aerobic exercise
volume

Low volume of running (3kxm; 18 min) does not
diminish  strength-endurance whereas higher
volumes (6 and 7km; 30 and 42 minutes) generate
impairments.

Ergogenic aids

Creatine and capsaicin analog supplementation are
able to revert the delsterious effect on strength-
endurance  performance, whereas  caffeins,
carbohydrate and beta-alanine are not.




Original Article

Effects of interval time between high-intensity
intermittent aerobic exercise on strength
performance: analysis in individuals with
different training background

VALERIA LEME GONCALVES PANISSA , URSULA FERREIRA JULIO, CLAUDIO MACHADO
PINTO E SILVA, LEONARDO VIDAL ANDREATO, FELIPE HARDT, EMERSON FRANCHINI




Table 1. Age, body mass, height, maximum strength, peak oxygen uptake (VOzpeax) and peak velocity
(Vpeak) in athletes of the aerobic group (AG), strength group (SG) and concurrent group (CG).

AG (n=10) CG(n=9) SG (n=28)
Age (years) 29+6 267 26+4
Body mass (kg) 70 + 8bc 84 +7 83+4
Heigth (cm) 1776 1815 1753
Training experience (years) 8+6 76 5+3
Half-squat 1RM (kg) 163 £ 19p¢ 211 + 25ac 247 £ 152b
Vpeak (km/h) 21.4 £ 1.4bc 18.9 + 1.5ac 16.3+ 1.1ab
VO2zpeak (Ml/kg/min) 61.1+5.20¢ 51.0£76 440+ 3.8

Data are mean + SD; 1RM = one repetition-maximum; 2 = different from AG (P < 0.05); © = different from CG
(P < 0.05); ¢ = different from SG (P < 0.05).

Table 2. Maximum number of repetitions in four sets at 80% 1RM in the half-squat in the control condition
and after 5km running with different time interval between the aerobic exercise and the strength exercise in
athletes with different training backgrounds (aerobic group - AG , concurrent group - CG , and strength

group - SG).
Ca 30 min 60 min 4 hours 8 hours 24 hours
AG (n=10) 46 + 16 41 +17 42 +17 48 + 16 39+ 14 49 + 20
CG(n=9) 38+5 28+ 8 34+9 36+5 37+10 36+9
SG(n=28) 30+9 18 +12 20 £12 25+8 29 +8 26 +11

All groups 38+ 13 30 £15 33 +16 37+ 14 35+ 12 38 +17

Data are mean + SD; C = control; min = minutes, @ = different from 30 and 60 min (P < 0.05); ® = different from SG (P
<0.05).




Hipotese Cronica - Efeitos na Forca e hipertrofia

m Impossibilidade do organismo adaptar-se a ambas as
atividades

m Muitos estudos demonstram comprometimento dos ganhos de
forca/hipertrofia a longo prazo comparado com a situacao do
treinamento da forca isolada, no entanto nao analisaram as
respostas adaptativas




Hipotese Cronica - Efeitos na forca e hipertrofia
m No caso do esporte de alto rendimento nao existe grandes
posibilidades de submeter atletas a diferentes treinamentos

m Apresentar o que tem maior consisténcia ou meta-analises com
desfecho na forca ou hipertrofia




Monday/Thursday H Workout Tuesday/Thursday S Workout

No. of sets No. of sets
Exercise x RM Exercise * RM
4 grupos (militares) Upper bunly
Bench press* 3 x 10 RM Bench press 5% 5 RM
Fly*® 3 x 10 RM
P Military press* 2 x 10 RM Military press 5 x ARM
C = forca e aerobio Upright row* 2 x 10 RM
Latissimus 3 x 10 RM Arm curl 5 x5 RM
pull down*
f Seated row* 3 % 10 RM
S _ Orga Arm curl 3 % 10 RM Latissimus pull 5 %X 5RM
down
Sit-up 2 x 25 RM Obliques 5x 5RM
_ sy = (twists)
E = aerdbio WSt
Sit-up 5% 5RM
Lower body
Single knee 3 x 10 RM Calf raise 3 x 10 RM
12 semanas exlension”™
Single leg 3 x 10 RM
curl®
Calf raise 3 x 15 RM Double knee 5x 5RM
Distance Workouts Interval Workouts extension
(Monday/Thursday) (Tuesday/Triday) .
Split squat 3 x 10 RM Leg press 5x 5RM
Warm-up Warm-up .
Maximum distance in 40 min 200- to 800-m intervals Dead lift 4% 6RM
80-85% VO, nax 95-100+% VO, qax
Exercise-to-rest ratio went from
1:4 to 1:0.5

(Kraemer et al., 1995)
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C. transicao do llb para lla; t area nas fibras lla
S: transicao do llb para lla; térea lla, lic e |

E: transicao do llb para lla; ‘érea | ellc

Vasto lateral

(Kraemer et al., 1995)




TC e biologia molecular
"% &

Resistance training Endurance training
F |
PI3-k imé Cat \
ART - e 1 P38 MAPK
. - CaMK
mTOR
< O\
4E-BP1 p70 S6k
i \ 1
EﬁdE  Protein PGC=-1
l synthesis l

=0-E0 2 @o-E0

Muscle hypertrophy Mitochondrial biogenesis

(Hawley, 2009)




CONCURRENT TRAINING: A META-ANALYSIS
EXAMINING INTERFERENCE OF AEROBIC AND
RESISTANCE EXERCISES
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Figure 3. Dose-response effect size for frequency of endurance training.
Frequéncia e hipertrofia (r =- 0,26; p < 0,05)
Frequéncia e forca (r =- 0,31; p < 0,05)
Frequéncia poténcia (r =-0.35; p < 0,05)
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Figure 4. Dose-response affect size for the awemge duration of endurance workout.
Volume e hipertrofia (r =-0,75; p < 0,05)
Volume e forca (r =- 0,34; p < 0,05)
Volume poténcia (r = - 0.29; p < 0,05) (Wilson et al., 2012)




Volume de treino aerobio

Chance de interferéncia
na forca, hipertrofia e na
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The compatibility of concurrent high intensity
interval training and resistance training for

muscular strength and hypertrophy: a systematic
review and meta-analysis
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Effect Size

Study name (Hedges' g) 95% ClI p value
Hypertrophy
Cantrell et al. 2014 B " a— 0.110 (-0.872to 1.091) 0.827
De Souza et al. 2013 — — 0.163 (-0.643 to 0.968) 0.692
Fyfe et al. 2016 ] 0.000 (-0.927 to 0.927) 1.000
Kikuchi et al. 2016 P=0,529; " — 0107 (-1.152 to 0.989) 0.841
Laird et al. 2016 = 0% N = — 0.161 (-0.599 to 0.882) 0.681
Sale et al. 1990 I =0%; p=0,996 L 0065 (-0.992to00.862) 0.891
Tsitkanou et al. 2016 qm— 0325 (-0.503to0 1.153) 0.442
Pooled effect 0.106 (-0.224 to 0.435) 0.529
Lower body strength
Balabinis et al. 2003  ———— -1.050 (-2.105 to 0.005) 0.051
Cantrell et al. 2014 s — 0161 (-1.143t0 0.822) 0.748
De Souza et al. 2013 —_—— 0043 (-0.847 to 0.761) 0.916
Fyfe et al. 2016 " _ ) 0451 (-1.391 to 0.489) 0.347
Laird et al. 2016 —_—— P = 0,049; 0242 (-0.992 to 0.507) 0.527
Leveritt et al. 2003 —_— | =0%; p =0,925 0381 (-1.269 to 0.508) 0.401
Robineau et al. 2016 —1— 0340 (-1.119to 0.440) 0.393
Robineau et al. 2017 ™ 0077 (-0.899 to 0.746) 0.855
Ross et al. 2009 —— 0.066 (-0.723 to 0.854) 0.870
Sale et al. 1990 " 0668 (-1.624 to 0.287) 0.170
Silva et al. 2012 —n— 0.090 (-0.699 to 0.879) 0.822
Tsitkanou et al. 2016 —a— 0236 (-1.117 to 0.646) 0.601
Pooled effect < -0.248 (-0.495 to -0.001) 0.049
U r stren
ngginmal. zoo';'¢th "™ me— 0148  (-1.130 to 0.834) 0.768
Cantrell ot al. 2014 " E— 0052 (-1.033t00.928) 0.916
Fyfe et al. 2016 e ¥ 0.050 (-0.876 to 0.977) 0.915
Kikuchi et al. 2016 B " — 0052 (-1.097 to 0.992) 0.922
Robineau et al. 2016 ] e P=0927: 0.133 (-0.642 to 0.908) 0.737
Robineau et al. 2017 —— ’ ’ 0.143 (-0.680 to 0.967) 0.733
Silva et al. 2012 | =0%; p=0,889 0060 (-0.849 to 0.729) 0.882
Pooled effect 0.016 (-0.319 to 0.351) 0.927
I I | |
-4.00 -2.00 0.00 2.00 4.00
Favours RT alone Favours HIIT + RT




Analises de sub-grupo - efeito na forca

m Modo do exercicio de endurance: tendéncia a efeito
negativo no HIlIT+cycling do que forca isolada, sem
diferenca com HIIT+running

m Tendéncia para efeito mais negativo quando as sessoes
tinham intervalo de recuperacao menor que 24h
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Development of Maximal Dynamic Strength During Concurrent
Resistance and Endurance Training in Untrained, Moderately Trained,
and Trained Individuals: A Systematic Review and Meta-analysis

Henrik Petré'© . Erik Hemmingsson? - Hans Rosdahl’ - Niklas Psilander’




Studies identified through
electronic databases
PubMed (n=669) and

SPORTDiscus (n=795)

Studies identified through
other sources (n=8)

v

Records after duplicate removal
(n=810)

Studies excluded after
screening of abstract for
inclusion criteria (n=723)

4

A 4
Full-text studies retrieved for
detailed examination (n=87)

e Untrained: individuals classified as untrained or seden-
tary by the author or who reported no involvement in
regular physical activity for at least 3 months prior to the
intervention period.

+  Different RT programs e Moderately trained: individuals classified as recreation-

Studies excluded after detailed
> examination (n=60)

* No RT comparison
group (n=14)
* Wrong outcome

Studies included for review (n=27)

in CT and RT groups

l measure (n=12)

Studies included after examination
according to PEDro scale (n=27)

A
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(n=5)

Participants above age
40 (n=15)

Insufficient training
intensity or volume
(n=5)

Incomplete reporting

ally or physically active but not involved in a regular
structured training programme for at least 3 months prior
to the intervention period.

e Trained: individuals classified as athletes or individu-

Differentiation of the included . S::_Lomparabb .. . ..
studies partcipants af baseline als who participated in regular structured training pro-
Untrained (n=7) (n=1)

Moderately trained (n=10)
Trained (n=10)

Same data used twice
(n=3)

grammes for at least 3 months prior to the intervention
period.



Study

Untrained

Hunter et al. 1987 (22)
Craig et al. 1991 (21)
Midkola et al. 2002 (11)
Kazior et al. 2016 (23)
McCarthy et al. 1995 (14)
Volpe et al. 1994 (13)
Glowacki et al. 2004 (12)
Total (1°=0.0%, P=0.99)

Moderately trained

Fyfe et al. 2016 (5)
Hckson 1980 (3)

Bell et al. 2000 (41)

Fyfe et al. 2016 (5)
Tatkanou et al. 2017 (40)
Siva et al. 2012 @45)
Tatkanou et al. 2017 (40)
Shamim etal. 2018 (39)
Hakdinen et al. 2003 (10)
Laird et al. 2016 (38)
Siva et al. 2012 @5)

de Souza et al. 2012 (18)
Séva et al. 2012 (45)
Lee et al. 2020 (15)
Lee et al. 2020 (15)

Bell et al. 2000 (41)
Total (1°=0.0%, P=1.0)

Trained

Chtara et al. 2008 (4)
Chtara et al. 2008 (4)
Hennessy et al. 1994 (8)
Kraemer et al. 1995 (6)
Balabuns et al. 2002 (24)
Robineau et al. 2016 (25)
Pavssa et al. 2018 (38)
Robineau et al. 2017 (44)
Mrghan et al. 2014 (43)
Cantrell et al. 2014 (35)
Dolezal & Potieiger 1998 (42)
Robneau et al. 2017 (44)
Robineau et al. 2016 (25)
Robineau et al. 2016 (25)
Balabews et al. 2002 (24)
Total (I*=1.5%, P=0.43)

groups
NA
NA
NA
NA
NA
NA
NA

cn
NA
cn
cr2
cn
Cr3
Ccr2
NA
NA
NA
cT
NA
cr2
cr2
(18]
Ccr2

cT
cr2
NA
NA
(18]
(18]
NA
cT
NA
NA
NA
cr2
Ccr3
cr2
Ccr2

Std diff
in mean
0.18
013

003
002
025
027
003

0.10
0.14
0.19

020

-1.30
-126
-1.09
047

035
033

026
017
-0.14
008
002
0.18

043

035

Lower
limit
-1.11
095

-1.02
-0.90

046
029

-168
-165
-153
-147
-127
-1.14
-1
-107

-0.90
-0.90

0.72
081
0.76
-1.13
042

-229
-227
-206

-146
-1.16
-125
-1.18
-124
-122
-102
094
086

053
-0.59

Std diff in mean and 95% CI

Upper
limit
0.75
0.60
0.73
0.96
0.85
1.19
1.01
0.35
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Destreinado Treinado

Study Std diff in mean and 95% CI

Sub-  Std diff Lower Upper

Untrained groups in mean limit limit Std diff in mean and 95% CI

Mikkolaet al. 2002 (11) NA  -0.04 08 073 +

Glowacki et al. 2004 (12) NA 027 046 1.01 m—

Total (1*=0.0%, P=057) 0.12 041 065 <

Moderately trained

Hickson 1980 (3) NA  -061 165 043 —

Bell et al. 2000 (41) CT1  -050 153 053 —

Shamimeta.2018 (39) NA  -022 107 062

Hakkinen et al. 2003 (10) NA  -022 099 05

Laird et al. 2016 (38) NA  -0.16 09 059 —

Lee et al. 2020 (15) CT2  0.10 081 1.00 ::

Lee et al. 2020 (15) CT1  0.14 076 1.04 —l el

Bell et al. 2000 (41) cr2  0.19 113 1.5 S PR !

Total (F=0.0%, P=095) -0.16 048 0.16 ?

Trained -

Kraemer etal. 1995 (6) NA  -047 140 047 [

Balabinis et al. 2002 (24) CT1  -040 146 0.66 N

Robineau et al. 2017 (44) CT1  -0.30 118 059 —8—

Cartrell etal. 2014 (35) NA  -0.17 142 088 —-

Robineau et al. 2017 (44) CT2  -0.08 094 078 ——

Robineau et al. 2016 (25) CT3  -0.02 08 081 —i-

Robineau et al. 2016(25) CT2  0.18 068 1.04 —_——

Balabinis et al. 2002 (24) CT2 043 053 149 —&—

Total (17=0.0%, P=093) -0.10 043 023 <>
| I | | |
4 2 0 2 4 ‘ 2 0 2 4

avours RT Favours CT
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Concluindo sobre efeito cronico

O volume de treinamento “aerobio/resisténcia” apresenta
consisténcia como importante influenciador na interferéncia do
desenvolvimento da forca e hipertrofia

Baixa quantidade de estudos com hipertrofia

Ordem de execucao e intervalo de recuperacao sao importantes

Prioridade na adaptacao aerodbia

Mais treinados estao mais suscetiveis



(0 fendmeno da interferéncia do exercicio AEROBIO nos ganhos de FORCA MAXIMA exlste?)

SIM
Estudos de sintese

apresentam atenuacao 2 a (Pomue — acontece?]
6kg na forca maxima apos

10 sem de TC Efeitos aguﬁos/ Htos crénicos

Quando o exercicio aerdbio é
realizado primeiro que o forga
o desempenho diminui e em longo prazo
pode ocasionar atenuacao dos ganhos de forga

@
¢ O gue parece maximizar
O O Como elimlal' esse efeito ? esse efeito?

Caso ndo seja possivel e o aerobio tenha que ser realizado primieiro
existem algumas maneiras de atenuar a interferencia aguda no desempenho tais como:

Intervalo de
recuperacao Creatina e
4h Capsaicina
Aerdbio com Aerdbio intensidade Correr € melhor Nao ha interferencia
baixo volume moderada que pedalar de braco com perna







STRENGTH AND CONDITIONING AND CONCURRENT
TRAINING PRACTICES IN ELITE RugBY UNION
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m Exigéncia de forca e poténcia absoluta e relativa a massa corporal;
jogadores correm aproximadamente 7km,;

m Informacoes sobre testes e estrutura de treinamento envolvendo forca e
aerobio a partir dos treinadores e outras pessoas ligadas ao

treinamento;
m 43 de 54 responderam sendo apenas 2 do sexo feminino;
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Figure 2. Physical phenotypes tested.

Physical phenotype tested



Treinamento de forca na temporada

Treinamento de forca e poténcia € importante ?
- Sim
Utiliza estilo de levantamento olimpico?
- Sim
Treinamento na temporada: Quantos dias por semana os atletas treinam
forca?
- 35 reportaram 3 dias na semana
Volume de treino
- 26 responderam 45 a 60 minutos



TasLE 7. Training methods used by coaches for speed development.

Higher-order No. Select raw data representing
themes responses responses to this question
Unresisted (free) 25 Actual max speed running. Sprinting on a track.
sprinting Free sprinting.
Plyometrics 13 Plyos. Plyometrics. Plyometric movements.
Sprint mechanics 13 Running mechanics. Technical delivery.
and technique Technique development.
Resisted sprinting 13 Weighted sleds. Resisted accelerations. Sled and
Bungee cord work.
Improving max 9 Max strength development. Increasing strength
strength and power through weight training. Creating
a high strength base.
Olympic lifts 4 Olympic lifts. Hang cleans.

Many respondents detailed more than 1 training method.




Concorréncia € importante?

TasLe 9. Order of importance of programme variables when attempting to avoid any muting effect of endurance
stimulus on strength/hypertrophic development (1 = most important, 5 = least important).

Order of importance, 1 = most important, 5 = least
important (no. responses)

Programme variable 1 2 3 4 5
Periodization 18 4 3 3 11
Order of strength and endurance training 11 11 9 7 1
Volume of endurance training 6 12 11 6 4
Volume of strength training 2 2 8 16 11
Time between strength and endurance training 2 10 8 7 12




TasLE 4. Recovery time prescribed between
strength training and rugby training and
competitive matches.

Same 24 36 48
Question day h h h

>48

Time prescribed 34 9 2 2
between Olympic
style lifting
session and high-
quality rugby
session
Time prescribed 31 8 4 5
between general
strength session
and high-quality
rugby session
Time prescribed 4 6 11 22
between Olympic
style lifting
session and
competitive rugby
match
Time prescribed 1 4 11 20
between general
strength session
and a competitive
rugby match

14




SPECIFIC TRAINING EFFECTS OF CONCURRENT

AEROBIC AND STRENGTH EXERCISES DEPEND ON
RECOVERY DURATION
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Endurance and neuromuscular changes in world-class level
kayakers during a periodized training cycle

Jesus Garcia-Pallarés - Luis Sanchez-Medina -
Luis Carrasco * Arturo Diaz - Mikel Izquierdo




Caracteristicas

m 12 world-class, flat-water kayak paddlers (all of whom were finalists at
the World Championships, incluinclud- ing two Olympic gold-medalists

12 anos de experiéncia (342 km volume anual)

12 semanas

Teste incremental (VO2max, PAM, VT2)

1 RM e poténcia (maior velocidade com 45% de 1RM)
Fase 1 = VTA e hipertrofia (5 semanas)

Fase 2 = PAM, 1RM e velocidade em 45% de 1RM

Fase 3 = treinos especifico de ritmo de prova e esforco maximo

Forca primeiro ou intervalo de 6 a 8h entre as sessoes




Table 2 Types and characteristics of resistance training

Exercises Sets Repetitions Load (%1RM) Rest (min
Hypertrophy Bench press, prone bench pull, squat, shoulder press, pull ups  4-5 8-10 70-75 2
Maximal strength Bench press, prone bench pull, squat 34 34 85-90 R
Maximal power Bench press, prone bench pull 4-5 5-8° 45 4

* Each subject performed the maximum possible number of repetitions until mean concentric velocity dropped by more than 10% of the fastes
repetition velocity within that set

Table 1 Description of the endurance training modes used for each intensity zone

Intensity zone Total volume (min) Sets Repetitions Work period (min) Rest period (min) Intensity (% VO5p.y)
Z1 70-120 | 1-3 20-90 1-3 70-80

72 40-90 14 1-10 5-20 14 80-90

Z3 20-60 2-5 4-8 1-8 2-8 90-100
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Table 4 Changes in selected physiological and performance variables across the 12-week training programme

TO Tl T2 T3

PSpax (km h™") 145 +£ 0.3 14.8 &+ 0.2* 15.1 £ 03 154 + 0.2
PSyr> (km h™") 13.6 £ 0.2 13.9 + 0.2* 14.1 £ 0.2 142 + 0.3'
[La ]peax (mmol L) 125 £ 3.3 11.8 + 25 128 + 2.2 13.0 £ 2.8
HR,,.. (beats min~") 194 + 8 188 + 8 189 £ 10 189 + 7
HRyr (beats min~') 175 £ 7 172 £ 7 171 £ 6 172+ 6
SR, (strokes min~") 104 £5 101 £ 9 101 £ 7 103 £ 8
SRy (strokes min™ ") 88 + 4 84 + 6 85+ 5 85+ 7

Data is expressed as mean £+ SD

* Significantly different (P < 0.05) when comparing TO to T1
* Significantly different (P < 0.05) when comparing T2 to T3
" Significantly different (P < 0.05) when comparing TO to T3
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Volume e frequéncia de treino

m Nao exceder 3 treinos por semana

m 3 a b séries

m 4 a 6 exercicios especificos e multiarticulares
m Ciclode 10 a 12 semanas




Combinacao 6tima

Endurance training

Resistance training

Central adaptations

AT

T Haemoglobin affinity
T Pulmonary diffusion
T Stroke volume

T Cardiac output

T Blood volume

SPT max

T Motor unit firing rate

T Intra- and inter-muscle coordination
T Motor units recruitment

1 Co-contraction of antagonists

Peripheral adaptations
MAP

T Muscle glycogen stores
T Oxidative enzymes

T Capilar density

T Mitochondrial density

LME

T Muscle fibre size

T Muscle cross-sectional area
T Glycolytic enzymes

1 Capilar density

1 Mitochondrial density

5 semanas
para cada
combinacao



Sequéncia

m As sessoes de forca devem ser colocadas antes do treinamento aerdbio ou pelo

menos separando dois tipos de treinamento por um intervalo de pelo menos 8
horas

m Realizando sessoes de exercicio aerobio em intensidades submaximas
principalmente sem focar em grupos especificos pode permitir que atletas

alcancem adaptacoes centrais, enquanto 0s grupos musculares se recuperam para
sessoes subsequentes
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