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Como es la composicion
muscular?




Fascicle

Muscle fiber
Myofibril - sarcomeres in series

Muscle

Myonuclei

Thick filament (myosin) Thin filament (actin)

Organelles
(i.e., mitochondrial reticulum, sarcoplasmic reticulum)

Common assessments for whole-body measurements
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Dual x-ray absorptiometry Bod Pod Hydrostatic weighing Bioelectrical Skinfolds
impedance

Common assessments for localized measurements
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Magnetic resonance imaging Peripheral computed tomography

Common microscopic assessments
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Muscle biopsy H&E (left) or fiber type-specific {CSA assessment (right)

Ultramicroscopic and molecular assessments (Iess common)

B
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Muscle biopsy TEM imaging Di i centnfugallon

with follow-up protein assays, electrophoresis, or proteomics

FIGURE 3 | Different assessments used to monitor resistance training-induced adaptations. The diagramed techniques are utilized to measure whole-body
adaptations down to molecular adaptations to resistance training. Particular attention in this review is devoted to localized, microscopic, ultramiscroscopic, and
molecular assessments. Images are either from our laboratory or were obtained online where reuse for educational purposes was not restricted.
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FIGURE 2 | Composition of skeletal muscle tissue. These composition
estimates are based upon numerous studies which have utilized biochemical
and proteomics-based assessments described in text. IMTG, intramuscular
triglycerides; EC, extracellular; IC, intracellular; MF, myofibrillar; SARCO,
sarcoplasmic; MITO, mitochondrial.
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Es un tejido con gran plasticidad
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Fisiologia de la Hipertrofia muscular



« Factores que facilitan la hipertrofia

— Mecanicos
e« Entrenamiento

— Nutricionales
» Balance energético positivo
» Proteinas - aminoacidos

— Hormonales

» Testosterona

e Insulina

« Hormona de crecimiento
— Celulares

e mTor
e |GF-1



Cémo se
incrementa el
tamano muscular?

Number Protein synthesis
of X per
myonuclei myonucleus
= | Protein synthesis Proteolysis

Fig. 1. Major determinants of muscle fibre size. Changes in fibre size occur
by changing the balance between protein synthesis and protein degradation.
Total protein synthesis is, by definition, the product of the number of myonuclei

and synthesis per nucleus.

Journal of Experimental Biology (2016) 219, 235-242
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Sequence of Changes in Body
Composition Induced by Testosterone
and Reversal of Changes After i o

Drug Is Stopped

Gilbert B. Forbes, MD; Cheryl R. Porta; Barbara E. Herr, MS; Robert C. Griggs, MD (n;7)

(JAMA. 1992;267:397-399)

3 mg/kg/sem
Enantato de testosterona

Change, kg
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0 20 40 60 80 100 10 30 50 70 90 110 130 150 170
Days on Testosterone Days After Testosterone

Time course of weight (W) change (dotted lines), lean body mass (LBM) change (solid lines), and body fat
change (dashed lines) in response to testosterone administration and following cessation of drug. Time zero
for the latter was taken as 21 days after the last testosterone injection. Data given are means +SEM; num-
ber of subjects is shown in parentheses. Statistical significance was determined by one-tailed ¢ tests. Hor-
izontal lines at bottom of Figure indicate mean assay intervals =SEM; asterisks, P<.05; daggers, P<.01;

and double dagger, P<.001.



1. Senalizacion

2. MPS

3. MPB

Tipos de Estudios

Efectos Agudos

Efectos crdénicos

MPS=Sintesis de proteinas musculares
MPB =Ruptura de proteinas musculares

1. Fuerza

2. Masa Corporal

3. Masa Muscular




ini tus f T: i (1992).
Figure 1. Strength training apparatus adapted from Tamaki et al. (1992)
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Efectos Agudos

Aumento
sintesis
proteinas

Vias de

sefalizacion
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ACTA PHYSIOLOGICA
RAPID COMMUNICATION

A single bout of resistance exercise triggers mitophagy,
potentially involving the ejection of mitochondria in
human skeletal muscle
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Alguien ha investigado el efecto de 10*10 a largo plazo?




Effect of 10 Sets versus 5 Sets of Resistance Training on

Muscular Endurance

Daniel HACKETT, Timothy B. DAVIES, Angelo SABAG

The Journal of Sports Medicine and Physical Fitness 2021 May 10

DOI: 10.23736/S0022-4707.21.12484-3
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Entonces, qué hacer para maximizar la hipertrofia muscular?



Tipos de Hipertrofia

Miofibrilar vs sarcoplasmica?




Sarcoplasmic Hypertrophy in

Hipertrofia Sarcoplasmica

Ske I eta I M usc I e : A Sc i e nt ifi c myofibrils (green) sarcoplasmic reticulum (blue)

“Unicorn” or Resistance Training
Adaptation?

Michael D. Roberts'?*, Cody T. Haun?, Christopher G. Vann', Shelby C. Osburn’ and
Kaelin C. Young'?

Evidencia a favor y contra

sarcoplasm (uncolored)

Estudios con sujetos entrenados tienden a mostrar mas hipertrofia sarcoplasmica
gue estudios con sujetos no entrenados.

Hay una creencia no sustentada que mayores cargas inducen mas hipertrofia miofibrilar
y que mas volumen provoca mas hipertrofia sarcoplasmatica

abewr W31 peJO/ooopnasd

mitochondria (red)

Front. Physiol. 11:816. doi: 10.3389/fphys.2020.00816
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Cellular myofibril accretion
threshold occurs due to
transcriptional stress on

resident myonuclear domain

Myofibril number
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- Resident myonuclear sarcoplasm expansion due
domain size maximized a cellular myofibril accretion
threshold

FIGURE 5 | This figure puts forth the hypothesis that sarcoplasmic hypertrophy with years of resistance training may be due to large muscle fibers exceeding a
myofibril accretion threshold. This phenomenon is similar to the transcriptional stress theory posited in Figure 3. Specifically, we propose muscle cells grow via
myofibril accretion due to a certain threshold size. Thereafter, fibers can no longer add myofibrils due to significant stress to resident myonuclear domains. Based on
limited evidence cited in-text, we propose this mechanism may be evident in individuals who engage in higher volume training for years (e.g., bodybuilders).




Carga de entrenamiento e hipertrofia



Frecuencia de entrenamiento

Sports Med (2016) 46:1689-1697
DOI 10.1007/s40279-016-0543-8
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SYSTEMATIC REVIEW

Effects of Resistance Training Frequency on Measures of Muscle
Hypertrophy: A Systematic Review and Meta-Analysis

Brad J. Schoenfeld' - Dan Ogborn” - James W. Krieger®

Benton et al (9)

Candow and Burke (11)

Carneiro et al (12) —

Gentil et al (13)

Lera Orsatti et al (14)

McLester et al (15)

Schoenfeld et al (17)

Overall ES e
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-1.00 -0.50 0.90 0.50 1.00

Favors lower frequency <---- ----> Favors higher frequency

When comparing studies that investigated training muscle groups
between 1 to 3 days per week on a volume-equated basis, the
current body of evidence indicates that frequencies of training
two times per week promote superior hypertrophic outcomes
compared to one time. It can therefore be inferred that the major
muscle groups should be trained at least twice a week to
maximize muscle growth; whether training a muscle group three
times per week is superior to a twice-per-week protocol remains
to be determined.
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SINGLE VS. MULTIPLE SETS OF RESISTANCE
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g Figure 2. Dose-response effect of set volume on hypertrophy. Data are presented as means + SE. ES = effect
£ 0.2 size. *Trend toward difference from 1 set per exercise according to Hochberg-adjusted standard p value (p < 0.10).
o +Significantly different from 1 set per exercise according to Hochberg-adjusted permutation p value (p < 0.01).
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40% greater hypertrophy-related ESs than 1 set, in
Figure 1. Mean hypertrophy effect size for single vs. multiple sets per exercise. Data are presented as means *+ SE. . . .
*Significant difference from 1 set per exercise (p < 0.05). both tralned and untralned Sllb] €CtS .




Duracidn de la repeticion Tiempo bajo tension

Sports Med
DOI 10.1007/s40279-015-0304-0
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SYSTEMATIC REVIEW

Effect size

Effect of Repetition Duration During Resistance Training
on Muscle Hypertrophy: A Systematic Review and Meta-Analysis

0.5

Brad J. Schoenfeld - Dan I. Ogborn - 0
James W. Krieger .

-0.5
Fast heavy Fast light Medium Slow

Fig. 2 Mean effect size and 95 % confidence interval for each tempo

fast/heavy (sets of 6-12) with a total repetition duration of 0.5-4 s), 08 g o
fast/light (sets of 20-30)with a total repetition duration of 0.5-4 s),
medium (sets of 6-12) with a total repetition duration of 4-8 s), or 06

slow (sets of 6—12) with a total repetition duration of > 8 s) v <

Effect size

. L . 02 Hasta el fallo;
Current evidence indicates that hypertrophic

outcomes are similar when training with repetition
durations ranging from 0.5 to 8 s to concentric 02
muscular failure.

-0.4

Fast heavy Medium

Fig. 3 Mean effect size and 95 % confidence interval for each tempo
category: studies with direct hypertrophy measurements only
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Resistance Training Load Effects on Muscle

Hypertrophy and Strength Gain: Systematic
Review and Network Meta-analysis

PEDRO LOPEZ'?, REGIS RADAELLI’, DENNIS R. TAAFFE'?, ROBERT U. NEWTON'?*, DANIEL A. GALVA:
GABRIEL S. TRAJANO?, JULIANA L. TEODORO?, WILLIAM J. KRAEMER®, KEIJO HAKKINEN', and RONEIS.

. Med. Sci. Sports Exerc., Vol. 53, No. 6, pp. 1206-1216, 2021
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FIGURE 3—SMD effects between low-, moderate-, and high-load resistance training performed until volitional failure on muscle hypertrophy. Overall and
subgroup analyses conducted with a network random-effects model. Gray and white circles represent study-specific estimates based on risk of bias assess-
ment (low risk, and some concern or high risk of bias, respectively); diamonds represent pooled estimates of random-effects meta-analysis.



Resistance Training Load Effects on Muscle
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Conclusions: Although muscle hypertrophy improvements
seem to be load independent, increases in muscle strength
are superior in high-load RT programs. Untrained
participants exhibit greater muscle hypertrophy, whereas
undertaking more RT sessions provides superior gains in
those with previous training experience
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FIGURE 4—SMD effects between low-, moderate-, and high-load resistance training performed until volitional failure on muscle strength. Overall and sub-
group analyses conducted with a network random-effects model. Gray and white circles represent study-specific estimates based on risk of bias assessment
(low risk, and some concern or high risk of bias, respectively); diamonds represent pooled estimates of random-effects meta-analysis.
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The Effects of 4 and 10 Repetition Maximum
Weight-Training Protocols on Neuromuscular

Adaptations in Untrained Men

JAMES L. CHESTNUT anDp DAVID DOCHERTY

School of Physical Education, University of Victoria, Victoria, British Columbia, Canada.

Table 1. Pretraining and posttraining relaxed-arm girth,
flexed-arm girth, and sum of skinfolds (SOS) values for con-
trol (n = 5), 4RM (n = 10), and 10RM (n = 9) groups (mean

8*4RM*85% = 2720 * SE).
Relaxed-Arm  Flexed-Arm
4*10RM*70% = 2800 Group  Girth (em)  Girth (m)  SOS (cm)
Control

pretraining 285 *+19 303 £ 1.6 13 =03
posttraining 285 + 2.1 30.6 = 1.7 1303
4RM

pretraining 312 £ 09 332 + 1.0 14 £ 0.1
posttraining ~ 31.5 = 1.0 339 £ 1.1*] 13x02

* * 10RM
3 sem 10 sem pretraining 311 1.0 32.8 = 0.9 1.3 +£0.2

posttraining  31.8 = 0.9 336 * 0.9*] 13 =02

* Significant difference between pretraining and posttrain-
ing values (p < 0.05).

MIDPOINT CSA (CM2)

B PRE-TRAINING

45 7 E POST-TRANING

40 -]

OONTRCL 4 RM 10 AM

GROUP

A igual volumen se producen adaptaciones similares



Se puede mantener la masa muscular si sélo duermo?
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RESEARCH ARTICLE

Supplementing cultured human myotubes
with hibernating bear serum results in
increased protein content by modulating Ak
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Entendiendo la temporalidad de la hipertrofia muscular



Increase (%)

European Journal of Applied Physiology (2018) 118:485-500

https://doi.org/10.1007/s00421-017-3792-9

INVITED REVIEW

@ CrossMark

The development of skeletal muscle hypertrophy through resistance

training: the role of muscle damage and muscle protein synthesis

Felipe Damas'?
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- Cleiton A. Libardi? - Carlos Ugrinowitsch’

RT sessions

MyoPS (%)

REPAIR-ORIENTED HYPERTROPHY-ORIENTED
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__________ Hypertrophy
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Orientacidn de la carga e hipertrofia









Tipo de entrenamiento Tipo de entrenamiento

Sprints - Saltos - rebotes
Arrastres
Sentadillas c/s salto
Ejercicios derivados
de la Halterofilia

Aerodbicos Q

Tipo de combustible

Carrera continua - intervalos
1/2 sentadilla - rebotes

Pesas
estimulos en baja cantidad

Tipo de combustible

Glicégeno - Glucosa

Fosfageno - Glicogeno Ac. Grasos




Y si se combinan estos entrenamientos?

Tipo de entrenamiento

Sprints - Saltos -
Arrastres - dominadas

Sentadillas Al Fallojjjj
Ejercicios derivados
Tipo de combustible de la Halterofilia

Fosfageno - Glicégeno - Glucosa

Ac. Grasos J_—
Aerobicos Q






Entonces, el efecto de interferencia existe o no
con el entrenamiento concurrente?



Definicion

« Es el entrenamiento en forma secuencial de diferentes capacidades
biomotoras.

« En general antagodnicas
« Entrenamiento aerébico y de fuerza.



Concurrencia
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REVIEW / SYNTHESE

Molecular responses to strength and endurance
training: Are they incompatible?’

John A. Hawley ‘
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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

Grupo Fuerza (S) = 8 sujetos X edad 22 anos, 7H; 1M
Grupo Resistencia (E) = 8 sujetos X edad 25, 5H; 3M
Grupo concurrente (S+E) = 7 sujetos X edad 5H; 2M

Grupo S = 5 veces/ semana por 10 semanas Grupo E = 6 veces/sem

3 dias 3 dias

- Sentadillas 3*5 rep - interval training 6*5’ cercano al

- Flex. rodillas 3*5 rep VO2 max.

- Ext. rodillas 3*5 rep 3 dias

2 dias - aerdbico continuo 30’/dia 12 sem,
- leg press 3*5 rep 35’/dia 22 sem y 40’/dia en

- pantorrillas 3*20 rep adelante. Intensidad maxima.

Grupo S+E = ambos entrenamientos con separacion de 2 h

Eur J Appl Physiol 45: 255-263, 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

Table 1. Effects of the three types of training programs on body weight, thigh girth, and percent

fat

Group Body weight (kg) Thigh girth® (cm) Percent fat
Before After Before After Before After
training training training training training training

Strength (8) 75.8+34 77.7+33> 533%x12 55.6+1.1° 145+14 13.7+1.1
Endurance (8) 77.0£49 748 +£42° 544+15 543+10 17.8%£25 142*1.6°

Strength and 822+73 814+t69 |547+t14 564+17°|153+£28 13.0£2.2°
Endurance (7)

Values are means = SE. Number of subjects are given in parentheses
2 Average thigh girth for both legs

b Before vs. after Training, p < 0.01

¢ Before vs. after Tarining, p < 0.05

Percent fat means are for six subjects in the S and E group



Strength (kg)

These findings demonstrate that simultaneously
) training for S and E will result in a reduced
capacity to develop strength, but will not affect
S\ 1 the magnitude of increase in VO2 max.

2000 —

1500

S&E
1000

Cycling Work (kjoules)

J J
5 1C

Training Duration (week)

Or\r

5 10
Training Duration (week)

El entrenamiento concurrente resulta en una reducida capacidad para
desarrollar fuerza, pero no afecta la magnitud de incremento en VO2max
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Modelo propuesto de interferencia a hipertrofia. Es cierto?

Hawley, 2009
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Aerobic exercise does not compromise muscle hypertrophy response to

short-term resistance training

J Appl Physiol 114: 81-89, 2013.
First published October 25, 2012; doi:10.1152/japplphysiol.01013.2012.

Tommy R. Lundberg,! Rodrigo Fernandez-Gonzalo,” Thomas Gustafsson,® and Per A. Tesch!?
'Department of Health Sciences, Mid Sweden University, Ostersund, Sweden; 2Department of Physiology and Pharmacology,

Karolinska Institutet, Stockholm, Sweden; and *Department of Laboratory Medicine, Section for Clinical Physiology,

Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden
Submitted 17 August 2012; accepted in final form 24 October 2012

Table 1. Selected outcome measures pre- and postresistance training with (AE+RE) or without (RE) concurrent

aerobic exercise

AE+RE RE
PRE POST A% PRE POST A%
Endurance performance, s ®¢ 590 *= 104 752 * 129% 29 553 =98 659 = 109* 19
Winax, W € 50 =12 72 £ 19* 44 49 + 12 62 = 15% 27
Peak heart rate at Wmax, beats/min ®¢ 158 = 18 169 = 12 7 153 =17 161 = 17 5
Lactate 3 min post Wax, mmol/l *¢ 6.7+ 1.5 8.0 x 1.1% 19 6.1 £1.0 7.2 £ 1.2% 18
Flywheel mean peak power, W ¢ 400 = 137 514 *= 129* 29 406 = 120 502 = 126* 24
Flywheel mean peak torque, Nm ¢ 218 = 31 279 * 59* 28 217 =35 280 = 61* 29
Maximal isometric torgue. Nm ¢ 287 + 53 312+ Kb 9 276 + 49 307 + 73 11
QF muscle volume, cm? ¢ 1,147 * 249 1,303 * 276* 14 1,111 £ 262 1,198 * 273* 8
QF mean CSA, cm? *b° 79 £ 10 90 * 10*F 14 78 £ 12 84 *+ 12% 8
QF greatest CSA, cm? *be 89 = 11 101 *+ 12%f 13 87 =13 94 *+ 14* 8
ormalized torque, Nm/cm~ © 277 = 0.37 3.10 £ 0.52% 12 2.81 = 0.36 3.36 £ 0.69* 19
Normalized power, W/cm? © 5.03 = 1.16 5.67 £ 1.16* 13 522 *+0.98 6.00 = 1.29% 15
QF signal intensity, MGV ¢ 52+7 58 + 8* 12 52+7 52+9 0
VL signal intensity, MGV *P 53 £8 58 = 8%} 9 52+8 51*8 -2
BF signal intensity, MGV 40 =7 41+ 6 2 41 £10 40 £ 10 -2

Values are means = SD. Significant effects (P < 0.05); a, interaction; b, leg; c, time. Significant post hoc differences (P < 0.05): *within leg vs. PRE; fvs.
RE at POST. Wmax, maximal workload; CSA, cross-sectional area; MGV, mean gray value; QF, quadricep femoris; VL, vastus lateralis; BF, biceps femoris.
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Y entonces, AMPK no produce la interferencia?



»

p-AMPK at Thr 172 (a.u.)

45 min AE + 4*7 max ext. Rodillas
15 min entre AE y RE

a DAE+RE BRE

PRE

POST

First published January 9, 2014; doi:10.1152/japplphysiol. 01082.201

Exercise-induced AMPK activation does not interfere with muscle

hypertrophy in response to resistance training in men

754

50+

Muscle volume (A ¢em?)

254

Tommy R. Lundberg,! Rodrigo Fernandez-Gonzalo,>* and Per A. Tesch?

' Department of Health Sciences, Mid Sweden University, Ostersund, Sweden; 2Department of Physiology and Pharmacology
Karolinska Institutet, Stockholm, Sweden; and *Department of Laboratory Medicine, Section for Clinical Physiology,
Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden

Submitted 26 September 2013; accepted in final form 8 January 2014
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wieescessantl
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100 A
—f—RE

3. Individual and mean increase in quadriceps muscle volume after
ance training with (AE + RE) or without (RE) concurrent aerobic
iise. *Greater increase after AE + RE.

1 2 3 4 5 6 7 8 9 10 11 12
No. of resistance exercise session

Fig. 2. Peak power measured in the flywheel ergometer during 12 resistan
exercise sessions with (AE + RE) or without (RE) preceding aerobic exercis
Means = SD. Significant effect (P < 0.05): b = leg; ¢ = time.

A pesar de entrenar con elevados niveles de AMPK, el entrenamiento concurrente
resultd en mayores ganancias de masa muscular, pero las potencias generadas durante
las sesiones de entrenamiento fueron menores



Sports Med
DOI 10.1007/540279-016-0496-y

CURRENT OPINION

Skeletal Muscle Hypertrophy with Concurrent Exercise Training:

Contrary Evidence for an Interference Effect

Kevin A. Murach! - James R. Bagley?

- Ejercicio aerdbico puede inducir hipertrofia.
- Ejercicio concurrente puede aumentar la
respuesta hipertrofica al ejercicio con sobrecarga
- Larespuesta hipertréfica maxima puede ser
alcanzada:

« Separando las sesiones 6-24 h.

» Adoptando estrategias que minimicen

el volumen de ejercicio (intervalos

vs continuo).

» Favorecer bicicleta a trote.
- El entrenamiento concurrente puede afectar la
funcién en cuanto al desarrollo de potencia.

Quadriceps hypertrophy
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Entrenamiento concurrente







La interferencia ocurre en personas con diferente nivel de rendimiento?



A Single mode training
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Untrained:
Generic adaptation

Trained:
Specific
Interference adaptatior

J Physiol 595.9 (2017) pp 2883-2896

SYMPOSIUM REVIEW
Concurrent exercise training: do opposites distract?

Vernon G. Coffey! and John A. Hawley*?



J Physiol 595.9 (2017) pp 2883-2896

SYMPOSIUM REVIEW

Concurrent exercise training: do opposites distract?

Vernon G. Coffey' and John A. Hawley?”

A Untrained

ET only
RT only
CT| |CT
B Trained
ET only
RT only
CT |CT
-€

Aerobic endurance % W Hypertrophy-strength

No existiria interferencia para sujetos no entrenados. En cambio para sujetos
entrenados, la interferencia del entrenamiento concurrente afectaria a la
fuerza-hipertrofia y no al componente aerdbico



Sports Medicine (2022) 52:601-612

https://dol.org/10.1007/540279-021-01587-7

SYSTEMATIC REVIEW

Compeatibility of Concurrent Aerobic and Strength Training
for Skeletal Muscle Size and Function: An Updated Systematic Review

and Meta-Analysis

Check for
updates

Moritz Schumann'® - Joshua F. Feuerbacher' - Marvin Siinkeler' - Nils Freitag'? - Bent R. Rennestad® - Kenji Doma*-

Tommy R. Lundberg>®

Concurrent aerobic and strength training is recom-
mended to improve physical fitness and health; however,
the compatibility of these two distinct training modes
remains unclear.

In this meta-analysis, we report that concurrent training
does not interfere with adaptations in maximal strength
and muscle hypertrophy, regardless of the type of aero-
bic training (cycling vs. running), frequency of concur-
rent training (> 5 vs. <5 weekly sessions), training status
(untrained vs. active), mean age (<40 vs.>40 years),
and training modality (same session vs. same day vs. dif-
ferent day training).

However, concurrent training may attenuate gains in
explosive strength, which is exacerbated when aerobic
and strength training are performed within the same
training session.



Author(s) and Year Weights SMD  [98% C1)
Gettman et ol 1982 [32] [ 1163% 011[031,054)
Sae et &l 1900 —_ 272% 023[-1.11,065)
Kraemer et al 1005 (35) P 335% 007(072.086]
Bed et al 2000 (37] ey 237% -0.10(-1.03,084)
Gravese & Biessing 2000 (29] } i 113% -088(-224.048)
Hakknen et al 2003 [10] —_— 185% 062(084,1.78)
Batabuns et al 2000 [38) ; 4 008% 058578 463
Glowacks et al. 2004 [39) | s s | 164% 013[-100, 126)
Haykowsky et al 2004 [40] , - { 093% 084065 234)
Karaveta et al 2011 (60} e 617% 015[044,073)
Karavrta 2011 [61) ey | 791% 009[043 060]
Siva et al 2012 [43) —_— 133% -029(-155 006)
Midoia et al 2012 [31) —_—— 158% 069[046 184)
Lbara et a1 2012 [44] ——— 163% -008(-121,105)
e Souza et al 2013 [46) ——i 466% -003[-070.064]
Fyfe et &l 2016 [49] —_——— 162% -040(-163, 064)
Kazor et 8l 2016 (50) L J 046% -014[-227, 190
Tstkancu et al 2017 (54 —_—————— 174% -048[-157.062)
Osuka et a1 2017 .y 650% 021(035077)
Shamen et &l 2018 [62) —_ 207% -014[-098, 070
Lee et &l 2020 [99) ——— A77% 026048, 100)
RE Mode! f0r SUbQroup (Q = 878, o = 20, p » 099, » 0.0%) e 0.06 0.12.0.24)
Hckson 1960 (9] } 4 102% -1.37(-280,007)

[} 1994 [: b 271% 056144032
McCanthy et &t 1005 (11) —_ 25% -0.10[-1.00,.081)
Dolezal & Potteiger 1998 p——y 200% 014[099.071)
Hendrkkson 2010 (42) p————q 181% -062(-1.70,0.45)
Cantred et al 2014 [47] t i 081% -1.17[-277.0.44)
Robneau et al 2016 (S1) b———y 272% 004[-084.091)
Lawa et ol 2016 [52) L { 0T1% 199{027,371)
Terns et b 2016 (33) —_— 286% -0.40[-125 0.46)
Rotneau et al 2017 [$6] R —— 284% -030(1.15,0.56)
Panissa et ol 2018 [57) —_— 187% -024(-130,082)
Splopoutou ¢t al 2019 (58] —_— 144% 1.00[012 229)
RE Moce! for Subgroup (Q = 16.42. af = 11, p = 0.13. = 0.0%) - 0.20[0.50,0.09)
Isometric Torque
Lundberg et al 2013 (48] ——e— 373% -0.15 (090,060}
Jones et al 2013 (30] .y 136% -090(-214.034]
Lundberg et al 2014 (48) e 430% -049(-1.19,020)
RE Mode! for Subgroup (O = 113, af =2, p = 057, F = 0.0%) i 0424089, 0.06)
DOynamic Knee Extension
Cacore et al 2010 [41] [ 1 052% -127(-326.079)
RE Mode! for Al Studies (Q = 3249, of = 36, p = 063, F = 0.0%) Favours Strength Tralning L 3 Poveurs Conurrent Tralalng 10000% -0.06 (020, 0.09)
Test for Subgroup Dilerences: Oy, = 6.26,df =3, p=0.10

lJ T T 1

Standarded Mean Dilerence

FIg.2 Forest plot of studies comparing differences in maximal strength. C/ confidence interval, RE random effects, SMD standardised mean dif-
ference



Hypertrophy

Author(s) and Year Weights SMD  [95% CI)
CSA Quadriceps

Sale et al 1990 [33] v 4 462% -0.01(-0.80,0.79)
McCarthy et al 2002 [12) 409% -0.14[-0.98,0.71)
Hakkinen et al 2003 [10] L 4 7.72% 0.28[-0.34,0.90)
SHanpaa et al 2008 [65) L 4 5.00% -0.03(-0.80,0.73
Lundberg et al 2013 [45] [ 4 543% 027(-0.47,1.01)
de Souza et al 2013 [46] 6.86% 0.03[-062,0.69)
Lundberg et al. 2014 [48] + 4 6.16% 0.12(-0.57,0.81)
Tstkanou et al 2017 [S4]) 1.20% -0.43[-1.99,1.14]
Shamim et al. 2018 [62] 230% -0.67[-1.80, 0.47)
RE Model for Subgroup (Q = 3.06, df = 8, p = 0.930; F = 0,0%) et —— 0.04 (-0.22, 0.30)

DXA Lower Body Segmental Measurement

S#lanpéa et al 2010 [66] - 14.82% 0.17[-0.28,0.61)
Cantrell et al 2014 [47) 432% 0.01(-081,083)
Fyfe et al 2016 [49) [ ' 6.17% -0.05(-0.74,0.64)
Osuka et al 2017 [SS) - 17.81% -0.03(-0.43,0.38)
Lee et al 2020 [59) 7.42% -0.31[-0.94,0.32)
Tinmins et al 2020 [68) 6.08% -0.05[-0.75, 0.64)
RE Model for Subgroup (Q = 1.51,df = 5, p = 0.911; = 0.0%) e —— -0.02(-0.24,0.21)
RE Model for Al Studies (Q = 4.69, df = 14, p » 0.990; fe 0.0%) Favours Resistance - Favours Concurrent 100.00% 0.01(-0.16,0.18)

Test for Subgroup Differences: Q,, = 0.11,df = 1, p=0.739

-2 -1 0 1 2

Standardized Mean Difference

Fig.4 Forest plot of studies comparing differences in muscle hypertrophy. CI confidence interval, CSA cross-sectional area, DXA dual energy
X-ray absorptiometry, RE random effects, SMD standardised mean difference



Explosive Strength

Author(s) and Year Weights SMD  [95% CI)
Jump Height Measurements
Hennessy & Watson 1994 (34] e et 5.12% -0.52[-1.26, 0.23)
McCarthy et al 1995 [11) —_— $23% 0.04[-0.70, 0.77)
Balabinis et al 2003 (38] B 1.56% -0.08[-163, 1.47)
Kraemer et al. 2004 [64] 445% 022[-060, 1.04)
Glowacki et al. 2004 [39) —— ., 7.01% -028[-0.86, 0.30)
Fyfe et al 2016 (49] —t—— $.59% 0.16[-0.53, 0.85)
Robineau et al 2016 (51) —_—— 7.30% 0.13[-0.42, 0.69)
Jones et al 2016 [63] —_—— $.03% -032[-1.08 043)
Terzis et al 2016 (S3) L 4 5.06% -0.27[-1.02, 0.48)
Robineau et al 2017 [56) —_—.—— 6.47% -0.04[-065, 0.58)
Shamim et al 2018 [62] —_— 5.80% -0.10[-0.77, 0.58)
Spopoulou et al 2019 (58] —_— $.15% -0.91[-1.68,-0.17)
Lee et al 2020 [59) i 6.51% 0.06[-0.55, 0.68)
RE Model for Subgroup (Q = 887, df = 12, p = 0.71; = 0.0%) - 0.1210.23,0.08)
Other of Expl gth
Hendrickson et al 2010 [42] —_— 524% -0.36[-1.09, 0.38)
Karavirta et al 2011 (60) —— 831% -0.33[-0.82, 0.16)
Mikola et al 2012 (31] —eeee———y 510% -1.60[-234,-0.8%)
Laird et al 2016 [S2) —_—— 6.06% -0.11[-0.76, 0.54)
Tstkanou et al 2017 [54) ' $.00% -0.97[-1.73,-0.22)
R!Iloddbrswgrwp(O-11.57.«-4.p-o,oz;l’-ﬂ.w) e —— 0.04(-1.16,0.13)
RE Model for Al Studies (Q = 26.68, df = 17, p = 0.08; F = 35.8%) Favours Strength Training = Favours Concurrent Training 100.00% -0.28 [-0.48, -0.08)
Test for Subgroup Differences: Qy = 5.13,df=1,p =002
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25 128 0 12§ 28
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Fig.3 Forest plot of studies comparing differences in explosive strength. C/ confidence interval, RE random effects, SMD standardised mean dif-
ference



Y el orden de los ejercicios?
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Y el orden de los ejercicios?

RESEARCH ARTICLE
Order of same-day concurrent training
influences some indices of power

development, but not strength, lean mass, or
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(A) CMJ Displacement
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oo ﬂ P RT 53 + 6.3
CMJ Height HIIT+RT 45 + 6.3
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COMPARACION DE LOS EFECTOS DE DOS SECUENCIAS DE
ENTRENAMIENTO CONCURRENTE SOBRE LA COMPOSICION CORPORAL
Y CONDICION FiSICA DE MUJERES NO ENTRENADAS.

Por

FELIPE MANQUI MONSALVES

Tabla . Cambio de las variables de la composicion corporal post 6 semanas de

entrenamiento.
GFA (n=10) GAF (n=11)
Variables PRE POST A% p value PRE POST 3 p value
0
MG (%) 40.05+3.8 37.62+34 -6 0.005 42.5+3.9 40+ 44 -6 0.002

MLG (%) 59.94+3.8 6237+34 4% 0.005 57.46+3.90 60.0+4.46 4 0.002
MG, masa grasa; MLG, masa libre de grasa. Efecto tiempo. Promedio *+ desviacion

estandar y porcentajes de cambios.

Se concluye que el orden de la secuencia de entrenamiento no
es determinante para generar cambios en la composicion
corporal y condicioén fisica de mujeres no entrenadas y este
factor no contribuye en la aparicién del denominado efecto de
interferencia del EC.

Tesis presentada en la Escuela de Kinesiologia de la Universidad Finis Terrae para
obtener el grado de Magister en ciencias de la salud y el deporte, mencion entrenamiento deportivo.

Datos no publicados



En resumen

* El musculo es un tejido con alta plasticidad y que responde positivamente al
entrenamiento.

* El anabolismo muscular depende de una coordinada interaccion entre factores
celulares, hormonales y vias de sefalizacion.

 La hipertrofia permanente implica aumentos en el contenido proteico tanto
sarcomérico como sarcoplasmatico.



En resumen

 Entre los factores a considerar al momento del entrenamiento con orientacion
hipertrofica esta:

* Frecuencia de entrenamiento. 2-3 veces por semana
» Cantidad de series. 2-3 series por ejercicio

e Cantidad de repeticiones. Hasta el fallo con una duracion de hasta 4 s por
repeticion

e Carga. La necesaria para obtener 6 - 15 RM

* El efecto de interferencia no se sustenta con la evidencia cientifica para la
hipertrofia muscular. Sin embargo, la fuerza explosiva podria verse afectada
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