= ; Es necesario el entrenamiento de fuerza?
= ; Por que?
= ., Que determina el rendimiento en un deporte de resistencia?
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TOPICAL REVIEW

Endurance exercise performance: the physiology
of champions

Michael J. Joyner!' and Edward F. Coyle?
Performance Velocity or Power

Performance VO, Performance Gross Mechanical
(aerobic) + O,deficit (anaerobic) Efficiency
Lactate Total
Threshold Buffering
VO2 Capacity
Maximal
Oxygen
Consump(non

Figure 2. Overall schematic of the multiple / \
physiological factors that interact as Ml v ypoe p— % Slow Anthro-
determinants of performance velocity or Capillary 3;‘""“ Heart globm Enzyme of Power Twitch pomﬂrv
power output Density Rate Content Activity Output (Ty p;.l:“
This figure serves as the conceptual framework
for the ideas discussed in this review. MORPHOLOGICAL COMPONENTS

M Joyner & Coyle, 2008



Endurance training Strength training
LSD, tempo, intervals Maximal-, explosive- and reactive-strength

/ (incl. sprint/ speedtraining)

Aerobic power & capacity Anaerobic power & capacity Neuromuscular capacity
- O, transport - Glycolysis and lactic acid - Morphological factors
- O, utilization - PCr store and utilization - Musculotendinous stiffness

- Buffer capacity - Motor unit recruitment
\ - Intra/Intermuscular coordination

VO,max Lactate threshold ‘Muscl(e ﬁKeRrT';actors

~.N\ ¢ .

NO,,.., ——> Endurance

performance
Paavolainen et al., (1999); Baettie et al., (2014)

— .



VO, max

= Poca evidencia de que el entrenamiento de fuerza deba usarse para mejorar esta
variable. Efectos triviales con concurrente ((Hickson et al.,1988; Bishop et al., 1999;
Bastiaans et al., 2001; Levin et al., 2009; Rgnnestad et al.,2010a, 2010b; Sunde et al., 2010;
Aagaard et al., 2011)




UL/UAN/Vt2

Resultados contradictorios:

* Pequenos cambios ((Paavolainen et al., 1999; Hoff & Helgerud,
2002; Staren et al., 2008; Mikkola et al., 2011)

= Grandes cambios (Mikkola et al., 2007a, 2011;Guglielmo et al.,
2009; Taipale et al., 2013)

= Sin efectos (Bishop et al., 1999; Sunde et al., 2010; Aaga=rd at =
2011)

* Ningun estudio encontro efectos NEGATIVOS




Economia

= Mejoras tras Fza Maxima (Johnston et al., 1997; Hoff & Helgerud,
2002; Millet et al., 2002; Storen et al.,2008; Guglielmo et al., 2009;
Taipale et al., 2010)—8-14 semanas

= Mejoras tras comb exp y max Paavolainen et al., 1999, Spurrs et
al., 2003; Turner et al., 2003; Saunders et al., 2006; Taipale et al.,
2010). Mikkola et al. (2007a)

2-3 sesiones
(minimo-maximo)




Maximal Leg-Strength Training Improves
Cycling Economy in Previously Untrained Men

DANIELLE J. LOVELESS, CLARE L. WEBER, LUKE J. HASELER, and DONALD A. SCHNEIDER
School of Physiotherapy and Exercise Science, Gold Coast Campus, Griffith University, Queensland, AUSTRALIA
TABLE 2. AVO,/AWR (mL-min~"-W~") values calculated between power outputs

below the GET and when the power output was increased from below the GET to
above the GET.

Pretraining Posttraining

Power outputs below GET

30% GET to 60% GET 9.7 =06 103 +04

30% GET to 90% GET 104 =04 10912

60% GET to 90% GET 11105 114 +0.3
Power outputs below to above GET

30% GET to 120% GET 11302 11102

60% GET to 120% GET 13.3 0.2 116 = 0.3"

90% GET to 120% GET 13.1 =06 117 = 06"

Values presented are means = SEM. AVO,/AWR, change in O, uptake divided by the
change in power output (economy); GET, gas-exchange threshold; % GET, power
output at the indicated percentage of the power output achieved at GET.
*Significantly different from pretraining; P < 0.05.




MAXIMAL STRENGTH TRAINING IMPROVES CYCLING

EcoNnoMYy IN COMPETITIVE CYCLISTS

ARNSTEIN SUNDE,! @YVIND STOREN,? MARIUS BJERKAAS,! MORTEN H. LARSEN,! JAN HOFF,2?

AND JAN HELGERUD?>*

"Department of Sport and Outdoor Life Studies, Telemark University College, Bo, Norway; *Department of Circulation and
Medical Imaging, Faculty of Medicine, Norwegian University of Science and Technology, Trondheim, Norway; '?Depaﬂ‘menz‘ of
Physical Medicine and Rehabilitation, St. Olavs University Hospital, Trondheim, Norway; and *Hokksund Medical

Rehabilitation Centre, Hokksund, Norway

TasLE 2. Physiological results in intervention and control groups.*}

Intervention group (I) (n = 8) Control group (C) (n = 5)

Variables Pre-training Post-training Difference Pre-training Post-training Difference
Weight (kg) 725 £ 7.3 72.6 = 7.1 0.1 1.1 75.4 = 111 75.2 = 11.1 —-0.2 £ 22
VOoomax

ml-kg™'-min~"’ 63.4 = 6.0 63.9 = 5.6 05 *+ 23 58.7 = 8.8 58.0 = 10.8 —-0.7 = 33

ml-kg~%®7.min~"’ 260.0 + 24.0 262.6 + 24.6 2.6 + 10.9 2443 + 41.6 241.7 + 51.9 —2.6 = 16.1

L-min~" 46 = 0.6 46 * 0.6 —-0.1 £0.2 45 =11 44 +13 -03*04
LT

% Vo,max 77.3 £ 4.9 74.7 = 45 —2.6 + 22 83.8 £ 5.3 844 =59 06 +1.8

W 243 *+ 44 248 + 42 5.0 £ 93 258 = 74 262 = 78 46 = 11.7
MAP

time (s) 360 = 101 422 = 115 62 = 59i 567 + 214 597 + 244 30 = 39
CE 70

W 217 = 26 232 *+ 36 15 £ 17% 215 + 57 216 = 65 1+13

ml-kg™'-W™! 0.205 *= 0.022 0.199 + 0.023 —0.007 = 0.003}§ 0.196 + 0.033 0.195 + 0.033 —0.001 = 0.002

ml-kg ¢ W' 0.840 + 0.065 0.800 + 0.078 —0.04 = 0.03i§ 0.815 * 0.102 0.804 *+ 0.091 —0.01 = 0.01

ml-W™! 14.75 = 0.43 14.04 = 0.79 —0.7 = 0.0.6:8 14.71 £ 0.6 14.46 = 0.63 —0.2 = 0.2%

<c(b-min™7) 147 =12 143 = 9 -4 *6 142 £ 15 141 = 11 -1x7

WE (%) 21.1 = 0.7 221 1.2 1.0 = 1.0:§ 21.5 0.9 21.8 = 07 0.3 = 0.3%

RPM 95 = 10 94 =10 -1=*5 95 £ 5 94 =5 -1£5
Strength

1RM Squat 90° (kg) 155.0 = 40.6 177.5 £ 50.7 225 + 19.7i§ 151.0 = 36.0 154.0 = 39.3 3.0 £ 6.7

RFD Squat 90° (W) 802.6 = 141.0 936.6 = 170.0 134.0 = 171.63§ 872.4 = 201.4 849.8 + 202.6 —226 * 488
Training

Tot. cycling (min) 311 = 318 273 + 288 —39 + 451§ 361 = 321 401 += 326 40 *= 463

Tot. training (min) 600 * 212 588 + 208 —-12 + 4 589 + 316 599 + 318 10 £ 6

*Vogr_r\ax = maximal oxygen consumption; LT = lactate threshold; MAP = maximal aerobic power; <¢ = heart rate; CE 70 = cycling economy measured on cycle ergometer at
70% of Voo,max; WE = work efficiency; W = watts; RPM = cadence in rounds per minute; 1RM = 1 repetition maximum; RFD = rate of force development; Tot. cycling = total
cycling time in minutes per week; Tot. training = total training time in minutes per week.

tValues are mean = SD.

ip < 0.05, significant difference from before to after intervention.

§p < 0.05, significantly different from A control value.



Otros factores

* Tiempo hasta la extenuacion (Hickson et al., 1988; Millet et al.,
2002; Stagren et al., 2008; Sunde et al., 2010; Rgnnestad et al.,

2010a, 2010b; Taipale et al., 2010, 2013; Mikkola et al., 2011)---
Solo Fza maxima (no expl)

* Pmax (Regnnestad et al. 2010a)




Rendimiento

Resultados contradictorios:

= Mejoras (Hickson et al., 1988; Koninckx et al., 2010;
Rannestad et al.,2010b; Aagaard et al., 2011)

= Efecto trivial (Bishop et al., 1999; Bastiaans et al.,
2001; Levin et al., 2009)

En los estudios con mayor mejora: Multiarticular +
Comb MAX 'y Expl
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ORIGINAL ARTICLE

In-season strength maintenance training increases well-trained
cyclists’ performance

Bent R. Rgnnestad - Ernst Albin Hansen -
Truls Raastad

Table 1 Strength training program for the cyclists who performed heavy strength training

Preparatory period Competition period

Week 1-3 Week 4-6 Week 7-12 Week 13-25

1. Bout 2. Bout 1. Bout 2. Bout 1. Bout 2. Bout 1. Bout
Half squat 3xIORM 3 x6RM 3 x8RM 3 x5RM 3 x6RM 3 x4RM 2 x 5 reps@80-85% of IRM
One-legged leg press 3x10RM 3 x6RM 3 x8RM 3 x5RM 3 x6RM 3 x4RM 2 x 5reps@80-85% of 1RM
One-legged hip flexion 3 x IORM 3 x6RM 3 x8RM 3 x5RM 3 x 6RM 3 x 4RM 1 x 6RM
Ankle plantar flexion 3xIORM 3 x6RM 3 x8RM 3 x5RM 3 x6RM 3 x 4RM 1 x 6RM
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Fig. 2 Thigh muscle cross-sectional area (CSA) separated into area training (E + §; n = 6, a and ¢) while cyclists in the other group
of knee extensors (upper panels) and knee flexors (lower panels) simply performed their usual endurance training (E; n = 6, b and d).
before the preparatory period (Pre), after the preparatory period Mean and each individual data points are presented. *Larger than at
(12 weeks), and 13 weeks into the competition period (25 weeks). Pre (p < 0.05). *The relative change from Pre is larger than in

One group of cyclists added heavy strength training to their endurance E (p < 0.01). "Larger than in E (p < 0.05)

Rponestad et al. (2010)
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Fig. 3 1RM in half squat before (Pre), after the 12 week preparatory referred to Fig. 2. Mean and each individual data points are presented.
period (12 weeks), and 13 weeks into the competition period *Larger than at Pre (p < 0.01). *The relative change from Pre is

(25 weeks). For explanation of E + § (a) and E (b), the reader 1is larger than in E (p < 0.01). ##Larger than in E (p < 0.01)

Rponestad et al. (2010)




Table 2 Results from the incremental cycle test for measurement of (25 weeks) in the group that had heavy strength training added to

maximal oxygen consumption before (Pre), after the preparatory their endurance training (E + S) and the group which performed
period (12 weeks), and 13 weeks into the competition period usual endurance training only (E)

E+Sn=06) E(n=06)

Pre 12 weeks 25 weeks Pre 12 weeks 25 weeks
VOsnax (L min™") 5.20 = 0.28 5.53 £ 0.36% 5.65 £ 0.36%° 5.00 = 045 5.28 £ 0.42% 5.27 £ 0.45%
(ml kg~' min™") 65.2 + 2.2 69.0 &+ 2.4% 73.9 + 3.2%° 67.3 2.7 72.5 4+ 2.7* 734 £ 3.1%
Winax (W) 420 £ 15 442 + 22 454 + 19* 7 401 £ 37 412 £ 34 399 £ 33
RER 1.10 £ 0.01 1.07 £ 0.02 1.06 £ 0.01 1.08 £ 0.01 1.06 £+ 0.01 1.05 £ 0.01
HR,,.. (beats min~") 186 £+ 4 187 + 4 186 = 4 183 £ 3 183 £ 3 182 + 4
[La~] (mmol 17") 129 £ 0.7 14.1 £ 0.6 136 £ 0.8 120+ 1.3 124 £ 0.8 12.0 £ 0.8
RPE 192 £ 0.2 190 £ 03 19.0 £ 0.0 19.0 £ 03 18.7 £ 0.2 187 £ 04

Values are mean + SE

BM body mass; VO,,,,., maximal oxygen consumption; RER respiratory exchange ratio; HR,,,, maximal heart rate; [La~ ] blood lactate
concentration; RPE rate of perceived exertion

* Larger than at Pre (p < 0.05)
y Larger than at 12 weeks (p < 0.05)

¥ The relative change from Pre is larger than in E (p < 0.05)

Table 3 Results from the Wingate test before (Pre), after the preparatory period (12 weeks), and 13 weeks into the competition period

(25 weeks)

E+S(n=6) E(n=6)

Pre 12 weeks 25 weeks Pre 12 weeks 25 weeks
Peak power output (W) 1,470 £ 51 1,557 £ 63° 1,557 £ 55%* 1,178 & 123 1,162 &+ 140 1,157 £ 157
Peak power output, body mass-adjusted (W kg™") 18504 195+038 199 £ 0.8%* 157 £ 1.1 158+ 13 160xL16
Mean power output (W) 828 + 33 814 £+ 29 805 = 39 696 £+ 69 683 + 64 667 £ 68
Mean power output, body mass-adjusted (W kg_') 102 +£03 102403 102 £ 04 93+ 06 94 + 06 9.3 + 0.7
Fatigue index (W s™') 3404+ 12 380+ 20" 363+ 3.1 256+ 34 244+38 246+44

Rponestad et al. (2010)
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Table 1. Duration (in hours per week) of the endurance training performed during the 10-week strength development phase (week 1-10) and the 15-week
strength maintenance period (week 11-15) in the group that performed endurance and strength training (ES) and the group that performed only endurance

training (E)
Intensity zone ES E
Week 1-10 Week 11-25 Week 1-10 Week 11-25
Intensity zone | (60-82% of HRax) 7.9+20 12.3 £ 31 101+£26 13.4+£3.7
Intensity zone Il (83—-87% of HRyx) 1.2+0.6 1.4+0.9 1.1+0.5 1.2+06 30 -
Intensity zone 11l (88—100% of HRna) 07+04 08+04 06+04 07+04 ¥ ¥
Heavy strength training 1.4+01 0.6+0.1 0 0
Total training time 11.3+15 15.2+£3.1 11.7+ 3.1 15.3+3.9 T 251 - - -
o T - = -@® ES
Values are mean + SD. z 20} o~ e - -+ E
HR 1, maximal heart rate. T (=== T
> 15f
7
I
10 =
>
Table 2. Data from the maximal oxygen consumption (VO2max) and Wingate tests before (Pre) and after the intervention period (Post) in the endurance and = 5|
strength training group (ES) and the endurance training group (E)
ES("=9) E(n=7) O T T 1
Pre 10 weeks Post
Pre Post Pre Post
Fig. 1. Maximal strength in isometric half squat at before th
VOsma test R intervention period (Pre), after the 10-week strength develog
\}_/lgzma" (t;nLtkg m1|n ) 1;? fg 189 f? 1;2 f g 152 fg ment period (10 weeks), and after the 15-week strength mainte
[La‘ie]ak(ﬁnﬁ]aols'l_rﬂl)n ) 133420 137418 117421 111429 nance period (Post) for the cyclists performing enduranc
RPE 19+1 1941 19+1 19+1 training and strength training (ES) and the cyclists performin
Wingate test endurance training only (E). *Larger than at Pre (P < 0.01), *th
Peak Wingate power (W kg™') 236+29 24.2 +3.4* 229+24 226+1.7 relative change from Pre is larger than in E (P <0.01).
Mean Wingate power (W kg™') 109+0.9 109+1.1 10.7+£0.7 10.5+£0.9

*Tendency toward being larger than Pre (P=0.07).
HR,ea, peak heart rate; [La"], blood lactate concentration; RPE, rate of perceived exertion.
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Fig. 5. Mean power output during the 5-min all-out trial
performed following 185 min of cycling at 44% of baseline
Wamax before (pre) and after (post) 12 weeks of combined
endurance and heavy strength training (E+.S) or endurance
training only (E). *Different from Pre (P <0.01). “Difference
between groups 1n relative change from pre-test to post-test
(P<0.01).




Mecanismos potenciales

= Mayor reclutamiento fibras motoras
= Fibras tipo 1 y tipo 2 (Tlim)
= Actividad EMG en ciclistas similares (Bieuzen et al. 2007).

= Mayor contenido en fosfocratina y glucogeno+menor [Lac
[(Goreham et al. 1999) tras 12w de Fza Maxima.



Table 1. The in-season (2 x week) strength training programme - maximum-strength emphasis & with explosive-strength (Day 1: Heavy maximum-strength
& explosive-strength focus; Day 2: Light/Medium maximum-strength & explosive-strength focus. There were 48 hours of recovery between Day 1 and Day

2).
DAY 1 (Heavy) Block 1 Block 2 Block 3 Block 4 Block 5
Strength Quality | Week 1 2 3 4 5 6 7 8 9 10 [ 11 12 13 14 15 16 17 18 19 20
Explosive- Squat- | 33 [ 33 [ 33 |33 | 33 |33 | 33 [ 33 | 3x3 (3’1‘71 (3’1‘731( 33 (f’;ﬁ’g 3x3 3 | 3x3 (i‘;ﬁk 3x3 33 | 3x3
strength (heavy) | jump (Tkg) | (7kg) | (Tkg) | (Tkg) | (Tkg) (Tkg) | (7kg) | (Tkg) | (17kg) o) 2) (17kg) ) = | (17kg) | (17kg) | (17kg) ‘2) (20kg) | (20kg) | (20kg)
Maximum- TB DL 3x8 3x8 3x8 2x8 3x5 3x5 3x5 2x5 3x5 3x5 3x5 2x5 3x5 3x5 3x5 2x5 3x5 3x5 3x5 2x5
strength
Assistance | RDL x5 | 3x5 | 3x5 | 3xs | 2x8 | 2x8 | 2x8 | 2x8 | 2x8 | 2x8 | 2x8 2x8 x8 | 2x8 2x8 28 | 28 | 28 2x8 2x8
(Posterior)
Assistance 2 Goblet | ) ol ovia [ 2xi2 [ 2xi2 | 2xi2 | 2xi2 | 2xi2 | 2xi2 | ax2 [ 2xi2 | 2x2 | 2x2 [ 2x2 | 2xi2 | a2 | o2xi2 [ 2xi2 | 22 | 2xi2 | 2x12
(Anterior) Squat

2 x (Front Plank, Side Plank R, 2 x (Front Plank, Side Plank R, Side | 2 x (Alt. Front Plank, Side Plank R 2 x (Alt. Front Plank 4s, Side Plank R 2 x (Alt. Front Plank 4s, Side Plank R

Core e Side Plank L, Curl & Bridge) Plank L, Curl & Alt. Bridge) Abduct., Side Plank L Abduct., Curl Abduct. (dyn), Side Plank L. Abduct. Abduct. (dyn), Side Plank L Abduct.

& Alt. Bridge)

(dyn), Curl (Abduct) & Alt. Bridge (3s

(dyn), Curl (Abduct) & Alt. Bridge

ISO hold)) (3s ISO hold))
DAY 2 (Light/Medium) Block 1 Block 2 Block 3 Block 4 Block 5
Strength Quality | Week 1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 15 16 17 18 19 20
Explosnve-. .Squat- 2x3 2x3 3x3 3x3 3x4 3x4 3x4 3x4 3x5 3x5 3x5 3x5 3x5 3x5 3x5 3x5 3x6 3x6 3x6 3x6
strength (light) | jump
Maximum- TB* 3x8 3x8 3x8 2x8 3x8 3x8 3x8 2x8 3x8 3x8 3x8 2x8 3x8 3x8 3x8 2x8 3x8 3x8 3x8 2x8
strength DL
Assnstapce 1 RDL 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5 2x5
(Posterior)
Assistance 2 Split- 28 | 2x8 | 2x8 | 2x8 | 2x8 | 2x8 | 2x8 | 2x8 x8 | 2x8 | 2x8 2x8 x8 | 2x8 2x8 x8 | 2x8 | 2x8 2x8 2x8
(Anterior) squat
2 x (Front Plank, Side Plank R, 2 x (Front Plank, Side Plank R, Side | 2 x (Alt. Front Plank, Side Plank R 2 x (Alt. Front Plank 4s, Side Plank R 2 x (Alt. Front Plank 4s, Side Plank R
e Side Plank L, Curl & Bridge) Plank L, Curl & Alt. Bridge) Abduct., Side Plank L Abduct., Curl Abduct. (dyn), Side Plank L. Abduct. Abduct. (dyn), Side Plank L Abduct.
Core oL & Alt. Bridge) (dyn), Curl (Abduct) & Alt. Bridge (3s | (dyn), Curl (Abduct) & Alt. Bridge
ISO hold)) (3s ISO hold))
Time W1 20s—W4 35s W5 40s— W8 455 W35 40s— W8 45s W13 30s—W16 35s W17 35s—W20 40s
- Technique emphasis on ALL lifts
Notes: - Progressively load 1f competent

- *15kg less than Day 1 Trap-bar Deadlift loads

3x3: 3 sets of 3 repetitions; RDL: Romanian deadlift; R: night; L: left; TB DL: trap-bar deadlift; R: right side; L: left side;

ISO: isometric

Alt: alternate; Abduct: abduction; Dyn: dynamic; W1: week 1;

Beattie et al. 2016




Efectos negativos

Aumento hipertrofia+
= Aumentar la distancia de difusion

" Incrementos en torno al 3-6% (Ra@nnestad et al., 2010a,
2012;Taipale et al., 2010; Losnegard et al., 2011; Aagaard et al.,
2011)

= Efecto negativo del aumento de masa cuando se vence una
resistencia



Recomendaciones basadas en la evidencia

oractica deportiva

Realizarlos en su rango de movimiento particular

~ase concéntrica a maxima velocidad. Tras
3 Semanas: Max, RFD y Eco

Primero desarrollar una técnica correcta

Realizar ejercicios que se centren en los grupos musculares utilizados en |a

-’

\ ™

f Rgonestad & Mujika (2014)




Recomendaciones basadas en la evidencia

" Durante el periodo preparatorio: 2 sesiones de Fza maxima, 12 semanas, 4-10 RM,
2-3 series, 2-3 min

= Comenzar con 2-3 semanas de adaptacion y aprendizaje

" Es normal que el ciclista tenga dolor de piernas y se sienta “pesado” al comienzo
del programa de desarrollo de fuerza

" |deal comenzar al finalizar el periodo competitivo: El entrenamiento especifico de
resistencia no es prioritario

= En el periodo competitivo: 1 sesidn/semana de alta intensidad MANTENIMIENTO

Rgonestad &
Mujika (2014)



= Hacia donde vamos

= ; Como optimizar e individualizar el
entrenamiento de fuerza?

= Tecnologia
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