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Is resistance training to volitional failure necessary for muscle hypertrophy?

OKADA, Takashi
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(LVoF: volitional failure, n=9) (LVeF: velocity
fatigue,n=8) (HL: high-load,n=10)

We investigated how resistance training (RT) to failure at low load affects
acute responses and chronic muscle adaptations compared with low-load RT to velocity fatigue at
equal work volume. Twenty-seven subjects performed 8 weeks of bench press twice weekly. Participants

were randomly assigned to one of three groups: low-load volitional failure (LVoF, n=9), low-load
velocity fatigue (LVeF, n=8), and high-load (HL, n=10). RT comprised 3 sets to failure at 40% one
repetition maximum (1RM) in the LVoF group, 3 sets to velocity fatigue (20% lifting velocity loss)
at 40% 1RM in the LVeF group, and 3 sets of 8 repetitions at 80% 1RM in the HL group. In
conclusion, low-load RT to volitional failure induces muscle hypertrophy similar to volume-matched
velocity fatigue.



(>60% one repetition maximum [1RM])

()

RT RT

RT

Pareja-Blanco et a. [1] RT  40%

RT
RT
( D 2RT
8
(LVoF: volitional failure, n=9)
(HL: high-load, n=10) 3
(40%1RM)
3
(
RT
( 1 2) (Figurel) 3~5
RT 2 8
1
) RT(1~16
RT
16
(
RT
30
24

)

Declaration of Helsinki for Human Research
30 3

(16

)

(RT)
(<60% 1RM)

()

RT
RT 20%
RT
1)
1)
( )
RT
(LVeF: velocity fatigue, n=8)
LVeF
25 RT
( ) RT
RT 2
)
(
1
) 9
NSCA
(016-HO55)



27

170.7 = 7.1cm; weight, 63.6 £ 8.0kg), 2)

LVoF  (n=9; age, 20.0 £ 0.8 years, height,

LVeF (n=8; age, 20.0 = 0.8 years; height, 171.5 %

6.0 cm; weight, 63.8 £+ 4.8kg),and3) HL (n=10; age, 20.1 + 0.9 years; height, 168.0 + 3.8
cm; weight, 61.2 + 53kg) 3 3
RT 3
2
LVoF (40% 1RM) Steele
eta.[2] LVeF
(40% 1RM) LVoF LVeF
(GymAware; Kinetic
Performance Technologies, Canberra, Australia) GymAware Lite application
software ( x )
Supplemental Figure 1 LVeF 1 10
20 ( Supplemental Figure 1)
(Supplemental Figure 1 )
HL 80%1RM 8
@a 1)
1
RT 1
B-mode ultrasound (SSD-3500;
Aloka, Tokyo, Japan)
1 8 1
( ) 2 1IRM( ) 3) 40% 1RM (
) 4 40% 1RM ( )
( ) (
60 ) RT
Z
1RM 1RM
40%1RM
3
40%1RM
40%
1RM 8 1RM
SPSS(version 22; SPSSInc., Armonk, NY, USA)
( ) )
( ) x )
( ) (RT
) ( )
( ) (A
T )
(ES)
(SD) 1
RT 8 RT

P<0.05

I+



LVOF (17626 + 2314kg) LVeF (16979 =+ 290.9 kg)

HL LVoF LVeF (999.6 =
216.7 kg, Table 1)
RT LVoF (+50 £ 20mm) HL
(+26 £ 1.2mm) LVeF (+31 £ 1.9mm) (Table 2)

LVoF (4.1 £+ 0.7 mmol/L) LVeF (3.6 + 0.6 mmol/L) HL (28 + 10
mmol/L)

#£ 1B e s 2 BYERISOME & firh PR L

N ) P fili et KhLat
JUsEEH In=7 L} #% -
TxG T G¢ — % B (95% CI) (95% CI)
o LVoF< | 30.0¢ + 5.1¢ 35.0¢ + 6.6 0.0712 5.0+2.2(3.3-6.7) 0.85(-0.15-1.77)
i ! ) LVeF< 293¢ + 1.9¢ 324¢ & 29 < 0.019° < 2.6X107™ 0.757 0.012> 3.1+1.9(1.5-4.7) 1.26(0.13-2.26)
mm
HLE | 303¢ + 42¢ 32.9¢ + 49 0.538¢ 2.6+ 1.2 (1.7-3.5) 0.57(-0.35-1.44)
| LVoF€ 13¢ + 04¢ 54¢ = 0.8 0.197 4.1+0.8(3.5-4.7) 6.48(3.96-8.39)
L eh AR .
. LVeF< 12¢ + 03¢ 4.8< + 0.6 < 0.008 7.1X10°"7 0.014 0.006> 3.7+0.7 (3.1-4.2) 7.59(4.50-9.85)
mmo.
HL 12¢) & 0.4¢ 4.0¢ = 1.0 - 0.047¢ 2.8+ 1.1(2.0-3.5) 3.68(2.12-4.92)

LVoF; {&fafif A—N 7% b £T, LVeF; {Efafif MEEMBEYT % ©, HL; Mf, CL EEXM. T; K, G, 7 v —7'(#)
a: LVOoF vs. LVeF, b: LVOF vs HL, c: LVeF vs. HL, 8+t 4.
5 RATHOIITIC X 2HEEAMENER (K x 7 v—7).

16 RT LVoF (36434.1 £ 4739.9kg) LVeF (32996.4 *
5062.0 kg) HL (18681.0 £+ 2591.7 kg) LVoF LVeF
( 2
RT
(z-score)
z-score

RT 1RM LVoF (+6.1 £ 3.1kg)

HL (+15 + 5.8kg) LVoF LVeF (+11.3 + 5.5Kkg)
RT
( 2

RT LVoF (+578.3 £ 3295

kg) HL (+ 177.0 £ 1374 kg) LVeF (+ 355.5

+ 240.2 kg) LVOF

RT 1
(r=-0.53, p=0.005) RT 1



£ 2. VYRF VA M—=v 7 ORMEIRCEAHIER, B0, AN, U —D%Ak:

" RETBOIHT P A
HH B i #% e F97% (95% CI) AR (95% CI)
TxG T G
. 29.2 = 5.0 34.1 +H 354 4.9+2.7(2.7-7.0) 1.14 (0.09-2.07)
F B = 5555 : ; :
o LYeEC | 2970 | & 570 3200 |+ 68 < 01030 2.8X107% | 08287  0.103 23£2.1(0.5-4.1) 0.38 (-0.63-1.35)
m L.d
HL 30.3 = 63 34.7 H 54 € 4.4+25(2.6-6.1) 0.75 (-0.19-1.62)
LVoF: 3000 = 54 36.4 = 2764 6.4+3.5(3.7-9.1) 1.50 (0.39-2.46)
Kt 11
(mm) LVeF 29.3 = 2.0 339 + 2.6 <1 0.362 2.0X10°% 0.590 4.6+3.3(1.8-7.4) 1.98 (0.70-3.05)
mm) L i
HL 30.3 = 44 34.6 + 34 44£29(2.3-6.4) 1.09 (0.11-1.98)
- LYoFC| 589¢ & 650 | 6500 & 60 < 0.180 6.143.1 (3.7-8.5) 0.98 (-0.04-1.90)
i LVeF: 59.7 = 93 70.9 134 < 0.003" ¢ 45X10°1 0.578 0.001> 11.3+5.5(6.6-15.9) 0.97 (-0.11-1.95)
o : : :
(kg)
HL 58.8 = 94 73.8 = 109 0.040¢ 15.0+5.8 (10.9-19.1y 1.47 (0.43-2.39)
o LYoFC | 84370 & 119.1¢} 1422.0¢) % 356.5 | 0.108¢ 5783 + 349.5 (309.7-847.0) 2,18 (0.93-3.22)
SA7) : ; ;
ke) LVeE: 945.6¢7) = 224.67 13011 = 267.3 { 0.010" 1.3X1077 0.093 0.009" 355.5 +256.8 (140.8-570.2) 1.44 (0.27-2.45)
g i 1 ; i
HL 816.4¢ + 338.8 993.4¢7 1 £ 274.6 ¢ 0.153¢ 177.0 + 144.8 (73.4-280.6) 0.57 (-0.34-1.44)
LVoF: 217.8¢; = 32.4 268.3 £ 458 41.7 £30.6 (18.2-65.2) 1.27(0.21-2.22)
27— ; i ;
el LVeFC | 22887 & 3150 2604¢ % 657 < 0.661¢ 2.0X1076 0937 316+ 40.0 (-1.7-65.0) 0.61 (-0.42-1.58)
HL 222.7€ #  39.7 268.3 + 458 45.6 £27.9 (25.7-65.5) 1.06 (0.09-1.95)

LVoF; {Efifif A—77 b ¥T, LVeF; (&£ MEEMHEY <, HL; W, CL EEXMH. T; W, G 7V —7(#)
a: LVOF vs. LVeF, b: LVoF vs HL, c: LVeF vs. HL, -4+ fifg%.
Y RADHONIC X 2 BB @ x 2L — 7).

1)

2)

Pargja-Blanco F, Rodriguez-Rosell D, Sanchez-MedinalL, Sanchis-Moysi J, Dorado C, Mora-Custodio
R, Yanez-Garcia JM, Morales-Alamo D, Perez-Suarez |, Cabet JA, Gonzalez-Badillo JJ. Effects of
velocity loss during resistance training on athletic performance, strength gains and muscle adaptations.
Scand JMed Sci Sports 2016,

Steele J, Fisher J, Giessing J, Gentil P. Clarity in reporting terminology and definitions of set endpoints
in resistance training. Muscle Nerve 2017; 56: 368-374



1 0 1

Yukina Mochizuki, Naoki Kikuchi, Noriko Kaji, Takashi Okada, Kentaro Terada, Yoshiaki Haakaku, Nobuyasu Tomabechi, Toshiaki
Soga, Tomoya Era, Naoyuki Kobatake, Tetsunari Nishiyama.

Effects Of High-intensity Strength Training On Muscle Strength Gain And Muscle Hypertrophy In Males And Females: A
Metaanalysis.

66th ACSM annual meeting.

2019

(KIKUCHI Naoki)

(10739478) (32672)




