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Utility of the S-scale of perceived exertion for resistance exercise and training
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Abstract

Exercise intensity is a critical factor in exercise and training. Utilizing the rate of perceived exertion
is an easy and practical way to monitor the intensity of resistance exercise in the field setting. This study
sought to investigate the validity of the newly developed Japanese S-scale (on a 4-point scale) of perceived
exertion for resistance exercise and its utility for home-based training. A total of 41 healthy young men
(n = 12; age, 21.6 y), young women (n = 15; age, 20.0 y), and middle-aged women (n = 14; age, 49.1 y)
participated in the study. All subjects performed isotonic arm curl (AC), isometric elbow flexion (EF), and
plantar flexion (PF) exercises. The following variables were studied: number of repetitions, Borg rating of
perceived exertion (RPE), root mean square electromyography (RMS-EMG), heart rate (HR) during AC,
and limit time to exhaustion during EF and PF in the range 3-6 on the S-scale of perceived exertion. The
14 middle-aged women participated in unilateral resistance training of the biceps on 2-3 days per week
for 12 wk using their non-dominant arm. Exercise intensity was 5 on the S-scale of perceived exertion
in active muscle (RPE-AM). The number of repetitions, Borg-RPE, and RMS-EMG increased for each
S-scale ratio during AC exercise, but there was no change in HR responses. Resistance training resulted
in a significant increase in number of repetitions in the training arm (P < 0.05) but not in the control arm,
as well as significant increases in maximum strength of EF in both training and control arms (P < 0.05). A
cross-education effect was observed in isometric strength in the control arm. There was no change in RMS-
EMG during AC exercise at exhaustion. These results validate the use of the S-scale of perceived exertion
to measure RPE of active muscles in young men and young and middle-aged women, showing that middle-
aged women can achieve subjective gains in muscle endurance and strength on resistance training.
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1. &

EFED ) AT BISTIE, B WEAT) %@
PNZPRD Z &R AT OMEFRREHE I Z B 2 il 2 R
723 (Haskell et al, 2007)o 7 X 1) 5 AK— vV [EFR
(ACSM) OFg$tTiE, 3 TIZ 1978 4E BT & FiFsA
NEMFET 272008711 ML — = 7 (resistance
training) A EhO S5, B EE O T IS (Vuori,
2001), A& R v 7Yy Fa—LBEROWD (Jurca
et al, 2005), ‘HiEEOHENM (Suominen, 2006), I =

i[[]

v ha— 0% E (Irvine and Taylor, 2009) 2SR
ENTVD, BEDOIZETIE, BHHOEVEIRRICZ &
BHECY AL &, HidEOMTI L-RFThsZ
& DR T B — AT ST 5 (Katzmarzyk
and Craig, 2002; Ruiz et al, 2008) .

BHED ) D720 LI 71EE L, ER BT
b5 —N—u— FOFEMNZHE, BiE, HeiE
Hr ot KL 028 ~10 fiH, 1y b7z h
8 ~ 12\ CTHH7 MM (8 ~ 12 RM) & 7 51l % 1 2
~3MFEHT L LakDENE (ACSM, 1998). 2D
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TREHIFEBIOBEZ T L Db DOTH ), RETFER
EM7z ACSM & 7 2 7 Lg% (AHA) o4& RRE
1233 % (Haskell et al, 2007). 2B THW LN
%8~ 12RM TP & 7% 2 MEIXRAH IO 70 ~
85% 2% (NPO IEAHA ML —= > ZigEH &,
2008) ¥ 575, EBEORLEIYTIEIT A b v — v
R7) =T x4 FEESHICHHTE WAL RM
FER IR IINRE S 2 A B & I 725 DB 21
BRADD 5,

fiidy, HEMEERE (RPE) % H /-8 )8 <k
R BRI R <, By AL RTIENTES
FEEN i D (Gearhart et al, 2002; Robertson
et al, 2003) . BMHEES % H\72 1RM @ 40 ~ 90% O
5 & Borg-RPE (15 27 —)V) OB TIIEHREDH
ff THE X W) BR B o #= Sk & < 7 0 (Lagally and
Amorose, 2007), 1RM @ 90% DL 30% DIREIC
HA_THEB %D Borg-RPE 135 < 2 A 2 DG ST
Who LrL, HEMIZEL % MEOKREICIEF—HE
T M7 (Borg 1998) X°4EH#i7: (Easton and Williams,
1988) w: b, F7z, EEFIAEZR D L 1RM OFf
MGEEEI BT B AT — VR4 5 Z L b S Twn
% (Robertson et al., 2003). Robertson et al. (2003)
£ 0 (extremely easy) 7 5 10 (extremely hard) @
OMNI-RES &9 11 A7 — )& HWCEsiic By
LERUBWERET LTV D, ZOHE T, 8 (active
muscle) & &% (overall) O RPE, f:Z& =i FLER
iz EOWEN B L CERIBREDOBRN S 7 — A0 —
W EBMHREOWTNOEIICB T LA RIBEETH S
£ LTwb, OMNIRES % flwv 7o 5 (Lagally
and Robertson, 2006) Tix, 1RM @ 40 ~ 90% O fE{H
JEEBC BT B KB & 28 O RPE Al sh,
DN & b o TATr— U L bIZEH L, [ UGE
TIXIEEH O RPE D05 72 b0 GBI & & H D
RPE ZIZ#EDBALNL T 05, EBEOHIEER b
L—= U 7 CilRAm L T AIEEIR O RPE % f51E
ETHHBEYTH A (Lagally et al, 2002), Borg-
RPE (15 A% —)V) % OMNLRES (11 27 —)) &%
DA = VR A7 — VI O@®E (8213 Borg-RPE ®
BE A7 — ) T 5 (Borg, 1998; Robertson et
al, 2003)o Z OPHIZ D % HEE)T O HEAYTRE % M2 <
FRTL7OTHY, HLHWETTEHIEL PL—=
YTOBEIEL VAT =V THIRHTE 5, $72,
OMNI-RES ®#5tid [easy] #*5 Thard], Borg-RPE
® [light] 7% [hard] & IFIF[ U REFEHRFE TER S
NTwb, OMNLRES 3 /1B OREZHEETE S

RPE TH 57, ThETHEIAHARERIMESH
TWh\ve B b == 7 OfsfEE L CAMWIREZ %
RBLRHIE, VWA — VTIREI O & e R L,
ZOMERRT HABEMEDOAr — V2 B%T 52 L1
VEEEZ N5,

Z ZCARIIZETIE, BEER ML —= Y FIIHV 5
W O HEEST &AL L72MEH O RPE A7 — )
(UT, SATF—n&d%) 2BFL, MRG0
B EOEMIYTRE, BorgRPE & O BR, FAHI=0H
WHEZ A FIZX B Ar—VOEEFRFETLEEDLIC, S
A= ERWIZFEEN R L — =0 T OMRE K
AET A EEHME L,

2. 5%
2.1. X&E

XTRBEE PR BTV 2 B B 0 2 W EEE 7
BB 51 %C, HERME124 216 £ 077%, &R
1722 = 68 cm, 1AHE 651 = 76 kg, BMI 21.9*15), #
P15 % (200 = 08 %, H1 1594+40 cm, AE
56.3 + 56 kg, BMI 22.2 + 2.1), H4E M 14 % (49.1+90
i, £ 1561 = 58 cm, fAHE 530+79 kg, BMI 21.8+
34) O3B T Tz AW ZIG® D RIS, RO
B AP, PIEoMMZ &4 DS CEISTHH LT
TOHEDSEEER72, WHFEEHIIL R R AR E F 50

FMmHER S DOKBEZH TV D,

2.2. BIEAEEAR

(1) 7—LHh—IEE

T— 27—V (AC) EB)O A E L FEE PRI
BIfR7%e < 2 kg, 3 kg 4kgD¥ NV EFETFICH
T, I0RBERES T ETEBISRIEE 2, &>
NIVITHER ETHIER 21T T L 2t Lz
B, FRIBATEIZ2EEZ AW EPHEHTH 5,
ACHEBIIETZOAKICAEHLE 2RI HDOR=AT
I B ESE AR 2 & SE AR (RIEmAMY) CHES7
W CIiberiz, BTFEHEDN—AEMFFTE i
BEREGREE Uiz BB 7 — A — VNV F IR
N, 7y VEREEZIRETH - VEDO LIINEH T,
R LS 2 LSS CIfrb ez, =B, FFEFZ
FIIEET A S 72 (K1A),
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(2) ERMUHNEHEESS LV EEEES

SERPERE M B X ORI E E B 1375 4 ik 15 44 & %t
& LT EREOEM (EF) E8)I3A Z o A7,
AR (EF-MVC) @ 30% D5 % H Lkl % &
Bx oW E T b7z, EF B o5 IE E
Tl 30 FEAME S 72 IRAE CIN IR 90 FE I CHUC R L
78I T 5 v F A b (TKK5710c, Priftkes) %
FloRbETITo72 (KM1B). J1f5%513 100 Hz T/ —
Fs8v a2 AD 2L CTHOAA, KK 71 7 J A
(P Hiesds i) CRFT L72. EF EBjfid v aro
W CFRRENL WA BRSO S Z RS
720 EF-MVC 328071588 % 5 B 3 v MTkaw
HARME 2B L 720

K (PF) E8) i3 K2 KK (PF-MVC) @
30% D)% Ll % &S & 955 R £ Tr e b7,
WHUIEEAL L L, EF &8 & RIS OET & v F 2
> & CIEBIE 80 ~ 90 BEJE AL, K 20 ~ 30
B ChHRER 1T bE7 (M1C). JIE5 1L EF #H)
EFERIC — P23y T ZHGAAR, TR 70 75 AT
BT U720 PF EBHIE S O VT 2 B8 708 5 Fi#
T2 ORI b Y720 PE-MVC 13 &0 5%
S5HM 3ty Misw, mAEEZRALZ.

(3) HEX & LEE

ACEB) I LR o REHER (EMG) % &
L, AEHMEES L TCEOR LTI L2, L5
5 DIFTBERGNE BRI T 4 AR —F 7 I)VEM (F-150S,
HAE) %2 EMmEEEE 20 mm T L, ~LVF71L

A —% (WEB-5000, HANHE) %4 L2000 Hz O
7)) v TREERTEMG 5% AD Z# L5y 7 b
(Mapl038, =& > 7 27) T L7z, RIS
LAV DZAL (%A — V) (XAl L 72 sRskik e
DEME (RMS) #HWTEmILL7z, %3, RMS X
BAT — VR Z SR LA 3 Ol TH
HiL 720

OB S S (CMs) ICE D KA — LT
HA IR OB L MEE Y VF T L A —% (WEB-
5000, HAGE) CTRHIL 720 Ll o OIS R A4
BT 5 LR L RICHlE Lz,

(4) BREWIEH X —IV (S X4 —Jb)

SERRVER K OV KB CIE B AV U 72 A9 55
A=V, [2 LT & 721 (S3), [RhwT & 72 (S4),
[ )T &7z (S5), THHMRFR] (S6) &L, &
B ENENHEMICE 2R 2 OB TE 2 872
(H2)o B, AATr—NoO [y &£#] S & [4
Wl (S2) WEBIIRTICE EDle S Ar—VEKRT:
B CHAGERFL O Borg-RPE (&5 115 27 —V) b
FIEFIZE 2 SE 7

2.3. BAML—=2T

BN —= 71 Sh LK LN E To AC EH)
w2 ~3MOEETL LY bOAR I2HAMIZH7 AT
b WRFGHELME 4% EL, BHET2~25 kg
DE vV x FIGCTEBREDORIE & FERIC 27512 1 H O

Figure 1. An experimental set-up of the arm curl (A), elbow flexion (B), plantar flexion (C) exercises.
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NR=ZATH—=NVEFILNETCIL—= v 788, ML —
=V TR OB D LI OWT L L7z,
Jic AT i 0D T S A L 1 5 (R R v 2 & S A Ay (i el
ML) FTE&E72s AC TS5 LKL 72B D 5 > N )L
EE b L — = v FHEEICERIGELSG S B, HiEE) L
M ERE (TH) oA FL—= 7S, FlEk (CH)
Farbte— Ve L7 37 A ML —= 2 FHif4T,
2RI 1 D~ — AT AC #E) % %57 Wl £ TIThE 72
BT B LOC MoK ATr—oE%E, Borg-RPE,
RMS, HR, R TO EF-MVC % KL 72,

2.4. WRETEERMR

FTRTOMEMIEFIME L FHREFETR LIz, KA
T=WIIBT BTV THDNT X =5 DB
BEOHOHT (ANOVA) %4775\, 7V —THICHEE R
FEDFRO B L7254 1 Bonferroni 045 5 ILEURSE & 4T

¥ OIEBIIE I e E S i (FL—= 7 x )
M) =M, KEERE FHREERE Lz, ERRICH
B DR SNWEIE 7 4 Vv a sy VR IEA
MEXAT I o720 BREAKHEIZP<005 & L7z,

3. R

ACHB THWA Y v NOVERIIHEERMIE 3605
kg, AAELMEL 28 05 kg, HFELHEILT T 20 ke
THho7zo ACHEENI BT 2 FHIHEIEMOLAL% X 312
IRL 72 S TEALIZ A & — b S BT L, A7 —
Vo LR E L QITHERE IR L7 AT — VO
¥ S3 OEFER ML 336 + 150 [, #5411 225+ 7.2
], AR 219 = 95 0], S4 DFEER X472+
162 [A], Z4EMEIE 392 = 135 [|], 4R 4l 342+
122 Inl, S5 OFEAET L 669 + 165 [, FHFELMEIL 574
182 [Al, WR4EZCEIE 479 = 17.1, S6 DAAEFR I 87.9

I+

Bole ML=V ZHIBO THE CHOZIST X — + 165 1], #FAEMEE 791 + 24.2 [8], PAELEL 646+
Rr—Iv S1 S2 S3 S4 S5 S6
2
N\
VANVAN
qﬁf
BHRME S WY KRB R FILHNTE-| MNTE: WNEYNTET HIRF
- BATLNSERS - - ol = _
o s e AN A TNDERD | for— S | BRATWVAERD | IRATLADERA A | ShUEEIMNT
7 IKEE G B N - Z d N N N N
AUBORE | ARERLEY | Timiong 77 LETF| RELEBLD |hEUBLEBLE|  LATEAL
Figure 2. S-scale of perceived exertion with the resistance exercise and training.
A A A A A
Start S3 S4 S5 S6
2.5 mv
10 sec

Figure 3. A sample tracing of the biceps brachii muscle EMG at each S-scale ratio of perceived exertion during arm curl
exhaustion exercise.
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B0 THo720 TN—THARTNV—THTY VNIVE
WPRLDLIEDDE SO B K AT — Lo E A
FHE (S6 DA Z 100%) & LTRLAZ (R, AT —
N OAKfiE1X S3 T 292 ~ 380% (Faze = 2.27, ns), S4
T51.1 ~ 54.6% (F23 = 0.24, ns), S5 T 74.0 ~ 76.0% (Fa3
=015 ns) & EHLZD, FV—THICEELRZ IR
No7z,

ACHEHBENC BT 5K A7 — )V D Borg-RPE 1% S3 D #
FHMEL 123 £ 06, HELMEX125+07, PERMER
101 * 14 (Fap = 252, P< 005, HERMEB L OEHEL
PEvs AR T & B 12 P<005), S4DEAERMIE
142 +£ 10, HELMEE 144 £ 09, PAEZMHEIZ 118+ 14 (Foz
=236, P < 005, FAEBVES X OFERNE vs., PEELE:
EDITP<005), S5EDHEFERMEIX166+10, #HAFELME
13167 £ 09, PAELCMEIZ 131 = 1.8(Fayp = 34.8, P < 0.05,
FEBVEB X OEELNE vs, PAERME: £ I P<005),
S6 OEFET ML 185 + 1.1, FHELMEL 18911, H4F
EIZ 152 = 27 (Fopo = 174, P < 005, #4EH S X O
EAELCVE vs, AR - BT P <005 & FHL, &
A=) & b HEEL WD B WETSH o 72,

ACEFTOZ AT —VIZBIT HEKX RMS % S6 |2
AT HEETRLE (RDo K7 NV—TEHS AT —
Vo R EE LIZRMS IZH AL 720 S3 O EFEFR X
719 = 149%, £A4ELMIE 537 + 11.7%, HAEL L 684
+ 85% (Fass = 950, P < 005, HAEFMR L OHREL
PEvs, BHAELME D L 12 P<005), S4DEEBMER

27

821 = 159%, AELEIZ 675 £ 161%, FH4ELPEIX 771
*93% (Foss = 385, P< 005, #HHEFM vs. #HHFELM: -
P<005) LHEELRENEOLNT, S5EOFFERMIL
922 * 120%, ZFHELMEIL 799 + 166%, HELVEIL 869
+ 128% & #1377 o 72 (Fass = 260, ns) o

LRI O H%E 606 ~ 66.2 beats/min T2 )V — 7
MIZ#IE 7R, SATF—NVDOLEFIZON TS5 T 866
~ 96.6 beats/min @ #i P % 7R L, S6 Tl 454 123
100.7 = 187 beats/min, #F 4F L 1% 1E 959+179 beats/
min, WML 928 £ 24.6 beats/min Td 572,
FRME (ACE®)) LR (EF #8), PFEH) o
R D HEETOBHIIEE 2 W THEAT —VIZBIT 5
AR EE 2 JeB L 720 2NN ORI E D 5 1L
BRI A8 A 7 — IV oiEIX S3 (Fuss = 272, ns) &
S4 (Fz35 = 218, ns) TEENFEHHIZEIEZ R 0o720 DD,
S5 Tl ACEB) O IR EF EEIC AR THEICE 25
7z (Fu35 = 650, P < 0.05, EF i#&) vs. AC :EH): P < 0.05)
(P4),

KIS, HELHEERFRIZS A7 =)V (S5) & H\Wwi:
BNV —= Y TOMPERE L2 3rHO ML —=
v TR BB 2 4T o - A 83 301 = 58 H, 18
H7201326 £ 03 TH -7z, ACHEE)TSS &KL/
By OVEEIE N L — =2 ZHi45.6 = 212 A7 5
ML == 712784 + 587 Il & R R EEINASTRD & L7z
(P <005 ES = 057)0 bL—=r7Hit%l2 AC EB)%
S6 £ TIra b 72O R R, RMS, &5 R

Table 1. A comparison of selected data during the arm curl exercise.

Group S3 S4 S5 S6

YM 38.0 = 149 53.3 = 149 760 == 115 100
Number of repetitions (%) YW 292 + 72 511 = 13.7 740 =+ 105 100

MW 351 = 114 546 = 13.6 748 =+ 6.6 100

YM 123 *+ 06" 142 + 10* 16.6 = 10" 185 + 1.1*
Borg—-RPE YW 125 = o.7* 144 *+ 09 16.7 = 0.9 189 = 1.1*

MW 101 = 14 118 = 14 131 = 1.8 152 = 2.7

YM 719 £ 149% 821 £ 15.9% 922 + 120 100
RMS-EMG (%) YW 53.7 £ 117 67.5 £ 16.1 799 £+ 16.6 100

MW 68.4 + 8.5% 771 £ 93 869 = 128 100

YM 896 = 157 90.6 = 148 96.6 = 15.8 100.7 = 18.7
HR (beats/min) YW 866 = 119 874 = 109 889 = 132 959 = 179

MW 89.2 = 1438 86.9 = 235 896 = 244 928 *+ 246

Values are means £ SD. YM, young men (n = 12); YW, young women (n = 15); MW, middle—aged women (n = 14).

Significant difference from YW, *P < 0.05.
Significant difference from MW, #p < 0.05.

RPE, rating of perceived exertion; RMS, root mean square; HR, heart rate.
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NOZEALER LT (52). ACHEUE ML —= itk
TTHE CHICKEREMIEZRD SN0 57205 (Fia
=009 ns), THIZEREIRDOSN L —= 2 FHIC
587% DA E AR Sz (P < 005, ES = 088),
S6 DRMS IZ b L—=> FHitAT Tl & CRANZKHENE
JHE FFRIEEO N7z (Fie = 132, ns)o R
PERJEIE N L — = iR T Tl & CHIZZSHAE
RO SN h o 7208 (Fize = 087, ns), THIB L
CHNCEMENEO SN, THIZ217% (P < 005 ES
=134), CHIZ161% (P <005 ES=095) OFHE%L
WRAR SN2,

100
*
O
EF
80 r O PF
H A
o} 1
40
20
0 L

FH-L£-1BR -8/ - #X

4, BE

B b L —= v TR T EBRA T OUE % E
{72121y M8~ 12MOARMPLEEL STV
% (ACSM, 1998), 72, ML —=r 7 EMIZET 51l
OEE (ACSM, 2009) T, MJ1emiiEK DT
F L LRM 0 60 ~ 70%, FiFFATI OUEEIC
RM D50 ~70% & &, ZORK#ENR L —=2 712

LEOHREE o TWh, D) RN ETHIF#
HEDE, v b vy —rR 7Y =AM
WL Z LIRS T < RMEIZ L 25 a e (38 L v,
Z D72, RPE # W THiEB OREZHEE ST 5
E DA 5 (Robertson et al, 2003; Day et al, 2004;
Lagally and Robertson, 2006), L —=> 7O L

S3 S4

Sh S6

Figure 4. The comparison between the relative number of repetitions and limit time to exhaustion with different types of

exercise at each S-scale ratio of perceived exertion.

*Significant difference between EF and AC at S5 (P< 0.05).

Table 2. Changes of number of repetitions and RMS at exhaustion and maximum strength during the resistance training.

Baseline Post—training ES

Number of repetitions

Training 515 = 17.7 816 = 44.8% 0.88

Control 63.1 = 253 78.1 =550 0.35
RMS-EMG (uV)

Training 409.3 *= 136.3 4490 *x 2489 0.20

Control 473.0 = 1957 4237 = 1974 0.25
EF-MVC (N)

Training 921 £92 111.7 = 18.6% 1.34

Control 922 =+ 129 106.8 = 17.5% 0.95

Values are means = SD. n = 14
Significant difference from baseline, * 2 < 0.05.

RMS, root mean square; EF-MVC, maximum strength of elbow flexion.
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UCRIHICHERE X QLR g 5 27 — )b & LTHIH
SNTE7T,

AWFZE TP R £ TS 2 17 7% o & 7B TG B 5
DIE LT DZAL» 5 HAFERLDO RPE (S A7 —)v) &
PSR O RIMR E MR L7zo 1 U2, ACHEB) %
FHRMFE T b 72B D S35 S6 DA — ) E5
W28 o CTRIENIEIN L, Borg-RPE & [FERIC LA
LI ENTRTCOT V=T TRO LNz AC EH DA
Ba S6 KT HAMMETHE T 5 &, FHERME, FHE
T, PELEE L ZEAT - VTHEEREX R »o722
L, ZEAT—VIZBWCER N A I L LG
IZHEEREREZ VLD LB bR b, EE)f o RPE
BT L7 RIC BV, [H— AR RE Tl
BN TLMED RPE X VA, HIXHGHREZEIZT 5
EHERET R D EME SN TS (Borg, 1998), il
DOHETDH Borg-RPE @ 9, 13, 17 IZHHY4§ A58 Tl
BN 7% % (Easton and Williams, 1988), 10 ~
UiEoF &b 2RRE L2052 T3H OMINLRES = A
W7 RPE IZHEZEE 2o 728 LT (Robertson et
al, 2005)c TNHDZ LIIARNIEDEZE AT —IVIZBIT S
BorgRPE # AT b HEERTH V), SATHIZE % SR 3 54
BTHo7z0 WIZ, FEREFIZOWTHEER L L PELME
ERRICEAT — IV THET 2 &, AR I3 % A
=& B EREX LD 5725, Borg-RPE 123 XTH
AT = VIZBWTHAEZEO PR EE R L7z, [F—
i T RPE DA 2 I L 7258 TR B i i
L2 EBTEE LR IIEE R8T b85S
(Cochrane et al, 2008) »% % —7J7, FEANEETILF
—iRETHo T RPEIFMEICE bR o TIRTT 5 &
WO ELASNS (Borg, 1998), W1 EENC BT A
RPE O AN ZEALIZ DWW TGS L 725 I3~ 72— ) T
EABHIZO R\ TDT0, KFFEOHELEICA LN
7z Borg-RPE 2M&A % 7% L 7= BEEHIZ AR CH % %, WS
V2 & BIEEN OHIE 2 SRR E O L H L b
EZHNDo TOHIZOWTEARIED T — 5 55 E%
5 EETE RV OHEYH & 5L T 5 1fE - 5 - K
WAt e KN % &0 72 5 R MR 2SS 1R L 2 1
%59,

)13 E B2 BT 5 RPE & ABMHEIE & OBRICOW
TiX, 1RM @ 65% T AC & Bl sB) 2 17 72 b 72
@ RPE (OMNIRES) & fhfHEdH 5 L 2LEfE 1%
B L, BREAEBRE & IR AR H 5\ IZEPRYR
EOEAR SIS TS (Robertson et al, 2003) o A
FETIES AT — Vo LA L & IZHHERRMS IdA L
RPE &iHEH O FEABRT 5 2 LidmEnsz. L

L, AEREOOEDTHL HRIZS AT — Lo L
FIZE DR THOFNITHWINT HIEETH o 720 etk
72 (Robertson et al, 2003) & 1 RM ® 65% O & i % H
W2 DIZR L, REFFETIE 2 ~4 kg D& X)L % FH]
SE7-OAMMBEDSKC, EHREE TER I oL
LCH HR ZHMEELIZIEES o2 b D EHER K
Nbo

WIZ, S A — )V & H\ 72 RPE 255 I 2 e R0 BB Ar
TEDE IR LD ERE Lz HEXMEEZNRE L
T, FRTEES & FE & 92 SR O AC L&
RAYEFILE D EF T S6 12%F 4 % & A7 — )V OFx i &
L7225, S3BLUSE TIEEIIEDLENL D>
7273 S5 TIX EF E#j IR EZ R L7z, Ml RED
EWASRPE 2 IF 222\, Fleming et al. (1997)
Iy By TEE) TR ST R IR O RPE (358 R
IR O T SRR IGE £ ) @< R b i L Tw
%o AWFFETIZEERME & SR I HVwTnsb 2 &
PHOERILARD 2 LIZTERVDS, SRR BT
LA R, BT R LR L LD T
B otzo Y, [ USRI IUHEZ HvC EF #E5) &
PF &8 2 S Clbik 4 2 &, AT = VIcB W Tl
FHOENIFED SN D o Tz TOT & ILEERMER I
D AC & G EE 2 1T 72 8 7235 A AR AU BREE 12 75
AN WwE L72JITIFSE (Robertson et al., 2003;
Day et al, 2004) D#EREZLFTLLDTHo72, T
SDOZ b, AWFEEORTEENZ BT b [F LI
FRETHIE, S AT — VOFREICEMIOZEITE L2
WhDEEZ LN,

BN L == ZIZBIN L e R A L2 5 >
NIWIZEF-MVC TR O 2R KT DB & 2183 ~
274% Tdh o720 ACSM (2009) DIRETIZFIT O
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