The Japanese Soci ety of Physical Fitness and Sport Medicine

K #% (2003) 52 Suppl, 105~118

BAML—Z Il 3hEELHOHHENE ZTOERELTO
BOBE & HIEADZEMNEIL

% wAY B %N wmEmmEY
K B Y B E Ok AEY A B o w2

THE TIME COURSE OF STRENGTH GAIN DUE TO MUSCLE RECRUITMENT
AND HYPERTROPHIC FACTORS IN MIDDLE-AGED AND ELDERLY WOMEN
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MITSUO MATSUDA and SHINYA KUNO

Abstract

It has been documented that the adaptive response in muscle force production capabilities is
determined by neural activation (recruitment and discharge frequency of motor units) and morpholo-
gical alternation (hypertrophy). To date, however, accumulation of this information with respect to
middle-aged and elderly women has been limited. Thus, the purpose of this study was to investi-
gated the physiological mechanisms underlying the time course change in muscle strength gain with
respect to the relative contributions of both neural, especially muscle recruitment, and muscle hyper-
trophic factors in middle-aged and elderly women using magnetic resonance imaging (MRI) and its
transverse relaxation time (T2) variable. Eight middle-aged and elderly women (range : 59-70 years
old) and six young women (range : 22-29 years old) performed isokinetic knee and hip extension/
flexion training twice a week for 8 weeks at an angular velocity of 60°/sec (5 repetitions/set : 2
sets/day), 240°/sec (10 repetitions/set : 2 sets/day) and 120°/sec (5 repetitions/set : 2 sets/day) us-
ing isokinetic dynamometer. The maximum voluntary strength was determined as the one repetition
maximum for isotonic knee extension exercise. MRI was used to determine the muscle volume of
quadriceps femoris (QF) muscles. As an index of muscle recruitment, relative activated cross-
sectional area (%-actCSA) of the QF muscles, which represented an area greater than the resting T2
+ 1SD in MRI pixels, was calculated at rest and immediately after knee extension exercise based on
T2-weighted MR images. The isotonic strength, muscle volume, and %-actCSA of QF muscles were
measured before and after 2, 4, 6, and 8 weeks of resistance training. Multiple regression analysis
was performed to determine which factors (recruitment or hypertrophy) contributed to strength gain
at the measured each period. As a result, the muscle recruitment factor played a major role in
strength gain in the early phase of resistance training in both groups and then the muscle hyper-
trophic factor gradually dominated over the muscle recruitment factor in the contribution to the
strength gain in both groups. In middle-aged and elderly women, however, the time course of muscle
hypertrophic factor domination over the muscle recruitment factor was more delayed than that in
young women. These results suggest that a longer period of resistance training allowed the muscle
to hypertrophy in middle-aged and elderly women, thus physiological determinants (muscle recruit-
ment / hypertrophic factor) that have been altered by aging affect the course of resistance training.

(Jpn. J. Phys. Fitness Sports Med. 2003, 52 Supp! : 105~118)
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I. #

IEICE S VIR T T4 2 813X CHIS
N7-BETH LY. hBEELZOH KT,
EEO 2B R EORBELED, HIChE
FELMIBEE LB L TR R TEHAETHV
TENRENTVE (FER/PREITREL >
y — L HERRERBERGAFBAN).
NOEBELZVIZORDPLAREENH AL &N
5, WEEE, L)bIFPFRELEIINT 257
BKTFOIEEERETAZ LI, BEODHHE
TH5.

BHIML—= (LT i W-Tr £55)iF, &
EEEOHGNEAEMSES 2 L H 5141030 m
EEZIIBILHIERTOFHD -0 DEHTFE
ELTEZLNTWAS, W-Tr 2 X A8 08
&, BEEMOBEROBEML A ¥V ZADFK
SEEE DN &% & k- O REn &L L
RO K A ETHOTBEERLD 2 DOEER
(LT - R ER EHIERKE T 2)IKFEL TV
B9 I N THEEZEHRE LT, W-
TriZL 2 NHEMEZOERE L CTOMBEHE
HERFRADBEEICOWTHET LR,
Moritani & deVries?® DBEHDOADHE 2L & F
5T\WA, Moritani & deVries? 1, BEEMIC
FBOW-Tre8BHMERKL, HEXEITE
(integrated electromyogram : iEMG) & FEE A 5
HeE U 72 AT T F% (cross-sectional area : CSA) &
BWTHAEmE S 7256 T ER % BRI IR L
7o, FOKE, BEBREOHBIEMIIEZ, W-Tr
il U THBENEROBBESE VO LT,
HRAOERERENZ 2Bl L.

W-Tr 12& b %) PEFEOMENER & FHE
KOEALE & 4 et L72iFZRId %, Knight &
Kamen20>6i, EEEZELEFEFITLTTFRD W-
Tr # 6 AMERL, KAMHER ZH TRKK
B EERORMHEORE L XV DO E
MET L7, ZOE, W-Tr (X A5EE L N
DEALRIIMBETEDLL LW EEHALNIZL
7oo =, W-Tr IZX 5HREDZALICEA L T,
% DERATIIFEAS W-Tr (2 & B EEE DL

il

KEBDHTVAE, Fil21E, Kraemer 72521310
BHEOLETEO W-Tr # £/ L, BALEEE
¥ (magnetic resonance imaging : MRI) % Fi\V»TK
BRI IR D CSA OEfLZ AT L 72, £DFR,
CSA DEALE, BEBOHVHEEELD b/
EVb0D, BEETOHOERPEL TS Z
xS L. FW-TriZE b 8EED
BIERKIEBEZTTE L, THIZBWTHELS
SUBBEIN TS0 s b x
W-Tr 2L A2 BEZBOHPIEIMIERT 2 ERIZ
X, P EOMBEMERIZITTEZ L, HEKD
B LTWwaAZ ENFHEIN, Z0OZ LI,
Moritani & deVries®™ ORFZEfEREFETH. L
DLBHS, hEELEIZET 5 mORE
HEALE FNE X2 HMBENEREHERD 2 K
ER L OBEEIZOWTHARHBN V. BE
FLHOFHIIEME 726§ EROERFHELE
BOPIT 52 81, HHNOERO%EY B
BE L7z W-Tr 70275 L% BHERBHICRMET
L ENUEEERD, BlWTIEHFEEZFIIHLT
BRI 2 BWINEE0, s d %)
TETOMEEIZ OB EEZOND,

MRI 133 200 7 (G805 12) 2o (B 2 1 3R%3
) DA, REBANEER (transverse relaxation time
CT2) AR B I EIZE 0T, BOKEE 2 HBR
AL EDNTETH A, EFREIIHELNTL
MRI & T2 ffiE, iEMGY, BLHMBRENSE
R¥EHHY, &5 EBHREY L OMICEE
BEEDED LN TWS, KERMUGERSR LR —
B EORERHEHICBV TR, MENERD
FOBHEMOBE A V7SV ADFKEE L
DOHDEBICES L TWAI EARENTW
272 ks, KREBEICHLT T2 ER
B3 Z LT, HEEROROE) B RkAE % 5T
TELZAI08D W \C kB EME S 25
THENEROBOBE T 2 1EHRE BE e
LEbisd,. MRIIE, FRHEALERE B
AETIHBEIEARTRE R ORBEHOIFHRS 3 KT
MERLEONDL Z L2 5, HekosBEFMHES
I REICEE T A IEMEZBUSTREE LTWAE EZ A
PREGEHTHSE., L2AoT, HHOBBDIE
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RELTOMRID T2EEHREOEFEL LT
Fh7EFE (muscle volume : MV)ICEH T A Z & T,
W-Tr I A5 ma b 7263 ERICETHH
LVWHEPHRONE EEDbN A,

% 2 TAMFETIX, MRI OEEIERIC T2 fE%
MRS 22L& oT, HEELELRE L
W-Tr HOANEMEZDOERE LTOFHOHE
ERRIER & OMATHEHVE % BREFR I S 212§
A ErHBE L.

I. % i&

A. HRE

WRRE I, BEZPSERNE 8 4 (k- 61
%~ 695%) & BELM 6 & (ke © 225% ~295%) %
MRIZLZZ. HREBOFEHEEE, UTO#E) T
Hb hEER(GER ; 64.313.45, #E ; 151.0
+4.1cm, fKE ; 54.0+5.2kg), EHEEER ;
26.2+£3.05%, HF ; 162.4+5.4cm, {AE ; 53.4
+6.8kg). ERICKETL, EBROTE, NESB
LUfEREIC OV THRENFHB L, EBRSNO
FEELZRL. AR, REKRFERERE
B EFHMREBEERZ B RORRB Y T TEH
L7,

B. hhL—=>s7abra—0
W-Tr (%, &M H%E 2 (Biodex ; Biodex
Medical System, USA) % H\WT, GO ADE
HYERRRIET R - R BN {E(60°/sec : 5AIX 2 &
v N, 240°/sec : 10[A X 2 v b) & SR
EifHE - JEBIEN/E (120°/sec : 5RIX 2k M) %
To7z. &y MNEKRBEIZ0MWEE L. W-Tr ®
W 8 EME L, BIZ200OEET W-Tr %
Ehe L 7.

C. ATREB S LVRTELE
1. FRMEMEN
ERVBRMEND A CORMREEEIZ X 2K
RELEEE Lz, SREBBET OBIEIZIE,
LR 7% 2% (FL-100 Leg Extension | Para-
mount, USA) %AW/, HBREZBIUEROHT
WY, BbonE BEED Sy FOAE % FHE

L7z, MEDRNTIE, #EMEHL L TRAELE
EDHIZ0%DEM T 5 ~ 100 D BB EEEL 1T -
2. RREEZSRERMBOYIEZ, KEH
TEEICHELREL 00 L LT, BEE O
»H 10° OHFT 2 WHMRFCE B L L.
ERUEBMENOBRE LR T 5720, KE
BREFRMRLGEMHT, 4 BOEHOEREEMET
*RLBLACHELALEZA, 1HEDHEF,)
& 2 [\ HOfE(F)) & ORICIZAEE 2 MBBE (=
0.96, p<0.05)AFH 5N, 1EHEDEE 2 @
Bl & DiEER [(F,-Fy) /Fo - 100] 129.0% T
Hol:. ZONE, 10HE 2EBBOFHYEED
BIC3EEEIRDOON L o7z,
2. BiWTERE B L AR

CSA DRPEITIE, KA AR MR & (AIRIS
mate ; Hitachi Medical, Japan) % i\ 7z, #&HE
X MR Z2EADNY FIZMBAGZ & 22 0, EREET %
Ny FEKFZ% B LH)MBBSE, HIE»R0
IO HERNV NTREE L. \mERMIIEHO
KEEPREE L, 75X F v 7 BOEHRLHWT
Kz T & AMEI BRI RSB & O FEEE A & KBR A JLER
z[E L7, MR DI, KEEFREE L Y £
BILUERMLFMIZENFNAT 4 AE 10mm,
AT A A 30mm DFEETITV, &5 MO
Wrigzid., BoNTHMIBE7 0V LI1C8(E
L, REBREZBETL2LETOHD CSA 2754
YFETML—ALA FPL—ALLHEIRIZ,
FryFrHWVWT/N—=VFILar¥a—4% (Power
Macintosh G4 ; Apple, Japan) |ZHUD A&, g
LFE > 7 k7 7 (NIH image ver. 1.62 ; National
Institutes of Health, USA)IZ & V) CSA #EH L
72 MV IS5 ERTD CSAICATA ABEB LA
A AR ERCT, DFToRX W& L.

MV=30 - 3CSA,

[CSA; kEH®D CSA, n; 1555 T
S5O CSA L DEBH L7z MV ORLHEF X
NEATH 7280, KBEEEO MV & ORIz
WTHRE L7225 (h=6), MEOBICEE R
AHBIRIFR (r=0.92, p<0.01)2SED LN, LIE
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DT EXy, SEFTD CSA L HEH LA MV i,
KEREREARD MV # KB L TV b b D & HRT L
7-. '

F7:, CSA &L MV OBHRMERET 5720,
RER LR SMET, 8D CSA & MV # £
HAHRICHIELZEZ S, 1HBOfEE 2EBED
& OMITITEE R AHBRIR (CSA 1 r=0.95, p
<0.01, MV :r=0.97, p<0.01)»Z D5 h,
1EHOEE 2 B HOE L DFE#£ZIF, CSA T
1.9%, MV TL.0%TdHo7z. TDHE, CSA &
MV OWTFRIZOWTS, 1EHEE 2 [EEHDFEYE
fEE OMICIIEEEIIFROLN LA o7,

3. T2 fEB L U % activated CSA

T2 fEDHEIEICIE, CSA DBFELFE L MR #%E
V72, MR ERIZGHOKRBRFRE RS L
LT, KEPRERE e L OEMAMICE S
M OREWTE % 7572 (SE ¥, TR 1500 ms, TE 30/60
ms, FOV320mm, AJ 4 AE 10mm, A7 A4 A
BIfE 30 mm, matrix 256X 180, NSA 2 [, #&f&
B 5 1 18). MR O¥ipid, HFEMIZX 510
SEOREDOR L BMREEOERICITo72. B
HEEEIL, EROFREHIEEREE BT,
BRABLEEEDINOEMTION % 4 £y b (L
v NERBOOR) T 7. B, BHEBEEDOK
WEER RSB RIE, T2 E% B\ 72 547 Rrge?
IZEDW BREREMEOARIE 2 AREICHIE
L7l KBLEESICESWTHMMIZE—& L
7.

MR EifgDF— %k, Eo/N—vFrar¥
2—ZZ8R% L7, T2 fEIX, NIH image # A\
TRBUEHERICE TN ETOEZEOFHE
PoEHRLA. BB T2 EOSIE, &, mE
HHEVEIREET LV )0/ EHIIRFE
T, Adams =B L RO HEEH VT, &
EEF O T2+1SD L W EfEE R LA EFE % &
L VBB s N AL, EENCLDE)
B &N 7248 HE (% activated CSA : %-actCSA)
EFRHOBEOREL L. 2O %-actCSA I3,
T2 EL ) bEBRFOHOBEMMEE L B L
FIETH LI ENBOLRTWEY, LB,
%-actCSA 1£15 5 N7z 5 & T DM EDOFIE

L7,

T2 fE& %-actCSA DEBEII OV THRE T 5
oo, REBRLFEMKZEHFT, 1EZDO T2 fEE
%-actCSA # B4 A HIZHIE LR, 1HED
& 2@B DEEDEICIZHEEZHABBER (T2
i : r=0.85, p<0.01, %-actCSA :r=0.90, p
<0.01)AREO LN, 1REDfEL 2RBDfEL
DIRERIL T2 EHTL.6%, %-actCSA T0.3%T
Hol:. TOWE, T2{EE %-actCSA DWT i
ZoWTh, 1HBL 2EEOFEHHEE OMICIE
EEEIFOONL Do T,

4. % activated MV, FEEREL7) DFT,
% activated MV %4720 OF5 71

ERMEMET, MV, B X %-actCSA OfH
H, MV & %-actCSA & DIETH 5 % activated
MV (%-actMV), FRUBHEE%Z MV THRLZ
MV 470 D57, BXUO MV & %-actCSA &
DIEIx T 5 ERMEBMEH O (%-actMV 24
720 DT EFEREFNRER L7,

D. #hathnig

WMt 23 e CEYE L FERETR L. Wh
IZBT A ZUEEORHED LEIZIE, KENE
2 & B —TCERBOSHSHTEAT, FHICEEE
DD L N1, post-hoctest & LT
Student Newman keuls D EERE X 1To 72,
F7-, BB oO®BIZIE, unpaired Student t-test
iTo7z. LK EOMIME L LR LD
BIFRIZIX, Pearson DMHBERBEAYEH L. FE
KHEE 5 %R E L7,

HIEmMoOBERE L TCOHOEE EHIERED
M ERE*EE T 5720, W-Tr fIOEZ %
WAL LSRR HE N O L, KERIUEER
D %-actCSA B X U MV DEALE & O B4R
BrFnFnkoi. £/, EFREBHBRTOLR
bR 2 LB, %-actCSA & MV OZALZE %
NEHE L TERBHIT T, SHBELRHOFE
HERYRRE A RO/, X612, ZHBALRKIIBIT
5 HEARRBREICEER)FRE L, 212100
ERLIDOEHIEMOERE L L7,
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I. #5 xR

A. ERMUBHBESD

Figure 1(A) 121, W-Tr BiOfE % (L L 72
BEDOEESBMBIOBLERER L. hEE
BEIC BT SRR MR OREERIE, W-Tr /i
EHELT, W-Tr BE%R 4 BHIZIA%DAEE
A O SN (p<0.01). T/ 6BEDE
EEEER ORI, 4 BEDLDEHNT
EELZEEZRLZLOD (p<0.05), 6HE &
SHEB DOEEMBMEEOEIE L OBIZIEAE
ZIIRROLN Lo, —F, EEHIIBITLF
BRVEREMER S bR, W-Tr BT & HE L C,
4EBEIC83%NDEFEELEMARD LN (p<
0.05), 6 AHEDEREBMENOELFEIZ, 4
BHOLDEURTEELZEMELZR L (p<
0.05). ZRMBHEDOEILEE, £TOHEIC
BWT, WMEMICAEELZRO LR, o7,

Table 1 121X, W-Tr 12 & b 7% ) ZRMEBHE
HOEAEOELE R L7, PEEEOSRELRE
RN, E@ToRERIBNT, BEEHODLDLY
LEELEMEER L (p<0.01~0.05). hE4E

Table 1.

BEIZBITH W-Tr 85l DOFRMERGAE T O HE
& 8EEOFRERMBENOLER L OBIZIZHE
FE R BOMBEEE(r=—0.75, p<0.05) 7RO 5
nrz. —F, HEBEICBITD W-Tr BiO%EN
R OMEE & & TOEOEERBHEREH O
AR E OB ELHBBREED N2

-7,

B. ABRMUIEAFDEFEIR

Figure 1(B) 2%, KBRIUSER O MV OZEALER
R L7, HEEBEICBITA MV OE{LERIG,
W-Tr & HELL T, W-Tr BtGk 6 BH F TL
bR &eho7zhy, S8HBIZIE3I%DEER
HmAERL72(p<0.01). &512, 8AEMD MV
DEALEE, 6 HED L DL WL THE R Bl
R L7z (p<0.01). —F, BEBHICIBITL MV
DEALFEE, W-Traf & B LT, 6AHEIC
L.7%DEEREMZ/RL (p<0.01), 8HED
MV OZEALEIL, 6 HAEOLDELURTHELR
fE%xRL72(p<0.01). MV OZ&AfLEIE, 4,8H
FCHHBICEEEZRO R P o720%, 6B L
8HEBIZBWT, HEFEHOELFIIEFEHDD

Absolute value of the isotonic strength, muscle volume, %-actCSA, %-actMV and

strength to muscle volume ratio, strength to %-actMV ratio of quadriceps femoris muscles dur-

ing 8 weeks resistance training.

0 wk 2 wk 4 wk 6 wk 8 wk
elderly  young elderly  young elderly  young elderly  young elderly  young
Isotonic strength 4.1 * 671 45.6 **  70.0 48.1 * 721 506 *  77.1 51.6 ** 792
(ft-1bs) 4.1 74 12.1 15.2 127 17.5 11.8 21.0 1.3 18.3
Muscle volume 761.4* 9382 762.7* 9434 760.8 * 9483 768.9* 9822 7843 * 1005.6
(cm¥) 135.1 137.8 135.1 139.1 135.1 137.0 130.5 145.6 134.5 143.0
%o-actCSA 60.1 54.6 61.7* 554 645 *  57.1 66.5 ** 552 67.6 ** 535
(%) 57 34 6.2 35 52 36 5.7 36 53 a2
Yo-actMV 45642.6 51141.0 46764.2  52128.6 48847.0 54110.7 50934.0 54309.0 52943.0 53670.5
(cm?) 8570.4 77187 7897.8 7514.4 8220.3 8018.4 8424.5 9315.8 9894.6 7574.0
Isotonic strength / MV 5.8 7.1 6.0 * 7.4 6.3 7.5 6.6 7.7 6.6 7.8
(ft-1bs / cm?) 1.2 1.2 1.3 0.7 1.2 1.0 Ll 12 1.0 09
Isotonic strength / %-actMV 9.7 * 13.0 9.7 ** 134 9.8 * 13.3 10.0**  14.1 9.8 ** 147
(ft-lbs / cm?) 08 1o 08 0.7 08 0.9 0.7 1.0 0.7 10

Values are means and SE. elderly (middle-aged and elderiy) : n=8, young : n=6. %-actCSA ; percent activated
cross-sectional area, %-actMV : percent activated muscle volume (multiplied the muscle volume by the
%-actCSA). Asterisks represent differences from the value of the young (* : p<0.05, #% : p<0.01).
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NDENLEFEBEIEMETH > 72 (p<0.01).

Table 1 {21, W-Tr (2& b % 9 KERIUSER O
MV OEFMEDZELE R L. PEEHDO MV
X, ETOBRIIBNT, EEHODDLN AR
IEMELX R L7 (p<0.05). W-Tr Bi® MV O
HEEETOHEO MV OEEREDBIZIE, T
LD ICAELMBERIEIREO N h o7,

C. KBRMIEEFD % activated CSA

Figure 2 21X, 9EEHIIBITAE—HRED
LRy & R BEIERICEE L - KPR O
MR H{§ % BEfFLE (CEL) LzbDER L.
e R EIER O MR EE T2, KERIUSER O
AHFEL 2D, FICKRBREHOBABIIBES L
7z,

Figure 1(C) 121, KBRIUHAT D %-actCSA O

~ 257 A s
g
3 =
£
< g
[
) W
2.2
5§
&8
R=
-5 . r . . .
’ 0 2 4 6 8
Training period (week)
257 C
gg 201
ﬂ < < **##
5 8 15 % gt
£% 10 ;
E &é g 11
2’ A h
0 -
t \Omf
-5
0o 2 4 6 8
Training period (week)
Figure 1.

Relative changes

KE, NI, #HH, 8%, 0l AF

bR EZR L2, FEEFHOD %-actCSA DZEAL
Rk, W-Tr si& b8 LC, W-Tr Btk 4 AH
IZ7.5%DEELREMERL, ZORIEELE
L2 @BoOehol. —FH, HEFEIIBITE %-

actCSA OZEAL=EIZ, W-Tr BT & B L T, 438
BlZ4.7%DEZ2EMzRL-b0n, 8:8H

D %-actCSA DAL, 4 BHDOD D& X
THEZERMEEZR LA (p<0.01). %-actCSA @

ALY, 4BB FCTHWEBICEEELRO L,
57205, 6 AHE 8HEBICHBWT, HEFEHOE

FRIEEHOIDINVOABIIEBETH- 72
(p<0.01).

Table 1 124X, W-Tr i2& & 7% ) KEEUGERG O
%-actCSA DEREDEN R Lz, FEEFHD
%-actCSA 1X, 2:BHLREIIBWT, HEHDOD
DEINDEELREER R LA (p<0.01~0.05).

§ *k Sl
pae .
o 8- 1 3%
g Kk
S 07 ﬁ
> 4 LR
[} <
3 a
= 24 % JH
E 1t 83
£ 0 O -

2

0O 2 4 6 8
Training period (week)

-o- Middle-aged and elderly women

-0- Young women

The time course of relative changes in the isotonic strength (A) , muscle

volume (B), and percent activated cross-sectional area (%-actCSA) of quadriceps
femoris muscles (C) in the middle-aged and elderly women (@) and young women (O)
during 8 weeks resistance training. The relative value was expressed as percent
change with respects to the initial value. *, ** ! Significantly different from 0 week
(p<0.05, p<0.01, respectively). ## : Significantly different from 2 week (p<0.01).
t, t1 : Significantly different from 4 week (p<0.05, p<0.01, respectively). $8$ : Signi-
ficantly different from 6 week (p <0.01). 19 Significantly different between
middle-aged and elderly women and young women (p<0.01).

Values are means = SE.
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Rest After exercise

QF; quadriceps femoris

Sar; sartorius

Gr ; gracilis

HM + AD; hamstring and adductors

Figure 2. Representative examples of thresholded magnetic resonance images from one
middle-aged and elderly women at rest and after knee extension exercise with four
sets of 10 repetitions at a load equal to 30% of their one repetitions maximum. In quad-
riceps femoris muscles, white portion after exercise image is considered to be activated

due to muscle contraction.

W-Tr Bi®D %-actCSA DFEAME & & TOED %-
actCSA DEALR EDOBICIX, ML LICEELR
HHEABRIIED SN h o7,

D. FAAEIMICT 25DEE & FHIEA L DR

MEBEEE

Figure 3 12i%, fAEMOERE L TOFHOE)
B ﬁ%HEk EDMMERMEDOEILZ /R L. &
ESEFOHIEIMNI T 2508 B OEBE I,
W-Tr BlE#% 2 8H, 4 AHBX U6 HEEIZIZZ
NENT2.9, 64.0BLUV6L.2%THYH, VTFhd
HRRKOEBMEL ) bEETH 72, Lo Lid
5, 8EHEIZIX, HOBEOEBEIL3.2%1F
F0, HERKOEH(33.3%) 0SHOEE DL D &
NbEfEERL:. —F, EEHO2EABE 48
HIZBIF2BOBEOEBEIHEROL D LY

bREL, FNENT3.TE50.9% THo72. 68
HLHABIIBIAHOBBEOEMEIXIZNZFN
8.4% L 7.1%TH - 7-DIZxt LT, HRADEFH
EIRENEFN32.0L47.1%TH D, FHIEKDFHH
BOBBOEMEL ) DBEEZRL.

E. KARMIEHHD % activated MV

Figure 4 121, KBRMUSEH D %-actMV DZAL
KERLZ., PEERICBITS %-actMV DAL
L, W-Tr @i & B LT, W-Tr Bith% 4 BHE
\Z7.4% D B MDD b7 (p<0.01). F
726 BEH D %-actMV OELRIZ, 4 BEDODD
EHURTHELZEELZTL (p<0.01), 5128
HED %-actMV OE{LRIZ, 6 AHOb DL
BHLTAEILBETH > 7 (p<0.05). —F, &
EFHIZBIT A %-actMV DZALEIZ, W-Tr gl &
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Figure 3.

The time course of strength gain show the relative contributions of muscle re-

cruitment (gray) and muscle hypertrophic factors (black) in the middle-aged and elder-
ly women (A) and young women (B) during 8 weeks resistance training.

RELT, 4BBI5.9%DEEREMERL (p
<0.01), ZORIIEFELRELEZED Do/,
%-actMV D LRIE, 4AH F CHBERICAR
EZxBOhbrolzh, 6 BBL 8HABICBNT,
PEEHOBLRIEFHODIO LN BFEILH
fETH o7 (68H : p<0.05, 8#H :p<
0.01).

Table 1 121, W-Tr i2& b %9 %-actMV @
EMEOELER L. %-actMV X, £ TOH
IZBWT, MEMICEEREEZEEZRO o7, W-
Tr Bl D %-actMV O FHE L ETOHEAD %-
actMV OZALR EOHIZIE, THE O ICHEER
MEBEBRIIFED b o7z,

F. BARTEL /) OFFH

Figure 5 (21%, BMHREIZBITA MV 47:) D
BhoELE 2R LA FEEHIIBITSE MV
W) DFHOEEIE, W-Tr Bl & BB L T,
W-Tr BtaT 4 BHI29.5% (p<0.01), 8EHIZ

15.5% (p<0.01) DFELREME R L2, —7,
EEBIIBIT A MV 4720 O OERALEE,
W-Tr Bl & B LT, 4 ABLREIC7T.1% LD
BEREIMZRLZ(p<0.05). MV %70 OfF;
TR, £ETOBEICBVT, WHBEICEE
EXROLIoT.

Table 1 {2iF, W-Tr 2k b 7% 9 MV B0 D
BHOEMEOELERL. FEEFHDO MY
L) DL, 2HE L SBHICBWT, EHF
BEobn L) bEELRKMEL R L7 (p<0.05).
W-Tr BiDO MV 720 O oMAfE L &£To
BHO MV 4720 0T OEAERE ORI,
HLLICEELHBEREROON o7,

G. % activated MV ¥7-V) OF

Figure 6 121%, %-actMV %4720 OfHDOEAL
KrRL7, PEEHEICBITS %-actMV 4720
OFHHOELERE, ETORIIBNT, FELE
IbxREehol, —F, HEHIIBITSL %
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Figure 4. The time course of relative changes in the

percent activated muscle volume (multiplied the
muscle volume by the %-actCSA) of quadriceps
femoris muscles in the middle-aged and elderly
women (@) and young women (O) during 8
weeks resistance training. The relative value was
expressed as percent change with respects to the
initial value. ** . Significantly different from 0
week (p<0.01). # ##: Significantly different
from 2 week (p<0.05, p<0.01, respectively).
11 : Significantly different from 4 week (p<<0.01).
$ . Significantly different from 6 week (p<0.05).
9. 19 : Significantly different between middle-aged
and elderly women and young women (p <0.05,
p<0.01, respectively).

Values are means * SE.

actMV %7- ) OF 0L IE, W-Tralk kb
LT, 6 EBLUMEIZS.8% EOFFE LM%
RL72(p<0.01). HEEHD %-actMV L7210
DN OEALFEIZ, SHEBIZBWT, EFEHEHDD
DENLEEIEMETH 572 (p<0.05).

Table 1 121, W-Tr i2& 7% 9 %-actMV ¥4
720 OB OEMEDEAL TR L. FEEFED
%-actMV H¥7-0) O, ETOHEIZBWT,
EEHODOINOFELGEMEERLA (L
0.01~0.05). W-Tr Bj D %-actMV K7-0) O
TIOFMEE L £ TDBED %-actMV %720 DEEH
DEALE L OBICIE, WEEL b ICHE MG
RO N o7z,

V. & =

ABFZETIX, W-Tr 12 & AP EER DR
meZDHMERE LTOHOBE LHIEKED

-0~ Middle-aged and elderly women

-0~ Young women
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Figure 5.  The time course of relative changes in the
ratio of isotonic strength to muscle volume (MV)
of quadriceps femoris muscles in the middle-aged
and elderly women (@) and young women (O)
during 8 weeks resistance training. The relative
value was expressed as percent change with
respects to the initial value. %, ** [ Significantly
different from 0 week (p<0.05, p<0.01, respec-
tively). ## : Significantly different from 2 week (p
<0.01).

Values are means*SE.

-@- Middle-aged and elderly women

-O0- Young women

20 7

Relative changes in
isotonic strength / %-actMV (%)

0 2 4 6 8
Training period (week)

Figure 6. The time course of relative changes in the
ratio of isotonic strength to the percent activated
muscle volume (%-actMV) of quadriceps femoris
muscles in the middle-aged and elderly women
(@) and young women (O) during 8 weeks resist-
ance training. The relative value was expressed as
percent change with respects to the initial value. *
* ! Significantly different from 0 week (p<<0.01).
## © Significantly different from 2 week (p<0.01).
t, t1 : Significantly different from 4 week (p<
0.05, p<0.01, respectively). ¥ : Significantly dif-
ferent between middle-aged and elderly women
and young women (p<0.05).

Values are means = SE.
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BAWVTRBRERD CSA DELERET LA 25,
Roth 72555 L AMOBERER L. T0LI %
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ENEZOLND,

RIFFED %-actCSA &, HFHERM L EEL
P& b2 W-Tr BMEHR4GER T ML 225, 4
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