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Abstract

Kouzaki Fumi, Motoki Kouzaki, Kazumi Azuma, Masae Miyatani, Hiroaki Kanehisa, Tetsuo
Fukunaga. Effects of muscle mass on age-related changes in postural stability and walking ability. —
According to cross-sectional studies, declined postural stability and walking ability is remarkable over 60
years, and this will be one of the impairment factors for quality of life in the elderly. Similarly, age-related
decrease in muscle mass of lower limb is pointed out. In the present study, in order to effects of muscle
mass on postural stability and walking ability with age, we investigated foot center-of-mass (COP) path
length during quiet standing and coefficient of variation (CV) of walking speed during preferred walking
among the subjects, who aged from 22 to 79 years. The muscle volume of knee extensors-flexors and ankle
extensors-flexors muscle group were estimated from the multi-regression analysis based on measured
muscle thickness at the corresponded sites using ultrasonographic apparatus. The age-related decrease in
COP path length was not influenced by the muscle volume of ankle extensors as main working muscles of
human quiet stance. This result suggests that the age-related decrease in postural stability was not
attributed to quantitative feature of ankle extensors. On the other hand, CV of walking speed was not
related to age but to muscle volume of lower limb. To delve deeper into this phenomenon, we investigated
relationships between CV of walking speed and individual muscle groups. As a result of multi-regression
analysis, CV of walking speed was influenced by the knee flexors and not other muscle groups. This result
implies the possibility that bi-articular muscles within the knee flexors play a role on the stabilization of
walking speed. With respect to age-related change, these results lead us to conclude that muscle mass of

lower limb is not correlated to postural stability but to walking ability.

1. 5

INET, mEEOREMEL M C 5%6, EOFOIIERR{EE LA 7 2 mind (2t 7@
HEPERR, M — 22 VDRS00 E WO Z T H OISR ETH 72, LirL, 5%A
HIZEE bt A2 2 5EAECZB T, S OEEZO b ON, BERNR DT, By
HEEWD & DS T RERA RSN EE 2D ZENEEND G 1996). /bbb, HICTHE
MOEMOAER L ETHOTEHRL, EIMEL-EmoLIED-E (QOL: Quality of Life) @
M ENEHRINDRETHD. QOL #4872 2 E-& 0TI, BENEENS DV ITEHE LT
MEAICEES LTV BN TS (N 1997). @EEIREIK 2oV TIE, SMUBREER
TOIED, PHHERE, BMTERES), WIET, KIHOES, HAOKT, FEROMEITR ENZETH
NH0, 2055, FHEERE (Tinetti & Speechley 1989) 38 X OMTRE ) (Kerrigan et al. 2001) @
TR ICfERRIA - & LTRSS T .
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E7 0 FIEDNEEL I TWD Z & (A AR R4, 1983), FHMMED & Ofsk T3 1
TRECHLRUCEETIMECEX 22 (RFEEEHE 1999) M, FENALZEEEO & H L
(Center of Pressure: COP) #ff &4 st 325 Z EDBA HWHNTWSD. ZILE T, COP #EhFEDH|
BN L D P re OFEME & LT, #RiE, mfE, (L@ (il 1L Inamura & Tanaka,1984; Murray et al.
1975), #ABRE (51 21X Panzer et al. 1995; Kolleger et al. 1992; Ring et al. 1989) 72 ENHEH I T
7o. 172721, COP @EMMIEEH 7285 TH 5 Z LD (Duarte & Zatsiorsky 2000), ZiL5H/37 X
— 2 DHL, EHTE Y EFLSNIZIEOANHEMEO B WZERFHMEE S VWA D (B H
2004) . COP EhE DB R, IR ICPEVER T 5 2 & 238 5 41 (Panzer et al. 1995; Ring et al. 1989) ,
FEIZ 60 RLABRIZB W CHEE CTH S (FlF S 2000; Ring et al. 1989). 60 7% LA (2 T HERE A3 1L
(BZLIFEMN) LTWDZ LN THY, ZhNEmE O 2K S 58K, OWT
X QOL DIETFTEHL EEZEZLNS.

HBATRESNZEA LT HIAEERIZ, MEIZENZ DRENIIE T35 Z &R OWFEEIC L D HEfi S
LTS (Bl 21X Murray et al. 1964) . IEsIZFE 9 BATRES OZEAGIZEE T 2 0F981E, ZivE THeR]
HIRF (BMTHEE, A7e L), BN (BiE, HRRe L), NPT, B L OZER K1
DOBLEPOEISNTE (LEa— /MRS 2001). FEEEEDMEZ L & [FERIZ, Zb
HTbH 60 LI TFRE L. ©AAZNLERORFHIEE TH D23, SHTOAKIERE
BRETH &, MRAETIES (1991, 1997) 2L ORFMLETHS. L, ZOMED
5 OBATRE) DI EACICB T A TRIFE R CTH 0, RAEHZNIAEN SO T e —F H HE
EEZLND.

KWEFZONE T, milnE O fkeet KO TREIOMER: - M EE2 X5 Z LB KREZ2ENT
oD, —MmEin OFgReds L UOMMTEE ) & EREICFEN L, 2 b & 2 O BEE A % B
ODNCTHZENEETHD. IHIT, @IED QOL BB T 556, JILDNALE XL O T
EORBOIRTH D THMAHCEB TH2XLERHDH. FE, “BFENSL” LEbhd ko
(Z, EIZ RN TR & IR T 5 Z E B 54TV 5 (Janssen et al. 2000; =45 2000) .
LU B, INESISRE 5 SRS RE RS L O THE ) O 2 b & P FER & & B TR Th
%. & 2 CARMIZE CIENN SRR RS L O TRE NS RIE T T OB Z I LT 5 2 &
ZHHETS.

2. Fik
PR 1L 20 BRAX 15 4, 30 A 46 4, 40 4% 32 44, 50 5% 19 44, 60 %1% 20 4, 70 kAt
234, 1554 ThoT-.

2.1, S FETHERE OWIE IS I OM#AT

Wk 1L, IRKIGEE (9281B, 27 —4EH)  LEToH 70 BRIOFHINALZ BIIRE L OFAIR
FETCTENENR 1FRITT 2 To72 (K 1A). BAIRSEMHTIE, EmOH OE SICRE SR
HIERSE D L9 ICHRE ICHR L. BIRSGMETIE, =7, faziEdisys, 2ok, RS
D&t LT (LR 2001) . IR BEE GRSy 2% 77 v 78 100Hz THUS L, 60
TR O/ 718100 COP B2 FH Uiz, AAFZETlE, BINARFOUr 2 L v jEA L (Masani et al.
2003), TFRRMRFHE L OB A ME LT WA S MO COP BiffkIc A B L Tt 41T -72. COP
FGRANCHONT, NF—T— A7 ¢ )L Z—EIC K0 IR E A 15Hz ol 2470y (il
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5 2003), COP EfRoiiE % Trec L ki
szn:|xl.—xi_l| T x,i=12,..,n

TIXFHAEER (60 B) #E£ L TCW5. Z 2T, COP #iFouiE 4 3K (1) THRLTWS
7=, IEREICIE, VI COP B EHHEE & 72 5 7%, COP M (COP ®i% D —PE R sy) &
XBT 572D V & COP B DR & LGl 4 2 2 135, £/, COP BfEOHRIEIL,
HBE (FELE) OFEEZZT5700, COPEFROMEIL, oM (K X0.55 (Winter 1990))
THIAL (cm/s)ym) L7-.

2.2. HTHRESIDHRIE R XL OFEMT

AWFIETIE, BTRRIIOPEICHEXN MLy RIVEH W, BTIL MLy RILERBICH 5
N—%F-o'HHBITE L2 (K2A). S0~ MEEAREY o —lc koL, L
v RINAAIHTDOE=F—IZER LIz, 28, AFETHWZ MLy IV X DHEEIL, 7€k
DESIX Ny FINVNLELNIEEFRETHDH Z & 2HREHA TS (Yanagiya et al. 2003) .
FTHREIZ, Py RINVETHTLTEDLY, MLy RINWBMTICERSED L LB, &
BT LT WHEZRE LTz, 0%, #RFITIRE LI 2 —EIROBITIREZ K 40
ORI 2 7e o 7o fEATICIZREE N EH & 72 o T2 30 PRI AR L= (o 77U 7 JEH %k 100Hz) .
U=7 hv FERET DI2DITRINO—REYFERZ RO ZDESZRDT- (X 2B). F7i-,
HATHRE ORI FRERACR B A ST 5720 FHE THAE (m/s)ym) L7-. COP BEhfEDFENT &
[FIRELS, STHE DEDRINE NG =T — AT 4V F —EIZ L0 EWRERE SR 15Hz Tl 4
1Tolc. RWETIE, BTN OFHEE LT, SHMTHEOLZEREZBRHA L. T7hbb, #HEXR
FIDZEEFEL (CV: coefficient of variation) % :KR&72. CV /NI WX ELEMEDENTWD L7
flfiS1, ZiUE Enoka & (1999, 2003) D#EFE LT % steadiness (JIFAEIZENE) OEERIZHES
WTW5. FE, @ 3 I U TRA 2B EBREICERT 5 CV 2V R&E W 2 L 78 Enoka
SOMIE T N—I L0 HE I T % (Galganski et al. 1993; Graves et al. 2000; Laidlaw 2000;
Tracy & Enoka 2002) .

2.3, TERBEOBATORE R L O

B £— NEEHEEE (SSD-500, 7 m U thdd) Z MW TR 4 DEr ORBRRTES, RBEREHES, T
BRATHES, THREEHED) OMELZNE L. /o, KIBRBIOTREZAE L, Miyatani 5 (2004)
DALV RBAER R, BT dhARE, EBIE R, EREEEREOMARE (om’)
RHEE L. ZROHEEMN, RETHEME (em'/kg) Liz.

3. ik
BT IR Ef 2 DT =2 27 vy b L, /b RIEC L) —REUFEBRZRD, £ OMHE
BEPAETHTHE O EIFERZ R LTz, 72k, AEKMET%E L.

3.1. NS RE

U @i diafl) PR o 7.
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X 1B (&g (LB BIXOEEE (TB) ORIME IO COP #ifgz r Lz, Bl
TREEIHEORIBIIRE S, SOICEBEMEZEDLFENZNEIICZ S, X 3A IS
£S5 COP Bt DHUME 27~ LTc. JeATHFSE & RIRRIS, JNEsICfEvy COP BhiE o sifR 33 L,
W NI XA B 2R EARBIR Th - 72 (OBHIR S :1=0.402, P<0.001, @PAHRS:(: : 1=0.370, P<0.001) .
b N ORESINIEBEFENAEY TV E LTI D &, REEWEFRIHIE O MWD
(Morasso & Schieppati 1999). & ZC, COP &fZOWE & & BHi R ATFED Fi &S & ORSE %
EtL7z (K3B). oL, WERICITWTIOEG CHRERMEBEBERIIA LN o7, HER
DI, HIEEIZ COP BHEOMNE, B L O AT & 3 2 BERUR OH 217 -
el A, FRMOEEERNHAD ZOMERIIED Lotz (F1).

3.2, BMTHES

B 2B (2 (BB BRI ONE#EE (TB) OB TEERSIZ RS, SRICHE ) JER 722
NSRRI S8 (RER) NEMMICIRA D Z N TE 5. ZORBRAIRES Z 208, HITE
FEDOCVICEET D EEZ HND (Kouzaki et al. 2004) . CV ITMNERIZHE 5 ZLITBER SN2 h -
7o (X4 BB . —F, CVIXTRARIROM TS (B S i A+ BE s b 7 -+ 2 BE R o 75
H+HEBFRIEARD EAERAOMBIBRATED btz (1=0.182, P<0.05, X4 FEY). #Elo
7o, HIYEBIZHATHED CV, FSHEKIZFIE KO L T2 ERRor 2 To7c & 2
A, OB BERNESGAED ZOMBIIED Lotz (). T7ob5, HEn R ims
(or FWVVHEARE) 1%, BMTHED CV RIKRE W (or /hEWVY) SR SNLS. LavL, FHEIMRED
0.182 LK<, 1R (X 4 TEOEM) 2 RKE @MU LIEEMENGETDHZ LD TS
ETIER <, MBI THED CV ICKITT ALK L. TR, KEEMEmRE, 2
BAER RARREFS X OV BIEN I At & O BEEME 137 <, RIS th AL O oA E 72 B OFH B BI R
NRDH BN, I, HERIZHITHEED CV, HABEICKHRE L T2 EREIROHT 21T -
2L A, BB ARRED TR D CV I RIETRENRNZ LM~ 7- (B 2).

3.3, SALPTEERE L HRATRE ) & O RIfR
HATHED CV & COP BhiE D#ifE (OBIRS M, @PAIRSME) & ORfRE KR LTZ (K 6).
WTNOEME b AERBEEITFEO bk oT.
4. Eim
AL TITINERIZAE O SEAL RS L OV THSEE O ZAL Z B B 2T 5 72 DI TR EE D
BRE 2 B BIC ARG LT-.

4.1. ~I{LTEIEEE

WA ZEIC e, COP EhiEDlsE (5 W X R 1 3n#EsictEvEE R L, 60 4
BRI OEEMMORREE IR E <725 (Panzer et al. 1995; Ring et al. 1989). ElnE (23 1T B EALIKES
DORLZEMWICH D OKRTRER S TWD Z L (GRS 1982), ke =i <o 5 T
FEOER LU B IIZHVE T L, 60 w62 DK FEMHEMTS 2L (B4 S 2000)
Mo, ZIH, EEE OSALCEESEEDIR T A2 RSS2 EE 2 b5, LavL, AIFZETIE,
NI O B T & 2 I BAETH R AR EE O I IARAE & IOV RE & OBE A BT E 3T E A
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Dolo. BEGEIRIT, FITHETR, AER, BEAEEROEREEIZ LT 4 — KNy 750
RAETIRLE L TWDEEZ BN TWD (Fitzpatrick et al. 1994) . #5235 L ORIEE R D REGRHE D
HikNEZ < OWFEE T L7-AMETH Y  (Allum & Pfaltz, 1985; Diener et al. 1982; Mauritz &
Dietz, 1980), BRI RIL, b7 4 — Ky 7 ORIRIIREE L LTLABEZ bR TR
(Fitzpatrick & McCloskey 1994). ZZEINLIRFZIX, AR TEE LI2EBHNOOT 4 — KNy 7
X2 DOEFRERICHKT D700, SACEEIERE L OBENE ) T B2 bbb, o, Fkx
I3, BB EGE L, 20 HHORy FLX PRIV VAL A b L—=0 7280 PIEG#ED
A HERF L7250 C O AL PSRRI IR 5 2 & 2R LT\ % (Kouzaki et al. submitted) .
S BT, BESINIREO RO AT 4 v 7 R A EEHIE L7z Loram HO—#HOWEIZ L 5 &

(Loram & Lakie 2002a, 2002b), ZEFHHIZIL, R DA T 4 v 7 X ADEGIIAR+7mTHDH 2
EEfEROT TS, —F, RREEHEGFEOMIEENE COP #ifE, HIARE.LEMEOMAFAEIR
Btz L CEBFAT O A B = X L EBe LT D THFZEIC L D & (Fitzpatrick et al. 1996;
Gatev et al. 1999; Masani et al. 2003) , J&BIEi i EATRED TG SE) & KEFHE & 1 3B 2BEENH D Z
EDE STV D, TRAREO AR & SIALEETERE & (ZBEMED 20y & 5 ABFFE DR R,
SIS RERE LY, R BAEI R RO ERRHE TR K, TG O K5 BRI RHE B
HBLTWD Z L2 fRBIED. Lo T, MESISHE D SR RE IR FI2iE, FRHREO &
FIRFE DB A Z T 72N 2 E R B e I oz,

4.2. HBITRES]

BATIREE, M, Big, SRR EL2PFTHATIRICL D L, Zhb T A= LI 8V
KTFT5. Lo, TRHRTA=ZE, GRREDT 4 A a NIRESEELZITD. L
7o TRWY 22 AFZE TUX, NI X 28 TRE ) O 2 2 IEREICFH L TV 5 LT E W, K
72 CIE, Enoka & (1999, 2003) DH#E"E L 7= steadiness (FIFHELENE) 2 HTIIEH L, #47
RE &l L7z, ZDRER, MEIZPE S BTRE DR NIZA b ole. —F, AL THHE
U 72 T AR RE D i IRFE & I XBIE e R S, AR FE /NS W (or KEWY) #BRFE L, ATRES
NED (or BENTWD) EiHiEz. UL, ZOMBEORREIT/ NS W=, & SICHEEIC
BATRR I ~OBEBRARE L7z, —iRIZ, @EATEMERICI VT, R R AR, 2RI
J& - JRAFEO BRI K&V (Nilssonetal. 1985). L L, ARBFEIZHWTIE, Zhb 3 fffidsk
1TRE) LR BRERS, W EBEE I dh AR R & B EE e BEENE DN TR BT, AMFFE TR L 72 4T
REIE, Tk &ITRR Y, FHEIREICHE AT 5 (Enokaetal. 1999,2003). A iRE DRI 72
Rtz B RE L7, MBI IR th i RE O 2 B D 5 o0 2 FIA I3 O FH I L L TR E W (Lieber
1992) . ARSI & 2B O I FEIT KT 2K FID R 5 Z L1I3Z < OEEIC LD R s
TV % (Buchanan et al. 1986, 1989; Kouzaki et al. 2002, 2003, 2004) . van Ingen Schenau (1992, 1995;
Jacobs & van Ingen Schenau 1992) O—HOHFZEIZ L 5 &, BHEHII ML V= r L —2—L L
T, ZEEMIZRE SR EORETE L COREEZMS Z EARBEN TS, Lo T,
AW TR L 7= A TREINE, LRI O 5 & 2F1E6 O R & WEEBE I it o SR & LTo
TENRRKESLHBMRLTND Z ERNRBINT.

5. £&9
AWFFETIE, HREBORAE & b5 5 N & EREB LOBITEEOINRAALIZE JIET TG
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FEDOTEOEBIZOWTHE LTz, T OREE, S OEARSREDMBZELIX, SO TE@Th b
SEBAER RO BRI G- L2 ERB O e otz —F, BTRENICEA L TIE, 4
O X 0 FTRMHRHEOBRMFEICHELZ T D Z ERHL N RoTo, ZhUX, EIENR fh
REOZEAE & L COREFEN NG L TND Z LR Sz,
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Fin EriATR
COPEENNI & FRER S p<0.001 * 0.149 0.440
FARR & 44 p<0.001 * 0.259 0.379
HITEEDCV 0.952 p<0.05 * 0.180

*AETHD I L AR

K2 BHREERIALE L LIEEBIROITOMR RITRES))

BMEH SREAZEH
REgfpmds KRBREHHE  TREHE  TREHF
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