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S8 B8

AFTIE 2007 FITHIO CHamlinths (FlnfkaR 21.0%20 ) 1228 A L TLI,
i b2y £ ETHET LT D, 2014 4 9 HBUE, Ao &S AR (65 %L L)
1% 3,296 T A&, ELEN 25.9% L 7eoT- (MEEWER, 2014) . mlnd
AN O OIS, EAERER LMD —% 72 &> T\ 5, 2000 FI2S il
BRAIEE S A 2 — b LTSI 218 A TH - 2B #GREER S, 2014 FHRFAT 432
T NE A, 2025 H121% 700 5% ERID LHEEF ST D (JRAET 814, 2010)

PRk 22 FEOERAERAOM K (BAET@E, 2012) [2XL5 L, EENENH#
WRBIZ 72 DJRK D 4 (L3537 - 548 (9.8%), 5 NLBHHIER (7.4%) L7e->THY,
IS ZoE bbb 2 ML OFRANE (20.5%) ERBEOEIAE LD, X, H
TR REICIRAVE, RN 1 3BEEEETH S (Fig. 1-1), F3E - EAHEOREE
IFAEIEDOE (Quality of Life: Qo) O FREFMEMED D Z Ll oensd (5
X6, 2015), D7, TNHDELZDIFKDO—>TH 5 EFIREE~OXE, T72
bbb, BERREED T, T CTICREL TV AEICK L TEZE 0B ZRi LT 57
DOFNTH#w LD ENEBEORETH Y, Frx2OBEIEMETIEL TWD,

AKFRIZET D 45 sl Laxtf & U dEihiss OREICBE T 5 A — MFZE G5 AT,
2009) 12X D & ERMEEBEE (knee osteoarthritis: M OA), 28 M IEHESE

(lumbar spine osteoarthritis: EHE OA) , HHIFRIE (osteoporosis: OP) @95

1 DU EDRBEZA L TV LEDOEIGITHME 84.1%, &M T79.3%ThdH, £DHbH

1



AR - Sl PEDK T0% I CIEBIETI O ETE IR B AL, S HIT, Z O RIIRE %
35 LHEIN TS (Yoshimura et al., 2009).

BOROIRE & U Cidtka ZRERPZIME STV DA, ZOH TS, B OA (XRIH
WOE O, BOEE, BEEORIED 3 ONERFRELD, Zhblcky, BFE
REREIENK T2 2 ERA I BN TS, B OA OFSFFIIBIEIZ RIE D
HAEL, BENESEESBEENETLZ L THY, FaLOWIETIE, BEHikEDOR
EERET 27O ORETEOREEMENER SN D,

Causes of needing support Causes of nursing care

/—\_

f— i h Strok
e others i Others roke

25.79 24.1%
37.6% oM °

Fall and fractures )¢ ia
9.3% Fraility20:5%

and

) ) aging
Joint disorder 13.0%

7.4%

Fall and fractures
12.7%

Fig. 1-1. The causes of needing support and nursing care

12 interleukin-6 (IL-6), interleukin-8 (IL-8) DAIE/ A A~ —H—IZ L D #K
B OWEE KOG OTERZIAFIRE L 720, Wb W 5 OARRBOEIEE LD Z &
N T& 2% (Lustosa et al., 2013),

B OA DIRFRITIE & L CIadEmiRis, JESRmRE, SMRHORRE (AR 1o KA]
S5, BEIEEIZ L TIAEIRIEDS LERGE S H D0, KEOEEITX LT
FESEDIIES KDL &\ o TARFRNRR DN EIR & 72 B, DIRIE DO HEIZ DN T
Ttz T U ANEBINTWSA (Zhang et al., 2010), =D, BHWERD
fERME D ME SN TWD (AITE R, 1986), —F, FIEEYFETHIVUZREIER O

2



fElRMEZ D32 Z LN TE D, TORTHRICHRMER®mWTIELSL LT, EHRA
71 R L—= T ~ORY AN HELE STV 5 (Practitioners, 2009), w872 f5
BOTTITONLHN N —=27103, Hhzm sy, £oRR, BEimowENE
D) ERAEGM ORI O EAGIZ/EMA L, B OA ORBEZFZEM T 5 & i ST
% (Thomas et al., 2002) .

AR, i) b b—= 7 O ke LT, 25 KE) N L—=_7" (whole- body
vibration training: WBVT) & IEEN 2, @#E CHMIEET 2575y F 74+ —A LT
FEET L P —=0 7R EHINTE 7 (van den Tillaar, 2006; Merriman &
Jackson, 2009), Z ® WBVT O3/ E L 70 54 EH) (whole-body vibration:
WBV) ~> i, ZORBOEDEND D, rotational vibration (RV) w3 v &
vertical vibration (VV) <=3 ZKBIETW5 (Merriman & Jackson, 2009).
RV <> idkofizpns L, EZAEHIC ==X 510) 77 v b7 4 —
LBRENT S5 Z 2L, VW~ UIE7 T v b7 — L3 TEE, AR, R
~O 3WIIRE 2 LA T, B A b ADIRE~ oA L TIT O DO TH S (Fig.
[-2), TNHDOYY U OEICED M L—=0 7R OERITBIEE TH LT
STV (H. L. Merriman, Brahler, & Jackson, 2011), VV < X RV v
Vol L CIEME N L— = T RBDOREENE S TH Y (Merriman et al., 2011),
miE b L <IIARBEIZL > THEA LT WHLEDH D, ZEONITEIC L 5 L IRE)
DEFEVNZ L > TWBVT O#E S F#72 5 Z LA STV 5, Saila et al. (2010)
&k DL TEWIES) - IRWRIE] € WBVT (VV v y) KT 52 LiE MRWIE
) - @mWRIE] LVRATH L Z ENME SN TS, Rubinetal. (2002) (&
L EmWiRE) (30 Hz) &RWREE (0.3 g) @ VV v vz —4[H o WBVT
DOEE (1 [ 20 77/8 5 b)) ICXVEEEOR ERR O, 72, Merriman &

Jackson (2009) 12X 5% & EmEEICBWTCHIRNER) (E#h2ETe) 135 < OFKIET)



EEFIRAZFHRT 508 VV ~ > & AV FKEEN b 5 WBVT O FEE T H (KH)
TEDHIRRZ: S FH )R T =D L F o7 b L—=0 7 L RAEONRE 155
N5 ENHEINTND,

VV = ooz v WBVT ORFEIE, SRR Bl (BeRMEIRBISC) 235] &
B EINDZ LTIV ZEN R N L —=V IR AlREE 70D 2 &, LU= 72 B D
BT T s, HNICAFORELZZNDLZ L TRV N L —=V 7IRB SO
HEIAIIHD, PzIT, WBVT OFEEITLE~OAHLZEH S Eo, EBasi
REDm EZFI X2 LN TX % (van der Meer G, 2011), K72, BIHIC L D #HY
== T OEEBRRERFIZE > TE, WBVT OREZIENTZ & TLD %)
RIR P == T2 FERT D ENARETH D,

bz &nd, VW vz funiz WBVT OERIX, BREAT 2 H4E - S
T L > TRICHENMEDRRD B AL, 2O L5 ZRIGUFHE L= 7 1 77 ABR K U%)
RRREED KD BTV D,

z
)
=
‘ - X: m®
S — Y:kE
:;? Z:EF
Rotational vibration (RV~v=>) Vertical vibration (VW ~v<>)

Fig. 1-2. The different types of whole-body vibration machines



2. BRIZE-I-RE

EHITHREMTONE T2 B L LIS R 8T, M5 LT D
BB I oTo, 2O, BORAZFADMAEEN LA EODL T EnbhroTe, H
BRE 2223 (Osteoarthritis Research Society International: OARSI) TIZIESM
BIRHIEE LT R L—=0 2R LTV AN, MRENEERE OBA 1SS
DFEH VIR RNz, (RO ) b L—= 0 7 ORI H R - LHELE 0O [ [ 2>
DIBEDOAM LR YT, RANRKEWEE X7, —F, WBVT I ZEeMnE <,
M—=C ZORERRDEN TS I ENORRE AT 5 EimE R LT L7z
Mo—=UTThdeEx, KRFEROERIZE-T,

EilinE OBYRE ORI R OBIR 2 AT 5 EimE 25 & LT, IR & D iEEae
DIRAEZ AT D 2 & THIFIC L 2 HERRRREDO LN IR TE 2, 20%, BR%E
HITHHE - @EE IR LT, Hiler b L—=2 7 HETH D WBVT N iEE)ZeiEe
(252 2N R % el T Z AU, MR ORI &K OFHIE D 72 12 T hiu TE 72RO |
L= IINEETH - 7oA IS O IRAYZER 222 Z L REL 0D, S BT,
B OA DESEERIIC WBVT ORI RE MG 5 2 & TEER &SI SR RN
TIREE) T 1 7T A ORI FTRE T d Do FERAYICITIRBE O3 AR % 72 &
INEYT—va AR A~OHEAZMY, REDO oD N —= 7 kL LT

MEIAWERRBLS CTRES N D Z RIS,



B2 B

AWFFED B EYIE, M EE R & R 2 A9 2 T4 - milnE 2 R L LIz
DA K O OA D FENE LN BBV SR RE IC T T B 2 et U, B & 2 @B i ik
RE DR & [FIRFIC IR DU ICBRN L B DN DT LWER) 7' n 7T A ZERT
50

FEAIL P RLOEY Th 5,

1. HSEE SRS M OBREZ AT 2 M4E - Sl zxdf e U, BmoA LU
OA O HJEE DN EE G TERE IC KT I B 2 Rt T 5.

2. IR M OME OA & BEN & L HEhEEiE DU E L HNE Lz WBVT 7'r 277 4
ZIERCL, £ D%, WBVT 7' 77 KLaRET 5 2 L TH LI L EEa e o
TLHMRIZONTHLENTT D, b, RIEAF~v—I—HmELZHNDLZ &
T, WBVT 7' 7' J AV EEIGHERE I T TRBIZ O TD AT = X L& 5 )

a:ﬁ—éo



B3 FEOESR

1. (BRI

TP OIEIRDARNIZ Lo THR S, FICAHEATEIEO S, B FEEIE
R (FGF) MO D ENSTZVEST-Y T 50, WAhraf LT, »oREIM (14
UULE) \TRBDBIAT D Z & 28R & EFRT D,

2. EBRHERE

HIREE 2 O i - B - RO TH Y, R, B, BE, i, BIE, et
CE#®E) - &), IRE R/ EOFEENCE D 2 VA NS - FE I Ko THERL
SNTEY, TORERESDNEBGEE L ERSNLTVD

i B - APRR O - S E IS EIUTME 22 EH - BEEDR H DY, £ b

i

N EE) - B L CEBigs & L CORFIZE#H L TV D, TN aR LIEKARLLT

<HbH (Fig. 1-3.),



Locomotive \
function )

Fig. 1-3. Orthopedic. Japan Topics Charming (Vol. 1)

AWPIETIE, BEOH M OBSIREGE & B & o S IRHERE, IRBERE N OVEHEREZ 5D
B CHEEGRIRRE & ERT D,

3. EHMIEEGRRE

2 < ORATHIRRICEB W T, EBMRBHEEOMEZEME L THVLA TS
Western Ontario McMaster universities Osteoarthritis Index (WOMAC) #FAfi %
BE 2, HARNDAIRERE 258 L CIER S L7z B AR M B & B B RERTANL 3=

(Japanese Knee Osteoarthritis Measure: JKOM) (Z & U 4l &4 2 #6E 2 E8I10
8



e &L BT D,

4. EBRIRRHRE

H AR R 2 B EIRSRE ] E A UECTdH % Japanese Orthopedic Association
(JOA) Score (Z &V 3F il =412 BEHERE 2 FBIFIBHREE L E&RT D, 0P, T OFHEE
ITBREIZLS>THESNLD D TH S,

5. Bt

B IRHERE & 13, FIREIIER E&2ATO D DREN 2K LT\ 5, FIREEREIS, EB)2
HWRELRIUER I OND Z L b D0, HERMERE 1T TR <, MR L
PEREIC BT 2R b OF R (it abHREREIL, 2015), —J7, £ < DSEATHFSE
ICBWT, @il o [EkkEEE (physical performance) | % FFAfid™% 72012 B fh/ <
T A=< AT A NPHOWOENTND, KAFFETIIANT  RARIBERE N 2oL
LT 8 HHOHE N T 4 —~v L A7 A M TRl S5 B HERE DFFR 2 & AT RE

ERT D,

6. BENITFr—ITRATFA M (8IEH)

A TIIEHEE N L —=0 7B EERRE A A T 2 & BT 2830 M
RET D72, JBEAEFEEIZL > TERR L, WAk 24 F%GET Sz BEEIZOMRER L
v=a T BREONT, STHEADHER R 74— AT A RNEHWDLZ EET5,

FEAL T RLO\EmY Th 5,



OBFIR A RN B (NT U RE8), QRFERFTE (GeiktE), @R EEALE LR,
@5 Bk 3B B R (PR 7)), ®Timed up and go (A MENERES)), ©5
m B AAITEN GR{TRES)), (Dfuntional reach (B XT o REES)), @LHFEIR

NS

1. #&AH

N BT 2 LA T OB HFEDERIT, it AR —Y Bl (A ARKF ¥, 2006)
ZESL, BNE, TGS 2 Z EIC kW RET D)) LERIN TN D, F
TH, AR TIE, ADHERRSNITRETHIZENTEIRRHNITHD
maximum voluntary contraction strength (MVC) % [fi/)) LE&FRT D, Tz,
AWFZE RN TR, B RIER ) & Ve ) ORI 21T 5. fiEOR SN —E (5
R) CRAWZRET D56, FRMENUHEE TS, ZOIEERIC L D BiES 7
N GERVER I CTd D, SEMER 1 &1, —EOMAEE CESAENEILL TN
WRETRHESNDH IO L TH D, AWFETIE, FERMET HRERIC X > THE S
D ERMER OFEMEDRKR Vo &5 ) OFHE L LTz,

8. fH/NI—

BR[IL & (2002) (28T, SR ND — % THRAZREE S 720 ot KO 1)

N7 MVEHENRT MVOWNE] SRS TW5D, ARAFFETIE, SdM: « & R

RIESZHZ LY, BEARHEZEEM (60 deg/s) K OVEEIHIEHHZ M (60 degls) %

WY, PN — (FENT—) & [HAU—] LiEFRT D,
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9. ILEHRE

ARG TIEZEM 5 Salli R E (geriatric depression scale: GDS) (2 X - TaF
i C& 2 LEFIREE 2 D ERERE L BT D,

LED1~9 TEHRLICHEZUTORICE LDz (Fig. 1-4),

Locomotive

) Mental state
function

Physical function

Physical performance
*5-times sit-to-stand
*5-m habitual walk
*Timed up and go
*Standing time from a
long sitting position
*Sit and reach
*Functional reach
*One-leg balance with
eyes open
*4-way choice reaction
time

Fig. I-4. The definition of terms
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B I E XEHR

518 InERICHF S BYE - EREREMEICE T 2 ERNBIR

T AU W EIES RS (American Academy of Orthopaedic Surgeons: AAOS) I3
B OA O L UCBIfi o0&, iR, wEikHIR, B, BIfiNE, S oIcadiE
WELED 2 WRFTORIE R & %215 CT\%  (Brandt et al., 2000), F£7-, AAOS ®
%1% %% F7- New Horizons in Osteoarthritis (1994 4F) OH T, B OA TEMEL
Ifix DEBRETHY, TORFRKITEEL TH Db OOEWTFN, HRETFM, BRI
FIRRDIRIFZ R T HRETH D L@ ST D (EHR, 2006), T72bH, B OA
XBIEIICE 720 T <, B T ERORIH, BAEIE, B IR, PAENE A &5 o 7o
Ei R E KT T EE 2 5, FrIC, BIEICE 0O RAEITFIE OO B AS i IR TR
BTHY, TOFTHEBMETICBWTRAEEREG NI EBMLNTND, FERE LT
I, BOR 7200 T, HafiE R OMEIRZ £ 5 Z L3 BT 2 (Felson et al., 1987)
F7o, ERERE LT, R, AR EOBEBHFZR, HEHOCAR—Y i E04I5E
EOEH B mbN TS (HHE, 2008),

— T, BEITIETRMERO X SATRTRIND DN KT, 1957 FI2
Kellgren & Lawrence (Kellgren & Lawrence, 1957) 2NEE L7 ONHAETH K
WL lpoTD, HEBEESHROIME, WE FE O, Bk, &%k, BEfima
HEREP VDD LESIENELEEDLNL DT, ZTRNHDOREICEY 5 2OEE
7 L— RIZHFAIN TN\ D, Z OIS, IR, BT KRB ERM b TV D,
7o, Fin, SO ZOIXY, BE, XA HO TG Lo B OB HRE R LA s
AT 2 R BRI EE LA ST\ D, & HIg, ZBMEREEEICK 5 /A
F——RRIEY A ML L OREREDMOBNTND, LL, Wiy X #K

12



AL & EEARR BB E m OMIR L 1T LT L b —8T D L IFR LN LITHE T
ETHD Catr, 2006),

BEOA IC DWW, EAMERTH DM T, Elhinkte, TEORHAER
IHEN R OFEE SN, DERmICE D F THRALRADOREZRIFT NN TN
77, BUEIIBITH, BSBEEMERE, ST 5 BAS 0 BhERE, IEER & oo B E AR B ERE

RXEDOZEETAEL D L IE SN TS (Segal et al., 2009),

Jeit L7218 0 BRI A E RIS ORIRA G S 2 ST WERBTH D, I OA REE
DAARND T0~80%03 9 2 LT\ % (54, 2009), Muraki et al. (2009) (35
7z 3,040 4 (FME 1,061 4, Mt 1,979 4, BIROFHF#n 70.6 %) & XTI
DHEREZPFAE LR, BRISMEIC X 08N+ 226N LT, 6
X BB I L VI L7227 L— R (0HV: 7 L— RMEVIZE ERAT) Bl A%
T LI2RESR, ZHEICB T ER 7 L — FITORBE K HIRWVZ EBRER I, £
7o, BENRHELNGR-T (BT L— R 0-1) LMD 20%I12 SRS A b
ZEMmn, THEIZBWTE, BWITER S V— FORELZZ TR0, & L ITE

\
IHE

(T2 &R ST, 1,348 4 & 3 EMIBEIHA L, BISREEIAL & iAEIR R 2
A L7oRER, B OA MOUMTR A A ¥ 2EEH DIEERIZZAL 10.2% L 14.2%
Thbh, 61T, EHELEERBRD Y OFIE L OA Z AT 2KEEH (14.8%) LYK
WMafd 5% (18.7%) BEr-o7=Z ERHE SN TWS (Muraki et al., 2013),
PLED X 51T, sl K0 BYERR O ACK OA OFEY X7 3@ e, EHl)
BEREZR SIS B L RIT T Z EBWLMNERoTe, ZTNHDZ &G, BROUGES
T, E72ITEE OA ORAEY 27 Z BB IS HIRIEFENMLETHLEBEXHILD,

13



B8 B - ERERREEEICET SMEHT—4

WK T I 2 A oL 7o B TR BIEIE O AR O R B IZB T 2 EIC L 5 &,
50 WA E 5 & APKICHIN L, 60 MLl LTI AL D 80%LL LI/ 52000 X FRFH
EFAMEBIRE (LN HBL L, 2D 5 HOM 40% B GEREZH L, ) 10%08 B 475
FTEAx-L TS E0nbinsd (Loeser, 2000),

AIUZHBIT D2 OA & OP H.b & UTcEShas bt aE R E O AR FHEE L 6
ML, ZOKRKFEZRETHZEE#HME LILads— MET R Y 22 b
ROAD (Research on Osteoarthritis Against Disability) 73, 2005 “-(ZBAts S 7=

(FHt, 2009), x5 3,040 A (B 1,061 44, Lotk 1,979 4, BED FH4F G 70.3
) D96, BEOA OFERFRIL, 40 Ll EO BT 42.6%, T 62.4% Th -7z,
S5, FRBIOFFRFRIZL, BIEOHA 40 FTIEHK 10%, 60 L TIL 10~30%,
80 m LA LTI 35~60%r < £ TN 5, ZVEDIHEIL 40 75 TIEAK 10%, 60 7%
£ T 10~40%, 80 ikbh ECiE 50~80% % THIMT % (Yoshimura et al., 2009).

F 7o, LI D X B RN O B LR 2 AR IR AR L7z 21 4R O Mt
FFE (KR, 2002) TIE, X—R T4 U CTEEME LK ORE OA NEHFE /31T LBk
MREL, £, R=RAT7 A U TIEFRTho-H S, BHGREE (21 %) LT <
E 40 EBE D 40%LL E, 50 B D 60%LL EICHAE 72 E T (Kellgren-Lawrence: K-L
SGEOZL—RILLE) NEULD EHESNLTNS,

—J7, BCKRTIE, FERBIE OA OFRREZTMAIAER, 46l BiZked s, AW
T 28% L7720, SHIT 65 L EOEEEIZ/RD & 38%E THIMNT 2 &L HE S
T % (Dillon et al., 2006; Jordan et al., 2007), LLED X 512, B OA ORIERIT
s & & HIzm< 20, ZIITRICKHEICBWTHE T EE 2 OND, TDHR
ELT, 60 EEZER E L CTHMEL Y LT W THESCH ISR T 54

14



PN, b=V ZE RN N2 EOLEREOATFEIELEEBL TV D
EEZBHND, Segal et al. (2010) 1% 60 Ll LDt Zwtg & L& Z1T0),
KERUSEFS DA IME TR OARIEDO Y A7 @b H 2 #H LN LTS,

—J7, 4eik L7z ROAD B2 THIED 10%, &PED 20%725 OA & BIE 3 72V SR
ZAELTBY, THESHEOBRRALT LR OA LHENRDH L LILFE R0,
Muraki et al. (2015) (X minimum Joint Space Width (mJSW) 28BS IC RIE T
BNRKEL, BLOWTHITENTH mdSW B/ ESWIEEH LWVEIHIC/R D Z & &5
L7, F72, 60 LA EOBLRNG, BROAWRELZFE LIL 25, LTI
ERIZ KV BRI 5 (TOEN R bmY) 2 BRI, BTNk
85 R OB A S ino Tz,

LLED X912, BLHNCHEIR L OB OA OJRKRZE L, @R T hEEH 5
MIZTDHZEDRRETHL B LND,

15



53 H BE - ERMEREESESDE - BREOESRMERUVBAELEFICRET

2

IRV T AR I B L 7B EZ RBHIC L, EOICHERMIC S F S EREFEOR
ArglEEZI LTS, BIE, BEREE LR, 27, FFrb B2 o aHE
AIGENEDO R EE (Altman, 1986) (&KX 25 B NLAATREIEDRE ) DIR TR, HERERE
& DD D, R EORpIEE (Salaffi et al., 1994) #5|& 2 L, FEWT
R ~DAFT (Hirano et al.,, 2012), EB7-X 0, ZIUTLED AL D OGS
72 EOHFEAIEDORE (Spirduso & Cronin, 2001; Rupert, 2000), 7=, &5
OISR (B)11,2011) &gl IFTEVDRL TS,

IEOAZHT 52,1824 % KA1, IERBIIZE I (The Physical Activity Scale for
the Elderly: PASE, mi#iA@m M ERAF) A HWCHKREHEZFTEL-L 25,
HAEEH (176.3 45) X0, BYEEH (183.1 £1) O BHRIEEhEIZK L TV E
-T2 (P=0.053), —75, i1, RUONDA R v 7 Of INTEIESR D558
WZ L D3RR S 47 (Segal et al., 2010), #iJ) - fi/X U — 3R BAEIHERE & B 4272
WARBH Y, §J) - BT R TIISATHEDOK T (Madsen & Lauridsen, 1995) <
INT U ARRIIDOIET (Sasaki et al., 2013) (T2 NDH 2 ENMHNTWD,

2010 FOEERAE MR IZIB W T, TENNE L 72 o 7o F 725 K 2 B3 AL
([CHER L7z & 2 A, BEFE TIE TBEIEE] 28 19.4% T b £ <, RWT TEIC
LD N 152% L 7> TWD (BEAG @A, 2012), TBEERE] 238 1 ALI272
STEREE LT, BfIORANE oNTTES X9 BRTF <7257, ‘@i
57 Wo - HEATREERENE U (Jadelis et al., 2001), el L7ZLH gL
D (BEMJEWEE) (Saliba et al., 2005) IZfa>CLE D ZENBEXHND, ZHUIxt

L C, World Health Organization (WHO) Ti3F - BIEIEELZ HHEAIRIZE LW

16



fEEA 52, EEEELZIRT S22 AEEREELEL L TERL TS, Hejazi et al.

(2011) VMR e bE, ROYEAEH T M (B, SMETE, Vo~ T MR
RK) ZHRGUT, B TH S SF-36 (MOS 36-item Short Form Health Survey) %
AWTIHAE LR, @FH LY bRAE AT 28O LBIERENMEW 2 & 2R
L7z, EDIT, ERBIOM S SEOFHE TIL, SHEMRELZ AT 2B LVEREaT
HEDOI O DENEWNT &R STz (Ozcetin et al., 2007)

EOZ EnRIRZ TT 52 &, FBMOIEREZENTHZ Li30HE LD
(CHEEZR A ATE LD 28I EE LT, AFOEEMR - M ESE5Z2LETH
W pZ LN TED,
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FAH RIS - ERMERBESE O LER CEREICET SR

OARSIIZHEWT, B OA ZHTHEHE~D, X0tk ONRIEEZ W & S
L7720, 6 4 EOFEMFEIZ L FTZ 2B A~OXE R ONERIEDTA 7 A 7
fil® 7= (Zhang et al., 2008).

ZDHA RTA  OIERFGETIE, FWRIE L IFFEYRIEE DT 2 2 L 3 HERE S
NTW5, 72720, REMREMEIETH LI AT 1A RELER (NSAIDs) OfR
Mx, HEEREEZR EORIERREAET D fERMES & 5,

—7, IEFWPIEIIRIEH O fERIE A BLEE LoD, SEWFRE & [FIRLEE O Zh R A i fF
S5, Fransen & McConnell. (2009) 1£A ¥ 77 U v A&7V, BREOBERHE
FhEsERE DA LD T2 0 IZIE, EEYRIENZIRIITH Y, P THH I FL—=7128
WCTENZRPIEOND Z L EREL TV D,

—J7, AAOS @ Clinical Guideline on Osteoarthritis of the knee (2003) Ti% 1
~4 M > NSADIs # 5N ENIERN T 2 1R% L LTl bHERRICE T 5 ik &
U CHSPRIEDNLEAT T DT Y, 179 & e L TR TR, M hr—
=7, BfrEEGI TS S TWD, £, KEV U~TFHEDOTA KT A4~
IZBWTITFEEY Y X N2 physical therapy” & “HEERIEER) 7' 0 77 NN EE
TN D, JEBEEJE P CIRBRIUEAR D5 ) ME T LR <, 2 O IR T A3 B i~
DAMEHRITELZ EICEY, BAEZELD, BRICE > TREEMETL, &5
(CHINE T EITT 5, TOBEBRAW O H7-DICEH I P —=0 I REETH
Do

ULED XS IR OBED 2D DIEFEMFREL LTH I b L—= 73BN TZ%)
ERELND LB OND,
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BHE 2BEEIFL—=VJTOREBRUHRE

1. 2BEBFL—=J0BERVURE

AR, WBVT &I D, @l CHMAHERN T 577 v b7+ — A ECTEET L8
7278 N L= T OFMENR, BIEVER, TAY— b, SESER@ERELZHFT
% i & R BICRET N ER L LTV D (Wilcocket al., 2009; Merriman & Jackson,
2009; van den Tillaar, 2006; 5, 2012), #i2, VW~ v aHW- L —=v7

LHIRE N —=r 7 HEO—EThY, mEf (2), §igE x), KRE (v)
~O 3 Wik 2 A AT, EX R ORI~ o E2EHLTIT> SO TH L, 7
L— I 3 ml~m B E) (RE) 240 k92 & T, BRHEAICEINEE 28 L
TRV IRLAEL D, ZOX ) Rz E Y, WBVT [ ZIIEE FL—=7
(acceleration training) &FEHINDZ &b H D,

AWFFE TV =25 #EE) (whole-body vibration: WBV) ~ 3 ZVV = v Th
D, DT Power Plate (Power Plate® Pro5: POWER PLATE International
LTD, London, UK) #fH L7z, IREHNOE N 72 5 3 5D WBV ~ 2 (Power Plate,
Galileo, Power Maxx) Z g U7-#F9EIC L5 &, JEHE 30 Hz (281F 5 xyz @i~

HEOKE S LEIGIIMMEIC L Y B2, Power Plate (ITEEH (z #ih) OMEE
(%) 50m/s?) N RZEE EDTEY, Galileo IZTEEHHONEE (K 125m/s2) (M
ZCRPHEONEE  (§) 20m/s2) H0 LA LIS, Power Maxx 137K Wi oD 5
(89 40m/s2) MEILABHILD (Pel et al,, 2009) (Fig. 1I-1.),

O, IRBIOEWZ LY FL—=0 7RG ER D Z LGS TEY, &5
FEDOIRE O REVIRIENFIRICKRE R2AHEENT L2 L0 MbN TV, —7F, &
BAFE DIREN D>/ S WVIRIB I X R~ DA IR/ NS W e, TR </ h L—
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ST ERBINR) ZENAREE G STV D (Saila et al, 2003), Z D X 9 7RkF
#HE2F> WBV v & L TARBFZETHU - power plate 23 5L THR Y, 72 EH)
DOHMNT z 8l (7T0%) THY, LA xE (20%) &yl (10 %) THRK S 1L

TWo,
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Fig. II-1. The comparison of acceleration for three different types of
whole-body vibration machines (Pel et al., 2009)

Top panel: example of the PowerPlate unloaded platform acceleration against time t
showing accelerations in X-direction (open circles), Y-direction (closed circles) and
Z-direction (plusses) with fin set at 30 Hz. The platform induced mainly vibrations in
vertical direction. Middle panel: example of the Galileo unloaded platform
accelerations against time with fin also set at 30 Hz. This platform also induced
highest vibrations in vertical directions, and some in the horizontal plane. Lowest
panel: example of the PowerMaxx unloaded platform accelerations against time set at

30 Hz. The accelerations of this platform were mainly in the horizontal plane. Note the

differences in y-axis scaling.

— 5, R L E9ICWBV > TRV~ VV o o KBIEN 503, VV
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vV UL RV v o S L TR AGICEMS b L —= 0 T RBOREFR AHET
HY, @mEROFREES~OBEICIENLTND, 51T, VWY UZRVvv >
CHEST == 7 EBORIREZ ST, @ERE+ 577 v b7+ — A ETHE
(CHAETIMREZZ T RN, BHOFHHNL—=7, ALy TF, VI 7k—
aryORENARELRLLEVIRFRBA TS (Merriman et al., 2009),
ZbH%b VV v E2 e WBVT X, FHBAT EAFHARATICHERET HEROM
HIREE T CTORNET 22572, 1960 FRICIAVEHTHHA S Z LN hE
DnThHsb, WBVT 2B 20T FH2EMN5 120 BS D ICHERIZFE LT AU D
OFHFAT LI ETELO 2R ATz, LavL, FH%EM T WBVT 2 L7
VHEOFEHERITEDR, SO 20X Z KR LIZ0IFT A U I OFHMITEL Y EL T2
B CAETE L-#%IC (420 H) BELZBECTh o7z, ZOFMBAE LT, EkE ClIME
INZEVFIRBEENMET LTV, WBVT OEBICE Y HASEBEORT
ERHIL TS LEZ BN TWD, 0% S WBVT OFRENFEE, 1990 F4K
Meer (2 LW WBVT O#r7- 72 mlaettss A & vz (van der Meer G, 2011), 47~
EOAV By 7 RFEOA—F Tho7- Merr et al. (2011) (XEEZ T AU — ~D
FL—= B AL, B AS—L7e E &R TS H RO SRR 2 TE LT 5
Z &M TEDH WBVT 2428 L7z, Meer D5 1%, ==— b > O LAl (F=ma)
EICHLIEbDOTH o7z, HEk Eo ARITEE, 1G (= 9.81m/s2) O JjINEE A
AU HENG TRFERZYLE S TWD, ZOBEEGEED F L —=27) 128\ T,
—a— hOFE BRI (force) ZHMIEH7-DIZ, BHE (mass) DOHF %N
— LR EORMMIC L VNS E L MERH L, Lo Led s, WBVT T, N
J£ (acceleration) DEIZHMESELZ LIk, EWAREHAWD Z LR BHY
DIREDH TS (force) HIARIEDH I ENAREL 2D, TDT=wH, N—rYL % Ff
LEFDEEITHEZ D L) REER~OAHZRB S, FEEREOMERIEZIH T &
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LEEBEZOND,

PERBIDOFHT) h L —=2 7 TlX, ek L7z X 912, 2R Z2@m O 5 72 OITITE VAL
DB THoT, L, AN ML —=2 T 2T 553N Z L, BE
ABHEEDNAET DAL H D, ENIEIT TR, Fr—= 7 %2179 BEAAR
FHTHLZER ML ==V T EITOBMBKIML T D AREE L & D,

—J7, WBVT 1%, BHH72e e (BIEMIREICH) Mol &hbd 2 &hb,
SZER L=V IRARETH L7251 TR, N— L FOEREWAMENT T L
b, BHICEREEZZERLE T THAO L —=0 ZBENELN D E WV ORISR H 5,
AR O N L —= TIZHAE i ~D A =TV A b L ARHENZR R~ D AT
MR SN D Z ENRERFSTHS (Boscoet al.,, 1999), WBVT (IEiiE 12k L
Th, DEOBMAEG L >0, EEVZHEAE N E & B RIS & M3 araetk 2 fhed 7z,
Bz b —=v T HikLE 25,

ZOERFEIL, LTO R TH D, 812, Ml LV AL 2 IEEIC LY,
WH OENEE (9.08 m/s?) & EEIZEEVMEV HEND Z L12H D (van der
Meer, 2011), F L —= 2 ZHRIREIND ] (force: F) |[TE&E (mass: M) ([THIE
£ (acceleration: a) # U CEHRIND (F=ma), WERMOFHFH L —=7T
X, EEME2ESED2 LT, HFOAEREEZHGTS, HlziE, KET70kg O
ANIZ 70 kg DAMEEZR LGS, BEIND IIX

F = (70[kgl+70[kg]x9.81[m/s?] (FHMHEE))

LV, 8LZ 1400N &L 725, —J, WBV v > ZiEE % 40Hz, EIE 4 mm (23 E
L CIRE) S B 7256 OMEE 3R K T 50.0 m/s2 TH Y (van der Meer G, 2011), 7
Z v b7 4 — A ETIKE 70 kg D AP EREET D55, BEShD HIT

F = (70[kgl+50[m/s2]1x9.81[m/s?])

XV 3500N & 720, i HlZ K& < ERD (2.5 %), 512, BREMHIEES G &
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WA 2 SRS IC L0, fh ONURE DS AR R 2SRk IC e S Z L I2d b
(R 5, 2009), Abercromby et al. (2007) OHFFEIZ L 5 &, WBVT IZ XV %
ST FIRR O/ 37 — OHEINL, FfhsED S IREOMIEIZ LD b D TH D L #iE
ENTVS
LED L9512 WBVT O#RIZSEIERMETIEHINATND, BT,
Merriman et al. (2009) OV AT <7 4 v 7 L Ea2—IZLY VWV v & RV
Y ONR A R LTAFZE b s ST % (Table 11-1~3), %72, Cardinale & Lim
(2003) 1%, /e HEEIKICKIT D WBVT H 0O BEaEMRE) S50 K DU S O IR e
IZOWTHAE LTERR, IRET 577y 74— A ETRAI Uy NORBEHFFT S
EEDOHBEXISIWERD A7 T v N &L THEICEWEN G b EHiE L
Tw5 (Fig. T-4), ZhUE, WBVT ZHW\5Z LT, BEfICHE 0 AHEENT 220
BHTH-ThH, == T OMRMREOND T LR LTS, ZDH DRF#EIZ
X0, ko~ M == I B D 720720, TR E D EYZR L —=
TN D - 720 T 2AEBEREEE I3 L, WBVT [ 330RMR FL—=
rEhbElEZLND,
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Table 1I-1. Overview of Selected Whole-Body Vibration (Rotational Vibration (Galileo)) Studies in Aging Adults

each 1 min bout followed
by 1 min rest

Study Subjects & Age Duration  Parameters Study Design Main Outcome Measures Results
Rotational Vibration (Galileo)
Bruyere et Nursing home 6 weeks 10 Hz and 26 Hz Control--PT alone Tinetti POMA Significant improvement with
al, residents 3 sessions/wk Intervention--WBV & PT Timed Up and Go (TUG) WBYV group with Tinetti (both
2005 (n=42) each session =4 x 60 sec Each group received PT 3x/ gait & balance sections) and TUG
Mean age = 82 with 90 sec break wk, each PT treatment was Note that with the WBV group
10 min of standard ex the POMA score improved from
14.9 to 20.5 which is above the
fall risk threshold of 19
Cheunget  Community- 3months 20 Hz Control--remained sedentary  Basic balance master system Significant improvement with
al, dwelling females 3 sessions/wk Intervention--WBYV alone Functional reach test (FRT) WBYV group using basic balance
2007 (n=69) 3 min/session system in movement velocity,
Mean Age = 72 maximal point excursion and
directional control
Non-significant improvement
with FRT in the WBV group
Gusietal, Community- 8 months  12.6 Hz Control--walking for 1 Bone mineral density (BMD) of ~ BMD only at femoral neck
2006 dwelling post- 3 sessions/wk hour including 10 min of proximal femur (femoral neck, for WBV group reached
menopausal 6 min/session by week 5 stretching ex trochanter & Ward’s triangle) &  statistical significance; other hip
women to study’s end (initial Intervention--WBV lumbar spine sites showed non-significant
(n=28) training started at 3 min including 10 min warm-up Blind flamingo test improvement; lumbar spine
Mean Age = 66 and progressed to 6 min)  activities (balance) BMD unchanged

Significant improvement in
balance with WBV group
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Table 1I-1. Overview of Selected Whole-Body Vibration (Rotational Vibration (Galileo)) Studies in Aging Adults (continue)

Duration

Parameters

Study Design

Main Outcome Measures

Results

Study Subjects & Age
Rotational Vibration (Galileo)
Iwamoto et  Community-
al, dwelling post-
2005 menopausal
women
(n=50)
Mean Age =71

12 months 20 Hz

1 session/wk
each session = 4 mi

Control--alendronate alone
Intervention--WBV &
alendronate

Lumbar bone mineral density
(BMD)

Serum alkaline phosphatase
(ALP)--bone formation

Urinary cross-linked N-terminal
telopeptides of type | collagen
(NTX)--bone resorption
Chronic back pain

Vertebral fractures

Significant increase in lumbar
BMD in both groups

Significant decrease in NTX in
both groups Significant decrease
in ALP in both groups
Significant decrease in chronic
back pain in WBV group as
compared to the control group
No increase in vertebral fractures
in thoracic and lumbar spine
from pre- to post-intervention
times in any subject

for 2 months as control
and 2 months as WBV
intervention groups

Kawanabe et Community- 2 months  12-20 Hz Control--ex alone (= walking Walking speed Significant increase with WBV
al, dwelling 1 session/wk 2x/wk) Step length group with walking speed, step
2007 (n=67) 4 min/session Intervention--WBV & ex (= One-legged stance test length and one-legged stance test
Mean Age = 72 walking 2x/wk)
Walking time was 30 min
Ex was for balance and lower
extremities for both groups
Runge et al, Community- 2 months 27 Hz Control--no WBV Chair rising (5x as quick Improved chair rising times with
2000 dwelling 3 sessions/wk Intervention--WBYV alone as possible without arms) WBYV group
(n=34) each session = three 2 min Crossover study--all
Mean Age = 67 bouts participants were studied
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Table 1I-1. Overview of Selected Whole-Body Vibration (Rotational Vibration (Galileo)) Studies in Aging Adults (continue)

Intervention--WBYV either
standing or squatting with
buttocks supported on
height-adjusted bench

Both groups received regular
PT and OT treatments
throughout the study

Motricity index
Rivermead mobility index
Somatosensory threshold
Trunk control test

Study Subjects & Age Duration  Parameters Study Design Main Outcome Measures Results

Rotational Vibration (Galileo)

Russo et al, Community- 6 months  12-28 Hz (28 Hz for last 5 Control--standing on WBV Muscle force and power(measured Significant increase with WBV

2003 dwelling post- months) machine with no WBV as subject jumped on forceplate)  group in muscle power, but no
menopausal 2 sessions/wk Intervention--WBYV alone Tibial cortical bone density significant change in muscle force
women each session = three 1-2  Both groups received Significant decline in tibial
(n=29) min bouts (2 min for last 5 supplemental calcium cortical bone density in control
Mean Age = 61 months) carbonate & vitamin D group, but stable in WBV group

throughout the study

van Nes et  Post-stroke 6 weeks 30 Hz Control--stand on WBV Berg balance (primary) No clinically relevant or statistical

al, patients in rehab 5 sessions/wk machine with no WBV while  Barthel index differences between the control

2006 (n=53) each session = 4 x 45 sec  listening to exercise on music Functional ambulation categories  and WBYV groups were observed
Mean Age = 61 with 1 min break tapes (FAC) in all outcome measures

Both groups showed statistically
significant improvements at
study completion as compared
to baseline levels in all outcome
measures
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Tablell-2. Overview of Selected Whole-Body Vibration (Vertical Vibration (Powerplate)) Studies in Aging Adults

al, residents 3 sessions/wk
2005 (n=24) each session = 30-60 sec
Mean Age = 77 for 2-7 total min with 30-

60 sec rest breaks

limb ex + motor sound audio
tape of WBV while standing
on inactive WBV unit
Intervention--WBV =
progressive lower limb ex

POMA

Dominant hand grip strength
Back scratch

Chair sit-and-reach

Isokinetic bilateral leg extension

Study Subjects & Age Duration  Parameters Study Design Main Outcome Measures Results
Vertical Vibration (Powerplate)
Bautmans et Nursing home 6 weeks  30-40 Hz Control--progressive lower Timed Up and Go (TUG) Significant improvement with

WBYV group with both Tinetti
(balance & total sections) and
TUG

No significant changes with

hand grip strength, back scratch,
chair sit-and-reach and isokinetic
bilateral leg extension

Bogaerts et Communitydwelling 1 year 35-40 Hz

al, men older 3 sessions/wk

2007 than 60 years Each session 40 min
(n=97)

Mean Age + 68

Control--no lifestyle change
Fitness (FIT)--1.5 hr of ex,
3x/wk

WBYV Intervention--WBV
= ex; note that ex was a
maximum of 40 min during
WBYV intervention

Fitness (FIT)--1.5 hr of ex,
3x/iwk

Isometric knee extension
Explosive strength using counter
movement jump (CMJ)

Muscle mass of R upper thigh

Significant increase with
isometric knee extension in FIT
and WBV groups

Significant increase with
explosive strength in the FIT and
WBY groups

Significant increase with muscle
mass in FIT and WBV groups
Note that the training effects
were similar between the FIT and
WBYV groups for all 3 outcome
measures
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Tablell-2. Overview of Selected Whole-Body Vibration (Vertical Vibration (Powerplate)) Studies in Aging Adults (continue)

Mean Age = 64)

and cool down; WBV
times progressed during
study

progressive lower extremity ex

Bone markers--osteocalcin
(formation) & C-telopeptide
(resorption)

Study Subjects & Age Duration  Parameters Study Design Main Outcome Measures Results
Vertical Vibration (Powerplate)
Roelants et Community 24 weeks  35-40 Hz Control--no ex or no WBV Knee extensor strength--isometric  Significant increases with
al, dwelling 3 sessions/wk Resistance group (RES)-- & dynamic isometric and dynamic knee
2004 postmenopausal each session = 30-60 sec  progressive total body ex Knee extensor speed of movement extensor strength as well as
women for 3-30 min total with 5- WBV Intervention--WBV = Explosive strength using counter  explosive strength in both RES
(n=89) 60 sec rest breaks; WBV  progressive total body ex movement jump (CMJ) and WBYV groups
Mean Age = 64 times progressed during Significant increase in knee
study extensor speed of movement at
lower resistance levels in only the
WBYV group
Most of the gains in knee
extensor strength & speed of
movement and in CMJ explosive
strength observed at 24 weeks
were realized after just 12 weeks
of training
Verschueren Community- 24 weeks  35-40 Hz Control--no ex Bone mineral density (BMD) of  Significant net benefit with hip
et dwelling post- 3 sessions/wk Resistance group (RES)-- hip, lumbar spine and total body ~ BMD in WBV group only; no
al, 2004 menopausal each session = up to progressive lower extremity  Lean body mass, fat mass, % fat  significant change in total body
women 30min ex for 1 hour Isometric & dynamic knee and lumbar spine with any group
(n=70) WBY includingwarmup ~ WBV Intervention--WBV = extension strength Significant decreases in fat mass

with both RES and WBYV groups
Significant increases with
isometric and dynamic knee
extensor strength in both RES
and WBYV groups

No significant changes with bone
markers
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Table II-3. Overview of Selected Whole-Body Vibration (Vertical Vibration (low-magnitude)) Studies in Aging Adults

emits audible sound

Study Subjects & Age Duration  Parameters Study Design Main Outcome Measures Results

Vertical Vibration (low-magnitude)

Rubin et al, Community- 1 year 30 Hz Control--standing on Bone mineral density (BMD) at Significant effect of compliance

2004 dwelling post- 14 sessions/wk placebo (no vibration) proximal femur, lumbar spine on efficacy of the intervention,
menopausal 2 sessions/day machine that emits audible especially at the lumbar spine
women each session = 10 min sound With subjects in the highest
(n=70) WBYV Intervention--WBV compliance quartile, WBV group
Mean Age = 57 on vibrating machine that versus the placebo group showed

near significant net relative
benefit in BMD at the femoral
neck and lumbar spine
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** P<0.01 * P<0.05

1 * 1

* % I |
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0.040 -

0.020 -

0.000 -

No-vibration 30 Hz 40 Hz 50 Hz
Fig. 1l-2. Electromyograph root mean square (EMG rms) average values of vastus

lateralis recorded during different vibrational frequencies

(Cardinale & Lim, 2003)

2. - BERE~DEEERHFL—=VTOHR

Lam et al. (2012) (%, H4F - @isd 2558 WBVT 25 2 & D&%z, A
7 AR, BERES), BEIOBRIEDBRNOME LI AT T 4 v 7 LB a—
(I3 HMZEEDLS AXT TV R) #1ToT, ZDOfEHE, Tinitti Assessment Tool A =
7 D55, total score, Tinitti balance score (/X7 > AHEJ)) 7> Timed up and go
(TUG) Taklh S 7BERE I L CTH EZRBGEEN G L7223, Tinitti gait score
(BMTRET)) OFER TITSEEm A R o ved o7 L Lz, S 512, Roelants et
al. (2004) |ZPARHI M (58~T4 %) ZxiG L LT, WBVT WEEEIZKITT w2
EHALIZE A, 240, B 2 [EOREBIZLY, (RO hL—=07 L,
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HVER RS I R OB N AR L2 2R LT (FREh, 16.5%,
10.6%m F), F7z, BEBEHEHEES WBVT BECIXAEISHEM (0.90%) L7z,
i1 b —= THITARERMINEA LD b holz b Lz (0.60%), F72, &
MIREA AT 5 mntett: (58~74 k) ZXkI4:L LT, WBVT #, Hi/hhL—=>
JRE, Ay bu—)LREO 3 FETHER LR, 6 [#, # 3 Bl WBVT O FER Tk
BIEHE % E (Bone Mineral Density) 13RI (0.98%) L7z, L»L, fi/)
F—= 7L ay b e — AR E B EOEMA R oo 7o (e
t, -0.60%, -0.62%) L& ATV (Verschueren et al.,, 2004), ZiL 5 DfER
X WBVT 2 h4E - Sl e MOt L VE o U A7 RF22{bsE 55 hL—=r
ZIETH D WML RIE L TV 5D,

Flz, 24 DENF—LOERE 2R E Lz 6 i, B 3B AIZLY, ~
T VALY TUG NENLEI 29.0%, 33.1%LE LI ENHMEINTND

(Bruyere et al., 2005), ZiulE, BIPRELEEK Lo br— e g L TfH
BllEWMERTH -2, & 512, Bogaerts et al. (2007) 1% 60~80 kD P4E « &
Mg ExIg e LR T, WBVT &7 4 XA ML —=0 72— FEE L%
B ONRE ERGET UTe, ZORER, SRMED T, BRI, fhiREX WBVT B

(ZNZ1, 9.8%, 10.9%, 3.4%) &7 4 v FR A ML —=V 7R (ZZh, 13.1%,
9.8%, 3.4%) OWBHZIBWTHEIZHEM L., L, ARRBEREZAEO LN
otz —Ji T, ERIFEICEH T 5 & WBVT BE (40 20 127 ¢ » b AFE (90
) IZH LU THEFFRTH LI b b T RO RGN, 20T LD,
WBVT (3K R 0O JEE) 23 A 7 B R B 55 72 @i 12 L C b R vTREZR b L—
=T ERDLAREERD D B X BD,

Pollock et al. (2012) (ZESr# D &nE (774, 80.0 + 8.67%) % WBVT # (8

WA 3 [E]) & HFIREVEICE O AH TR R 2 i L, £ OfER, WBVT BEOG 13
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i) (38.0% vs. 20.0%) CHATHES) (36.0% vs. 18.1%) DAl LN KE L 725 2
L EER LTz, F7-, Alvarez-Barbosa et al. (2014) (X AK— LD &E#H (80~98
W) Zxtgrl L, 8 i, # 3 [ WBVT #EE L7725, TUG (11.8%), 30
RIS H ENY (36.3%), Euro QOL (5.3%) 728, = Thm b L7=Z & 23k
HINTNWD, L LERD, BEAFR—LOEEE (624, 83.2+8.0) #xf4 & L,
12 JEfH, 3 [\l WBVT 2 RIET 58 &, mEOHFEEELITI XHicfnrLic=
vha— VR Ll U, 5B ) R 7 OBEIR T Th D NT v ARET), BEhE
T, BATRENC OV THBERENA LD NN L &R LE#ES H D (Beaudart
et al., 2013), & HIZ, IF, MAEPEEZZ L Lo WBVT OFRMEICE T 24T
ZEMTER ST\ 5b, WBVT %% L7z WBVT £ (6 B/ 3 [[]) L@ o B &4
HEATHO ZeZfnLicay b — VBEL e L7 /6 R, WBVT B A, FERMER
MmN kOEEERIEMfH DICHEERM EXARNZEmEINLTWVD

(Tankisheva et al., 2014), %FlZ, BREBANICKT LT, X0 RS RUHENFOLNT,
1> T, WBVT 1%, MEFOREIZLDRNABRRTITOAINED G LRI FEE AT
B2 ML —=0TThbrEELXLND,

UboZ &b, WBVT [ZE#E#E N OAREBE IR L THREATRER FL—=

THETHLEZEZBND,
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F6H BELLIIKROIAZATIHE - BHE~DLHERH LV TOHUR

B OA 2479 % ikt 2 %65 & Uiz WBVT IZBI B AFZEIZR W TS S L U
T U ARANPAREIZIN LT 5 2 RIS TV S (Salmon et al., 2012), Trans et
al. (2009) 13K OA (T D &tea kgL L, WBVT 23K (8 EMAE 2E]) L7
faR, AHARNT ADRAOM ENHER STz, LrL, ZoORTHEAShT
WBV ~ & A3 MEHBIZOWTENT (571 WBV = 20, 8T o RHET): WBV
NTUAR—NR) BiabFCchole, —J7, WBVT OWEEIMO N —=27
FEE AT, HEIENL TS DI Tl o/, L, BEIZTHII ML —=
YT EfTolay ha— LR L T D & WBVT BECIE L 0 BV BINRBHER S,
MOEE R = N WRPoTZ e b, BIREAT 244 - @2 & - Tk E
ELST W L—=0 7 HETHD 2 EDURBR ST,
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Fig. lll. The scheme of the doctoral thesis procedure
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& (1994) ([ZX o TR EN, BEERDCZYERAL LD LN TND, FHE O
FEONERER GDS DG L7220, SEAEWVIF EM S SEE O A REENFEL 2D, &
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etal, 1996), 7235, AWFZEHE TIT 15 A OFEHMEMR GDS IC & » TR S N7z A5

7z GDS FR & ER LT,

3. #EETEEMT

TRCOT— 2L + EERATRL L, 2 FEMOLBIZIE, MIE02R0 ¢
REEIT T2, 72, B H 0 REE IR 2 LEERICR T 2 PEOEROKE SO
ERREET D70, BhFE (effect sizet ES) & LT Cohen’s d (Cohen 1988) % &k
KNIk REM L,

d = “U & 0 BED I — g 7e U RED FEHIME) [ 2 BEA HEA L 7oK Y 22~

T RCOMEERL, FEENT > 7 F IBM SPSS Statistics 21.0 Z V>, #EHHY

HKHEIL 5% AR & L7z,
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Table IV-1 X2 EHEOREEZ R LT BIROFEICEH L THEEENA L O ON-HEA

L7207,
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Table IV-1 Descriptive data of subjects

ALL MEN WOMEN
Knee pain No knee pain Knee pain No knee pain Knee pain No knee pain
(n=24) (n =134) P-value’ (=11 (=79 P -value’ (n=13) (n=59) P -value’
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Age years 78.1 £ 55 754 + 45 0.18 785 + 5.8 758 + 4.8 0.18 777 £+ 55 746 = 3.8 0.07
Height cm 1555 + 11.1 1572 + 85 0.36 165.0 + 7.4 162.8 + 5.7 0.36 1475 + 6.0 149.2 + 45 0.36
Body weight kg 579 + 117 56.6 + 9.0 0.09 66.9 + 9.7 612 + 8.1 0.09 50.2 + 2.6 50.0 + 55 0.91
Body mass index kg/m? 245 + 25 231 + 26 0.11 245 + 25 231 + 26 0.11 23.0 + 26 225 + 25 0.47
Bilateral pain n (%) 10 (41.7%) - - 5 (45.5%) - 5 (38.5%) - -

SD: standard deviation
* P value from student's t-test, P < 0.05
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2. RIEDRRE

Fig. IVIZHUSAE(E EinE OB RAREREZ R LTZ, SRR E AT 581T 15.2%
Thol-, 72, BBITHERRIIBMED 12.2%, &MEN 19.1%TH -7,

Prevalence of knee pain
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%
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0 L ]
All Men Women

Fig. IV. The prevalence of knee pain in community-dwelling elderly

3. DEHREDRE

Table V-2, 3, 4 \ZHImOAEE & S RBERE K OVOBERRRE OB 2R LT, PEa sy
T LIRER (1-2) T 5 BRI 2H B VR (P < 0.01), 5 m i@H 4
1THEE (P=0.01) X O'TUG (P=0.03) IZBWTHIRH D BEEDBIR 2R LEEL Y b R
W (RERR) EERL, WTRLOBRICAEZER A LD b, £, MERlZoHTL
TR (1-8,4) &ZMEDORHN 5 Bk L H B R (P=0.04), 5m @HEHAT (P
=0.01) & TUG (P=0.02) [ZBWTHEENRALED LN,

—J7, DEURREZR £ T GDS HFAIXVTRORICE W T O AEERA LD LR
7z, (P=0.20-0.73)

N
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Table IV-2. Measurement comparisons in the physical performance and mental state between
knee pain and no knee pain (all participants)

Knee pain (n = 24) No knee pain (n = 134)

Effect size P-value”
Mean SD Mean  SD Cohen's d
Physical performance
5-times sit-to-stand sec. 8.79 + 3.39 7.58 + 161 0.46 < 0.01
5-m habitual walk sec. 4.03 + 1.06 3.65 £ 0.59 0.44 0.01
Timed up and go sec. 6.53 £ 2.62 5.94 + 1.02 0.30 0.03
One-leg balance with eyes open sec. 314 £ 205 34.2 £ 20.8 0.14 0.55
Mental state
GDS score 35+ 24 25 + 26 0.40 0.73

SD: standard devition

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large
* P value from student's t-test, P < 0.05

GDS: geriatric depression scale

Table IV-3. Measurement comparisons in the physical performance and mental state between
knee pain and no knee pain (the case of men)

Knee pain (n = 11) No knee pain (n = 79) )
Effect size

. P-value
Mean SD Mean SD Cohen's d
Physical performance
5-times sit-to-stand sec. 8.30 + 1.50 7.50 + 1.58 0.52 0.12
5-m habitual walk sec. 3.64 £ 0.76 3.60 = 0.54 0.06 0.82
Timed up and go sec. 5.98 + 1.09 5.81 + 1.09 0.16 0.64
One-leg balance with eyes open sec. 345 + 19.8 33.8 + 20.2 0.04 0.91
Mental state
GDS score 33+21 23 +24 0.45 0.20

SD: standard devition

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large
* P value from student's t-test, P < 0.05

GDS: geriatric depression scale
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Table IV-4. Measurement comparisons in the physical performance and mental state between
knee pain and no knee pain (the case of women)

Knee pain (n = 13) No knee pain (n = 55)

Effect size
Cohen's d P-value
Mean SD Mean SD
Physical performance
5-times sit-to-stand sec. 9.23 £ 452 7.65 + 1.68 0.46 0.04
5-m habitual walk sec. 437 + 1.19 3.74 £ 0.65 0.66 0.01
Timed up and go sec. 6.98 + 1.87 6.12 + 0.92 0.58 0.02
One-leg balance with eyes open sec. 28.4 + 216 348 + 219 0.29 0.36
Mental state
GDS score 3.7 £ 27 28 + 04 0.46 0.20

SD: standard devition

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large
* P value from student's t-test, P < 0.05

GDS: geriatric depression scale

51



Fath BEE

Table IV-2, 3, 4 [Z/R LIZfERNG, @& ICH T 2BEOFHIL 5 BIFF 25
ER 0 R, 5 m @EATRER], TUG CRMl & 412 B IRHERE IC 8 A KI5 2 &
F & bz, Z OEWEIIEERER) e B F ATEEMEORITICE L CEHERFHEE Th
D2 &G, BYRIE A EATREEOZRT 2 NEHIC S %, Hiranoetal. (2014) 13
W OFWDNBERE )R 70 O b ERDEMEICEEZ RIFT 2 LA L TRY,
ABFTE HF B I AER D FTATIH R ORE R & ARl 2R L7 2 Lnd, IREOF
MED KR 2 AR MR A KT T 2 & AR S e, — 7T, BIRA BN BRI 3
WTIIHAEENR O BRI 1o, AEHIIR T 2BIRA R HRFRHIE, e 2 %t
REEHDRINT D HTETHEZIT o7, ZD720, MRFITHMP 2V EZHE &
L7c STRE S, IR OABENBRIR A 2L BRFFH O RIS SN R o Toled, B
BANBEDONRPoTeEEZBND,

F72, DILREBOFMIZ V2 GDS OFERIC BB EEDRD bR - Hih &
LT, AR OMREDRENRESEELILLEZOND, BWFEA T HH 254
& LT D o & R O BREME A A L 72 AT CIE, RO FEL D &, WA DR
FEEDEN D DICEET 5 L HE SN T 5 (Creamer et al., 19992 ; Creamer et al.,
1999% ; Brandt et al., 2000; Kim et al., 2011), —J7, ARFFEORIEE X, A OHE
RNIBMz ML LIzmimE NIRRT, B LERmEr8%<, 61, BRefALTn
THBEICRANRONEITEEN TV RN EEZLND, 2D Enb, BELBR
X0, DHEUREEIC S 2 DB NS o T REMEN B D, £, FRATHFZRICL D &,
EEE TR L TR OFRFRIL 0% 5 B2 D Z ENRFEETHD, LiL, Fig. IVITR
L% & 91T, AWHEREDRGEI T LU iR iEsSive 121~191%), 2O
FNo—o5252 813, WA AT D $H SHTERIISINL TRV RREE S E B 2
BV, 72006, SR UIc X )R E AT 2 Lifrb B 0ENE A TRei7e LS 1<
HE T30 056, T ERERHLMERTSINUHER Y, ZORBANFERE B T
RIGEREDIRIE L TBRET D& LEZ I,

F7o, BLBNTHE LR, BHEEWTHOEBICBWTHAEENRD b
Molo, —J, M5 EIRFILH B30 IR, 5m @ ATRREI L O TUG 120

52



THEENHRED LT, R OA ZH T % @l Mo KERIUSHR, O /1%, B OA @
L= RIZhrbbd, @EREmiE L0 bIERNWZ xR sh T (72
TV i O KB VUSERS O 5 711535 22%1\ ) (Palmieri-Smith et al., 2010),

%72, Muraki et al. (2009) 1%, W OA 2632 BIEEEE 3 OA D7 L— R
PEVIEETFANRLS 20, BB IPMET 52 & ali~7z, T7bb, LT
OF R, BIEIROBRENHINEEEEZ D EVWZ D55, AFTHREICE
F 2 ERBIRUL, RO BT A OFEE ORI RE O ERICER LTV,
ZD, [ LA THEFRRZEHERICESS SO TIERLS, K12 DOHRENIC
ik L TV DI A DL N R ST ATREE D W E B 2 B D,

SEOfi Eh

AR TIZ, MR OA BSOS DI EREIC RIT TR L MEt Lz, £ O
R, BWIROAMEL S B2 6 230 RE], 5 m @HBATHeHE, TUG TiHMiich 2
SRR L RS B 5 Z L AVRIB ST, RIS, MEIZREWT, b AL B
D], 5 m BEBITRE AN TUG THEENA LD LI, BEX D KPR N T
FVZL OREEMERA L O BT, EHIZ, GDS OFRITWTAOHICE N THA
BERITRO N otz

53



BVE REI2: BREZAITLIPE-BREICE TSR 0A DEEEHI E
BREERVCODEREICRITTEE

S8 W8

IEZAE D R ORI E LT OA DR LS BN THEY, B OA DEITIZ LY W
HIRS RD Z EN—RIITH D, KT, B OA NFELL RIZ/ 5 & R BFEEEDN
AR DFHNLL, =BT OOFRELRDWEMENEWEE DD, B OA IZxf
L CIRBMNRAET D A H =X L3 E O & BEECE EN TOBEERIC X 58
WBde, ZEToHfiE |2 £ © BAEJE P O MleAS A5 5 2%, RRAEERE T B OB BNERIRD 5 -
M7 ENFERFRE LTHmLRTWS (-, 2008),

—J5, BARNZXGE LIZ#F%E T, Yoshimura et al. (2009) 1% X M2 LY
P L7227 L— R (0-IV: 7 L — ROMERWIZ E BAF) BN A& A L 7o As 3,
FBHETE OA O 7 L— ROEWIZ ERIR DR Z & DR S, ZHETIIER 7 L —
NI OHGEIZBRA R bRV EHRE L TWD, £, BERALNRD -T2 (BT
L— R 0-1) ZMDR) 20%IC bIER A LN Eh, ZMEIZBEWTE, BRIT
BT V— RORBELZ TR0, LI RNZ EbiESnTWnoH 2o, B OA
DA ML OA BIEENNCZNEIMRFT 2 M ERH D LBEZHILD,

Z ZTABIIETIE, R A A T 2 AR - diln 2RI OA O BEEE & iEEhE
B & ORIEME 2 BRI ISR A 2 L & LT,

54



B2 A&k

1. ®RE

ARBFNIIZ 201241 A5 30 (1FEIF) £ 201477612 4 (2RIA) IZ
Fihte U7 IR UGEEB A ENREDOR— X T A VIR BIT ARET — 2 2T, 1
[F] H OXFRE L 50 wh D 75 O - Eilind 29 4 CEAFE: 62.1+5.5 %) Th
D, 2EHOXREL 65D 86 D mlinctt 52 4 (CFXFH: 71.2+5.5 m) T
B o T2, WIS SRR ITR IR I AL CIT V), 2 XA — — (I, B,
EAEFEIRIB ORI 2632548, BN TRREE B 22 E RN & LT,

WFFEZFATIZNENL - T, ERRE WO BB K OWIEIZBE T 28 2+ 012 70
FHIZLDA 7+ —L Far vy b ER/T, AFRITHEREERERGHERE SO
ARG THFEMm LT,

2. MEE®EB

(1) EARREMAE

MNRFEOREANEEE LT, UTOMELITo7,

1) B

MDA 1AL ERES, BEBOFBECHEOMITHIZ L O, WAz A4 5IRET

PRI K 0 ald L7z,

2) A
LT A MAOMZHEICLY, FEmeiiE L,

3) WRENE (&, (KE)
FRIE, HUEOIRETHE - BES - 2 RAEIC ST, HARK# & ff > 72 IR B8 TR

M2 G EHIER I OSME R Z 0.1 cm BALTHIE L7z, £z, KEHIE, HE2, FKO
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IRHECIRHLAR (Z =% : MC-980A) % HWT 0.1 kg HAL7Z THIE L 7=,

4) Body mass index (BMI)
BMI (%, wa MAE (kg) / H&E2 (m)) ICXVFEHL, 0.1 kg/m2 HALCTHIE
7o

Q) HE#ET AN (T F—< AT R })

H & ATEEEIC LB e R RE 2 I LIS D RHMIEE & LC, 5 B3 b B2
VI, 5 m BE AT, TUG, BIIRA RS BRI OF 4B ZT A R Lz, &
T A NOFHTIER, ROEBY THD,

1) 5 [R5 B2 FEH

mpiz ORI TRZL, BH 2T LIREETHE b 72O DN TR 712 & < BN
SHE, ARE L BITRHTFLONS B, BEESE L b, B TICHERET 5
EEER RS ) CHEL 5 RV IRSE-, A-ELTD 5 BIHOEN K E L
LFECORRMZEFH L7, FAlE LTHaReMREa 227z 25978 Lieds, SRrY72
HHERAFEICLY 1RITICE EEDLE b oo, 2EIMEZIToI2H TR LT, 4
WHORESEBRHA LT, ANy 7T+ yFI2LD 0.01s BAL TR LT,

2) 5mi# THFfH
2E 11 m OBTHREZLEEY ORI CTHL X HIZEur Lz, BT O 3 m %
Tl E L, T m BT LEBRICELZRREZ A My 7+ v FI2LD 0.01s H

LT 2MEHAIL, mBEZERE LT,

3) TUG

R FAZEN T 7IRREN B A E & HITEH R Y, 3m Az O a2 — 2 & El-> THW
P FITHEDNT 5 E TOENEEZ R KRFHETITO) KOBR LI, A My T U+ vy FITHDY
0.01s Az T2 [MFHIIL, RBEATHERE L7,
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4)  BARR A SZ B Rs R

WFEEICE T, BRibo ezl L, b9 —FORERENOEELIZIRETT
XLV TELSMEZRFET DL O2BoR Lz, 7ok, MANIBRAH 2551, LV
FNFRWNE T E LT, B% LTRSS, N7 U AN £ TORE] % 5
L, &KRIE60 s & L, NT AP EARTHEIEL LT, BIY TEFENR
BN s, RIS E T D, SCRHABEIT 25 A L ER LT, ANy T Y
4 v FICED 0.01 s HALT2HEHAIL, REEZTERS LT,

(3) LERER

DERAE DO FEMIZ I, Brink et al. (1982) @ Geriatric Depression Scale (GDS)
% Sheikh and Yesavage (1986) 73d/IMb L7-5#a GDS Z# i/ L7, B ARRMIZR
B (1994) 12L& > TERR S AL, EEMEROZYMERHERIN TS, KHE OAE
PEREIR GDS OB LR Y, REDEWIZ LS S Th 2 ARtk @< 725,
RO 0~15 R TH Y, 6 FLL LS SHAH Y | L2 S5 (Herrmann
et al., 1996), 7235, AWFZETIL 15 THH OFMghk GDS IZ L » TR S io %
GDS G/ & EFE LT,

(4) EEAEEE ST « /XU —

RBESIE P O R b v 7, SR NT —ORIENTIE, 2 @ i B 6E S A 5 ) 2
BIODEX SYSTEM 3 (Biodex Medical Systems) Zf{# L7z, HIEIE 3 IT1T\,
IR 5 HE O Z T o7, SR (0 degls) BRBASIHERR K My 7 Iz,
M (60 degls) WEEAHIHEE - il L OVEHEM: (60 degls) N FNICBIT DK b
N7, ST —ZFHE LT (Fig. V-1, 2), DMEZERE, BEBIHTH RS R MK
vz, RBAEMR RSN X My, RBA S R Sl ) N T —, R BA i
WVEIR R v, R BAE dh S S N T — LR

WEBAERE PO ) « i/ ~T — 1T RME (0 degls) I, FditE (60 deg/s) fiE,

s
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L2 (60 deg/s) T DNETHIE L, K8 THIZIX 5 ML E D2 2 5% 7=,
BHINOAREIT 100deg & L, MEE, I8, KERES, 2820 MZXV FEE L7,
Fo, MBEHEOHERNEHEZZEL, WEHRIIH) S ERETEAMELZIT -7,
B, TN OFHIITIETR RDOHDORIE TS RAF72EEMEL D, L8N HR I
T\ % (Salem et al., 2000; Newman et al., 2006) ,

LERMEMEORITICE W T, BEHIARE L 120deg & L, 3sec. MIDKRKRES )3
A KD D I (Suetta et al., 2007) & 7=, 5 MEORITICR T 2 RIS nl )
B33 L% 90 deg U Hifr) 725 180 deg (Fe M (L) (Akima et al., 2001; Symons
et al.,, 2005) & L7z, &FATORNCHE & LT 2 BTV, ARHE TIEWTIoRIT
e L7z 3 RIDERKRES 1384 kD, WEZ IR ERTH T E1T - 72, WIES
N EN7=Y 7 b =7 (Biodex Advantage Software Ver. 3.03) (2 XV 7 4 /L ¥
—&HNT %, 3RITERTNICBIT SRR MLy (Nm) KUY, ko 2 31712
BT NT— (W) itk Liz, IRNOOEIIREORELZ T L L E2EZEL
T (Divies and Dalsky, 1997; Minini et al., 2007), LAEDOSHTICARE (kg) THL
7-f (Nm/kg, W/kg) Z#H\5Z & & Liz,

¥, MERNISEREL, ALK D Pz & LICERn, o)A MLy
Fa R LT,

[

nee joint

~ Extension [ Isometrix (0 deg/s) Peak torque (lekg)\

Isokinetic (60 deg/s) [ Peak torque (Nm/kg)

Mean power (W/kg)

>~ Flexion Isokinetic (60 deg/s) [ Peak torque (Nm/kg)

\ Mean power (W/kg) /

Fig. V-1. Lower limb muscular strength and muscle power evaluation

items using Biodex system
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Fig. V-2. Participants performing an isometric - isokinetic knee test

4.  REHERMT

K-L HIZ S UFAnd 58S U < IR A0 e b iRV A 5L 4E) X SR EF A
ATolzb A, O (IEH) 1404, 11 (BuheBBigmsniebnsd) 11 4,
O-IVH] (82 OA-FE OA) 130 4 Th o7, LLEDRERNGAMIETIX, Ciolac et
al. (2011) OATHIREZEHIC, AR/ LEE (ZL—FK 0), ®JERE (FL—FR1),
EERE (V' L—FRIO-IV) © 3BEZHEI Y HiF7=,

FTRNTOT =T VEYE + BERFETRLL, BRORELR] (3 FERH) Dk
2%, —ERSEOTTE Y, FEERALDONIEGEG, ZEEBREZIT o7,
% H IR E Tl Bonferroni VEZ A L7, BT, B OA OFEELIC L 5 & NEH
HOZE#ZH D725 b L R8T (trend analysis) 17 - 72, X CTOMEHLELIL,
WEHEYT >~ 7 1 IBM SPSS Statistics 21.0 % W, A BRI 5% K0 & LT,
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B3E #ER

1. XRE DR

Table V-1IZXRE DR Z R LTz, B OA DEEEICEH L THEENRA LD LN
7-TE B 138, RE L OMEREFE 2 (body mass index: BMI) @ 3IHH THh o7z,
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Table V-1. Descriptive data of subjects

All Normal (K-L =0) Doubtful (K-L =1) Severe (K-L £1I)
(n=81) (n=6) (n=34) (n=41) .
P value
Mean SD Mean SD Mean SD Mean SD
Age years 67.8 £ 6.6 620 £ 44 66.3 £ 6.6 700 £ 6.1 <0.01
Height cm 155.8 + 8.2 153.6 + 8.2 1571 + 7.3 155.1 + 8.8 0.45
Body weight kg 585 £+ 11.1 495 + 1.7 572 £ 114 60.8 £ 11.0 0.04
Body mass index kg/m2 241 £ 3.4 215+ 26 26.3 £ 3.7 253 £ 29 <0.01
. 15:66 1:5 6:.28 8:33
. 0, a
Sexratio (male : female) n (%) (18.5%) : (81.5%) (17.5%) : (82.5%) (27.3%) : (72.7%) (16.7%) : (83.3%) 0.97
Bilateral pain n (%) 31 (38.3%) 4 (79.4%) 11 (18.2%) 16 (46.7%) 0.28%

SD: standard deviation
* P value from one way ANOVA, P <0.05

4P value from chi-square test, P < 0.05
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2. EBHHRHEER CIDEMEEORE

Table V-2 KO Fig. V-3 12, & OA O eI O iEE R B EE & OVLBIERE & 00 BEE
PER LT, HERT7 3 —~ AT, TUG (P=0.03) KOBRIRA LB (P
<0.01) IZBWTHEEVRRD N, —F, bEFTFILH BV RFHE (P=0.27),
5m EE TR (P=0.21) IZBWTUIAEEPRBD bR oTo, ZHEILEHRE
DOfER, TUG K OBIRAEL BRI OV IO B2V THERE & HEREORIC
BWTAHEZ (P<0.05) @O, £, TEMH - 537 =220 TUEER
PERRPEGI AR hv 7 (P=0.02) , SlPEREEiMRE K vy (P<0.01) ,
SERVERRBIRI R Y T — (P<0.01) THEEVMRO b, ZEIEHRE DR
B, PEREEERNLEOMICAEENRBO LN (P<0.05) , Z0Oft, S5sMERER
HiE M E R Fvr (P=0.29) K OSSR ih 580 — (P=0.07) 2B\

IEBENBD LR -oT-, EHIZ, GDS IZBWTHHERBRENBD LN T-
(P=0.12) .

—J, B OA OHEIEEICLD2FMEHB OLHAEZH D7D F L2 RoHF (trend
analysis) Z{To7-fR, BARA BN GO AAE R EE DA Hivle (trend P =
0.04) (Fig.V-3) ,

~A
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Table V-2. Measurement comparisons in the physical performance, knee strength, power and mental state in each group

All Normal (K-L =0) Doubtful (K-L =1) Severe (K-L =1I)
(n=81) (n =6) (n=34) (n =41) P value* Bonffrroni
Mean SD Mean  SD Mean  SD Mean SD

Physical performance

5 times sit-to-stand sec. 727 £ 1.82 7.26 £ 1.95 6.88 £ 1.36 7.58 = 2.09 0.27

5 m habitual walk sec. 3.79 £ 057 3.89 = 0.58 3.66 = 0.52 3.89 = 0.60 0.21

Timed up and go sec. 5.87 + 0.83 5.96 = 0.72 558 + 0.62 6.09 + 0.93 0.03 <1
One-leg balance with eyes open sec. 40.7 + 21.3 52.7 £ 155 47.3 + 18.6 33.7 £ 220 < 0.01 >
Knee strength and power

Isometric extension peak torque Nm/kg 158 + 0.50 131 + 0.73 1.76 + 0.53 1.48 £ 0.40 0.02 >l
Isokinetic extension peak torque Nm/kg 1.16 + 0.47 1.15 + 0.57 134 + 044 1.01 £ 043 < 0.01 >l
Isokinetic extension average power w/kg 0.61 £ 0.26 0.57 = 0.25 0.73 = 0.27 0.70 £ 0.22 < 0.01 =1l
Isokinetic flexion peak torque Nm/kg 0.72 £ 0.29 0.58 + 0.23 0.77 £ 0.31 0.70 £ 0.28 0.29

Isokinetic flexion average power w/kg 0.39 £ 0.17 0.34 + 0.94 0.44 + 0.18 0.35 = 0.15 0.07
Mental state

GDS score 40 = 32 6.2 £ 46 34 + 28 42 + 30 0.12

SD: standard devition

* P value from one-way ANOVA, P <0.05

* multiple comparisons were made using Bonferroni post hoc test
GDS: geriatric depression scale

I: Normal, II: Doubtful, lll: severe
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One-leg balance with eyes opened

80

Sec.

40

20

Normal Doubtful Severe

Fig. V-3. Trend analysis depending on the degree of Kellgren-Lawrence grade
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Fath BEE

MMz AT 2 TF - w25 & LT OA O ESE RN EEhréRe & ONOH
REIZOWTHRES L7z, ZORER, HEEZEAE TI1E TUG, BHIRA RSB, Sl
EPEEI R R hL 7, S RPERBIE R RR R h vy« U — (P<0.03) 125
WTOHRBEFOFBEZENBO LML OO, TRUNOEBIZE O XA EENR
LR oTo, BT, IR RS GRFRIFEEFICRIIZEARICELRT LI
MR S 47,

TUG [ZHTRESICENI N T A iErE7e 82 A L 72 functional mobility (1
BEMIRBENRE ) ZRH T2 Z & TX 5 EEHIL T 5 (Podsiadlo & Richardson,
1991), %7z, HAHAEFEE (activities of daily living) DK F<CiafE] & 58 < B4
LEHMBEHE T D Z Lnb, TUG OFERMEME (RENEV) &725, B OANE
FEOFIEE A EATTEHOK FTCBERAED Y R NEL kb AeEnd 5, £,
)N T U A ORI B T S BIR @S DRFIZ DWW T H A B RMENS LIV, §F
(2, B OA NEHEIZRDIZEFHHINT V RABNPMES 2D 22 b Ly ROoHnb
B A%, Fiz, BEGMEGIOETIE, FFrosrs EA0EE (K&DH, 2004)
RAATRES) (FAR, 2004) ERWVEERH Y, I HIEMED 27 bE 725 2 L
HIN TS (Moreland et al., 2004),

P (1993) 12X % &1 OA 237e< T, JIEsIZHEWD TR O T IR0 b,
KR M BAERE B S 0 X 0 BB R DO TRA LY KE W ESbhTW5, A

, WEBEEGS ) - 53U — DORE Tl PERRBAER R AR RV 7 R OV IR M
R R K hv o« SERT—D 3THBIZBW THBEZENRO bz,

— 5, FEEMEEBAEE MR K b SR RT — I OWTITA B AR D LR
STz, ZOFERND, B OA NEEOHFIT ERBEMEG /10 ST —MEF L,
RE L THEMEIERET) Th 2 TUGIC L EL 5 X RN B 2 bivd, S HIC
B OA OEJERE & EBER O K 7 &P RT —ORE MR Z L BB 5
Niz, B OABEOH, “TEMEE” BHERWS LITR#EE 7225 32 D5 A%<,
& WX B Bl O 77« {8 T — K 0 I3 FiktE (\TEhE) ALV EETHLINE
LaL7Zauy,
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WG T - i NU — CHEZNRO b HE (B RM R OV MBI S R & Kk
N7, SRR B ) N D —) O FEMERIZKRBRIUEES Ch 5, —J7, KERM
SR O 5 71 FRAL N IR OISO N TREC B IS I TH D & 9 BRIRHIBFZE DS 2t
HEIN TS, Slemenda et al. (1997) OWFFEIZ L 5 & OA O LIS 72 2otk
& FEARBEIYERR D5 7173 15~18%AK 2 & A E BTN D, ARBFFED#E RITEAR
ZIEEATIRE A XFF T2 b D THHEE XD, L L, ARENED LATZDET
THERE & HIERFOM TH Y, B OA R LB L OMICITAEEITRD b o7z,
ZOBHLE LT, BMOARLOXNRE 6 HDHH 5 LANLMETHY, =bIT, M
— DO FH ML BMI 28 18.8kg/m2 S WM Th o722 LD, i I ERHEDMEH &
EHARTHE NS AREEEZ B ETERNST I ENRBEZI NS,

Fiz, LEREBZFHET D GDS TIIAEENRD bR o T, FATHIIED B K
JROAE L D IFAORRE NI 9 SICBEENH 5 & SN TS (Creamer et al.,
1999; Creamer B et al., 1999; Brandt et al., 2000; Kim et al., 2011), L2>L, [FkE
I RE TR OBREIZ L VR o2 T o 12k (F—2 72 L) BIMOBRED TR
1T E D SN S, DS D EEO T OIZITR OA LV BEOUE Kb EE
ThoHEeEZBND,

Fof ER

AWFIERE TIE, B OA OEIEE & EB)ERKAE & OBIEMEICOWTRES LT, £ D
i A, B OA OARREN EFEIC /2 £1F ERAIR A R HIFE KL T TUG OEAMEN 2 & 28
RS,

iz, BB AU —bBERFEL D ITEERNH OV LRI, Lt
WA 7+ 5730 — D —EROIE BT LT OA 72 LEEDO G A EERE L 0 IREZ R L7
ZEmD, ZORICEL TISEHERAPLETH L LEZXDND, 1ok, LHIREE
K GDS FF AU OA DEIEE L A BRI S o T,
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BVIE REIH: 25ERBFL—=VTMNREEET SHE-minRK
OEERBAER CDEMEEICRIZTEE

B1H HE

HARCTIXEEMES SRS, EEIROMEERENEE L 0D, T, il
ENEIEOREEZ T HHERE L TROZVOIIMEERETH D (BAETBE,
2012), HARANHE - @l EOK 60-80% XA LA &=L, &blT, £D
PEIIRAEA LTS, 72, 2L OERIFREROBED 21U ETHDHZ L
PEIBIATVWS (Muraki et al., 2009), B IZPEEAE, 2T, FF32H B30 @)
B2 &0 B HEFEEOZRT 2 NEEIZ T 27217 T/ < (Altman, 1986), I sk~
DAFTOMLEMEZEHD D EHfE I TW5 (Hirano et al., 2013), L EDZ Enb,
R M O OA 2 AT 2 2ot~ O bl 7 e Al L, ZEICHE - B L TR OBl HIE

IZEETH D,

ERRBAHI 2% (Osteoarthritis Research Society International: OARSI) 1%, &
WEATDHE~ORWELE LTH I M —=2 7 245 LT 5 (Zhang et al.,
2008), W, Fil-efiI L —=2 7 HEE LT, WBVT BEE SR TWD, 20D
M L—= 0 7 ORI, RS HIZRRIHE (BaRMEIREISS) Mol SE Z Sh b 7291
SEIR ML= TERARRE T H I LNV AR AT T & B ERNIC
KEEZENDZLTIL—=U VRPN TED 2L TH D, TOERFEITUT
DR ThHD, F—I, MBEETICEVACLMEEICLY, @EOEIMEE (9.8
m/s2) & ERIZEIEMMEVHENDZ & THDH (van der Meer G, 2011), /) k
L—= U RIS SN D NI, IEEICEE&EZF U CIREIND, I, BikME
RESUR & PRI D SRR 7B FIC K0, i OIUE DS AR I 2 DRI R S D
ZEThD CGREDL, 2009), ZHHDORHICEY, kO~ v hL—=7120l
GBI oT2 0 /AT E VB L —= U IR o 7o 0 T 5 AR EBFHE
il ICxt L, WBVT (ZOH OWimEH b AR 28 Lo, FRHEED M |4 ik
FRICE & Iy REMEZ RO 7= L —=0 7 Ik TH D,
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INET, BOARBEEXG L Lz WBVT OZVRICET 2 8&, BekEHc
HR.EN 5 (Avelar et al., 2011; Simao et al.,, 2012), TIN5 DOHMETIX, B OA &
FHISWBVT 2T 22 L2k 0, BmOIOIX0 kML, REAERIEORT
(2D NN 5 = &0, NT U RRESOBITRENI NGB T 5 Z L VRIR X
NTW% (Simaoetal., 2012), —F, BESINEET LB, BCKANTXHoOFENE
WZ &I, BARANE O JHOERZ W, Wb 5 BEEEE O AN R & 22 A D)
2, BRI OEENEFERLAENEZ DT R, WA~ EFREL LT RD D
EBHBNATND CERD, 2006), L-T, O DK OA IFBIRICKT 5 TR S
LIZEETHDLEBEZLND, LOLRNL, BARANFE - @mnE L5 s Lclis
FTEE A LRENTELY, WBVT OZEESLHRICONTHIICHL NI T
AN

ZOBERNPOARPETIE, BYERRZ AT 5 T4E - mlind (28 L7z WBVT 7'm 7
TLEERL, 20707 T A% 8EBOEKIZL Y, EEhZRHRE K OVLEEEIC &
EIR % 3 | R A NN By
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B2 A&k

1. ®NRE

Wi

BmfEr 2 B & U7 WBVT 3= 2 U KNI THlE L7c, SN OIRIE,
TETETCO7a—F vy — M Fig. VI1IZRLTZ,

Mz R 9 5 P4 - @i atEzxtgi s Lis WBVT OFMEESHEDOH D tIRES
HWTHETT 2I2H 720, WERY TV A XD RFES Y 217 572, The Cochrane
collaboration (Fransen and McConnell, 2008) O 47422 -5 %, a=0.05, Power

(1-8 =0.80, effectsize=0.50 &L, #ViLD&H 5 MERDOHBEILRE r=0.70
(5,2012) EARE LIERE St 24T o128 2 A, KRR ERS 7 v A
AL 264 &7 oiz,

F 7o, RGE OFHRITHBUE $ES IR R FE A L, KRR T A OE 0
BEOTETANCAERE L, 5 1 » AURNICHES LIEWBICR A2 C 220 H 5,
XHIT, 201241 H 16 H~3 H9HET#H 3\ (H, /K, &) OEEBHHEICEIMNT
24tk (50~T755%) EXxIGil L, EIHIC L DA% T o7, W LIARNR & o172 80
DO L, BEOBMGAM: (EANGEB) 2B S TWRY, BUCHR T 78 £ O
BiEZVELE Le, S5 FE TORBREENHERTE TS, Fams - HIESIC
ZIMATRETH D) (TG LB 4T 4 Th o7, WFIFEHIMTICK 20% (64) 2K
Ry 7T ML LEEL 32 AMRICLVEE L., TO% 2408 F v o,
1 AREMC L2 EE AT BIE ) v~ FIC L DBm L2 &odzizwd, 29 4
NWBVT OxGe b inote, £z, 15 4D%EEFIH LTy br—/ (AEZIY
YA X) BEELTOSMERLIZE Z A, BHEINZ 9 ADBIFEIZSIN LT,

728, WBVT BT 2HIREER O RO S ER R EMEOMEDTZD, 1 =
DI04 DOHEEZ 3HE (A7 T A 94, BZT 104, CZ T A 104)
Pt L7z, F72, = b — VBRI BERAR KON 4 1 BICER 2R L, FEEI7E
EHOR LT,

3, AWFFETFIE K FRE R ML B S OAKR A/ TEm L7 (K 26-24
7)o ETZ, TRTOHEEICIE, REBNEZES L TOAHREZHO RN L, 7

o

=
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— ZIWFFELAMTIIE R L2 2

SHCRLR &2 1TV

E,TTTANR—ERHET A IOV TELEN
, RANBAICKDRIEZEEZST-, 7ok, WL

TR, 2> bur—/LRf

B LI 5E 94 2Bk LT, WBVTREEEEIRED T v /T LA A4t LT,

Responding to advertisement in a local paper:

A

n=380

1

[ Excluded by criteria: n = 33
Have a pacemaker

+ Have acute disease }

+ Have severe diabetes

+ Have rheumatic disease

*+ Need a cane to walk (n=1)

+ Unable to attend the study orientation

i or class regularly (n = 16)

Eligible for criteria:
n =47

v

Assignedto 2 groups

v

v

Contraindication to
WBVT

+ Patient undergoing active treatment of knee pain (n = 5)
+ Engaging in regular resistance training
3 or more days per week (n=11)

WBVT group
n=32

Control group
n=15

’: Withdrew: n = 2
1 Rheumatic disease:n = 1

Completed the pre-test:

n=29 n=9
4 A ol T e e e e e —-—————_C
' KL=0 ;| =11 KLz2 . , Withdrew:n=2 !
I 1 1 | 1 *Increasein severity of
(n=6 1\ n=16 i n=7. | knee pain |
T : » Conflicting schedules :

Completed the post-test:
n=29

Completed the post-test:
n=7

WBVT: whole-body vibration training
KL: Kellgren-Lawrence Grading Scale

Fig. VI-1. Flow of subjects through trial
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(2) Xt5FE DBBERBL

Fig. VI21Z, 85K OBEORIREIZ X 2P0 @peikin z 7~ L=, WBVT #£13 82%
0 NEEBEFEORBRE B D], 18%IL NEPT LI Z LR Rpw) LEE L, —F, =
v e — VBRI 22%28 T@PE L7722 &) &%, DAL TmElcL-Z
LD D 33%, BUELMEFEL TWD ] 28 45%7 > 7,

WBVT group Conrtol group

Currently receiving
Have received treatment
outpatient treatment

Have received
outpatient treatment

Outpatient treatment
Outpatient treatment

0% 20% 40% 60% 80% 100% 0% 10% 20% 30% 40% 50%

Fig. VI-2. Outpatient treatment of subjects

2. AEEE

AR TIE, T RRA ST A RMMIBWT, EARRBEM, BHGE, B - Ry
—, RN T p—< AT X, BRMGREIC X5 21T o 72, FEE, LT &
BYTHSD,

(1) BB
MEBEOEAEMESE LT, UTFOREEZIT- T,
1) B

DT A 1AL Efi <, BEB: D FAFRIEO I HIT L OB, Az A4 5IRET
MR2Ic L v & Lz,
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2) 4
FLT A NAOMEZHEEICLY, FEHErTHE L,

3) Hk
HRIE, BUEOIRETHEE - BES - 2 REEIC ST, HARAKE M & ff > 72 IR TR
7> B SHTE AL O SRR 2 0.1 em HAL TRIE L7z,

4) {KE
REE, e, EROWRE TG (¥ =4 MC-980A) % HW T 0.1 kg Hfr
THIE LT,

5) Body mass index (BMI)
BMI /%, &0 MEE (kg) / K2 (m)] (ZXVEHL, 0.1kg/m2 AL THIE L
72

6) MEPIETEDE - BEAEME

W22 &Y, TBIEE CICHRBEETREL WSy, BREZITZD LI &R
b ET ORI L, TEIvw) LRELEEZ BRESEHY ) LT3 —
b L7z, Fiz, BImOA MR ORRE 24 L7,

7) @B
FIR2IC &0, wpeiki 2 iid L7,

(2) BHnE
ETORMBEICKH LT, UTOERICX Y, FEICESIBHREZTIA LT,
1) WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index)

BEZYN)

1988 4, Bellamy et al. (1988) (T X » TER S /-ABE IR, BHitid Ao
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AL TH Y, EICH OA K OVETRMERBITIE DIBF N S E I AW ST D,
B OA T K DIR A4S LR B ISR 2 FBIAEHI 2 HE 92 RET, & (5
HH), ZHiEv (2mA), e (17 HH) © 3 EHEFF 24 HEORMICEE T2,
HAGERUIC IV TS, iZE 48 REHILINICIRRBR L7z R4 (5 THHE), ZhHIiFy (2
HH), AETEORNEEE (17 HA) © 3 23K 24 HA ORMIC UaA E72i3EE X
PR B TR O 7 T I3 PE I N8 | £ T b BeFE DB A5k 1T b T\ 5,
Z® WOMAC AAGERRIL, RAFREHEM, 224 EN MR I T\ 5 (Hashimoto et
al., 2003), MK 0 S S HRED 96 M CTHEMRNE L BRIF 2R T,

2) H AR BB IE B FERERTE (Japanese Knee Osteoarthritis Measure:
JKOM) "#B

AAREEZG ) N T — g R AR S, BARRKRERIN 220
ol & 72 DARRL L7 RARAN DR OA IZRHE L7 A IR B Rt AN QoL #¥Aihi R
JET, 2005 FLERKICEASNTND Ca4, 2006), HARDERREIIZHVTH
OA BEDRIR L TWDIRARL I DOIXY, AHFATEIRE, TEBROAEE, EREIREL 5
BT s 256 Ok L, JRADRRE 2 =425 visual analog scale (VAS) (21
R S5 B AL R R QoL RIEETH S (Fig. VI-3), EEDIEZIFHER
MRz I DA LY, B, ZEMERREES LTV D,

AL, VAS ZBRr< SREICKTT 25 RAFRIRIBICRZ S L7264 0 A, b
ARZREICHE LG GE 4 mE L, TRIZTNTNOIEFIIECTL, 2, 3 &
E9 %, femE JKOM 227 &35, Rl 0 S0 bimns 100 A TREDEN I E
Bhi% T, WOMAC & DA77 A F THENRNZ L BRAES N TS, 7,
AHFFETEH, WOMAC & JKOM OFIBIFREIT r=0.930 (Akai et al., 2005) &3
(258> T2,
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Composition of knee joint symptoms evaluation criteria |

@ Degree of knee pain ==+==+=+= numerical evaluation with VAS
@ Knee pain and stiffness * =+ 8 questions

@ Conditions in daily life -+ + 10 questions

& Usual activities =======+- 5 questions

€ Health conditions === ==+- 2 questions

Fig. VI-3. Composition and scoring method of JKOM

(Japanese Knee Osteoarthritis Measure)

() BfRE OB - FHT—

fast i B OV b OFFAR & LT, SRR R OV MR K RV 7 %, e R K OV i 75
N —OFHl & LT, HHMEEERT — %, ZNEIE Lz, 2 OMEIRNT
%, Biodex System 3 (Biodex Medical Systems) % VN THTo 72, BfiEK OV
ffih )« iU —DOREIZHOWTIE, HBIVES 2 fil TRt L2 HIE L AERICIT > 72,
F72, FEMZREATIE Fig. V-1 12 CTRLTE,

(4) HEEET AN (RT3 —< VAT R )

H o AETG IR 2 7 B ae b RE 2o S ik LAS 2 3HMTH A & LT, BIIR A RS2 B,
RIERATE, REEAGENRFHE, 5 B2 6 1230 FEE, TUG, 5 m AT,
Functional reach, E&BERFUSKEHIOF 8 THH 27 A b L7z, %7 A b OaHfi ik
%, RO\EBY THD,

1) BHIRA R B
MFZEICE T, Aok (EAIEEDRW) ZKRmEAOHE L72REBTTE 57217

BN ZRFFT D LD BOR LT, B%Z BT TEREND, N7 U ARRANTRFRE T
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ORFHZFL, &KX 60 s & Lic, NT U AR AR HEIEL LT, B
HTIFNHEND, RFTEAMEICERT S, XFHEABET 56 L ER L,
A by 7Ty FIZLY 0.01 s BALT 2 EEHAIL, @i L2 @I AH 52T,
W CHIRRH 255130 L THORROMRN T & Lic, wREZReks Lz, @iz L

RlIIMRZATLRE L, IR Z AT 256130 L THORIFOmWT DR %
wC L, mBMEEZGERLE L,

2) R

BE\ZERT T Ao, REMEFSEZROET., MF2MIEL, FOOLZRAER
AR (T L) o Rick Wi E £, B2 T vk o MMAZ AR S w7,
2O L EOREKAIRFOBENEREAL 0.1 cm HAZ T2 EIFHAIL, HmARMEZFEERE L
7o

3) BN SLIRFH]

REMNESZ L bE, GE L BICHRRENTHEREILDL BB D L O ICHBR L,
SEH EA) FIEIZHOWTIE, HEAEETONS 30 HiEzH8T 2 X 2H8R LI,
APMy 7 U4y FITED 0.01s BALT2REHAIL, mFEELERTEE LT,

4) 5 [EIRFF-SLH EAY D IREfH]

mifiz M ORI TR L, HH 2T L7ORETHE b 2O DWW 1k < EENT
S, ARE LB, T H ERDENESE L DY, HORTTICERNT S
EEA RS I CHERELS 5 E#VIRSE, GKEZ LTHhD 5 HEDOENES%Z L
5 F CTORFMZEHI L7z, JFRTE LT HaZef@a 2207z 2 3T & L72ns, HIRRY7e
EFERHEICLIY 1ITICE EED 50 b oo, 2EIAEZITo2F I LTI, #
WHOREREHRM LT, Ay 7 Uty FITED 0.01s BALT, Fidk L7,

5 TUG
AT TARBEEN D AR & & I ENY, 3m i id a— 2 %El > THO
R ITHEDNT D E COEEZ R RKEETITI L OBOR LIZ, A by T U4 v FITLD
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0.01 s Hf7C 2 [MIFHAIL, FAfEzrisks Lo,

6) 5m A TREH]

Rk 11 m OPRITEZEEBGE Y OFR S THS KO IZHR Lz, BT O WG 3 m %
FAHEE E L, HE b6 m BT LIEBRICE LR EZ A Fy 7T+ v FITED 0.01 s H
L C2REHAIL, &BMEALEE LT,

7) Functional reach

BE(ZKR L TRAIM SIS D, RS E-WliZE Om S £ TRIFIC LY, £ORRT
%3N A Ocm & Uiz, ARZNTEEKRLFMEL, MmEotssenmiiicgs® L
TZHEEE 1em BAZT 2 BIFHAIL, mRMEZFLEE Lo, FHAIRE, 27> & I37#0E 72
WE YR L7z (Fig. VI-4),

First Second

Fig. VI-4. Pictures of functional reach

8) LIRS IFH

ETELED 4 5 FTOICRENPREINIFEEE (Y I SW-4) ML, Fesn
RITLTEOLRIC DO~y MIRRENTTHRRES AT OBET 2 X 2H8R LI,
0.001 s B2 T 12 [11(4 J7 )% 3 [FD)FHH, 45 057 10 D dc R 2 By 72 8 [H] 0D -2l 4 Gk
L7z,
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Fig. VI-5. Whole-body choice reaction time

(5) B ARERIEZSE RS ERRREH EEE (Japanese Orthopaedic

Association Score: JOA score) f#0C

1998 £EIT H AL A2 OA TR HIE SEEZ B 203 BHPE L7, TRIEE D
179 I OA B DOIEBIRHERE DR E ORLE 251§ 2 RETH 5, I OA BHEOBIH
(2 K DT R OPEE A MR RE DFEEAREE, wIdEhi, MR o B0 B A BN R 28G5
Do JEIE - BATRE, K0 - BEBCABRRE, JE A BE K OVRIEL - = ARG, MERROD 4 fEIK
IZOWT, RESNIREIZHR b ITVEREZ RS, KO ARRKREBIZ0 A, kbR
FFIRIRERIL 100 RTH D, B OA B ORRRERE T 2 BEE ) ~ DB DR S > HFF
fili U7e REEC, D ATE A~ OEEIX R W RRIRIC K 2 BERE HOUGEZET 5 Z
LIXTE D, £, EMNHEOFETH D 7285 VAS SITHBENMELS, BFEOFF
OIS IRRBEBIE S W TITRHME N TH 5 (7 5, 2005),

(6) EMMIRE

AR (FEFER, FMprE, A0 KOO 1), 2) OEMIEEICEY
LAHEMIT WBVT #f, kU= bu—A e, HEOHRMASEICEAA L,
BYHICEI L7z, 3) OEMEE BT A HMITHRAE S B IZiAT - EINZ T -
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2o 2B, RICABEZIEIARTHTHZERRICH L TIE, FEORWE I ICHE
L, RIREZRPR Y W2 &1T o7,

1) HkiEE &

HRTEE EOFEIZIE, @miEE O EIEENIE S 2 E PR TR b Tnd
Physical Activity Scale for the Elderly (PASE) (Washburn et al., 1993) % H\ 7=,
HAR L, Hagiwara et al. (2008) |2 X » CERE N, (EHEME K OV 4 MED R S
NTW%, PASE OfkfiliE, #% 7 AMICET 2 1 H OB FERFH 2 H T 5,
FEPNTEENT, 25 7 B CHEE L 720 @0 TRl 9~ 5, & B RTEB) 238 OS2 RG] (F
IEEBROARE) ICHBAMZRE L LON, FIRIGEERTHY, &HIRIEEITS N
ZEHE LI ON PASE 35 L 72 %, PASE OfF 8L 7 03U X A%, IEEGF, ¥
A7 U —, BRI RERHE O AR R A b & IHEK STV D (Washburn et al.,
1993) , R OBRARAIT 0 M TH Y, fii TR, 70ds, ARHFFETIE, #iES) (PASE)
RISz, EEREEDNICHREIG A2 H I L, £n2n, RIIEESEA, FEN
RIS A, (LFEEEEG R & EFR LT,

2) #5 >KKE

15 DAIRBEDFEAM I 1E, Brink et al. (1982) @ Geriatric Depression Scale (GDS)
% Sheikh and Yesavage (1986) 7%ifi/IMb L 72 &gl GDS 2 L7z, HARRITR
B (1994) I ko TER S, BEEL LRI TV D, FHE O
DEHER GDS DGR L 720, REDS @ W ITIEEM 5 S TH 5 il m < 72 %,
R OFPAIL 0~15 M TH Y, 6 mLL LR S SmH Y | & 2Hr 1% (Herrmann
et al., 1996), 725, AWFFETIL 15 THHE ORER GDS (2L » TR S itz
GDS R & EFK L7,

WBVT e 5Nz ha— A Eondivd, ST 8 M (Fk 24 4F 1
H16 H~3 A9 H) & L7
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(1) WBVT #

1) WBV~ v

AWFETHEA L7 WBY ~ %, 777 » b7 4 — A0 3 IRTTIREN 5 VV v
(Power Plate® Pro5: POWER PLATE International LTD, London, UK) T& -7z
(Fig. VI6), A h L F v 7 (igiER), BEAMICEDOH N r—=07 (XA
ViEE), VIt —var (EHED) ovwgith, WBV v U AL TITo
7o

2) WBVT O7 1 2'F L

WBVT FEZiX, ALy F T, fihbhb—=v7, VI 78—va v azdol
45 o7 v 7T KN, 3 B, 8 BEICHO Vit Lz, kLT e s T L%
Fig. VI-7, Table. VI-1 |\Z/RL7c, A MLy F U T, NAA KU 7, 7% L AJE,
RS, 7R EOF RO BRI OR My F o 7% 10 S T 72, $i7]
FNo—=2 7%, A7 Uy b, BHFHIZL, 702 N7 Uk &0 RRIUSET; O
fbzhi L, MAT, B—7 A XL, 7V v P EXDEMOf 04
KR s T L% 20 3MIToTo, U T 78— a UIXRIRMEER, ~NAA B
Vo7, B EDENZ TN 16 3T Tce AA 27 P A X THLHIT ML
—=270E, AMERLICED D & O R ERERET o0 E, Fr—=r T 0mEE
WS E7-, ALy TF U T RO R L—=0270F, Wiy E$ 30 Hz, EE
2.5 mm (Low), 30 s/ vy MIREL, By FIIA LY F IR 1E®Y b,
Nhb—=271EF 2%y bE Lz, V77— a3 38K E 40 Hz, #RIE 2.5 mm
(Low), 60s/E> h&L, 1Y MTol, 2B, b —=7130 TN HE
BiDO#E) & Z D WERMEGHIGHEIC X 25 R EERE L,
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POWER PLATE Pro 5 (POWER PLATE International, London, UK)

Vibration: 25-50 Hz
Amplitude of vibration: 2-4 mm

Fig. VI-6. Whole-body vibration machine
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Warm-up

W?2. Calf stretch

Resistance
training

y
i

e

R1. Squat

R2. Calves

R3. Sit-up

R5. Pelvic bridge

R6. Front lunge

Cool-down

C1. Calf massage

C2. Hamstring massage

C3. Quadriceps massage

C4. Back massage

Fig. VI-7. Whole-body vibration training position of each exercise
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Table VI-1. Characteristics of the Whole-body vibration training program

Week Measurement items
0 Pre-test + Self-reported knee function (JKOM)
+ Physical preformance test
9 Post-test - Physical Activity for the Elderly (PASE)
Exercise . Position Frequency Number of
Week category Exercise (Fig. 2) (H2) s/set set(s)
- Hamstring stretch W1 30 30 1 (each leg)
- Calf stretch w2 30 30 1 (each leg)
Warm-up - Side stretch w3 30 30 1 (each side)
(6 exercises) - Quadriceps stretch W4 30 30 1 (each leg)
+ Back relaxer W5 30 30 1
+ Hip stretch W6 30 30 1 (each side)
Squat R1 30 30 1 (1st week)
1 9 — 2 (2nd week )
’ Resistance - Calves R2 30 30 1—-2
training .
(4 exercises) . SIt-Up R3 30 30 1—-2
- Up and down R4 30 30 1 (each leg)
-2
””””””””””””””” .Calfmassage =~ Cc1 40 60 1
Cool-down - Hamstring massage Cc2 40 60 1
(3 exercises) - Quadriceps massage C3 40 60 1
- Back massage C4 40 60 1
Warm-up (The same 6 exercises as the 1st and 2nd week.)
. (The same 4 exercises as the 2nd week.)
Resistance
3,4 training + - Pelvic bridge R5 30 30 1 (3rd week)
5 :
(5 exercises) 2 (4th week )
Cool-down (The same 4 exercises as the 1st and 2nd week.)
Warm-up (The same 6 exercises as the 1st and 2nd week.)
(The same 5 exercises as the 4th week.)
Resistance + - Front lunge R6 30 30 1 (each leg)
5— 8 training
(6 exercises) (5th week)

Cool-down

(The same 4 exercises as the 1st and 2nd week.)

— 2 (6-8th week)

The vibration amplitudes of all exercise programs were set to low (2.5 mm).
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Q) = huo—L 8

ay be—/ARRZ LTI, 201241 A 16 H22H 3 A 11 HETOHH, HET
DTy HH A XDEEEMR LI, WBVT HEOREH LIEE S A MLy (4IHH)
b L—= 7 (6 HHE) 2Rt U7, ZEEBAAAIR R OV 4 18 HIZE B 2 RLAT L,
R HEEZZFOR Uiz, BETZ YA AOFEERM A2 EE) B 5SSz,

3. WREHARAN

BRI BT DREHT TR TRLO LB Y TH D, RESI W 2R 33T
D4HIE, SPSS 21.0 for Windows & VY, #EHAIA B /KHEIL 5% RIZHRE Lz,
BE S HTI2iE, G*Power 3.1.3 & H\ 7z,

(http://www.phycho.uniduesseldorf.de/abteilungen/aap /gpower3/)
R—=2F A NZBTFH WBVT RNz > b e — LREORERMZ O IERIZIE, *HG D72
W ERER BN RREEIT- T2,

8 WM DBER « I T DK MEMO LRI, FERE (LT A b vs. R R
FFAR) £7usz 5 (WBVT vs. 2> hu—)L) OEBEZRRFT L0, 5
HA AT (—BEROZ D V) BiToT, 7285, BAMF A MK L3 b
B—ABEO 24 DT —XIZELTE, VT A RNOEERA T A FOfEE LTRA
9%, intention to treat (ITT) T 21T > 7=, ARLLBEAEMNH L O LNTZHA,
WEZ LT O B ERN R OMIE 21T - 72, 72, BERT-#%12381T 228 & (Cohen’s
d LT, Z7LTAINLBRARNT A MOEZFLE, 2 EORITEEKE LR
TR LI MEOMERME A BE T B L7z (Cohen et al., 1992), d Of|EREE T,
0.2-0.49: /hS\y, 0.50-0.79: HREAEE, 0.8 LLE: R&EW& Lz,

83



FIG R
1. HEEDORME
Kt RFE DO % Table VI-2~6 WBVT BfE a2 o — L BEOR#EEZR LT,

WBVT L =2 b —LEERZBWTHERICA R EZN 2 L O b HA X WOMAC
D Z XY & PASE ORRIGEIH] T o 72,

Table VI-2 Descriptive data of subjects

Control WBVT N

(n=9) (n =29) P
Age years 609 + 4.6 62.1 +55 0.56
Height cm 1542 + 43 1539 +58 0.87
Body weight kg 548 + 6.8 56.2 + 10.0 0.70
Body mass index kg/m2 235 +29 242 + 3.8 0.63
Affected side Bilateral (%) 2 (22.2%) 15 (15.7%) 0.12

T P value from Student's t-test
WBVT: whole-body vibration training
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Table VI-3 Descriptive data of knee function and physical performance

Control WBVT pt
(n=9) (n=29)
Self-reported knee function (JKOM )
Total score (25-100) score 410 +£17.1 423 +12.1 0.80
Degree of pain-visual analogue scale (0-100) mm 272 +250 248 +231 0.79
Pain and stiffiness in knees (0-32) score 152 +5.3 153 £5.2 0.95
Condition in daily life (0-40) score 141 £7.2 141 +£4.3 0.98
General activities (0-20) score 71 +35 83 27 0.30
Health condition (0-8) score 46 1.7 46 £15 0.91
Self-reported knee function (WOMAC)
Total score (0-96) score 143 £16.9 115 =109 0.56
Pain subscale (0-20) score 28 £3.0 29 +24 0.90
Stiffness subscale (0-8) score 23 +1.2 12 £14 0.04
Physical function (0-68) score 9.2 +13.2 7.4 +7.7 0.60
Physical performance
5-times sit-to-stand sec. 6.82 £+138 6.84 £1.38 0.97
5-m habitual walk sec. 3.49 £+040 3.75 £0.45 0.13
Timed up and go sec. 539 +0.76 5.77 +£0.70 0.16
Standing time from a long sitting position sec. 253 +051 2.79 +£0.80 0.37
Sit and reach cm 324 +113 354 7.7 0.37
Functional reach cm 316 6.1 316 +5.0 0.99
One-leg balance with eyes open sec. 476 +158 535 +11.1 0.22
4-way choice reaction time ms 993 + 65 1029 + 106 0.34

T P value from Student's t-test
WBVT: whole-body vibration training

JKOM: Japanese Knee Osteoarthritis Measure, A lower score equals to less symptoms
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index, A lower score equals to less
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Table VI-4 Descriptive data of knee strength and power

Control WBVT pt
Target knee joint n=11 n=44
Knee strength and power
Isometric extension peak torque Nm/kg 153 + 0.37 144 + 052 0.60
Isokinetic extension peak torque Nm/kg 1.15 + 0.30 1.16 + 0.45 0.96
Isokinetic extension average power Wikg 0.67 + 0.19 0.64 + 0.28 0.75
Isokinetic flexion peak torque Nm/kg 0.66 + 0.13 0.53 + 0.23 0.11
Isokinetic flexion average power Wikg 0.45 +0.11 0.36 + 0.17 0.10
T P value from Student's t-test
WBVT: whole-body vibration training
Table VI-5 Descriptive data of physical activity and mental state
Control WBVT pt
(n=9) (n=29)
Total score score 85.1 + 399 104.3 + 415 0.93
Leisure times score 105 £ 7.9 233 +17.7 <0.01
Household score 67.1 + 305 81.0 + 325 0.63
Occupational score 74 £ 204 75 £ 20.2 0.98
Mental state (GDS)
Total score score 45 + 2.8 33 +24 0.47

T P value from Student's t-test
WBVT: whole-body vibration training

PASE: Physical Activity Scale for the Elderly

GDS: Geriatric Depression Scale
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Table VI-6 Charateristic clinical knee functions of different degree of knee pain

No knee pain Knee pain pt
(14 joints) (44 joints)

Clinical knee function (JOA)
Total (0-100) score 835+123 954 +57 0.08
Pain on walking (0-30) score 265+49 29327 0.01
Pain on ascending or descending (0-25) score 18.1+5.2 23623 0.01
Range of motions (0-35) score 31.7+£3.9 339+21 <0.01
Joint effusion (0-10) score 73+31 86+23 0.03

T P value from Student's t-test, ¥ P value from one way ANOVA
WBVT: whole-body vibration training
JOA: The Japanese Orthopaedic Association score
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2. WBVT ST 2 HESIME DR R ULRESMEDIRE

WBVT |[Z%I3 5 FE14: % Fig. VI-81ZR L7z, si& DOfE 8, A D141 4.41 #5.(10.0
iR TEo7eid, m%ITIT9.14 5 e, IEFITHIREZ T2 B nhoTlz,
X5, BEOSMPIZAZ 7 AN 9T.2%, B 7 T AN 94.2%, C 7 7 AN 95.0%
ThV, BIEOSMEIX95.56% ThoTz, —F, 2 hr—/Uit0 HEEE) FEERIT
71.8% Ch -7z,

Effective Impression of WBVT Attendance rate in classes
10 100%
8 90% .
2 6
S 80% |
3 4
@ 70% -
2 —
0 60% |
N .
# Qtt First Last 50% _
erective impression impression Aclass Bclass Cclass D class

Fig. VI-8. Impression of WBVT and attendance rates in class

3. BEEICHEZ 2B

Bl - BOBMERHEFEICB TS, BTL (WBVTBEE 2> bu—LfE) O8]
MRS RERTM O fE % Table VE7 IZ/R Lic, AERZEAEANHER SNEB X
JKOM D& it (P=0.04) & AEARRE (P=0.03) Thole, AEMRZANEM

PROBNTHBICOWTHMENREZMHR L& 25, WBVT BEZBWTIIAE
REARA LD (P<0.01, P=0.02), 22> hr—LB B\ CdaERE /L
ITRLN o= (P=0.66, P=0.29) (Table VI-7, Fig. VI-9), X5HlZ, HEZ
ZHAEADGRD SN HE IOV T WBVT BEOZhREI1X d=0.27-0.40 TH - 7=,

88



Table VI-7 Knee function measurements by groups at prior to and after 9 weeks training

WBVT (n = 29) Control (n =9) Interaction Main effect
" - i X i
e Mean SD P -value' Egﬁztn?:; Mean SD P -value' E:ﬁ;,sslzde mn;e-va?ur ZUD) ;Tvt!n;
Self-reported knee function (JKOM)
+ +
Total _ score g gg : ﬁ:; <001 0.40 13:2 : 1;:(1) 0.66 0.06 0.04
oSy 0 20 - 5 oo g2z
Eigg”d stffinessin-— gcore g ;i : 2:? 0.38 ;:S : 2:? 0.04 0.10 0.10
Condition in daily life score g g; i jj 0.02 0.27 gi i ;; 0.29 0.04 0.03
General activities score 8 22 i ;; 0.45 ;é J;r 23 0.03 0.14 0.14
. 6 = 1 6 = 1.
Health condition score g ig N 12 0.50 gg N 1; 0.19 0.07 0.51
Self-reported knee function (WOMAC)
Total score 8 1;:: : ;%9 0.26 ig:g : 12:(7’ 0.10 0.67 0.05
. + +
Pain subscale score g ;g ; ;j 0.17 32 ; 28 0.20 0.85 0.21
. + +
Stiffness subscale score s 0.08 a8 = 12 0.27 0.09 0.09
Physical function score 8 ;‘71 i ;g 0.24 23 i 125 0.04 0.08 0.08

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large
: simple main effect of time group, P < 0.05

T
WBVT: whole-body vibration training

JKOM: Japanese Knee Osteoarthritis Measure, A lower score equals to less symptoms

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index, A lower score equals to less symptoms
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Self-reported knee function (JKOM)

- Total -
40 . 15
* P .
- < 0.05 12
)
024 ‘ 16
9 o
o 16 w» 6

WBVT Control
(n=29) (n=9)

W0 week w9th week

(a) Total

-l B :

Self-reported knee function (JKOM)
- Condition in daily life -

*P < 0.05
*
|
WBVT Control
(n=29) (n=9)

w0 week w9th week

(b) Condition in daily life

Fig. VI-9. Knee function measurements by groups at prior to and 9 weeks training: (a) total, (b) condition in daily life.
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4. BENRBEICEZ SR WBVT FHDHA)

WBVT #ED AT [ed 0 B KO T2 LEE) (C380) 2 2= - B OREIN
EHSRERTA 2 Table VI-8 O\ Fig. VI-10 (&R L7z, MW A AT DIEICONT, 13IE
TRTCOERHIZBWCHERW®E (P<0.01, P=0.03) 237510725 al @ik ) OE
IROEHICEA L CUIAERIENR A LD Lo (P=0.10, 0.13), £/, A
BRUEN R SN HE ORREIL d=0.51-0.61 TH-o7z,
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Table VI-8 Clinical knee function measurements by WBVT group at prior to and after 9 weeks training

No knee pain (joints =14)

Knee pain (joints = 44)

T e s et SR v s paanet Clcs
Clinical knee function (JOA)
+ +

Total score g ggj ; g; 0.47 0.18 Sig ; i;g <0.01 0.61

. . + +
Pain on walking score 8 282 ; i; 0.67 0.14 ;gg ; 32 <0.01 0.61
eI e O 2820 o oa  BIES 0w om
Range of motions score g 22:93 z ié 0.67 0.21 2;; i 32 0.12 0.35

: . 6 £ 2. 3 = 3
Joint effusion score g 22 N gi 1.00 0.00 ;g N gé 0.13 0.33

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large

T P value from paired t-test, P < 0.05

JOA: The Japanese Orthopaedic Association score, A higher score equals to less symptoms
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Score

150

120

90

60

30

Clinical knee function (JOA) Clinical knee function (JOA)

- Total - - Pain on walking -
* 50 *
P < 0.05 * 40 | P < 0.05 *
| — |
0 | I ® —
1 230 1 * T T
<)
Q
n20
0
No Knee pain Knee pain No Knee pain Knee pain
(joints=14) (joints=44) (joints=14) (joints=44)
0 week u9th week k0 week w9th week
(a) Total (b) Pain on walking

Clinical knee function (JOA)
- Pain on ascending or descending -

*
P < 0.05 *

No Knee pain Knee pain
(joints=14) (joints=44)

0 week w9th week
(c) Pain on ascending or descending

Fig. VI-10. Clinical knee function measurements by WBVT group at prior to and 9 weeks training:

(a) total, (b) pain on walking, c) pain on ascending or descending
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5. BRBAEIRE N - BN —ICEZ DR

HERT - BORERFCBIT D, BEZE (WBVTREE = e —VEE) OB -
iU —FHl OfE R % Table VR IZR LT, AERZAFEHNRD b -HE I
2ol (P=0.15-0.91), £72, WTHOHBEIZ DWW T H A E R O L3R R
En7- (P<0.01, P=0.02), &5iZ, 2TOHEAIZBWTWBVT L2y b
—VREOREIZZN T d=0.24-0.73 L d=0.45-1.09 TH o7,
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Table VI-9 Knee strength and power measurements by groups at prior to and after 9 weeks training

WBVT (n =29) Control (n =9) Interaction Main effect
. N i X H
T wen s EE e w0 e TR e

Knee strength and power
I S A A I
SOOI g 0 HE:UR T g IHEOR 0 o oo
SO w0 090 :0B o 20X i om oo
SRR g O 00 £08 oy 08:0®  on  on  <om
ST whg 9 SO o 9REONT o o <on

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large

T. simple main effect of time group, P < 0.05
WBVT: whole-body vibration training

95



6. NIF—TUATAMIEZLHE

HEERT - BORERICBIT S, HZE (WBVTHEE 22 b —)LlE) O/37
—< AT A NOFER % Table VI10 X O Fig. VI-11 1ZR L7, AEZRZALEAN
s SNIZHEB L TUG (P=0.01) & RAEESRFH (P=0.04) Tholz, AER
RHAERDHEO bATHBICOWTHMIEDR AR L7 L 25, WBVT BEIZE W
TITAERZEP RN (P<0.01), 22 hr— BBV TITAEREkIT
ool (P=0.52, 0.77), AEKRH O FR D3R S A2 H B 1 5 Bk
FALH BN R R N RERRTE Cho7o, S bI2, AERKZKAERANRED LN
HEIZSWT WBVT RO R EIL d= 0.85-1.00 L 2 D R EITKREI W EHEI R
77
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Table VI-10 Physical performance measurements by groups at prior to and after 9 weeks training

WBVT (n =29) Control (n =9) Interaction Main effect
- - i X i
T e 0 vt BT ey sp pyayer Crectsize DR e
Physical performance
84 + 1. 82 + 1.
5-times sit-to-stand sec. g ggg N ig? 0.96 2?2 N ;2: 0.35 0.21 <0.01
75 £ 0. 49 + 0.
5-m habitual walk sec. g 2;3 N 8;’2 0.32 ggj N 8;3 0.39 0.98 0.39
Timed up and go sec. g ::(7); : 8:;‘; <001 1.00 :;3 : 8:;3 0.52 0.16 <001
Gtgposiion %o ymios 0% 085 G iyy om  oor  oos
. 4 = 7. 4 + 11,
Sitand reach cm 8 223 N ;; 111 ggg N Eg 0.52 0.05 <0.01
) 6 t 5. 6 t 6.
Functional reach | cm 8 g;g N 4512 0.25 2;2 N ié 0.33 0.10 0.73
e W TR
4-way choice reactiontime ms 8 1852 i ig? 0.34 g?g i gg t 0.40 0.24

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large

+

: simple main effect of time group, P < 0.05
WBVT: whole-body vibration training
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Physical performance Physical performance

- Timed up and go - - Standing time from a long sitting position -
10 5 *
*P < 0.05 * P < 0.05
8 * 4 —
[ ) 3 ]
. 6 83
o I I I @ |
S, @, |
0 ! 0
WBVT Control WBVT Control
(n=29) (n=9) (n=29) (n=9)
W0 week u9th week W0 week w9th week
(a) Timed up and go (b) Standing time from a long sitting position

Fig. VI-11. Physical performance measurements by groups at prior to and 9 weeks training:
(a) Timed up and go, (b) standing time from a long sitting position.
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1. BEREBRUCLDEREICER 2218

HERT - BORERFICHB TS, #EZE (WBVT REE = b —/LEE) O S RTGE)
BN OVDERRE DL %4 Table VE11 KON Fig. VI-12 12 Lz, BHRh7es2 BAERH D
a8 S - HI1L PASE (RIRIGHE) (P=0.01) & GDS (P=0.02) Tho7, H
BRZAAERDPRO ONIHBIZOWTHMERR LM L2 & A WBVT BEIC
BWTHERZ (LN AN LN (P<0.01), 2> br—ARBHIBWTTAERZ L
MWL eholz (P=0.23, 0.54), I DI, AEBRZEERANRED LRZHAI
SWT WBVT BEOZIREIL, £ d = 0.46, 0.75 L 720 ZhREIT R Z W & f)
E ST,
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Table VI-11 Physical avtivity and mental state measurements by groups at prior to and after 9 weeks training

WBVT (n =29) Control (n =9) Interaction Main effect
Week . ) (Time x Group) of time
Effect size Effect size
R t R t R R
Mean SD P -value Cohen's d Mean SD P -value Cohen's d P -value P -value
Physical activity (PASE)
0 85.1 + 39.9 104.3 + 415
Total score score 9 905 + 414 0.13 995 + 351 -0.12 0.47 0.96
. . 0 105 £ 79 233 + 17.7
<0.01 . . -0. 0.01
Leisure times score 9 178 + 111 0.75 189 + 190 0.23 0.24
0 67.1 + 305 81.0 + 325
Household score 9 671 + 321 0.00 797 + 361 -0.24 0.37 0.36
. 0 74 £ 204 0.0 + 0.0
Occupational score 9 57 + 178 -0.02 80 + 240 6.14 0.23 0.44
Mental state (GDS)
0 45 + 28 33 + 24
< 0.01 . . -0. 0.02
Total score score 9 33 + 292 0.46 37 + 26 0.54 0.12

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large

T. simple main effect of time group, P <0.05
WBVT: whole-body vibration training

PASE: Physical Activity Scale for the Elderly
GDS: Geriatric Depression Scale
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50

Score
[ [ ]
o o

Physical activity (PASE) Mental state (GDS)
- Leisure times -

- Total score -
* 10 *
P < 0.05 * P < 0.05
* 8 —
e T
| : |
Q
3 . | |
h” H H H : - - H
0
WBVT Control WBVT Control
(n=29) (n=9) (n=29) (n=9)
W0 week u9th week 0 week uw9th week

(a) Physical activity (b) Mental state

Fig. VI-12. Physical activity and mental state measurements by groups at prior to and 9 weeks training:
(a) physical activity, (b) mental state.
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Fath BEE

7L
=

N\

1. WBVT OSB3 MR &A% B4 - i OREHEAEIC R 153

S

ABFFETIE, B Z BT 5 BARNPAE- Sl Eic 317 2 8 @M (A 3 [71) © WBVT
KRB IC RIE T B A R L, T OfEE, B L LT JKOM O FALRE
2IHHE (BEAEORELOVEGE) (P=0.03-0.04) 2B\ THERZHEEHNBAD
n, HEMESEBRIEOR S, WBVT BEOLAE R ERARE D LT,

Tl L7 K HICWBVT 1T KRE VW& RV A TRBIENTWDE N ZE
NENORME LT, RV Ny —Y =D L) ITEET 5720, ERFE>ZEk
ML= T OEMEREE LWL OO, VV < 03 3 kT TIRENT 5 6 O THIKIZ
AHEETHI R L —=V I BARTH Y, AEREE S L LEmE R EOERHE O
AL LTORSMERIIFFSN TS, VV w2 & vz WBVT OFEKIZLY
BEREREm EAS OBl L LT, 7T v N7 — A OWHIREN PRI A 2 Ik
£ (acceleration) DRZENZEIF 515 (Roelants et al., 2004) , /i hL—=27
RFIZHE S5 J) (force! F) 3B & (mass:m) (ZHEEE (acceleration:a) %3 U
ALV ERESND (F=ma) , 1RO FL—=07T1, BEExZ{t
DL TRIET DN AR SE 503, MEE N L—=1 7 CIRE & RIRIC X
STMEELZLEY, HOEREZHE T2 L EHLIL TS (Roelants et al.,
2004) . T72bb, WRMOFBH ML —=v 7 THEAT A LS AR (EY) IR
LWThY, ALDEREEXZENDI T TR ML —=0 VR OEENHRFTE 5,
Roelants et al., (2006) I%, 27 U > FEMEF OEHEFEM (electromyography: EMG)
 WBV v U N K HiRE S LRE 7 L CHuRET L7z, ZOR5E, BE#hd v Tl
E TR E S BIEE S vle (17.6~567.5%) . AWFE THERDEN S LNTZHA T,
TRTCHPIHIOBREIZ L > THIESNDHA Th o7, FlxiE, JKOM THEZEMN
O b THEAEORE) FAEHEBIZBI 2B OAKRET), Sib B2 #hifERE
TIEEART =< ZF A FOFTH TUG RCEMEEN M &R BER S 5, —
75, [\ U EBIEEERTAN T 5 WOMAC IZ oW T A B ZRUWENRD e h

ST,
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Avelar et al. (2011) (38 OA BFZF x5 & LT, E@8IHEHKE (WOMAC) IZk
IF3" WBVT (A 3 [a], 12 @) OREMREEL Tz, T OREE, WOMAC O&HEH
IZHB VT 26%-34% DM LA RO, TLIIIERB O 1 M v —=0 7 %7 o -
CRIBEDOUETH D Z L2l Lz, ARV TIE, WL WOMAC TlEZawn
LD, JKOM @ [55H5FA] KON THEAEFOWRE] I2BWT, ThEh 27.7%

(d=0.40), 29.3% (d=0.27) OBEENH LI, FTATHIZE L FFRE ORI E LN
7zo WBVT L [FERESRTITolay he—ABHIABERUER AL o2 b
DD, WBVT BEOHAEICEHREN W LB E L LT, JKOM O T RETH
% TED A (JKOM-degree of pain-visual analogue) | DENE Z Hivd, W
NOBZB W THOAEEITAONRD 572 b DD, WBVT RED AT O UM m 23
Aoz (24.7519.9mm), ZOFRERNLF 252 L1k, WBVT FEEIZ X0 BIFEN
L, BEARICLERBEOE X ETHLHEINTZLEEZXONDLZETHDH, &
BRICAWIFE CRA L7z PASE THRIBIEEIES = o — U lEX 0 AREIZHEI L 72
ZENRBENT, LLEORERIE, WBVT OERIZE D BRNAERE L7720, KiE
IHEEIOMEI & LT A FAEFEOEIZ S R RWENGFONIZ I 2R L TNLHDT
X272 A 90, LinL, WOMAC ([ZBWCITARBARREERITIA LN -T2,
ZoRME LT, WOMAC DRIEIX TR0 Thod 2 & (HE, 2008) 12ANZ
T, BARANMIFIZIER L7z JKOM O 5 3@V MEFEMESZ YR H D 2 & 6 —FL T
EEBEZDBINDADD LIV,

EHDADRY, WBVT FEE S EE ORBBEREIC KT T 82 FBl0ICFiE -
AP U 72 R FE I XA ZE G0 T & 70D, WBVT EE LR LT v ) IR
X200, AN & 2B B W, AEREGEN AL Z L ik, WBVT
TR BH > THHI b L —=V VEENARETH D 2 L 2RR LTV 5, e TiF5E

(Patel et al., 2010) (X2 LM OABEFE LN EL LTI ML —=0 72 E KL
fER, ZROSMEVPRAOBICL O PE LI EHELTWD, £z, JOA DOff
EPBITRAN O LI E LVWSEN OGNS Z &2 MR LT, 2E0, b
Dl BAITERERE NN oA TR 72 - 12 6 D BERITIL, W I T TEd A8
MCH -T2 2 L E2ER L TW5D, BHEGED /SR ORI, BTN, NT 2 AHE
INCEFE L RFT bl TW5 2y (Thomas et al., 2002), ABFIEIZIBVT
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WBVT (2 XV e oA CHf b ST 2 &1%, FIREERED M Eo—>DHEIRIC
o TNDHEEZEZ LD,

IBORERND, WBVT (X EBHIBHERE D 272 b T H BRI REIC VT H —
EDNREGD ZENTE, BEEZWESE DI HEL LTHNTHD ZEHREN
oo LU, AMFEOHREISRIZI WBVT BHEOALTH 72 &b, v br— Lt
2T 2/ IEIC DN TUIIRFIN TE 2o 7o, ZHICE LT, 4% 3 572 5
DILELTEH D,

2. WBVT OEEBIF 2T 2 H4E - mlind O T IERRREIC KT8

AW T, R 2 A3 2 BARNDE - w3k 5 8 i (& 3 [A1) © WBVT
TR TR A L& Lo IRBERRIC T T B A et Lz, T ORER, B iRbgREE L
T TUG (P=0.01) X QR JEALESZREE] (P= 0.04) , & IRTEE) CIERBIES) (P=0.01),
OFHE A3 % GDS (P = 0.02) [CBWWTHERZAMEANS b, HilT %R
REDFER, WBVT FHZEBWTORGERMN EBRBO LN, ARG, B OA
KO 2 A9 2 BARNFE « mifnkcrhicBir 5 WBVT O3, FThahnd L
TeHRBEREDUCEICHE R Tl 2 2 &0, RIBIGENOHIN LB O SIS 2 RA T
bAH &R ST,

AMFFETIT P2 b & LIe IR RE 2 3§ 2 7212 8 HA DH KR NT +—~
VAT A NEToTL, TORE, WBVT BECBW TS 230 EifE, M, B0
T ARRN TR EDO A EATFEEOZITICNE 2 2 THE (TUG, REALENZRH)
CHBRAZBEERNRD bz, 2 b ORI, WBVT OEEIBHEGED R Fic
FHH L, IEWTIEHIREEED M LIz 2723572 Z L 2B L T 5, TDOEH E LT,
BHEREDUCEDR RO BT FIE, £ 9 TRVWE LR LT, 5 FERFH 230 FFH

(-1.49vs. -1.02s) , 5m WHFEAHTHHE (-0.08vs. 0.01s) , TUG (-0.73 vs. -0.55
s) , EFENLESTRER] (-0.76 vs. -0.35 s) , functional reach (1.3 vs. 1.0s) (ZFW»
TR RERIFELWEEZ R L (& D 2%) . =618, BEER ) - 3D
—ICBWTHAERZLAFEMTIR N1 b DD, TXTOHEAB BV TRE# O
FRNRPRD BT,
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E5 (2012) 1%, ABFE LRIk~ v 2 AW TEmg (B 194, %tk 28 4,
i 65 ~T5 %) Z AR WBVT (G 3 1[5, 9RH) OMEERIELTZ, TORE,
5 [EIfF 2 H B2 I, TUG, 5 m 8T &K O R BN E L RFFIZ BV T 7.
4~22.4 %D ERR LN EERE LTS, Tk, &FiRE~> &2 fioT
WBVT #t & FREOEEZELI L T b —=0 7 2 To7cay b r— AR (5.7~22.7%)
KV EWEERTH -7, £72, WBVT (A 2 [0, 8fH) DFEEIX, @F &
FHOBTHRE (+14.9%) K OBRTIE (+6.5%) ZM EIEHZ b, SITEEIIO
m EICHRIBRATH D Z LR S TS (Kawanabe et al., 2007) . Bruyere et
al. (2005) (X, EABR—LICAFI LTS EIE Zx%RE LT, WBVT OFEEN
TUG (+33.1%) & U Berg Blance Scale (+29.0%) [ZBW\WTtkES 722 &2
LTW%, ZhodZ Enn, WBVT OFEREITZFTIC FRBEREZ H.0 & Uz S ikiRe
DI EIZETH Y, RFFRIZIBNT S SATHIE & RO A Loz LB 2 b
Do

F7o, BEEEZMNRLE LTIV E OO, van den Tillaar (2006) 1174
T 215 3D 194 (B T4, ik 124) OFE R RFEEEZRE LTI T,
WBVT G# 3 [a], 4 ) OFEEIC X0 FiREDK) 30%m L L7 & 28mE LT
%o ZOBME LT, MENE L Z & THEO EAH-72 6 NSt o m B 6
Au, BAEIRTENNRN 72 2 &R0, BRORTBYZR FE ONGHE (SR (2fF © 55k
OntkE Ta ) 1280 BRI R ED M EAEE SN EABEZOND, 35
i, Mke 722 WBVT O Z 8 U CR AR 2SR5 2 0, 50 B o4k
FERO R DOHALIZ KV ZZ#MED M EA3FF 5472 (van den Tillaar, 2006) &3 2 51
%o LU, ABFE CHREMEFEHmEE & U CRAE L7z JOA © [afdhn) KO {A/N
T4 AT A MO TREKATR] 128 L TUIAERED R L O BRI o1,
ZOEBO—2I%, FATHROKMREZ L L EED 21.5 T, HERREIE O
RT VR TH D b DO DOANIE TP - @ilnE 255 & L, FiCmlin® OFiliElx
[ ELIZKWZ ERNHMBNTWD, BImAZ AT 2 mEimdE %, WL OHRN L Ekia
THEOBDMET L, EENEELZ EnmoN TS (FES,2008) , Z1ub
OELHG, WA %A T 5 PE - @tk 2 5 & U AHFE Craskiikitm Eoghf
DI LIUTL Do 7D h Lty
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Lamet et al. (2012) 1%, mE AR E LIV AT YT 4 v 7 LEa2—IZBWT,
WBVT (2L D AT U AENDEET D EHE L TODED, AU TIIRN AT 2
Z Rt 9~ % BAIR A BINE BRFRRNIZ B W THERSEN TR bR h o 1o, HifF S/ i
ERE LN o e BRO—>2 & LT, WBVT BEOZERTHA O LR 53.0 B

(Mm% 60 & LTENL RIS Ehehote) &, £ < OF D RIZI VR R
T O RHIREDPRS LB LI ERETO6ND, £DI2, KUFFEDORE R
5 WBVT OFEEDPEFRINT  ANG 2 5B OV T T OICHREN TE oo,
72, WBVT (X M/ KO ASY —IZEBNTZIRDR & 5 L s ST\ (Bosco
et al., 1999; Issurin et al., 1994; Issurin et al., 1999; Torvinen et al., 2002)

—J7, KRBT, TR - iU —CIIAEEBERZAEFERITEO 6T, »
TNHABERFHOENRIBD b, 2 DHDOHEBIZHT 5 =R - %D WBVT
HOMREITFRECBEEL R LT, UL, 2 br—BRZB LTI, AT & [FE
B, bLIFLYREWEEZR LT, 2 br—AHOES T 7 7T AONEIT,
O'Reilly et al. (1999) 2LV, FkEFiOMRE OAREZRIRE L THREL-AETY
VYA XTI 5 (HAHM—=27) LIEE-HLTEY, BHRED M LA
DO ERFEEE Sz, LovL, 22 e — A BEHCB W C PR IEm E L b oo,
WS I LT 2 LW O MRS bz, —J7, WBVT BEEMIEH IRV T 7
< EHE(RITET, o LAUGHHAHRE Sz, T O ORRN D WBVT 1L T
B/ RO — D LD AR B, PR OUEEIZ b RIRBE LD WTREMEDR & 5,
EiZ, TOLIRERIT, BWREAT LR LEEZXG L L 8 @i WBVT OJr
M X > TIBHERE L TR /1 » /3T —23 ) B L7z & 9 S51THFZE (Trans et al.,
2009) OHENE L BT D,

WBVT OB X 0 TR KO8T — o EZhR 035 b 2 8l 2 WBVT O
FEEN OB D ELTFTOL DT %, £F, —2OOHBLE L TEILNDDET
7 v b7 4 — L OWHIIRENAEWIE AT D INEEE (acceleration) D TH 5 (Van
etal.,, 2011), A1 hL—=2ZKHIHE N5 T) (force: F) (FEH&E (massim) (Z
INEE (acceleration:a) Z3 L TEFIND (F=ma),

RO ) FL—= 7 TIIEEm 2235 2 & TAM F 28T 5723,
WBVT T, #&#% (Hz) LR (mm) (K-> TIEE a z2{bsE, N F 4%
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FREZ T 5, FlZIE, KHE 70kg DAMBERLZH LIHE, BHEIN D IFTRA

'F = (70 [kgl x 70 [m/s2]) | x 9.81[m/s2] (FEJMNEEEE) | 2LV, L% 1400 N
LB, —F, VW~ o ziE#EK 40 Hz, RIE 4 mm [Z3%E L CIREY X H 7235
I 135 KT 50.0 m/s2 T&H Y (van der Meer et al., 2011), D77 v b7 4 —
I ECIRE 70 kg O AL 2 RFFT 2356, BEIND 3R TF = (70 kgl x
50 [m/s2]) £V 8500 N &72 0, Ankoflz k&< (2.5 kRIS, ZoH0#FR
ELTEZLND DX, BIRMEIREIG & T 0 KRBT IC L 26D Th 5,

VV = v i Lo WBVT O EZ 2803 (RIE S, 2009), HRENZ KV i DIX
ME DS ARBEE RN OHERFIC 2 SND & T AIZH D, AMTE L [FIEED VV ~ 2 & ffi
L7 SEATIIFGEIZ 38N T 58~T4 ik D Lotk A X BT 3 B0 WBVT Z Hil & L/t A%
ol A, bL—=70hn 12 BERICE R R ORI R Sy 2 23k &
F12%m EL7=2 E2HE LTV D (Roelants et al., 2004), F72, VV <~ % H
WTAT 2 72 ENOWFZE T 65 m%~T5 ik D silin 2t & L, 9 M DI AT T,
SRR R T T — R ORI R ML BNEB X Z 9%m EL7ZZ 2 mE LT
% (En, 2012),

B, AWETIE, FEFITEWSMELRL, DOREED—AbHRNo7Z &
e, BREAT D BARNFE - B LECB T WBVT 3R i etts2a LT
BY, POMGEIZL S TZTANOGNRLT NI L—=0 T HETH ST Z ERRE
e,

B6E =i

ARVETIE, WBVT 2s 2 A3 2 AARNTE « Stz 21, EBhasKiE
CHTEBTHRIZONTHRES L7z, £OfR, WBVT 3R 2 A9 % T4E - @ik
PED EBRIBHERE X O F BB REICA B IRE b 6T 2 LAVRBR ST, &6
(Z, RBEEIS  KR O T — Ol LS RRETH D T & bR S, AR THYm 72
L OBHERE & ARD L~V E THETE D fettz A L7, B HEAEFRENE L B
T2 TUG K ORMEENRHIC b AR RUGEDEO b, BEML D A= O HEA
TEEMEDOZATINEITR Y, RITEEINE 2 7o LR SN, S 61T, DRI
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% BIAF720 R b RS S iz,
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BVIE REI-2: ROADEEERNIA-2HZERBFL—=VTOHR

S8 W8

i OA DPRAFIRIE L U CRBRIMEAR 2 & L, £ DEAOH; ) 210 LS55 7]
FL—=U PRSI TW D, i) b L—= 2 73 LT X5 IZ3RIIEHRO XL 5
IRRERI 23 200 RIS, SETRIR L RIRRZR RS b D Z & TIRIAS TR ShTnd,
—HT, B == ZIFEIRPE ST WEIRR D 5, ZheDZ b, §i)
FM—=2 713 OA ZHTHHICK L THRERH L HOD, i OA OEEDHIC
FHEAROFAEY 27 D@ R D RN E X bivd, H WBVT [ZAERHE TS 612
AMEMSETH I N L —=0 7 LRSEOHRPF LD EWES LTS (van
der Meer, 2011), F£7-, B OA OEJEFEIZLY, H I L —=2 T DEREKIZL-T
BONDENRERDL ZERBEINTEY, BETHIIZEDENHLNLT VL
T5HEHH D (Fransen & McConnell, 2008), L L7223 5, WBVT IZBWTIX
I OA O ESEE 2 BB AN MFHE, FFHEOMDIRY BT RbI TR,

Z ZTAMIZETIE, R OA RUMEZ AT 5 HANPE - Gtz 2 @)
il E K OVD PR RE & i OA HIEERICHRAT T2 2 L & Lz,
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B2 A&k

1. ®NRE

Kellgren-Lawrence 7' L — RIZ X 58 OA OIERBIFE T 2 Fig VI-1 /R L7z,
WBVT #f (29 4) Zxt4 & LT, Kellgren-Lawrence (K-L) 4338 (Fig. IV-2) IZ
AL RADN S L Ma K XHEGEHhA21To72L 25, 0 (EH) 17 B

124/ T4211) - T/E6)), 1T# (BEERR OB IME LB BIER A B il D b D) -
28 B (17 4/ Th: 13) - T/ 15)), ITH (O R BBIEMA & D, BRI D
PMEDTTREMEDS & D b D) 15 BAET (444 T4H:2) « T/E:3)), I (H5EEE ok
TR 25 v, BAETABR OB/ MEDFTREMEN 8 5 & D) 5 P (4 44/ T4 1) - T/
4]), WVH (REREBVERH Y, PHEAENEE CHY, BN EE THER
WAL THL D) 3BT (24 h: 2] - [/ 1)) Tholo, UL EORERNL
ARHFZETIL, Ciolacetal. (2011) DSEATHIEZ KIS, B2 LEE (F/L—F0), &
JERE (7 L—N1), HERM (FL—RNI-IV) © 3FICEHI DA77z,
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WBVT group (n=29/58 joints)

I Grade 0 (none): 17 joints |

ey |

L

S —

Grade I (minimal): 5 joints |

Grade IV (severe): 3 joints 1

Normal knee OA group
(17 joints)

Doubtful knee OA
group (28 joints)

Severe knee OA group
(13 joints)

Fig. VII-1. Flow of subjects through trial (Kellgren-Lawrence grade)
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2. AERE

TRONFITHRET-1 LFRKTH D,

(1D EAR M
(2) BHAEE
3 BHEROEHMGS - HiNU—
(4) BBHRET A b (N7 F—< VAT A D)
(5) BRIMAE
(6) EZRBHEEEM BEABEIZL 228) XWBVT # 0 2EE
1) HUM X R (EE=RTo A5 i)
B X B2 HnT@© BoEk, © B Me, OE Faogm, @ B
BEEHT A4 A2 FEALD 4 THH 23l L7=, T HICEES< 1 OA OJRHSE (B

DOEJEEDOZW) & LT, Kellgren and Lawrence (1957) 3428 L 7= Kellgren-
Lawrence 2338 (Fig. VIF2) 1Z LK 23 %217 - 7=,
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Kellgren-Lawrence

Grade 0 Normal
| Doubtful narrowing of joint space and possible osteophytic lipping
Il Definite osteophytes and possible narrowing of joint space
Il Moderate multiple osteophytes, definite narrowing of joint space and some sclerosis
IV Large osteophytes, marked narrowing of joint space, severe sclerosis, and deformity of bone ends

N

k none doubtful minimal moderate severe )

=

Fig. VII-2. The classification of Kellgren-Lawrence system

2) HAREEFG AR 28 M e B i E TR B ) E 25 1B (Japanese Orthopaedic

Association Score: JOA score) "#E

1998 fRIZ H AHETEAMNEL sl OA TR HIE AL EZ B 23 BHFE Lz, TRIRE D
17 9 I OA B DOIETHHERE DI E OFLE A 5§ 2 REETH D, i OA BHF OBIRIC
K DHBAT R OE B F- RRE DR FFEEE, nI e, MR oD BE AL 4 BRI RSG5 2
R - BATRE), W - BEBCABERE, T dhf BE L OBRIE - mEEIRG ), THERR) o
4 FEIRICHOWT, RELSNTREBICR bIDVIERE L ES, &b ARRIREIX 0 A,
b BAFRAEIE 100 S TH D, 1 OA BE OIEREREE 2 BEIRE I ~ DB O X
2> B Rl U7z REET, oo A&~ O RELREIL 2 W MR K 2 BEhEE 1) O e 2 HlE
THZLIFITED, £, EMSIHAIOFITH Y 72035 VAS LITMHEANMELS, &
FHOFRFOWI KRB OWTIIRHMIl A WE#E CTH L (P 5, 2005),

4. fRETEEAT

B RREFREIC BT e FIEILI T BY TH L, MEI O E2RL 3T
Do3#TIE, SPSS 21.0 for Windows # N, $EHAIA B /KX 5% RiICERE L=,

HUHE X BRI 55 < OA OFIEERIOBFNIRIT D, N—Z T A 2 TD 3 FEH
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(KL =0#f, KL=1#, KL>2#) OhLEIIL, —xiES e vz, &
BEOHRRHT - B OWEIE, V4 varz D=y hAy h=—D UREEZ -,
£, SHORELK T D720, HER - ROBLEZFE L, T bx27 T A%
Jve 74 U A (Kruskal- Wallis) @ H #7E % VT L7z,

114



FIG R
1. HEEDORFHE

)G D% % Table VIF1~5 WBVT R & 22 b o — LRED RS &7~ L7T-, WBVT
ML oy b — BB W THERICAE B ZEZNRD b ZHEB X WOMAC @ ZHiEh

& PASE ORIRIEENRHE T o 72,

Table VII-1 Descriptive data of subjects

WBVT
Normal (K-L =0) Doubtful (K-L =1) Severe (K-L 2 2) t
(17 joints) (28 joints) (13 joints) P
Age years 615 = 3.7 60.8 = 6.3 656 + 3.4 0.15
Height cm 1527 £ 7.0 1553 £ 54 1516 + 5.6 0.32
Body weight kg 495 + 1.8 572 + 113 598 + 8.8 0.15
Body mass index kg/m2 218 + 23 241 £ 43 263 + 24 0.09
Affected side Bilateral (%) 3 (50.0%) 8 (50.0%) 4 (57.1%) 0.95

T P value from Student's t-test, ¥ P value from one-way ANOVA
WBVT: whole-body vibration training, K-L: Kellgren-Lawrence grade
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Table VII-2 Descriptive data of knee function and physical performance

WBVT
Normal (K-L = 0) Doubtful (K-L =1)  Severe (K-L 2 2) pi
(17 joints) (28 joints) (13 joints)
Self-reported knee function (JKOM )
Total score (25-100) score 39.8+4.0 395+8.1 50.9 + 19.8 0.10
Degree of pain-visual analogue scale (0-100) mm 27.0 £ 26.4 199 +16.3 34.0 £32.9 0.41
Pain and stiffiness in knees (0-32) score 148+19 13.9+3.6 19.0+8.3 0.09
Condition in daily life (0-40) score 12.7+1.2 133+ 3.0 17171 0.09
General activities (0-20) score 8018 75+23 103+ 35 0.07
Health condition (0-8) score 43+1.0 48+ 1.4 44+21 0.75
Self-reported knee function (WOMAC)
Total score (0-96) score 100+ 5.2 89+71 18.7 + 18.2 0.13
Pain subscale (0-20) score 2712 2620 39+37 0.48
Stiffness subscale (0-8) score 12+13 09+0.9 21+21 0.14
Physical function (0-68) score 6.2+3.9 55+48 12.7+12.8 0.11
Physical performance
5-times sit-to-stand sec. 6.81 +1.38 6.69 + 1.38 7.23+151 0.70
5-m habitual walk sec. 3.92 £ 0.56 3.73£0.46 3.67 £ 0.36 0.60
Timed up and go sec. 5.78 £ 0.69 5.64 + 0.62 6.09 + 0.86 0.38
Standing time from a long sitting position sec. 2.73+0.72 2.59 £ 0.67 3.31+£1.02 0.14
Sit and reach cm 36.9+9.8 345+6.9 36.2+ 8.6 0.78
Functional reach cm 31.0+38 323+45 30671 0.74
One-leg balance with eyes open sec. 50.3 + 16.2 56.3 +8.4 498 +11.7 0.34
4-way choice reaction time ms 1006 * 127 1015 * 109 1080 + 72 0.35
* P value from one-way ANOVA
WBVT: whole-body vibration training, K-L: Kellgren-Lawrence grade
JKOM: Japanese Knee Osteoarthritis Measure, A lower score equals to less symptoms
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index, A lower score equals to less symptoms
Table VII-3 Descriptive data of knee strength and power
WBVT
Normal (K-L =0) Doubtful (K-L =1) Severe (K-L 2 2) 1
(17 joints) (28 joints) (13 joints) P
Trget knee joint n=12 n=21 n=11
Knee strength and power
Isometric extension peak torque Nm/kg 1.25 +0.46 154 +0.61 1.44 +£0.35 0.32
Isokinetic extension peak torque ~ Nm/kg 1.02 +0.48 1.29 +0.47 1.05 +£0.32 0.16
Isokinetic extension average power W/kg 0.55 +0.28 0.73 +£0.30 0.55 +0.18 0.11
Isokinetic flexion peak torque Nm/kg 0.46 +0.20 0.59 +0.25 0.49 +0.22 0.25
Isokinetic flexion average power ~ W/kg 0.31 +0.14 0.40 £0.18 0.33 +£0.16 0.29

* P value from one-way ANOVA
WBVT: whole-body vibration training
K-L: Kellgren-Lawrence grade
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Table VII-4 Descriptive data of physical activity and mental function

WBVT
Normal (K-L =0) Doubtful (K-L =1) Severe (K-L 2 2) pt
(17 joints) (28 joints) (13 joints)
Physical activity (PASE)
Total score score 90.3 + 44.6 85.2 +36.4 78.2 £41.3 0.72
Leisure times score 116 + 84 11.6 +8.2 6.7 £49 0.99
Household score 68.1 + 32.9 66.7 + 28.9 66.8 +31.9 0.99
Occupational score 10.6 + 25.3 6.9 +18.7 4.6 +16.6 0.72
Mental function (GDS)
Total score score 39+1.9 46 +2.8 49 +338 0.65
* P value from one-way ANOVA
WBVT: whole-body vibration training, K-L: Kellgren-Lawrence grade
PASE: Physical Activity Scale for the Elderly
GDS: Geriatric Depression Scale
Table VII-5 Descriptive data of clinical knee functions
WBVT
Normal (K-L =0)  Doubtful (K-L =1) Severe (K-L 2 2) 1
P
(n=6) (n =16) (n=7)
Clinical knee function (JOA)
Total (0-100) score 783+9.3 847+ 8.8 82.9+17.0 0.51
Pain on walking (0-30) score 25.0+45 275+ 3.2 250+7.1 0.36
Pain on ascending or descending (0-25) score 175+ 6.1 18.8+ 3.9 171+ 7.6 0.77
Range of motions (0-35) score 30.3+45 316+4.0 329+39 0.46
Joint effusion (0-10) score 58+2.0 69+3.1 79+39 0.52

* P value from one-way ANOVA

WBVT: whole-body vibration training, K-L: Kellgren-Lawrence grade
JOA: The Japanese Orthopaedic Association score, A higher score equals to less symptoms
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1. EROA DEEERICHT-FREEBE~DZIR

HEERT - RICBT D, FHZE (B OA OHEIEER| D) © WOMAC & T JKOM
Difi Fe % Table VI-6 (/R L7z, ZERT - BOEBMBEZFEATHELIZE 25, KR OA
RUBEHCBWTIZ 7TIHE (P<0.01, P=0.02), BEREICBWTIZ5HE (P<0.01,
P=0.01-0.04), BEFEMICEBWTIT4HA (P=0.01-0.04) IZBWTHERZEIIR
DO, 72k, HERT - RO LEA B TR Lz E 25, WOMAC (ifi /)
(CBWTHEEMHGES (P=0.02), ZHEHILEMEDOMR, K OA L LEFE HIE
FEORICHAEENRO b (P<0.01),
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Table VII-6 Comparisons in measurements variables with a knee function in each group at prior to and after 9 weeks training (Only WBVT group)

All Normal (K-L =0) Doubtful (K-L =1) Severe (K-L 21I)
(n =29, Joint =58) (Joint =17) (Joint =28) (Joint =13)
P-value* Bonferroni®
A (post-pre) A (post-pre) A (post-pre) A (post-pre)
Median  P-value’ Median  P-value? Median  P-value' Median P-value'

Self-reported knee function (JKOM)

Total score 5.0 <0.01 -7.0 <0.01 16.0 <0.01 -6.00 0.04 0.23
Degree of Pain-visual 5.0 0.05 70 0.02 27.2 0.70 -6.00 0.28 0.16
analogue

Painand stiffiness in o0 o 2.0 <0.01 3.0 <0.01 7.2 0.25 -2.00 0.01 0.10
knees

Condition in daily life score -1.0 <0.01 -1.0 <0.01 41 0.01 0.00 0.75 0.06
General activities score -1.0 <0.01 0.0 0.12 2.1 0.01 -1.00 0.02 0.72
Health condition score -5.0 <0.01 -1.0 0.64 2.6 <0.01 0.00 0.76 0.051

Self-reported knee function (WOMAC)

Total score -2.0 <0.01 -4.0 <0.01 0.0 0.08 -2.0 0.05 0.07
Pain subscale score -1.0 0.11 -1.0 <0.01 -0.5 0.73 0.0 0.52 0.02 1>l
Stiffness subscale score 0.0 0.33 0.0 0.19 0.0 0.94 -1.0 0.65 0.32
Physical function score -2.0 <0.01 -2.0 <0.01 -1.0 0.04 -1.0 0.02 0.33

Median: median of pre-post differences

T: P value from Wilcoxon signed-rank test, P < 0.05

*. P value from one-way ANOVA, P < 0.05

$: multiple comprisons were made using Bonferroni hoc test

WBVT: whole-body vibration training

JKOM: Japanese Knee Osteoarthritis Measure, A lower score equals to less symptoms

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index, A lower score equals to less symptoms
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2. R OA DELERERIZHT-ERIRHIBRERE~ DEIR

HERT - BB T D, HZE (B OA OHEJEENOE) OB M TH D
JOA D% Table VIF7 IR L7z, =R - OB EL BN THE LI L 25,
B OA 72 LERICB W TIE 2 HE (P<0.01, P=0.01), BYEREICHB W TCIL 3IHE (P<
0.01, P=0.01) IZBWTHERZPED bz, LrL, BEEFICBOTIAER
REALD D Dol —J, JOA (i - BB ITB W THEZED MR S
 (P<0.01), ZELBHREORE, B OARLILEEHOMICAREENZEDDL
iz (P<0.01),
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Table VII-7 Comparisons in measurements variables with a clinical knee function in each group at prior to and after 9 weeks training

(Only WBVT group)

All Normal (K-L =0) Doubtful (K-L =1) Severe (K-L 2 1)
(n =29, Joint =58) (Joint =17) (Joint =28) (Joint=13)
P -value*
A (post-pre) A (post-pre) A (post-pre) A (post-pre)
Median  P-value' Median  P-value'! Median  P-value' Median P -value'

Clinical knee function (JOA)
Total mm 5.0 <0.01 5.0 <0.01 25 <0.01 10.0 0.13 0.42
Pain on walking score 0.0 <0.01 0.0 0.46 0.0 <0.01 0.0 0.11 0.68
Painonascendingor . 0.0 <0.01 5.0 <001 0.0 0.16 0.0 0.76 <001
descending
Range of motions score 0.0 0.02 0.0 0.18 0.0 0.01 0.0 0.56 0.14
Joint effusion score -5.0 0.051 0.0 0.16 0.0 0.48 0.0 0.13 0.32

Median: median of pre-post differences

t: P value from Wilcoxon signed-rank test, P < 0.05

*. P value from one-way ANOVA, P < 0.05

§: multiple comprisons were made using Bonferroni hoc test
WBVT: whole-body vibration training

JOA: The Japanese Orthopaedic Association score, A higher score equals to less symptoms
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3. BROADEEER=HTF-INTH+—TVATRADOTR

HEERT - RICRIT D, BEZ L (B OA OFJELENOLEE) DT —< 2 AT X |k
DOifi Fe 4 Table VI-8 (/R L7z, ZERT - RO MBEZFEANTHE LI E 25, R OA
RUBECRBWTIZ 4HE (P<0.01, P=0.02), BIEREICBWTIZ5HE (P<0.01,
P=0.01-0.02), BEIEFEICBWTIT4HE (P<0.01, P=0.02) IZAERELDTE
bivlc, 723, BERT - HOBELHM TR LIZE 25, AEEITROD LR
-7 (P=0.10-0.77),
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Table VII-8 Comparisons in measurements variables with a physical performance in each group at prior to and after 9 weeks training

(Only WBVT group)
All Normal (K-L =0) Doubtful (K-L =1) Severe (K-L 2 1I)
(n =29, Joint =58) (Joint=17) (Joint =28) (Joint =13)
P -value*
A (post-pre) A (post-pre) A (post-pre) A (post-pre)
Median P -value' Median P -value' Median P -value' Median P -value'
Physical performance
5-times sit-to-stand sec. -1.22 <0.01 -0.83 <0.01 -1.35 <0.01 -2.16 <0.01 0.15
5-m habitual walk sec. -0.20 0.05 -0.20 0.12 -0.31 0.70 0.15 0.28 0.16
Timed up and go sec. -0.72 <0.01 -0.64 <0.01 -0.76 <0.01 -0.44 <0.01 0.77
Standing time from a long sitting -0.47 <001 -0.65 <0.01 -0.50 <001 -0.22 0.22 0.10
position
Sitand reach cm -1.0 <0.01 0.0 0.12 21 0.01 -1.0 0.02 0.72
Functional reach cm 0.1 0.05 2.0 0.10 0.0 0.73 1.00 0.06 0.29
One-leg balance with eyes open sec. 0.0 0.26 0.0 0.46 0.0 0.50 -10.2 0.17 0.14
4-way choice reaction time ms -37.25 0.11 -65.25 0.02 -22.00 0.02 -58.00 0.02 0.12

Median: median of pre-post differences

T P value from Wilcoxon signed-rank test, P < 0.05
*. P value from one-way ANOVA, P < 0.05
WBVT: whole-body vibration training
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4. BROA DEERERIZHT-EREAEEE N - H/NT—~DHR

HEERT - RICBIT D, BEZE (B OA OFEIEERID ) DR - iU —
OfER % Table I-9 T8 L7z, #ERT - OB{LEAFNTHRLIZEZ A, B
OA 72 LEEIZB W I 5 HH (P<0.01, P=0.03), BIEREICBWTIZ 4 THH (P<0.01,
P=0.01), BEEFICBWTT4EHE (P<0.01, P=0.01-0.02) ([ZH B2
LTz, 7ok, BERT - BOBLEEA R TR LIZE 25, ABETRD LN
-7 (P=0.08-0.63).
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Table VII-9 Comparisons in measurements variables with a knee sorength and power in each group at prior to and after 9 weeks training

(Only WBVT group)
All Normal (K-L =0) Doubtful (K-L =1) Severe (K-L 2 1I)
(n =29, Joint =58) (Joint=17) (Joint =28) (Joint=13)
P -value*
A (post-pre) A (post-pre) A (post-pre) A (post-pre)
Median P-value’  Median P-value’  Median P-value’ Median P -value'
Knee strength and power

Isometric extension peak torque Nm/kg 0.22 <0.01 0.25 <0.01 0.39 <0.01 0.09 0.02 0.08
Isokinetic extension peak torque Nm/kg 0.06 0.04 0.11 0.03 0.05 0.34 -0.02 0.75 0.39
Isokinetic extension average power Wi/kg 0.10 <0.01 0.14 <0.01 0.11 0.01 0.07 <0.01 0.11
Isokinetic flexion peak torque Nm/kg 0.09 <0.01 0.12 <0.01 0.08 <0.01 0.07 0.01 0.63
Isokinetic flexion average power Wikg 0.08 <0.01 0.10 <0.01 0.08 <0.01 0.07 0.01 0.48

Median: median of pre-post differences

T: P value from Wilcoxon signed-rank test, P < 0.05

*: P value from one-way ANOVA, P < 0.05

WBVT: whole-body vibration training
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5. BROA DEEERCA-SHFHERVLEBE~DHER

HEERT - RICRIT D, BEZ L (B OA OFJEL IO LLER) DS ATEE) & & OV P
~OFEF % Table VI-10 (2~ Lic, BERT - BOE{LEEAFHATHIR L& 25,
i OA 72 LEFICHB W CIEA AIEEI & T 1 HE (P = 0.02), BIERIZHS O CILHIRTE
gE s LEEZENEN 1THEET S (P<0.01, P=0.01), EEFICBW TS ATEE)
R2IHHE, OHE 1HEAOR 3HEE (P<0.01, P=0.01) IZARREARD BN
oo 7236, FENT - BOBMEEFHITHIE LI L 25, AEEITERO bR o7

(P=0.09-0.54),
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Table VII-10 Comparisons in measurements variables with a physical activity and mental state in each group at prior to and after 9 weeks

training (Only WBVT group)

(n =29, Joint =58)

Normal (K-L =0)
(Joint=17)

Doubtful (K-L =1)
(Joint =28)

Severe (K-L 2 1I)
(Joint=13)

P -value*
A (post-pre) A (post-pre) A (post-pre) A (post-pre)
Median ~ P-value’ Median  P-value' Median  P-value' Median P-value'
Physical activity (PASE)
Total score 4.64 <0.01 6.54 0.02 4.57 <0.01 7.50 <0.01 0.54
Leisure times score 0.00 0.96 0.00 0.86 0.00 0.30 0.00 0.07 0.09
Household score 0.00 1.00 0.00 0.16 0.00 0.22 0.11 0.32 0.11
Occupational score 3.93 0.18 3.93 0.62 2.04 0.98 3.93 0.01 0.16
Mental state (GDS)
Total score -1.00 <0.01 -1.00 0.05 -1.00 0.01 -1.00 <0.01 0.32

Median: median of pre-post differences

T: P value from Wilcoxon signed-rank test, P < 0.05
*. P value from one-way ANOVA, P < 0.05

WBVT: whole-body vibration training

PASE: Physical Activity Scale for the Elderly

GDS: Geriatric Depression Scale
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Fath BEE

ABFFEIXEH O BDIR Y ¥ T WBVT O FEENR % OA O ESEERNRE LTz
WRTHD, BEOA DT L— RBEEIZ/2D & FUPRIEN BB L TWDH, KO-
TIEFIRIEL Y, RAAFRECOIRRERLL TEBY, R 5G6 b el
FEZ2 BRI OARBEIZERE D & 13 S T& 72\ (Patel et al., 2010), L7=23->7C, HEHIE
BEICHE LI RARIEEZ R T 2 ENEE L 2> TL D,

o [E [E] 37 E R X 1B AT M A% % (National Institute for Health and Clinical

Excellence: NICE) OFH A RI A TIIHH Mv—=v27%Mzx7z hb—=71F
i, RABE, ERICE O T ARSI E OEHRIE L L THIRMTH L Z &N
REFATWS (National Institute for Health and Clinical Excellence, 2009), % @
72, AW WBVT, XOBHE N —=2 713 RE2 AT 2F 2X58 L LiziEH)
WIEL LCHELETEO—SThb EWR 5, £, B ORI O 1D
KTFRFRERDO—>L LTHLINLTWADZ ED (Slemenda et al., 1997), /1 L
— = VIR OBRESCE IR B D & WE ST D (Iwamoto et al., 2005)
AT HHRNT —~< VAR T ) - {37 =12k LT, B OA O EJGEEEIZES
"2 <, 1A HERICH DB R Z -T2,
LITWR, TR, BNU —I3E R LEICB W TORAERNA LR SO BT
Z G, EIERER VIXER e LEEO  NEBEIEO SR A ZITOTN I ST 52
Thb, TOLIRFERLR-T-H 9 —oO0HHE L LT, BEEK MLy ORlET
REMITTEE, BORAZL Y NOREN A+ ThH ool b B E TE R, E
B2, Se4TAFZ2 (Hansen et al., 2001) (238N Ti, ZTEMEREBIEIAE (WOMAC pain score
OHRAE =10) 1TEFEHE LD &, FERVEBERT ) 35% K MEZ /R L2 2 L3k
HINTND,

EB R ORBIBEMIEIC DWW TIIER 7 L — RICL DA EEITA LD L)
olc, £, BOWACEALTE, HEMII N L —=0 7 00RBH-TH, bbb
LI TRD > T2 T2 I H DD ZJE CIZ < Do 7o D h L7z,

E 5T, AFFROFERNLER LW 2 S IDEREEE T, AWFZE TIN5 2O
IR L CEIEROMEEDN & b < (Cohen’s d=0.52), BHEREDELEIC X 5 QoL
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NUES L, IODEBERTLELSEZZLbND,

B OA OEJEAR], FHBEICBW TAHELIRDGLNTZEHB TR OA 7o LEEN
16 THH, B OA BJEREAY 20 THH, B OA HIEREIZ 16 THH Tdh - 72 (Appendix E),
BRHERE DM EIZ DWW TIE, BIERE L VR OA 22 LEES L < IFRYEREIC W CTHER M
BRI B IV DS B ARKERE S O /7 - /N U — 1At OB & He~MERFEER 2 20 R 035 &
Nz, ZORENS WBVT OEEITE OANEIETH->TH M b—=U TR
bND T &R STz,

EoE EH

AWFZETIE, B OA ROWRAZHT 5 HAANPIE - Bl B 2 BB ae
KOV EERERE 2l OA FUEE RN Lz, T OFER, B OA OFIEEIZ b b
W 2T 5 AR - IR L, WBVT (3EEh 2R O BRI 25 70 ) 5
MHlbT IR RgESnT, £oT, EEOM OA DEHFITH, BICAEETH /)
MLm= ZBWHETH Y, EBRIE R LB H DR RSE DN, 55
(2, TREREOMERE, M OIS X0 B LIEESERE TP ~D7 7'e—F )3
AREL 22D 2 EMEZBND.,
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FWNME FEI3: 2BEBINL——20 b RBEZET28HBEDER
EICRFTEE

B1H HE

B OA OFIERIN & LT, Inln, ZME, MBS, BEOIEEINE, AFERENmLIT
V5, Messier et al. (2004) 1285 & OA 2B T D &EkmE 25t & L7298 T, 18
# A OWBE (AR A%, 5 %L E) 1280 BHERECH RRE A M B L7 & #
HINTWD, —FHT, SlE OWBEL, BHEOKTICER Y B HERAEDR A ER
F LT AR LWME SN TS (Janssen et al.,, 2002; Yerges-Armstrong et al.,
2014), BHFRIEZ A LB OFIIC L 2 CRIZFRFEROFH L TN & g
LT 12~20%@\ & #i ST 4 (Autier et al., 2000), & 512, HHIEREZ A L
723 O P FAFTE & I EE LT 2= 0 THFIaTO SRR I B T & 5 B
1L 37D 11Tl vt T s (Magaziner et al., 1990), K-> T, HHEED
MR OA Z BT oM ICHETH L EEX DD,

IAE, WBVT 2EEELM Ed LIRS E 5 L #E LTS, Rubin et al.
(2004) (2L 2 &, PARMIO LA %5 & L IoBF9E CHEHESSRIRE -5 98D O 1
IR THDH Z L am I, SHIZ, EI-2 THRINTZLOICHE OA ©
HEOESGHE DBREEORIENENT L RIHN N —=2 T OB ELN
22 e Ba, PORRENTEH SN, ToDZ b, BWREeAT 2 i
(Zxt U WBVT OREITEE DR 22 6ET, 2otk s L<Idm k352 &3
AETHL EEZBND,

T, KBTI, BWAEAT 5 HARNERE I LT WBVT OFERDE#
(C 52 DR E R LT,
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B2 A&k

1. ®NRE

BRZA3 5 BARNERME 255 L Lic WBVT OF %2 B K580 2 v
THFT2I2HD, BERY T A XORIES Y 21772, The Cochrane
collaboration (Fransen and McConnell, 2008) DSEATHFSEIZEE D X, a= 0.05, Power

(1-8 =0.80, effect size=0.50 & L, #V XL DH5HAERDFHEILRE r=0.70

(5,2012) EGELTZMRE NG EAT 1o & 2A, RFFRICHLE Y TP A
RZar bu— A eEw 344 LieoTe, £io, XMREFOBEEI TG REEICHE
REAEHE L, KRR ITHROE OO HIIFAICEEL, @E 1 5 HUNICH
BH L<ITMmBITmAZE DN H o T-mims (66~86 mk) Zxige L, &Ei
IZX D% EIToT-, FLIARRHT- 110 LD O 5, HEOSMGEM (EMND
EE AL SN TR, B R EOMBEZNLEL L, R E TORME
FEPHERTETWD, FATAS - WESICSMARTH D) ITHEE LIZED 97
HThole, 096, EFEE LNy T U N EaEZ 40 A5z L V3
L7, T0%, EELMHICEY WBVT BEL = ha— A BHIC T 207 1 b
A= VERE LT ATV a— A RNEbRWZ L Tay ha— LN 34D”F v
B biroliod, WBVTBE204, 2> hua— Bt 1T A CT LHIEEIT-72, L
ML, BEOBPa ha— B END 2403 Ny 77Ty hEn, K% WBVT
BE20 4, 2> b — LR 156 43R A MUIEIZSIN LTz, RREDOZEN HIRIE,
WESETETOZ7u—F ¥ — ML Fig. VIIZRs L7,

723, WBVT BT aH IREES O BB O S LR OZEMOMR DD, 1 H=E
HI-VKI 10 B DOHELY 2% (A T 2104, B2 I 2:104) B L, £7-,
2 b VRIS HER AR OV 8 BB R 2 il L, EERFIEEZHR L,

AWPIEIE, FUERAERTRIEMEE R R OAR LB THEM L (K 26-24 7).
TRTORREIL, AEHBNEZHES L THEARRIREZHE S 2N &, 7 — 2 1 IF7ELL
SMITEH L2 &, 7T AN =% ki 5 2 LIZHOWTEL NHETHHAZ R
2R, KANBAIZLDREEZGZ, ok, MIEKETH, 2 he—AREZB LT

131



XMNRE 15 4RI LT, WBVT BELFEMO T v 7T Ladefk LTz,
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Responding to advertisement in a local paper:
n=110

Excluded by criteria:n = 13
° e pacemaker Contraindication to WBVT
* Have acute disease } (n=1)
+ Have severe diabetes
Have rheumatic disease
Need a help to walk (n =3)
Patient undergoing active treatment of knee pain (n = 2)
Engaging in regular resistance training

2 or more days per week (n = 5)
+ Unable to attend the study orientation

or class regularly (n = 2)

Eligible for criteria:

n=97
v
Drawing lots of participants:
n =40
!
Randomized to 2 groups
v ¥
Randomizes to receive Randomizes to receive
WBVT group Control group
n=20 n=20
"L Windrew n =3 |
Y A 4
Completed the pre-test: Completed the pre-test:
n =20 n=17
KL=T !IKL=@ i KL>m | KL=1 {IKL=T || KL>T !
in=7:in=0 :in=13: in=7 :in= iin=7:
| Withdrew:n=2 |
‘P: « Increase in severity of knee :
' pain |
' + Stopped by his doctor E
Completed the post-test: Completed the post-test:
n=20 n=15

WBVT: whole-body vibration training
KL: Kellgren-Lawrence Grading Scale

Fig. VIII. Flow of subjects through trial
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2. AERE

TEONBITIREL-1, 2 LREEETH D,

(D) EAREYE GRETL 2 LRKTHD)

2) BEBE

1) Biff X #

X #aHWTO Flogak, © BSRERIIME, OE NE O, @ B
TIA A LD 4 THE ZFHI LT, T4 5 IS < OA ORI (O H
SEE DO72Wr) & LT, Kellgren and Lawrence (1957) 23421 L 7= Kellgren- Lawrence
¥ (Fig. VIF2) (Z X 25 &1T -7,

2) “HIRLX—x v 7 AFRIHEIERE (Dual-energy X-ray Absorption: DXA)
DXA (2 CREHE, REEESEES 2 38l L 7=, Z OHIEETITE & (g) 2 BALEFE (cm?2)
THISTETHREL, 1ecm2 4720 OF & (g/em?), WbOWHEHEEICTRELIND,

3. WBVT HDHEAE (MAHRERUHEDAHECE)

WBVT B2 b NZ b — LB EOW TG, FERHIFEIE 20 #H (CFRk 26 4 7
H14B~12H 1H) & Lz, WBVT O 711 /' F LT HeliER), Al hL—=17,
VI 7—varviEgol-as nliora s T N, i 2[0, 20 HEIZHZ 0 il
7~ GREEI-1 & [ARE), MENT, ~NAZ YL Y, TR L ANE, RE, s
7 E OB ROEIRNIZEHNDOA MLy F 2 7210 3BT i/ hL—=2 71,
AUy b, BHTEIEIL, 7rr b7 oV EORBRINEET Ok 2 i L, 0
T, H—=T LA XM, 7V » TR EZDEMOR; DML ZHAE DT e s
T L% 20 AT o7, VT 7 — 3 VIEKERMERR, ~NAANY T, JHRED
WAL A FHNZ 16 T o Tc, AA 7Y A X THLHAI N Lv—=271%, Afif

EIRZNZED D KO R BT 570 Y, ML —= 0 T OME 2 i S, HEiE
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HEEINN O ) FL—=270%, Wb A% 30 Hz, #EIE 2.5 mm (Low), 30 s/
Ty MIREL, Ty MUIA N L YyFUI N 1Y N, A NL—=0 71X 21

v h& L7,

Vo 7¥—a 3EWE 40 Hz, &8 2.5 mm (Low), 60s /&> k

EL, 1ty Miot, 28, fiH L —= 7130 b BEEiO# X 2 kb7
RMERFINARIC X 265 3R LT,

Table VIII-1. The programs of the whole-body vibration training

Exercise Position Frequenc Number of
Week category Exercise (Fig. 2) ?Hz) ¥ s/set set (s)
+ Hamstring stretch w1 30 30 1 (each leg)
- Calf stretch W2 30 30 1 (each leg)
Warm-up + Side stretch W3 30 30 1 (each side)
(6 exercises) . quadriceps stretch w4 30 30 1 (each leg)
* Back relaxer W5 30 30 1
+ Hip stretch us 30 30 1 (each side)
- Squat R1 30 30 1 (1st week)
— 2 (2nd week)
1—4 Resistance
training * Calves R2 30 30 1—2
(4 exercises) ~ * Sit-up R3 30 30 1—2
* Up and down R4 30 30 1 (each leg)
— 2
+ Calf massage C1 40 60 1
Cool-down * Hamstring massage C2 40 60 1
(3 exercises) + Quadriceps massage C3 40 60 1
- Back massage c4 40 60 1
Warm-up (The same 6 exercises as the 1st and 2nd week.)
"""""""""""" (The same 4 exercises as the 5rd week)
=+« Pelvic bridge R5 30 30 1 (5rd week)
Nesstance 206200 week
5—20 training (The same 5 exercises as the 5rd week.)
(Sexercises) . font lunge R6 30 30 1 (each leg)
(5th week)

— 2 (6-20th week)

Cool-down

(The same 4 exercises as the 1st and 4th week.)

The vibration amplitudes of all exercise programs were set to low (2.5 mm).



4. TR

R—=RAT A TO 2 FEOLEIIE, GO\ t REEIT/2 -7, 20 B DOHE
Al « BICB T 2B MEM O LLEIIX, FfE (FLr T X bvs. RAFT A L) &7
7775 (WBVT B vs. 22> hr—/VfE) ORFELZRFT L7720, “HRSEIT

(—HEER OB D V) 21T/ oTc, AREBRAERPRBD bNIGE, BEZ &Ik
[l OB R OREEZ T o7, Fo, BERT - #ICB T 5205 & (Cohen’s d)
ELT, LT ARDLARANT A NOEZEB L, 2 EOREZHEE LI EHEFZET
B U 7= B oA il 2 fE Z & 125 L7= (Cohen et al., 1992), d & 5LHEX
0.2-0.49: /hSVy, 0.50-0.79: HREAEE, 0.8 LI E: R&EW& Lz,

HU X MRS IS < OA OFIEERIOMRFHIBIT 5, &REOHER] - B
WX, vanarsyrowy kA h=—0O UREETHW, £z, EHOME
T D728, HER - OB EEZENL, TNH6E27 T AT - Tx U R

(Kruskal- Wallis) ® H # & % HNTH#E L 72 E 10T 28R < X TOaHr 1%
SPSS 22.0 for Windows & fV>, #EatHIATE/KUEIL 5% AR I ZFE L7,
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Table VIII-2 Descriptive data of subjects

WBVT Control
Control WBVT t
(n = 15) (n = 20) P K-L=1 K-L22 s KL=1 K-L22 s
(n=6) (n = 14) P (h=7) (n=8) P
Age years 717 +56 70.7 + 3.4 0.15 722 +35 70.6 +5.3 0.53 69.3 +0.7 74.4 +0.8 0.17
Height cm 156.8 + 9.9 156.9 + 9.4 0.58 160.8 + 8.3 154.7 +9.7 0.16 160.5 + 11.3 1545 +7.9 0.29
Body weight kg 59.3 +11.6 60.4 +10.4 0.99 59.3 +11.8 59.7 +9.8 0.94 61.5 +12.8 60.1 +11.9 0.85
Body mass index kg/m? 239 =27 24.4 +38 0.27 228 +3.4 25.2 £ 3.6 0.18 23.7 £25 250 £24 0.35
Bone function (bone mineral density)

Left hip glcm2 0.923 +0.203  0.848 * 0.206 0.58 0.827 +0.191 0.853 + 0.210 0.79 0.904 + 0.145 0.972 +0.272 0.60
Left hip T score® -0.147 +1583 -0.761 * 1.630 0.54 -0.933 +1.562 -0.714 + 1.652 0.80 -0.317 + 1.146 0.100 + 2.120 0.68
Left hip Z score 1.667 +1.355  0.989 + 1.338 0.70 0.667 + 1.157 1.157 +1.135 0.45 1.200 + 0.942 2114 +1.741 0.28
Lumbar spine (L1-L4) g/lcm2 1.128 +0.280  1.077 + 0.260 0.58 1.012 + 0.298 1.090 + 0.236 0.55 1.113 +0.322 1.124 +0.279 0.95
Lumbar spine (L1-L4) T score® -0.021 +2.193 -0.441 +2.006 0.55 -1.100 +2.309  -0.262 + 1.784 0.40 -0.028 + 2.497 0.286 +2.138 0.67
Lumbar spine (L1-L4) Z score 1.920 +2.076  1.460 + 1.818 0.37 0.650 + 2.070 1.769 + 1.527 0.20 1.450 + 2.404 2.129 +1.943 0.58

T P value from Student's t-test, * P value from one way ANOVA

WBVT: whole-body vibration training, K-L: Kellgren and Lawrence grade

§ T=10(X-X/S)+50
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2. WBVT N EEEICKRITTHR

HERT - RICBIT S, T L (WBVTREE = ha—/LBE) OB
ft % Table VIF3~5 2R L=, A BB AERANED G HBIZ o7 (P
= 0.24-0.88), F£72, WTNOHAIZBWTHHERKRO TR LRO LN
2otz (P=0.41-0.76)

E 51T, B OA OFESEER], WBVT MNEEEICKIETHEBEZ RN LIz

NOBEBIZBWTHAEREPRBD beh o7 (WBVT B P=0.21-1.00,

2 ke —/LEE P=0.61-1.00),
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Table VIII-3 Bone mineral density measurements by groups at prior to and after 20 weeks training

WBVT (nh = 20) Control (n = 15) Interaction Main effect
Week Mean sD Effect size Mean sD Effect size (TlmPeX(lz-roup) POf tlrlne
Cohen's d Cohen's d “value “value
Bone bone mineral density

. 0 0.859 %= 0.206 0.948 = 0.207

Left hip g/lcm2 -0.02 -0.01 0.77 0.41
20 0.855 = 0.215 0.946 = 0.207
5 0 -0.671 + 1.632 0.062 = 0.595

Left hip T score -0.02 0.00 0.62 0.62
20 -0.700 + 1.697 0.062 * 1.609
. 0 1.076 + 1.324 1.831 + 1.372

Left hip Z score -0.01 -0.01 0.88 0.70
20 1.059 + 1.370 1.823 + 1.392
. 0 1.077 = 0.260 1.141 + 0.287

Lumbar spine (L1-L4) g/lcm2 -0.03 0.26 0.24 0.33
20 1.070 + 0.269 1.215 + 0.336
0 -0.441 + 2.005 0.069 *= 2.255

i L4)¢ T score -0.03 0.00 0.44 0.44
Lumbar spine (L1-L4) 20 -0500 + 2.088 0069 + 2.232
. 0 1460 + 1.818 1.990 + 2.143

Lumbar spine (L1-L4) Z score -0.01 0.00 0.76 0.76
20 1441 + 1.899 1.992 + 2114

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large

T: simple main effect of time group, P < 0.05
WBVT: whole-body vibration training
* T=10(X-X/S)+50
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Table VII-4 Comparisons in measurements variables with a bone mineral density
in each group at prior to and after 20 weeks (WBVT)

Doubtful (K-L =1) Severe (K-L 2 1I)
(n=6) (Joint =14)
P -value*
A (post-pre) A (post-pre)
Median  P-value’ Median P -value'
Bone mineral density

Left hip glcm2 -0.008 0.29 0.003 0.35 0.54
Left hip® T score -0.050 0.32 0.000 0.54 0.10
Left hip Z score -0.100 0.23 0.000 0.47 0.51
Lumbar spine (L1-L4) g/lcm2 -0.006 0.92 0.007 0.13 0.21
Lumbar spine (L1-L4)3 T score -0.100 0.90 0.200 0.10 0.40
Lumbar spine (L1-L4) Z score -0.100 0.33 0.050 0.20 1.00

Median: median of pre-post differences

T: P value from Wilcoxon sugned-rank test, P < 0.05
*: P value from sutdent's t-test, P < 0.05

WBVT: whole-body vibration training

§ T=10(X-X/S)+50

Table VIII-5 Comparisons in measurements variables with a bone mineral density
in each group at prior to and after 20 weeks (Control)

Doubtful (K-L =1) Severe (K-L 21I)
(Joint=7) (Joint =8)
P -value*
A (post-pre) A (post-pre)
Median P-value’  Median P-value'
Bone mineral density
Left hip g/lcm2 0.006 0.66 0.014 0.72 0.61
Left hip§ T score 0.000 1.00 0.000 0.79 0.73
Left hip Z score 0.050 1.00 0.000 1.00 0.88
Lumbar spine (L1-L4) g/lcm2 -0.002 1.00 0.013 0.79 1.00
Lumbar spine (|_1-|_4)§ T score 0.000 0.66 0.100 0.79 0.71
Lumbar spine (L1-L4) Z score 0.000 0.66 0.100 0.79 0.73

Median: median of pre-post differences
T P value from Wilcoxon sgined-rank test, P < 0.05
*. P value from one-way ANOVA, P < 0.05

WBVT: whole-body vibration training
§ T=10(X-X/S)+50
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Fath BEE

FRREIL-3 O RE 1T, WFFEET-1, 2 OHFFEIRA TH > o6t BH OS2 ik L
TRBETHY, ZZWXXANEOERPH L EBZZONDL, ZIET, BRD LIX
B OA AT D@l E 2 gL L, BEEZFE LTEDIZE A LIEarR— M
KThd, L, BRaaTommEaxtgs L, BBECHT 2SR hL—
= 7 ONRYEDKREEIIAMITED WD T T L R Y,

AHFZETIE, ZEERT - %128V T WBVT OZDEMGER O OA O EAEFER] WBVT
DR ERGE LT, TOREE, WTHOHBIZBWTHOHEERZE(ITRD HiLieho
oo AWFTERE CHBRMENEG LN 2B L LTUTO 3 SAnETFb5Nn5,

FPT1ARIE, AABEORBEN —SORATHET LN, HHEICET 2% %
BT DBIIA < &b 1 FREOKMIZR 06 LIL 6 » AT 7249t L
TH, @HBETITo72E 25 (Bolam et al., 2015) NAMFZEL BipbmTHbH, £
7=, ARWIE LR L)L TIT > 72898 T, Songetal., (2014) (2L 5D &, 55~65 D
AR « @Sl B 2R e LA VA, U —F 7 R ONKIE%Z 3REC T T T-o 72 (A
2[E0/12 % H)o FHIIEIAABRLGE2S 0 v H (LT AR), 6 5 A% (G 1 k),
8 » A% CGE2WHM), 125 At (KA KT AN) ITo7z, TOME, BHEEIC
LT 6 v HETITAEREMNRBDONRNSTEN 8 w AL AEIC ELEZ
ENHER SNz, ZOATIIZE A S E LT 8 » AU O ABIK TS 5 — MR
HLILENRDA D,

2 B EIE, ARFEREO SR EILT LT X MO BBENEVHRENL ol 2
EThHo, I OA VEETHLIEIIREREFELVGVWEEELAT LML H D
(Hannan et al.,, 1993), ZD#H & LT, B OA OFERDOH, BIHIHCE 239V i
XTVRADIZTEREZMALL D ETHHBT, SHITHEEBEENEZLINOTHD,
Hannan et al. (1993) (2 X % & &lnd CEEFE 71 mk) %58 & LEREOR OA (7
L— R I-D) BEERE OA 72 LEEZ MR L7-R5 R, 1 OA BEOBEHEEN 5~9% @\ 2
EPRE SN TWD, £z, HEEAFIET, B OA DOFIE Y X 7 ITEHEE & FRVFABA
oY, WIZF 7 L — R TOR OA OEATIZE R L WV D 5 Z & s ST
W5, Zhangetal. (2000) (ZX 2 84EM D ar— MIZEIC LV REERO LM (E)
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s T1 k) ZXRRE LR TEBE LR OA L DFAY 27 i LT, T Ok
R, BEENEOIZER OA %4V 27 23m E (OR: 2.0~2.5) 75 L WRBEIH
Tco £72, AL L—FOBOAZHTHELRRE L, B OA OEITHEEZFHAE L
FERTIHXEBEEMUMNZE Y 27 3M E (OR: 0.1~0.3) T2 &nmBahi, L
L, BEERESWNERIE OA ORAEY R 7B A B = X A%, F 17 AMICEER X
T\ (Zivkovic et al., 2010), RFERBBEEDOELET D L, WEIEEMEE, &
N, o0 AMGHEF R EZHET 20E G H 5, WITHHEENMELS 2D LB
DY R BEL R, SOIHFHRIEOREY A7 RENZ ERHRESNTWNDL Z &
Mo, BEEOBYILHERNEE CHL B2 bND, Lo T, BWIREAT 2 mEkE
IZX LT, ERTHLIBEEAMRTOIENEETHLEBERZDLND,

MBI, BEEZN LI A O ENE X BN D, A EIOFHMN CIIMEHE & K
BREENER Ch o772, BRodEZ B E L7 WBVT O 7' 1 77 LD K TIEE)
EBNECITL ol b L, L L, Bima A 2 Elnd 2 x4 L Lz WBVT
DOWFFE & U T % L ORI 2 FREE L 72T EE DR DRV MO T LD Z &b,
LSHEDICWBVT N ET 5 ECTOERERAERNCR D EEZ 6N,

EoE Eh

AFFERRETIL, 2FIRE N L —=2 VPV EEEIC KT TR R ho 7o, ZORE
Ko, MAHMEO WBVT OBELZBEEL, b9 - EHRFNNILETHDL EE
ZHND, FHCEEEONEERRTT 572 DIIERE 2 L I/ A O ENEE T
HHEBEADLND, £, AHIERHE DKL OFE L OBIED RIFEROREHE 728 12k
NFEFRBEOEEZA L T ENLBREDEEEZMF T THL o TH D &
Ex LD,

Lo, BRETHERLEL I ICW LS ODDRANRA LN, 5% OBEEZ LT
DEIITE LD,

O WBVT O AR OBEE OB MLETH S, it 8 » ALL LD T A
WIS LIXLVREL LT 20ERSDH EEZEZBND,
© AENTEEEDLBHEWSINE DN LN o772, BEESCERE (B 0A) DB
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REZ I DICHEL, TORA =X LOPPANARE L 72D X 5 7200 FEhE 73 2
BLThHDHLEBEZBND,

@ TRz L LIEFHIALETH 5, SRIOFFRICHC b TEEEHNE
B | INEHES KIRE-FAL D I L FHI 2 R 2R s o T2 728D, A% OifE s LT
TS A2 L E LIEFHASLETH D LB X b,
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EXE BEIBENMAI—H—ILBLBEBFL—=25%
BDAH=XLIZEET BH&E

FIE W8

AKFNCIRIT D 45 3kl Ea xR & Lo Eddm OMREIZ T 5 2 — MiFgE G5H,

2009) ([Z& % & OA, EHEOA, OP D5 L 1 DU EOKEZA L THWLHEOEIE
(T 84.1%, LM T79.3%TH D, TD D HLHEE « Gl MEDK) T0%IZ RIS D28
ERnH LI, 618, ZOYHUEFIBREAAL TSI EHEINLTVD
(Yoshimura et al., 2009), & OA OIREE L L THRIEIEONIRSCBEFETES, @
HIEWR 72 & LW o T A T EIN S ILVANE, a0 H 5 HIEE TRIAS A& Db
NTEY, FICEHSRLTWSOR WBVT Th b,

INETHL ODOHIZET WBVT DO FEEDIE OA OIFHERESIR A7 £ 2 A RIS
WETDHZERHEIN TS (Segal et al.,, 2010), WBVT (3 OA 2 H 4 5%
AN RE/ROND Z LB ER SN, RTFIRRELE LTH O TWD, L
L, WBVT 23 OA IZKIZTREBED A H = X LZET DHRITEE ALY 6
20, BIROIRR L LTk A RBERDZERE STV DA, 1Th, B OA IXBIHiHK
FoMEK, BOEK, BEEORED 3 >NEEFRKTHY, Zhbicky, BRo
HESPCHEEDOIK TSR SN Z NI BIL TS (Cordeiro et
al., 2015), ¥T4F, FRHCHIEICERZ H TR HA SRS L)k oT,

Mawad (2015) (ZZAFR—LDFBMEEEE 40 4 (60~707%) ZX5RL L, 3
bl 12 [ WBVT 232 L7z, £OR5E, WBVT BELR O = b e—)LiE (FgsR
) OWTHNOREICE W TS RIERS Z 7~ FREED Interleukin-6 (IL-6),
C-reactive protein (CRP), tumor necrosis factor alpha (TNF-a) 2 ElZdkE
L7=2S, WBVT BEOSEEN LV FHE CTH-7- (WBVT #: P>0.01; =22 hr—
JVRE P=0.02-0.05), — /7 C, tiEN A b 7o &3 5458 (Carlos et al., 2013)
LMEINTWDERE, 50L A —HLERMBIH/LN TR, Fo, KRt
FSCICERIT D ZNE TOMETIE, WBVT IZX VI OA 2 F 7 53 OiEE)ZKEEN

WETLHZLEEZPALNITLTELEDR, ZOEFIIIHOEE TH o7,
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VIEDZ Ene, ABFFERETIZ WBVT EEICHE O EEzR P RESE D A ) = X 4
D=z ONE T L0, MPRIENA A~ —H—ITEREZ ST, TOHEEHR
ALz & LT,

AMFZEERE O B r9ix, BEEE ICBhE T 531 A~ —F— & LT Collagen Type
II Cleavage, Procollagen type Il A N-terminal peptide, I1-6, High-C-reactive
Protein Z 2V EiF, WBVT RERIZHE S BILEZ SN T H5Z L TH D,

146



B2 A&k

1. XRE

FPREE T -3 DOXI5E & R T, ZENOIRE, AT T £ TDO 7 e —F ¥ — ML Fig.
V-1 (110 ~—) \R LTz, R ZA T 2 mind 2 x5 & L7z WBVT OFMHIZH
WT R 2 HOTHRET T 2I2H 70, BERY T A XORMEL D %
fT- 72, The Cochrane collaboration (Fransen and McConnell, 2008) D JE{THFFE
IZH3&, a=0.05, Power (1-8) =0.80, effectsize=0.50 &L, #ViELDODH
HREB ORI r=0.70 (GL5, 2012) L{E LI-BREN D277 2 5,
KRG ME R o TNY A R Far ha— 2B 344 L iroTe, Fo, R
FH OSEEIT ST GRS SE L F 2 sk U, AR < IEH RO OO TRTARIC
EEL, @E 1 » AUWNICHES LIIMBICRAZ K C San H o 7o &ett (65
~86 %) ZXREL, WAL HZMET o, HLARRSH -2 1104 D5 b,
BREOSMGM (B SEE RS TORY, R 772 EOffish A2 %5
EL7R, SN FE TORBFEEDPHAR TE TWD, FRfmAE - HESIZSINATEET
HD) IZHE LTEEN T4 Tholz, D956, FREE LNy T Ty Nl %
FA A0 A nEIC I VR L, ZTORBEESIHIZLY WBVT LU= b
—WBRZC 2RO T 0 ha— LV ERE LI, ATV a— A RGbnl tTarn
—IVEEND 34ANRF v Nl oTolo, WBVTEE204, =2 b — L RE 1T 4
T VHEZIT o7, L L, BEOBRPay be— B END 248 ey 770 b
SN, EEIC WBVT BE20 4, 22> ha—/LEE 15 48R A MBS LT,

723, WBVT BT aH IREES O BB O S LR L EMOMR DD, 1 H=E
HIZVFI10 L DOEEE 28R (AU T X104, B7 7 A:104) B L=, 7,
2 b — VBRI BERR AR & O 8 I B ISR A B L, RE T IEE FoR LT, 723,
ABFFRIL I R AT R BEE B 2 ORR A2 TEME L=, TXTOMREITIL,
B2 S L COARIREH S 02 &, T —Z I FELSMTII A Lan 2 &,
TIANRN =% kT D2 LIZONTXFEL AHTHAZE IR, KABLAIZLD
FEZEEZS, 7ok, K THE, 2 br— AR Lo 8E 156 A2BICk L
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T, WBVT B L FIRO T v 7T LRt L7,
2. AERE

(1) EAWNEE GREN-3 LFEETHD)

(2) RIENA A~ —T1—

Bk, OME (FEBRMATD LU21EHE (BEKTH) ICFEmEL, EEORET
BT SO £ COMITAT o 72, WEREICEHIMO 2 ARTE 0 LVESIPEX 5 &
SR L, 12 FRFILA oA ANIREE T IE P BRIk S8 L, Mg sy B RE £ <
-80C IZTHRAF L7c, IMiKIE, @H OREZEEE ©I1E2Z, Collagned Type I
Cleavage (C2C; yfi#~—7—), Procollagen type Il A N-terminal peptide (P Il ANP;
A~ —%5—), Interluekin-6 (IL-6; % k¥4 ), High-C-reactive Protein
(H-CRP; EMF) 2JE L, WEITIIRBAEMBITERT K O, A~ =T —H A =
ZNAKIE L T2, BHJTIEIZELISA ¥ (R&D £ USA) THIE L7z,

3. WBVT HDHEAE (MAHREUHEDAHECE)

WBVT B b Nz ay e —ABEonshd, SEmiifFiE 20 AR (CFk 26 4 7
H14H~12H 1H) £ L, WBVT O 125 NI HE(EES), i) hL—=17,

Vo7t —varvzagdl-45 o ra 7o s, B, 20 AEIZH7Z 0 At L
776
4. FREHERMT

NR—2AF7 4 TO 2BEOLEIZIE, XSD7e tfEZIT/e -7, 20 BE O

il « RICB T 2B REEOHRIIIE, REE (LT A hvs. RART A L) &7
n 775 (WBVT vs. 222 bn—/b) OREERRT L5720, “ERBSH (—

TR OBIESH V) 2T oT-, AERLAERANA LD BN GE, B LI
DEMERNROBEEAT IR > T2, £z, HERT - B 5%RE (Cohen’s d) &
LT, VT ARMNPBRA T A MOEZELT, 2 EORELE LIARERA TR
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L 7= fE D % 8 = & 1ZH H L7z (Cohen et al., 1992), d O ERHEX, 0.2-0.49:
/INEVY, 0.50-0.79: HFRREE, 0.8 LR R&EWE LT,

HLA X SRR IZ 5D < OA OFSEEROMFHIIB T 5, FHEOHER - %Ok
X, vanarz oy kA y h=—0 UREEZHW, £, SHEOBER
T 570, BER - HOEB{LEEZRMNL, ThboE2 27 720N - xR

(Kruskal- Wallis) ® H #E % TG U7z, E S0 &2 BR < T X TOHHTIE,
SPSS 22.0 for Windows Z V>, #ERTHA EKAEIL 5% A (2 5E L7z,

149



R3E  B/R

1. HREDOFHE

XIREH DR % Table X-1 1Z/xL7-, WBVT HEE 2 b — L EEIC R WD TRERIC
BEENBDON-HH T 20> 72,
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Table IX-1 Descriptive data of subjects

WBVT Control
Control WBVT +
(n = 15) (n = 19) P K-L=1 K-L22 . KL=1 KL22 .
(n=6) (n = 14) P (n=7 (n=8) P
Age years 717 +56 70.7 +3.4 0.15 722 +35 70.0 +3.3 0.20 68.8 + 1.8 733 £ 6.7 0.07
Height cm 156.8 * 9.9 156.9 + 9.4 0.58 160.8 + 8.3 154.9 +10.0 0.23 158.7 + 11.7 154.7 + 8.7 0.54
Body weight kg 59.3 + 11.6 60.4 *10.4 0.99 59.3 +11.8 60.4 *10.1 0.84 55.8 *12.4 60.3 *13.1 0.57
Body mass index kg/m? 239 27 244 +38 0.27 228 +34 252 +£39 0.21 22.0 +29 249 +26 0.11
Inflammatory Biomarkers

Collagned Type I cleavage ng/ml 184.92 +31.23  196.79 + 24.98 0.25 207.00 +23.65 192.08 * 25.03 0.24 194.00 +40.02  179.50 + 26.69 0.49
Procollagen type I A N-terminal peptide ng/ml 2157 + 558 2275 + 440 0.41 2314 + 650 2258 + 335 0.81 2060 + 544 2083 + 509 0.94
Interluekin-6 pg/ml 154 + 142 1.16 +1.10 0.41 1.01 +0.30 111 +0.24 0.57 0.76 + 0.40 1.70 +1.41 0.19
High-C-reactive Protein mg/dl 0.058 + 0.358 0.721 + 0.085 0.60 -1.100 +2.309  -0.082 * 1.836 0.63 0.044 * 0.018 0.070 + 0.046 0.26

T P value from Student's t-test, ¥ P value from one way ANOVA
WBVT: whole-body vibration training, K-L: Kellgren and Lawrence grade
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2. WBVT AARFE/NA AT —H—ICRIFTHER

HERT - #IZBIT D, L (WBVT HEE 2 ha— ) ORIENA A~ —T
DfEH % Table X2~4 |27 LTz, AEARZAERDGRO bNZHE X272 (P
=0.09-0.76), £7=, WTHOHEHBIZBWTHHARELRFHO IR LRD o
7= (P=0.08-0.93).
S 512, B OA OEJEER], WBVT BRIENA A~ — 0 —IZRIETHEEHRT L
TR, 2 br— A BECRB W T, -6 A RICEA L2 Z & 235380 btz (P=0.04,
0.046) ,
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Table IX-2 Inflammatory Biomarkers measurements by groups at prior to and after 20 weeks training

WBVT (n = 20) Control (n = 15) Interaction Main effect
Week Mean SD Effect size Mean SD Effect size (Tlrr:ae x ?rOUp) POf t'Te
Cohen's d Cohen's d -value “value
Inflammatory Biomarkers
Collagned Type I cleavage ng/ml 0 196.79 '+ 24.98 0.27 184.92 + 31.23 0.32 0.76 0.24
20 203.05 + 22.14 193.75 + 23.79
. . 0 2276 = 440 2157 + 558
Procollagen type I A N-terminal peptide ng/ml 20 2302 + 718 0.04 2399 + 704 0.38 0.58 0.56
Interluekin-6 pg/ml 0 119 £ 112 0.08 154 £ 142 0.56 0.09 0.08
20 1.26 + 0.56 3.13 + 3.78
High-C-reactive Protein mg/di 0 0.075 + 0.090 0.32 0.060 + 0.037 0.49 0.15 0.93
20 0.053 + 0.032 0.084 + 0.059

Cohen's d: 0.20~0.49 = small, 0.50~0.79 = medium, 0.8 < large

T: simple main effect of time group, P < 0.05
WBVT: whole-body vibration training
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Table IX-3 Comparisons in measurements variables with a inflammatory biomarkers in each
group at prior to and after 20 weeks (WBVT)

Doubtful (K-L =1) Severe (K-L 21I)
(n=6) (Joint =14)
P -value*
A (post-pre) A (post-pre)
Median P -value’ Median P -value’
Inflammatory Biomarkers

Collagned Type I cleavage ng/ml 13.00 0.60 -17.00 0.13 0.40
Procollagen type II A N-terminal peptide ng/ml -93 0.92 143 0.92 0.87
Interluekin-6 pg/ml -0.22 0.25 -0.15 0.43 0.76
High-C-reactive Protein mg/dl -0.002 0.47 0.010 0.56 0.32

Median: median of pre-post differences

T: P value from Wilcoxon sgined-rank Test, P < 0.05
*. P value from sutdent's t-test, P < 0.05

WBVT: whole-body vibration training

Table IX-4 Comparisons in measurements variables with a inflammatory biomarkers in each
group at prior to and after 20 weeks (control)

Doubtful (K-L =1) Severe (K-L 21I)
n=7) (Joint=8)
P -value*
A (post-pre) A (post-pre)
Median P -value' Median P -value'
Inflammatory Biomarkers
Collagned Type I cleavage ng/ml -10.00 0.69 -22.50 0.60 0.44
Procollagen type II A N-terminal peptide ng/ml 185 0.50 -678.000 0.17 0.26
Interluekin-6 pg/ml -0.60 0.04 -0.690 0.046 0.13
High-C-reactive Protein mg/dl -0.034 0.10 0.008 0.89 0.27

Median: median of pre-post differences

- P value from Wllcoxon sgined-rank Test, P < 0.05
*. P value from sutdent's t-test, P < 0.05
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Fath BEE

AR CIIER A2 A9 2 mlng 258 e L, WBVT EES B ORIE & BE)
HOHNA T — I —IZRFETEELFE L, ZTOME, 2> br—ARIZBNT,
B OA FIEE R, 11-6 A EITEAL L= Z L 3380 bz, I OA IZBIffHkE & #ks

BOPHIZ L » THEITT HHEAET, KIEBEDORRKE L TH LTV A(Simao et
al., 2012), OARSI TiZ, B OA OIRAFHNRIRIES LTI FL—= 7 %S
TWDR, BREDHH ) FL—=U ZIC K 2B RO ED A7 @< 25 2 L bliE
I TW5 (Nicklas et al., 2008; Starkie et al., 2003), & 512, &g (64 Ll E)
gl LI2WIZE I, 10 7 A M OAERREE) 217 5 AR EB & O R ) —
7 YA AR TENZE CRP, IL-6, IL-18, TNF-a ®HEH Z#H# Lz, £ Ok
R, AWFEHEEOA CRP, IL-6, IL-18 A EICH#EL, TNF-o (I CTH RIS
gEE LA INTND

—J5, MER EOEREROCERBEOH 2 b —=0 7 HiEE LT
WBVT OAMEA#HE ST 5, Mawad (2015) OAFFRICE D &, H4E - &l

(60~70 %) Z x5 L LCH 3 [\, 12 @D WBVT %17 - 725 &, IL-6, CRP, tumor
necrosis factor alpha {22\ C WBVT #f (P > 0.01) XO=a > hua—fE (P =
0.02-0.04) OWFHNORECBWTHAEEICKFELZ, £7-, Simaoetal. (2012) T
KV, BOAZHTHHE - miE x4 L L, 3 [E, 12, WBVT OEEKIC
KV, RIEANA A ~—H— (INF-o) DEEICEE L, AL TIE, WBVT 0%
EiX 11-6 X O'H-CRP ICB W THEBEREEIAON N7 b O, [ L3 #E=ER
& RER 72 2 AR L= (11-6: 1.19—1.26; H-CRP: 0.070—0.053), —7J7, 21> hra—
NELABEZEITIRED LN T2 b OOHEER LV EVENE Lz (11-6: 1.54—
3.13; H-CRP: 0.060—0.083), L7 L, H OA EIEERIRGT LR T, 2> e
—NAEEOWTNORE (B OA BIERE K OCHIERE) (2B T, 11-6 OIEHNAEICE

(BRJERE: 0.76—1.53; HEIERE 1.71-4.36) L7z Z L3R Sz, K> C, WBVT
(T OA DEIEEIZ D b TR, 2O hL—=0 7 ORBEEND
LEZBND,

Pennix et al. (2004) 2k % &, B OA 2459 5 H4E - Eifin# 13 11-6 XU CRP
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DIERENERWVEE, FOABEETH Y, HEEIELIR T T2 EWMEIN TN D,
—C, WBVT [ZBEfICABHN W) (RIEAA A~—DT—DIKT), i) - i
T =R B L, o R R D MR I TWD 2 EBRETIFE DI RH T
W% (Simao et al., 2012; Mawad, 2015), LA EDZ LD, ARBFZEOBREDOH, B
PERER OV ) » i XU — =2 he— i (AEEEE) LV kEL—2nHH
LT, RIEAA A ~—H—IZH % 11-6 KUH-CRP ORI N ER &b Z & L F X
D

EBOE Eh

AT TIL, BHIRE) b L — = VT DEEIRIE AN A~ — I — I R T EIC
DOWTHRES L7z, ZOfER, ZERT - ROMICHERZITRED bRinol,
L2, B OA BHIERBIURES L7oR R, I1-6 DA IZRE W Tay e — L ERFEID
B L Z R STz, ULEDREENS, WBVT [IRIEANA A4~ — T —DHEAk
2D 2L ML == TR L R, O EMEBHMERTE 5/ L —
=T ThDHEERZBND,
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AWFZETIE, B MR O OA L BE N D 5 Edhendie nEA B & L7 WBVT
T 7T LAERFEL, EOT a7 A EERGHEREIC T T ROV TH L NTT
AZEZEMICB I b, KRETIL, FNODOMAAEFE LD, iTEE2E 277
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B APREATHAREDOLE—FHAROHAKLE -
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H—Io, BANERG L LB O SN LEHEREIC RSB L I OA OEENE
N IEBN AR IC RIT T EEZHA O MNIC Lz, ZORBIRFEEICLVEED L 13g
OA ZH 7 % H1E - Gl OEB)ERHEEE &K OVLBERE O M LD 7= 08772 /) b L —
=V T OMENMEEARE L, 12, B OA OEIEERIC WBVT OF 30 % MGE L
722k, BT, EBIRREHEO 278 & T RBIAYIC TN U 72 RS RE K OVB B B~ D %)
REBRet Lz &, B, BEfRIENSA A ~—T—I12 L0 WBVT 2B ORIAEIC
EDXIREBEEZ DN ERFLIZZETH D,

A EFRCTIEE T, IR OA BN LAEREICEEL 5 2, FrlZiE OA OEIE(KIC
X0 HIRBERE N OWERS /)« XU —DIRT, Wb 5 EEIEHEEEDIR TR L 726 N5
ZEBHBMME RS, TORBICHESNT, KBRS TR AA T D TE - 5
g et L LB eskiEtE 0720 0 WBVT ~ o v 2 L7285 LV S 7 o
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FOVLERBSRE OSBRI BRI RN S D Z LB B E otz AT T, B
H L <13 OA DR - BB 2558 E LT, B - 37—, hoEERkEE
DHFERT SN TER Y, KELFRSCONIIE TR TEBUNIRRERE, 72> LEEREICE T
HPH 2 I TR B Z 2oy, WBVT [ XEBIZERE O 270 & 35 L ESAE & CUrse
BEHLlbTZENHLMNE T,
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A RAT D EAHBEE DK TIC L - C, R HMET L, ZHUTE- T
DOOFEBRMED Y 27 N@m< 2D 2 ENMBN TS (Altman et al., 1986; Rejeski et
al., 2001; Colbert et al., 2013), AMFIFRIZISVTIE, ZHERT - % O LERBERE~ DA
T WBVT Ffix GDS (EFEHIM S SR, Za 7 BNMRWIZERA) Aa7 METFL,
AEICODBEBEENSGE LR, a2y be— L X GDS 2 a7 BEinL, AEICLH
PREM AL L7, WBVT FEE & DFSEE & OB 2t LI B T RIIZ E A E R
W=D LD, ARFZEOMEREIT WBVT 28 @ O DHEEIC RIT T 2% M
LI EERERNCRD EEZBND,

S BT, RIEEFRILOFTEOR & LT OA OEIEEHIMFT 21T 272 Z L 3281
HiLD. ZAVE TIZHE OA OEFEEMNCH /1 b L—=2 7 OFEMEZ ET L2
WL OPHESNTNDED, ZOHIIZWVWEIEFS A2, FFichl—=v27L1LT
WBVT ZiEM L7eiies LTiE, REEGRIXBDTTH D, EITHEICE D L
NRL—=U 7%, BRH LI OA ZATLHEICE s TERVWIIRR bbb T2 &
DE SN TW5 (Zhang et al., 2008), — ' C, Pateletal. (2010) (2L %5 &,
OA OFEJEERNCAH ) N L—=2 7% FE UTofER, EEFICS O TRIFCED O
MERFRE UTHEENREAE L2 L2RELTWD, REFETIE, B OA DEE
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WEHEEICEEL 52 20T 2EEEN LAY 72 B2 0 A TIE e
(Von et al., 2011; Gomez et al., 2014), L2>L, BIREAT & x5 & L5t
IR SN O T LD b, SHOYESBFONIEOIREIC & > THERE
BEERI L 72D Z LIS NS,

F72, AWFZETIE WBVT OFEED BRI T T HB GG Lz, BmolRA
ELTRIENH BN TWD Z Lanh, BEIRIES WBVT OBEEZTHET 2 Z &1
BROLDHZ L EEZOLND, HIKEBORIMITBESIEICRATH D 2 L AR
X3 TUW 5 (Kasapis et al., 2005; Petersen et al., 2006; Jung et al., 2008), L2 L,
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) b L—= 703 I0-6 BiEa i (BMk) S¥25 & bHE ST (Nicklas et
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APPENDIX C
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APPENDIX D

Change in physical performance measurement in WBVT group (based on WOMAC score)

Group with impoved

Group with no changed or declined

n=17 n=12

pt

Pre-test Post-test Pre-test Post-test

(post-pre) (post-pre)
Mean SD Mean SD Mean SD Mean SD
Physical performance

5-times sit-to-stand sec. 7.13 + 1.37 564 + 124 <0.01 -1.49 6.44 + 1.35 542 + 145 0.02 -1.02 0.28
5-m habitual walk sec. 3.76 + 0.44 3.68 + 0.48 0.49 -0.08 3.45 + 0.48 3.46 + 0.65 0.04 0.01 0.19
Timed up and go sec. 5.98 + 0.67 525 + 071 <o0.01 -0.73 5.42 + 0.63 487 +054 <0.01 -0.55 0.52
Standing time from a long sitting position sec. 2.94 +0.85 2.18 + 060 <0.01 -0.76 259 +0.72 224 + 057 <0.01 -0.35 0.09
Sitand reach cm 36.6 = 6.6 46.1 + 8.7 <0.01 9.5 338 91 434 + 106 <0.01 9.6 0.93
Functional reach cm 304 £ 4.0 317 +44 0.20 1.3 333 £ 6.0 343 + 47 0.42 1.0 0.92
One-leg balance with eyes open sec. 53.6 = 125 48.2 + 188 0.15 5.4 53.3 +£9.3 545 + 14.2 0.79 1.2 0.26
4-way choice reaction time ms 1051 + 102 1017 + 108 0.04 -34 997 * 107 958 =+ 101 <0.01 -39 0.79

1 P value from paired T -test, £ P value from Student's T -test.

WBVT: whole-body vibration training.

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index, A lower score equals to less symptoms.
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APPENDIX E

Appendix E. A examination of the effects of WBVT on the degree of knee pain (Only WBVT group)

Normal (K-L =0)

Doubtful (K-L =1

Severe (K-L 21I)

(n=6) (n =16) (n=7)
A (post-pre) A (post-pre) A (post-pre)
P-value cohen'sd P-value cohen'sd P -valuet cohen's d
Self-reported knee function (JKOM)
Total © 1.91 © 0.57 © 0.14
Degree of Pain-visual analogue X 0.63 X 0.15 X 0.02
Pain and stiffiness in knees © 1.89 © 0.38 © 0.22
Condition in daily life © 151 © 0.06 X 0.02
General activities X 0.65 © 0.05 © 0.33
Health condition X 0.97 X 0.02 X 0.00
Self-reported knee function (WOMAC)
Total X 1.12 X 0.23 X 0.15
Pain subscale © 1.11 © 0.16 X 0.04
Stiffness subscale X 0.50 © 0.14 © 0.20
Physical function X 0.98 X 0.30 X 0.19
Clinical knee function (JOA)
Total X 1.85 X 0.99 x -0.13
Pain on walking X 1.12 X 0.60 X 0.30
Pain on ascending or descending X 1.09 x 0.89 X 0.00
Range of motions © 1.12 © 0.63 X 0.02
Joint effusion X 2.27 © 0.30 X 0.10
Physical performance
5-times sit-to-stand © 0.60 © 0.91 © 0.32
5-m habitual walk x 0.07 X 0.65 X 0.11
Timed up and go © 1.06 © -0.44 © 0.65
VE;Z?S:;Q time from a long sitting ® 113 ® 081 % 050
Sit and reach X 1.15 © 1.26 © 1.20
Functional reach X 0.61 x 0.14 x 0.20
One-leg balance with eyes open X -0.20 X -0.21 X -0.36
4-way choice reaction time © 0.33 © 0.52 © 0.51
Knee strength and power
Isometric extension peak torque © 0.91 © 0.63 © 0.21
Isokinetic extension peak torque © 0.62 X 0.08 X 0.07
Isokinetic extension average power © 0.94 © 0.30 © 0.42
Isokinetic flexion peak torque © 1.13 © 0.52 © 0.43
Isokinetic flexion peak torque © 1.18 © 0.63 © 0.48
Physical activity (PASE)
Total © 0.05 © 0.04 © 0.73
Leisure times x 0.76 x 0.60 X 1.02
Household X 0.07 x 0.22 X 0.31
Occupational X 0.03 X 0.13 © 0.39
Mental state (GDS)
Total X 0.32 © 0.22 © 0.18

©: P value, X: no P value
K-L: Kellgren and Lawrence grade
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APPENDIX F

Warm-up
W2. Calf stretch W3. Side stretch
e
;anzcn
® .
Resistance
training
R1. Squat R2. Calves R3. Sit-up R4. Up and down R5. Pelvic bridge R6. Frontlunge
MUSCIeS . Upper Arms, Shoulders, Femoral muscles, Femoral muscles, Glutes,
Femoral mucles Calves Abdominals " | | Glut d Back ponlit
Targeted ‘emoral mucles utes and Bacl opliteus
Cool-down

C1. Calf massage

C2. Hamstring massage

C3. Quadriceps massage

C4. Back massage

Whole-body vibration training position of each exercise
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APPENDIX G
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X R E DR

& Bt Tt
mAHYE BWAGLE B"AHYE WAHLELE wAHUE HAHGLE
(n = 24) (n=134) P.value’ (n=11) (n=79) P.value’ (n=13) (n = 55) P-value’
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Fin = 78.1+55 754 £ 45 0.18 785 +58 75.8 £+4.8 0.19 77.7 £5.5 746 + 3.8 0.07
= cm 155.5 + 111 157.2 £ 8.5 0.36 165.0 £ 7.4 162.8 £ 5.7 0.40 147.5 £ 6.0 1492 + 45 0.36
*HE kg 579+ 117 56.6 £+ 9.0 0.48 66.9 + 9.7 612 +81 0.09 502 +26 50.0+55 0.91
Body mass index kg/m?| 245%25 231 +26 0.11 249 £ 2.3 23.8+28 0.30 23.0+26 225+25 0.47
mRICEAHEETHES n(%)| 10 (41.7%) - - 5 (45.5%) - - 5 (38.5%) - -
SD: standard deviation
* P value from student's t-test, P < 0.05
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— n —% b
2rEl BREdROoNIEND OIS
(— = LY o —o
19

209




(Sec.) Cohen’s d = 0.46 "P<0.05

D}D

120 — BB D DB DEENRSHEEEDMED D12,

10.0

8.0

B REHDEE
0 BRmis UEE

6.0

4.0

2.0

0.0

S5O/BFUH5 EHDE™E 5 ma®B L5 TisA Timed up and go 20
210



Rl —200%8E

:FEZ24 26£E 11’_0,135 |%$Emum It_cl: ‘O %%

= ™ o S — L _____________________
qj"ﬁ'*ﬁg%?;%g%%m l gz 20 BUARAS, ASOEBRESNITH, |
e | bR FRRIC £ DRI, N—2 X~ —{BF, = |
| 468  wamasIs, BERRES BUNSTIEMN |
[—2 _ )
_ 241 BN 53 26 ETAN D12
o DR TH24F1 BN 538 FR26ETR 127
BZE(C BT BBOAD BRRASENHED BRSNS EHED
SIEENESNEEAEEIC ST H29% SHE52LZ
RIIITE
CRI9EH: 621 + 558 || (THEEH 712 + 558)

HERWBRIDN—AS 1 VAT —5

#*K-L: Kellgren & Lawrence grade |

BROAT: LB BROAEE B BROAZEE ¥
(¥K-L=0, 68&) (¥K-L=1, 348) (XK-L211, 418)

211



® =i\ 04—V YT 2 (4TEB)

P8 _ —
D5EBFIBLND, @5 mBE S5, srer | -1 CAtx
@ Timed up and go, @EEEH BIIHE/

® fh 0« BH/\ND —

) EZRME (Odeg/s) — wmARILD
PR

@it (60 deg/s) ¢ WARILT
RS (

I —
mA~ILD

B — %Rt (60des/s) < i oo

22

212



X & EDEFE

213

Py BROAZ LB BROAhEEEE BROAEEH
(n=81) (K-L=0) (KL=1 (KL<l o
(n=6) (n=34) (n=41) =
value
Mean SD Mean SD Mean SD Mean SD
F i =4 67.8+6.6 620144 66.3+6.6 70.0+6.1
B cm 1558+8.2 1536 +82 1571 7.3 155.1+8.8
kg 585+11.1 495 +17 572+114 60.8+11.0
|Body mass index | kg/m2 241134 2151286 26.3+37 253129
15 : 66 1:5 6:28 8:33
RS : 9 a
iERIEE (5 %) n (%) (18.5%) : (81.5%) (17.5%) : (82.5%) (27.3%) : (72.7%) (16.7%) : (83.3%) 0.97
ERICEAEETHEIE| 0 (%) 31(38.3%) 4 (79.4%) 11(18.2%) 16 (46.7%) 0.28°
SD: standard deviation
* P value from one way ANOVA, P <0.05
# p value from one way chi-square test, P < 0.05
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EREHIR 2451 83~3A4

%ﬂ IJIJ ='1J v 2_).@

AEAE T ET AR —3-

=—80BZ D=

o C ERBA=AESN0, JE ) NERES SR, N— _
Bﬂi\gi\% 88% B/R: RB=ARZ00, BEICHhEIHE=S NN EEH, N—A X

WBVTEE
327

R 28
OV TR 18

PreflfE: 29& 'S0

H%?%% J PostBIE
\ D9Z NS
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N—ER, RMEEREFITD, BERRKRRE BUBSTHER

Y +kO-—)UEE
(BBToBEEEE)
154

I R 6%

PreIfE. 98NS

| ~.__  FBic&n. |

PostAIxE =
TBNEN
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WBVTIZfERLI=< >

POWER PLATE Pro5 (power PLATE International, London, UK)

IRE) . 25-50 Hz, RIS : 2-4 mmOEEEN CIHEETOAL

30
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308, 8BRS  x®=. iR 30Hz I8 2-4 (Low) mm
« D=/ PPwvwT:30s/1 set

c BHRL—22:30s/2 sets

« D= I)UFDY :60s/1 set

KBRS, ABRIUSRAR,

Ty | ABREUSRES S 5EFE B
-
(15 min)
C1. Calf massage C2. Hamstring massage C3. Quadriceps massage @ sackmessage | |7
WBVTE:C@RDIN—I VT CRDEBEIITT X 31
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+ ERBVST

]

EBIH LU B BRI EE DRI

1) Western Ontario and MacMaster University Osteoarthritis Index
2) Japanese Knee Osteoarthritis Measure
3) Japan Orthopaedic Associations score

® \WOMACY 2T —)u

° gﬁﬂ?ﬁﬂﬁ%ﬁﬁﬁ@f@%&%%ﬂf”ﬁ@gilzﬁm?]g (Bellamy etal., 1988)
® JKOM?2 RT =)l

« BRADERMERRIENMECHSIE LI

BESERquality of life (QolL) RE

(5555, 2006)
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EHNB SV EFHAIREEEDTTE

52 &0 8Y S{h
® SSHUXHER
« Kellgren and Lawrence) %8 C 39 et s Lowrncs, 1081
o0 OABARZEROABLBEEHIFEEES (JOAXTI)
v #20% - SITEE v BIRTIE)IE }Eﬁﬂﬁl:ot?o%%%

v BiE - [BERFEREE v fERR (MBBEESD)
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1 Bl Ex
—_—— _j__j_]-'

%
‘—| II
=
=

SEEDD
® 5570  Bn/\J—
EFRMY (Odeg/s) —mARILD
B <

xRt (60 deg/s) < ?17’—;/'\\%/7

i) — St ©0des/s) < pln”

@ SIXN\ND73—VIRAT A (8I5H)
X, NS VBN, BITENISED NEEDFHhZEPMhE UICIBB
. %{Ki%@]% (PASE) >< % Physical activity forthe elderly
RERGENCN A, KENEE), (T SEEETEZS I
BELEEDMEHEEEE

34
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I—11x880D%%E

arvhO—) L
(n=9) P value
SD Mean SD
FHh years 621 = 55 609 * 46 0.68
BE cm 153.9 £ 5.9 154.2 + 4.3 0.14
K& kg 56.2 + 10.0 54.8 + 6.8 0.37
Body mass index kg/m? 242 = 3.8 235 = 2.9 0.15

SD: standard deviation.
WBVT. whole-body vibration training.

35
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IR I —1 ) BRI R YEML - EHRBEREE~ D3R
TR BEMALIMRE (JKOM score)

= .

CHOIFVDEE, BEEBFT\DOEEERZEICKDFTHD

X REDMENEEHED'RIYF (O~10053 T5Hi)

(%)
40 -

30 -

20 A

10 -

ITT (intention_to treat analysis) f&#T

e WBVTEE (29%8)

sese 2V FO—/)LEE (O9%B)

E"_EEB’J SERIERED SE LI

RHEH B XER) P=0.04

=(0.66, Cohen’ s d=-0.06

.‘j.@l , Cohen’ sd=040

e /)

A=) HER %
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IR I —11F S EICEDRIEESNDHR
BAEANRFERBOABBEREHTERE (JOAscore)

— EEIICKD (576 RERSEE DB, BROBEE ] OBRSHTH
X REABNFEHBEN'REF (O~100 THHD)

58 (29%) BEEIDP “REHD” 144850

3
(

(=) _
100 - P<0.01, Cohen’ sd=1061
L)

90 - I

o |

EFVSFHIICE D <BREEN NS Ui
-0 Il B
H=Ea) HER a7
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FREL—118ENITF—IDR~DHR

L

3

Timed up and go
- WERBBENTET 2 T, ADLOQOLOFARFELTER |,
5 MR EMEEN BT ITT (intention to treat analysis) f&#7T

(s) BENEE DD O £ LIS — WBVTE (292)

seme 2 FO—/LEF (O9%)

6.5 -

6.0 LZXHEREFXEFE) P=0.01
5.5 P=0.66, Cohen” sd=0.16
0:0 P<ODP1. Cohen' s d=1.00
i5 | RS : K
4.0
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— Kellgren anc

WBVTE:

~~ %
B U BES EEE
17B9E1  28BIEN 1 3BIEN

[ERrE ;~2/m/%%%ﬁﬁ
BB DEEEICKDEED(T

L awrence %8

(Kellgren and Lawrence, 1957)

208 (583N

(Emmauel et al., 2011)
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FE%@EEZJE@EHE AD) Eﬁjﬁﬂ\_lzﬂ'ﬁkﬁﬂ kﬂl/\'jjsf\@)),jgjgaﬂg‘, 33-4)&5/@&,

=

%Ell\iﬂﬁﬂzﬁjﬁlii@/ \O'j _O)gﬁmjj 3 ITT (intention to treat analysis) &1

\ BOA: UEE (1 7EEM
BOAZEEER: (13E3EM

(W/kg) P<0.01, Cohen’s d=0.40
0.9 - CIE=RINY
s /< 0.01, Cohen’s d=1.20

CIEL-IN

0.7 P<0.01, Cohen’s d=0.43
0.6 CIES=BNINY
0.5
o | BEEICEHST, dEDHO5NIC

=R HER
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MEEBID—1, 2FL0D
FE = UIC

S5 /\ @wnrv——v lCk V)

26 2] LLH'\[@
ERERLUBHED ]

RIS - 85/ 50 — [CHEm

(van den Tillaar et al., 1986)

v BROBEES LT
B0 L —Z VO DEIRE Hoonbera ot o 1669

Vv
EEDEDRBNSSICBIET SBRIEND S,

‘/ g—if’ﬁ]—_ etal., 2005)
v ZYNeRA

HFE %D\%E (Patel et al., 2010) 41
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Fr %ﬁbt
DA @hrL—=v [C&R D

éﬁ%%&omm%@ ]
RIS - B85/ 50 — IR

(van den Tillaar et al., 1986)

v BREDBEECZLT
A0 LU —Z>V D7D )R

(Hochberg et al., 1993)

-%E@%@%%ﬁé%[%mg%ﬁﬁﬁﬁ%%
v i
v EUNeEHR
HFE %D\%EE (Patel et al., 2010) 41
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HREE I —3WBVTEEBEIZRIZFTZE
HOAZBL, S5ICBBENEL B

'\II% /J\‘II: 240 9&

Ny "

BEOADETEN S

(Zhang et al., 2010)

43
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WBVTDEERICKD
EARREAD M DRER KO ARREDERIDOMIFI SN,
e (Rubin et al., 2004)
WBV TZE (X
BEEEICHEEZSADUREMED® D,

44
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RAznTA~128 RE1-3, IOXNRE
i ERenlCRDEE—1 1 O2DIL=
] |

2 B HERTSN, HIDEHHESNNEE, K—2A—
e (08 et anos, ERnmen. BusseHm

4 0BDOXNREDSFEFREUIICRK DT » -

‘ 2V EO—)UEE
WBVTEE (BETOBEEES)
20 20%
| ! R 38
PrelflfE: 208010 PreBlfE: 1 7&H'S10
— -1 | | ~._ FAEcLo.
o5& \ . postilE
0% || fPostaE PostflE | | e
20810300 152 D200

45
235



aed 1 —3 EEIT0Y S LELUFTHEERE
B, 8EE GRELI-1, 2)

WBVT 20/:E, 20:8F
« D—=VTJPwvwT:30s/1 set
WBVTIZ&ZBEEDELERFDID . g5H L ——" > 30s/2 sets
E— ¢ D= LIS 60s/1 set
SR El =]
e EERE
Dual-energy-xray Absorption (DXA)

WBVT 3 Iﬁl

~

- ik v

46
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2 —3WBVTAVKEE B I=RIET B2
X RS NFEMEEN BT

ITT (intention to treat analysis) &4

lkll

amme \VBVTEE (208)
eseee JVFO—/LEE (178)

(g/cm?)
1.60
RXEEAGEXEEE) P=077
BRIFHNR P=0.41 P=0.60
1.20 - -
0.80
P=0.99
0.40
0.00
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till

REREEL —3 &6
6 NBABDOEAERELZM (58~74 %)
WBVTDEEKICKD

&%%%@%@Eﬁﬁ%ﬁ@tbto

| . (Rubin et al., 2004)

AR CIEIBERS 71573‘?}‘91’1 AVANeY ol

, BARE Bl
(E—2-1R2-<TR) ! S IFER1 %DiE DR
“““ PR D . 2% DD R
g ___} %f:DZLL TS FERN2%DIEIDER
%?ﬁ%zrs:l,bﬂ\fﬁ\
, B BE70% K i o
10 20 30 40 50 60 70 80 90 (E%)
F

(BHREDFIFEEBEAIRSAY, 201N EERLY—EHE) 48
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b0

L/D\ L/s Z: J) %T

L}

MEREEI—3 &0

5B i (S 401 % DD
BRHRD | &M IER2%DRID R

AR

B

BEET0%R

10 20 30 40 50 60 70 80 90 (EE)

F
(BHEEEOFHEEEHARSAY, 2011 EERLY—EPHE)

IBEBEORDET, WBVTEIC

PBNWTHIBIDCEDTEL,

[KEEBD] BBE WBVTE : 0.835—-0845¢g/cm?
I FO-)LEF 1 0959—-0945g/cm?
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B FRE LD RENAFT I—H—I= L2 FIREMBEI —=2V HRARGE
\ REBDRE

- R 'E - }R II\E
BEME > =0 LBV ERAREEE R OMEDRE TRT DB RIS

4 ™

hOBS Bif U,

BREEETABREICHENFL——"VYIDEEE
WREDIEN =589 3.

(Messier et al., 2005) 51
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BEEI 25 (AT —H—IcE BWBVTHRIBEE
QEP)IJ:I—)bﬁﬂaﬂEEHE@%é’:ﬁ@'%ﬂz)\%ﬂéxjgtL/ WBVT DX
GB2a/128/M) RKUREEBEICKD, Interleukin-6 BXU High-
C-reactive Protein %@

(Oh et al., 2014)

SitE (60~70m) ZxixREL, WBVTOEE GE3@/1008) [CK
0, Interleukin-6 AKXT TNF-a HHED

ez ddamazxixE LT
WBVTOEEIZIWAENIBEINETF
O RLU—Z22TDOMEH'E bn%

(Mohammedet al., 2015)
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sReE I SE(hIA

HIBE : WiE/NA AV —H—
® |Interleukin-6 : THBfEXO~Y 2O D 7 —IEDOFIBIC KD

EESNBLOFUTHD, MERBENHTDT 1 FA1YD :

—DTHD,
SHTIE P ELISAE (R&DtL USA)

® High-C-reactive Protein : {ARCHRAE R OB DIRIZE Y

BE CVBDFBICMPICIRNDY V/INDE
ST L ELISAE (R&D#t USA)

NMRERKICEER TOT S A
aren [ -3 C ARk

WBVT 20/E, 20,88
« D—=XVTPwvwT:30s/1 set
s HHERL—22>22:30s/2 sets
« D—=)US Y :60s/1 set .

243

=1




MEREN ] RENAAT—D—ITLYFEMLI=-WBVT D3R

pg/ml
8.0

7.0

6.0 -

5.0

4.0

3.0

2.0

1.0

0.0

mg/ml

WBVTE:
e )/ ~0—)UEf

0.180

0.150

RBEAEREEXEED | £P=009 |

|
RXBEEAGEXER) [P=0.15

0.120

Cohen’s |d = -0.56 0.090

Cohen’s d = -0.49

0.32

/ 0.060
— 0.030

Cohen’s d =0.08

4
Cohen’s 1

: }J \:;.

R

0.000

Interleukin-6

High-C-reactive Protein

Interleukin-668 KO High-C-reactive ProteinlC DU\ T

WBVTEfcIY |

— )LEERIIC

BEEnrasnsh ok,
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v BRROEEREELT
Eﬁjj |\ l/ — : :y 9\\73‘\?)]%39 (Hochberg et al., 1995)

s BEDBDREBENSSICEILTDIBIEUN D D.
v ngﬂ:\j (Messier et al., 2005)
v EUaBEHE

%%—%D\%E (Patel et al., 2010)
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JE=

Bto%s

\ll
L

LN

v Fﬁ@?%ﬁtbf
AN LU —Z2V 0D EREY

v
- EENEORBISSICRILT BBREND S,

(Hochberg et al., 1995)

v g’ifmj (Messier et al., 2005)
v EZYNaBEHA

= N
EE)‘% E D\ﬁ (Patel et al., 2010)
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p e =

hE AR

EReR [ J
BROBERERUROADEIEE & EsHEE T iRaT LICHER,
TEtae (15ICKBRIUSERD) CFELSBRIDCENDD DI,

WBVV Y Yz g E EPiE U FERgAEZ3RIE T /26
HANEE TOT S L©EERK LIS,

FReED, IIJ
HUSERRUICEE) OIS (WBVT) OREICKD,

BOADEFEEICEDS 7B B)esteEN @ £ L=,

> BREE L BROAZE I daiE DiE s HEEIE RD 705
REUBENTETHD, EAR—LDHER
FRBINE) TOT S hELTRIID,
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R AR XX

BRREE2-1, 2 0B8ERX

1. FZ2R, iRkt &&=, BPEMRKR, KEmE. 25 KE (whole-body
vibration) bk L —=2 7 WEFIEEEIHIE X OWE 2 H 5 5 H4E - @l ko
FERE N OB IRRE BRI MIE 3228, (A F 5 63(4): 371-382, 2014.

2. Tsuji T, Yoon J, Aiba T, Kanamori A, Okura T, Tanaka K. Effects of
whole-body vibration exercise on muscular strength and power, functional
mobility and self-reported knee function in middle-aged and older Japanese

women with knee pain. 7The Knee: 160-164, 2014
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