AN LEBEESHBRTBRINAE YT — a3 D-d D
TECEEERERE O L YERFHR C LA E RN 5T

FALHEE
1A R R [ R TR R PR 2 B
GREINERC T HERe R
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4.2 53R % B G L 72 FEYEEITH D FRIE cooveveeeeeeeeeeeeeeeeeeeeee et 13
4.3 JEBFERER A OHIFE CHIE T R E LB TR DI, 14
4.4 GEBFEBERREIC BT BB D BATENE (oo, 15
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REAET AT B D ATHTEL D LR oo 41
TUG Puii o Z AL B i w4 2 MTHiE & FE IS X B EAER o, 45
TUG ed o 2L IS 2 i HE & Azt X 2S8R oo, 45
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FB1E FROTR
1. R R BB E O R &\ TR BE i B #a 0

1.1 257044 g BE i E D%

OREIFEROD 4 A2 1 AP 65 il Fevw)lmEintht 22l 2 Tk, % bEimE A I
HIME M IC &5, &ilinE AN A OBV, B BT &l H N RICE DR L Ted
2\, 2019 FRAETEE ERAEERFEICLLE, SlE NE R LRI O T, £
PERIEIIE 2 E OB R BN R Z VW EME SN TWD D, 2O CH 28 M I B i (knee
osteoarthritis*  OA)CHEE T2 DL <Y, ZOEITE 2 W IME M 12H D,

B OA OB #5213 Yoshimura 5D KB F K2 —MIFZE(ROAD 72y =7 MIZLY, 40 5% LA
FOERTIEIEME 42.6%, LM 62.4% Tholzt@iESniz, ZOHFHEEL N OHKIZY TED
LHEDLMREOMRE OA B E $51% 2530 5 A(BYE 860 1 A -4tk 1670 5 A)THY, A IERBF L
#9800 I NEHETESN TS Y, Lo, TMEIZEIT D OA DBEFHILIEFICZtam
7R &R o TN D,

1.2 ERERBEEEOR B ESNHKERE

B OA O¥FfeIX, BIMIHCE &M BRI EY, #CE T8 O L8 Bk O e & O
B AL Z RV AR D, KB ICHEI OB ICELRITHRETHS, B OA O HJE X
Kellgren-Lawrence 20 8 (K-L 2 %)> VI XVFEAGI S, B X7 —F 0, 8 o H - B &g/
fBEEVTZ L — 1, BID2 728 - 88 O BI i /MBI 7 L — R0, % B s D3 H o0 ol - BE i
P/ - #KE TR OMAGIZ 7L — R, R EE - 35 LW B/ ME -8 T B ok i3 7
—RIVIZ/ S, B OAIFHEITL TV, (R 1-1). EL T, ZDJERICITIE R, BIEIAKME, £,
IEECRZEMERENETOND,

ESITHE OA OHEATICIE - TRATRE IO 70, BAEH W Bh k20 & O R B Ei A RE 2K T 352 &8
RE S TND, FIAARS D3, 3 #ililkd 3040 4 O — R ERZMGRELT, B OA O HELIEH)
e OB MRS LA R, HEEA T L0 ENE O X CGEBEE S A E K T
ol b WG Uiz, Flofe 2 KD 9%, — MR 748 4 (B 283 4, Lotk 465 4) & X5 HE OA
O FAE JE &K BRIY FE A 5 ) OB A B L7 S, OA AT LI AR & ICB WU A B IS
HMEMEZRTZE2WAE L, T720 b1 OA ORESK IR 0B i A MR 212N 2T, 3 ) 5
AE M B i B RE DA T A E LR D ZENRIBE TN D,



JL—Fko JL—F1 JL—F1 JL—FII JL—FkN

E1-1: EREREEEDCEEE L K-L 5% 39
L —R 0 XIEH, 7L —RUTREOF# - BEEIR/MEEE V-, 7L —RINEIA LA 2 B i - 88
OB EIRME, 7V —RINEF & E N S>E R OF - BE s/ ME - 8F T ok, 71—k
IVIZR &2 W -2 LU B S gl /ME - 88 T 8 ok

1.3 B R B i AE DR R

CHRICHE OA DRI TR R LB TR R IS SN, ETIREIEOH BN
LUTIE, S s, WBRg s, BB s, 4 B s, IR B R 8 O R TR RO IR IR AVR IR S
N, UL, (A7 51T 0 S B 6 A S0 B S S e D ek 8 23R 0 70 B B 1, N T T £ 128
D7D, BAEICIBOTIZO FHHERBER 8 7 2 T NcoiE->Tna,

1-2: R E-TKA IZDWT LR 8 B ZEE| )



1-3: MIS-TKA [Z2W TR 8 »HR%5 H)
O fE kX TKA ITHWHNAHZEN L\ Standard approach THY, @@ @i

MIS-TKA [ZH WS, PR 5 % 5300 A D, KGR IT 88 /5 O 81 BE 23D 7220,

1.4 N\ T REEREN B BT O Fi 515

N LI B 8 B4R 1, W< oD FIETERSH T0D, A LB 4 & #f (7€ 3k 2 -total
knee arthroplasty : C-TKA)IX, & OA TEEFESCZE M U7 M BE 0 o> PN A1 i & A {81 i 2 i 48 9 5 1l =X
T D, W 60 7w LA Lo m e T, I OEAICHE RS, U TELL TRIRSNDZE
73%\ Standard approach 1%, KB B 58 A SR AE 7 0BT BH -2 5 5 TV, MEaT m O & B
WCENTZR B TIEH LY, RIBMEEFG ~OUIBH 2 K &R THH L. ol + 787 iR
FENZWFATHLIZEL R EL TETEN TN (K 1-2),

Ipe /)M BB N T B i 42 1 #4467 (minimal invasive knee arthroplasty: MIS-TKA)IZ, 7 & &.-TKA
DOEIBIEN 15~17 anlZ & SOIZxIL, MIS-TKA 1% 8~12 en&YIBAE AV, F7- B BN =
AL, BB EOAONAR 23T N> CREIAEIR 27 7 r—F RNebndZeNnL i
B, KER P E G ~D BB 23/ NS5 Th D DK 1-3),

A AN TS BE £ 1 #9iF (unicompartmental knee arthroplasty: UKA)IZ, & OA TEEFE - 25
LI — OB OR MmO EEIR T O THLDREREITD <D, £z UKA [EHi+7F
B L RN RASAMT A THLH D, UKA O R IE, 65 mkLL o i & T IR O 1k

BRSO, DFEOE RO LMEA D VIR E e D, LK R th A S E Th DT
EDH IS LD SHITHTHF R BBIAL T0DHE, KRB BIOEE 3R —x bl il 1%
Ll A NI DT A R L 2 (K 1-4),



X 1-4: TKA & UKA ([Z2WTCCER 9 bR EZ5 )
TKA EEH 2B TH5DICKL, UKA IZNEEABEOE LN — FEEBRTHIFITIETHS

2. NIEEBEEERIFO BRI ICB B FERIE L ORE
2.1 RATIZRITAEFZEE T ORE

— M LN T BE B E AT R 1T, BAINH L0 1~2 BRTNCABEL, Al 23 S, T
WEB LB IACYT = ar BRAESNE, BHE AT —ar 7 as I 0 k3=
BAASA > THELS L, ARSI ORI RN DS Desh, Hiteilkbe T B 133~458
AESNAHIEBH, BERE X THH B OMITREDORKEND, FRUACYF—var

A

r N\
« PR B8 1 =] T B B - KBRMUBEAA DRSNS | |- AR EFMIERE
K PRREA DI AIEEER) | TFRICKASITRE (FEER %, % )
BEEMNY AL ENYRE SBBREF DR
CRTH-STRTHTAE

1-5: ABENOIBREETOH ZEE - D& E



DOETRERRY, ZLTEHTFRELTRIL TW<ZLIZ25(K 1-5),

N T BA i [ 400 R B L2 de 1 2 i B i 0 P B B RE oD Ui AT AR AL (B 28, IR 1R O T 1R ISR T
HIENHE SN TVD, Bade b ', TKA i B H 119 44 2% R LU T, fiThim &Ltz 6 » A
RE R COMAICLEBFEREZ R L 72, £ D#5 ., IFATIC Timed Up and Go test (TUG: 1% i) 23
10.1 B LL ETHY, FlnAs 72 & EOB O, Ttk 6 » H R RUSEB B REME T LW ol
& L7z, E72 Mizner & i3, iyl & TOMA R 13, 1% 1 4% 0 TUG R°3Lb EA0ThE
ZTML, itk O EERE ORIEICE R KRB 2 RI2T ZLaWmE L TnD, 7720 bl Al &
WZRDBATRE Do B E B RE 2 4R T~ D 2 0%, Itk DR MERY R 1 i 2 2 T 972 FCH B
THHZENRINTND, IHIT, B OA BZIETARTAL PIZBWT, AT OBEZERIELRA
EHBI, BMOHERERELRSTRY, MG OEPBRIELER TS LT, MairdboBbyiidk
BIAM THLILIIRIN TV,

2.2 WRICKITHEZRELTORE

MBIV T —a BT P E LRI LU T, FilrE B L0 o] ) oE®), &
E RV OB ERE 72 & ANBE A A, KRR DY BE 7 00 ) ) HY R E By, Jo KLU R R AR TE B (R E (2
B EROEIE, BT, BB RSV IV AN R RTI > TERM L, BRL#% 0BT H % A% B
TEICSBER RN IO B PR EZ T L TS, ABRRPICEZRIELZER T59C, IWERELE
T HZEIEY, itk OEENREIENOEB YT, BFREL COKIERT R THI0EFM L T
W< (A 1-5),

F7- Bade & "%, TKA i 1% BE 64 & (M 32 44 - otk 32 )&t G LU C, IRtk At
TUG ZATW, i e 6 » A Rf R COMEEIMERE S T I Al RE THLM AL FEM L 7=, £ ORE R, itk
AMEHNC TUG BV DI, T EM OB LR OBIENEIESHEWmE Lz, LI2->TA
Be P e R IEZ EM T2 T, T mEzE T 22803, BEOTHRZTH T 5 L THEE
L2 %,

W

3. ANLIEBEHiERNEZICBITIEPRIEDORE
3.0 AITHREBELEBEREICKITAEEMEO L EHE

T Hi & A8 o ORI B FLNC AT I A LB RE I A VR R CE S TS, B L7Zi@y,
N T B B 00 52 2 0 1 2 T B G E A A 0 B BB RE R A O IIT RT3, T R O TR 2 T
HIENWAE SN TND, F 1t T 0BT R 77 M RR 1, 117 4 00 it <0 B IR Ak fsk o> ) T
DL CEETCLHS 1D, ZLTOV= DA SR> CEFH ) AT —2 gy BN HEITL,

6



BFNDILL EAY, ImDSITRIC
ARERRLT, HFICESRMZRAET S

1-6:Timed Up and Go DI E (SL#K 23 LVHEL TSI A)

# 1-1: TUG DO EYEE (CF%{H +SD)

Fin
=3 g 1
haakalial HEE 1R 60-64 65-69 70-74 75-79 80-84 85LLF
=] 5411 6.8+27 74%26 7.9%+23 70*18
B FH(2006) ¥ BA AN
e 59+1.0 7.6£28  83%24 96%30 132%87
B 57%1.1 6.5+ 1.1
Tubaki(2010) BEBXAIT2E
= 57+1.0 6.3+0.9
5B 8.0+20 9.0%3.0 10£1.0
Steffen(2002) BEXEANGR
= 8.0%20 9.0%20 11£3.0
B 86+22 94+24 10337 11140
Pondal(2008) | %X~ A3084%
= 107425 107438 124%33 132%3.7

BN D

YRR EE R ERNOEN TR FTRE TH O E 7 T 272011, Hir Al <o 2 5 4] (25 &)
WREM A2 EM T DIENHETHY, REEDOR LELEZHB T 57 DEMELRLEENLE
Thb,

3.2 Timed Up and Go DO E & EHEfE

TUG 1%, BATOLEMZE LB EHE ) 25l T 2720 O & Th o, B RALITEbZICH
DR ST REBEL, FITKRBEO LIZEE, FICLOAZ—FDEKIZEY, fiF1H3eh By,
3m DHATEAT > Tb T MR Z L CTRY, fi T ICELETORE M Z ANy 7D 4y FIZLOFH
Do fii T DO ES1X 40-45 Db DEEH T 5, ZOT AN, PR AT IHE THD TUG PR & LD F
B O @O KBTI EE THD TUG I KD 2 SO H EZFEN T2 11 (K 1-6), TUG D k¥
EIE &% S A SN CEY, Shimada & V& Tsubaki 5 202 k0, EWN O H O 60 {15 80 14
ETOEEELIERRZE(SD) N #AE SN T2, £z Steffen © 2V&, Pondal & DXV E S O

FOEHELEERESD) A RESNTVEER 1-1),
7



A %E X i

SiTHE  MERB MERT HTRT

FiREEZE3m - RERXMZESmICREL . HITREZRIE

X 1-7: Maximum Walking Speed(MWS)D ] &

F# 1-2: MWS OEEE (E¥IE +£SD)

b i
& 1
R HEE b 60-69 70-74 | 75-79 80-84 | 85LLE
K (1994) EEBARANI504 ] 2.74+0.55 2.54+0.47
#ER B | 2.37+035 | 219046 | 2.00+0.45 1.82+0.36
#FE & | 2.000.39 1.93+0.33 | 1.57+0.32 1.33+0.39
4 (1995) CETE INTE A B
BftEp B 2.08+040 1.92+0.38 | 1.75+0.46 1.43+0.32
BME & | 1.77+031 1.49+0.31 | 1.46+0.38 1.12+0.32
2 1.960.36 1.79+0.40 | 1.65+0.41 1.49+0.23
Furuna(1998) BEBRAS1TE
%= 1.64+0.32 | 1.36+0.38 | 1.38+0.37 1.26+0.35
=B 1.82+0.33 1.620.39 1.48+0.44
Yoshimura(2011)| {#@% BAA24684
E-S 1.71+0.32 1.46+0.36 1.17+0.36
=] 2.09+0.36 | 2.00+0.36 | 1.87%0.36 | 1.73+0.37 | 1.65+0.41
Seino(2014) 2% B AR AN4683%
#“ 1.92+0.30 | 1.79+0.31 | 1.64+0.33 | 1.48+0.35 | 1.33+0.37
Oberg T(1993) | Mz T A2522, ] 1.640.20 1.59+0.25
=T
ere " % 1.560.23 1.420.17
=B 1.93+0.36 2.07%+0.36
Bohannon(1997) BEKEA230%
% 1.77+0.25 1.740.28
Steffon(2002) A 96 =) 2.05+0.31 1.83+0.44 1.65+0.24
+ "
erren % 1.8740.30 1.7120.26 1.5940.28
S Tibask(2015) | #To<— A250% ] 2.10+0.35 2.01+0.30
.l'Ibae TN
- % 1.96+0.26 1.810.29

HNT :m/sec

3.3 Maximum Walking Speed D& & 2 ¥ {E

Maximum Walking Speed(MWS)I%, 1T FEIZ IV ATRE N Z5H i T2 & Th D, J T BRI
P T VIOV EBRAITIEICT, HIE BB Sm sk EL, HIEEBEORTE 3m 2 08E &
HWDT=OD TR EL TRIET D, RE L, EOLTICTELEITHSZ RITHELIDITE R"ET
D, B DR E B s R A B B A e G A TR EZ B G L, HIEK THRABZDETOHRT

R 2 ANy 7 T4 FICLVF T2 & Tho, MWS(m/sec)ld 5 m=+H31T K¢ [l (sec) &L CRHAE 3



%, (K 1-7)

MWS (ZOWTE, [E N EES OB @S S Tngd, KA 29, 4 2229, Yoshimura®”,
SeinoZ LV [E N O H # D 60 {425 80 {LETHO MWS DO HELIE R ZESD) S H H SN
TW5, £72 Oberg?”, Bohannon®?, Steffen?", Tibaek*VIZXVWE 4 OfEH H D MWS OB EL
YR ZSD) P A SN TVDHER 1-2),

3.4 B S DRIELEEE

A J11%, N R~V RE A F 5 A— 2 —(HHD)(uTasF-1;7 =~ 1, A, HAR)ZHWT
LU OO F A TR TE A FEht 3% W 7E AL 130w FEAZ IS T, MIEH IR RO Tz~ VI CTHEEL,
JAE BA i e - 90° DAL B 1722 801 %, ZL TR R HE TR KO NITIVIRZ M Lo dE R+
%, HHD O I(N)ET — LB m)DETHHMV 7 (Nm)EFH L, ZOfE % 5 4 DR & (kg) T
BRU7Z V2 R 8 b (Nm/kg) & i DB E T 5, 7 — 5K OMIE I, MBI M 2L B8 A5 F R iz {7
Walm o —HP RORIZNIE T D, K RFEREM 2 2 FREL, €O EE2
5, W i 5 0 R R OB E BT T 5, B RS )& E, HHD okr 4 —72
FEBEHEI % F IR SN, HREITRKRODIZEVBEE TR 95 329K 1-8),

T A R - i S ) O BRHEE IC OV TR, BN EESA OO R RE S TWD, i 9,
Tsubaki?OHIZ LY, [N O F D 60 {15 80 RETOIE /1 D HE LIZ (R 2 (SD) S #t
HEINTWD, £/ Andrews®”, Samsee & MLV, [ES DR E QW 1 0¥ E LT R 2=
SDYPHESINTVD(E 1-3-4),

Hand held dynamometer 7—LERE BREEHAE SR ehEs 7 RE

1-8: 5 18I &2
NURANNVREAFFA—Z—ZT =~ B-EH 2, T—2EOHIE X, BB SMI R
THEAMBATE OB —EHP R ORIZHE L, BIE RIS —8E8® 05T
FCEEL, RAMOFTREERZEELE,



R 1-3: R 5 ) O B YEME (E ¥ fE £ SD)

wmEE oF &1 FHRE A& 151 60-69 70-79 80-89
g 1.88+0.35 1.65+0.26 1.44+0.18
EE(2 ® D
FRENG | WEREL05 B v = 1.47+0.29 1.35+0.29 1.15+0.15
Tsubakil(2010)| BEHBAA1722 |Isofoce GT-300 Nm 5 IR (015800
ES 735+26.3 483+186
i E 185+29 159+40.6
Andrewsl(1996)] BEXE A1474 HHD N = 115256 96.6-:204
s E 378.4+69.6 364.2+67.4
Samsee(2009) | BE T3 —594434 HHD N % 248+58 9249+£51.2
# 1-4: @ th 5 ) O FEYEE CEBIE £ SD)
BEE SE $-1 RS A | R 60-69 70-79
i 108+14.4 93+19.8
And 1(1996)| BEXKEA1474 HHD N
narews z 62.7+12.6 56.7+11.0
— E:] 225+471 206.4+37
S (2009) |BHE T —2443% HHD N
amsee z 153.6+29.4 141.5+38.0

3.5 BREAE I B DB & & B HEfE

ik BE B 0D )i

THEATLIEHART AL 3NAE, B Ei A 5T
B ORMOMEZ S

SRR LH KUY T — gL E 2R
D, FOHEEIHEIL

1-9 : Ji2 B8 £ il - fif B2 WT Bk ol E

JEHAL TRIE 3%, 187 o REx, PEE
DR L, KRiEFERBEIMI L E2 T R~ —2 83 %, B alE o LML LT, B AP
(CXDPAE W B E OB B MBI AR ESLTVWD
RSNTVRN(ER 1-5),

10

iy - i R BA T AT BNk X, B AREIEAR FS LA RIAEY T —varE R i HHE
IZEVHRE T2, B 1-9 X5, 15O Fifill KR
FHEAN AT R~—r b, KIRE




K 1-5: 1 B & i il - e & VT B I D 2 5 W B I SOk 39 K051 )

‘ %
sun | meea |50 wsw | eem | mEmesivses | 5%
KERE BEE (BEE | JEih 2 RREIET % JE i 67 1T wr O
JEi i 130 BEESRE | 5. (o
i flexion i) [ ‘)
23 ‘ 7 )
knee ///'/x
ek 0 ‘ [ Em
extension : / <«

3.6 EEEEREITH TOMRDOEEEDORER

IO O EENHEREZ EBLAY I HI M3 5720 12IE, A5 I E 5 0015 R 0 v o s Y i DH 25 a2 B2 A
AR CThod, LHL, BEORE CIE, EBBEREOEEMIL, WThb@EE ORI EMOF
BECEEREZSD)OE TRRINTWS, & HIE B O 53 10 25 1IE B 73 A0 Th v, B 1 i
(A AE R O WL 95%%i FH) 2 I fli+1.96xSD EL CEE R TE D, LvL, i £ o5 Il & im
Do AR PFAMS AL TR 2D, AR E SN TO D EE SD AR OFHFEIZH W
DZEFTTERW, ITF, MR PR R A EFE 0SB T, FHEEOLBERNEZELT,
HEFHAIC R 72 5 1L TR A A TR TE T DL Lo TG 104D,

FREMOEEER Z5HTL, TS U TR AEE P O R RME O B2 E T & Th
D0, ZOBFHIATOI TV, SHITEEE H LR EEZ A T 58 OA BE LTI, EBEIEREIZK
ERFERERD D, TNOOHE L, ALKRBEESBEBRNEBEOINCVERLZOEITHEIT TS
i, B OA BECEARESMEREOEERBHLK ZH IR YR FETRETILNE
»dbs. [HF5E 1]

3.7 BITRRA LB BEDH R EB DI ETOH A

TKA it R OSITRINIMATEE XTETL, FIEECICRHEZE T LM REINT
W5, Bade © *D%, TKA fBE 24 L LW H 17 £ a3t B LU C, fiTaieilitk 1, 3, 6 » HRER T
OEBFERE A LI U7 RE R, IR ATE i L TifiT 8% 1 - A IZB W T TUG 13 F LTI, itk &
W B OB ECHEELRNWIEZmE Lz, TRbBT % OBITR ITINAT L X TR T35
ZENTREN TN D,

FBEHACES FTENIR IOV THINAT LR TIRTL, BIE ECICMEZETLEHmESh
TUW%, Stevens b I, TKA ZFfi L7z 30 4 LEF @l 15 42t 802, IFai i 1, 3, 6
e AIERUT, MR R < i R D 2 LR Uz, 2 OREA, R 1 o AW R A0 A i - i 5
JE S0%IETL, ilt: 6 » A RF RIS IEATANCAE & s B O ) E £ TRIEL TWhianZ ez

11



L7z, E72 Bade b DN LIl ORFFE T, B vl @ik A g U7zl B, IR A& Hei L Cifi % 1 4
H R BT A - il vT B3 A IR T L CERY, 1T 6 4 H IR O miils A JVIK T LT
Wizl Lz,

ThbbLit % R OB EEI#EEIIMATE L X TR TLTRY, #HEEDRIE RN A+ 45720
RBTIBBEL TWAZENRIBRIN TS, L7 C, itk BRI DSITRE ol /1, B Fr#hik o
BT ICRETLIERERALNCT DL, WWRINEY T —a 25 ERICER TS ETHE
LWz b, [ 2]

4. REF D FE R E DB S ~DX I iE
4.1 BEEGAREICRBIAZSARIOEE

KW EMD AN IER oA ThiviE, REFEH AL RO T O 95% & ) I3 %) E
+£1.96xSD L TRl HE T&A(X 1-10),

BIFEEDHRI5%D X[E
1-10: E ¥ BH

ERS NEIER 7

1-11: A O IR L EEFF

12



(1) AZEBox-CoxK [Tk HREFELEH

P NEF
ZiR R

Me LL
(pLLT+1) a (UL + )17+ 1.96

(3) LTFIRIEZHZAL ¢ (2) £1.96

Cur~urn)
1-12: %G AN o 7B I KD E HE R PH D3R FE 15

UL, i £ O & TR EME O 5 A R B FEAT S TWhRn o), Bl icfds S Tns
& SD ZIEUEFRPE O HITH WL LIZTE W, ZOM M\ ELT, ERDAM TRVEEIE, ¥
E£1.96SD 1T 95%EHX M & —H LN N T o s (" 1-11),

A A B E B U EYER A OFR E
AR OB A~O X LT, FEUERPAIX, T Box-Cox ~NEF A A% WV CEM A~
TS H3T7 AN 7IEIZ L% E T 5(K 1-12),

(x—a)P-1
14

VEREME x OZBHSNTEERL, p & a TN Eivm LIEZF]H L2 IERRIE B n AL 3 5 C
HEESND R EFAELIT R AR T, BWh D 95% (5 X B(LLT- UL, Z -l &
I D - il (mT) & B HE (R 22 (SDT) &2 L TR D KO ICEH B T3,

LL"=m"™ - 1.96 SDT ULT=m"+1.96 SDT

WA, JTEORPEM(LL-UL)D FIRMEE ERREZ R O AL T AT 252 TRA T2,

LL = (pxLL™1)"? +a UL = (pxULT+1)!? + a

IER A ORRIT, ER MRS 2B EEMHROBZEEE 1-13)L, EREO=LE
A7 -AIV ) TGE (K-S tes) 2L > THERR T 5, FRICEREBTERWG S 1X, WEH 5510
D 2.5~97.5 N—=R L FANDFMIZLD /L RTAN Y ZIEIZIORET D, OO FiEZHVD
ZEIZXY, AR ORE ~D X IR S AT RE L72D,

X =

13



THRAT

X 1-13: E M RRKICRIT2 2 8EE i BRoBRE %
STENERSHORE, FEERRKICHTS R ES L — R,

FHICEDHBAE lH BREICEDERIE E

95% {2 #8 X L 95w fEEERRAY |

°

_ 95% {EREXAE |  95% {S3EXAY |

_ 95% {EFARME

95% {538 X fidl

B 1-14: X EGFH OB LD LB

4.3 EHEERBEEOHF CER T ELRHEROLHT

EEEN A RE AR A B T A A B R AR E T HZLIEEETHY, ERBNICE L2281

D, KOH) 7 ELHERLIH 2 5% E CE DR 1-14), TOHHICIE, EEUR O E2FA T2, TOHM
BRI, Al &l 2 (23T DB B RE M A &, B R BT, PRI, s, BMI 7R E DR
BYEL, I OA OFEJEE WA REZnHT R LT 2, FMHELEOH BT, YT (X
MR EWTZD, P E Tid7e<, ffAH B AR B0 A0 Y 9 5 A% ¥ fR [B] & 4% 2 (partial regression
coefficient :rp)& H & L9 %, |rp| D% IR f (effect size)ITIXH &, 0.2 Aif: OEAFH S D 404D,

HENF AT ORGSR, U TR H IE R E R A IR T oL@ S G, Tl
FTTRFR T IERNC LV E RN L7 P O E A B BT 5.

14



FHERBORHA (—EEH S ITER)

Y Y
SD g BERIFHIOSD SDggry: BERISD(s,~s ) DF 1

SDiegs
\I)Rfﬁif': -

SDigxes

1-15:SD H:(SDR)D K » 5

4.4 EHBEREICKITDEIMLOLEM

J& B O 2 B2 E T 5121, TEM 22 H52%2(SD ratio: SDR)AH W HLD 494D, SDR O &
Z, AEE IR D@L O LB AR E T 0% A 201, B 1-15 TR 75, £ 3 SOFEA]
VD, M V)50 SD(SD )& it B35, £ DO%AAFENRBIEE %, #F-H5I2Hi 2 T, FER7R
FEP SD (SD )zl 2, SHIT SD apmlI kT 42 SD 42K &, 424 9% SDR &
T 5, MEMBRKEMERNZT N —T 531538, EBITH T N —T PERIZEIV 7 7 v —7 S

1-16: B2 sy 8o o

15



ITWDEE, 2 LV RV BT AT TE 2 A5 Z 81T &0, PRI TR 36 I OME fin jil i C o0 51 i o>
Bz, 575U TRl T& %, B 1-16 IV 5L, PERIEE O (4K 50 A o F1.0) 785
DEBHELT, SD ppd K ED, WITAERBNTE 2O EH 2R D, 2O FE b0 R E ELTSD «
i R T D, SHITT X TOMER LA GO T LA IR, 4 FET D534 0O SD O -1y 72
REZi ~DL, WD SD pmASRED, 45 E KD SD O IR R ESIE, SD guem iSx 95
H(SDR)ZF 528 T, ZBERORKESEZNITIDEHNL L ENEI) % SDR DOJE TH
ERFREERD, —KIZ, SDR=0.3 2 ERREMELAZRL, il O L EMEZEFEEINDZ LN

S 4041

5. k&0

ARIEIZBWT, W78 5 LD OA D k& N T B i i #LiT (2 >V Tl ~ 72, kI
i B B AN o A M C B U S, B E Lo REI 2R, AT YA T —va B b
L B RE AR A O L SR VR AR R L7, B 1% (S, i Ok oD Ji o 8 B RE A A 0D Rk VB R O oD ] R
ZHERL, ZOMFEROT-D ORI EIZHOW T L,

bR EZ, FRBB 1 LT, 2k 2 [ 581 KO AR A L % 4 A C oo ik B i i
)% HE oD ME R PH A2 e 32 9272908, e BT O EHHYFIEZ AT, I E I o 43 A0 RS - A
M7 S LD E A HE IR T o28E L7, BFFER R 2 LU T, 112 O AT RE /) &I BE i B e
DR T BT LN 2§ 528&LT,
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F2E REDREREICRBIIIRBICEAE LEEHFEADORE

PR L IR AT R A A FE ML, FIRE A X0 B T B EGE Sy, K& RSB E#E 72
ExRBRAAL, KBV SE S O 8 REE), BLOH AR EME 220 =0 RS> T3
MaL, IRBET% OBIT0 B i AR B RIS SR 3 e WIS B AR ik 2 520 L T,

N Bl E A 1% S, RIT R A IR ME R R A DS ER R T <R M S LT D, i Bh i A S0 BE i

RERR A DI AITAE 23, 562 O T %A TRIT 22850, fiith B W O R A fE A3, 117 5 0o #% 8 <0 5 R pR
FOHIBT OFEIELL CEE LD, ZLTZY=h LSRR > CTIERICUAE YT — 22 3 E1TL,
FHIEH IR - TRBE AT HE TH DRI 5720 (21, 1 B H A B A O B A 5 o FL U L&) 1y
T2 DIERELRDIEIE N LB THD,

TGO E ) B RE 2 2 @AY LT 272002, A5 T E I o045 MR 0D e U B E i R 23 40 BER
AR THD, LinL, % 1 TR, BEO®E T, EEERERE OILEMFIL, Wi
i 5 2 D TE B 0D - A RORTE Yl 72 (SD) DT TRRE SAL TN D,

B REME DA BN IERL A T D&, BRI D (95%(5 #H X )T A B +1.96 <A HE {22 L L

TR TED, LA, i EOWSE TIZHEME O o MM AFM S LT, BillicfEsh
TOB V-l R A 75 % FE VRGO 3 RIS WA Z ST TER, IT4E, Wi R AL S0 IR o
RO 5T, FREMOLSENZB B LT, HatiImms 2 ik CRERHESRESH
T5 4040,

ZOXHIBRE FD, Foxld, ATRBESERFZEBELIVEIFRERLL, BEHREE
WRNOEBE TR CTHINEFME T 5121, HEROINLIT—var O R B2
RELRIEBRERE IOV FEEOEVWRBCEHAREERALZRETILERDD
EEZT, TR 2, ITRTEIT B 2 8 I AT o s B £ o i B B E R AT 0D ik Y 4 D A e ST S
L, S e S [ E & E i L7o, BB OFEat Y F ik a2 -V T, ) E i oD J A B0 ME Bl - 4R i 72
CICRDE B A E I LT, SHIT WCE A 7R R HE R N 2 C, EREE T 5720
TR i IS R SR ER PG OF & TR E LT,

2. FiE
2.1 X5 OA BRELEERHE
*SE, WFREW I ME DTz 13 ftiak G S 5 1 fisk - P EH S S feak - D E 5 4 S g% - u

18



JNHS 3 Fia s )23V T, TKA 721X UKA O T2 o7 OA B#H 624 1 OH T, A fED
RIEEFBDT- 38 L, A7y a— VilEVIRBE CXIeh o7z 41 &R LUTZ 545 4 (BYE 127 4 - &2
P 418 40 & UT-, HE B OAE Bl DN FR 1%, C-TKA 75 99 44, MIS-TKA 75 342 41, UKA 7 104 4
T -olz, MIS-TKA 1%, B DR BEIREAY 5 em A DT =0 *Y, %72 UKA 1F, TKA IZHA~_TE Y]
BR23 72, K IRVY S DR BER D 7ol 2L 40 L S Tunng,

BLE T DI OA L&, 2)TKA XU UKA ol Gl & L7, BRohFE T 1) B iR
FL72R 8 ORI PR RA T O T2, 2) IR B # LAS o B i wT B 5k i BR 0008 23 35 B TAr b sy,
WATEEDOHIIRIZZ2 > T2, 3)RMBEREIE E, KRR EL4 7258 HmEMICKED
BT, SYBATANLGE, SIEEAL, N8 I RES F Uk M AR E, iy 2 e /e it k), ZU=71
ISADNBBME L, A Y 2 — Vil VIR CEARM o T H X BRIN LT,

ABEIL, B3R T, X EORWERILE L TEESNTWLINET T —ar 7 s I A2
ATV =IN RN > THE S, ITEIRRE T E BIL 3~4 HThotz, UNEUT—Tar
17T, 1) B AT B B B, 2) KB, A, RBR DU A 5 o i ) M sRGE S, Js KO 3) A
HAGEBEME L6 L30EE, 217, BEBA IR I T sl Tz,

FAEMDIE OA BAELIFESD 120 & (B 36 4 - otk 84 B)DIEFERR T TAT 5B 1L
Too BREETTIEL, HBATBZ B L C, MO Gl E Y — AR NI T T IS IME 25 -1,
Bohannon & PO EICESWTERA L-@ & AL, DIEFREARL, B /ARG L HMC
MOARERROBIEL52E, 2)BUE, EBa A, Rt 8, OEBISHE L CEpEiaR <
IRNZE, )R RO B F 22 &SN TR E AN OBETE 237202, 4)30ma i Bh Za L THRAT A
T&DHTZEELT,

2.2 TV A

e T VA LNE, I OA BEFIZRBIIASITHAE LR /1 LB nT @ik o L UER P 2 e~ 952
EEAMELT, Aim &R —MEZEE LTz, B IE A RE M AL O W) & 12k ai (Al Al A)ET % 2 M
B s CHE LT,

23 BEAMBHLEZHNEM

i OA BB 1L, PEH, fElin, BMI, B OA O EJEE -K-L /3% >, & Wi 708 &) 25 o A
FET AR o0 B 55 (R - 1 E ), 38 L OMIT U(C-TKA, MIS-TKA, UKA)ET > 7 —hED7 X
DIHAEL7-, EWIR 7 EB) EE X, @ 2 BI2L -1 B 30 4500 EoES), ZEE HIENHHEE R
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U7z, 5 5%, MR, A, BMI, T ES I ofF E2HELE,

2.4 TUG ORI E

BIAE AL X 72TV o 7o BB L L, FIXRIRE D EIZ@ Wz, AZ—FD AR
fit FOILH B3, 3m OBITEAT o TS L MEE# AL TRY, fif 7 ICELETORFMEZ ALy
TUFyFICRVFRI LTz, ZOT AME, PRESITHE THD TUG P&k KAAITIHE THD
TUG fx KD 2 DD )5 ikEFE LTz,

2.5 MWS OHIE

T BR B 1L TR ICW B AR AT IE IS C, 8 BRI SmolcReE L, WIE PR o 3m
Z AR LR D720 D F i LU TRE LTz, #R A 121E, LTI TEHRIT ML 2ITHE<LED
YRR Z LT, B 03 8 BR AR AR A B e B X T2 G A I E A B AR L, IE K T A X D F
TOHRATRM 2 ANy 7D 4o FIZEEHI L2, MWS(m/sec)ld 5 m=417 B[ (sec)E L CRFE LT,

2.6 BEF S DBIE

JEE A R < JE R A 00X, AN RAIVRE A FF A—H —(HHD)(uTasF-1;7 =~ tk, ® &, H A)ZH
WC, AR EFERT I O 2 F i U7, e REERNVER DZ& 2 BERIEL, OB EEHH L,
7B IR DR ENE, F Iz O N TR HiE T2 EE L CTHhD 02 EXIZELT,

2.7 BB T B ORI E

i B & 0 Jet oty - i SR BB T B O, BARBIEAR RS LA ARIAEYT —var EER DR
THATLIZHARTA AT, BAE A BE G KON & IR0 2 0 78 Uz, IR o R il & KRR
DGO A4 5 AL CRIE L, JEIR M ORI E R, ) EREROIE R LT,

3. BLEHEMT

3.1 EBER GO OEERGHT

WEEHRMT X, AT &% 2 I ST 5D TUG, MWS, B /) & B i w] 8l 4 |2 8 38 9~ % 32 K]
PR E T A0, BRGSO 2 FER L, BREEIIL, iFaielie 2 B L1875 TUG,
MWS, o & « Jf Bl i 0 & W e 2 « il mp B dek &, B R Sk, MR, AR, BMI, #1807

20



B EEMEL=0, A Y= 1), B K-L 58 0-4 IE)F R E)BLOIEN M ok E R frE= o,
mAIPE = 1), #F=C(MIS-TKA & UKA 1ZxfL, C-TKA ZR¥E LTI — LU I—E & 1ERR)
ok R ELT,

TUG, MWS, i /7, B #ivT &) sk oo M & 5 W O i 25 5 123272912, BBERICELT,
ETOMMAEBZEEL THOM Lz, Bl M EBOAEMIZ, $ TV AZXRRENWD, PIE
TSI R ER R K p) 2 B ZELTz, 2L T, OB R RELELT, MBREICH T 5 Cohen
DR E D THD, /SN 1p=0.1 BLOTHEE ] rp=03 OFMETHDS p |> 02 2H E
PN R B LRI U, TSI 7245 T E il 0 28 B B2 (K 0 B2 3% 0%, 7 A oo g Bl Ak 4 2 &k
DIEFRL, SHITHET & ORIEME LT,

3.2 SD i (SDR)ICEDERIML D Z L M DR RY

FEGL PR & R R T 2720 O BER EL T, HER], R, BMI, BROYRFRITOWTRF L, i
AT O E BT DN T, ZHZ R, 4R, BMI @ 3 A 1728 EL, 3 LV O 03 sy
Bra i Uiz, E % 2 0 ORI E I VT, YR, i, o 3 ’r2%EL, 310
DL 53 D35y W5 BT & FE it L 7= (% R 2 R,

SIATIZEBNT, F#RIE 70 5% & 80 ik IZCTHrEIL, BMLIL WHO OXH#ETHS 18.5, 25, 30 kg/m?
o EILE R ZAT o7z, JE B4 OBER 72 OFE BE 2T D72, Koy au sy B Hric k), %
BRI OEE O RESEIEMER A (SD)DIE T, A H Z B (8 {KH SD), H:AIH SD, 4 #nfH# SD,
BMI [#] SD, X OMT A SD 2R H L=, % B K> SD OAH X Y72 RESIE, E{ER SD 2%+
5% SDR LU CHH| L7z, SDR IZHEM A EH R4, BEH DI &< SDR 2% 0.3 BA_EZJE
{fEDHELHE 904D, SDR OFE WA 1% 1 SERA LK,

7R BIEWA DR EAEIZDWTIE, JBRME T 2720 DR ELT, 5, BMI, #miflltEoD 3 K-+
ERREL, 3 LoUL O gy B T & E i L7=(f R B ),

3.3 REFHMBAORE

FE Box-Cox ~EFE ML

JEYERPE IS, I Box-Cox &4 Hask 2 VOl 5 4 1IE M43 A IO 58T AN o
B 404Dz KRR E LT,

_ (x—a)P-1
14

XATMEME x DEMISNTEEZRL, p & alZZ L BIEEFH L2 IERIE [RGBk <

X

21



HEESNDREFHELEMIT R EE T, BB 95%E KB (LLT- UL, ZHfSn-ilE
It O - ¥ it (mT) L AE Y {75 (SDT) & FH L TR 0 KRR LT,
LLT=m" - 1.96 SD* ULT=m"+ 1.96 SD"
WAZ, JEOMEME(LL-UL)D FIRMEE EIREZ R OXEE AL T E#R T2 TiER L,

LL = (pxLL™1)"» +a UL = (pxUL™+1)'"? +a

3.4 EHRBERRKRLaNETITaT-ZIV )7 E (K-S test)

T AE A O IE LS Ha D R B, 1E R e SR ARSI 1T D AR Bt R o B R L, IESED LT
AT AL TIRIE (K-S test) i Z&o THERR L 72, FARICIER A TE A0 GE13, WEM D A
D 2.5~97.5 N—R L HXANVDFIAIZLD /L 3T AN 7RIV E LT,

4. WEAELE, A, BXORE

AR FNE ~ v o B F JETH R 72 1B 3 2 B AR #F Jicft o 72, PR E I RN B %
ERCTHAZL, +OICHMLZ ECHREBEEZHL, RRBHERFMEEESRRE 54
2018-501H)D KGR A CIHM LTz,

5. 5k
5.1 EXRBEHELEZHREM

& OA A& IXAME 127 44, &M 418 &4 Th o7, FlnlT B D 74.4 £ 8.0 ik, WED 74.2 +
7.6 1% T o7z, 72 BMIITBYEN 25.3 + 3.6 kg/m?, LPEM 25.3 + 3.6 kg/m? TH-o7=, BN
PRIEE R I, FUR 176 4, LN 369 4 Thoio, K-L /3 JEIZEDENE E 1L Grade2 73 29 4,
Grade3 78 252 4, Graded 78 264 % Th -7z, UL C-TKA 78 99 44, MIS-TKA 7% 342 4, UKA
104 4 Tholz, B OA BHE OV ARE A ¥, 25.7126.3 B Thole, EH AT T47 1%

BYE 36 44, k84 4 THoTo, FMX B MEN 72.3 5.9 w, LN 70.9+6.0 i THo7z, £z
BMI (X BN 23.2 £ 2.4 kg/m?, PN 22.1 + 3.1 kg/m® Tho7-, & AR ZE S BB, AN
99 4, LA 21 44 TH-T=(FK 2-1),
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#F2-1:FEOA BELREREGHEDBM

alfmOAEE

HR(%&) S 127 7 418
F5 (%) B 74.4+8.0 LM 742£7.6
BMI(kg/m?) Bk :253+3.6 M 1 25.3£3.6
EHBIE(R) HY 1176 7L 369
OAEIEE (£) Grade? : 29 Grade3 : 252  Graded : 264
=t () #ERF-TKA 199  MIS-TKA : 342 UKA : 104
ABEE%(R) 25.7+6.3

biEEinE

4R (&) B 36 7 84

Fip %) B 1 72.3%59 7 70.9+6.0
BMI(kg/m?) B 1232124 7 22.1+3.1
BEEBIE(R) HY) 199 L2l

BMI=Body Mass Index

52 R OA BEOEDREREDEDER

fir AT O EEYE RE MR & OB BN Z2 0t o7 HBlR T2 £ L7z, & 2-2 O L35
T X, rp| > 0.2 THHT=DIL, £ THY, TUG i (rp = 0.32), TUG #x K(rp = 0.34)1ZIED
B A, MWS(rp = —0.3 )13 A OBEZFR O 7=, RN B ) e ih 5 ) L b I B TH
v, BEHE R T (rp = —0.32)2%, BRI #7570 (rp = —0.24) KOPEZE IR ED o7, DT O ER D
e 2 38 7 W] B L 1 B LA R O A o 7 03, BMI I i BE & AT B i (rp = —0.22) & A DB A
Wiz, T2 H BMI 3@ VIEE, 1w il B T #h ki3 hSho 7,

With 2 MRS OEBHEREHR A IZ OV TE, R 2-2 O FE3IRT X0, Fiiik TUG P
(rp = 0.35), TUG i K(rp = 0.37) IEDBHEZFB®, MWS (rp = —0.34) A OB 2580 72, 12X
Tdh5H UKA %, TUG R (rp = —0.24), TUG fiz K(rp =—0.24) A ORE# A58, MWS(rp = 0.31)

CIEDME RS-, £72 MIS-TKA 1%, C-TKA (2T MWS(rp = 0.22)&1EDBH 258D 72,
EBIZHEIZB W TIE, BB J1(p = —0.29) B JE B 5 /) (rp = —0.24) LA OB HE 23R 9,
UKA (TR 71 (rp = 0.22)EIEDOBEAZGR D 7=, i i JE B &l T Zh i3V 3" Lo K 6 BE L
TR T, — 77, M th B &6 7T 8 52 >V T, UKA(rp = 0.26)728 C-TKA I~ TIEDH
AR T, el 2-3 1R TR, IEINFAR DAy J I XMERINT, B b T (34 65 mT o) dse 03k 1 R 142 1 2

S I ot B8 #5577 By ek ik BMI & {8 P (2 B 23R 6D 7
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K 2-2:EBER S O7H DEBEFE ST

filray R TR Fiin BMI |EEEIE| KLSE | WAk

TUG Ri& 0.40 0.11 0.32 -0.01 0.11 0.14 0.01

TUG &K 0.43 0.15 0.34 0.03 0.08 0.15 0.01

MWS 0.4 20.16 0.31 0.01 0.12 20.17 0.04

BEHD 0.36 -0.32 -0.12 -0.06 0.06 -0.01 0.03

FRIEBh AR 1 030 0.24 -0.10 -0.11 0.01 -0.07 -0.04

(R = BB R Bhis 0.20 -0.03 0.05 -0.08 0.05 -0.15 0.04

[ FE B BAER R Bhis 030 -0.11 -0.02 .22 0.05 -0.09 -0.01

fireg R 51 FHh BMI |EBTIE | KLHE | WA | MISTKA | UKA
TUG Ri& 0.44 0.08 0.35 0.01 -0.04 0.07 0.04 -0.16 0.24
TUG &K 047 0.12 037 0.00 -0.05 0.10 0.03 -0.15 0.24
MWS 0.48 -0.16 0.34 -0.02 0.08 -0.07 0.03 0.22 031
R D 037 -0.29 -0.10 -0.12 0.00 0.02 0.06 0.19 0.22
B2 el 0.35 -0.24 0.19 -0.15 -0.06 0.03 0,01 0.15 0.10
B R RIEN AT Bhisk 021 0.11 -0.04 -0.09 0.00 0.08 -0.02 0.09 0.11
[ B BA B m] Bhig 0.24 0.07 -0.08 -0.04 -0.01 0.01 0.01 0.12 0.26

R=H 1 B§1% %k, BMI=Body Mass Index, iE8) ¥ E=F #0972 ETEE L= T 2 EEE, mAE=3E# 7o
BIROH EERT 2 EEE, EUEREURRE(@p)IE-1.0~1.0 DETEREN, |1p| > 02 D EREEZB XD

B, AL T a0y FERFTITTHRPA L,

# 2-3: FWNROEEBERZLITT 257D DEREFSHT

R i 331 FEh BMI |EBHEE| mAl
FER R R A% 0 G {Al) 0.34 0.27 -0.17 -0.10 0.08 0.00
FRIE gh % 20 (GEAfAY) 0.31 0.22 -0.18 -0.13 0.01 -0.07
FRx{e % e Bf T gk (FEAHT{RY) 0.27 0.02 -0.01 -0.13 0.05 -0.21
[R5 b S BT RY Eh sk (FEAiT ) 0.37 0.00 -0.03 -0.26 0.03 -0.23

[rp| > 0.2 DZY B BEEABZAMEIL, AL PEOFRLRFICTHERALL,

53 EHBERLSFTODDREFNLEIZ L AHER

HEF I THONI R ZNOOFT RIE, 777 TR T2ZEN R ThoT, B 2-1 1238
VT, R LA TR O TUG P (B 2-1A)& TUG i K 2-1B) DI E I 2 4F i (= 69 % *
=70—79 ik + = 80 %) AT X THREBIML LB U725 &, M &2 TUG BB RHZ 8L, &7V
— 7 THLNTH -T2, £72 UKA, MIS-TKA, C-TKA DJEIZ TUG L /e> T\, £/, 2D
VTR R EE 00 4F it O w4 LR LT, TR - TR 12 1T D OA AE O TUG ICE DR D
W ECIEDERLTND,

MWS (ZB T DEERDO LA R 2-2 (23, /5 il SATaT OB OA B TEbIZ, Mz
f£5 MWS O IEA G 7=, £7- UKA, MIS-TKA, C-TKA DJEIZ MWS 23 E< 72> T, I OA
BH DO MWS O T, fEH m s A L L TFE Th Tz,
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TUGHRIE  sec TUGERK sec

B 2-1: TUG O # & Rick2/8 Rl X
TUG ORI EMEZ, FhniiicTERIEL, /i E LB OA B DOE%L, iTaifk ChmLT,
Ry AL RARIE, K7V —7TOH R 50%H AL P REE2E R, BFEHIZHEL, B 0A
BE T, WTho TUG i, HIRICERE L CW5, TORE L, el T, millsiElsmun,
FIMHEBFE L THHA, R OENICEEIN, C-TKA THERE DR,

BEEEH0 O e 7Y
{84 8370-79 Sy i P
BEE FE>30
7 811 £ <70 Ty S s S
455 81 4E #70-79 b Jﬂ%
it i1 EE #5>80 . -'—":"l']' j_ ? 1. 0P% X
it #:UKA FEH<70 e e
i #%:UKA FE #70-79 i e ]
i #:UKA F #5580 —— - ——
7 % :MIS-TKA £ #5<70 . L. e
ff #%:MIS-TKA £E #570-79 T e ot
7 #:MIS-TKA £ E5>80 foerhiT _j‘; i i
i #%:C-TK A 4 #5<70 |
7 $8:C-TKA & #570-79 . e} e
il #:C-TKA £ §5>80 T‘ | i .
0.2 0.4 0.6 0.8 1 2

Maximum Walking Speed  m/sec

2-2: MWS OFE Lt ic k38 HIME X

R RBATHE -MWS OREMZ, FleiiIcTRBIMEL, BEEHELE OA BEDHEE
MRTAZ IR W TR LTz, Ry 7 AL X, £ 70— TOH g 50%% FH & il %
R, PR EITHL, MWSEY, HIRICE TL WA, TORE X, M1 T, Smizlimun,
FIMBBRE L THLP, IFROBEVICEEIN, C-TKA TR T OREE .,

i

2-3A BLU3B T, & & s & LI AT -7 2 Ok OA #3E D 3 BEITH3 T T, PERNI M
i ) R il & B LT, ORI, LR O NI AMENZERH BN o T, £, B OA
HOE OB ) ORI, S S LT Th ot

2-4A BIOV4B TIL, fEF Sl S OA FBIT ORI - 717 £ o0 ik (b 2 B £ T Bh gk & Jee ey S
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HinEik 2 F N FE N U, IR I R, R Rl B T Eh s N R E YK FL T
UNTE DS, AT LI i B A Rl Eh I I e EE LT Hs Y, I Hh BA E AT s3I R IS SR LT
77

BERGH Nwke C HEEBH Nk

2-3: B/ 10BN LA BB X
Js e B A A7 (X12-3A) & s Tt it /5 /1 (K 2-3B)D I Bl %, MR TRERMEL, fE &L
JEOARE Oz, AR ICB VW THELE, Ry AEF REIL, £ 7 —TF TOH R
50%%E B & B AR oR, @A EICHL, BES, BRI TL TV,

[y ———  BEGMETRE e
B4 2-4 : g BE i 7] Bh sk oD Bk Y

FAS (e 2 BE B AT Bh IS (B0 2-4A) & ik mT Y S5 (X 2-4B) OB E B A, B E LR OA B3

OWTAT I N TH I Uz, BIERE 1T 5 B S LI Il E S T=T2, /A lTeA

NPT RZEVE R, B FICHL, B TEEED, BRI TL T,
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£ 2-4:BRHL OV BEMEFHM T H72H D SDR

SDRyzg | SDRe#g | SDRewmi | SDRitz | SDR&gg | SDRggst

TUG & 0.00 0.45 0.13 0.00 0.42 0.28
TUG &K 0.00 0.46 0.20 0.00 0.46 0.30
MWS 0.17 0.41 0.14 0.11 0.36 0.44
H%E@}Eﬁ%jj 0.57 0.10 0.14 0.48 0.00 0.30

JE B EH 7 0.42 0.00 0.17 0.38 0.19 0.03
H?§1$ BN AT B 0.00 0.00 0.16 0.17 0.00 0.16
FR i eh BB A Eh i 0.17 0.00 0.25 0.00 0.00 0.26

BT ORI EMIZHOVTIE, MR, E, BMLIZL-T, i IxtER], &£, fiiXkoT3 L
SOVORE Gy I B B B FEE L72, SDR>0.4 2B 2 AME L, ALV ROEFLERTIC

THH LT,

54 RBHIMLL CEEMBALRETNEER O
JE B LTI HER P 2 5% E T R EER OFEM IOV T, R, F, BMI, L OMiFic>n
TR L7, AT O WE B IZ ST, PR, 48, BMI IZE-C, il 13RI, 4, iir k-
T3V DE GG 2 TR LTz, @R %+ E 52 akt 5729, SDR > 0.4 zJ&
B OIEEL L6, R 2-4 1R T X918, FHELL ECh o720, #iynil TUG tRE, TUG i K,
MWS @ SDR 7%, 0.45, 0.46, 0.41 Th o7, F72RA M) 1) LR i /5 /1 D SDR sepi, 0.57
£ 0.42 THY, HERNZIEINE T D& LW ST,

— 05, IR, Fl, T EoT 3 LARADOE G NS BT &ML fE R, TUG
& TUG i RICBWTE, FliicdvElib + o84 ERH o7, LarL, MWS IZ8B W T, SDR
#ia DD SDR Vb REMoT2, £ D7D, itk D MWS % UKA, MIS-TKA, C-TKA Dfff
SNSRI D2 & & LTz, fivtk OB R i ) LI il 5 771225V TiE, SDR w28 0.48, 0.38 ThH
ST, WTATE L DG P2 PR DT DI, A B 755 ) & h #5577 o 1 J7 2 PE R CE Bk 52 &
EUTo, R - i it B £ AT Bl o0 SDR I TR Z T Bl > Cuh7aizd, PRI JJOVE s Bl 12 g
b & FEh L7ginoTz,

72} F 2-5 (R T RO, IR o0 I i R %5 ) LI I i A /) 0 SDIR g3 0.46 & 0.35, il
B &7 T Bk & s i et B A AT B D SDR i1 0.36 & 0.35 L O [K - L H# L C SDR 23 72>
oo ZOT28, B FIEMERNCEY, B AT B ek I i A & R R B R & LT,
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£ 2-5: M O g Bb O B A Gl 3572 D SDR
SDR#%I | SDReMI |SDRAfIE
Fer (e & 7 70 (GEAfT A1) 0.46 0.00 0.00
FERJEE B 5 70 (FEARTRY) 0.35 0.03 0.09
e R EAET A I GEATAND]  0.00 0.00 0.36
e dhBI AT AT Eh i (FEATAN]  0.00 0.15 0.35

SDR>0.3 ##B 2 A%, AL v IBan R ERFICTHRAALI,

E BN RE IR D 5 A B D FEAT
SEHEREPR & B E BTN ST AN w7 iEA B T BRI ELT, B 2-5 ISR T X5, U
P 00 R & AP D B FAC KD E M O TEIE BN HE LD,

RI=4.0~18.2 RI = 0.40~1.73 RI=0.09~1.39

RI=6.1-19.8 RI=0.44-1.76

log(TUGE X) sec (Maximu walk speed)"-8 msec (Eﬁiiﬁﬁ)“\m/kg
2-5: B EFFHICKH THIREREHROH R
MEMOERLEHROEEE, 3 DORBILEHEEIC OV TIHALZ, TUG kXK, MWS, BLUH

WRFHTHD, 7970 EHETEIZTZREN, X = (x-a)P-1/p D Box-Cox 2% AT, ~EF] L Hal]
EEMB O HERLTND, FEAN TLAOBRAORBOETIL, 777 IRSNTREREHBOF
Wb h T, FREFHRICHINTHF L0 95%DRPEERL CD, HE2BEUICE R LU-%, HER I

WELLLEALTHZLITER T REZETHD,
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X 2-5 TiE, ~EFEBATH O TUG Fe K, MWS, B0 R OO0 %2685, EOX TR
95%(E M X &2 A IR ERPH L L CGRHRL Q0D 2RO S UERPHIX, ZH%ICEHRES
NI T OROFEREFIH LB LT, KE R TVDLIENRHLNTH D,

o, e - e dh B rTEh T, B 2-4 1R T RIS, 5 D LIRSl E S, FALEIS
KRESEHERB DT, ZOTH B 7] B O FLHEF AL, /2 /3T AN 23R 12 X0 HE it 53 4 0
2.5-97.5 N —BUHANLDOFHPHEL TR E LT,

5.6 EEBEREICRTIEERHORE

B AR AR A O L EEIPHIX SDR ICHESWT RO FIEICHE - TRRE STz, 3¢ E L7 e
HIPHIX, & 2-6 12 7 DOMIEH H 125 1 TR L7z, TUG, MWS, B i /) ), B ih 75 ) 1%
NTANY 2R, BB AT BT N T AN o B R TR E SN ZEITERE DL T
0D, T B OFLMEFPIIY L T VED 120 BlE/NEL, BER DMK T 95720 4040 5%
TREBHE L2 o7, ROV TN )X, "TAN v Z7iEOE#% OEIZIBWT, FE¥)+£2.81SD
LLEOENT 1 RIS TR ERLIZTZDEE L TS,

B 2-6 (2T AT TUG RIE I T D NE R B IDIER oMbz R 3, MR Z /ST AN v
JIECHETHRMESRMELT, B 2-6 IR 5912, IEEMEFREAE K-S test(N.SAXE A5
BRW AN A2 BT 2)CRY, AT 1714 - @5 & OB RER A O NS FAHIC

EBL AL DR A R LT, O oRlEH BT MR T,
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= 2-6: EENE R MR E O L EHF

TUG i 3 Y3
T ARy o A AT NWEAE =S i)
AR Al n IL Me uL AR n AL Me UL
e Ek-d All 18 5.1 6.5 8.6 (e Hx 120 037 116 200
EES ~69 118 76 112 206 ) 98 041 102 2.09
FEfT
il EE 70~79 281 8.0 129 2438 & 291 0.26 0.81 153
& 80~ 140 89 155 336 E] 124 025 091 1.88
E ~69 119 8.1 123 274 & 404 0.20 0.65 136
e EES 70~79 279 92 152 372 3 127 0.20 0.57 146
it
Ek- 80~ 140 103 187 386 % 417 0.14 040 0.82
TUG &KX e )R i 5
KT XYy g A NT XYy o BAERE
PRI i n LL Me uL PRI n LL Me uL
i EES All 119 39 5.0 72 f EES 120 021 049 093
EES ~69 118 59 8.7 170 2 98 018 049 121
ElS ]
i E 70~79 279 64 103 183 % 291 0.13 041 0.81
Eekg 80~ 138 6.7 12,6 234 L] 121 0.14 045 0.88
Ek- ~69 118 64 99 201 & 403 011 034 0.79
it EEY 70~79 279 71 122 2.1 ) 126 0.13 034 0.79
it
EES 80~ 139 8.0 15.0 281 & 416 0.09 0.26 0.61
Maximum Walking Speed (MWS) Jis (e P2 BB £517 PT Bh IR
AP WIPLE-=5 o] AT PR WL E =5 ]
FPER i n LL Me uL HERI n AL Me UL
f ER-d All 120 150 220 313 fr Bx 120 -10 0 0
B ~69 120 0.60 122 203 F At 5% 159 -15 0 0
Elai]
il EES 70~79 285 045 107 173 i EE3 231 -25 -5 0
EE Y 80~ 140 043 090 159 i LR 545 =30 -5 0
UKA B4 All 104 0.55 1.00 2,01 itz Bk 545 —20 -5 0
s MIS-TKA A& All 342 037 089 1.61
C-TKA AL All %9 027 0.74 147 R otk v @ sk
SN G AN o B
PRI n LL Me uL
HEEE Bx 120 120 150 160
JritE Bk 159 110 140 155
FEHTR
e Bk 231 95 130 155
Al Bx 545 90 125 150
it Bx 545 85 115 140

LL=T[RfE, Me=H 41, UL=_L[RfH

R LT 2

3, TUG, MWS, 5 7113/3F AN w 73R XY, BIE FTEI8IE L RT ANy 7B 1T > TROE

ST, FIEH B ORI 7 VD 120 BlL/hSKRIEFE MR T 32720, Bk a3 L b -

7=
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X 2-6:#F81 TUG RE D ERBERK LN EIT-AI)V ) TRE

6. B&

6.1 FFADE RLEE SIE LOLE

PlERiE L, BIBAARHELESE Lo, N TIRBHEEHBRTTZZ 072K OA BEDINEYT
—varaFE L TnD, @) B L AR R HE 720 121X, TUG, MWS, B/ 7, 1 BE i m] &)
WAL OB EBERORENEE THDL, TNHDNRIA—FERZBHINZHNWDT-DICIX, £/37
A—Z DAF FENE D vy W L B PH 23 4 BN W R TH D,

B3 FH D DAF DIV E B B AR O AL A WS L TSR FE AN <D0 5, Tsubaki & 2013
HANOREREZRE W E 172 4 (B 80 44, &M 92 4, 50~79 )& /&I TUG ZH|IEL, 10
HFEAF(50~59 1%, 60~69 ik, 70~79 k)P F-¥IEE SD IZIVF MBI O HEMEZ R LI, L,
TTITN—=T BT 15~41 NN B TN A ZXDBE E ST OF L, Rk
X+ TR, 2B 2-6 HHLNRERIZ, TUG @O i X E ML /A0 CTlxien 7, SEHfE
& SD Mo ) 7 B MERGPA 2 51 75 2 L1T TER,

MWS (ZBALTiX, HARANOHE @i E 2468 4 (5 826 4, otk 1642 £, V-Y4FEHN 71.8
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%) DFREHT D HA5 510725 B E% Yoshimura 5 2035 LT\ D, o 7 A XL B TH D23,
P ARl 1) o0 FEHERLE, B BN IEML 0 A TdhD MWS B0 4 Aii Bl % 5 JE 3712, FHH+£SD I
O EIN WD, FEEOREEIL, Seino & 228D MWS O JLHEfE % - 15+SD THR /R LI- 4
THIEHTED,

DX T H xR L LT £ O 7E O )T am 22 BB A T, K 2-1 226K 2-4 1IZRL
ToRRIC, TEE B A A O MR R I, ATt COM OA BFE OHEIPALIIN RV R o Tn, Z
T, FaBPRIELOTF — A3, BKRERERA2OSE THOWLATWDRH O Fikz
FANT, FATHI% OB EB AR E O LB E N 20T L, FYEHIPHZ 3% E L,

6.2 HT Al « 22 D EBIEE R I B E 5 E K

W AT R A E O Z BB K 0 AT 205, B OA HE O TUG T4 EEBITHIML TWAHIZ EM 5
(272572, Steffen & VI3, fH & #nE O TUG PFEECIEFIL THEMT 5L WELTWD,
7= Adegoke © L, I OA FBF D TUG AL, FERICFEROEEZRE L TEBY, ZORIK
IMERIZAED AT DONT AR BICHDHEL TN D, [, ITATOR OA B D MWS b IC
ST, Bohannon B PO0E, & i E A et G L LT AR EIT KD, R R AR T I B VLA e &
B IR T 32282 E L TWD, SOITARMFZE X RO HT O T LMD T 3ME T L
TU 7z, Logerstedt & *V1%, AT OB OA BE O NICFRBRIZHEZENH L L2 HE LTV,

— 07, itk 2 I FENM L7 B B R AR A T, TUG TR - e REHITHT % O N & &%
([ZBAE Th o723, UKA B TITHM A Hl &40 Tz, Jones & 5013, KR DU B 5 0 44 B (=
B3/ D7 7o s, UKA IZEY TUG AR F LI AR E LTS, [, i % MWS 134 L
BT L, O ELZ T T, — 057, LW TIEFI & OB - e i i 2K LT
Y, 3TIT Gustavson & VA OA HH THMAEL TWDHEIIZ, LM TIXFM# OB R - JE dh
PR T LTz, —J7, B4 1L UKA Tl C-TKA Kb e, o8 =
FHZEm LT,

6.3 B LD E

SR ORE L OV BEVEAE SDR IV L7z, My Al OB BERE (2 DT, PRI LA in
D—FHEBETWEZRWEZD, HIEIIE G Thotz, LinL, itk OREMIZOWTIE, YR, F
i, D 3 SOEELEETDULEPH T2, BT, itk D TUG i s TUG e KIE, W
NHEE LT RICBIEL Tz, LnL, FrZ A A ARFEL TN, BRERE TX 52
LERET D720, SDR DmWW A% 1 DM T80 END o7z, 2T, AR ERE T L7
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W, #ith D TUG 24 © 3 7 —7 @Rk E LT,

1% O MWS IZHOWTH AR ORI B, 48 s L1 A B2 B EME AR O bz, T4 13X
AEHE D SDR =0.36 EAfF D SDR = 0.44 OB ICFE SV T, R Tl < B0 MWS % & Bilk
FTHLND) TUG SIIRf DRTEZ LTz, ZOHIWrOIRMEL T, B OA 3 TiE, TUG M2
HRAT IR 0> 5 111 s 6 30 R 70 i ) 6 A B A 0 LR AF L O D 0Tk L, B AR 1T B KRR DY
5 DI INAKAFL TNDI LA R LT Lijima b DOWELMER LI, ZOZEND, KERIYGEF O
RO N RRLM D, BEESTHRE LR T MWS ICREEE 2 L2 RIB S,

FT R A ) E R A 0 o FLYEEBE o g B I DWW T, Logerstedt & 3 3CRFL TV
55912, SDR D@ VMERI D B3 E T R EHEK Cloo 7z, B af Bk o0 & 8) LR 2DV T,
i e iy BE F RT B I IR AT > BMI S B OB AHY, itk 1T UKA Ol B RAIF THHIED RS
7o LU, FZEED SDR XA LL N Th 7272, @Rl k&I R ERH A 258 E LT,

77, SDR A3 VN2 &0, FEAITA o> i B 8 vy 8l il oD Kk HE 0 DH 0, ARk & R R ]
SUETHONEZY THHEHIM LIz, FEkD D%, RO OA 2B Al Bk I B+ 50 % M
ALTHEY, ZL—R 1 &7V —R I OB T8I A2 2580, R OM OA A3BIHi ol #) K T
DYAZ R F L2 B Zea s Uiz, LIZ23-> TS rT B ICIZ R O OA THRE 580D,
WIPEE B OA D A AIME L TIRBI T W Bl C A AR DI LR S, — 07, Tl L
—RIETL—=RIVAIZEAETHY, HEITHIOB OA ([TIZBIE v B o 2 AR Do oL
gq3ni,

6.4 FEATHI R DIEEMELAH LD EIEF T L D LB

H AR N Zxt R ELT AT R XD, RS LR YR 22005, SEHIE £ 1. 96SD Dl
PH A JEYEGRDH L 070 L, ARAFJE CRRtE LT R YEGEDH L b L7, ARDFJE D TUG O S UERE DA |13
e v it o o0 B ME G P & R LT, I Al - AT 02 SHICHTBRIC BB MNC S 7 R LTV D, IS, S0 i
DIEBZHNEDEHBPRENZD, ERE[ O 7B RELS, FRELF REOKEIZHL, F
FfE L EBRAE O AR ENEVI R A A HALT(FR 2-7), £72 MWS O I HER PHIL, A3t G0
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#2-7: R ATWFED TUG AT EOEEGF L OB

£ i
'd= M
kel HRE HEA 60-64 65—69 70-74 75-79 80-84
2] 32-54-176 15-68-121 23-74-125 34-79-124
B M (2006) |EEBEARANISIE
= 39-59-79 21-76-131 36-83-130 3.7-96-155
2] 35-57-179 43-65-8.7
Tubaki(2010) |f@EBAAN172%
k=4 37-57-1.1 46-6.3-80
) By 59—87-17.0 6.4-10.3-18.3 6.7-12.6 -23.4
ABR
fiiz B 6.4—- 9.9-20.1 7.7-12.2-29.1 8.0 - 15.0 — 28.1
BN
F# 2-8: EATHFZRD MWS LARBFZ2 D HEF PH & D th ik
£
& q |
kol kol 4 60-69 70-74 75-79 80-84 858l F
-] 1.17-1.82-2.47 0.86-1.62-2.38 0.62-1.48-2.34
Yoshimura(2011)| % A& A24684%
& 1.08-1.71-2.34 0.75-1.46-2.17 0.46-1.17-1.88
] 1.38-2.09-2.80 129-2.00-271  1.16-1.87-258  1.00-1.73-2.46  0.85-1.65-2.45
Seino(2014) | &% HAAN4683%
X 1.33-1.92-2.51 1.18-1.79-2.40  0.99-1.64-2.29  0.79-1.48-2.17  0.60-1.33-2.06
iRl Bx 0.61-1.22-2.03 0.45-1,07-1.73 0.43-0.90-1.59
AR UKA MIS-TKA C-TKA
fivik Ax 0.55-1.00~-2.01 0.37-0.89-1.61 0.27-0.74-1.47
HAT :m/sec
#z 2-9: AT AEORM B HEARFROEERBALO LR
b i & & 131l 60-69 70-79 80-89
2 1.19-1.88-2.57 1.14-1.65-2.16 1.09-1.44-1.79
EiE(2004) BEBARAN6104
Z 0.90-1.47-2.04 0.78-1.35-1.92 0.85-1.15-1.45
e 5 0.25-0.91-1.88
filT R
Z 0.20-0.65-1.36
.35
. 5 0.20-0.57-1.46
fiTi&
% 0.14-0.40-0.82

AL :Nm/kg

i & P B D (R v i o D SR VR S LR LT, IR AT - I AR SIS T IRME A3, 50%F2 AR A T >
TRLU TR 2-8), MR 5 ) o0 S UERG R 1, R o i 2 o> FL R PR & Le e LC, TR - 98
EBITIRAEIZT 7 RLTHRY, KIS FIRMEAMERE IS 7 RL, SRl F IRAE OE 23 K &R 08
HHITZ(FR 2-9),

6.5 7RI O HEHIBH D ER IR BT £
AT ST 350N T, I AT LA 1 00 I B B A2 10V N A B O 6 B 00 R A I VA B 28 B
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DZLEW BN LT, fEH &l L OMICBLE ST R TONTA=ZIZH B2 Te B8 b i
foZ i, A T B E BT B O FHT ATt OUAEV T = a BN T, ZU= AN AT
TZNERR 72 B 73 5 3 i L TN 2 2 BB LS REAR 975723012, < F T A7 0D I ¥ i [ oD 7 22 4
ZRMEIRLTNDESE 2 H5,

PR E A OFEUER P2 VD& T, ABE IS PRI A F2 e 9 5 T, IR AT & % IS
EEEREER A A LT A28k, ZV=h A R A > CTEFICUAE YT —ar AT, 4=
R 22 [ O T, BBEL COKZENAIRE TH 20 A Al TE 5, £ Bk iz ik i
FPAIE, SNV =N W3 DY, s, PER, 1N E Sz, KOfE 5
FI72 A IC 72 8B 25, bLAUCZ RO 3235 613, K0, »oE PR e
V7 —2arZ R WIneERMT 52T, FHEICIHSTIRBEN T REERDEE D, 2O LIE, BF
Tifi & BE o) B0, ARt B DO EMEALIZHEENY, ERERE PO RNHLHEE 25,

IR I & AT 2 2 A [ 0D e 3o B e T A A 0Dk HE AR P L 2R A TR0 7203, il i oD i 3 ) B i
PNEYAREEEZ T 45 ECTEETHHIET, Bade H 'VEBL Mizner & DL THHiE S
NTD, EBIT, Bade 5 W& Zeni & '3, itk R TUG, M /7, B i - fi Jre B 5 w7 ) duk
W, TO%RO B FEAEHEORIEZ T T2 ECHEHECTHLIILERLIZIEDND, THOHEIC
bR DEEZD,

7. &0
EWNo N T EEMZEZML C\D 13 OEREBE O /25T, A LR E 4
ZATTZHE OA A 545 xR eL, REEHERE 20T Al &Ifr 1% 2 B sUCRIE LTz, /3T A—
Gy AN A5 JE L AR E R D 2 R E L7e, AAMERR DR O BIE O kL, Y7 7 =T RO
ZOMRDORKEESZFT SDR ZH W TEBIRIHIB L7z, mBFr oM st 2 FELZH VT, B OA
A I A R R P 2R LT,
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EIE RETHBEOINRIETICEETLIERSHT[HF5 2]
1. Fx-BRY
1.1 R ICKITIHBITRA LB SENER TICETIE X

Dobson & *¥i%, N THRBIHEIfiT 2 B H ORE N 2B BT 25720 O EERFAIEL T, A1T
RE ) R ENRE ) e L2 281F TRy, BITOBERR OB ALL T TUG X MWS ZHE3E L T,

ZLTH 1| ETHRAREIIT, it & B o E B B RE & (RIE 8) & (2 TUG 72 & DB T 0B 8
NNEBETHIERNHESN TS 3, £7- TKA % BHOBITEAIIMETEHESTETL,
EEETICHRZE TSI LERESNTND,

SO AT & B2 - O IR i 77 LR B T B, IR R R IO BRIT O B RE IS B AT
ZEMHEBERIGEE CThD, /o TKA % F B OB m 1) 0B # al @l firai &tk X TIRF LR
I, BEETICR B2 E T LS TVnD,

Fhebbilith RH OHITEE S LEBEEERE XN AT L R TIR T L9, IR OSTREAR
5, A ERIE TSR EBTI3EREALNICTIIENE, ERINEIT - a2 E RT3
ETHEEVAD,

i te AL I BT AL, EREOBBRICOVNTHRHFTSI TS VR, AT BT R H o
FIH COMR T RICEADLIENZ, EARRBMELE S BMELZE O THRET S TIIW RV, E720fF
AT O RE D3I 2 OB AR IZ R BT 2 Z &MV SALTI80 29, i =1 K0 TR @ i 23 J 72 5 SN2 &
Ob, MTATHERE D BEZETHLENHLN, TNEE O T Lo G IXALAR N,

S

i

1.2 5 E By

T CARBIGEI, S I B 2212 KO AT T LA 1% 00 A2 4T RE 77 & I B2 5 44 A 0 1 AE 1 D B e
ZL, it me 2 8K LTI L EC, IRROE(MEBICEETIBEREZSFT 75244
HEIZHE L7z,

2. H#
2.1 Xt

XEGX, WFTE W D03 HavTe 13 faak G s H 5 1 husk - WP [E M 5 5 fu sk - DU [ H 5 4 fe gk - Ju
JNHE T 3 FiE)ICHV T, TKA F£7201% UKA O HIZ7e -7 OA B3 545 £ (B 127 4 - &
P 418 4 & LT, B OAE Bl O N FR 1%, C-TKA 75 99 44, MIS-TKA 7% 342 41, UKA 7 104 4
Thotz, WG HEMEIT DIE OA EZ2IrEN, 2)TKA BL N UKA O G L LT, BRI ERET 1)

37



EE Sy JBR S 72 & DR 2 RO BT FL A RR o0 7, 2) I BE & LASh o0 B8 Fi i il TR SO R 23 35 P TS
B L, BATEEOHI RIZZR2> T, 3 M sERE E, MR Eo A+ o8 L7, &
B, 13 Mgk THEREE L TERISILTWDINEY T —2ar 7 al I MM ST =R A
Mo TEHS, IFRIEHETERIL3~4 B ThoTz,

2.2 T A
Ik, N THEBE B i c B AT A LM e oS (L iicxt 55
K45 Hr % H S LT=pim &k — M & LTz,

23 ERAMBHLEFHEM

PER, fEfin, BMI, B8 OA OHEEE -K-L 538 >YE M R 720E 8 B IH O A4 8, FEHT R ok &
CFr (0 - T {1 ), 3 K OMFF20(C-TKA, MIS-TKA, UKA)%Z 7 > —he L7 X0 LTz, &
A7 E B, 8 2 BILL -1 (8] 30 43 DA EoEEh 2B EENHDEE R LI,

2.4 TUG, MWS, B 7, BB w8k DB &
W2 wLRIBED LY, TUG, MWS, B /7, 1 BE i 7T 8 ik oo 30 i % s L 7=,

2.5 WHBEOE{LEDHEH

TUG & MWS OZb &L, ilith — IR OMEICIVE B L, 20720, TUG OELEDOT T
ADME, MWS OZEALE D~ AT ADMEIE, WA T #%IC TUG ° MWS 3EIEL TWAHT
EERIRLTWD, R ) LB W B I O 2 b &b, Tt — IR O IC KV E Lz, 20720, il
71 EBAR AT EY i DAL B~ AT ADE ThDHE, AT XTI Z I FL T ZEERLT
W5,

3. SREHERAT
3.1 #ETLivz OB EHE OB

TUG, MWS, JE {2 - I sl 575 77, Js o 2 - Jegs ot 80 505 T 35 L2 33 U A 1R Al L 1R 4% o B 11—
1K Wilcoxon BE % EMi L=, 72 B 7T RNC LD BN K& SV B 4 BN i 12
O E T2 Uiz, A AL 5%E LT,
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3.2 BALEICHTHEERSHT

TUG, MWS, B5 71, B ] B2 36 1T D0 % 0 28 (b B (A BIE 3 2 BN 255 E 95720
EEVF oA FEm L7z, BRERIIE, R85 TUG, MWS, 1 {f B - il i /7 &5 B -
et b R B g DAL B A, BB AR, YRR, AR, BMI, E HIRYZE (L= 0, 0= 1),
HE B (K-L 208 0~4 N8P REE) B L ORI o B E (|l =0, Wil =1), = (MIS-TKA
& UKA IZKIL, C-TKA # UMD T TV — L UTe I =B RAAER) & i kG e Uiz,

AL B~ O AT R AT LD A8 D5 B 3 572, Al z i 2 B U TRl A B 1
DELTHERALL, ATy 7T UAXEZ W T bl D)2t Pl A B O A G 2R Lz, 45
HEBOEBMIL, VTN AZXRKREND, P TrdeKE R BR R 5 (p)2 B Z L LT,
ZLC, TOMPEELLT, BRI 5 Cohen DR & DV THD, [/hE 0.1 LU E(rp| >
0.)&H B EREERILLT,

3.3 2 EREHLK

I HAMT R0 7245 I TE I DO 2L e~ D S B, Z AL RO JE B IR iR LTz, Z Ol
X, AT A 1 MM e P B e s 3 WA ALl T4 70— % kL, £ib&
BT HHEREEHIZ 2 HERE MBI Z R LTz,

4. FER
4.1 EXRBOBHELEFH BN

B OA BHFITHBNE 127 4, ok 418 4 Th o7z, F s DX ELSD 1L B M 74.4 + 8.0 5%,
BMEDN 742 £7.6 1% CThHoTo, £72 BMIIZ B M2 25.3 £ 3.6 kg/m?, LM 25.3 £3.6 kg/m?> Th
Sfz, B EE B E X, F02 176 4 (32.3%), LD 369 4 (67.7%) Th -7z, K-L 77 FHICK
% EAE X Grade 2 23 29 44(5.3%), Grade 3 7% 252 4 (46.2%), Grade 4 73 264 4 (48.4%) CTH -
Teo FERHAR DOBEF X BIPEAD 205 44(37.6%), Mi{AIPEDS 340 44 (62.4%) Th -7, fiiliL C-TKA
2399 4 (18.1%), MIS-TKA 7% 342 4 (62.8%), UKA 7% 104 4 (18.5%) Tdh-7-,
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10 30

15 20 Z‘* 35 40 0
TUGHRE  sec

fUGﬁjjﬁ s;c :
3-1:TUG DTl # D Lk X

TUG Hi# (X 3-1A)E TUG &% K (X 3-1B)DIF T # O E B 2 i L7z,

Ry 7 AEH IR, K7 —TTOH R 50%HI B &P REER R,

T
0.4 0.6 1 12

Maximum Walking Speed

T
14 16 18 2 222

m/sec

3-2:MWS DI Rii % D Lk X
MWS OJIE %, AT ICRB O TR Lz, Ry 7 AL R g,
KLY —TTOH B 50%5 P & o Rl 2 %R,

4.2 FETICBITBHIERE OB

-
—

TUG (28T DIUTRI &M 2 DL D=6

, — 1K Wilcoxon #i €& L%, TUG ki
O Il E, AT 12.9 B -5 14.9 B, TUG & KO i, #iai 10.4 -7 f

it 121 B TH
BICHEEIEL T (R P < 0.0001, iz K P <0.0001) (X 3-1A+B),

F72 MWS O RAEIZHOW T, #7RT 1.04 m/sec i té 0.90 m/sec TH EIZIE FLTWo(P <
0.0001) (K 3-2),
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08 1 12 14 16 18 2 22

26 ) -
EYELEREPE  Nmkg

) 1 12 14 16 18 2 22
iGEEEnbs  Nm/kg

B 3-3: 8 5 71 DT Ail % O LB X

e R A 0 & D ot A 0 O R AR O B E fE &, PEBNIC LT
Ry 7 AL RBIL, &7V —7TOH R 50%%E A & e fi 2R oR

S0 160 170

ReEEETES degree  BESEEIES degree

3-4: 2 B i AT Bh IR O T R D LB X]
i {5 T B Jak 2 s U b AT Eh I 0 E B A, AR 1S3V Che iR L

Too BIERERIT 5 FETLICHERAICHIE SNIZTe®), S AIFEARN T AT

FVER,

W 1B 1T DITHT &A% DI D721, —FEA Wilcoxon 18 iE % 52 fitn L 72k A, 1 il J22
T OFJAE X, BESWTET 0.92 Nm/kg- i %2 0.66 Nm/kg, £ I13XH7 AT 0.46 Nm/kg-ffi#% 0.32
Nm/kg THOA EF I FLTWZ(BME P < 0.0001- 2% P < 0.0001) (X 3-3A), g i #5 /) o
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7 3-1: TUG-MWS Ofii ¢ L BOBEEERZRR T 50O ERBF ST

BRZEH . ATUGHRE | TE-MTEI) n=545

BAE R B SE(B) stdp tiE df PfE
TE# 0.28 0.14
MTBITUGRE -0.31 0.03 -0.43 10.60 540  0.000
Fin 0.01 0.00 0.20 5.01 540 0.000
UKAX -0.20 0.04 -0.22 4.52 540 0.000
MIS-TKAE -0.11 0.04 -0.15 3.09 540  0.002

<EEE>R=0.4376 R’=0.1855

BHZEH . ATUGRK#TE-MTAT) n=545

SREAZ IR B SE(B) stdp tiE df P&
TE# 0.29 0.13
MEITUGERK -0.33 0.03 -0.45 11.07 540  0.000
Fin 0.01 0.00 0.21 5.16 540 0.000
UKAE -0.19 0.04 -0.23 4.70 540 0.000
MIS-TKAE -0.11 0.03 -0.16 3.32 540 0.001

<EEE> R=0.4532 R’=0.1995

BHRZH | AMaximum Walking Speed(fif#&-ffi@) n=545

B B SE(B) stdp tiE df PfE
TE# 0.87 0.13
MTBETMWS -0.49 0.03 -0.58 1471 539 0.000
7 -0.06 0.03 -0.08 2.34 539 0.020
Fin -0.01 0.00 -0.19 5.03 539 0.000
UKAE 0.18 0.04 0.24 5.13 539 0.000
MIS-TKAE 0.11 0.03 0.18 3.88 539 0.000

<HAE>R=0.5424 R’=0.2876
p=1 Bl J7 F2 2, SE(B)=fi Bl ) (2 B DI HERAZE, stdp=1% MM [m] 7 £R 2, R=FEAH B R 2L,
R2={RER S SAAE T, IO L Bk T AR ORI EMOE BEEET A0
AT ORI E A AL L7z ETHiT L,

JE 1, BELMITAT 0.47 Nm/kg- i 0.34 Nm/kg, & MEIZHFRT 0.34 Nm/kg- #iF#% 0.27 Nm/kg
THOA B TLTW=(FE M P<0.0001 &M P<0.0001)(X 3-3B),

s A e BA AT AT Bk, M B O E AR O TP < 0.0001), HRE XA AT —5 BT —
5 ETHY, /2777 LOREEVHRDIRN-T2(K 3-4A), W ith B i w7 8 f5 oo vh il 13,
AT 125 BE -7 7% 115 FETHY, A EITIE FL TV =(P < 0.0001)(X 3-4B),
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#3-2: BN -EIEORBRENEOEEEREZER TH-OOEREIFESHT
BRZEH . ABMBRESHD#HIE-HR) n=545

SAAZ L B SE(B)  stdp tie  df  Pfi
TE# 0.40  0.07

e3Pl -0.67 0.03 -0.74 23.09 539 0.000

gk -0.08 002 -0.11 3.46 539 0.001

BMI -0.01  0.00 -0.07 217 539 0.030

UKAE 0.12 003 0.15 377 539 0.000

MIS-TK A 0.06 003 009 225 539 0.025

<HEEE> R=0.71 R>=0.50

BMZEH : AREE D E-1E) n=545

EAAZ L B SE(B)  stdp tie  df P
TE# 0.00  0.06

(eI = vl -0.26  0.02 -0.62 17.253 540 0.000

M -0.03 0.0 -0.09 2.80 540 0.005

Fin 0.00  0.00 -0.14 3.93 540 0.000

BMI 0.00 000 -0.09 259 540 0.010

<®@EE> R=0.60 R*=0.35

BMEH | AREBEET T BRENR-WME) n=545

SRR B SE(B)  stdp ti  df  Pf#
TE# 71.16  4.33

it A7 B2 8t B B PT Eh i -0.67 0.03 -0.66 19.86 541 0.000

UKAE 6.83 1.69 0.17 405 541 0.000

MIS-TKAE 298 136 0.09 220 541 0.029

<EEE> R=0.65 R>=0.42
p=1 B J7 £ 21, SE(B)=1m Bl % % D AF YRR 75, stdp=HF Y& [ )i 0% £, R=T2AH BA R 44,
R2=0 R SAEEUL, T OEAL BT T el ORI E MO BAE BT 2720
AT DR E A H AL L2 ETHiT L,

4.3 WEROEMEICEETLIERGH
4.3.1 TUG & MWS
Wi t2 1K FA2FRDTZ TUG & MWS 128\, i D& b IR -5 B K & 55 357280
H[E] i o A A FE L7,
#£ 3-1 O LBITRT I, ip| > 0.1 TH-o7DIE, TUG P i BV CTiZ4E R (rp = 0.20),
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UKA(rp =—0.22), MIS-TKA(rp =—0.15) T o7, F& 3-1 D BEI/RT IO, TUG e KIZFH W T
WL (rp = 0.21), UKA(rp = —0.23), MIS-TKA(rp = —0.16) ChH 7=, /2K 3-1 ® FEIZRT X
T, MWS IZB W T, Flit(rp = —0.19), UKA(rp = 0.24), MIS-TKA(rp = 0.18) TH -7z,

Tbb, TUG OEAL &L, Filn 3 mWIEE T & OB UE3 58 <, C-TKA I[ZH~T UKA X MIS-
TKA D J3BIENDTeholz, £z MWS OZEAb &G, 4F 23 @ WIZE T % O T 2358<, C-
TKA (25T UKA <° MIS-TKA O J5 MK F 23D 7e otz

4.3.2 B 77 & Jek PR 4 R B 3
T (AR 238 7o e A i « i i 555 /0 &1 T ith BE £ AT Bh I B W T, I R o 8 (kiR T B
LYLN Z Ry E S D728, BRI o & e L7,
£ 320 EEBITRT I, [tp| > 0.1 THHZDOUE, BHEF BT L@ = -0.11)&
UKA(rp = 0.15)Th o7z, & 3-2 OF IR T I, BIE#h s DI B W TUE4FERR(rp = —0.14) T
bole, 123K 3-20 FBAZR T X1, B dh B T 8 2\ T, UKA(rp=0.17) Th -7,
T, BRI OZALEIE, ZMEDIEIDIH % O T 2358<, C-TKA [ZH T UKA ®
EODME T 3D 7o T, FrBE R dh 5 1 DL wIE, DN E VIR E T O T o7,
EHIZ I e il B AT Eh 1, C-TKA 1ZH_T UKA DIFHPME T3 22507z, SHITHIHEIZ K
THLWRATOME L, ETOHA W THEBEELTEY, IATOMEAREWIEE, ik OEKT
DRENZEEZRL T,

ED

4.4 WHEOEMEICETS 2 BEREHLK

4.4.1TUG & MWS

O T B 2 b m O BEE N O E &L, Z'ofE@ it IC KRR L, il o5
B GO CHER T D728, MTRTAEOH 1 Mo Ek e b e &5 3 W 13k & B iE S L C 4 BB
VOB R )T EIL, B RICE BT LEIELHIC 2 EKE LKA E
L7z,

3-5 TiX, TUG R D2k &%, T AT TUG &4EEICRVE NI bA L Tk L7z, Sl Thod
EEMTH D TUG PR O IE #7232 <, ZORFEULINATO TUG 2RV NV —T 128 W TR T,
3-6 Tld, TUG i 02 k&%, IFHT TUG Eilf U k0 g il b2 L T L7z, UKA 11l
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MBI TUGEE

TRTTUGE LY FE#5:70~ 80
TATTUGE LY F 8780 =

AT TUGYASE LNV FE i <70
MTRTTUGAR A LN FE E5:70~ 80

T TUGYOE NV EER0=

MTETTUGRE Y &
MTRTTUGYDOIE Y F #5
BT TUGR IR LY £ 5
METTUGELN&E
MTATTUGER LN FE#5:
TR TUGIER LN FE &5

| : : - : : -
-1.5 -1 -0.5 0 0.5 1 1.5

ATUGHRIE  sec

o 4

3-5:TUG REDOEALEIZK T2 aifE &4 #1258 Bl kX
TUG 8 O AL &%, RIS ERICCTBANEL it L, Ry s Al ik

#rIE, HF 7N —7TOH R 50%F P L R EE R R,

MTBTTUGE LY UKA

ITAT TUGHE LY MIS-TKA
AT TUGIELY C-TKA
MTRTTUGE LV UKA
AT TUGAO ™ LV MIS-TKA
MTRTTUGE LV C-TKA

BT TUGYIE LY UKA
TR TUG A E LY MIS-TKA
HATTUGRPZELY C-TKA
MTBITUGIELY UKA
MTRTTUGIELY MIS-TKA
BT TUGIELY C-TKA

-1'.5 1 -O‘.S (I) OjS 1 1.'5
ATUGIREE  sec

o 4

3-6: TUG RE DO E AL B3 T aifE & Rz k58 Bl X
TUG i 02k B %, i i S RIc TR BIME L Tt Uiz, Koz Al

WL, BTN —T TOH R 50%H BH & o 9l 2 £ R,
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MIATTUGELY F i <70
MTBITUGIE LN E#5:70~ 80
MTRITUGIELY FE 80 =
MTATTUGYSYE LN F fin: <70
MTRITUGYE LV E #5570~ 80 |
MTRITUGRRE LV EHH S0

MTATTUG R NV FE 5 <70
TR TUGY X LV EHR: 70~ 80 |
MTATTUG R N F 80
METTUGELY FE i <70
MTRITUGIELN FEf#5:70~ 80
METTUGELY E 80 =

-12 08 -04 002 06 112

ATUGHEK  sec
3-7:TUG & KOEALEITx T2 Al L4Eln Ic X D@ Bk X
TUG s RKROZE/b &%, iINATEEFEHICTE L i, RysRE

ORI, K7L —7 TOH 5 50%EBH & R E & £ OR,

1.6

FATTUGIE LY UKA

BT TUGE LY MIS-TKA
MRTTUGE LY C-TKA
HTBTTUGRRE LV UKA
FTBTTUGR R LV MIS-TKA
ITATTUGE LV C-TKA

HTRTTUGY X E LV UKA
MTRTTUG A& LV MIS-TKA
HTRTTUGR A LY C-TKA
MTRTTUGIER LY UKA

MBI TUGIELY MIS-TKA
MBTTUGELY C-TKA

-1r.2 -0'.8 ' -0'.4 ' 6 ofz ' 0.'6 ' 1 1.'2

ATUGER K  sec
3-8:TUG s KOE L &EIZx T2 aifE LT iz L2 @ B X
TUG i KOZEAL &%, fiaiE e =ic Tk LTt Uiz, Ry AL

ML, B 7N —7TOP I 50%4% FH & R B2 R R,
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MTRTREZE LN Fhip: <70

17 BT 2R B LN 570~ 80

T AR B LN Ffn 80 =

17 BT R B OB LN fp: <70
T RIR L X0E LN Ffn:70~80

AT ATEE PR E N Ein: <70

HTRTRE PR Flp70~80 ————— - —-
MBI PRE N Efp 80

AR E LN FE i <70

T AT & LN FEHD 70~ 80

AR E R FEfp 0=

1 08 06 -04 -02 0 02 04 06 08
AMaximum Walking Speed =~ m/sec

3-9:MWS DOZEALBIZx 2T AT E L4 #r 12 X D8 BB

MWS DA &%, firATELF# I TRAMEL THhELz, Ryrxl

PARIL, &7 —TTOH G 50%H FH & o Rl 2 £ R,

TR E L UKA

AT R B E L MIS-TKA
HALEREE L C-TKA
AR DPPE () UKA
MBI E L PO L) MIS-TKA
T RIEREEOE LY C-TKA
7RI R P A0E LY UKA
]

TR AR FE X040 5& L) MIS-TKA |
TR B & ) C-TKA
MTAEE R UKA
MTRIEREEE L MIS-TKA

fhr Al :EE{@LM-H\_\

I T T T T T

-1 08 -06 -04 02 0 02 04 06 08
AMaximum Walking Speed ~ mv/sec

3-10: MWS O LBk AT RIE & Nic K28 b X
MWS OZ{b &%, fFaiEsficTERE L Tl L=, Ry

X, £ 70— 7 Cod g 50%% [ &l A2 3R OR,
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D TUG DAL DD IR0, C-TKA 1L OIBIE &AL <, ZOFFEITINATO TUG 00
WL =T8T, B 3-7-8 TiE, TUG il LA AR IC TUG e K OEA L ®m AT AT TUG &A4Ffin
LT AT KV RIME L T L7z, TUG TRIE & RIER IS, milis ThOIZEMT £ O TUG PR i ik &
WL, ZORBIEHRTO TUG 28B W L —FI2B W TR H 72, £72 UKA Xtk © TUG D
HE RSP TRNDN, C-TKA (I8 DRI 873 % <, ZOREITHTATO TUG 3008V L — 71
BT,

3-9 TiX, MWS OZ b &%, Flin LT ar MWS IS TR kAL Tl L7z, @i ThHDHIFEET
%D MWS OIFRIEFEN L, ZORBILNTATO MWS BBV L —T 1280 TR DT, K 3-
10 TiX, MWS &b &%, IiF LT AT MWS IZ TR BIMEZ L Tk L7z, MWS D2 JE # 3 UKA,
MIS-TKA, C-TKA DNETEZ 0 o7c, ZOFRFEUTMTHTO MWS D3 - RPN RN L —

WZiR T,

FTRbLEEKR CHBELRDZENZ W EIE D E VIV —TIZBWT, TUG IZFEM AR EL,

MWS (37 AL T/,

4.4.2 Ji 5 77 L BA i VT @) Ik

T %5 71 LB B AT BB RIS 4 L EEBIEELC, 4 Zr— TS0 T (1 AR - oK -
RCEm W Em W, T EN i <120-120—130-130—140-140=), S ERK L0 2 EXJE LXK %
TER L7z,

X 3-11 TiX, B 7 o2 b &%, RIS AT c kg nifb 2L Trui Uiz, %Pl
% DR 5 7] DEACE DD IR, I VEITIN R OB RS DO T &R L o7, ZLTZ
DR /D D MR- RRENT L — TN B N TR DT, K 3-12 TiE, g o2k
B, I EIRTAL DI TR BE A2 LTk L=, UKA (X171 OB H B /5 ) DI T &3 7e
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Abstract. [Purpose] For monitoring patients with knee osteoarthritis undergoing knee arthroplasty, the Timed
Up and Go and maximum walking speed tests are commonly used. To provide appropriate peri-surgical rehabilita-
tion, we evaluated the factors associated with postsurgical changes in Timed Up and Go and maximum walking
speed results. [Participants and Methods] We enrolled 545 knee osteoarthritis patients undergoing either of the
following knee arthroplasties: conventional total knee arthroplasty, minimally invasive total knee arthroplasty, and
unicompartmental knee arthroplasty. Comfortable Timed Up and Go, maximum Timed Up and Go, and maximum
walking speed were measured 2 weeks before and soon after surgery. Factors (gender, age, and surgical mode) that
might influence changes in test results were evaluated by multiple regression analysis and a two-factor stratification
diagram. [Results] Multiple regression analysis revealed that postsurgical changes in comfortable/maximum Timed
Up and Go and maximum walking speed results were associated with age and surgical mode after adjustment for
preoperative values. Two-factor diagrams showed that the older the patient, the greater was the slowdown in the
Timed Up and Go test performed postoperatively. The levels of slowdown in the postoperative Timed Up and Go
and maximum walking speed tests were the smallest in those who underwent conventional total knee arthroplasty,
followed by those who underwent minimally invasive and unicompartmental knee arthroplasty. Among patients
whose preoperative Timed Up and Go and maximum walking speed were slow, slowdown in Timed Up and Go
was pronounced with age, and slowdown in maximum walking speed was higher in conventional total knee ar-
throplasty. [Conclusion] The changes in Timed Up and Go and maximum walking speed results 2 weeks after knee
arthroplasty depended on age and surgical modes. These findings are relevant for the implementation of appropriate

peri-surgical rehabilitation.
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INTRODUCTION

Osteoarthritis (OA) of the knee, as reported in a large-scale resident cohort study, has an extremely high prevalence. The
number of patients with knee OA is estimated to be 25.3 million, of whom approximately 8 million are assumed to have
symptoms!). If no improvements in pain or motor function can be seen in patients with knee OA, total knee arthroplasty
(TKA) or unicompartmental knee arthroplasty (UKA) are performed, with the total number of such operations reaching
82,000 per year in Japan®.

As important parameters in evaluating the abilities of patients after knee arthroplasty, Dobson et al.>) recommend measure-
ments of Timed Up and Go (TUG) and the maximum walking speed (MWS) in grasping an overall ability of walking and
moving. Bade et al.¥) evaluated 119 post-TKA patients by measuring TUG before and six months after surgery. The results
showed that individuals whose TUG was more than 10.1 seconds and who were older than 72 years prior to surgery showed
a decline in motor function six months after surgery. By evaluating 64 patients who had undergone TKA (32 men and 32
women), Bade et al.”) also performed the TUG test before surgery and during acute stages, as well as a 6-minute walking
test six months after surgery. They reported that the TUG scores before surgery and during the acute stages were related to
long-term postoperative 6-minute walking distance. Taniguchi et al.®) measured physical function, such as TUG and muscle
strength, of 81 post-TKA patients (8 males and 73 females) as well as physical activity volume, before surgery and one and
six months post-surgery. They reported that the TUG scores at one month after surgery predicted physical activity volume
six months after surgery. In other words, walking and moving abilities, such as TUG, before and in short-term after surgery,
are important indicators, since they predict long-term postoperative motor function and physical activity volume. Regarding
time-serial changes in gait performance after TKA, Bade et al.” measured TUG in 24 TKA patients before, one, three, and
six months after the surgery. They reported that TUG dropped significantly in one month after surgery, and it did not recover
for a considerable period of time after the surgery.

Possible factors that may affect post-surgical abilities in walking and moving are gender, age, BMI, and surgical modali-
ties. However, there has been no systematic evaluation of those factors in early post-surgical period despite its immense
importance for proper management of peri-surgical rehabilitation.

Therefore, we conducted a multicenter joint study to investigate 545 knee OA patients undergoing knee arthroplasty
for their motor functions including TUG and MWS before and two weeks after the surgery. Multifaceted analyses were
performed to explore possible factors that may be associated with post-surgical changes in TUG and MWS values.

PARTICIPANTS AND METHODS

The participants used in this study were 545 knee OA patients (127 males and 418 females) in whom either TKA or UKA
had been indicated for treatment at thirteen facilities that cooperated with this study (one facility in the Kinki area, five
in the Chugoku area, four in the Shikoku area, and three in the Kyushu area of Japan). Of these 545 knee OA patients, 99
underwent conventional TKA (C-TKA), 342 underwent minimally invasive TKA surgery (MIS-TKA), and 104 underwent
UKA. MIS-TKA involves a skin incision less than 5 cm®), while UKA has less excision of the bone and is regarded as a
technique featuring minimal invasion of the quadriceps® '%.

Inclusion criteria were: (1) diagnosis of knee OA; and (2) indications for TKA and UKA. Exclusion criteria were: (1)
neurological findings such as motor paralysis; (2) marked restrictions in range of motion as well as pain of joints other than
the knees, and movement limitations in getting up and walking; and (3) cognitive and mental dysfunctions. The patients
were managed according to prescribed clinical pathways, assuming the implementation of a similar rehabilitation program
at all thirteen facilities, and were planned to be discharged 21 days after surgery. The rehabilitation program comprised: (1)
a range of motion exercises of the knee joint; (2) muscle-strengthening exercises of the gluteus maximum, gluteus medius,
and quadricep muscles; and (3) training in activities in daily living (getting up, walking, and going up and down the stairs).

The study was designed as a prospective cohort study aimed at analyzing the factors that affect the amount of change in
gait performance in patients undergoing TKA. Measurements were taken before surgery and at two weeks postoperatively.

As medical attributes, the following parameters were investigated using a questionnaire and medical records: gender;
age; BMI; severity of osteoarthritis of the knee and its K-L classification!!- 12); presence/absence of regular exercise habits;
disability of the nonoperative knee (unilateral and bilateral); and operative method (C-TKA, MIS-TKA, or UKA). Regular
exercise was defined as having the habit of engaging in exercise more than twice a week and for more than half an hour each
time.

In the TUG test, the starting position is sitting on a chair leaning against a backrest, with the hands resting on the thighs.
Upon a start signal, a stopwatch measures the time for the participant to stand up from the chair, walk 3 m, turn around, return
to the chair, and sit down. Two methods were performed: comfortable TUG, which is performed at a comfortable walking
speed; and maximum TUG, performed at maximum walking speed'?.

For maximum walking speed (MWS), the test was set up on a flat, non-slip, straight walkway, and 5 m was established
as the measurement distance. Three meters before and after the measurement distance were reserved for acceleration and
deceleration. Participants were instructed to walk safely and as quickly as possible, without running. Measurement began as
soon as the participant either stepped on or passed the start line, and the walking time until he/she passed the end line was
recorded using a stopwatch. MWS (m/s) was calculated using 5 m + walking time (s)'4).
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The change in TUG and MWS was calculated by subtracting the pre-operative value from the post-operative value. As a
result, if a change in TUG (ATUG) was positive, TUG was prolonged after surgery, whereas a change in MWS (AMWS) was
negative, MWS was decreased after surgery.

For statistical analysis, Wilcoxon signed rank test was used to compare the preoperative and postoperative values of TUG
and MWS. To identify possible factors related to the amount of change (A) in TUG and MWS after the surgery, we performed
the multiple regression analysis (MRA). The amount of change in the comfortable TUG, maximum TUG, and MWS between
pre- and post-surgery were set as object variables, while the following parameters were prepared as explanatory variables:
gender; age; BMI; presence/absence of regular exercise habits (Yes=0, No=1); degree of severity (ordinal scale of 0—4 in the
K-L classification) as well as disability of the nonoperative side of the knee (unilateral=0, bilateral=1); and operative methods
(dummy variables representing MIS-TKA and UKA were created by setting C-TKA as a reference category).

In order to adjust for possible influence of preoperative values to the analysis, we deliberately introduced a preopera-
tive variable corresponding to the object variable as a control variable. The most appropriate combination of explanatory
variables was selected using a stepwise method. Because the sample size was large, we used the standard partial regression
coefficient (|rp|), instead of the p-value, as the criterion to determine the significance of each explanatory variable. |rp| >0.1
was regarded as the significant effect size'”).

In addition, to confirm the relationship between an object variable and factors detected by MRA, a multi-way partitioning
of object variable was performed and the results were graphically shown as a two-factor stratification diagram. For example,
if ATUG was found associated with two factors: preoperative TUG and surgical mode, ATUG was first partitioned by the
level of preoperative TUG, and then further partitioned by surgical mode to see the relative contribution of the two factors.

Ethical considerations, explanations, and consent were made in compliance with the Helsinki Declaration and Ethical
Guidelines for Clinical Studies. We explained, in writing, the content of our research to the participants, ensured they fully
understood, and obtained their written consent. The study was implemented on receipt of approval by Tokoha University’s
Ethics Committee (Approval No.: Revised-2018-501H).

RESULTS

The study included 127 men and 418 women, with mean + SD ages of 74.4 + 8.0 years and 74.2 + 7.6 years, respectively.
The BMI of men was 25.3 + 3.6 kg/m?, and that of women was 25.3 + 3.6 kg/m?. A total of 176 (32.3%) participants exercised
regularly, and 369 (67.7%) did not. According to the K-L classification of severity, 29 (5.3%) participants were grade 2, 252
(46.2%) were grade 3, and 264 (48.4%) were grade 4. In terms of impediments to the non-operated knee, 205 (37.6%) were
unilateral, and 340 (62.4%) were bilateral. As the operative method, 99 (18.1%) underwent C-TKA, 342 (62.8%) underwent
MIS-TKA, and 101 (18.5%) underwent UKA.

The median of the comfortable TUG decreased significantly after the surgery from 12.9 s before surgery to 14.9 s af-
ter surgery (p<0.0001), and the median of maximum TUG decreased from 10.4 s before surgery to 12.1 s after surgery
(p<0.0001) (Fig. 1). The median of MWS also decreased significantly from 1.04 m/s before surgery to 0.90 m/s after surgery
(p<0.0001) (Fig. 2).

A multiple regression analysis was performed to identify factors relating to ATUG and AMWS. As shown in the upper
block of Table 1, Acomfortable TUG was significantly associated with age (rp=0.20), UKA (—0.22), and MIS-TKA (—0.15).
As shown in the middle block in Table 1, Amaximum TUG was significantly associated with age (0.21), UKA (—0.23), and
MIS-TKA (—0.15). As shown in the bottom block of Table 1, AMWS was significantly associated with age (—0.19), UKA
(0.24), and MIS-TKA (0.18).

6 8 10 20 40 4 6 8 10 20

Comfortable TUG  sec Maximum TUG sec

Fig. 1. Comparison diagram of Timed Up and Go (TUG) between pre- and post-surgery.
The measurement values of the comfortable TUG (Fig. 1A) and maximum TUG (Fig. 1B) are compared between pre- and post-
surgery. The boxes and the line in the center show the central 50% range and the median for each group.
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Maximum Walking Speed  m/sec
Fig. 2. Comparison diagram of maximum walking speed (MWS) between pre- and post-surgery.

The measurement values of MWS are compared between pre- and post-surgery.
The boxes and the line in the center show the central 50% range and the median for each group.

Table 1. Multiple regression analysis exploring factors relating to post-surgical changes in TUG and MWS

Object variable: AComfortable TUG (After surgery—Before surgery) n=545

Explanatory variables B SE(B) StdB (r,) df p-value
Constant 0.28 0.14
Pre-operative Comfortable TUG —-0.31 0.03 —0.43 540 0.000
Age 0.01 0.00 0.20 540 0.000
UKA -0.20 0.04 -0.22 540 0.000
MIS-TKA -0.11 0.04 -0.15 540 0.002
<model fitness> R=0.4376, R2=0.1855

Object variable: AMaximum TUG (After surgery—Before surgery) n=545
Explanatory variables B SE(B) StdB (r,) df p-value
Constant 0.29 0.13
Pre-operative Maximum TUG -0.33 0.03 -0.45 540 0.000
Age 0.01 0.00 0.21 540 0.000
UKA -0.19 0.04 -0.23 540 0.000
MIS-TKA —-0.11 0.03 —-0.16 540 0.001
<model fitness> R=0.4532, R2=0.1995

Object variable: AMaximum Walking Speed (After surgery—Before surgery) n=545
Explanatory variables B SE(B) Stdf (r,) df p-value
Constant 0.87 0.13
Pre-operative MWS -0.49 0.03 —0.58 539 0.000
Gender (female=1) -0.06 0.03 -0.08 539 0.020
Age -0.01 0.00 -0.19 539 0.000
UKA 0.18 0.04 0.24 539 0.000
MIS-TKA 0.11 0.03 0.18 539 0.000

<model fitness> R=0.5424, R?=0.2876

B: partial regression coefficient; SE(B): standard error of partial regression coefficient; Stdp: standard partial regression
coefficient (=partial correlation coefficient: r,); R: multiple correlation coefficient; R: coefficient of determination.

These results are interpreted as follows: regarding ATUG, the higher the age, the steeper the postoperative decline of TUG,
and the decline was smaller by UKA and MIS-TKA than by C-TKA. Likewise, regarding AMWS, the higher the age, the
steeper the postoperative decrease in MWS, whereas the decrease was less by UKA and MIS-TKA than by C-TKA. It is of
note that regardless of the object variable (preoperative value — postoperative value: A), the preoperative values, which were
set as control variable, were strongly related to the object variable.

For graphical interpretation of the MRA findings for each object variable, we drew two-factor stratification diagrams. In
Fig. 3, Acomfortable TUG test was compared according to preoperative TUG and age. The preoperative TUG was partitioned
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Preoperative TUG slow/age: <70
Preoperative TUG slow/age: 70-80
Preoperative TUG slow/age: 80<
Preoperative TUG somewhat slow/age: <70
Preoperative TUG somewhat slow/age: 70-80

Preoperative TUG somewhat slow/age: 80

Preoperative TUG somewhat fast/age:

Preoperative TUG somewhat fast/age :
Preoperative somewhat fast/age: 80
Preoperative TUG fast/age: < 70
Preoperative TUG fast/age: 70-80
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Fig. 3. A stratification diagram by preoperative values and by age vis-a-vis the amount of change in comfortable
Timed Up and Go (TUG).

The amount of change in the comfortable TUG test is compared by stratifying preoperative values and age.

The boxes and the line in the center show the central 50% range and the median for each group.

The lines connecting the medians between age subgroups were drawn to visualize the magnitude of changes in

values by age.

9% < 99 <

at 1st, 2nd, and 3rd quartiles to make four groups: “slow”, “somewhat slow”, “somewhat fast”, and “fast”, while the age was
partitioned at 70 and 80 to make three groups: <70, 70-79, <80. The effect of age on Acomfortable TUG was apparent for
patients who showed “slow” preoperative TUG, but not in other groups. In Fig. 4, Acomfortable TUG was partitioned by
preoperative TUG and operative modes. Acomfortable TUG was increased in the ascending order by UKA, MIS-TKA and
C-TKA. This tendency was more pronounced in patients whose preoperative TUG was somewhat slow.

In Figs. 5 and 6, Amaximum TUG was again partitioned by preoperative TUG group and by age-group or by operative
modes. Amaximum TUG was increased with age regardless of the preoperative TUG level, although it is more pronounced in
patients with “slow” preoperative TUG. On the other hand, Amaximum TUG was generally increased in the ascending order
by UKA, MIS-TKA and C-TKA with its tendency more pronounced in patients with “somewhat slow” preoperative TUG.

In Figs. 7 and 8, AMWS was again partitioned by preoperative MWS group and by age-group or by operative modes.
AMWS was slowed down by age regardless of preoperative MWS levels, although it was more pronounced in patients
categorized as “somewhat slow” preoperative MWS. On the other hand, AMWS was generally slowed down in the ascending
order by UKA, MIS-TKA and C-TKA with its tendency more pronounced in patients belonged to “slow”, “somewhat slow”,
or “somewhat fast” preoperative MWS category.

DISCUSSION

Improvement in daily living after TKA and UKA depends on subsequent gait performance. However, it has been shown
that gait performance soon after TKA surgery is poorer than before surgery, and that recovery takes time”). No studies have
been performed to evaluate factors that are related to postoperative changes in gait performance. On an occasion of conduct-
ing a multicenter follow-up study of 545 knee OA patients undergoing knee arthroplasty, we tried to explore possible factors
that determine short-term postsurgical changes in TUG and MWS at two weeks. As a result, among clinical parameters
examined, we found age, preoperative TUG or MWS, and operative modes were major factors determining the magnitude of
post-arthroplasty changes in TUG and MWS. However, other clinical variables such as gender, BMI, severity of OA changes,
habits of regular exercise were found irrelevant for the postoperative changes in gait performance.

As for our finding of age-related aggravation in post-surgical TUG (prolongation) and post-surgical MWS (slow-down),
there has been no such a report to our knowledge. However, age-related changes in TUG and MWS have been well known.
Shimada et al.!®) investigated the changes in TUG enrolling 959 elderly individuals (396 men and 563 women) and reported
that TUG slowed with increased age in both men and women. Seino et al.' investigated age- and gender-related differences
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Fig. 4. Stratification diagram by preoperative values and by operative method vis-a-vis the amount of change in comfortable Timed Up

and Go (TUG).

The amount of change in the comfortable TUG test is compared by stratifying preoperative values and operative methods.
The boxes and the line in the center show the central 50% range and the median for each group.
The lines connecting the medians between operative-mode subgroups were drawn to visualize the magnitude of changes in values by

operative modes.
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Fig. 5. Stratification diagram by preoperative values and by age vis-a-vis the amount of change in maximum Timed Up and Go (TUG).
The amount of change in the maximum TUG is compared by stratifying the preoperative values and age.

The boxes and the line in the center show the central 50% range and the median for each group.

The lines connecting the medians between age subgroups were drawn to visualize the magnitude of changes in values by age.
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Fig. 6. Stratification diagram by preoperative values and by operative method vis-a-vis the amount of change in maximum Timed Up
and Go (TUG).

The amount of change in maximum TUG is compared by stratifying preoperative values and operative methods.

The boxes and the line in the center show the central 50% range and the median for each group.

The lines connecting the medians between operative-mode subgroups were drawn to visualize the magnitude of changes in values by

operative modes.
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Fig. 7. Stratification diagram by preoperative values and by age vis-a-vis amount of change in of maximum walking speed (MWS). The
amount of change in MWS is compared by stratifying the preoperative values and the and age.

The boxes and the line in the center show the central 50% range and the median for each group.

The lines connecting the medians between age subgroups were drawn to visualize the magnitude of changes in values by age.
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Fig. 8. Stratification diagram by preoperative values and by operative mode vis-a-vis amount of change in of maximum walking speed
(MWS).

The amount of change in MWS is compared by stratifying the preoperative values and the operative method.

The boxes and the line in the center show the central 50% range and the median for each group.

The lines connecting the medians between operative-mode subgroups were drawn to visualize the magnitude of changes in values by

operative modes.

in walking speed, using 4,683 healthy residents aged over 65 (2,168 men and 2,515 women) as their participants. Judged
from these reports, our finding that the aggravation (slowing) of TUG and MWS immediately after the surgery is worse in
patients with higher age, especially among those whose preoperative TUG were classified as “slow”, is quite understandable.

Regarding our finding of lesser slow-down of walking ability (TUG and MWS) at two weeks after arthroplasty by the
surgical modes of UKA and MIS-TKA compared to C-TKA, there have been many reports. Jones et al.'” examined MWS
and walking pattern of 12 TKA and 12 UKA patients at 12 months after the surgery, and compared the results with those
of 121 healthy individuals. Their results showed that UKA patients walked faster than TKA patients, with articular and
muscular movements that resembled those of healthy individuals, while TKA patients walked with decreased knee extension
movements and avoidance of using quadriceps, resulting in a gait resembling that of patients suffering from anterior cruciate
ligament injury. In other words, compared to C-TK A patients, UKA patients suffered from less injuries to the quadriceps and
retained the knee-joint stability due to intact anterior cruciate ligament, and therefore appeared to allow walking like healthy
individuals. Similar findings were also reported elsewhere!® 19, Therefore, this study not only confirmed that UKA results in
less of a slowdown in TUG and MWS than C-TKA, but also demonstrated that this improved postsurgical walking ability by
UKA occurred predominantly in patients whose preoperative MWS belonged to the “slow” or “somewhat slow” categories.

Regarding a beneficial post-surgical effect of MIS-TKA, Liebensteiner et al.?®) enrolled 17 MIS-TKA patients and 20
C-TKA patients and compared walking patterns at two months after surgery. They concluded that MIS-TKA patients did
not show superior gait patterns. On the other hand, Tsuji et al.>!) measured physical activity with an accelerometer, target-
ing ten patients in MIS-TKA group and ten patients in C-TKA group, and made comparison at an acute stage of one and
two weeks after the surgery. Their results showed that MIS-TKA patients retained a significantly higher level of physical
activity. In summary, although the influence of MIS-TKA is minimal at two month postoperatively, during the acute stages,
MIS-TKA provided an improved performance compared to C-TKA: i.e., a lesser slowdown in TUG and MWS. The finding
is interpreted as due to minimal invasion to the quadriceps and less bleeding during surgery.

In this study, we demonstrated that beneficial effect of UKA is generally higher than MIS-TKA, and a more beneficial
effect can be obtained among UKA or MIS-TKA patients whose presurgical MWS were in the categories of “slow” or
“somewhat slow”.

The limitation of this study was that we could evaluate the knee motor functions of patients undergoing knee arthroplasty
only during a peri-surgical time of a short duration: before and two weeks after the arthroplasty. Therefore, post-surgical
changes observed in the walking abilities are not applicable to predict a long-term changes in patients’ capabilities, although
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our findings are relevant for proper management of peri-surgical rehabilitation customized to the clinical feature of each pa-
tient. Another limitation of the study was enrollment of insufficient number patients for more detailed evaluations of sources
of post-surgical changes in walking abilities such as BMI, severity of OA, etc., with lack of statistical power for the analysis.

In summary, we conducted this prospective study of knee OA patients undergoing knee arthroplasty, aimed at exploring
sources of variation of peri-surgical changes in walking abilities. Variable degrees of slow-down in comfortable/maximum
TUG and MWS were observed at two weeks after the surgery, and the magnitude were found dependent on patients’ age
and surgical modes. With advancing age, the post-surgical slow-down of TUG and MWS was stronger especially among
those whose preoperative walking abilities belonged to “slow” or “somewhat slow” category. The post-surgical slow-down
was found prominent in patients underwent C-TKA, but was in a lesser degree among MIC-TKA patients, and in the least
among UKA patients. The degree of slow-down was again dependent on pre-surgical walking abilities. These findings will
be of practical importance to provide optimal peri-surgical rehabilitation in consideration of clinical features of each patient.
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