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Action of muscles around the knee in walking on a treadmill was studied by electromyography in young
normal subjects and in patients with osteoarthritis of the knee.

The followings were concluded.

1. The quadriceps femoris stabilizes the knee joint in the sagittal plane, showing higher activity with
an increase in faster walking.  The tensor fasciae latae and gluteus medius muscles are important in the
frontal plane stability, working primarily in the slow walk. Hamstring controls finely the knee joint under
various circumstances.

2. The muscle of those with osteoarthritis of the knee on walking slowly shows a similar pattern of activity
as that of the normal fast walking. All of the muscles apparently are put into stabilizing mechanism of the
joint in the stance phase leaving less reserve in their activity.

3. A forward bending in posture results in changes of muscle activity around the knee, which can play
an important role in the development of osteoarthritis of the knee.
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2007 PADLIRDENIBHIMEFCLY N
IR 5z % BEFTw5. LaL, BOA
DB L TR 2 S B Ao b
BENERIILALBP IR T/, K%
Tix, B OA oAR X OYRREB I 1T 5 KA
MOBZRYBWET 5 BT, BEABEHOHEE
MUy B3 VEBRITRRICEENT L7,

NI E (1R XOHR(2) L b5,
e (LB EERBCRIT A HTEEOLEL L
WHERBEOEE OBk, ¥ X0 OARE L HEE
RO 5 MG O ke, #F9E (2 )13k OA f
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Table | w/Rd X 51, MECCKTHEEEER
1T 18~34 ¥, ¥ 25.6 FOIEHEM: 18 filk L OIEH#

7w 3 B, &t 21 BITH S, Mk OA FHIX 48~76 F, F
¥ 61.0 FOPMIAE 30 61T, M OA REic &t DiE
ThHhHZ ENLTNTOREGNILE TH 5. Xifkko
stage T3, BE OB BILHK O CREEHMR © FMbo
Ab e\ 2 B, BB Ofe, 1/2 LUF OB
AR OPMEAE R U 7B 15 4, BISHZIR D 52/ MEns
12 D EDBL9 6, BISZBROMHEL B 24,
b I B DEERED A » THBHE R D % 5 B BlH 2 fIT
5072.

e 2) D #EE L 15~57 F, FH30.0 ¥ OIEFHR
PG 11 Bl & IER 4t 10 6, A&t 21 BITHD, IEHH
DHBE TN L LR E Y, WEECIERCE
BENEEDIED ST, —HEL TR ES .

WEHE

AT U 7o XA A5 (m. vastus medialis: V.M.),
SR (m. vastus lateralis: V.L.), KEREHj(m. rectus
femoris: R.F.), KBEMGIEAESS (m. tensor fasciae latae:
T.F.L.), KEE—8i#%;(m. biceps femoris: B.F.), wm%
LA b Y v 7 (medial hamstring: M.H.), 35 X O
(m. gluteus medius: G M) TH 5, Cﬂ%%ﬁfmﬁﬁﬁﬁé
KHE Y BRI 4om CEE L (Fig. 1), JE#Z
PES BICIR LIELIE TFL. Eokiici5ak k5l
B, 7— 7 CFRHOLTE D) EFRES e,

byy FIASFIRBELTE, 50 Ud—ED) A
ATHITTED FCTHE IR, TORFOSTHEEILE
#HB1Cix 3. 2km/hr T, J& OA fITi% 1. 6km/hr THo|
te, LiettoT, BRC1DERFICOUT it 3. 2km)
he o b Uy F 3 ABTROHERB/MEL LB L Dy
1. 6km/hr, 4. 8km/hr, 6. 4km/hr, 8km/hr o CHFFE
IR B R B B R T h BhibieL 72, BOA
ZoWTiL 1.6km/hr © b 1y F 3 /pﬁﬁ[}%@{ﬁ%*y%
G & B Ure, BFgE(2) Ty, 3. 2km/hr 04

Table 1 Subjects

—

Sex No. of cases Age(years)
Study 1
N 1 Mal 18
S e 18-34 (mean 25. 6}
Normal Female
Knee O.A. Female 30 48-76(mean 61. 0)
Study 2
N 1 Mal 11 .
ki = 15-57(mean 30. 0)
Normal Female 1

I
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Fig. 1 Placement of surface electrodes for EMG
recording.
(a) m. vastus medialis (V.M.)

(b) m. vastus
lateralis (V.L.) (c) m. rectus femoris (L.F.)

(d) m. tensor fasciae latae (T.F.L.) (e) m.
gluteus medius (G.M.) (f) m. biceps femoris
(B.F.) (g) medial hamstring (M.H.)

THE CTHREORNEEHCHE S HEROZE (L i,
TORMERBEITE b vy ¥ IABTREOMGIEE Y I
B350, 27 FIEEBEFICOWTET T HITHEE
FE 2 THERBEMEOEL: A, b, Bfyic
BROEREMEE 7 & OBRE R 5 7o, 24F
EEBHFORETC 2, 4, 6, 8kg DXWEXEEL,
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—EDOFNZ DT, foot switch % & EE—rr R B IR
CHMT 5 REO KECEE L, ST % @ L
e

EBERITT L A — & —(SAN-EI model 1491, SAN-
EL271) 2 flCEH, &L 7o (Fig. 2), JIEEE &
7 channel » 7= %, V.M., V.L., R.F., T.F.L., B.F.,
MH. g oW T2 THiEL 2, GM. ik, Zhic
B 2 TRBAGPHERE 5 % BIE L 7o B2 B 5 o b Bl
T, TREROBITEE S T #1710 cycle
BEXEREL, 1 cycle M4 h OFFIEBOFIHREE & 4
TV A I AERBT DTN DR & — v HBE LI,
HIEB O NMEL, v~ 747 v+ » % —AMPLITUDE
HISTOGRAM No. 1, 16 D7 r 75 2 % fl \» TR %
fo, 2L, 30pV LUF o iR 7,

w R
#rge (1)
I, BFIEFRRCRT 257HE L HERO K
7B & DAtk
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Fig. 2 Block diagram of measurement.

HEIEFH Q7 FHF) wkwT, HEiNEKX
OB T E BRI R 8 L - i B % Fig. 3w
EDTRT. BUAITEE)R (1. 6km/hr) D FE I HF
By ook, BEBIEI O SIS Fk RS & B T %
T.F.L. 2T iziE—8% L TR R LIS
ETHDH, COMREISITEREIEAL, M
WoFkeRe o i+ 51 oh, o FEiRIEHE
WAL, FhroMBERSIHCReRETT S
fE % R Uiz, 1. 6km/hr 38\ 17HE &, 8. Okm/
hr OFGCHITREL BT &, ThEhOFEDIL
R 1. 7sec, 0.5sec THo7z. T DOHE
oL ORI IER LT\ Bz &, T.F.L
DREIEBPHEA L, BRSO Z OffinE
B eBEa R L TWAZ EHRLTWAS, —H,
VL. 8 IO RF. gonwtai s b, BUWHTHEIZ
FOFEBOREIMEL, HiTHEEOHEKITOh
T FTh & < i (heel contact) Hl,
CREFS 2V & T B A H FRD 1o,

M.H. ¢, BEEMOKET I LD L O R4
Na—vOBC EHE A D b, HEHEMIX16
km/hr B DBITICH B B B tonic fg < x —
vk, 8km/hr B DHITICH BB EEEH OO
phasic 7¢ ¢ & — v ARBIT LT,

F OFH{THE ORI AL 5 FHIEE) O ERY 7 2L
2l GlORBRBWCONTIENT Lic, FOld %
174 3. 2km/hr OFEMEER 1 & L T #HITHEE
DN ED KM & = Fh TR 7 (Table 2),
FORMC X B L, HITEE M 1. 6km/hr 5
8km/hr N\ L ZF{bT B Uik, V.M. Ti3EH
LTHFDHN 0.8 725 4.9, V.L. Tix 1.1 2
3.3, RF TiZ 1.0 05 5.2 N KL
—7%, o T.FL X 1.5250.7~, GM.
T L3 N5 0.7 ~EWA L. BF Tixl1.2
M 2.8, MH T2 1.0225 1.2 ~NEHAL
7.

2. FOARELEFIEFERFCEKTS by F3

VAT OIEBYTELLO LR
Fig. 4 12 62 ¥ 4rthk o OA GO FHTEE) % /R L
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Fig. 3 Muscle activity in a normal 27 years old male walking on a treadmill at various velocity. The
period of one walking cycle at 1.6 km/hr was 3.1 sec (stance phase 1.7 sec, swing phase 1.4 sec).
Muscle activity while standing was recorded only on T.F.L. Muscle activities of V.L. and R.F.
increase with walking speed. Muscle activities of T.F.L. and G.M. decreased as the walking
speed increased. Muscle activity of M.H. was tonic at 1.6 km/hr but changed to phasic pattern

at 8 km/hr.

Table 2 Relationship between walking speed and integrated EMG

Walking speed

Muscle 1. 6km/hr 3. 2km/hr 4. 8km/hr 6. 4km/hr 8. Okm/hr
(n=21) mean(S.D.) mean(S.D.) mean(S.D.) mean(S.D.) mean(S.D.)
V.M. 0.8 0.5 1 0 2.0 1.2 3.5 2.2 4.9 2.9
V.L. 1.1 0.5 1 0 1.7 1.0 2.6 1.9 3.3 2.3
R.F. 1.0 1.0 1 0 1.9 1.1 3.2 2.3 5.2 3.6
T.F.L. 1.5 0.4 1 0 0.8 0.2 0.6 0.2 0.7 0.3
G.M.* 1.3 0.3 1 0 0.8 0.2 0.8 0.2 0.7 0.3
B.F. 1.2 0.8 1 0 1.4 0.7 1.9 1.1 2.8 2.2
M.H. 1.0 0.4 I 0 1.1 0.2 I.1 0.5 1.2 0.6

* G.M.; n=10

Values of integrated EMG were divided by those of 3.2 km/hr.

C DB 1 6km/hr D35 {TRIC BHEIE L
7o, BERLTRIIWHEE&Chc > THREREG
DIFF TN HRAFEE Y T 55H8E R L
fo. 1.6km/hr DBATREC KA O BHES) &, EE
EHRFELE OA B OWTHEIT2E, V.M T
EFEIEREE 0.58mV/eycle ioxf LT, M OA B
1.90mV/cycle, V.L. ‘CI3 & EFEHEE 1. 86mV/cycle
Xt LT, B OAZR 4.58mV/cycle, R.F. CI31EE

i

EF# 0.45mV/eycle iIzxf L, Jk OA B¥ 1. 51mV/
cycle, B.F. “CI3E4EIEHEED 2. 4lmV/cycle i % L
B OA B 5.63mV/cycle &, #iEB)LH OA BET
A& (<0.01-0.05)icE L, T.F.L TREFEHR
B¥ 10.4mV/cycle ot L, s OA B 7.76mV/cycle
LB OARE AR (p<0.05) 1 &ff % 7~ L I
(Table 3), :

Lo LIEBYEALORIEM L B &M 2% 5 *
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Stance phase

1 sec

Fig. 4 Muscle activity in a 62 years old female with osteoarthritis of the knee. Period of one walking
cycle at 1.6 km/hr was 1.7 sec (stance phase 0.9 sec, swing phase 0.8 sec). Muscle activity was
phasic and seen primarily during stance phase in all muscles.

Table 3 Comparison of integrated EMG betweeen normal and
knee OA group when walking on a treadmill at 1.6

km/hr

Normal group (n=21)

Knee O.A. group (n=30)

mean (S.D) mean (S.D.)
V.M. 0.58 0.49 1.90 1.74 p<0.01
V.L. 1.86 1.43 4.58 3.41 p<0. 01
R.F. 0.45 0.66 1.51 1.29 p<0. 01
T.F.L. 10.40 6.14 7.76 4.95 p<0. 05
G.M.* 7.89 5.96 4.26 3.98
B.F. 2.41 1.99 5.63 6.03 p<0. 05
M.H. 3.47 2.86 4.43 5.68

mV/cycle

* G.M.; normal group n=10, knee OA group n=19

B, EEFEFIOZTALEERERE TS Lkt T
L\, 2T V.L. OB ECKT 5 L5 © BH
EDERD, D TH OAfLIEHEGIOHE
Byt Lic (Table 4), Zz o BE I X % &,
VM. 0 V.L. txp3 5 HICi3Z R » I o i
3, RF. OFGIEFEEFFHO 0.2 12X LE OA
FETI20.4 & B OABETHEME (p<0.02) # 7R L

—(C5

. FOMOFETE, TRTUEOAFTHERE (<

0.05-0. 00 )i {EAE % 7% L 7.

Brge (2) FREOMBEBCH 5 BHEM O
1k

27 FDIEH BUFIX HiRE & L THERITELS

M F o TEY LEEB T VY FIV TR

X, roBCELh S HERY Lk L Fig
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Table 4 Comparison of muscle activity between normal and knee OA group

The ratio of integrated EMG

V.M./V.L. R.F./V.L.

T.F.L./V.L. GM./V.L*¥ BF/V.L. MH./V.L.

mean(S.D.) mean(S.D.) mean(S.D.) mean(S.D.) mean(S.D.) mean(S.D.)

8.8 7.2

Normal group

(n=21) 0.4 0.3 0.2 0.3

Knee OA group

(n=30) . 0.4 0.3 0.4 0.3
n.s. p<0. 02

p<0. 001

9.9 12.1 3.7 5.0 3.7 2.6
2.7 3.1 1.7 1.7 1.6 2.0 1.3 1.9
p<0. 01 p<0. 05 p<0. 001

* G.M./V.L.; normal group n=10, knee OA group n=19
Integrated EMG of each muscle was divided by that of V.L. and comparison made between normal and

knee OA group.

Stance phase

1 sec

Fig. 5 Influence of postural change on muscle activity in a normal 27 years old male. Walking speed
was 3.2 km/hr and the period of one walking cycle was 0.9 sec (stance phase 0.4 sec, and swing
phase 0.5 sec on forward bending, stance phase 0.3 sec and swing phase 0.6 sec when erect).
Muscle activities of V.L., R.F. and T.F.L. decreased on forward bending while those of G.M.,
B.F. and M.H. increased. Muscle activities of M.H. and B.F. were primarily seen during the
swing phase when the subject shifted from forward bending to erect posture.

5. W% %> THTLLES, V.L,RF LI
T.F.L. o 3 FRIsrMiic—8 L T @\ REEE
L, XDLREDOFFREIIZIHIOKT £
D HRRIERTHEMEY /R L. —FH M-H ZF
#HA4TR(Fig. 3) L3R 7 h B IE —F L
TR R LI, GM. kX0 BF. TIzEsHE
By ish o ey, MR £ h £ h T.F.L.
BIOMH B8 UL 2 —-VvERLE h
it UCHIE RS & i X ¥ 8B4, V.L &
R.F. o BZHEBIHA L. T.F.L. @R < %

DREIEENIHA Lz, GM. vk L
7z, —J B.F. & MH. T %, kX o HE %Y R
L, FHEB O EH A SSLHEI~B - T
LI ENERINRA.

DX, FIBEBCHE S BHIEEBOBIL Y EIE
B oBRMECK T 5 RIELRBROBMMED T
k@ 7-(Table 5), ZDFHEEHSB L, V.M. T
12 0.8, V.L. (% 0.6, R.F. ¢%0.3, T.F.L.
TIL0.6 NERIBESE LY LB LX) FHiEEIT
BA L. —F GM. it 1.5 B.F. it 4.5
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Table 5 Influence of forward bending on walking EMG

(n=21) V.M. V.L. RJF. T.F.L. GM* BF. M.H.
mean 0.8 0.6 0.3 0.6 1.5 4.5 5.9
(S.D.) 0.6 0.4 0.3 0.3 0.7 4.1 5.4

* G.M.; n=18

Integrated EMG while walking at 3. 2km/hr with forward bending
was divided by, those with erect posture.

mV
7
VL.
6
10)
= 57
w
o 44
®4
+—
© | TFL.
% 3 V.M.
)
-~
£ 21
1 ARF.
‘rr T T T 1 | T 1
0 2 3 4 5 6 7 8 9 km/hr

Walking speed

Fig. 6 Integrated EMG of V.M., V.L., R.F. and
T.F.L. at various speeds of level walking
in a case of normal 27 years old male.
Integrated EMG of V.M., V.L. and R.F.
increased while that of T.F.L. decreased
with an increase in treadmill walking speed.

MH. Ti2 5.9 ~EHA L 7o, & O BRF RS
DEL ARG O MG K E Y 525
ZEERRLTWS,
FHERORTRR

(a) HREFTEOME  Fig. 6 WwRT X 51T,
BT 2517 LcROMHERBEED 2Lk vy
NI ABTREOLD LT R THo7e. Lk
Mo T, ORI TEEOHEIMTHE > TGS
DELEML L5 & T28, BREfTLEOEL
MBI e big\C & &BRT

(b) B EBRFOFIEE) & 5 & o Btk :
Fig. T 1/oR3 X S iiBENE Ol & WHEERE L ©
e, BBERR XOBEMEE b, KEn
RHBIBGRMS L bt Dz & bLRRES

A — g E T o T EOEB & AR &
TR UHIETT 5D, Setrhfi) & L
bEEZ LR,

£ €

1. BFgeliic o

APFFRIL vy NI AR I DEBARC XT5
EEEMOEL X ARG OB s EEY &
HFLESETHLDOTHD, —RCHEBETIEXS
DENKEVDIE, Ly FIABTREESHO
FEL, M OAGIOBA BRI ORER L& E
RicBgIh bbb rELbRS,

B OREME & 5577 & BRI OV TL %R

WiEoHE, —EDHIETHAT 2 & \vibhT
W BT R R AR BRI F5 T b AR D
%%T‘Zﬁo 7.

BATEHIEC 1T 5 BN & e /IET 5 #H%
B, ThbbiihEoBRICOWT, LRSI
HERETFTACLAY I 2 V— 3 YORER, #
RO IIMER &2 —v ERUTHZ L% #
LELTWS, Lal, brvy FIABRTRONS
REBENET S ERIARAETHD,. £ORD,
HATHE O BLL R BB KL T HIGBIEA D
T LFESOBEEY L b2 . FRIEFRE
i OA B Mgy, JIEMEDIFA V.Lo OFsy
fExt3 5 £ OB ED A Avic, Zhidfh
DR IR LB AN THEOES D E N K
P LR LB,

2. 1 OA DR, BT KTHBRMBORE

=

B B AE D R & L T Pommer (1920)'7
%> Bauer(1936)" 12, B¥LoAwWAEFOH T
BAF hnds %] & 2> o kel 7 BEMRAY A b LA
% # % 1-. Bauer 3RO RFTMERTH %
WIS I OA o TR RITHET L LTW 5.
—F, Smillie (1974)'® 13k OA DA & L T ¥
AWM, THEAE, MEH, BEOH O FE(ex-
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mV ]
10 Extension R.F. F Flexion
VL.
M.H.

(0] V.M.
= B.F.
w TF.L.
O
O
© S5F -
—
a0
)
-~
S

1 1 1 1 L 1 ) I

2 4 6 8 kg 2 4 6 kg

Weight of sandbag

Fig. 7 Integrated EMG on knee extention and flexion.
Subject was a normal 27 years old male. Integrated EMG increased
as the weight of sandbag increased. The results indicate ‘that
integrated EMG approximately parallels dynamic muscle tension if

the motion is performed at the same speed.

cessive muscular development), ¥ X N FRE#IRE
ZLWFLTHFC5, ABgeis Baver Fi%w
5% 2T OA o RIERBRCKIT 2B EABHOE
HBERATHLDTH 5. ,

BOADKKEE LTOEBIA LA EIX, B
OA »EHE MmN T ERE TR O Nl < RE
LEWEEARSERTHD &, T, BRLY
PEEEETE L D MELTWA L 5K, BH
FELEMBM TR BERYEHR L THRLF5
BEABERESECA bR S - & LR~ D
AMIBRERERLU/CKRETHDL D, MAMcE
ORAICRAZLTWB EE 2 B, Kettelkamp
19 Harrington® 5 0BG EIC X % &, BB
IUBRIRET, BAOREIAAANMELLL T
Wb, ZDREETINA A 5 BAEIEKE OiEST ko
s L LROCARE OB OA 2 BILTH &b
Zzbhsb, L, BFEBEFEHCARLE CHE

FTHCEETSESVCOE VKRB, BOAD

B BETCHNIOEEYHZT 5 L #E I h
5. LTz 0T IBEERE OEMEI 1hE
5EIh5 20 LK, B OAREE TORT
Fiic BRI E, OA DfEEGR Y > < h B 3
S5x THRODTHERBREYREL B L BS
CHEIRX S,

K, B OA R STHBEIMEE BT OVT
KERVIEEG O BEERIIECHAINDL EZATHD
50, BOACELTHARBG OB 82k
DEMBET & OB A HIFERIFEAC ST L
FBERA T, RO ARREGOHERE
ORI EDBGERTN, FECHEOJEHTE
N EEBZ LB OARLE LD BHELXFTHL
2o, HE'Y M OA I Ci PEIA I O BTEE)
PAMETL, BEBOR D EFAREAUIRET
BEREL TS, MY RAREROEINCH
WAMEAARE & Sl 2 2 b ) v 7 OIEBYEN AR
{tebz ExmL, B OA k)5 stabilizer & L
TOBEHP BT, FEFEVIL, EFEHcOWT
20kg DWHEXBIZHDOVIEEBVEEDO P Ly F I
LBTTR, DEARO L WHETCHEXT
V.M. ofGIEENS 2.2 fEmT s oL, BH
oM ESGH T H B T.FL & VL O &
Bo®Eim, 1.3+ 1.4 f50@Emcikxy, <
B OFFIEFIIHRANCE T L Maquet o B 2°
SAMUZEG I E BT X BEA~DHES NP
FINRALT 5 FTEEME R R~ SENLEE OARFL
HEEEHONEO S LA OB OA T/
THHRHE, BELEOEHEY I LK LA

3. BEEG OB X
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E#FID 1.6km/hr > T b Ly B ABRET R
EHECEZD L, ThEDECBTEETRARR
pugAfs O s E) 1 L, T.F.L. L GM. o fj
EEIE T LAc(Table 2), Z i, AL PO
Gk o stabilizer TR OBGILICE < 7o 2,
P ECHTEECEVCHREYERSh, ®HE
RO RIAEE CRBAET A I 2 B e
W, SLHHO R\ BT E TR =\
BEXYETHEDEELZ bRS, Licni- TR
WEER OBEEEIL G M. 2 T.F.L. )chbx T, XD
ECEEOEBICHIETELNE S EVHI R T
Ff X hiudic bisy, BEMHRE T, BITEE
DI E & BIIEBYEAL S M UAch, KERPUEH
Wiz L ko ) LA bhishote, Tl
5, BITEESLEREBOBICAE 5 HBELM O
R4t x — v OBLCE#Y DD, BIEHEHL
FOREDRPCIE Crc B o is = v b r —
NMefToTwWbEEZbRA, hik, BB
DEHEXY DB HORCIMLTH, HEHE
RN Z EHRBTHLDTH D,

g OA fjTix 1. 6km/hr D HBITHET,
EfE T b AXHET & KERPUEEN o EBTE (X &
¢, T.F.L. TI{&h»7c (Tables 3, 4) % % &
OA BC 3 1 % MHi&EE) 12 3 X C a0 o
phasic 7¢ % % — v &R LT (Fig. 4), & AULIEH
23513 % 6. 4~8km/hr OFE\HITHE O Ky T L
oz — VYL TR Y, EFEFIOERD L
R IBITIER L, B OAGITIE, Tligehn
ZULLHC PR ez bEns T &
KB NHEFLTCWBREEV2D. b, |
OA fiI-CARRPUBER 3 X OB A8 @ LRI &1k
ot B K ERIEBEME 25 M, BEILEHO
LT WEEBICA DR B IEBBEMD X
—VIZELULTE Y, B OA 4wt 5 HIL
WBDRED—IFMEE LTE B 2 5 & HIRE
W, Tiebhb, B OA GO FEENI AR O &
e B EERBTH HIENLEBD, BFRECKEESO
Hie bR A O RITEM I BE LT W
{IeMT, TeRDOBEILOBIE LT HREL
Zzbhb,

f OA Bz 313 % A FRPUEEM o &\ ATE ED (X,
TTMHC X 5 HRAKOBNELEEET D L
o3k %, Lenman' (3l ClIAifRALE © B
HIZhRAMETFT L, FHRERRLTHEFHFTHEN
THEBEMOBMEIEEY L5 2 HiEL
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T, %, MHCIIEEIEMZ AL 5 IED I H
AR B ERD D, EWFOHETTILLA
THLOLMBEATHS EHEIR T 52, FOA
BITHNAVEE 5 175 D 25 D 7o b BRI D R =2 3 &
HirsB & pidion s &35 &, BT 50T
TRTEAESh, EHEMLEES@E OGS
FHZENEXDRS, ML, B OAfFICKTS
T.F.L. OffiEENIMETFLTCWA EELBIhD, &
g OA Bic k1) % BRI o SHAISZ Fe S D KT
PRBTAHELOTHE. ZOREE & LT, K
OA filic X K & b5 FREORIELES © KEIEH
BT AN A7 7o D IR B 8 £ D F 2
bhs.

4. RijEEZ

IR, AR Hikng et 5 BHZE oW
THAE Ltz 30 X1, Bk 50 X0 b ke
BENBL eh, BEHECREETE L b LIRE
5520l B 1 A JE il X AU U BRI ik AR
BRI D ERE LTS, TR 12
EFHRAED BB OA AT O &R Z & #HiiE
LTWwa,

Howarth® |3 AfDH B @ % BFLRE &
7 4 ARSI LR R, B, IRBIES, X
A R 5 R il L 7~ %E {1k B (basic dynamic posture) 7
LEIER IR, %< OHWAEBRBERCAR—VE
W FEORICIE U T ZmD RGBT hHD 2 &
2 BT LT,

Llbo &L, RiBERBEINSCHE 5> BB
Thiro sd, FEAEDAWMERBIENEED
EXDH B PEAPCHRZ TR s L) 2 4
THEETHS, LrL, BBEH S BEE
DB OB DOV T O , £ TH
L, Mk o BB o%TEOKEY T - 1.
T ORER, —mEmE LT, BiECEVCKRR
PUSEAS D FIEENIAE T L, B AR O ki n
LTW5bZ &AL 7-(Table 5),  J&JE #HEf o1
M EROFEC > THREEOR £ 2 20 &
Exbhsn, BDL LMY T H B
T.F.L. o ffi&Ese, ARSI E T Lchs,
FokFEHTHSH GM. TR MOME % &
7z. Maquet'¥iz 1 5 &, T.F.L. O BRI T~
DREE N NAINRILZ R B ERTHHH 0D
JFRIZOWTRERE LT 7o\ (Fig. 8), Apfse
DFSE, BIEEBLE S HEAEEFCc T.F Lo
PEEIMET L, ZhBEEOETCOMHD
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(Redrawn from Maquet P.,1976)

Fig. 8 Pathogenesis of osteoarthritis of the knee.
Decrease of staying force L of lateral muscles causes
medial displacement of resultant force R to be
exerted on the knee.

A': mechanical axis, P: force exerted by the body
mass eccentrically supported.

AREME R S hic, FIBEB VBB
ERET2E, BREOHENOEINDICDICHE
ADLEHICATHIMAL, M OHMEBENES X
WHIEREEIRA TS, ZODREELOBAR
BUYOAMIERT S, IDIHIEEBCHS
HiEE OB i X7l OA DL EME e
BB A P VADEHEER TG TRL, %<
Dk OA DiFfEX HB LB 5 (Fig. 9, Tihbb,
T.F.L 0BRETIX, BNDOHESH O AHR
fLDHic b3, BREMONENOET % b 72 b
L, FRC GM. OfFEEAHEINT 5 o, RE
xsiE, MEERr EB s EnELLRS, X
BT, MR AEE O FRER 1o i 15 B D FUtE LRI AR
ORfHEEETEELbRD, ik, AN
NARMY v IOMEMREBEOERY, TiIbbLRMA
NAAM) VBRI YEMCAE T B T &g,
COMITOTRAGRO—REEL OIS, Zh
BT LE OADIRELDOLDTHBH Z & h
5, B OA oplH LRTEEBILE > HiEEIOE1L
RS THWREND D E W25, ThbbEEH
BT 4 DA b L A0S (RT3
bDTH5HA, RRCHTEEECHE > FHiEBILE
OA DJRAEGHIED EIF T\ 5 2 TH» T BEE
TeRElERTEEZ DN S, ¥k, MH. & 5
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Working posture
degenerative change

|

l Forward flexion of spine ]

OForward displacement of center of gravity
—+Knee flexion—+Increase of load on the knee joint
decrease of weight bearing area

Olnfluence of musqle activity
Quadriceps {-—Function as shock absorber |
TF.L  {-—External rotation of hip joint
decreased force of lateral muscular stay
G M. t-— Abduction of hip joint
Hamstrings t---—Flexion contracture ot knee joint
tibial torsion

<—Aging

[ Osteoarthritis of the knee with varus deformity

Fig. 9 Proposed pathogenesis and description of
pathologic conditions of osteoarthritis of
the knee with varus deformity.

NICEBI et 5 AL OB b1 —B FERRE - B
& Thn(Fig 5). TOMEREBENIHEE OB
BiARXOBELY B T\ 50, BEINEHTO
HBITIRATEEB TOHTTHNRT, X i
RHHEBETIEEOHRTTHY, MESTHEIE
BEILZ OMEFIEBREOETOFKR L& T
HEEZLDONSD,
| & =

FUy K3 ABTEOBRBEG OB X+ REH
BRZYHWTEEEER XU OA flicow T
BZEL, UTofmxEe.

1. KBBPUBEAGE TR O &RE O R EH I B5
LB TEEDOHEME & @ xi3fmd s, KB
IR & RS ORI ERE DR EHICE S L
T, BVWSTEHETOBEAFLICRS, ~LA
MY VRIS U #00 7e BBIET 0 = v b
R— VILERNDD.

2. BHHBESETIIBVCEEDHTLL T
Eiguwy, BABEGOB X XERE EVEET
BT LTV BEED & — ViRt TihbbTHE
BHCZ L, TRCoOGINIHEORE® LR

_< 10 )_._
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4. BTBEBCHE 5 MR O 8 = D& b I,
AEE, M o EibiE REIE o siE SHE
f, TEENERRE, M OA D% {F D LiF T
CBETEEREBERYFHOLDLEELLNRD.

BErb by, JiEER X OB - 1B
HRFLERER, 7o B A ERRERECRH L
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