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Stress analysis of the knee using three dimensional FEM constructed from
MRI findings.

Kazuaki NAKAJIMA, BS., Takeo NAGURA, MD., Hiroto KITAHARA, BS.,
Yoshimori KIRIYAMA, PhD., Kentarou TAKEDA, MD., Takashi TOYODA, MD.,
Hideo MATSUMOTO, MD., Yoshiaki TOYAMA, MD.

Abstract

The human knee joint plays a role in transmitting and absorbing load, especially the menisci
and cartilage play an important role**. It is assumed that the load of more than 5 times body
weight could be transmitted to the soft tissue during athletic activities. Therefore, injury to the
menisci or cartilage is a common problem among athletes. To analyze the mechanism of such inju-
ries, finite element analysis is useful. Finite element analysis after meniscectomy has been dis-
cussed by several authors™®, but simulating the process of injury has not been thoroughly
investigated. This study built a finite element model (FEM) that included detailed construction
of the cartilage and menisci in order to elucidate the mechanism of the meniscus injury. To repro-
duce the process of injury, we constructed a 3D human-knee FEM including soft tissues using 3D
MRI. The model includes the fernur and menisci. Loads and boundary conditions were defined as
follows; undersurfaces of the menisci were fixed, only inferior-superior motion was allowed in the
analysis, and a combined load of 1150 N in compression was applied to the femur at a slightly
flexed position. Our findings showed that stress on the medial meniscus was slightly larger than
that on the lateral meniscus. Moreover, the stress was concentrated in the posterior part of the
medial meniscus. Our findings agreed with those of authors, which supports the validity of our
model.

Key words : finite element model, knee joint, soft tissue, biomechanics.
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E 1. The mesh model of a 3D human knee.

% 1. The material properties of the tissues®’.
GRASS T2 like 5 F TH 2 BB A1 Y modulus (MPa) | Poisson's ratio | Density (glem)
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Booe 2000 0.3 146
0.4mm (sagittal), 0.4mm (coronal) [
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B 2. The distribution of the stress in the menisci
and the femur at slightly flexed position. In
the figure, the menisci are indicated by
white lines and the medial meniscus is
shown in left side. This result is evaluated

on a slice which is sectioned at middle of
the meniscus in the axial plane

# 2. The loading area (mm?) with a stress more
than 2MP on two different axial slices.

Medial | Lateral
Slicel 178(22%) 78(11%)
Slice2 138(17%) S1(12%)

(a)

(b)

3. The distribution of the stress in the menisci and the femur under the rotation moment. Fig-
ure (a) shows the distribution under the internal rotation moment, figure (b) shows the
distribution under the external rotation moment.

~78-



NEW MOOK #2441 No. 20
S/ YNEF— 5

[ [4] UNEUF—=Y3V8B 2. MAEHTaINE)TF—var

BHEDESCHTIUNEUF—Y 3 VETIREH
EREOHAEERCESTSILHERTSHD, EL
LWEBCELWINAEUF— 3 VEFTS T AR
EOEBNERTH S, BEDTHENSSEDNED
¥ BYROBBOTH, RERBORROBWRILE
OEHLBBANTSD, TOENCEDEREBII#E
EREARNSESNTD. COCHENBTHSHEN
Bic &> THARBNOEEEHETH . HANERD
AEE-EORBAEER-> THNMETSERIED
# —EORBICNAL THENNESETSSEIENMN,
—EORECEEEDNL, ChCHRLTHOEE
FSSRENMESN DD, £, BRDREORSHD
L LUTHERSGTIEN S5, BRETNRZELIOR
HURCHARBECHUABANECEED, EA55
DNSYAEBBET D LTEXDT, HEEFTEIRE
HIRD, REHOMMTIEELL,

* Hideo MATSUMOTO MFE&BAFIEINE, B80S

o PG

BB AR E o TEBIINME, REGERE,
EEtEER, =59 HME¥ (overuse syndro-
me), MBIc L 3Tk Y, BHTHEETHD, -
T, BpfiogEmE s +ERCHLT, B—DY
NEYVF—2a 275 LRTEZ, ETHRN
HORSLEML, ThETho&EBICHL TIERMZ
ENf%TFL, UNEVF—va»TRRTESIRE
TERXVEAEFHESHOETEIEMBLEETS S,

R OB REE i e S RO, S EENTE D
i (39 150") 2 TOEVWBECRE, 561,
Bt TREFORIEGERZ X0 X D M LEE b
TRETH 2. “oXKEZMhiEE b SEMEIZ, —
STHEMBTH2 I 56, WTFhoBHBET
LEEICH X 3+ kPR ERVERERD, T
b, EEBIEORREE ERREE & FTEREDO M
D T EMNBATH S,

#-T, BEMERCHTIVANAEYTF—va>
Tid, FIRMROREECUEE, EEAEAI O O
FELREBSBLEERLEZE, ELT, ThoO
R E LT EBITOIG, REERREDIE, Eofio
SEBHRE IS E LB B,

AR T EMITIRIEDIE, A0, BT
D3IWHE W TERERL, BREMERCT3 U
EYF—i s rOMEGTEE 25KiFEORR
D—Bhk Lz,

Bt T E{EBHTRELAMRE
HLTHD, FOESIEPEHY N NEYF—¥3 >



OEBEZEXRTHS. LrL, AIBRFRORER
—WT2<, U k> TEESAERZ LD, Fa
FE2bo, PEOFERL->TR, »A>TEET
2D EsEXETHS, £-T, TRIEFRY
HE3Mh6EL-T, PAL HCUEERTI>OTIRE
<, TOEEERTHAEBMNLT, FOHEGPHES
BRETIZENAYITHS,

1. EEEEHRORE

a £ %

EERE O TR AR OB b K & 2 HE AR TH
2. MENICTRIREHEBE T 2B ENE S22 <
Th, AL TTHRARIZEZDBL, EHEM
BOTOLATBHREEELSHERESL I EAKR
HETZEMC L LIELIZEAT 3,

MO FE ZEMMSEORBEEAECERT S
e EBUAER) i 2o TR ZEE, HAKR B
Y B E 2 S Nb - TE U SBED8
H3, £/, BAELEEL, Th@0iEELD
LHMfeHORBECRBT T2 455, @K, M
ko R4 > TSGR TSR B TRy
AMH Lz, MR EMS 2HEE T &
B2 CEMSHT Z L%y, —F, BFRZRE
L SAEEREER T, —EoRiAETARES
HL, shltoEiz-REENSBE2AZ L
DR,

TEILRBFEWEEOTMRKLEF T L
MRAOREEMET s E» S LEET, FMICE
ATIRRAIR I, FEEMME TS L L L ICTRERE
DEMES 2 2 uIRELZTRISERERELT
BLLENSZY, L, REOCHVGEIICHKET
AMEIISETS £, RESHEL, »LoTTR
BYBETEZLbb3,

b. EM%ER

BBE O ERBE L FE T 2 o nicit, ER
b REzMEESERENE D, BB HEO
FlHT, BBz 2ERRECE>TY
EEPASRIRNS RIS 2, ER, (PO KEHE
TREBABIRS, MO EMSE T HRERLE

-80-

Bofs

Ch, £z, EMBRIIEMED L OODSREENE
bh3iE» DTS, ETHRLOEXLWE 2B
GoiF v, L L, BEEOSETIIEEMSSHNC
ARSI ETTI S bk D, {hEEiESSET ST
ENE L,

C. HFRIAN - BIBPLEREH T &
RS T BAMPIEREGR IZ £ > locking I X D
ARPRLPEAC T NI I LM HE, B, B
MEAL L 2 B B IR R O W RE O BBLIC X -
TOYENLZEAHRERIEZ VB2, Tho0B
BT i fuliets, FFICEERE A D TRESKDISILBAE
BREAB TS50, FRRORMETEAREL
MEOTRPR LR L2205, FEBOERETS
LENDH 2B,

d. BIADPIMERE (arthrofibrosis)

EBE O IMECFiTERICE L 2 BSiROB#E1
R S BET AT RS R FR O B & A2 2%, KEREEM
FofEE, BEECBEMORYE, BE LEOMELL,
A - SIS FMEOBRELZ ENEOBERER
3. ¥/, RORAEK & 2 TEEIRSENMEE
T, MEAEEELC 2. St EELZSS
I2PAENE RN ¥ OFHTRES LB L 2 351, BE
A TR TH B,

e. EREHER - BihigE0EE

KERUEEE OB CFHTIc X 284k, FERO
B eTEEZ Y L D, ERM{HREBMO excur-
sion @MW Eh3t, BEHFEOFRAEL23Y,
7z, BEEOABEEI & - T4 XKEBEEGOMELe
HiEEDET, EEROGHEZENEL S, —A,
EMEERHEOSRLYELC D LFRFBOREA L
35, BEACRABCHEOSMEESEEE 2
IO E o, (HEE - B L L PEEOH
EROMBHIIBEETBS I, TRHENFE-L-T
excursion PELEEE = 1L 5 AlREME S EE L,

2. TR
EMSoERM=2TEMTH D, BEERDIF



[4] YnEYF—s a8

, BEROEEER % £ bhob 358, Mo ROM
(range of motion) = \: 2 i, BHERAKOZ LT
H3. TERILGEYE, BHED - HEEROTS T
Fish2d, EhEMRERETES HH &8
ZESZEELEROEELEZIRT <, MEoR
BEFRMM & L T 362 ol EBhIEER 25 & D ZW|eg T
53, R TTRIR I RE S ETA BN E2E
L, ToBMoRiAECRELREHRT 32, B
HEL RSB TH S0, TOEMEES LS55
58 KBRS SR #OREME 72 &) T 12 B BAMT oD J gl A B
DOERERT 3, ->T, ZO&S2BE iz
B IR i T EEBAAT O ST MR A BT 3 L EY
B, Eo0iz, TMRREEEIAE LD, BEL
FIFFCSIEL, B ERHEicHEy3,

—7, BERoEEEER LAk, Smay2ER
HaMgEO—o tH 2 s h 32, EiGERKE I
EFHLFEIML I L LHD, BEOLEZ S,
TOFMEIZ—EDEMH L, SEOMBETH 2,

3. TIEMERIERDTE

B ETET BRI oD B 89 13 BLEE 0 BT IS & i
Sl TTRHFETIAMEHREENET S Z
ED2DEFTeREY,

a. BSOS

FHBE L FiRE EA 6 0EeEIC & D BN
T LEROATCEE FBRE X3 EBR S
&, IR EBEENEOFE HeRoBE
Fb5, BASEEOFBOER L YOIt AT
3, LdL, R L-> TTHESYIBMNTE 2
D, TETHLRERHNNMME 2wz, T
HEEFHBE L2328 vwL0bH 3, TTRISDIM
RERBHEAGTEHMTITS bo, BHPfEOA
DRYGEED THBTTO b0 b 225, WY, T
BN O D ODIIZ, RGN OUERS b R
TO»EMERTTS 2 L% w, LaL, BF
BEAIiC & 0 BB Nk 2 A 2SR T 5 LB S
S|EP, +AXEFHEHEZVLES, EREED
&5 BEL E TSN T RIS LTS . fBhey
RPN ERE b E DT, ETLEYR

E 1. CPM(continuous passive motion)&®

BRRERISEVEIETI I EVAYTH S,
BERBHOERETEIRUHRL, FHENCH
RSP ETEEI R SITT A 53 & L T CPM (con-
tinuous passive motion)ZEEHMMHREE N T3V
(E1). T CPM i iL:MBHHEE & MR + 5
T, LB LDy F_ET 24 BMAT R DIEE 5
TA3Y, REOCKMBTMEL Ei 120 co
USRI TH 5. £7:, CPM EMl 121787 ¥ EW
PEVEIEICTRERET 2 OKELTHERETS
348, EBHNEERFEBHEEE 12 F OFECRIC X 0
BEFWE T2 - e AITH S,

b. TIRSOES

—ER- MR RS T 5 T L L ATl
HEZEXRTH S, RIAMEE: 7 BISRELSDIS
EEELZL, ACH®IsCEsbB. LrL,
SR ZE{TMEFHBRORERSEXET,
AR ETT oA AN L WIEE, iAo TEWLE
& TOEROZBEL XS, FEE LB
HLTooHMiETHEEBIRT 2 0B NS5,

MK, AhRoOBEEBHETHSCR, BREon
EgEREI NN EET LD, BT ok
BH L, HECFREREFOMIAOMIELIC LS
TSGR, MR ETERIIE THRE T 3 ERNS
Vag 7o72L, BRIEHEIMRA D L, HEMOHER
HEBRTIE»D TR, ROAKMEEESLL
D, RIFEREEB\RET I LICED, BRLLT
DR S>TARESEL T2 L b b5, HBTTRIR

-81-



Ui emeh T 2BEONA DT, FME> T THIE:
T2 LBEETHEZ LB\, CPM#
fif b TR BRI Ay s h 345, EihEik
HIBEDHNEATTE 328, HBBRAAE~ZHNA
ERLACATTEZL, £-T, BEMNGRIIE
BREFHCTILELD 3,

EMMIEERGTH D, RERBTCHIES
HEM, E5 R AR—YUBZ L EBETSBEITIE,
PrrTORME L OBEOHEATC S L,
ADOATFRMA S 23RO+ EEEIER
Ehd. BMEOMYCEERIZEEL L THFCH
NaZEOoBRSEBRICKT T 25, BHELEELR
R—Y AR EMEEROBREN T ORERK
ITHMEZGRER T3,

1. EEEEEDmHE

EEBAT o 3= 22 WY 12 R Em T H D, BB
Bieoh2 E2HBLEL L TG L BHHCS
Jond, &5 ICEBIMIEMATIRETOREERE
MM EIRETH 24, THREELTEHRKE L
TiTbhh 5. EEPOAN SR IZIRA T Al A I S
B & & D RERE, ABREICEER % b D PIRILES,
SMUEE, PMEE O 4 - o (GERISEER) X D
WMEEhs, VFRLEERICELL, ToXigs
BEEREN L CEREEKAE TS I LD, &
NS 4 2OBOENHEMEERAILE 2D, Z0ORN
18 & S KRS 2B AR & b - IS
TH 5 Iz H PSR dafir ¢ iz BRI B D IR ETFT T
S E7r, BEBMOBEFBEAREL L TARME
BRI, BEORERBESR L L
CORAEHEOFHLEBM{NELC 3,

—7, BEREEGREE—EI LAY TR E
PRI, BRI L, BEBRSomd s
FEFCEREPET2AENLA NI 7R E, BE
B LB - ER B A ET 208 L
APV Z2ERAPENZ, ABINLRA Y >
A ILER O ERISEEICESET £ L ORTH, R

~§2=

BoO®

ICRELAERE b DWW, LR TENIEE L DR
BEIUEMRBOH 4 o055, SMEIALA LY
¥ 7 AR ICERER E L DR L AR EISES
ELOEH»OURIAR_HEETHI. TOM B
TG B O REE, SR © o B O B
ELUTOFRE2ETHE T2, BERBRELLTHE
Bl AR LB O HIEL ¥ oz B8 HH
O HEFROLSEMEOERNEZEATH 3.

2. BAONME

B AR B IEMERS D 2o, {HEE
NEEL ol AEL L TXBNBEHOAS &
W3 KEEESHHREO— DML L THAS
NT &L, @K, KREAEONEZHBERD LE
5 10 cm DEITITV, Z ORI AERNEDG$E
OFE-IRLERTHILENTWVS, £/, B
MEESE, BCeRGREELT IO REBRTRA
BIEBOBEREE L Z LHH L, ZORMLHEOSE
BERLI{EBTIDORBEEROLED» S Tem
DBUTHZLENTWE, KBEAZOMER, &
DRENEDEEHNERBRLEZWE &, HESH
ZEAEENERELERLI L, ioEBOES
LEEINEZ L, BRECMENSZ L YDS
{OMEBRbH Y, BERNEDTHESTETS
D, BOTHMELFETHS. —H, BETHEN
LA M) I ZAOFHEIXEFAETNOBM ORISR
B, KBRAEZEOFETHET S Z L2k
L,

E, Sl »oEFHCHNE S BRTHET 2
EEBHTAPBBLLATWVWS, ZhbLffERzs
ETH5H, MHETHECEVAGETEMAT 2
RORNUNERTHE - L BERGETHEIE, —
EOEMGAETORMELLTERLI &, Bl
KHENHEZZ L, 2YDOBANDHS,

A, BANMEENCToBEhrEERNETS
ZEMSMRBRENATVLE(H2). IheDERIZE
BOEfICERE - A AIc ERS AT E» T
25, ThRKERTIHA*BHETILOTHS,
COEBEAVEBANECRI—EOMBEIAEICS
P EHAEMET 5EREFHEE, —E0/AFIC



(4] VnBEYF—o a5

2. BRGNS SURERE

AT 2HAEMET 2 EBEBONE, —FOR
ETREER»L, ChiRRTImhe8EST2
FREBHAEEBH2, WwFhb, HHERSIUV
B > TRETIBEMHEAME T2 b L2 |
tLTREsAS,

3. BHETOREA

BREMAEOBHETR A E*XRT 2880
* BEEOMEL Y TLED 32, BOsESE
PABIEEIER, RO L LIt -> T O REED
FEWSEL, BEOWHETHHEC 52, BN
NEVT—va R DEWEDORAZDNDEDitte
La@EsETH2,

4. BHURDT5E

DI D B8y L ARSI - B, BEOHH
MELENLTIMAL—EETLAGHOBH &
BENET28Ba050, 25 BEBHUEOR
NOBWBEEN LT 288052, @Y, MBS
FHTE AT 3 HHDIMO a3 BREOB N O#s s
LJUTETLEBHOBEEENE T2 2 LB,
AR ORIRIIFIREO A & =, INKEEM, B2
KLZEEEBII50, EBZL-TR—ELUED
B EIT L 2 BE, B ic+52ignt
TELWBELENSD, EFARSbERA =2 —
PELETH2, i, MBOEBTE R X2
ERTOEE BN O S EEMEcHET 2
CEDBRYITH B, HHYEO S ERBHRED S

ELER —EZOBENARY R THIEETSE
REBIY —FoAFEALTHHINELTS>S
BENIS, —EoHETHEERSL, Zhisig
LTHAMNSEEZTS SEENSELE NS 29,

a. FR{tHlE

BfoAEs+—FcEE L2, BIEETS
DiETHY, BOUMET RISy A P28
¥, —ERFMInEEL, 8T 5 cBRNEGUE
THD, FTAR LI VBEMBOABEERT-T
VBB RBEEYDTH S, HEEPRBGHET
VRMIHET T 20T, BRCEEERIZTE VLR
DIRETILAYITH S, EEREOGH
B E L TiMBEI T~y FOMX Y EREL, =
NEFRLETIS LT 30iBTmYTHS,

b. SR

—EORF AL THANMETS ST, w
bWIvxA b br—= NI Hi2, BN
HOBANME LTI, 04 Lil¥E:HLTESRIC
EEMH) 2ATL, ThicliLTEEBET 3D
#, EERMREsATLIBENBHHYSRERE R
WTITS DI h 5, PAST =22 WEBLER
BHEOMHBS TR IOUMETL v, <
TOTKTH IS TE 20T, @5 B
BHEuihli DT 2 BFinH 5,

C. SEEDIEH

—EORETHE B L, chicsHiLcEh
RIZT> AETH 5, BROBR TR ZODMIL
L <, BERmBANMEERERVTITS. i
EICBEER 21T S o, HI2BEOANE» T
PETEB» LT L WIRBTHE Z Ehidkif L5
5, AT 3 #E (deceleration) B E O 0
HNTTAE LB THS,

L EE ST

BT EEPAST O AT EARAE, TTRIR, ke <5
AR EDREMVMTH S, WY, BEORN—

-83-



B84 (J. Jpn. Orthop. Assoc.) 81 : 585-589 2007

R BREREE 23 3 2 e | BF 10 £Ei2B ) 2 FMEEROER
—HEBEAREZSRETERR ZNRE L-2ET7 7 — MEFHER—

HEEEABEZSETEHENERZRAS
HLUEE P IF B ZAR: PN =
BRBEXX RBREEL BN L HEAFS ZHMAS
i i SBETHERS 2223 B THE. VNEYF—vay

E, pPETRADOEBLCHFEBEEE &
FtEfriEE, TREMEEL FOENBOTEHERY
FLOWMLTWE, EEFBMTIRINS BIAMT
ZBENMAZLELLE, TORBCETIRALR
ERicHnL T3, BE, Cho0EMBEEER
ZTHL, TOERREZAHMT DK, BR—&L
ZoRExXEUNMSML SN D0H 5.

BEBUAHELTRHMTEERS TR, TO—
RELT, s78REBES -0, EBHBTHER
DA, BLEAROBVLESRD 1 D TH 2 BRI
EXOVWT, BXABEAFFESREMEHBRENRE
L72B7 »or— tRAERXERBLE. $E, {0E
EEME BV RwEHEEREE OO TH
&1 3.

HRELUFE
T or— bHAEERT-:0RL£E0 BEBEAESE

Key words: Knee Joint, Osteoarthritis, Operative
Treatment, Total Knee Arthroplasty

*Operative Treatments for Osteo-arthritis of the Knee
Joint. —Change in Procedures in the Past 10 Years—
'BERRATEYSERRAESNE
MEXPAPRESAFREABENS IR BEELME
BRAESE
LAASALREARSZBATANRNENLWIREWNE
HEREBRARSE
‘BEAZAZREZHEH - EEHRNEZRE - BE54E
‘RoRPELHN - HERERNBESTAH
EEEAE AL REYFRHAR A MRS ERESEESY
MEARBIEERESL ST

-84~

BEEPLEL, FWNNEREZELAET TR
HELEATWS. @ 10 FMOFHEOEE*HE
T30, 19964, 20014, 20034, 2004 £, 2005
FrnTh ]l EMEERERMEEICS LTI F
WEFI>VWTHEELR.
ETHRO7u74—NVELT, REBRETHS
2005 FEICBIT 3
(AR eENy P
RNy F#
I FREAEGH(KSHEHDO L)
I BEABEGR(RBHEFOS)
I RS OFMH
I BT
EWEELL.
20T, FRAEEBEE T 5 FHESE ERL
& 1IEMIE2VWT1IB18»5 12 831 HETHEX,
FTE, Fi#s, %3, FHHEC DL TOEREEH
L. FlA&ER, @PaA v F7YVFw>:]D
(joint débridement), @B E# &) D # : HTO
(high tibial osteotomy), @K BA LEMHE &
#7 : UKA (unicompartmental knee arthroplasty),
@£ AT B EBH - TKA(total knee arthro-
plasty), @it L, wihd»D 1HBEO%2,
F DMz DV T IRFHEI O T RENT RN EKE
L.

(= O 4 B R - ]

L ®
EEH D> kD IXMIE L 7 2223 HEBE T 1020 Mk



VHBEERTSBEERVT, HMETFEHEROEN
MINEYF—os>OREBRBETITI Z LoiF
Vi, ERBEEIOAMESR TN, —ENNMATEE
FTEIEHEL, FORCHESTIMLLELE R
3., L»L, FEFTIEIIE< 0BEADIEIcE~
HBCEHLZBAOVSCL 2D, 2FTo 7
A xHWBTHLETLAYIT, SEEPTYTHELR
D, RESGHETIE L,

HH, FRloRBRTREREIOBACTHRIZIESR
TH3I NS, HTE8, HNIEH, FTEr
ErAvTRATOFEFEDS{T» 5> BEOFER
EHR2IHMINT I, MINOBEREBICL-TLER
ZAH1/6FE 1/4THHE, 1/3FHEL Y LM 1E
BLTHLEEBEOHBTRICIZEERO control iIZREL
O BLELEFEISFHRCSVLORBICE YD
ERETHD, L, ¥3LTHEANLERE
SERERHEFAL TRAEESCHAROEE:
BIRA €3, 8l YoMERrnIZEDER
ALk BITUEEFRT 2.

EMEMIE LB ISR L 0B T h(giv-

ingway) & U, EMESCEBATFILHE I DS
Z07T, YA ERC ARG ETFHTIER
EEEL, BHoEBEEZZNSHLICIFTLTYL
<o Bz, SRNEBCHEY 7yvFREYTLEEKCY
[ HIBETIR, 97 AT FEEAVWLETE

B2
Ui, XPHFENEZEOTENLETH 3,

SHoIic

BRI AR L HEREO T AL—FRG
Th, TOBERKE{BFLh3, FHEZRAD
BREBFIINEYF—vs >OERFREBLTK
g {, ELLVEBBEIELVWIAE)F—¥a 577
3T e, BMECMOEELERTHI,

o0
X ™
1) Salter RB, Simmonds DF, Malcolm BW, et al :
The biological effect of continuous passive
motion on the healing of full-thickness defects in
articular cartilage. ] Bone Joint Surg, 62 A : 1232,
1980.
2) AR b . EMSARECHT BB owT,
RIS R, 22 0 198-202, 1992,
Matsumoto H, Seedhom BB : Rotation of the
tibia in the normal and ligament-deficient knee.
—A study using biplanar photography—. Proc
Instn Mech Eng (H), 207 : 175-184, 1993.
= LN MR 2 ERE0EE, -
BESN - ®UW, 11:731-735, 1998.
B)F¥ BhNEo ORI FOEE -
BOAT - WA, 11 :725-730, 1998

3

—

i

—

5

—

-85-



®1 FEOETCEERBMMEICHN T 2 FRERK

EX<8E (J. Jpn. Orthop. Assoc.) 81(7)2007

(%)

25000
199645 20014 20034 2004 & 20054
20000
B 2253 2889 3779 4027 4599 "
& 8188 11783 14768 15777 18009 15000 -
£ 10441 14672 18547 19804 22608 10000 |
5000 |
0
96 01 03 04 05
M1 &F0FACEMNE T 2 EHEAN
e N m80H
N8 L. _|B70t%
1 | meoft
N B B504%
: - 04048
96 01 03 04 05
E2 SEQERTITHEHH
(45.9%) TH o, Hirkid 1996 Fic i3S 2253 44, Zr 8188 #4(1:3.6)

1. 707 14—0

Z 0 1020 fERD 7o 7 4 — ik,
DiFESE~y Fl: FiH272<y F(FNEER
995)
DWENBy FE I FEHS03<y F(EHEEH
960)
3) MR SR - T 67.8 A (BREIER 971)
) BEEARIESS | ¥ 5.0 A (CBRIEIEH 998)
5) MR 2 EFME © T 1909.8 5 (FRIEE#H 964)
6) BRI - W45 457.7 IF (BRIEIE# 993)
Th-ote.

2. RS ICH T A FWN

ZEREBEREEICN L TR T EFORIZ, E
EDH- T2 1020 MERAF T, 1996 &£ 10441 o
L, 20014 14672 %, 2003 ££ 18547 &, 2004 5
19804 & =84 IZANL, 2005 %42 i 22608 4T 1996
E£0 217 ML (21, H1).

—-86-

ThHorzDIizHL, 2001 £5 2889 {4, Z 11783 41 :
4.1), 2003 ££ B 37794, % 14768 £ (1 : 3.9), 2004
4 54027 4, 15777 #F(1:3.9), 2005 & B 4599
f, 18009 #(1:3.9)THD, BETIRLALELL
Twizh-o7(E1, HI).

SEMBITIE 1996 ££412 50 A 13%, 60 A 32%,
T0BE 2% TH-o7=DIRL, 2001450 @& 11%,
60 A 27%, T0RE 48%, 2003 4 50 & 10%, 60
BE 24%, TOEE 51%, 2004 F£ 5084 10%, 60
% 23%, TOR & 51%, 20054 i iZ50 % 9%, 60
BE 22%, TORES51%T, bIDOTRHIVHLIE
Bl Tw=(E2).

3. EFwAENER

Qa4 rF7YV = ]D

JD iz, 1996 424724 i & L, 2001 4F 3317 &,
2003 4 3814 {4, 2004 £ 36704 - oM m L,
2005 £E42 1 3905 4T 1996 ££0 1.58 izl 7= (%
2, ©3).



BE<8 (J. Jpn. Orthop. Assoc.) 81(7) 2007

82 ETUEEBEGE T 2 8FREOEFM

1996 4= 20014 20035 2004 £ 20055
JD 2472 3317 3814 3670 3905
HTO 1330 964 820 848 918
UKA 267 238 413 674 793
TKA 5795 9507 12821 13790 15933
Others 577 646 679 822 1059
&H 10441 14672 18547 19804 22608
——TKA
—a— 1D

—=—HTO
—x= UKA

—a— Others

-t

23385883888

04 05

96 01 03
H4 FhPhOFCBYIEFHHEOME

OEIBEAAYIDH : HTO

HTO i, 1996 45 1330 #4 &= ¢ L, 2001 4 968 fF,
2003 £ 820 ¥4, 2004 F 48 # L L @A L, 2005
FRIFNBHET 1996 FED 0.69 fFEALz(E2 H
3).

@F @A TERBMERM | UKA

UKA 12, 1996 % 267 % k= 3 L, 2001 4 238 #F,
2003 £F 413 ¥4, 2004 5 678 44 = 2 HIOL, 2005
FITIZ 793 4T 1996 @ 2.97 fFzignL 7= (%2, B
3).
@& A TEMmERWT : TKA
TKA 2, 1996 ££ 5795 #4 = & L, 2001 %8 9507 #4,

04 05

2003 412821 {4, 2004 £ 137904 L R MM L,
2005 £EiciE 15933 £ T 1996 £ 2.75 L7 (3%
2, E3).
FRPAOECST2EFHHROAETRET 2
E, 1996 4E iz 12 JD : 24%, HTO :13%, UKA @3
%, TKA :56%TH-oreDicHL, 20014 ]JD: 23%,
HTO:7%, UKA:2%, TKA:65%, 2003%
JD:21%, HTO:4%, UKA:2%, TKA:69%,
2004 JD:19%, HTO:4%, UKA:3%,
TKA :70%, 20054 i 1xJD:17%, HTO: 4%,
UKA : 4%, TKA:70%T, D z—Z0#Ex&KR-
TWw2aboOon, HTO k<@L, fb>TTKA

5y -



B®<4E (J. Jpn. Orthop. Assoc.) 81(7) 2007

—— 19064
—a— 20015
-+ 20034F
—— 20044F
~=-- 20054

mmw&.mm

®6 WEEEEAAYID#OFRBIFHERR

L Twi (R 4).

®% Offic /2 W T TR, BN
BT, BOESESER, HTO LSRRIV (S, E#E
EETABAW), W, LREFHEROSHHEICH
THERR Y Thole s, WINOELEREEME
FETxT 3 LFHWD 4-6%THo .

4. FEFEWMAEOEBRDH

@DFa{ ¥ FZYFT]D

JD i%, 1996 % 121X 40 & 9%, 50 & 27%, 60

& 35%, 70 & 25%, S0 RE 4% THo o
L, 20014 40 @& 8%, S04 27%, 60 S 33%,
70 4 % 26%, B0 & 5%, 2003408 E 7%, 50

% 25%, 60 @& 36%, T0 & 28%, B0 A 6%,
2004 FE 40 E 7%, S0ME 27%, 60 E 34%, 70
B4 26%, 80ARE 6%, 2005 %KX 40M®E 7%, 50
B4 25%, 604 33%, T0ME 28%, B0RE 7%
T, WThoEd 60 REKE -2 2BD 35, 50 RE,
WRETHHENS (TbhTwiz(E5).

QOFIBAEYIVH - HTO

_88_

HTO i, 1996 % i i1t 40 8 & 6%, 50 & & 19%,
60 BBE 47%, TOME 25%, B0ME 22U TH-TDIKZ
L, 2001 SEA0BE 4%, S0RE 27%, 60 RE 43
9, 708 & 25%, S0M & 2%, 20034 40 & 6%,
S04 29%, 60 A 37%, TOMRE 26%, BOME 2
9%, 2004 4F 40 A& 5%, 50 @& 29%, 60 @& 38%,
704 26%, 80 & 2%, 20054E K 1240 E 6%,
5084 29%, 60 @& 39%, TOME 25%, B0OME 2
%T, WTFhOES 60 REE—27 2B (H6).

@K TEEpa AT - UKA

UKA i3, 1996 fFicix 40 & 0%, S0 RRE 4%, 60
A 33%, 70 @& 52%, S0RE 11%TH oD
L, 2001 £E 40 88 & 0%, 508 & 3%, 60 & 21%.
7084 61%, S0 14%, 2003 F 40 & 0%, 50
BE 4%, 60ma 25%, 70®E 55%, 80RE 16%,
2004 £ 40 18 & 0%, S0 & 4%, 60 & 21%, 70
B4 61%, 80RE 14%, 2005EKiX 40 8E 1%, 50
BE5%, 60RE19%, T0ME55%, 80 E 20%
T, WTROEL NREKE—7 280, 0MTLHE
BHE {TbnTw»a, 0BRE, SORETIREDD



BEEL3E (J. Jpn. Orthop. Assoe)81(7) 2007

0ft  8soRt

mtmtﬂm

B7 AEATEBRSRSEOFRBIFHENY

(#)

-

L E3EEBEEREE

—— 19064F
—a—20014F
- 20034
—— 20043
~=- 2005F

0t B0fk  7of 0l Soft ot

8 A TEBEGERRHTOFRIIFHERN

Thadb>7k(H7).

@2 A\ THMmERA : TKA

TKA 12, 1996 FEizit 40 B4 1%, 50 A 5%, 60
BB 27%, T0ME 55%, 80 A 12%Th-hDis
L, 2001 5408 & 0%, SOM & 4%, 60 & 22%,
T0#RE 60%, BOMEE 14%, 20034 40 & 0%, 50
BE 3%, 60 ME 20%, 704 60%, B0MEA 16%,
2004 F 40 8 & 0%, 50 M & 3%, 60 & 19%, 70
G 60%, 80 @& 17%, 2005 £EiTid 40 B& 0%, 50
RE 3%, 60E 18%, 70 4& 59%, 80 & 18%
T, UKA LE#, WTFhoFEL 0BEce—2 %8
®, BT LHEBNS {TbhTwas, 0&kE, 50

BTRELDTLdo/ (H8).

¥ & ®

D) ETE B BB 308+ 2 95 5 61 312 1996 4F
10441 5T, z8kE2 L, 2005 ikt 217 45
D 22608 5 TH o7z,

DBLLHRBREETIREALEZL, 1:36-41Th

D, FRFERIL 1996 FE L 2005 FEMIT, bTFd T
H3NHFLCERBEL Twi.

) EFWMHEOTETIX 1996 4F & 2005 £, D
12 1.58 iihn, HTO ix 0.69 f&ic#t4d, UKA i1t 2.97
fEic38in, TKA 12275 fSicL. ThThoEic
B AHETHET 2L, ID 3—E0#& 2R Tw
2500, HTO B4 oA L, fb->7T TKA 5§
LTk,

YEFMHEDERIHE TR TLOE L FHOM
[T, JDIXGWEIILY—2 @3, 50848, 40
BETLHENS {fThbhTw. HTO R60EEK
Y- 2R, HENLWEBBTTHONTED, UKA
ETKARTORE Y -2 280, 80 RTHHEHS
{fTbhTwal, RE, SORETRELDTOR
pof. _

SIUEDT—212, HEERIC &> Tit 2005 F0F—%
BEL>TWBORIL, 1996 FOF—FBF+4HT
HITREEND D, TOREE—CFETILEND
3.

-89-



GRTRE 3) ZRtRE B A B O 5T RIT - BEMITICBIT 2% - 8 (HARE)
H#EU A+

1. RARE. HOK—. FE@EE. X538, BHFOENHREICNT5E - Hh b
L—= 7 DR - MEAFHMIC K 28 L WHEEROR —. 5 20 EfRHEERF5
FeBhRkECIRE, pg. 104-109, 2005.

2. BWE—, LERE. R4S, HOfE BB SBRESZEFROR - 2K
i RIFT hSasi— 2/ FEERREFRODROREN —. HOES 18(2).
pg. 61-64, 2004.

3. AERE, BESD. KOMN. AR HHE-, SERB. FUNE. Tt
BRI AE B E OBEMIT — B B AEFBIC BT HH AT OB —. B vol. 28, No. 2, pg.
14-16, 2003.

4. BOB=., LARE. NAFB, KO6E, FAEKY SHIRK, FLEST. Fl¥F
BR. B i B I BT AT EEBSE N R A O Z L — B FTA Sl OR A —.
JEE 29(2), pg. 123-126, 2004,

5. Nagura T, Matsumoto H, Kiriyama Y, Chaudhari A, Andriacchi TP. Tibiofemoral
Joint Contract Force in Deep Knee Flexion and Its Consideration in Knee
Osteoarthritis and Joint Replacement. Journal of Applied Biomechanics 22(4):
305-313, 2006.

6. Kuroyanagi Y, Nagura T, Matsumoto H, Otani T, Suda Y, Nakamura T, Toyama Y.
The lateral wedged insole with subtalar strapping significantly reduces dynamic
knee load in the medical compartment. Osteoarthritis and Cartilage 15: 932-936,
2007.

=90~



EinE ORISR E O3 2:88) - Hih P L —= ¥ 7 OBRAE
—BIEIRATRHIC & 3 L v g OfE T —

L - Gy KO - B

EFFECTIVENESS OF THE QUADRICEPS EXERCISE IN ELDERLY
PATIENTS WITH THE JOINT DISORDER
—A NOVEL APPROACH TO MEASURE JOINT LOADS PURING
THE ACTIVITIES OF DAILY LIVING—

Takeo Nagura, Yuji Kuroyanagi, Kengo Harato, and Hideo Matsumoto

SUMMARY

Effectiveness of the quadriceps exercise in the elderly patients with knee osteoarthritis was
evaluated using three-dimensional motion analysis system. 34 knees with osteoarthritis and 16
knees with healthy volunteers were evaluated. 17 knees out of the 34 knees had continuous
quadriceps exercise following total knee arthroplasty. The knees following the exercise had larger
quadriceps moment compared to the knees without the exercise during rising from maximum
flexion, although there was no difference in the quadriceps strength (evaluated by MMT)
between the three groups. Evaluation of the joint loads using three dimensional motion analysis is
useful for the clinical evaluation of the conservative treatments such as the quadriceps exercise in

the patients with joint disorders.

Key words: quadriceps exercise, elderly patients, join loads, motion analysis.
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