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1. WEEW

PR O IR AMNAER 3 2 TR B HE DG HIEAMNIE & 2 BIRFER S L7z & 72 o TV 5 23,
IEEDOFUETRA I ZDOHERITIEY, ZOMBEMAET 527200 X D GfEERERT — X PR EITHR 5T
KTWnwa., Z2ZTUEINZE T —XIZE, FRCIAADER T 2 YRR E O E T 72 ¥ O RERH 2 Y5
BTHD, ZNoZFH - BT 272N ORENZH L BoTETWA5.

IO LRERZZIITEML N TOERAMMAIKICEWT, oty 7z v L v
BT D TS v — R BT L, HROIOIEERIENE AN L Tws D23, 2odhc, K
HZHAD 3T 2ESE 3 =120 TIIAEFH S 2 AR %2 - W7 2SR BT, D2 OFHH
FENEETHZ 0D o TER. Z T TRMSETIE, SEEH X F 2 MR U 7Y 2 JEREf
TEAEEICGGHIT 2 LWEHIREZHRE T 2 Z e 2 FHINE LR Z BT 5.

F 72, RS 2R Y UTHERA O RIOS bulk carrier AN Z, ITHEHFE I NIZHIEE
I CHRPUE IR L S5 5 & w5 finE TR Z oMo 2 iz w7z, iEEIRD R 2 finfific
BT HAMATETE O EHINCHER O H{GENT FIEDIT R 2 DR 21T 5 L FRHC, FAIC BT 2 ihvikE
g, EHUEMN, MARREEEOFHH G FEE L 7.

2. FASTHEM
K % iR W % R EET
BT W | LB O T RRIETIR Bk - BbEs A7 LGk | 209 REFH - HBRIEH

e & JRERZAIER TRBADITER ik - MBS 27 28K | B 24 FERAHE)
GEORCEIN JRE R FCER TRBIARTTERE X - BB R 7 28K | B 24 FEERAA
% B JRERFAFERE TRBAITER ik - RIS 27 28K | B 24 ESiiiln)

RA BA | RBAS T 85 %S 2747075 A SECAGE | R
B W | LB T B8 W% 27 A 7075 A SECAGE | SEERERD
WS | B TR B WS R T AT U TS A SE AR | SEERERDD

3. EEROBE

2024 FEE D 9 FITTUNREEIGH 15T D TR AR FEBRKIE (L x B x d = 65 x 5 x Tm ) 12 T/KI4
REEEM L. AFEBCHM LML, chETHEML TERBEREY L& 8o RIOS
bulk carreir B%fih ¥ 55 R CHEPUIE KD B S5 1 2 iE IR %2 752 bulk carreir AR D 2 £C
H5. 0o 2HEHOKRIEIFR—TH D, BUKEUTEFEIRTHETD 7 L 757 O ABER > TW»
%. DREEIER D RIOS bulk carreir B%4fihZ A it (Type A), FERRMHEB TESIEIMEREA R 5N 5
ETIR 2 FoME % B AL (Type B) L FEFRS 2. B » L ik 20 o W O AREHEIO ord. 9.5,
ord. 9.75, stem HBMCERES £ > ZHDIABLGRM & Rl o —H N 3 A &SR 2 iE LiEE)
FHAGRER, mEIEE R B & R IR R S L, MRS KRN REIT 5. SO ER
TIMEYI D IE ORI BT > TB D, AR & 100mm B L 7207E 12 6 A FRNEE 2&KiE L
FRERB R E I OFHAl L FIRFICERI 21T o T 5. F72, MEY D IRE O AGHEDFHIBIT> T\ 3.

ERFEATIC BV T 2 FEHDFHINEEFERE L, R T L A BT % W 72 Multifold % TldHl Fiz 4 X
728 6BOL—V—EHLarREBEL, MIEREICBOTEIRMEHICF.P. 225 0rd.9.0 ¥ T
L7 XF 288, Ord85525 Ord.7.5 S TEMLEZAX T 28DH 4 B2RE L CHIZITo 7=,
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R, BB X ZITRE SR 5 30K e B D 7y 2o TIRO NI o BEao 7 —
TETOE 7 ABD IS, ZORY 7 VD & FEREOHRECZR T 5 2 & TREATBIE Ol 2

S =

1795.

3.1. {HEER

AREBCTHA U588 % Fig. 1 1R, £72, Table.11C A fif%, BRI FEEH MU Fig.2 12
AREER53 @ body plan Z7~3. F£7z, body plan IZIFERE LV OMDAAMES RLTED 2k
BYE 5IZBWTSH ord. 9.5, ord. 9.75, stem D 3 W D&t 28 (MDA AZITo TV S, A AL (M)
FHEAL, BAA (GM) IZEATRLUTED, stem HDICHBT 2 HEOHDIABAEIZE L TIZFRALT
RLTWA.

Fig. 1. SEABR (EMLA %, THIB finf)

Table 1: #EERIFEH

Ly, (m) 2.40
Aw (m?) | 0.835
B (m) | 0.400
rzp(=zg) (m) | 0.0510
d (m) | 0.128 Pl
KG (m) | 0.115
Ch 0.800
KB (m) | 0.662
o (m?) | 0.0983 \d
g/ L 0.250 , oL o
Fig. 2: Body plan & BXFESt > I OFRENE (F£H:A
finf, B Anfd)
3.2. FENKSH

EIRE A X F12 X BT D2 B % 5§ 5 72912, Fig. 3 1ITRT & 5 ITEBAR D ord.5.0 2
5 stem #0 F TORF 22 WIS AERBEEFT2RE Lz, 2B R CMEICHKEL T EXEN
T Y —EHDIAA TV ord.9.50 ¥ ord.9.75 DALMMANCHE L TW5. HEMOFETTEICEL T
EAMARIT R DZENT2 3D 7V V2 =8Ot 2R L, £ JICAEMZEL TE D AT & 3mm 72
JEBEN A EICAEREZRE LTV,
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[550] [eso] [7s0] [ss0] [o50]] 558 |

Fig. 3: ARSI AEWTHE (EH:A % B i)

3.3. BEENATICEK BMALRA SR

B L7z A X 713 DITECT 84 2 — K X5 THAS-U2(Fig. 4)) TH 3. iz, &¥
REDA R T Dar 74> ari%, Table. 217", #21C1E DITECT 3Rz Y 7 + THAS-Xvierwer |
ZEAL, LGOI DITECT H8Eg#ENT Y 7 + TDIPP-MOTIN V/3Dy Zff L 7.

BRI X AMBEEElOEE LTk, HEERBOT Y $i2ih-> TRED T — 7R D ko
Ordinate BICEHEDP N EICBWTRABD T — 7O T2 5K TORE X Z iR SNz EHED 5
BHT 2. 2L T, ZORIZBKBREEADT —TOTHETOREI 255K 2 22 & Y AATEF O
RIESEHZ NS 205 OO ERFENTICE T 2 I OMHATSH 5. FERIGBKEED & R0
7 — 7 £ TORBIIERIER CIE LE2 A L Tnied’, SEOEBRTIZFEKPICBIT 2 BUKHR
POEREDT—TETOHEE D X I THEL Z 0l FEHE Y U TR E1T- 72

Table 2: Camera condition

No | JHH A EfE
1 | 7=V —F [fps] 100
2 | HEEYA X 1600 x 1200
3 | ¥vy&X—ZAE—F[s] | 1/100(OPEN)
4 | FHlZ7 L — 24 f] 800
Fig. 4: Camera(HAS-U2) 5 | PUAZ—FE—F Start & Positive

3.4. EFFHAIGER

HEHEIHEABR TR L7228, FHlls R 7 aK%EZNF N Fig. 5, Fig. 6 1R3. EEFHIIZEEICE W
TIIBBIANCAER 3 % #8) (surge,heave,pitch) & ORI DO B v RIZED 1) &7 0§ AT — D TR
EFAMAZL22BHUEZFHIL TV, PO —EIXFERIEAY 7 b 2 7034 Y A b=V E N7
PC L EBEXRRDT — X IGRZR DM G ICEAR SN TE D, MENOFHE], SFHEHD X 7B LXUOEEHIC X
2 MBI TR FIRFICIT R 2 £ 912k o TWnwad. ARFHHEERTIX F, = U/\/gL = 0.18 TR % &
L CTEBRZIT-oTED, FkfeEIRFZAZUTE W TEEENE LEHIIZ1To T 5.
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Fig. 5: EEET IS E RS X
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Fig. 6: EBEHAGER BT 251> 27 4K

3.5. EHIEEEERS &K OREHIEER

sEHEFERRBR O L7258, Ml A7 4 K%ZE 22N Fig. 7, Fig. 8 1Tns. mMilEFEHABE T2
DB — FEWZHat 2R L, Zhoz2sr U CmiillEREE & B2 i L T0 b, B o fore
W U T2 15T 51F surge heave, pitch HTAIAND 1%, aft fIZHEHE U 72815152 5 1% surge, heave /1A]
ANONEFHIIL TS, MU A—FDI R T LTEFFHHEEE AR TH D, SFEH X 7B XUOERHRIC
X B AARBIEEHIDSRIRHICAT R 2 £ 1Tk oTWwa. 7, iifilEHEARcE T F, =U/VgL =0.18
THEBZIT-oTED, #kFLIRPZhZUIE W TEEEINE LEHIIZIT-oTn 5.

143



wave

-
= 4 D) £
00}
Fig. 7: Gl BhHH2E E AN X
R
ST
: o s WEREN AT
[: BEEENAT | 1 ‘ {} W
| EEEEF {) é é Tl
[7ur>7|[7V7>7] [RELA¥A—%] IV
> | AR R EREAR ) |
T—T
= 4( SSKEH+ > 4 (5 38i&) "
—hAkEE [Astm]
‘ =R RS (22058 ‘ y
—HRERE (EARREER )
L——
L]

Fig. 8: JRHlEHEABICB I 251> 27 4

e W TAREERDEHHIZRH 1T DWW T, Table. 3 1233, 5RHIEIEE D heave, pitch DIRIEIZ ZHhZH
0.01(m), 1.337(degs.) TH b, BRI aAER, EHBEEHHEBIC SV TIIERB WK T, fEHD#ED: 5
FEREITIANC y = 320mm ONECHE IR (MEY) D IKEEt) 2@ L LR oFH 21T - 72, &HIlEEL
GHEBIEHHEBRIC B W T Z R 2RO T T 2 BIBLE, @EHlEEGRER, BoRHEBRICEWwTidEh
ZHOEMETT—E EFHIIZ1T o 72.

Table 3: SZERZEM:

[ OEEER [ TA— R EAE AL (K.L) |
EHFTH IR F,=0.18 | 8=180 degs. 0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0,1.15,1.25
sl heave iBR | F,=0.18 - 0.5(33.72),0.7(21.27),0.9(15.20),1.2(10.44)
sl pitch 3R | F,=0.18 - 0.5(33.72),0.7(21.27),0.9(15.20),1.2(10.44)
el ER R F,=0.18 | 8=180 degs. 0.5,0.7,0.9,1.2

_ 5 _
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4. BRCEE

BNT, KRB TR o N EBRET R 2 LT ISR,

4.1. MmiIxEE

Fig. 9 WCAEBOHEBH IR CE o 2 EOMAEF ORREZTRT. £/, BEOEFMRL LT
AFRENZ BT 3 2012 4, 2015 FEDOFER B R L TWS. Fig. 9 OtllI /£ 5 surge, heave, pitch D%
NZNOEBOMITTE L fHZ/RLTED, MENIEEMEL N/LEZRL TV, Figdhrobhd
k212, SRIOEFERTIIMEBETICOVWT 2 EOBAMOM TIIREREZALNRL /2. iz
surge, heave, pitch DWW TN HBEDFERHFERE GBL TVWD Z L R T 3.

4.2. ERIEHISH

Fig. 10 ICAFEROEGRG 1B CE o N 2 EOPIREHI N OFREZ RS, F, BEROERWER L
LT AMBIZEIT 2 2012 FOFEREZRLTWS. I /£H & surge, heave, pitch @ J5 DR GE
HEMMEZRLTWS. BIZEEMELN/LTHS. 260 bEHISIOMRZHER T 5 & 2E DK
AOMTIIRERZITALNT, BEOERMERE DEMLTVWD Z DR TE 5.

4.3. IMEES LVERNFR

Fig. 11, 12 ICHHHHEABRCEO N 2 EDOMNIMNEES X VRENRBOMRE RS, £z, BE
DEEFER L LT AMEIICBT % 2012 FOMERETRL, BEFEICIAMERLRL TV, EEKEEK
BIZBO T 2 EORAMOM TR EREDN RS ABLTWS Z e PR TE, KAk S
A35, Ab3, B53 2 ¥ I2B W T 2 EDRICHENIERTZ 3.

4.4. MERTIEEEED

Fe T Fig. 13~16 (oRillEFRRASR, FHomil ik, EEEtEAERIC TR o i —ROIEER 771
DFERZRT. HEE LB —ROIEEHE OERRIBOMITTIE, TERIMEEZRLTWS. £k,
FHHIX 0rd.9.5, ord.9.75 IZB WV Tlid keel (VE% 0 &, BUKAEZ 0 EY Lz EOAMEZ/RLTED,
stem IZBWTlI keel VEZRHEEY L7z EDH—ZAEEZRLTWS. AT, BiofERITZZHZEN
MHAERR, R TZNZIURLTWS., F/2, ZZTEERO—HlE LTA/L=071CB5MRER
LTW3. EREMET 22 A\/L =0.7TlX0 = 90 degs. 2> & RATBAAPEANIC 21 T B RO HE
BIENRIEDS/ NN E DEERTE 2. F72, NMAHICEE U TidsEH] heave FRBR 1S B W TIESEKH D TH
HEcBWTHEDL A SN,

4.5. RORAPEIEN

EEFHHEBR T OENXS — 2 X W B SN IBHIEINE Fig. 17 13, Ml I HEGE o 5+ % #x
T L7doThD, HlIEEMELL N/ LTH2. kB, AGHERES 12mm & U T L 22BHEHT
EIMDWX D ENKEL R o770 2 T TEAHFEIRIEZ 20mm & L7 & Z OFRFIEGIE M OF R %
RLTWA. Fig. 17 % B2 L HIRERT B O NE T TIED 2 0 BEIEMI/ NS {RoTnd Z
M5,

Fig. 18~21 [\ X FRANENFRARR, BRHIAER, EHBIE ARSI B W TR R IR E LB XE )t >~
B X OB ONBRFIRIUEIN D E RS, 250 b ABROMERRHEIEEH TN OFER e FEEN/L =0.7
WKWBIBHERERLTWS., BIHENMOFEGRKEZ WV stem ICEHT 5, BIREDHGIINZIVE WS
@23 7 S VR GEEIFHIERBR I X DR S WM R D S X EFEICHATWS Z e 239 h 5.
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4.6. EREENIC K B MALRAZETR

Fig. 22, Fig. 23 (ZH EFEEH X 512 & b 1F 5072 2 ihANC BT 2 EBIEHAERER T O ARERNRIE 0 & HElS
RERT. MEIFHIXNKET—&2Thh, Eho 77— ZHFBUEBRD cos i5, sin 5y, EH
M Thd. Fiz, EEIDMAETRZFEERE T 2MARFAMBETDH 5. 72720, cos T, sin 87
FASHEIRIECEIOUL I N T WS Z e ITFEET 5. EEME A ZIEL L, HhETEX IR
TWb. 79 70K H X7 OHIERTH D, D Try biPEERIC K 2R TH 5.
72, TZITIEMRO—FlE LTAL = 1.25 IZBF2MREZRLTWS. AfBLcBWTIIMmE R
D cosl KK 57, sinl KT THEDTHEZR I NS0, EHEBRFTICBOTERVWARDP AN 5. B
KBV THABRIEE ISR L TWE Z e 05, 7272 A e il U CEFE R D O
IS THEDHER XN DD, ZAREBIEO 7L 7DF v Z VOB EI 23D THILEEZD
ns.

BT, Fig. 24, Fig. 2512 2 iz BV THIELHEREIC & D 1§ 5 0 MBIE ofGRZ RS, KR
ADH XTI BHEREROD Ty NOABRERICX2ERTH 5. Ml X OHfT Fig. 22, Fig. 23
CFREICLTHS.

5. HDOIC
AWM TELNTZHEZ L TITRT.

(1) AWZETIE, HEEAETC X 2 MABIEFHIIT RO BN REZ R L. 2 ORiR, TR
AT & 2FHHRER e R — L, EGET FEROBBEEEZ R L. Hi, Mo —Zc &
Dz —BEOR RSN, LirL, —GOFtHlIFR TR o0& BAET, HERiET 7
0t 2B B, FHIRIRSEM, WRIAERSL, SR EREOREIRNRI Nz, A OEN DI
FIZEL, Type BOX ST v 774 YoM Tid, BT WYL 2%
S0t RENB G S BEMEHNCEHEDL D 2720, SROFPEL, SHEE A X
7 RFH R DIEING & B HEEA LR ERBE T o NS,

(2) METBRDRL 2 2 € OBEANC BV TEREE) S X OBIREHINICRELREZZR bR o7
23, TARIFRENC B\ TIERHTARETBRUSIC THED TR S Nz, X AMAREICERE L BT
NI oB/oNTHFER S, EHHEIMRED A TN 2 BN B VT, iEflEfnaAsR, 5o
il 17 ER D added pressure 73 D LL#E %58 U CTHRAC TR 155% T OB R T B i D added
pressure 23V/NE {725 Z L AR T &, PUEMMEREICHHC diffraction 8 T D ERRTITE S D
HEIFELTWS Z e mholz. MAT, FEEENORIBIZHB VTR, RHFHREHEICRS
FE XD BMBOHTBRKEWVEE 25\, IEEHEENOMHEICDOWTIE, Bifody o7u
EC K BRI KD, KB OREMIET A iR & OMEN R 5.

BE X

1) Iwashita, H., Kashiwagi, M.: An Innovative EFD for Studying Ship Seakeeping, Proceedings of
the 33rd IWWWEB, 2018

2) Kashiwagi, M., Iwashita, H., Waskito, K.T., Hinatsu, M.: Prediction of Wave Loads with Mea-
sured Unsteady Pressure Distribution on Ship-Hull Surface, The 35th Workshop on Water Waves
and Floating Bodies, Seoul, Korea, 26-29 April 2020, £t

3) Kurniawan T. Waskito, Masashi Kashiwagi, Hidetsugu, Iwashita, Munehiko Hinatsu: Prediction
of Nonlinear Wave Loads Using Measured Pressure Distribution on Ship Hull, Applied Ocean
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Research, 101, pp1-20, 102261, 2020, &ach

4) Hidetsugu Iwashita: Innovative Measurement of Unsteady Pressure Distribution on Ship-Hull
Surface and Its Use for Hydrodynamic Study on Seakeeping, Invited-Speaker Lecture No.4, The
33rd Symposium on Naval Hydrodynamics, 19-23 October, 2020, A1
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Fig. 14: 5&fl pitch AXBRIC BT 2 AR EIFER T/, (F,=0.18, K. /L = 21.27)



——O—— TypeA
|P| fggﬁ, Igl / pat, IP| féjgf_,n TypeB
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Fig. 15: PBGRiEABRIC BT 2 AREIFER LS, (F,=0.18, A\/L = 0.7, $=180 (degs.))
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Fig. 16: HEEFHAEERIC BT 2 MAREIEEE LS, (F,=0.18, \/L = 0.7, =180 (degs.))
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1. INTRODUCTION

The purpose of this study is to research the pattern of secondary fracture on fractured spines using
CT-FEM. Load simulations on 3 different fractured spine models from patients’ CT-images data were
conducted. Simultaneously, compressive load simulations on single vertebral bones were also conducted
to estimate their strength against load. Based on the analysis and comparison of these results, the feature
of secondary fracture and some factors which may effect this process can be found.

2. METHODS

CT-FEM software MECHANICAL FINDER (Research Center of Computational Mechanics, Inc.,
Tokyo, Japan) was applied to extract models and conduct finite element analysis. Three 7-piece spine
models where the fractured vertebrae is the center were created based on the CT-images of three patients
with a mean age of 84 years old from Saga University Hospital. Making the fractured vertebra as the
center, three spines of 7 pieces were extracted from CT-images data, which means from T9 to L3 in case
No.1, from T10 to L4 in case No.2 and from T11 to L5 in case No.3. In each model, a process about the
occurring of the secondary caused by a uniformly distributed load on the top of the spine piece was
simulated in the finite elements simulation software. Then, compression load simulations were
conducted respectively on four vertebrae which are respectively next to the top, bottom and fractured
vertebra in each model.

3. RESULTS

In this study, bone fracture was the crack of cortical bones, which can be seen as a clear fracture
line or a fracture zone formed by dozens of failed shell elements in the simulation. To judge whether a
fracture is formed, definition was given in this simulation that if a group of failed shell elements are
distributed continuously on one vertebra and the number is over 100, they can be recognized as a fracture
in this vertebra and the first appeared failed shell elements in this group is regarded as the starting point
of this fracture, as shown in Figure 1. According to this definition, strong relation between vertebra’s
strength against compressive load and fracture can be found in the result.

No.2 | No.3
Figure 1 Bone fracture behavior in three different models
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1. Introduction

Total hip arthroplasty (THA) is a common orthopaedics surgery performed as one of the solutions to late-stage
hip diseases. Despite that, complications such as implant loosening and periprosthetic fractures after the
arthroplasty are known to be the common causes of revision surgery. It is believed that the bone quality and
implant designs might have a correlation with those complications. Recently, Todo research group had utilized
the CT-based FEA to understand the biomechanical problems in the orthopaedic field. With this advanced
computational software, FE model from different bone and implant designs could be developed. Thus, this
study aims to investigate the bone damage mechanism developed from the CT image of two different patients
with different types of THA implants by using finite element analysis.

2. Methodology

FE bone model was developed from the 61 and 87-year-old patient and denoted with bone X and Y, respectively.
Inhomogeneous material properties were introduced in every element that form the FE bone model which was
computed from the linear relationship between CT value and BMD. Then, the mechanical properties e.g.,
young’s modulus was assigned to the element by using the established equations, hence enabling the non-
linear FE analysis. Next, the THA models of bone X and Y were constructed and three different types of
implants were introduced. Those implants were denoted by stem Z, stem K and stem B, where every implant
has a different design and geometry. The stem of the implant was assigned according to the properties of
titanium alloy while the femoral ball was based on the properties of alumina ceramic. Next, three different
loading and boundary conditions were adapted from well-established studies. These conditions are lateral
bending (LBC), torsion (TC), and falling (FC). A stepwise increment of load to failure was applied to all
models. The analysis was terminated at the load after the complete failure of shell elements.

3. Results and discussion

Fig. 1 shows the internal failure of bone X and Y with stem Z, K and B at LBC. Significant damage elements
can be seen in bone Y compared to bone X as resulting of poor bone quality. Major damage at the bone-stem
interface of bone Y suggests a higher risk of implant loosening after the arthroplasty. Fig.2 shows the
comparison of external failure in LBC. Damage elements at bone X only occurred at one location while two
locations were observed at bone Y which also due to the effect of bone quality.

(a)Internal damages (b) External damages
Figure 1 Distribution of microdamages
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1. INTRODUCTION

Mathematical relationship between mechanical properties of bone such as Young’s modulus, £, and bone
mineral density, BMD, has been utilized in CT-image based finite element analysis to construct more realistic
computational models. For example, £ — BMD relationship was determined experimentally using empirical
formulae by Keyak et al, and has been used worldwide. However, the detailed mechanisms involved in the
relationship have not been clarified yet. The principal objective of this study was therefore to develop such
relationship using some microstructural and micromechanical models.

2. METHODS

It was firstly assumed that £ can be distinguished into two main parts such as E. of cortical bone and E; of
trabecular bone. Then, E. and £ were considered to be expressed as functions of basic Young’s modulus, Es,
of bone tissue and porosity, p, where BMD was assumed to be correlated with p mathematically. Ec - p
relationship was developed using the theory of poroelasticity which is an extension of elasticity for solid
deformation with pores. On the other hand, of E; - p relationship was constructed using an ideal structural
model with a porous unit cell. Micromechanical model proposed by Wanger was also introduced to develop
an Es formula. The model incorporated the platelet-like geometry of basic reinforcing unit, the presence of
alternating thin and thick lamellae, and the orientations of the crystal platelets in the lamellae. The thin and
thick lamellae were modeled as orthotropic composite layers made up of thin rectangular apatite platelets
within collagen matrix, and the classical orthotropic elasticity was used to calculate Young’s modulus of the
lamellae. The micromechanical model employed a modified rule-of-mixtures to account for the two types of
lamellae. Moduli of collagen matrix and apatite platelets were also introduced into the micromodel.

3. RESULTS

For three different types of bone such as normal, osteopenia (OA) and osteoporosis (OP) bones, the theoretical
model was applied to find their £ — BMD relationships. £ values tended to increase with increasing BMD as
expected. It was also found that those theoretical results well coincided with the Keyak’s results. Effects of
diseases such as OA and OP on the E — BMD relationship were also clearly introduced using the theoretical
model, suggesting that the developed model can be useful in clinical applications. The developed model was
also compared with an experimental result of force-stroke curve as shown in Figure 1. It was shown that the
theoretical model was well coincided with the experimental.

7000
Keyak
6000 Kellext
cexperiment
—— 1=3000 &
50009 150000 N
| // \
= 4000 4
2
(5 3000 - J
2000 o
1000
0 — T T T T T T " T " 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 33 4.0
stroke(mm)

Figure 1 Comparison of force-stroke curves
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