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The Mechanical Characternistics of Osteoporotic Vertebral Trabecular Bone Models and its
Hormone Treatment Models using 3D Micro-FE Analysis

D. G. Woo (Biomedical Eng. Dept., YSU), H. 8. Kim (Biomedical Eng. Dept., YSU), Y. 8. You (CANTIBio Inc.)

ABSTRACT

Several workers reported the relationship between ostsoporosiz and age-related reductions in the BV/TV {bone volume

fraction) of wertebral trabecular bones. However, there were few micro finite element (micro-FE) models to account for the

treatments of the osteoporotic trabecular bone. In the present study, micro-FE models of csteoporotic and hormone-treated

bone models were constructed to analyze the effect of specimen losation and boundary condition on mechanical

characteristics of hormone treatment model for ostecporotic trabecular bone, Top and bottom sections of specimens were alzo

investigated individually to study the sffsct of specimen location. Hormone-treated models wers allowed to have the same

relative BYV/TV (13.4%) as that used in models of previous researchers. The preszent study reported the elastic and plastic

characteristics of the osteoporosiz and hormone-treated bone models. In the prezent study, in-situ boundary condition was

applied to the simulated compression tests for in-vivo condition of vertebral trabecular bone. The present study indicated that

the hormone therapy was likely to improve the mechanical characteristics of ostecporotic bones and the mechanical

characteristics of vertebral trabecular bone specimen were dependent on the captured location and boundary condition.
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Table 1. Material properties of wertebral
trabecular bone (Ulrich et al., 1998, Gibson et
al., 1997)
Young’ s Poisson' s Compressive
modulus ratio strength
(E : GPa) (v) (o : WPa)
Froperty 10 0.3 136
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Boundary conditions
compression-test

Degrees of freedom
Prescribed face
[ Suppressed face
T Neo constraints

Fig. 1 Two types of boundary conditions (Rietbergen =,
1995).
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Fig. 2 Effective modulus of osteoporesis and hormons
therapy models

Table 2. Maximum stress of osteoporosiz and hormone

therapy models (Plastic Characteristics)
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Fig. 3 Effsctive Modulus on two types of boundary
sonditions {Compression teat, In-situ)

Qs =HEs | 228 3=
AE ] A £ (WPa)
Az | g2 [ g2zn | =8 Table 3. Maximum stresz on two typez of boundary
96 | 1.737 1117 > 030 9 a0l conditions (Compression test, In-situ)
106 | 2.009 1.228 3.527 3.4564 -
6.5mn g UE In situ
' ' ' ' = | Gem) 2l 33 (MPa)
42 | 3464 | 1060 | 6.218 [ - HEn [ a2n |9z | 922
125 1.737 1.117 2,096 1.308
3.2 Bam0| JAE =4 B4 & Emn 106 | 2.009 1.228 2.626 1.624
. = mHE: = = cube B4 2.392 1.840 3.113 2.572
63 | 3.022 1.738 | 3.844 2.621
£ =RdMde 71Ey f&2d% 28 oldd 42 | 3.464 | 1.960 | 4.414 | 2.843
3 4EE FEAH RgE die] 3& 249
A AHEe] 72144 549 mlAle dgs £
Hetoivk. ©@d 542 =l ot 24e 3 3 1.8 B
d4 22E Aztg AlHe olElwd dus 753
1 0.6%0] HEEL FEss ¢F ES 2UsHEd E =BEME otz ndd 322 A3 &
EHESR. Fig. 3 & B4 G904 olRgrte do] 44 957 542 B8, AE 399

T&3 712 £ 2HMt 44 | 249 F
ABES obslig g dus T4 A (in-sitw)
odAe] me] dFHdEEs T FHRE HTZ £Y
T Aelgk. AH R4 92 7|AHd 4 £
Mg oldef HEdMet o] st R AT B
o AEE AEAM B 2 dEe] Heten, A4
W 2843 7413 75 2394 o 2 48] ¢
BHidrt.

1280

el e S48 vu B¢ 29 2oEs 29
Hr} 328 A5 R4 o 2 48 deiylc.
T2 iaE Rde] ItEs RdEc 2 g
= AL Mosekilde £(1989)2] 17 2
M 22 Aad o& 2aF FA Fohc
Ad 71988 Z55 24F A5 424 o
AAEE goly] dEST 4T T Utk
A EddME ZEF rR4HD 22 2=

dEs

1

Froefhorr



z2de] m&
S A

2ol | A dehged, ol #®
AFE WaH 22 ofd 71ANFe}
TEE AEI} T2F FAS S 4F AE
2 ¢ & AYIEE Foe A w3l BEyg
W el s BoEF xae ddd Uy
H HEAde ek, B =2E2dMe 20Es AH
oA dg s=2& i]ﬁ% 43 duze A48 54
£ PG E AL BAFH, A|He 29d o
2 AEEIF AEFEEDG M F g9 ¥ 24 5
£ YEldoe AL #0F F ded, oA
AHe] BAF F27F £ nie} A HolE B
o]7] EL= FHHc},
=AM Rietbergen T(1995)0] A A1E: =)
o} ol AAzAT F2135 L2 P dF A
2 Hu@eozA TEapd gk g2 299l A
HAME 2 714 H S42 Jdepds Z34
ok ol g e FEAT 2 A FE W0
o= a2 4% A9 g Ad #Hy SA4AA
71&e FEHzAe] 4% dgd Hle o F 4EE
depen, 424 EAAAME oldidn d@g T
AN @ﬁ%ﬂ/‘i H = g 2xe gehye
t} 3 2 rlH] &EaAHE o)gE EE2E A
o el B =89 A 2 Y BEwo] Z¥o
2 &g =g i3t Fg2 meo| 2¥F sika
219979 A7 ARk 4 mdHg Aoz
g}t

* 7

B A7E AGAAREITALIEFADNA
A 9% AGE 71 EARAe] Q8L

SaE#

1. Frost, HM., Defining Ostsopenias and Osteoporoses:
Another View (With Insights From a New Paradigm),
Bons, Vol. 20, pp. 385-391, 1997

D. Ulrich, B. wan Rietbergen, H. Weinanz, P
Ruegsegger, “Finite element analysiz of tranbecular
bone structure : a comparizon of image-based meshing
technique”, I.Biomechanics, Yol. 31, pp. 1187-1192,
1998

Frank Linde, Ivan Hvid and Frank Madsen, “The
effect of specimen geomstry on the mechanical
of gpecimens”, T,
Biomechanics, Vol. 25, pp. 359-368, 1992

M. 1. Silva, L. T. Gibzon, "Modeling the Mechanical
Behavior of Vertebral Trabecular Bons: Effscts of
Age-Related Changes in Micro- strusture”, Bons, Vol.

behaviors trabucular  bone

1281

10.

11.

12,

13.

21, No. 2, pp. 191-199, August 1997
B. wvan Rietbergen, H. Weinans, R. Huiskes, A
Odgaard, "A new method to determine trabecular bone
elestic properties and loading using misromechanical
finite-element models", I. Biomechanics, Vol 28, No.
1, pp. 69-81, 1995

Tony 3. Keller, PhD, Tommy H. Hansgson, MD, PhD,
Adam C. Anram, MD, Dan M. Spengler, MD, and
Manchar M. Panjabi, PhD, DTech,

variations 1n the compressive properties of lumbar

“Regional
vertebral trabeculae : effects of dizc degeneration”,
Spine, Vol. 14, pp. 1012-1019, 1989

Moszekilde, L.,

vertebral

"Sex differsnces in ags-related loss of

structure-

10, pp.

and
Vol.

trabscular  bone  mass
biomechanical consequences",
425-432, 1989

H.8. Kim, ¥.¥. Won, G Woo, M.H. Baek, GR. Tac,
"The plastic behaviour of the micro-FE models for
4th World Congress of
Biomechanics, Sydney, Australia, Aug. 24-29, 2003
Daegon Woo, Hansung Kim, Gyerae Tack, “A study
the
trabecular bones using the micro-FE modsls
Biomech 2004, Vol 1, pp. 37-38, 2004

Dasgon Woo, Hansung Kim, "The Effsct of Hormons

Bone,

vertebral trabecular bones",

of  vertebral

L]
. AP

on mechanical characteristics

Treatment on  the FPlastic Characteristic  of
Osteoporotic Vertebral Trabecular Bone™, 26th Annual
International Conference of the IEEE

EMES, Zan francizco, USA, pp. 5084-3087, Sep. 1-5,

2004

T2 ¢, A5 I AH Hdd g2 &

H28 97, Anslg Az FA%ed

g &3, VO 29,2003

dz 2, “rAgZZE2dz9 mARFHa s

olgw 33 AWEB AU FYH 29Eo
A% 54 A4, BIAREGE A

£ &g =23, Vol 1, pp. 139-142,

i}
e
2004
%Eﬂ—“ ], TZ A5 fuTd HE 5=

B zlaed 42 43 =97, g g 44 F
s #AFed 8 =53, Wl 30,2004

II__u‘_



