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2.1 Alxzw <t

B oA E Fd 84S 93] ATCC (the American Type Culture
Collection, USA)ZH-H #<F w2 W256 (Walker carcinosarcoma 256 malignant
breast cancer cell) M¥X & AF&3A . AXE= 37C, 5% COxs =2 AT o] Ef ol
AomdE e 90% ATCC 199 (GIBCO, USA)9F 10% %38 A (horse serum,
LONZA, USA)e.2 A= wjx7F AREH T wiAl= 374 A2 mehH gl
i AEZE 70780% AR wlFEH Al wbeol FF(confluency)st S w Al vl <
(subculture)stAtt. <t F<Q1 Mo <ikekE-8 9 (phosphate buffer solution;
PBS, LONZA, USA)¥# 05% trypsin-EDTA (LONZA, USA) Hel& ate] wjk
A=A B dA-stae Gk HAlE FYES st AL

(hemocytometer) & ©]-&3to] A +& ALt

a9 22 Al 34



AT TEATES AMAYEN TE BHe 9 AR #ek AT Rt
upgl 48 = A THYWC-090608-1). A3 & =44 Aol gle AR 125
& oA 3 FH (Sprague-Dawley rat, ¥4 250+7g) 1878 S AF&3F 2 Y 2
T (TUMOR Group)¥ thZ(SHAM Group)o 2 z+z} 9ng]# oJol& UEdt).
s 9ot APsES] LEX gEHzd dHME F9 F<=(intraosseous
injection)& Al#sHATHIZL WA, 2&8% FEHEY 7o Z5& AZ BF
(longitudina) © & ¢ 1.5ecmA &= A7 3
SHHEE A (extension)dte] FEIIHE dor ol A7 HEE F7]Ate]
9l(intercondylar notch)el]l 20G=7]9] FA7] Bl=& o] &3] °F 1leme Zol=

ATk =9 fFEatol= 400900 A E(W256)E FHskal tixatel =

T2 FY3 Fo +HE B2~ (bone wax, B.Braun, Germany)® =ktl. wf
FEQUE 9HHE &7 25 9YEs A2 5s

ATk AHFELE 229 FE(2 23£3C, % © 50£10%)7F A= 12A13F

F712 v o] wiH = AR TE AR AFSE AT
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o] A FEF(bone resorption)E  HrbstE dlmAQL AFIEAH mA A
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32
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)

(biochemical marker)$?! DPD(deoxypyridinoline) A
st H# HA A (0F), 45, 8F, 1YL 12F Fo HEHEE Ao]A
(metabolic cage)E ©]-&3sto] 24A17F ¢ AP sE] AWES AFHsA T DPD+=
el AFF s YEH= FX o™, DPD X7} &5 W AFFrt &

7}8kSs o m) s oH15].

19 24 viEREE AClAE o] & W A



24 FAA @5E Y

2o melAdWMS =3 21.164 MBqel “F-FDGE F93sdth ®F-FDG +9 14
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2D filtered back-projection (2D-FBP)
39 th. SUV(standard uptake value):= S &elsts A A<l X ol <o)

AL A5, 37108 =9 s 7HxITH16].




25 AA W mAESES

AA W A GEEd A ~8l(Skyscan 1076, SKYSCAN N.V., Belgium)S A}
gato] wo mAlFE 2 23 AL BEES BN o9F A H3(05),
T, 85 agla 12F Fo AdEEe LE8F ER A W mAdFEIdS
Alstgitt. 2 F G2 Ad Age AA 724 229 2DE=(BMD, bone

mineral density, g/cm’)E g5t 29U% A A Fod ME s 529

N

(beam hardening effect) & wA3F7] St EFH = A DM (flat-field
correction)? A& 23t 1A wAHS s ZF Aol dPdesES AT
(ketamine, Huons, Korea, 1ml/kg)3 A} E}%(xylazine, Bayer Korea, Korea,
0.33ml/kg)s Ab&stel whH sttt 22l 59 FHE #2 & & de AA
A% RUYUEE Al ~"E(physical monitoring system)<S ©] €391, TEA AL
A 9 Fe] ok EAE HAger] 93 BAbd A M (shutter) & AFE-SFA T
AP S 18ume i EE FFHAoH, oju AA W pAGFEIS

=
3 WEE #AY 100kV, BAF 100uA, ZH Al 1.0mm, 28 3AZ 0.7°2

| video monitoring,
movement detection

igh vt b VO s CT

measurement and
= stabilization

3D Modding

(a) A L OfMIEE () dH M= 3 YH M= BLHE

9 w4 2 AR AANE 2UHY



26 7274 84

Tx2H add g olslE w71 fl& 19 273 29 28 =2 stste] uE
WAk sl Zel A= w A A 8](BV/TV, bone volume fraction, %), W -3t b
o] ®WAH(BS/BV, bone surface to volume, 1/mm), ™ Z 7|% S (Tb.Th,
trabecular thickness, mm), W 3 7]&3It AZ(Th.Sp, trabecular separation,
mm), W & 7]% 70<5=(Tb.N, trabecular number, 1/mm), ™= s|& 2 & (Th.Pf,
trabecular bone pattern factor, 1/mm), T34 X9 X]4(SMI, structure model
index)& 24383tk BV/TVE w4 F3] Sl sjd=e] 53] wvjo|th. BS/BV
A FyolA siuze 294S yebdv Th.The # b 759 H 57
o|tl. Th.Spe ™ %+ 7]&3ke] At Aol Th.N2 &9 Hojd w I 7|59

AFeleh, ThPfE Wz 924S Uehle goz 2 gd5s a4l

rr
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22 etk SMIE ¥ 2 /15e Fess 548 e gkel 0] o
g B Fue T2, 30w U Feje] Fx relm qolW FYeje] FRE

bt s A oA W 23 (BV, bone volume, mm®), ™ F3g o] 7 A
(BS/BV, bone surface to volume, 1/mm), S#AEHAEMMI], mean polar
moment of inertia, mm®), W T F7(Cs.Th, cross-sectional thickness, mm)Z
LA sk T BVE e H3 BS/BVE 94 FuoA gdze] W3S e
th. MMI= ¥ d o] &8 A3 5+ 9= 595 Yehdiw, MMI® gol &
= 22 2930 JtelA S W vlEde] FeS otk Cs The ddx T 3
o FAE UERtE B ATolA 24
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o
ftlo

apparent bone mineral density, g/cm
AWEs SAFL Jrn A8E 72 349 2] FAE g2 FHQD, 74

(2.2), 2831 F2(2.3)% o] &3l e A4 (elastic modulus)

&i
Hu
rﬂ
—|‘ [\
L
j—
=

E,,=082(p,,)* +0.07 2.1)

E,, =0.82(p,,) —23.5 (2.2)
)

G= ﬁ (2.3)

o7 A Ep= WA FAA ZF gAle] et Agol E,v HZAFA 2+ H
Aol et Algolt}. G Ayt BHA Al S=(shear modulus)©] th.
o2 FAQRAE ol&std], 7t T oA BAdAT FAS FeTh

Ir

= ZN4, y=—N (2.4)

HFHom #4025, #426), 1Y FH27= ol&sto], 7 A 9]

i)
1o
Ay
ol
o,
!

(EA, axial rigidity), ¥ %74 =(El, bending ridigity), FlE 24 A =



(GJ, torsional rigidity)& 3} th.

N
EA= Eda (2.5)
i=1
N
EI=Y E/’da (2.6)
=1
N
GJ= 3 Gi(a}+y})da 27
i=1

2= AT VAR BT ALY BEE 34S MATLAB 7.0(The MathWorks,
USA)& AHEato]l 3 staitt

Apparent Bone Elastic
density Modulus
(papp.} (En':l.‘ Ecnr)

Rigidity
(EA, EI, GI)

Gray-scale

data (CT)

Era=0.82( pap)* +0.07

Foor = 21.92( gy ) — 13.5

EA=) Exda
El = ZA(E, x v )da
GJ =) {Gx(x'+y)}da

a9 29 7IAE A= At A



2.9 T4 A¢

238Fe] mixed-model factorial ANOVA

IF% Ak wWE ZolE &RlsH]
with repeated measures on the second factor testE =33} T} oju BE A &4
23?1 SPSS 17.0

]_oﬂ ou:](p<005) Are =z Z
et

of Ab&H o #0052 44

(SPSS INC. USA)S Al-g3te] #4
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ABSTRACT

Analysis of alteration in bone quality and prediction of

fracture risk due to metastatic bone tumor

Park, Sun Wook
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

The aim of this study is to evaluate bone quality induced by metastatic
bone tumor by analyzing the characteristic of both bone microarchitecture and
degree of bone mineralization quantitatively. In addition, fracture risk increased
sencondary to the change had been predicted by calculating mechanical
rigidities based on in-vivo micro CT images.

While much has been learned about the mechanisms of metastatic
spread of cancer to bone, there has been little headway in establishing
guidelines for monitoring the alteration in bone quality and estimating fracture
risk. Recently, the population in patients with metastatic bone tumor increased
and metastatic bone tumor has been weighted heavily on the health care
budget. Then, it is necessary to establish diagnostic methodology capable of
monitoring a degree of progress of bone metastasis and fracture risk secondary
to osteolytic destruction though biomechanical approach as well as clinical

methods. The hypothesis is that CT-based assessment of changes in bone



structure and degree of bone mineralization as a result of tumor induced
osteolysis can be used to monitor the progression or regression of skeletal
metastases in patients.

In this study, an appropriate animal model of metastatic bone tumor
was developed and validated by radiological methods, biochemical marker and
positron emission tomography. Using the animal model, it was quantitatively
identified that how much bone quality diminished by metastatic bone tumor.
Then increased fracture risk was predicted by calculating mechanical rigidities
based on in-vivo micro CT data. For this study, eighteen female Sprague
Dawley rats (12 weeks old, 250+7g) were randomly allocated in SHAM and
TUMOR Group. W256 (Walker carcinosarcoma 256 malignant breast cancer
cell) was inoculated in the right femur (intraosseous injection) in TUMOR
Group, whereas 0.9% NaCl (saline solution) was injected in SHAM Group. The
right hind limbs of all rats were scanned by in-vivo micro-CT to acquire
structural parameters and degree of bone mineralization at 0, 4, 8, and 12
weeks after surgery. At the same time, urine was collected by metabolic cages
for the biochemical marker test in order to evaluate bone resorption. Then,
bone metastasis had been directly identified by positron emission tomography
system. Finally, axial, bending and torsional rigidities had been calculated
based on in-vivo micro CT images for predict fracture risk. The results of
this study showed that metastatic bone tumor might induce significant
decrease in bone quality both trabecular and cortical bone and increase of
fracture risk.

This study may be helpful to monitoring a degree of bone metastasis

and predicting fracture risk due to metastatic bone tumor. In addition, this



non-invasive diagnostic methodology may be utilized for evaluating other bone

metabolic diseases such as osteoporosis.

Key words : Metastatic bone tumor, Microarchitecture, Degree of bone

mineralization, Mechanical rigidity, Prediction of fracture risk
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