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Chapter 1. Introduction

2 AAY Fad ZrE HEetal, 98 w5 8= s g vuEe] A
a9 9 ZEFS A% 9EE AAY LS Aoh[1] W AY I
< Aoyt T LUlHEAY AT we gAHy, O A H2E Wl A
-1 A ¥ = Bone remodeling #}8-& AXHA A4 F FAEFE A Hrh
A7 WS T sk= AES st Aol A E(Osteoclast)tF. =4 L= W
5 #H3te Ca¥'oleS AL Tl & Fo FFFEM, ZH FE7 4

g =d wE, ARYEs 24, €9 S 5 AA 7ol /A2 U=

Jfu

10

ol23 FIZAEE E3 W 3o} =T A Z(Osteoblast)S 3+ W AL
ME A4S o] FL Atk AT o3 #F o] A Il ARG g EH=

ol WA MW, W ype HuBe W deluA EFUEE

Ao stk Az, R ASYTE QT 2o EAPE TBE K5 P o
oA, AL ZolMe 20EE 8 Solue FA

Bisphosphonates Alg¢] ¢F& AES ol &3 A7 IPHI

Bisphosphonates Al €9 ¢F&=& Ithase Ax 9 odefow, i
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2 RANK$} RANKL Ao AR d&S Fdste Fx72E 7 B
ol=& &8t RANK®F RANKLZHS] 74548

B, daE WE Bestes AT, M Y SIAE ol &std FUHAQA =
P 7lqste AFECl IPFHUTh[4]

83 AL T &4 U st die ke Zlel A%

Z
A Eojok & Holth 182W o] HER "I el W (Wolff's Law)'ol |34,

el gloje] Rie] A&How Yol AW, W 1 WL AU 9la)
0e AL w2 A3l gelAw Wi T eklAE 5, mME Fol7l
AR A AT HLATE] ol @ AZ F s AukAQ AL, T o]

FEEEH A g S¥oe® s I Bending forces SAES]
FE dog By olye} Canalicular®] 33+ ol 4HAE whEo] FA 9

H
TES TANIH. o7 dEAs W 3 Holl= dHE, WFRde JAH

s, W s BE A4S0 gadte AFARI} JoH, fARTE ]
2o AT BHT Ao 3ol WA [7,8]

=T, 40tol A 60t AAde tiFer FHT ALHA AFFH

Zhell &347}F dol ¥ A th[10,11]
B olygl, HITo 52 DNAQ 54 A HA A Eudsts dozigs
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(Wayne Rasband, National Institutes of Health, USA) & E¢g]oj2} MATLAB
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Chapter 2. Experimental background

2.1 Osteoclast

W g3 E HES st FFAHEE F5A E(Bone marrow cel) ZHE E3}
A 71ZAAZEe z=EAEZA #HI®E Macrophage  colony-stimulation
factor(M-CSF)9?}  Receptor activator for nuclear factor kappa B
lignad(RANKL)o] =FAAxE #HE F8&A Q0  Receptor activator for
nuclear factor kappa B(RANK)2} 223l Nuclear factor kappa B(NF-kB) 73
2 ZAINA F= E27] AT AEE EFA7IAL, oW FJANS AFEEkE
mRNAE AASHA o 2xi FRAAESS TAXIT[16] o] #A £34d 324
T ol2udAdS B3 HCO |23 Clol&o] m3E o] Clol&o] A
I Wz oA o

W vh3 o] Al Ze vhE
o] FHHol T WS AT o w  FFEAK(cathepsin  K)<}

i

AE7F Z o] B&35HA FHW H-ATPase2} Clo]-&

TRAP(tartrate resistant acid phosphatase) & 47} @A 85 o] n-Y 2 (collagen)
W&o e 7 Zg B de BT &AL, wME T e 71
(Bone matrix)©] &3 ¥ o] Resorption p

Al Foh ol d 3xkd A FHe & e A EFn =4 fde A

Z1th[17-19]



2.2 Confocal microscope

%% ¥ul7 (Confocal microscope)e 373 ] Fil Scanning £=71 WE
7] &l L5 AESEoke Aol dy ol &HA U Ko g I}
+ Scanning mirrorEs ©]-83}o] Laser beam< Specimen®| Scanningdlil Laser
of o3 WFH FF T WAGA (Reflected primary beam)S ©]-83le] <
de BEIY. kAl drjAdde 2y dedz H3o sleTEe Fo

AR @ ol FUF Aito]l B stel BYMsh RelEe wA &

5
= Hojd IS AAL  Slol AWt ' (Sensitivity)ES S €=
T Atk FYPoF AEHE HolAH = Argon ion laser(488 nm<} 514 nm I+
< 7H4)¢} Krypton-argon ion laser(488, 568, 647 nm®] 7-& 7H3)7F glom
ool AFe= FAY W WA oAY FTFHRY FBFE ol&FOoEA
Fluorescein, Rhodamine ¢ #3o] #2d AZzWF2ES #FT 5+ U
Confocal microscope= ZA TP HbAFo] o F
2 e Aol @ol 2o, WAMY S F&oluh Tekdk Al o] A8
AT SHolA AREIITH
B Ay A= Dentine disc Ed< A% =TEA AHEHJTH Dentine disc
Ad EAF 4 FAFE2 AHEE 5 g7l WEl, ¥AME Confocal microscope

% Carl Zeiss A}l LSM 5 PASCAL (KIST H+)< AH&-3 o



Figure 1. Confocal microscope®] 7] € &][20]



2.3 Alendronate

Bisphosphonates ~ Alg2] ¢&EE, Alendronate®]  3}3t%W 2 sodium
trihydrogen (4-amino-1-hydrobutylidene)diphosphanate trihydrate©]™ &%}24]
< CGHpNaOP, 3H02 YebATh shZ Aol -1t o2 2Hg3te] 4L
ZaAA W FANE A= 28-S gt Alendronatew IEA| X 2 H

o

of MEEAS HIAN7|IL, NZAAE FEFoEN FIAlEe A4S

JgF o zoln glor FUFZHANA W B3 E FLAROZH BT
Zo ol& Ed w3 o] ogst: AW Ytk aHU Add So AP

A F248, 75 9 FFABA FAE, HERA 28, AddA FAE
S 1y 59 RAQol HuE Yl E3IH Alendronates= Zrgo|u o E o}
Fol 2ol F& FFHE zt7]dll, %ol Alendronates A S shaL, o]
¥ A2 =2 Alendronate® AW 571 AstATh. ol2d A& WA 23l
Me ZgizAy st et 2 dFess o] 58T A, Alendronate®}t
& &9 Fo AZtE 2HstE 59 =¥o] st
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Chapter 3. Methodology

3.1 Osteoclast differentiation

>
A
N
40
%
o~
N
ot
wn
-
2
2,
Ny
ol
it
k)
)
A
it
o
A
H
_0|lg
2
0
e
T
ot
o
ik
)

2

=& FHAA FES AHA Z85S BEF AAS F, ZHlE 209
70% Ethanol® 4 %3 i1, PBSE °]&3le] Aozt 7%
AAE3, ae-MEM< %2 10ml SyringeE AAIE W 222 & oMEM<S
3] "Hojx=elH A Bone marrow cell %3t} Bone marrow cell ¥ a-MEM
o] A<l &gk &dE 1,500 rpmoE 3E IF ARSI FE oLl Bone
marrow cell ©] 7}gteta, Y& e o-MEM Z g EHth 9o @A g =
o-MEMS AAst, MEE o-MEMS YolF ¥, pipettings 3t A2 ¥
a-MEM3¥} Bone marrow cell& % 410{%F ¥, Cell culture dish 3} T Bone
marrow cell 200%F wig] 2 =0 FolFEoh

A vjFol= Complete medias ©| &3t Complete media®l 3T
a-MEM 89%, Fetal Bovine Serum (FBS) 10%, 12| il Penicillin/Streptomysin
(P/S) 1% ©]th. Cell culture dish®] Complete media 8mLE %3, DMEMZ¢]
3] 2121 Macrophage Colony Stimulating Factor (M-CSF) 80 ug/mL<%}
Soluble Receptor Activator for Nuclear factor kB Ligand (sRANKL) 0.8 n
g/mL £ F Z 40]F0] Cell culture dish AAo] T3 F HA F Y=
3 Fo ZE WHORE 3~44 mint WiAE ZdolFHA 25 I BEAFT
(Figure 3).

2 7+ #3141 711 Bone marrow cello] 3t=A|ZE 7315 =0, ©|E Scraper
2 FHoJE2T} 96-welld] Dentine disc (Diameter 5 mm, thickness 0.3 mm,

Immunodiagnostic Systems)E s+ gof FHSFaL, 7]l ScraperE ©] &3l

_'IO_



FZAEE YT YojFn} olgA A& FZAE7} Dentine disc 9l

Hoz B W UFYY WAE FolFr Bzt YFY F,
kit

b
flo
i

o

F

pA

o

Dentine disc samples TRAP (tartrate resistant acid phosphatase) stainig
(Sigma-Aldrich Kit 387-A)& ©]83} Dentine disc 9ol F=AE7} & F2
HA=A FAAT (Figure 4).
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Figure 3. A ZolA FEA x| 3} #4 (x 1008]&. Cell culture dish.)
(@) 7¢ =k (b) 99 A (o) 13Y =k (d) 14 #

_’]2_



ey
100 pm

Figure 4. Dentine disc ¢#]ollAe] =AM EZ &<l (x 200H]&. On the dentine
disc.) (a), (b), (c), (d) - 7¢ =

_13_



3.2 Applying fluid shear stress to dentine discs

4t

Dentine disc ¢1o] F=AE7F & ZoJ=A &QAF F, sampled] FE
292 Adeste] fFAHNG-EHE S 7hgh

Fr A A& # (Oscillatory fluid flow-induced shear stress)S 7] 9% AlXE

=

2+=7](Cell loading device, Figure 5. (a))ell & A 2sk PPFC Al 22¥l(Parallel
plate flow chamber)s 23t 1 Pa, 1 HzE Dentine disc ol & F=A
Zo| FAAGEEH (]38t Loading)s FAUTH[78] FAAGETHES 71E o
Denine disc =°|9F9 FHE& ¥ SubstrateE A& (Figure 5. (b))3hod
Dentine discE 7] ¥ Loading< 7}3 S 24, Dentine disc®] o] ol A
71 FlowZ 3, F01X &= Loading?] ¢&o] MAHE AL vt
Loading®] REE-o] =AM 3E9] dentine disc oI #FHS Hlwstr] 98] F 714

loading™ 2] -& AH&3t%th loading sample & ¥dF& & AlbE, UHAE

st

i loading - 30% &2 - 15% loading (°]3} Interval loading)S 7}sted, %
AY AZke] 25 g AZFo]A YL, Loading AlZFAbe] whel oj® A7t vehg
A GobR gk

_14_



Figure 5. (a) A A ©-8% 7]7]. 1 Pa, 1 Hz& Dentine disc ¢#lol A& =
M x| FAAGEEHES 7FlFTE (b) Dentine disc Substrate. Denine disc®]
o] WZel 47]= FlowZ {8l, FoJA = Loading®] ¢=e] ®AHE= AL
%7] 918l Denin disc %°|RE9] 7S ¥ SubstrateE A 43t Dentine

discE 7]& ¥ LoadingS F3ith.

(&R AE - AAdstn Az 8l 23 A= AT

_’]5_



3.3 Applying alendronate to osteoclasts

Dentine discol] culture dishollA ¥ 3 SFIZAEE EF3 7, dFY 5

e

SZ A E7} Dentine disc Yol & F2EZ 7|th#H o

F9 % Alendronates
Z+2F 10 pmol, 30 pmol& 3¢ &k Foste] okzo] ATA|Eo HA= FF

o 47 W 2 WslE HATh

_16_



3.4 Samples preparation

Loadinge 7I3 2< 0¥ A=E 7|&S F{3, 79, 144, 21¥€ Aol samples
g5} FE4HUH 2 alendronate T4 3Y §F samples IS5t
z 3] 53t sample> TRAP stainig kitg ©]-83te] A% F gtz A

2 4
= AZY £ Atk AL £t ATE AVF FFATY 290] 42 A%

_17_



3.5 Acquisition of 3D topological image with a confocal

microscope

SZAE7F 333 dentine disce] FIE =H31r] $3le], 0¥ dentine
disc®} Zt7 Yzt dentine disc®] A I E vHlmIPct. olHd WHE & A

= AdE B3 €2 dentine disc samples 3244 o|u| x|t & FQU} ot

I A HA GARE, confocal microscope (LSM 5 PASCAL, Carl Zeiss, KIST
A)E ol &3t 3AUFA omAE AR} § Wol| dentine disc IAE A&
T {171 W&°l, confocal microscope®| 715 < tile scan (3x3 scan)& ©]-&3}

o oluxE FEF AT FEL dentine discoll ek FH o2 2 dentine
disc FHFE Yz FE2 AAsoF goh olE 3 53 ovAE
Image ] Z2IWE o] 83} Text FHEZ B}, dentine disc TH ro]=

£ AAYH (Figure 6).
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4 Stage and Focus Control x|

rm... 3\ Yesition

i ‘”%ﬂ—'

i.' | [ Focus
HRZ step [um] Focus step (um]

== ==

Stage Position
StageXy  /
—~ I‘\
Bl B T

3

i

XY step [um]

B drei—5
Cunient Pos: x = 29504.75 y = 2285.50 Speed2 ]
Marks: Zeio

Frame Size X = 1536 Pixel Y = 1536 Pixel
X =552818 ym Y = 552818 um

Figure 6-1. Sample data® 4+ #4

(a) Confocal microscope image €5

(3x3 Tile scan)

(b) Image J& ©]-83t] Text ZHEZ Hisg
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Before

Figure 6-2. Sample data®

(c) Dentine disc FH4-

ol AA At &

_20_

After



3.6 Data analysis with MATLAB

32k oAl 82 MALABS| csaps codeE ©| & 3T} csaps= ZET FHl
< o]&ste] TEE HZEolW UEd B2 digFE o83t smoothing
spline®] Al4tE YiAE p*A + (1-p)*B FES coefficient matrixE 7}
linear system solutione W&t Matrix A$t B x5S WEH, po 7|E 7
<, prtrace(A)v (1-p)*trace(B)7}F &t AHdth. o]#d MATLABOI A 9]
csaps ITEE &8, confocal microscope®t Image J& ©| &3t A2 Ho]H
HAEANA HFTZHA 3A9Y on A dHolElE g5t (Figure 7, Figure 8,

Figure9).
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HsRB20(0% Mawf

BB -0 |+ =11 x|« 0,

Bl-E0-RRDBREA Stack::E‘.ase

BOB&Oax

% = {linspace(-2,3,51), | inspace(-3,3,61)}:
[xx,vy] = ndgrid(x{1},x{2}); v = peaks(xx,vy);
rand{ 'state’,0), noisy = y+(rand(size(y))-.5);
[smoath,p] = csaps(x.noisy, [1.x):
surf(x{1},%{2},smooth. "), axis off XO filter 32 H

&t

smoother = csaps(x,noisy, . 996,x);
figure, surf(x{1},x{2}, smoother."), axis off %@ filter X8

o

@ filter 22 ™ @ filter &

Figure 7. csaps code®] ¢
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19

cles
clear all;
close all;

wlsread{ datall . ulsx’ )5

dentin_disk = ans:

% noieeS HIME QI0IES (oad

% load E HI0IE= ans2ts OIE2ZE |oad &

% oans OIS Zote?] 2= dentin disk® DIES HPYE.

%= {|inspace(, 767, 768) ., | Inspace(D, 767, 768) }

[aw,vy] = ndarid(s{1hud2); v = peaks(xx, vv);

[smooth.p]l = csaps(x,dentindisk, [1.4);

zaris = [-20 350);
wiew_axis = [90 90];

a = ceaps(¥, dentin_disk, 05,4):

figure, surf(u{lt,x{2},a.'), view(view_axis), title (‘datadl’), zlim{zaxis) % image =

% 0 HlA 76T DR TREEE.

[EAZF 755 « 760 plxel0)2] W2H Hlsl2] 22

% G0
% Bhcell © S HMEI HEY,
%, vy ElEZ Z0HE
% ceapsE 0/Z5HH snoothing fllter 28
% o2= 28 Ry ~350 22 T
=]

z=s
=

Figure 8. csaps code® 583 HlolE &40 A3 MATLAB code
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(b)

Figure 9. MATLABS ©| 83} 3x+9 o|n] A&}
(a) csaps code ¥
(b) csaps code A& *
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3.7 Volume calculation

Confocal microscopeE ©]-83l 42 ©|v|X &= 5528.18um x 5528.18yum, 786 x
768 pixel °]tt. MATLABS ©]&3te] @2 HlolE = 786 x 768°] ZHEH ol
HYstA O B=, pixel 3hbe] HI = 1 x 1 x pixel #olth B2 HA <]

1
s
rlr

7

Equation [1]

768

V= (1><1)Zn ne pizel k)
=(1x1)x ( = pizel 3 F)
=R = pizel %1'9] Els

olty. I¥dH AAlm 3k Wel doJ= 552818um °]E=E, 3 pixel® Zol=

5528.18um

M A web A RaE

Equation [2]

(3528-18um  5528.18um | &

; z
V= 768 768 Zn n< pizel %)
_ (5528.18um , 5528.18um b= o] 5L
( 768 x 768 ) X (RE pizel 39 &)

olt}. o] MATLAB code®l Z-&Al#A 7 Sample Dentine discE°] H3& 4
2Hg) olgA 4& FolQlE Dentine disc? YAE HIES 04 w

Fajo) A w =, Azl o] wAE HA| FuE ALLE F drh AT
olFA F% wlolHZF d¥go] & & A=Hl, ol AA, Dentine disc
ARE =Mz MFE do2 B 4 §glOE=E Dentine disc vttt 3 &
FZAE M7t 27 giolw, EA|, GZHE AA7F el ze] 7] uE
o Cell] =717} Avitk th27] wjZolth. 2B R Celld] & Aol <

r$£
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Chapter 4. Results and Discussions

4.1 Effect of Fluid shear stress (Loading)

MATLABS ©]83te] A2 HolHE EU= ofFd A E A &2 I A
XZ (°]3} Control Osteoclast)?} FHAHNF-GH77]E o] &3ty FAXMTESHES
7bsll& FE=AEZ (©]3F Loaded Osteoclast, Interval loading)”} Dentine discE
Ug =& vustAct. 438 A (Figure 7)o UEbG A7} Zo], Loaded
Osteoclast’} Control Osteoclastol]l Bl3l Dentine discE ¥ H3st= HS 32l
g g Utk ol HIAE T 2EH 2R Q3] 2EH2E WA G2
AA Z Hla] Mo ool AY)7] WEow AZAHEY. HAAZ Suzuki T
< =3 A5 B FIAEY 3 st 28A FE 7Y A iFEG
HAoe AT Ax8E BESIYU[21] Figure 1204 RE Az o], e Ixn
o EAE A7|E HuPEs W, =84 A& HE Loaded 1FG F=AE

=717} Controlell Hl3] 22 A& &AL 4 Atk %E=3L Glucocorticoids (GC)

2 Q8] AMEZ7} Stress effect® Wrol Al EA4(Apoptosis) & Al Z G A
(Programmed cell death)® o]ojA= A= FH= Farl v GCe=
TZo B4l oA EHlEHE g4 2E#H 2o H3E ERlEE SEE0=,
2E# 2o st AA o AUAE FFdFes dgSs b AR
GC= T-Cell®l Stress effectE 71871 = 3tt}. 71 o2, Concordet 52 GCE
Folgk Fo FAoA T-Cello] 43 2RHE AT AHE HEATE[22]
IrH o g FYAARIAN(Tumor necrosis factor, TNF-a)&= T2 Al ZolA L
A, vAg4HA T-Cell GA TNF-a2t 2 934 cytokines HdHAIZ
th[23] TNF-ax FUFHZE do7lsd £83% A4ES s cytokineo =, 3
A E35tet BHo] e AT AH3, 23]o wel, GCO stress effect®
T-Cello] Eo]E+& THF stress effect® U3l HA4E TNF-av= I=HME 3} A

Eox FFS mAE ALr B & dFPoAe fAAESHE GCE <



3t stress effectz} A4S = a1, o]A o] FZA x| AR stress effectE
= Zogxr & £ Yo =

3k, =AM Eo] 7} R stresse TRAP, Matrix
metalloproteinase-9, Cathepsin-K, Z18]3L Calcitonin receptor & IZA|EZE &

4715 mRNA EHFES 2o/ Fo2M, AFH = dIAxe 235
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) (—) Control (y = 33.08x X 102+ 10.95 % 10~3)
x (— - Loaded (y = 14.05x % 1073 + 45.27% 10°%)

1.5 A (===} interval Loading (y = 17.21x X 107% + 94.14 x 107%) ||
o Q
£ 1.0
E _—
o m
<
2 E
= 05
=
g3
o x
@ 00
o
05 1 L 1 L
0 7 14 21
Day

Figure 10. Contorl Osteoclast, Loaded Osteoclast, 83 Interval loaded

Osteoclaste] A]ZFel]l w2 Dentine disc 3}3 H-3| %
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140 | I Control

L Loaded
o I .
&\i 120 L Interval Loading
] B <

5 F%9
5 100 | gy w
S b e R
c ol % K5

r * e
S IR !
C sof 5 o0
x 60F [ 5054
o - e
@ E lode%s! POSS
2 N 5% ole!
© 40 | }"0" }0‘0‘0
o F 5050 Podel
c L 000951 P52
= r el [0
c E [0 Relel
o 20F Retedy Role%

r 255 e
B 2 24 Roisss

ol Kine (o600
0 7 14 21
Day

Figure 11. Contorl Osteoclast, Loaded Osteoclast, 18]3 Interval loaded
Osteoclast®] A|7kell @& Dentine disc 33 #3 H]E ( * < 0.05, Day 0 vs.
Control. # < 0.05, Day 0 vs. Loaded. ¥ < 0.05, Day 0 vs. Interval Loading.
¥¢ < 0.05, Day 21 Control vs. Day 21 Loaded)
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Day 07

Day 14

T
200 pm

Day 21

Figure 12. 95 '8 §AHBEY  §¥o] E HIAL 27] Wl (x 404

&, On the dentine disc.)
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gEAE shte]l W s S A4bslr] 938, resorption pit volumes
dentine disc #1°l Y= FFAHE 2 Y+ th (Figure 13, Figure 14). 3=
Aol = AFE IPT Add 298] Az MFE A, I HdS Wol
AR FEAE7E AL wjZell, Al =70 zelrt o] FATAlE
sturh B33k Grole 258 el Zol7t JAIR, 7 A T EE interval 2
718l 1 Pa, 1 Hz o] FAIAS-SH] AEA27F W& s st=d F&Fol 7
= ¢ T Atk

TR ol#d A4S S, A=AE st Fste Farl APHoE =
ottt Baylink [24]59] A2l we}, 12k 42 UEd F AT 3%

FA| Lo olFH AFE 7}EA FS controlS y = (2.022 — 2.07)x 10" %,

)

AAHSE S 3 AFF B¢ AL 07 JelFE loaded= y = (1.04z + 3.96) < 10~ 2,
upz|uto &2 FAAEEHE  interval 2 7}al#&  interval  loadedE=
y= (1550 +17.17)x10"° ¢ IAgFE Yebd 4 93, Loadingol <37
BEAEZ GF5F b= V7 dAE BA g H ST S Qo AEskE
Ho] W HyFE Foled AU Y, AEIH S

=]
FANZ AT BS, WA Qputks ASHOE ke Aol § F
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0.14 O (—) Control (y = 2.02xx 1073 — 2.07x 107) i
I % (= =) Loaded (y = 1.04x x 1073 + 3.96 X 10~%)
012 £ (=== interval Loading (y = 1.55x x 1073+ 17.17 x 107%) ||

0.10

0.08

0.06

0.04

0.02

(1E-9) (mm*3)

0.00

Resorption_pit Volume / # of Cells

-0.02

0 7 14 21

Figure 13. &4 Al stp7}t w33t & <ol thet A Fst
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0.18

I Control

Ll i Loaded
0.14 Interval Loading |
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0.08

0.06 T

I T __- T
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0.00 | —<

-0.02
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Resorption_pit_Volume / # of Cells

Figure 14. 3= A2 A E styrt 333

ikl

Fol tg A

o

s} (* < 0.05, Day

0 vs. Control)
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4.2 Effect of drug (Alendronate)

k=S o83 AFdAE olFAE FAsA Fe Uixed vy
alendronateE F3t 3ZAE7} dentine discE © FHA H3tt= AAfES

7}A gk} (Figure 15, Figure 16). &9 7% Fa@dlo] foA & 7[R,
oo Ht&| alendronateE £33 SampleE2 A2 FIFAEZE FAFPES FA 2
dentine disc 3 ¥ &}l Fold-5 Holx XY ©]= bisphosphonate’} 3=
AET7F = FTd 22 Al AAEE ruffled borderst WZAZE U =2 JAL
W gt Al M E apoptosisS FTIIAIAA FJEAE] F 93 FE
< JAA 7] 7] wEolet A ZE T [25-27]

ol AP A4, alendronate FZFe] 10 ymol¥ @ ETh 30 pmolS F

Age o FEAEY W FHE 7 O dASE AS AT F oy, F
T Ad Atolo] & Aol IS £ QAT HA FAPFHIE AP ES
7d%-, cell culture dish?l alendronateE 2|7 Fo3la] vtz xe] WHIE 2 H

ZABIEAY28], EtFsS ¥31 A= Fol alendronateE Folste] 959
Ax dFdel 3 WA HolHE AAFOEA, AZte]l Al wE m A4
Ao tig AdPE JPste] FET MRS T3 kol OE WHEE #F
ATH[29] ¥HH, B Ao A= ALl W7 dugt=s A Ze o) &)
37 F = dentine disc® ¥ PP Aol7] wjZol|, FES Fo F 3Y
9] dentine disc FIHFOE F F&
d Aoz B AN FE F ¥ F 2L o (10 ymol)dlAE A
7 9SS T TE A2 10 pmol Rk ¢ S Fozn a7} AL JHs
dol Advk= Aol AL FES AT TRE Fo| We Ao HojA7] wiE

o}
o, 2% AAzs Tz Pored F v AZ4HET. A 1 pmoldt

m“'
peed

iy
2

of
ot

e

lo
©
i
N,
lo
12

ox,
m{o
1=
o
ol
N
9,
ool
(il
32

(o}

100 pmol®] alendronate® F3+ A& A, alendronate 100 pmolS F& 3%k
A3 0 £ @AT, 1 pmoles T3 AAE gZAZ &5 A o
frejdol yebgel mEH29], alendronate?] Fo @& I Bl EO], oo A
Aol AYA &35 Egd o £ 235 45 5 dods 4430
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O (=)0 pmol (y = 5.45x X 1072 — 5.55 x 10717)
x (= =)10 umol (y = 2.58x x 1072 — 2.78 x 10~17)

1.0 A (=) 30 ymol (y = 1.79x X 1072 — 4.16 x 107Y7)

@
w

(x1E-9) (mm"3)

=
(<)

Resorption_pit Volume

Day

Figure 15. Alendronate =0 W& 3= 4|39 Dentine disc 3]
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140 I Control
-t Alendronate 10umol

120 i ] Alendronate 30umol

100

T

7

80

60

40

20

Dentine disc Remain volume (%)

10

Day

Figure 16. Alendronate &%°| W& 3= A Z9| Dentine disc %3 F3] v &

(* <0.05 Day 0 vs. 0 umol Alendronate)
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Chapter 5. Conclusion

B AFs B4 A5 GE AFo| FIAEI W gFof ojul JIFS v
X =2 dolry] 93 WwHoz wFME7 3373 dentine discd HFHE F
A& o] 83| 3P o2 AT

=

o

UA oA wAsts A7]9] FANGEHE FIA L Tete, FAHTE
gds JhehAl 2 A5 oz A oA Ad2YHA dojus =
Az thet A=o] dEAze] & 33 Ax ths) AW A A=TE
Gotrgrom, w3 AA W= FDAS FRlS Wi A IoEs ARYE=E
AHEE I Q)= aledronate®] Folifel] wWE vIAlE FFWStel] tis) dopr
Skt

Az ASAHY e AP 2, FLEE] obd WAl dentine AW 2
A R ol APe AYFORH HBHAE ARI obd AAHU shof
Wel ZAYTh AZAL} ML) wEo] AMEe] =7 sh shajeo] =T
A tem, st} Masts A o AASL NngoeH sz Add
A o AW AH=FE AT = YU

R AR E, 1A ¢ 71l 1 Pa, 1 Hzo FARTSEHo] g A =71 13

ol

e T ¥ Eolv A3 Aee s, 22 @ AREoAR 15%
Loading - 30% F2] - 15% Loading< 7}3t Interval loading HEg+ H] =3t

38 g & 5 ATk ° tobrt BEAES} saste Bale) 43
of Hel 13 FrE EAG & ATk

o_>|“.,

T WAE, alendronates FH3IAS W F=HEZE IS dentine disc 33

=
g AT & des AAUH. £33, 10 umoldt Blulske] 30 pmolollM 2] dh&E
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ABSTRACT (in English)

3D Analysis of Bone Resorption Changes by

Osteoclast due to External Stress

Jeong Suho
Department of Biomedical Engineering
The Graduate School

Yonsei University

In the bone remodeling process, bone destruction due to osteoclasts and
bone regeneration due to osteoblasts are simultaneously performed with a
controlled balance. But if two processes become unbalanced, bone destruction
predominantly occurs, resulting in developing osteoporosis. In order to treat
osteoporosis, many researchers have done many studies including the
prevention of differentiation of osteoclasts, the use of various chemicals
enhancing bone formation, and the application of appropriate mechanical
stimuli. According to Wolff's law, when mechanical stimulation is applied to
bone structure, it grows stronger in order to withstand huge stress. The
most commonly used stimulation is applying fluid shear stress around 0.8 ~
3 Pa. Studies related to bone remodeling are mostly based on 2-dimensional
microscopic observation through which we can calculate the area of bone
resorption. However, the 2-dimesional observation is quite inadequate to
precisely quantify the extent of bone remodeling, because osteoclasts acts in
3-dimensional directions. Monitoring entire volume change of each bone
sample is essential in bone remodeling experiments. Experimental results
regarding volume change can support the quantitative estimation of bone

remodeling and play a key role in developing the correct deduction of its
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mechanism. In this article, we develop a possible simple method to precisely
quantify entire volume change of dentine disc samples prepared at different
conditions. This method consists of two processes including acquisition of
geometric information using a confocal microscope and subsequent
computational calculation through MATLAB. We conduct the bone
remodeling experiments using dentine disc samples under varying conditions
of fluid shear stress and alendronate concentration. Using the proposed
method, precise total volume change of each dentine disc can be obtained,
which enables the quantitative analysis of bone remodeling under various
conditions. As a result, it is found that bone resorption of osteoclasts is
proportionally mitigated with respect to fluid shear stress, and the addition

of alendronate is also advantageous to decrease the bone resorption.

key words: osteoclast, fluid flow-induced shear stress, physical loading,

alendronate, confocal microscope
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