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Abstract 

Many studies have illustrated the effect of mechanical load on bone, teeth 

and periodontium. Upon receivin~ mechanical load, cells on the corresponding 

chan~es in their structures, metabolisms and responses. Yet the mechanism through 

which the cells respond to mechanical loading is still unclear. The purpose of this 

project is to design and develop a novel loading apparatus, which can apply both 

constant and intermittent compressive forces to those cells. By, this mean, the 

developed apparatus is supposed to simulate the masticatory action onto the cells. 

The developed apparatus will easily be controlled by computer and the applied 

force can be visualized in in real time via graphical user interface (GUI). The 

understanding on the responses could be applied for clinical treatment. 
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U'VI'U1 (Introduction) 

t.J'" n 'i~VI'U~1 n\J~ ~tI m tI 'lJ tI n 1~ tI LQVi 1~ bL 'i ~ b:U~ n '" ~lJ 1~1 n n 1 'in 'i~ VI1 ~ t1Yl'lJ LLI'1 ~ n 'i~ ~ n 'ifJ'UYl'lJ 
" 

~'lJb tJ'lJ\J~ ~mhA'l!'J'i~ f)1'iVl~~~iit.J"'vi fJrn1lJ~1 b~~1 'lJn1';i 1'.Xn1 'i ~mg1V11 ~Vi''lJ(91 n 'i':ilJ 1~ tlii 'i1t1~11.r:i1 

b'1l '" ~ bL'" ~ b~fJ bdfJ'U fJ ~Yl 'lJ bL 1'1 ~ n ':i ~ ~ n 'i fJ'U Yl'lJ ~ llJ 1 ':i () ~'U ~ bb'" ~ (91fJ'U ~'tJ fJ~vi tI bL ';i ~'U \il b~tllVl~fJ bL 'i.:J~1 n 
" " 

JlfJ'LJ(ll ';i1 tI m tI'LJ fJ n1vi1~ tI (91'i ~ LLI'1 ~Vi'Ul1t.J "''UfJ~ bL ';i ~~ b'v1lJ1~;;Im ~n I'll llJ"h btJ'LJvI tJ n 1 ';i~n~l ~lJ~"''UfJ~ 

x .. ~ .J.J V 1 I "" ~ V 1 I ' <V.':1d Q Q Q 0

b'LJmtlfJ ~'tJ'Uru~Vlbb';i.:JVlmnVl'itl'UtltJbn'U 0 u~~w,m bmn~VW15~mVi bb('l~'U1 0 u~ n1';i('l~('lltJm'UtI.:J-n'lJbb~~
" 

m~\iln1~ vl~"!'U n1';iPln~1~~fl11lJfll1lJ~lJ0''U5'UtJ~bL';i~~mm~vhlJim'1l"'~';ifJ'Um~\ilmb('l~Yl'U bbl'1~ n('lln
" " 

n1';i(llfJ'U;;I'lJ fJ.:J'U fJ~ L'1I('l ~ ~ ~~~ ~l tI1'.X b';i1 ii fll1lJ boU1h n ~1 n n1 ';i(91 fJ'U ~'lJ fJ.:J'UfJW1Hl ~~iivimb ';i ~lJ1n~'lJ 

mh.:Jhn~ nl'~P1n~lt.JI'1'UfJ.:JbL ';i ~1'lJlJ'lJ~~ bb('l~~(911Vl\il~tJ~noUtJ'hl\ilfJ ~lJ1 n b~fJ.:J~lnii\J~~tI~'U '1 b~'LJ 
, " I 

';i~ vl'U'U tl~ ~tlf(lJ'lJ UD"lJ0''lJ1h~VI':h ~b'l!"'~ (l)1~'U\j\il 'nlJ.j{.:J n1';i I'll 'U fllJU~lJ1ru'Vtl.:J bL ';i.:J~ n ':i~vi1"'.:J'U'UYl'lJ 

~~\J~~tJ bVI~ I'll ~ ~~.:J t.J'" vi fJn1 'i bLtJ('l t.J'" n1 'iVl~'" t1~ vl.:J"!'U n1'i0'\llJ'U1 bfl~tl~ii fJ~'lJ b~t1~1 tI'il11'1 tl.:J 

~m'Un1 'irun1'i'U\ilb~tJll'U'i~vl'U b'1l"'~ ~~llJ1'i()fll'UfllJU~m ru bb('l~ 'i~ tI~ bl~l~bb'i.:Jm~vi1vim'l!('l~ ~.:JiJ 

rn1lJ~lAnl b V;tl<lhvf)1'ifJtlmb 'U'U bL('l~fll'UfllJ n1'iVlli)ml.:Jl'.Xb'v1lJ1~ ~lJ ri tJ'U~-;;)~1.11 tl-:JArn1lJ ~Uvi1n1 'i 
.~ , " 

VIii) 1'1 tl~l'U'i~ vl'U ~(911Vl\il('l fJ.:J bb"'~Vl1.:JfI~\jn~t11U 

bb'tJ1F1111J~~'!Jtl..:Jn1'itl'i~~'I!I~ (Survey of Related Literatures) 

b~m~tltl~Vi''tJv1 ~.:JtJ';i~nfJ'U~ltl m~\ilmthYl'tJ bfl~tlm1nYl'LJbL~~b~m~mB'tJn~tJ~Vi''tJv1 vi1 
" 

VI-U1~~lA'l!l'tJn1';in\illtJ.:Jm~ ~ n'U1 n 'i'i 1mbL"'~V1'tJ11~ltJn'tJ ':illJ.j{~vi1V1-U1~1'tJf)1'i';itl-:J~'Ubb';i.:J~bn\il-;;)1n 

n1':i'U\ilb~tllbb"'~nwVi1'v1-U1~vl1.:J 1 'UtI.:J~tJ.:JtJ1n b'll'tJ n1':i~~n1'in~'tJ l\iltJVi'Ull bb':i.:Jb'v1~ldl~tJboVil~ 

bb':i.:J-;;)1n n1';i'U\ilb~tlliifllllJ~1Aru1'Un1'ifll'UfllJ l'.Xm ~\il n n n1':i~ ~1.:J bL~ ~vi1 ~1til'UB(ll ':il~n fll1lJ~lJ\il ~ [1]
.... , \J , 

b~mn~fll1lJ ~~'llfl~'UfJ.:J bb 'i .:J~lJ1fm~vi1 b'1i'U bL ';i.:JlJ1mn'U1'll VI~fJ~ml~~b~mdfJu~Vi''Uv1iifll1lJ~B'lJbbtl 

~~b~tl bb ';i .:J~lJ1 m~vi1v1 fJ'U1 m ';i1mn"''U(\.:Jt.J('l1'.Xbn ~ n1 ';i('l~ ('l1t1 vll'UtI.:Jm~\il n B'lJ1.11 lJ1 ri f)1';ibn\ill 'JfI'll~ 
" " 

Vi''lJ\Ji'bb'''~~tl.:J~rub~tlYl'lJ1tJ1'U~~~ [2] 'v1~mbiibblJi bb 'i~~dl~~l n n1 ';il'.Xnwrn'l!ll b'll'lJn1'Jl'.Xbb'i.:JvifJYl'lJ1 'lJn1':i " ~ , 

bfl~fJ'U'~'lJb ~fJn1'J~\ilYl'lJ 'v11nl'.Xbb'J.:JlJ1mn'lJ1tJ~~rifJ1'\~\nli)n1';i 1'1~"'1 tlvll'Utl.:J n':i~1i) flbL('l~ Yl'lJfJ E.h.:J'i'lJbb ';i~" , 

[3] vl.:J~'lJ f)1'iPl fl'l!llUVlITVi~'UB.:Jbb ';i~~lJl m~vh~mdm~fJV1'lJbb('l~ bdm~fJ'll~Vi''U1'1 ~.:JiJfll1lJ~1A'l!1'Un1';i 

t1ITU1 tlU'Jl n!) n1':i ru'v1~() n 1 'i0'\llJ'lJ1 tllbb('l~ bb 'lJ1Vl1.:Jn1 'J1fl'I!111'v1l.J 

http:tJ'U~-;;)~1.11
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nl'SPl m~11'W'S::; ~'U~t1-:1'\.J5u~ nl'SilmllJ~IA(1.J b u'WmJ1-:1m n b~t1-:1\11 n ?lIm'S (I~1 fj t1-:1?1 fI1'L.! nl 'Sru 

1'Wnl'S?I~I-:1IL 'S -:In\il1'WL,/!fj~ LLfj::;?lllJl'S(ltl5'U1Vnl'Sl'ltl'U?I'WtI-:I'UtI-:l1,1m~tlltli'l'W'i::;~'UI,/!fj~ (cell signaling 

pathway) 1 vi' tI ~ 1-:1 oU\il I\I'W ILfj::;1\il v~'\.J~m ru 'S::; V::; 11 fjl Ufj::; mllJ ~'U €l-:l LL 'S -:I~ n 'S::; Vl1 tJ-:I ~ -:I e-J fj ~ tI f11 'S 

~ tI'U?I'L.! €l-:l 'U tI~ L'/! fj ~1 'W'S::; ~LJ~vi l-:1n'W ~-:I,!'L.! n 1'S;J 1 fj t1-:1 I 1'1 ~ tI ~ lJ €l1 ~?lllJ 1 'a (I'\.J ~LJ1~ 'S::; ~LJ 1'111lJ LL 'S ~ 

'S::; v::; Llfjl LLfj::;mllJ~~vh~tltln1'\.J~-:lilmllJ;J1LU'L.!1'1 tI nl -aP1 m~n1 m::; ~'U,xtI-:I'\.J5Wi nl 'S 

U\I\lU'Wnl'SVlVlfjtl-:lnl'a 1 ,xLb'S,:lnVlbm::;~'Ub,/!fj~ ?llm'S(lm::;v'h lvi'VlfjltJ 'S'\.J bLLJLJ L-U'L.! nl'S1o1JJ1V111n. " 

'I1nl~(I nVlfj~LJ'Wbb~'L.!VI~t11?1Vl~~-:lU'S'lnVlfj'l'U'L.!J1L~tJ~b'1!fj~ (culture medium) [4, 5) '1i~bU'L.!nl'S1~bL'S'l. . 
nVlbb'ULJI'1~~ (static loading) '1i'l1l-JbVllJtI'L.!n'U?lm'l'1nl'S'U\ilL~tJ11'L.!-utl'l'\.Jln 'L.!t1n\lln15~~n~11 tJ'lilnl'S101J 

bL'S~nVl\)lml'1~t1'l1,xbb'S'ln\il b-U'L.! LI'1~t1'ln\il'UtI'l'U~';VI Flexcell (USA) [6) '1i~?lllJ1'S(I;Jlfjtl-:lnl'Sn\ilh1tJ101J 

bL 'a~~'L.!'i11blJ~n '1i-:li'HJm~tJ~€l bb 'S~~m::;vll'U'L.!~'L.!~l\)I'Wb~tJ'H'1!fj~\)::; m::;'\j IV1l-J?lJlb?llJtl II'1~t1~lJtI,1tJ~il 

'SII'11U'I'1'1 (lJlnnll 2,5 ~1'W'U1V11~tJ'\.J'S::;lJIru) Lbfj::;1l-JlJ;J1V1'UltJ1'W'\.J'S::;b VI 1'\1VltJ 

bi'mn l'Sl~tJd~~lJ1'111lJl-J'lVllJl tJ1'L.! nl 'a?l~I~ bl'1~€l~?I~I~€ltlmb 'a'lnVlbbLJ'U1l.J(i)m~€l'lLJ'Wb,/!fj~ L~t1. 
1o1Jhm'L.!l~tJ1'L.!~t1-:1V1Vlfj tI~ LVl tJ?lllJl 'S(ltl €I nrlli'l Lbfj::; I'll 'Ul"llJvi'lVl"ltllJ~lLl'ltl~ ~-:I?lllJ1'S(lm'Ul"llJ'\.J~lJ1ru. . 
nl 'a1 ~ bL 'S '11 vi' €l ~1 'I fj::; dJ tJ \il ?lllJ1 'S (1&\ ~mlJ f11 'Svll '11 'W'U'WVI Ul\1 t11"l t1lJ~l L~ t1'S1vi' LL LJLJ b~ tJ fj1VllJ (real 

time man ipulation) LI"l~t1~iJ €l?lIlJ1'S(I,jl1'\.J1-ill'W~t1LJL~tJ'lL'1!\'l~ 37°e ~iJtI~u~11'L.!~t1'l'\.J5u&i nl'Shi' 

bl'1 'S 'I nl 'S~(llJ 'WI LI"l ~t1 ~iJtl?l ~1'lLL 'S ~ n~~~ul'\j::; bU'WLI"l~ t1-:1lJ tlvl'l-ill 'W f11'SPl m~nBVl5'1'1fj 'U €I 'ILL'S 'I n \il ~lJ ~ €I L,/!fj ~ 

'UtI~t11tJ1::;1'W-Utl-:l'\.Jln L~t1f11'S~(llJ'L.!ll"lrumV~f11'l1,xf11'l~n~IVll~~'W\i1m 'SlJlvi'Vlf11 tJ?ll'Ul b -U'W nl 'S~n~1. 
hl"l'\.J~~'W1'1 n1'S~VlY1'W f11'S1ibL'S-:I'UtI'l'SlmVitJlJ~ii~1)m::;Vlm,jlY1'L.! LU'W(if'L.!

'IJ 

15n1'j\h~~~~ m'jVlVl~H)'U n1'l1"J'l1'W 
"" 

LI"l~t1~?I~I-:lLb 'S -:lnVl~'\.J'l::;~hji~'W LU'L.! f11 'ltltl n Lb 'U'U 'S::;'U'U~-:I'S::;'U'U b~tI~-:lVll~1 'L.! f11 'S\)Vl~Vl5U~ 'S 

n1'S1.u-:Jl'tH\fj::; I'11LJ I"llJ vll11ii'1Vl tJ i'l f11 'S ~1'W1'1 1)lJ~l bli1 1) ~ 1'L.! f11 'Sd~ '\.J 'S::; iiib'flvi' L ~ tJ'W'/!t1VhL l~Vll-J~\)::;
• 'IJ ... 

,jllJ11oU'I"\'"J'Ul"llJLLm~i.:lf11'SLI"l~t1~n\il'1!1)V'JLLli~~ n~TJ'\J::; (ln~(llJ'L.!1'U'L.!'1!1)V'J LL li Labview LL\'l::; L~t1~\)::;vll1,x. " 

rJioU',n'W1\.!?llV'lI'W Cell Biology ?lllJl'S(l1.u~I'L.!LI'1~tI~n\ill(if~1 tJ Lbfj::; ?I::;mnbVltJ,/!t1V'JLLli~\)::;L~v'W~'W1Vll-J 

d\I::;?lllJ1'S(lUtl'Wrll~~~i'Ui1)'L.!1vi'1) ~I-:1U tI tJ 5 .ff'L.!Ii1t1'W Lbfj::; ?lllJ1'S(lvll~I'Wl'W.al b~1);Jlfjtl'lLb'S~nVl1 'L.! 

~'\.JLb'U'Uvil~ ~ 1vi'vi'ltJ 
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Q.I 11.1 .d 1I d v.1f
fl n1:1ru:mJ'UJ ~1'U'lJt) ~ bl"ljtl~\'ljl,lbb'j ~ n(i) dJ'U(i)~'U 

bl"l~tl~nVlb'l1mh ~\'lh:l~'Uflll.m'wh~l'Ulal mtJ1alMlll:::vi1-iib~tJ'Ib'l1flfl1'Uv1~n (Incubator)
" 

~'U ~1'U~v1tl~~lJir~ n'Ub'l1fl~'VI~tl medium \l:::v1tl~~~l ~\llnl~"l~~lJir~ n'Utll'VI1'j 1al mjl ~U fl tlVlJltJ 

(Food Grade) 

bl"l~tl'lnVlb'l1fl~"1 ~ntltlmb'U'UVV;tl1-ii~1'U~llJn'UmVlb~tJ'Ib'l1fl~bb'U'U 6 'VIfllJ" , 
2bl"l~tl'lnVlb'lJfl~"1 ~llJl'j~~~l'lbb 'j'lf1Vllalfl'lM) 5 Di em 1VltJiJrill"llllJI"lmVl bf)~tl'UllJbn'U ±10%'" ~ 

bl"l~tl'lnVlb'lJfl~"1 ~~~1~~'UflllJl'jfl1~bb~~nVl~~bb'IJ'U~m~eJ'l bbfl:::bb'U'UllJ(I)m~eJ~n'IJb'l1fl~ hw 

~~.:J l'U bbfl::: f) l'U f),lJ ~1'U I"l eJ lJ ~lb(/) eJ ~ 

1oUt'Unl 'jVlVl fl tl~1'U'j:::(7]'Ub'l1fl~ b~eJVlVl~eJ'U nl W) eJ'U ~'U eJ~'IJ eJ ~ b'l1fl ~\ll mb ~ 'I nVl~lal\llml"l~tl~nVl 

b'l1fl~ 

v ., U Q <
'IJ'U(/)t)'Unlj j:::Vl1:1i 

Literature Study: Pif11:11-iieJ~ -iim~tJ'lJeJ~bl"l~eJ.:J~~l'lbb~.:JnVl'U'UL'I1fl~~iJ'lJltJ1'UV(tl~\f1mVl, Pln1:11'IJ'U1Vl 

'lJtl'lLL ~'InVl~.:J~Vl~L'I1fl~L~m~tlu~V1'U\ri Lbfl::: b'l1fl~m:::VlnVl'U1al\lln~1'Ul~tJ1'Utl~Vl L~tleJtlnbb 'U'U'IJ'UlVl" , " 

1 oJ '" <J "'., <
LL'j'lnVl bLfl:::nfl nVl\l:::~'jl'lbb~~nVl ,'VI n'Ub'l1flfl 

conceptual Design: tltlmb'U'Unflln~b'VIlJl:::~lJ ~\l:::"hlJl1-ii~~I~bmnVlb'l1fl~, l~"l~~lJir~n'U(I)l 

b'l1fl ~'VI~tliJ L~ tllJ'iJ::: v1tl'l bU'Ubn~Vl~~lJir~tll'VI1'jlalllJ bU'U~1:1(1) tlb'l1fl ~ Lbfl:::vlll"ll llJ ~::: eJl Vl ~l tJ, 

tltlmLUIJ11"l'j~~~I~'lJtl.:Jbl"l~tl.:J 1'l'iJ~I"lI'Ul'llJ'lJtl'lbl"l~eJ~1~b'VIlJl:::~lJn'Ub~eJ'U1'IJ(I)l~ 1 

Invention of the Prototype: fl~I~v1'Ubb·\J'U'lJeJ 'l bf)~eJ~fl~l~bb~.:Jn(i)"1 (/)llJ~laltleJmb'U'U1l~~1'U~1'U 

nfl1nVlI~Lf)~tl~f1fl 1~'iJ11"l1'Ul"llJBb~l"lmeJiJn~ bLfl::: Software ~1-iif)1'Ul"llJbl"l~eJ~~I'U GUI 'U'U, , 

I"ltllJ'Wlb\f1tl~ 

Operational Test and Analysis: VlVlfleJm:::'IJ'Unwvh'lI'U'lJtl'lbl"l~tl~?l~I~bb'j~nVl"1 11?lllJl~~ 
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Modification of the Prototype: Vl1nvl1..!bb'U'UbA~'il~?I~l.:m~~n~., ~"'~1~~1..! cJ~lJiimbrn'lJ~vl'il~ 

tJ -r'U tJ~.:I ~ ~lj f)l~tJ -r'U btJ~ CJ1..! vl1..! bb 'U'U vl~ n~11 bb"~'v1~" 'il.:l</h~ 'illVlmih':h?lllJl~ClVh.:ll1..!Hlmh~, 

bb~'Wf.h bbGl:;oJ1b~El~El 

Finalization of the Apparatus: b~ml"l~'il .:l 6'lh:jbb'S.:lnWl ?l1lJl~ClVh~11..!lvlmh.:lbblJ1..!fh bb"~ 

'1h~'il~mb~l ~.:IVilf)l ~~nbb~.:I1i11 bA~'il~ bb"~ '1l'ilVhbl~Yhiif'll'Ul') lJ b~'illVI?lllJl'm1ii.:ll1..!lv1~lf.J 

Invention of the Prototype 

Operational Test and Analysis 
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~tJ~ 1 bbe.J1..!~.:Ibb?l Wl~~'\J~ 'il1..!nl'~tJ~ ~~~~ " ~ 

~ , 
c:v 0 ~ -=>. ,.tJ 
'lJ1..!~'il1..!nlA'v11.:l11..!'lJtN6'I.:IA~Vi~~ 

~lCJ"~ b€iCJVi'lJu.:l~.:ItJ~~~~~ ~tJ b~CJ1..!'lJu.:l~.:ItJ ~:;~ 'lji ~1..!~u 1..!n 1~Vi1.:ll1..!'V 'il.:l~ .:ItJ~:; ~~iClnbL?i (il~
dol \J.u dJI \J 

l~t.m:;b€iCJ~l1..! rnAe.J1..!ln~ 1 ~ltJGl:;b€itJVin1~tJ~~~~~ ~'v15U~ ~ bGl'lJ~ 1401006767 .... 

lVitJ~11..!tJ~:;nu'U~~lJiJ?ln'Ub'llGl~VI~mh~tJ~b'1lGl,,1ViCJm~ b'1i1..! nl1..!nVi m:;'U'ilnnVl ~:;H'1?i~~ 

i1l.JiJ?in'U€llVll~lv1mh.:ltJGl'ilVi.nCJ (Food Grade) b'1i1..! PElOOO VI~€l PTFE (Teflon) ;~~lnnl~'v1(ilGl'il~ 

~'Ul1 PTFE lJI"I11lJbVlm:;?llJ~~:;'I11lJl1iimnn-h b~u~~ln~1..!~tJ~lCJ ~l~1..!~l1..!b~CJ'U bL,,:;iJ?lrn~1~'Vu'U 
~ 
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Jl~~ (Hydrophobicity) vh1V1111lJTmAl'IJflm::;vl'\J'U€l~Jlbb~~b~CJWll~~ \I1~€lIil"J'UbL~~nlilhi'mJ'Ucl1nl1 

PE1000 LLlJll PTFE "J:;ihlf'l111~nl1nmlJ
" 

~1'i-1-r'IJ~I'Ut1~::;nmJ~'bJ1~i1wr(ln'IJL'1l~~'i-I~€lJlb~CJ~b'lm~'1liltJm~ b'1i'U b~v'Um~'\.J€lnnlil bbvl'UVIil 

nl'Unlil dJ'U~'U vll"Jlnv~~i'lbUCJlJ'il~~vCJli1ffilJ~'UI1'lhJ (1)11f'l~~11~1~ bb~::;(1)IL~v'U'Uv~bf'l~tJ~nVlvll"Jln
" 

b'i-l~mb(l\l1'UL~11 55304 ~~bU'Ull1lilflruJl1V'lb~tJln'UnU111IilmtJ1'U'Uv~~Y1n (Incubator) vl~bb(l\i1~'1,m'\.J~ 2 
,. , \I \I 

'lt1~ 2 bfl~eJ~~~1~bb'i,:m\i1m~\J'l::;&l1::l~~tj" . . 

n1~fll'IJfllJn1~vll~l'U'Uv~bfl~v~n\i1 11'ilJ1~"~~~1'U bb~::;'\JtJtj1t1~LLn~lJ ~ltj'1ltJ~Lbl~~"n~(ilJ'Ul~'U, " 

1'U~n1::lru::; GUI vn.g~l'W~lCJ ~1'WvmWW1"JtJf'lvlJ'Wlb(lH)~ vl~bb~\i1~1mt1~ 3 '1ltJ~bbl~vl~mil1~1lJ1~,,-r'\J
" 

fh~~~i'IJ<1iv'U1~;;i~ 8 ~'U\I1vtj bb~::;111lJ1~mtj~'\.J (Loop) nw;h~1'U1~ (lllJ1~,,~~rilbb~~n\i1~~v~n1'S 

~::;CJ::; bl~11'Un1~1Vlbb ~-:J ~v'ULb ~-3 f111lJL ~11tjn1~n\i1 lIilCJ.umJ~~h~ ~b'i-I~Td"J::;"mn'IJ111'UWlhCJfll1lJ~1 
" " 

'1JtJ~f'ltJlJ'W1L\I1v~bb~::;I11lJ1~m~CJmu'U1vj~ Excel b~v'1,m'Wm~lLf'l~l::;'i-I'1~ 
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1'U ~1'U'Uv~ fl17Vl~ 1'\ tl'U Al1lJ Ul-l'UU1'U v'l bb "j ~ n ~~?! ~l'l ~'UJ'U bl"j 'l n ~ ~ 1'\ ~l ~~'U~ t: rf1 tl'lrJ AI 1~ 

A"l~bA~v'Umj1.'U'lb'l ±10% 'UtJ'lbb "j\ln~~~~f'ilH "jtJ~ 5 bb?!~~rllbb"j~n~1.'U'1il~n"ltJ7t:mru 2.5 .rrlLl.J!l 
~ ~ 

1~tJH'th~tJWllmh~lJrf1'U~ 4 lJlJ. ~'lrl l bL7'ln~ ~rf1tl~fIl"jH~ 60 S 0.5 s/cm2) ~t:tJt:mn1tJfIl~1~LL~!l 

fI~ (Loaded) 1 l'U1Vi~BA~!l Lb"t:~t:tJ:m~n1'UfIl~f1tl'ULL"j'ln~ (Unloaded) 2 l'U1Vi(;)tJA~'l rJ~l'Ul'UfIl~ 

n~.x~i'U 2050 A~\l hWV'l~vl/imlYMT\-1_r'U-umJ""ln 1 fIl"inl>1 10 f'I~'l ~lfl~tJ~ 5 ~t:b~'U1vi'llLb"i~fI~~ 

bA~v-:l?!¥1-:l1vi'J'U~t:1l-lrJrllbfl'U 60S ~'ld b~tJ'l~lfILA~ tJ-:l1vi'~tJA\lhLLVI,j'l'UB-:l~~~1~~'Utl-:lnl'Un~H~·m(;) 

I/itJ'UL'lJl/irllAf-:lLL~flLL~1 vl-:l~vi'U?\~-:lfll~v11-:l1'U'Utl-:lLfI~v-:l1'UJ)1f1C-J'Uln 1 I~ m~l.Jv11 fIl"inl>1 bl 'UU1l-l(;)tJ L~tJ'l 

Ll':l'ln~~vi'rJflJllJA"1~bfl~'€I'UJ)1tJ1'U -10% l/i"tJ~fIl"in~ 2050 A~'l "'lV1_rU?\m'Ut:blv'ULL"i-:lfl~J'U 1V1~~ 

L'lm~~~ Bl'Ur11bL ';j-1f1~lli1\ U'Ur11"U ~~VlmtJAll~ll ru ?\f11'Ut:f1'iJ'Ubb';j'l n ~~'Ubn\il bL ~'1~~~'U b~'iJ'l~1 fILL ~ '1 

~\l ~1';jndl'lJl b~tJ~ b'IH'1 ~bb"~ ~1'lJ 'iJ'lnl'U n~ bbf1t: n ';j~U 'iJ n n(il mil'll~ fl\l1llJ bb ';j~~'l~bn~~'U\1iJ'U'Ul~1.l'iJtJ 

mil ll-lbn'U -1.5 S (-0.0375 s/cm2) L~mVitJunULL';j'lfl~~'l?\1lJ1';jflll-lt11lJl~~1~rul111i' 
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UnLoaded 

'itlVi 5 ~~fI1'iVlV1"'tlUfnll.JLLlJUU1'Utl\lLL'i\lnV1~"'~1\l~'U'illn~\ltl'i::;~1:I~ lml~~rllLL':i~nflV1~ 1.5 s/cm2 
~ .. 

vl\lJ'U~~"'lm ':lfl?!':ltl1vi'll LA~tJ\l?! ¥1'l LL ':l ~fI (il~?! ~l 'l~'U rJflJllJ LLl-lUU1VlllJ~MnlVl'U~LI"t:• 

'€ItlfILL'UUHfl'iJ ± 10% 'U'iJ1l~11l\1l1i'ltJ15f1l':l?\~1'lbb':l 'lfl~l1i'lCJLb'l\l'iJV1Il?!~(9I8 v111~L"1!"fj'1l1i'_ruIL';j~n~L~tJ'l. 
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mh:l b~ ~n (bJ1~.:ru ~V15'\'J'i1'UeN bb 'S~~ ~ bL'i1~ bL 'S ~ bO€I'U) ~~ bVlm~ ~lJ~lV1.:rUm 'Sl Lf1 'Sl~"vI[:.J'i1'lJ€l\! LL'S~nVl~lJ~€l 

L'lf'i1~ 

, , . 
-.::.I d t.I ~ J <1:10 "qC>l I .. 

lvnJ'jm'jV1Vl~€lU[:.J'i1'lJ€l\lbL'j~nVlYl~·n\!51Jn\l'A~Vl~Y1lJ®m'1I'i1'i1 

1um'jV1Vl~€lUf1ru~~1~EJ1oUb'1f'i1~b~m~€l~lnbd'iJb~€lll.!vhJ (human dental pulp cells; 
~ 

HDPCs) LLfln'\'JJ~L~EJ~~lEJ€l1V1J'jL~EJ\!L'1ffl~'lJUVi ~LBlJ~hBlJ (DMEM : Dulbecco Modified Eagle's 

Medium) <5\!tI'j~n€lU1tl~lEJ~1'j€l1V11'j'lJUVl~1\! 1 fi€l <a-rlJ (fetal bovine serum) mllJLoUlJoUU~mJ'i1~ 

10, LL€lfl-n~vl1lJtI (L-glutamine) f111lJLoUlJoUtI 2 iJfl~llJm{ L'v'I'UiJ'8~'U-~ (penicillin-G) f111lJLoUlJoU'U 

100 ~UVl/iJfl~~VI'S, ~bmtllV1lJEJ'8'U iflLy.JVI (streptomyc in sulfate) f1l1lJLoUlJoU'U 100 llJlf1'm~lJl 

iJ'i1~~m LL'i1~bL€llJly.JLYI€l~raU u(amphotherincin B) f111lJLoVlJoV'U 20 1lJlf1'm-rlJ/iJfl~~m 1U~€lU 

m1u€l'U1Vi€l€Jn1'1f1i1~€lruVlJllJ 3 7 €l~f'11b'1fflb~EJ~ LLfl~lJtl~mruf111u€Ju1Vl€J€ln1'1fM€lEJ'i1~ 5 lV1m'1ffl~vtloU. " 

~~dJUL'1fflfl1t1 passag~ ~ 3-5 

m'iV1Vi"ilU cell viability bV'ltJm'ivi1 MTI assay 

b'1f'i1~(1nVll1'Ufl\!1'U~1t1b'\'Jl~L~CJ~'lJU1Vi 6 VlfllJ ~mllJVI'U1LLtiu 2xl0
5 b'1f'i1~/VI'i1lJ vilm'j" . . 

L'\'J1~L~tJ\!b\JtlLlm 24 -B'lllJ~ ri€l'U~~~'L11l-J1boVlbf1~€l~b~€l1ViLL'i\!nVl~'iJb'1ffl~ b\J'ULl'i11 2 LL'i1~ 24 -B'11lJ\! 

L~€lf1'iUn1V1UVlLl'i11'L11L'1f'i1~ €l€ln511nLf1~€l\! 51 1 mr'UL tI~CJU€llV11'iL~tJ\!L'lffl~L\J'U'lJUVI~hjlJ phenol red 

LLfl~L~lJ~1'i'i1~'i11tJ MTI (Sigma Chemical Co., St. Louis, MO, USA) 1Vi1~f111lJLoVlJoV'U 5 lJ'i1~n.:rlJl 

lJfl~~VI'i VI~'1~1mru'L111t1 incubate 30 UTili ~€lruVifliJ 37 il~f'11L'1fm~tJ~LL~1~~~1~~lCJy.J€l~Ly.J(i11j'y.J. " 

Ly.J€l1'lfl~'U (phosphate-buffered saline) 2 f1~~ Lb~l~nVlVl~n€l'U~lJl~'lJ€l\!y.J€l'ilJ1'1fl'U (purple 

formazan precipitation) ~ltJm'ib~lJ1V1LlJ~'i1ifly.J€ln1'lf1i1 (DMSO) LLfl~lnfl~tluy.JLy.J€l~ (glycine 

buffer) 1 iJ'i1~ ~m VI ~\!511 mr'Ub'lffl ~~lJ~lVl€ltJ bL{;l~lJ nJ 'S LLU\!(i(l'U€l~ b 'lffl ~51~ fI n ril'Ul ru~l'U Lf1~€l'l ~ btlf11V1'S 
" " 

1y.J1V1LlJLY1€J1 (Spectrophotometer) ~lCJf1l1lJtJl1f1~'U 570 'Ul1'ULlJVI'j 

nJ'iYlV'latl'UnJ'ibbaVl.:Jtl€ln'U€l.:JVUbV'ltlnJ'ivil reverse transcription - polymerase chain 

reaction(RT -peR) 
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b'IJ~~~n'v'l"h'LJ~~1'LJ'iJ1UbV'i1~b~tJ~'lJ'l.n~ 6 'v'I~lJ (6-well plates) ~l'l11lJ'v'IUlmlu 2xlO
s b'IJ~~/ 

'iJ1UbV'il~b~tJ~ Vhnl'HV'il~b~tJ~btJumn 24 -il1lJ~ bb",~1iXbb'j~n~b'v'llj'ilUnl'jVl~~v~.ul~(;)'LJ b~'ill'l'nJ 

nl'v'l'LJ~bl~lVhnldLLtJn?lmfJ'ill{bBUb'il (RNA) l~fJ~n~ RNA 'iJlnb'IJ~~(;)ltJ Trizol (Gibco BRL) '1.11 RNA 

m1.ubtJU?lld~'LJqm'.ilJ(;)'LJbL'\.J'\.J1'LJuiJn~tJl reverse transcription b~'il1r~bfldl~~ cDNA bL~~'illPi'fJ 

l'l11lJ~lbV'il~'lJv~ primer 1U~l~'\.Jb'\.J?I'lJ'il~£j'LJ~nl'v'l'LJ~nld~.:jbl'l'jl~~ 'iJln~'LJ~~vh nl'.ib~lJ~lU1U~U~lU 

'lJ'il~VU~?lUh(;)ltJtl5n~tJl peR lbfldl~~e..m'lJv~tl5n~tJl~ltJnldbbtJn~lfJlyJYh1'LJ 1.5% agarose gel 

Q (" 

nl'.i1 bfl '.il::'VI'tl tllj6'l 

r.mimJ~mli1'iJlnnl'.iVl~?lv'\.Jfll1lJbtJU~~bb"'~nl'.ibbU~\Ill'lJ'il.:jb'IJ~~ '.illJi1~'iJlnnldvil ELISA bb~~ 
~ 

RT-PCR 'iJ~(1nlbl'l'.il~'v'I1~fJ1.u?l~~ one-way ANOVA bb"'~'v'IlnV'i'\.JllljA11lJbLV\n(lh~nu'.i~'v'I"h~n~lJ" . 
fl1'\.J~lJ~1lJ11i1~\Jbb'.i,:jn~nun~lJ~11i1~ubb'.i~n~ 'iJ~bLJ~fJUbV1tJu~'il1~tJ1i Tukey post hoc analysis ~ 

'j~~Ufl11lJb~mj''LJ~'iltJ~~ 951~fJ1mLJ'jbLn'.ilJb'il?lV1b'il?lb'il?l1'LJ~ 17.0 (SPSS version 17.0) 1'LJnl'jAl'LJlru 

t-J6'lnl'.i'VI~6'l'il.:j 

c.mnl'.iPln~1V'iUl1Lb'.i~n~~'(J'LJ1~ 1 n-rlJ /V11'jlW1f'LJ~ blJ(iI',j b~'iln~1LJdJubl~1 24 'lJlJ ~~1UbbUU 

static bL~:; intermittent 'iJ~1lJ~~vi'il~1'LJ1'LJL'IJ~~bdm~'ilLJ~Vf'LJ~ (Periodontal ligament cells) b~'il 

V1'jl'iJ?I'ilUB\ll'jlnl'j'v'lltJh'lJv~L'IJ~~~1fJ15 MTI ~.:jbb?l~':II;m1'LJdU~ 6 
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~tl~ 6 MTI assay LLM1~ % cell availability VI~~n'ldn~vi'''lI'JLL)~ 1n~lJ/VIl)lW1ju~iLlJ(il) LtJtJL1~1 

24 .a-l1lN ~'1LLUU static mnmuu intermittent ~ 15 'ji)u/tJ1Vi 
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'l1~b~c.m~.:)1~bb'U'UbL~.:)n~~m~'i) ,mm~hJ(f\m~'i)~1~~l~ 2-24 illlJ~ 'W'Ul1L'(jl'1~tJ~rl~i1~i(i)tln~ L~'i)mTil 

~ 'i)ml fl I'll n1'S'Yhn'W'lJ'i)'lL'lJI'l ~vi'l EJ LVlfl1J fI MTI a ssay LLI'l~ n1'Sml 'il 61'i)'U vi'l EJ(i) 1mEJLv\'n~'i)'l'll'lVl'S'SI"\,J 

[:..JI'l'lJeN LL':i'lflVl eJ'l'W'Ul1 n81~dlVln1':i1'1 'i)'U ~'W 'i) ~'lJ 'i)'lL'lJI'1 I'll'W':i~ vlU n1 'SLL61Vl'l'i)8fl'lJ'i)'l ~'W 1(1) m'iUl1 

bL':i'lnVli1[:..JI'111i8n1':iLtl~EJ1..!LLtlrl'l'lJ'i)'l~~ 505T VI~'i) sclerostin 1(1)EJ'WUn1':iLvllJ~'W'U8'l 505T LLtl':ier'W1'11lJ 

':i::;EJ::;Llm~nVl bLrI:::1vi'[:..Jrll'Wvl1'W'i)'lL~EJlfl'W0J1nn1':iVlVlrl'i)'l~l?11lJ ~'lLL?lVl'l~'ltl':i:::~Vl5.fl1'W'lJ'i)'lLfI~'i)'l~ 

~~'W1~'Wdl1611lJ1':i()1-u~l'WLvi'OJ~ 'l 

'W'i)nOJ1nd OJ1ntJrln1':ifl1'WlruVl1'lrlrut11f'11?1t11i vh1~en-U'l1'W611lJl'mtl~uLtl~EJ'WLb ':i'llvi'(i)llJn':i1'\"J 
~ 

1'W':itl~ 4 'Ii'lvh1~bnVli'llllJ61::;(I)lmLrI:::fll1lJli''Wh 1'W'U'W1(1)'lJ 'i)\!LL ':i'l~v\''i)'lnl':i
~ 

itJ~1tl (Conclusion) 

bVlEJ?I':itlbrl':i'ln1':iLfl~'i)'l?l~l'lbL ':i'lflVlLL'U'ULlJv1mti'i)~'U'Wb'IJrI~ b~'i)\!1'Wl~EJVl1'lf1':i:::~ nbLrI::; L d'i) Ld'i)
, \J 

tJ~Vi''WiidtJ ':i::;?lU [:..J I'l~1 L~'l t11 llJ~A1VlVll\!t11 llJl(i) b1tJ 'i:::?1 'lA 'lJ'i)\j n1 ':itJ ':i::: ~'b'fj mill Fi 8 ?l1lJ1 ':i() ?I ~1'l, ~ 

bA~8~vl'WbLU'U'lJ8'lLrl~8'l?l~1'lLb ':i.:JflVlbLuuLlJv1mti'i)'lU'W L'1!rI~ ~oJ1lJ11-unU'l1'Wl~EJ1'W~'i)'ltJ~JU~n1':iLvi''il~\! 

hW61llJ1':ib1'i)8mL':i'lnVllvi'~'l~Vl~ 5 g/cm2bVlEJi1ri1m1lJrlmVlLfl~'i)'WhJLn'W ±10% 'IJ'i)'\"Juli~~n 

~~~l~~L~mmJ1 'i rl1.u'l1'W ~llJ flU LA ~'i)'li1 'i)?I ~1 'l LL ':i \j n Vl b'1!rI rl1~ 'i) ~1\ji1tJ 'i::: ~Vl5.n 1'W ?l1lJ1 'imJ 'i)'Wf11 i\j~ 

iuoS'€l'Wlvi'mh.:JtJ€lEJ 5 ~'W1'18'W Lbrl~Y11'l1'Wl'W~lM 1oU'l1'W~lEJ ~1'W graphical user interface (GUI) LLI'l::: 

?l1lJ1':i()'i)'i) nfl1~'l LLI'l:::rllU~lJ vi'l EJfl 'i)lJV11 LI'1 'i)1 

Ji''WbL'U'U'lJ'i)'lLrl~'i)'l?l~l 'lbb':i 'l nVlvl'l n'iil1 1'WU'il 'lu'W ~n1-uL~tl \jl'Wl~tJ1 'WVltil tJ tJ 5ul'1 n1 'il~m d md'i) 

B'W VI ~ tJ rl ru::: Vi''W (I) LL'W VI tJ 1"\ 1611'11 'il Vl1 rI 'l n 'i ru lJ Vll1 VI tJ 1tfEJ LL rI ~Lvi'Y11 fl 1 ':i ~ 'W OJ Vl VI::: LUti 'W ~Vl5 U1'1 ':i LrI 'U ~ , 


1401006767 l'W~d'W'lJ€l 12 'W'1i>1~n1EJ'W 2557 vl\!LL?lVl'l1'W.fl1f1(:..J'Wln 


iem'I'WtlLL'W::: (Suggestion of Further Work) 

d l) dcv ~~~Iv d VOQ.l 1'"
LA ':i'i)\j61':i1'lLL ':i'l flVlVl'W~'Wl'lJ'W'W Lu'W(I)'W LL UU Lfl 'i'i)'l LL 'in bb rI :::'WU'U 80Jl n Vl 'ill n n 1 'i 'lJ'l1'Wl1 

LA~tl'lJi''WbLu'UdtJ'li1-u'i):SlflVl L~'i)'ln1'i1~bL 'i'l Lbrl::; 'U 'W1Vl'U'i)'lbfl~ 'i)'l 'Ii'lVil fli1 n1':i 61'l1U?I~'WV)'WLvllJb~lJ n1 'i 

~~'W1LA~'i)\j?l~1'lbb 'i'l n(l)11..1blJ LVlrl~?I€l'l 'il::: ?l1lJ1'irl€l'i)f1bL UU 1 ~Lf1~'i)'li1'lJ'W1Vl L~n n:::Vi'(I) ~(I)rI'l Lbrl:::i1vl'WV)'W 



COl'" 

1'Wn1~\J~::;~~~~~l"N L~€ln1~~::;~nnurin1~1cii'll'W LL~::;~llJl~f:le.J~(1)U~'l~ihh'lnl1'lLL~::;'VI~ln'VI~lEJnll 

Lf1~v'lVi'UmJ'\.J ~'l~::;vhl-Xn1~~VlJ'Wl LL~::; n1~ e.J ~(1)1'WL'8wn cU'1J ~il f1,)llJ b -u'W1\J1~lJln~'W 

e.J~e.J~(1)~'l\J~::;~~~ 

1. LA~€l'lVi'WbL'\.J'\.J Lf1~€l~~~l'l Lb ~'ln~~~llJl ~f:llm'W~v'l\J5u&1 n1~ 

2. ~lEJ~:; biiEJ~n1~\J~:;&i~~LA~tl.:i~~l'lbL~ 'In(;jm.u'Utl~'W~~~V15,j{i)~ (mf1e.J'U')n 1) 

3. I'ilL'Wl1'\.Jfhuvd'W~\il~V15U(1)'i' (mAe.J'W')n 2) 
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i'I'\Jn\m~:;1li1~:r'\.Jbb'S~1'!J'lb.:J~'lJ1m'S1f1'mtJntltln'il1nn'W v).:J,!'W nl'S~l~tl.:J~n~ru:; bb I.:J VI 1.:J n fl1 'W~n~ru:; 

dynamic mechanical loading ~.:J~fIlllJ"lA'1jb~m'{h:jbb';j.:J1..xfl~ltJfl~.:Jn'\.JLb'S.:JU~H~tn 

1'Wnl'SD'S:;~~jd*b':;'W~nl'SDI:;~~jbf1~€l.:Ji'I~1~bmn\1l (Compression force) biJ'W"lA'1j b\1lEJ 

1'Wt1'il'il,j''WiJbfl~€l.:J~hm 'S .:Jn~muu1\11'W1~n~tltl b~tJ~';jtJLbUUb&)EJl ~~?lllJ1';j"~1~€l.:Jbb 'S.:Jn\1l bb '\.JUl\11'WllJn~. ~ ~ 

l~\1I tJ1-Ubb ';j .:Jv)'W\jlblJ~nn\1l~.:Ju'WblJlJb '\.J'S'W Lb~l~.:JI'i.:J~l'Wbb"i.:Jn\1lfl ~'\.J'W~U'WB ~(I)~ ~ MB Foam l~ bb Vll'W 
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v .,j 

61'l!'l!lb~'UVi RlF_1Dd:'d:'t'II_oGlb_olD_mlD 

V1'Ulrl'~.:Jn1'i%EJ ntJ.:JVI'Uf'U('nJib'l?JnmAfI'U. .. 

tJ'i~,htJ\j\Jth~lJ1ru 1Dd:'d:'t'II 

611tJ'ilEJ\ll'Unl'ib~'U (u~\J61~\l'HU) 

1f1'i~n1'i%EJL~1J~ LI"l~tJ~(1~l~LL 'i ·m~m\J\J1lJl1i1J Lctv~1J'UL'(f~ ~L~1J ~ 
~ 

l'U%tJVll~ n'l:::~ nLL~::: L\11J L~V\J~Y1'U1fi 
~ 

'il tJ~ l'U~J~ 'i::: tJ::: tl{~ LLI1i l'UVl 1 L~~ltJ'U 'W.PI.2557 Ci~luVl 31 ~Ull"l~ 'tLl'1.2558 


~tl-Xrnlj':h11'1'l~n1'l PI1,Wl'il'Jl'lcl Y1'Ul1HL'WVlcl ~'l . \.l'l:::i'VI~ m"'ulfl 


'v11.l1tJ~1'U ~11"l1~1f11Ul~1I"lPll~~1 I"lru:::Y1U1'lLL'WVlUPl1~~1 


ijn1'iH'~lt1LL~Jtl{\I\1 

'v1~1~"h1~61tlfJ 

I 1i'1~1J~ LIl'Uvfl1JL(1~'J11J~lAClJ-r1JL~'U lu/L~vultJ 'lltJn1'l ~lUJUL~U m"/lt1L'v1~ 

1 11/0912557 f"il~l~L'v1m~ltJ:VU'itJl?t~nlufl~ 80,000 
~ , 

fl';i:::1Jtlflfl \1i PTFE LLIl::: PEI000 

'W~tl~l"hl(1Vl LLIl:::ij~n~~ 

2 24/10/2557 	 f"il~l\1L'v1m~ lEJmachining 70,000 


tl:::~ih'iJtJlJnvu LLIl::: 55304 L¥;1J 


LUUL~tlUn'l:::tJ1Jnn~ 11'1'i~?t~1\1 


" LI"l~tJ~fl~ cnmtJ\lcn\1iL~tJ~L'lJ1l1'l1 


'W~tliJf"il'r?l"l 


3 31 / 1012557 f"il~1~L'v1lJl~ltJ(1~Wl\l'J';i1'111Jf)lJ 60,000 


l-' tv' ov """ Q """ ~ 
'W'itllJ'V)\lflll?lVlVLIlI'1'V)';itlUfl?l LL~::: 


NI DAQ Card 


4 10/ 1112557 f"il~l\lL~tJU'lJtlvhLl11'1l1J~lJ~lU 40,000 


GUI ti\..ltJLtJ'lLbfl'ilJ Labview 


'v1~1~1'i11611'! 

• v .,j 

~l\1i1JVl LIl'Uvfl1J L?I~'J11J~lAClJ-r1JL~U l't..1/L~tlultJ 'lltJn1';i -;jlU1UL~U 'v1mtIL'v1~. 
IV0001997 211012557 I'1tlu1vl'l~tJu~ LL~:::tJ~ntiitl 

~ 
11,085.20 

2 IV0002003 7/1012557 
Q ~ ..... 0 IV 

L'lJUL'(ftl'i';i:::\1i1JU1'v1Ufl 8,346.00 

3 IV0002019 14 / 1012557 ~ltJ1yJ'Wl1Lltl1LL~:::~iJ~?ll~~ 1,498.00 

4 IV0002032 17/10/2557 'U\1iL. ~tl\lVl~LLIl:::'U\1i~ntJu. ~ 7,062.00 

5 IV0002034 21 / 1012557 l-ltJLV1tl1 3,638.00 

'i1l-l1'i11~~lEJ~\j~'U 281,629.20 tJ1Vl 
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