Alol Z=XX| XS £S5 4| TE
28 2ol f5t 4 A
Aguistm et NPuEstma
O|X{H - O|& 4
2 3 7249 £4¢ 2] 4EQ Aoz A2d
o,
1.AE 1 2% A2 T AP 524 gHNE 25
1. A7 A= 9 ¥y 2 dFst Hol ok dusiE A3HA 2@
I. 49 8% ARE H1 UNE 429 X\7do] gAsA R}
V. g3 ad W AFHozE o}BA 280 gyl WET
v.2 & . KantorS'g 2439 Aug Asidez AA%
%ﬂfﬁ i cast gold post and core, pin-§# FIEA
"P‘:JJTE E 37, Para-Post® o}2Z core 522 +8
dTEF # % 9d Age] g A7 AH, cast gold
post and core® FEF A% /M B Aol
LA E 3, pin-§4 ZIAE gAY A7 A% 2

RE RPee ‘BAldHy] 48 A2 AR
. a3y 2 olR#E FFsA Asid €A
gt EE A7 AgAEdes 233
(collagen) ol Z2FE F¥o] Audez Ade
AL AHdolt), ey g3 4¥ 23 o
gkt JAe Role glvkn HaFAT. a¥e)
T 2783, g4FRcs #3d A o] X
Al B9 o] & dojuve AL 2# A&
U o4, Xol 94, £8 APF o4F Y F
o o3 43 o o] AAPLEN Fo}e

& Aoz ¥u8Aqct. Brandal$’e Para-Post
o EXAE, pin-#A ofdz, 2 2 o}
olex=ms} oLz}t EFAZ FEF F oA AY
T& 27333, Para-Post® AM3¥& 3% 7t
e g 9 & Utz A Lovdahl
7} Nicholls’E ZBAE F F£EE AAA
pin-f*] o}Zzte] cast gold post and coreX
o Rgoly SAd APErt xS FFAAL,
Chan® Bryant?e 43 & dAdoz 39
Para-Post$} £¥AE EE oludztez FES
% 7297} cast post and core®t} U ¥ 3}

* B AFE 19929 Agisayd
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dqA sAd=HAgdn Badgd, oF /M BEF
ol LHFA 24 F UEe FE YYo=
cemented E¥ threaded steel post& A
(retention) o] & WHLZ Alg3d (PL FX
AEY ojggo R FEIlA T o] ®Wol A
£53 Ik, E% self-threading pinge] #o|
Ze gExoz Ro|7|x g} ojule], coronal-
radicular amalgam technique™®] core® 4837
A% 4oz AMgdr, a8, o9 e B
Wlo] £B ¥ 7153 3ol 94 Al op
T3 integrityst 8 EXo] oju¥ IH¥L
o3 Ao daAe B =8 it

Fote] loiA &8 EAele o7 7HA Wl
2oz ), Strain gaugeF< °l4% 7143
23 EAY B4 ARE o|4F YA &Y
¥4 (photoelastic stress analysis)*'*", brittle
lacquer coating technique, moire fringe analysis,
hollographyl Fo] glev, o] ¥HES HEF
SAE Yeje =Y AAFe] ool U, AA
Zzo] BERJA, Al¥9 dey oz Q8 3
E4olgtn Blde EAHCl U 2# A& F
48 ol e 29 Ede 72 Jy 4
ol AMHe ST, ¥y oA Ao, 28
53 Ze Ao} Uy XxE, Y 3 2
< EJXY 34 F2ES FAY 3P + gl
9ol 3, wi3te] €8 FA o U FREd
Hlm E=F Ao #7158} 1956 Turners”
o o3 At | 24YPL A% B THF
AAle] 85U m, 2ol A Aolst RUE F
oE Eoldl ®el $-857] A&,

ay, Fojst o] BRF YHAE AYzm, 4
g 79 Edo] Wil NAE o]FE Aol
f¢ 94 4o YaF @4 AF (modulus of
elasticity) Y} Xol$ ¥](Poisson’s ratio) &
o712 A do] ofrh #¥ arye oy
¢ BAE 19 Y 4 UAEE 2dE 84
(element) & 22 @99 A2 FPdq, o
A 849 Zze) HFHe 223 JAE 19
g & U #eozs offe] BIAF MAx: Y
¥ 4 de Bl A,

ole] Axte 2# N8 ¥ £8 Wo] 27 %
Aol, a8lz F9 AF A9 T2 integrity
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of olu g S vl & AeA gotduz,
% FAX R AF 29 &7 WPer @
33 239 nd MAEEn #F 249E o
st ¢ BEAF ZAAE Badte ulolth

L |97 As 9 ¥y

A Ko} $4Folu B Foz A AHo)
aAEolx & A& ¥ core build-upg E&ok
% crown F8°] 7}e¥ A8 /M8, core
build-up ME R A FA2ZA AME Hx47}
®e 1A AR €4¢ P} ¥, PFM crown®
ST Hole Az ALY A ALY 84
(element) & ©] &3t et A9 =g AL
3t} ol &M W¥oE dHAY 2AY
2dz o] £38 EF FA& ARHAN. &
zde AF Adl, jAF, cortical bone T
2zt ¥@sta, T 2ol wel gutta percha
cone, amalgam, composite resin, porcelain-fused-
metal(PFM) crown, Para-Post, TMS(threaded
metal system) ping& Xg3tx lch. 2¥FY 7
e 47t Y2oz AAA Hed, 2@ ¥
4 ¥ 289 97 374 1.5 mm (# gate
glidden drill), 239 #30 file¥ master
apical file(MAF)Z A%gict, 21 ¥ gutta
percha coneS® T¥E A% ¥ 18 1 2
& Poz £8& Y VA /39 2dE
Miste vz FEHAG. 2 12 dxFe
dgen, BE A4olA AxE Y€ RE B
o] A AR=rt 2P Aoz FA 2AE
A3

1. Mot x| (29 1)

ol 4 AF =3 §¥Y ¥4 gxFoz
37 fged, BAAHQL AAR Aol REE A
Fagich. Wheeler'ol ol A& o83t A
o}, AF ddl, (2T F& 2dPen, A%
€ 23.5 mm, X@olM9] A FEHe JFL
7.0 mm, X7Z%¥9 AL 5.9 mmold, A=
719 Az ¥ FFY HA FERAA
9 cortical bone?] F77t 2 mm =7} HES
2dyE 9 25 393719 A (node) 22



‘Table 1. Number of element and node of

each model.
Element Node
Model 1 396 393
Model 2 429 425
Model 3 446 438
Model 4 446 438
Model 5 446 438

o]&0]A 396719 84 (element) & ¥ o)At}

2. Coronal-radicular amalgam PFM
restoration (2% 2)

Wa-gel AAH 4% 1 mm FHdA AT&
AA 83 Nayyars’el AFE coronal-
radicular amalgam technique¥ °]£-3}<

ryvyy

Model 4

Model 1 Model 2

Model 3
Fig. 1. Diagram of each restoration technique.

core build-upg F3At. oF TR &
5 mm A% Ho|7AA otEpE FAHs fAE
ANx, 174e] TMS pin(minikin- .425 mm X
5 mm, Whaledent International) € Para-
Post A&, X2 Hde2HEH ¢ Imm SHe 9
Ao AHgdtd EZA {AE FA95%th PFM
crown? Shillingburg®7} A& W] wat
P ¥ FFeAn, AFHo2 A 57
& Fole 2d 13 ZL Z71& Z=E 3.
AzxZ ¢ Xo} 79 23L& 29 13} Z=§ 3}
93, HA(node)2 42571, 82 (element)¥
42970 2 o} o)A},

3. Para-PostE& A28t BXAE core
(=4 3)

2d 29 2L wiog AFL AAEa, X
AEZ core build-up¥ 3tk °] Fdle &
A A& 7o) 1.0mm¢S] Para-Post(Whaledent

Model 5

Fig. 2. Finite element model of restoration technique.

A. normal central incisor.

B. PFM restoration with Para-Post and pin.



International, New York, N.Y.)& o]&3lz, $
A T drillz 2% ¥AF ¥ zinc phosphate
cement& Algdle] ¥AEE 2% Ud HAANH
o X2EQ NWUE AAWS ¢43 Z¥E A
o2 J1gEen, ¥4 A 2@ FT P
7A8A @7 A8lA 28 8A 4" 239
7ol lmm¢ FEHAT TAES] o7} £
HEE 35l F7HE /A A2 BY 294
AHE% TMS pin(minikin- .425 mmx 1.5 mm,
Whaledent International) & A}g3lgich =39
F9 =32 2d 29 2on], 4 (node)2 438
7N, 446719) 2.2 (element) 2 WAl H

4, Para-Postg& 0|88t o}&Z core, crown
(2 9)
=29 39A core build-up AER o}LFE At
£35t3, PFM crown2 2 FE3}HE 442 =
43¢ 39t 2 (node)2 438713, 44670
9] 2.4 (element) & W oiZ o

B. Para-Post& AL23t XA E core,
crown &% (24 b)

24 49M core build-up AE2 EFIAE 3

g A 2492 2d33igith A4 (node) &
4387093, 446789] 8.4 (element) & YR AH T

Aok 22 23t mdd B3 FF/ we Z
Zte] g dyol 84F Aodtn, E 29 2
< BAAE Roqsigid.

£ dFdMe Ko} & 39 F2ES Y EE
g B4 93 IN9 352 Fl, F2, F39 37}
A oA HEAZA Fle A g g
135l Adde dig] d3olA 45%9 HEo
2, P2t 943 /Md €304 3 wygo
2, F3t AN £330z 83L 78
o} Y 53 o}gzt £ Para-Post/} Bue ¥
9, AT F49 N2F T S FFHA.

Software & hardware

Algor(Algor Interactive System, Inc.)A}
9] SuperSap finite element analysis T2
¥ version 2.10& AMEIHoH |, oA &
T 359 FRLAEN o848 F U=E AL
¥ Y& Z2aYPo|th, AM-E computert Intel
Ale] 80486 DX-33 CPU7} #3€ IBM =% 7]
%o°|1, von Mises f& $8, shear stress&
Atstd ZUE el 7t A g Yelid

Table 2. Physical properties applied to each element.

Material Modulus of Elasticity Poisson's Ratio

ateria (E, MN/m2) )
Enamel 82,500.0 0.33 (16)*
Dentin 18,600.0 0.31 an
Cementum 18,600.0 0.31 -
Pulp 0.003 045 (13)
Periodontal Ligament 68.9 0.45 (18)
Cortical bone 13,700.0 0.30 (19)
Cancellous bone 1,380.0 0.30 (19)
Composite resin 8,300.0 0.28 (20)
Amalgam 69,000.0 0.35 a7
Gutta percha 0.69° 045 21
ZPC 22,400.0 0.35 an
Parapost 210,000.0 0.33 (22)
TMS pin 210,000.0 0.33 -
Porcelain 69,000.0 0.28 (¢3))
Metal for Coping 210,000.0 0.20 (23)

* Numbers in parentheses denote references.

552



L A% A4

9le] Ay wo] 23] Ko} YR P F9 AF
279) 22 LEE DI 08T 2e ANE
au.

1. 28

F1¢ &3Fo] 7liAS W, #& ¢ (4%
of AHF AobdE waky AW, 29
cingulum, 283 €& XNZFE Y2 B
AZHAT A2 2 A2 F9 24N F
28 g 89 FAF o] gided, AzxFT
9 & ATe ¥99 S N2 FT FH9)
A 8ol FFHUL (Y 3). Shear stresst
£& AARE d1Fd AN R B %
Ueiiislen, 3% old 24, #AS Az
29 A7, 123 Aad 599 Aol-yF AA
Aol g JFE& HAT(aH 4).

F2 83oA #&E $8e 47t FadE,
A& cingulume %zt A3 FFHA2, F19
FFET o & g HYth ARFMe F
A&dA £350 ¢ JFHe d3E 2oy,
A2g FHe 89 E¥/ 9 (a9 5).
Shear stresse X479 A&Ad] AFF 4ot
AN 1 egd BY3, 35l s 4
X9 ol-{7 ZAA"ANA Yol AFHA
A2dd] &3 AF Ao ANeH, &5 A
Zgd YR 4 AL HATHIH 6).

F39 dFedMe o F TR0 ¥ §9
#E Jeidd. #3e] 7R 290 fE 59
oA M S #E vEHey Avxez &
%89 5 ¥4 At (2¥ 7). Shear
stresst X &9 HAZ&¢ g} JAFHAN, FT F
AaA M B AFE BYm, €2 oy
AR 399 AFHAME 71F & g 1A
t}, TN ANFoR N4E FHoz &2
Ayt & AlEd &L 2FHYE HIon,
AZFANE 22T ¢£2 479 2T ¥

z3o] 99| 3¢ RATHIH 8).

2, 242
F13t F29 3t3elA fE $3e 389 Hd
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5 Ao FopdoMwt F4AQ o] gla,
2R E 583 JFHe FAF ddd F
Y AF ZFdMNe 2d 13 Zo] EF B9
AFHE 3% %11, cortical bones] Ayho]
AR HAIRde 3¢ 5 #& YT (ad
9, 11). Shear stress® HWd, 29y g9 &
e AR §2 oM e wdle wWikew
€3] A4S #FE § AN (¥ 10,
12).

F39 si3oAde gESHL i3S 71E 9A
o HFHE =AY &9 AAUNN F g2
#g Bgen, 243 =, 343 core, Y
coredl ZAW, 2#Y otz A2EEF E,
o 34 F4, a3z £2 A2 199 =z
Z A g e BYcH(ad 13). Shear
stresst X @F 4F AFE 1/3% €& 3¢
1/39] 343 =, 43} core AAUAA 3t
ES #E Byeon, A2ire 2Y 13 A
oH(2d 14).

3 »E3

F13 F29] &%A] Para-Post?] & @AW
< o}, aeia de 4% AW ge R 39
9 3% @4l ANt (¥ 15, 17). 53] Fl9
#3< 71¢ A %ol Para-PostF A AHA
o AYAZE ZolA X2YE oz oYy w
g Z7kEt7l, core-A2 AARACNAN JAge
B ¥ 2P (¥ 15). F39 sFdAde
core91] Para-Postolld & §38 FFol UA
(29 19). Shear stresst F19 &35 x|
A7 Para-Post®] A9AZ% 919 d23 H9
AGAE oA & e BHn(a2¥ 16), F2
8} F39 Atoe 89 ISl A9 (2
g 18, 20). Para-Post9] XZHE Edr+e Fl1
o] ASol F9 2AF vad L9 S¥Fe] U
B ¥ (29 16), F28] Afdle 99 & v
e WA (Y 18). F39 A$ole Aot A2
FHog ¢£&o] AR} Aoz & e Y
eRATH(2™ 20).

4. 24 4
F19] 339 A%, f& 8 crownd &4



Z WddA Hdgd Jetien, ¥2E9] A2
RZ Z2 29d o4 13E BA%(E@Y 2D).
Shear stresst crown? £& #Hdd & core
AAHA, core-AT AR T2EN Hud
veldt, A2RdAe £59 X238 dAwd &
g FAFo] sdNed, AxIBdMe RS EH
¥ gtol A doirH(2¥ 22).

F29] s3dMe fE 233k F19 834
9} FAIR BEXE HYow(a¥ 23), shear
stresst X290F F99 4F 234N FHd
#e Holx, AFHY €& core-AT AAR,
Para-Post8] AZGRZF o $39 FFo A
AH(2E 24).

F39 #3dMe F13 F2o ZA$Ede st
A%t Para-Post AA|d] ZX $HEEE B
o, XAEQ XIGE BRHY £F Hotdd]
430 FFHNTG (Y 25, 26).

. 2E 5

F19 &3o| 718z e 99 #& $32
crown®] A% ¥AA Hogtd YL, zinc
phosphate cement¥$1¢] X29F oA €&
3, 8o QAT & cored] ¥ YFHA
(ad 27). F2 8FdAe B3¢ FloAs
o o3t & $¥E Byen (1Y 29), F39 3
oM & Para-Post AAje] dA o] 3iA J
52 (a9 31). Shear stress®] E¥& 24
48 fABITHY 28, 30, 32).

IV, 329 2¢

ANe F2UAA 713 A4 fA%n Aa
B A8 oz 4A dHE #IZE F 3
A Ao} 44 o3 &4 e HEo] FARE
te Aok e 9ite] o &3 FA R
Hlg) 933 ot Bad u 29, g 34
Ae 2 FA= HEd AE AYgEo] ® Ao}
2 @9 &3] w3, ol & A3 A&} ¢
2 &4¢ §2% & Slde AL FAHANE
ot EY, AARE FRH2 Aok &rit
Feldtn, ol FAIF v H7| wEel
Aol A9 oI Ex &4& L2 Atz T
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A F A% FYAE BFAE7] Boe o &
He 53 \#L £33 PFM crownl@ 4
Bl 3971 Brh

ol9} Zre Aol 5 A AT A& Wy
Agste e FEse A4 (29 ¢, Fo}
9 9, n¥e] Ful, FH AF A3 o 4
ge} <, gttty A4 3L, ASH 289 ¥
B 5o gEd. Core 4L AN e 28
el Al XS ALgsjokstn}, o|Ro] xlo} @&
F9 AF z2Ad e dF 87 BE F
A= & ol A FHE FH N2 Do
= e HAE9] B4l Ho fth

A# FE9 fA AR 2e WY undercut,
714 AE9] post, cast gold post and core, self-
threading pin, coronal-radicular amalgam
technique 3 Z& o o] glen, A&
A 285 e AR AAA, 283 BEY € 2
2% v Para-Post system®o] o] Al4H 2
3tk a8lJ, Para-Post® o] AMgsn gl&
o E78, o AAF FHA 2 Holg A
o e S 71&ol o|4HA X8 4
Ho| AAEAE= £dtn Jot. @R, €49 A¥Y
F Zdd) "t goFeg AHgHz glew, o
2 AT AXEY A, BUag A AA
o2 £Bd AP Az {AY #A 59
AHo] ok7lx)x glt}. Para-Post AES drillg
ALg3le] A AMAste] B9, drille) FAo)
7] W&o o]l 3AQ A2E 4~5mm A A
7] A8ME B U Aot Ao dia 3
ko g slgor g}, o] PN Aol nlA
& 8L AN & dE HEo] EoAA H
o}, o] e FYol o] AL PF
ol AFde 43 AT FEHUA A4
T R84 ez drilld AYglo] Aedt
o 7V HOI7AT AAdiol & Aoz AR
"o}, wea 8 AFdqME AA A8l A
714824 Para-Post®] Ze|7t o343 XAE
o Aoy} A 2dY=UL, ©|e Para-Post
F:9l9] JolAd 2] $8 Ao A FE Y
2 03 4 3¢ Aoz HHE = U 53
FARY X232 Po] PFEI £ Ffdde X
AEE 93 2% ¥4 A 3 Aol HF

=
-2
A =]
X



= AAE Hopzlng TAEC ol o} &
ol & who glm, ole #AY HAE HuT
F AE 7FeAel A 2 Ao, o o=
FR R 170 ©]4¢2] Para-Post’} AH&H+e
Ro] F& o2 AlR¥r). Para-Post ©]9]d)
A2Ele RoZ self-threading pinol oM,
ole A&#e AxE F/MINIV BHoe A9 F
7He EH o3 AHEET Pind 238 39 4o}
Ao FEE REE F Jonz ALSA AUF
Fo7t a7Hv, 5483 Had AF oo
28 AR F core §EI AHEE Hde Aol F
< Reld,

BN A9 F¢e $89 E¥XE o= I
7MFez & 471 dov 2o desyt ga
37] Wl 44 437 2 Fe A I
AF z2A9 AY, TR 2L 39 AY,
Zjotel Wi At e BF F& T
EH3A] Rooe Aol BN B¥9 g &
SHoR gol St} W #3 adde 44 g
a9 &8 Aol sMestn, FEA E4d n3
A7 #F2 7HE + gor, olEH playg 47
o4 & e 98 /R AL /R Yo
EE #8 a4k Mgdke FEAAY o3e
EAYP & A7 ST 2Ae ol
F-AotAe] play® ¥o3}x ¥k, Para-Post
St 2% Yd Alole] ARES} ¢4 A¥E A
o2 7% REolh

33 #M= Ao e g 27§ A}
#3321, 2 A4 PHE Q9 A e
Argsta gtk £ dpdAe 3SR 3 %
Ho] 38 @AstnA 7] wEel, 39
271 BAF £30) Aol M AR siFu
7hei e, wEtd AFHes UL $89 FAe
FAAEA Aol A e orisiAe e
o B A7 HdEo2NE 4550 Wgow
35 71 AL AFAY 715H 5o 9@
A€ 713% RLZ Cailleteau $9, Ko 5%,
Peters §%, Leary §°9 d7% #AMsA A
R, 1 gz HHg Ro] R zRES
#7422, o 9 =Y Yt AT A=
ofuz 9A 4 Pag HAi{e 379 g
W AR, AN £7 dgez sl
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€ 352 3 Ao agd s A=
< 7Hsigich

E 3dMe Z 2dd il Z sF 24
A Jd fFE ¥ B9Fa Yo von
Mises §& g3

o= J % {(01-02)2+(02-63)2+(03-61)24+6(T3+T3,+13,) }

o2 P+ EIFozA a9 o@L Y
e $8F golth. B dFdMe e a9
3S 7hElgleng ZF 9o iy fE 293k
o #XAQ H@st b5 7 Ik dJn 2
Ao F2Ho2 $3 FFo] dojuA HA 2
FX 5 TY(crack) o] QojuUA Ha A=
2 Hol7t BAsA He RAolth. ez KA
@] ol ¥R A AFHA ¢ga ¥e
$go] AAHoz E3x¥E v A W si%
4L &4 2 Aot

E 49X+ shear stress® Hdizte Jehizn
Atk $¥ele IA Zolg WINIE AR
%) €93 2L WAIe AG $9o] it
o8 71X ARZE o]Fol Ao} FEY ZL 7
Fole 2 AR o]Foj7 ASuT AY &Y
o] F8AIHH, ol Z A9 A BY7t F=
A o] o3} £al7} gojuA Ha old) o
3 o A £t AAHoz Uy dFE
ARste ol F3}Er] wiejrt. B AP
271 A2 g ARR o|FoA EAE e
44 A2 /MR, ol%A /FEE e
A A Yol AR H47t Zold AQe A
A F2 EX}uz ol AAFANRY X
ol7} 38 7beAdol Eoam Algdd),

ageg, oy e #AHAA 4 8 &4
o dig #A JMeAS FE S8 AG 2o
2 #3 BEn, £49 FEHE Jledte Aol
¥ oA golinzt st vt 9AE Aoz
ALRET, Q7N FAE Fe F aydAM9
Skl AdiFez dan A $YPL X 3,
49]4 vlmajol ok Aotk AAF HoldA
€ A7AEs} 3T 1/3 7919 N2 232 A2
2 1/3 #E2 FE 0] AFH B9 9%
Aol Adizez ¥ Eoz AgdHaY 3,



5 7. A% cingulum 93t 359 Zopyzm 7
A¥E BE 339 ALl $go] JFol M
MAEA dojgen, otk ol E8F AAo|
g F9 23 RFE, detd) el Adn U+
o2 A7) dBeg AEEH(2E 3, 4, 5, 6,
7, 8).

24 294 & Para-Post® AH:-& 24 3, 4,
58ch @Yol coredl S AT Aol &
Aoz A (™ 9, 11, 13). ol& opzzy
&4 A47} Para-Postd @4 AlFHth A3
AL ol E AT, coreE olFE AR G T
FR IR ez olFolA AHT o4 EAMZ
9] &3 w4 99lo] ZAHUY HEY Zez
AZE, =3 39 AF 274 ¢ IF %
5 AY glesz ojAge s WA MY &5
g FE Pyoz 4 = Ut ad,
3ojA BZo] & =79 §¥o] PFM crownd
£AE WaRd FFHY, oRNREH Ao
dojg 1AL bE A3Egd ARANA €4, &
2X o)A AH2¥ A4 coronal-radicular b2
49 74} 8 BAEL $Agd g FEF
FAE A8A ST P2 2AA gutta perchad
AASNAE R, of2RE AL Q7R FAF)
A% 59 7177t gasie, ofgztez 334
B2 2 2] A A% UM /& QT
Hao] 2@ X859 AsiE FEAY sA o
& AYE FsA & H¥Fol S ALz A

g€}

29 39 73¢ Para-Post$} pine AW 2
AAN & LIRS RASG (@Y 15, 17, 19).
Cailleteau §79 A7l 9jstd, A2 W9 ¢
3 X post el o3 BE 4 e post
7 2% 99 YL FMFle 498 3/ %
gon sgon, Hd FY Y& postd =3
Z ZdA Jehdda gk ey € Q3
A ZEE ulo] 98, core-AT AAFY
Para-Postll 3o ®& #&E $3o| IAFHUe
B, ol 2d9 FE XA o] Ael7} 7] WE
Q Aoz Alg®dth olHF FA ¥ IF ¥
A€ d4dY 7MsAe] & Aoz HHE £+ 3l
oy}, Para-Post®] #AAo] stainless steel®
o] gleng A F7A 7Hed Ad dFY
dMe Bde ¢g& Aot a8y, Para-Post
9} cored] UAH ¥99 core®~2 Para-Postel
H3A g FIAE Yzlolmz YA R
FE S o3 A JHeHe g9 & &
Ath. Shear stresst F19] s g ¢ 7
ol B2 F3Fo] UAAH ™ 16). o, Bd 3
o] 4dMe s AXY A= HIF 7
2§ o] N #ARNA Para-Postd cored] £&l&
$24E 71540l B Aoz HAY 471 YUtk

249 5 29 3% PFM crowno& $#E31%]
< A%E e AF 2 AF 239 YW
3E #EAr) AT Aoz, 2 33 vz &

Table 3. Maximum value of von Mises equivalent stress in each model.

Model 1 Model 2 Model 3 Model 4 Model 5
F1 2.07483 3.44896 2.97665 3.57186 3.85011
F2 3.36193 3.39192 2.45711 3.40974 3.57424
F3 0.82189 1.07773 0.96182 1.07318 1.16169

Table 4. Maximum value of shear stress in each model.

Model 1 Model 2 Model 3 Model 4 Model 5
Fl 0.97673 0.90866 0.69031 0.67487 0.87309
F2 1.16837 0.43145 0.42454 0.42451 1.43595
F3 0.35505 0.38144 0.37802 0.38109 0.39677
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W, Para-Post W%l JAFHAL K& $3e]
@o] )X HA corest PFM crown$ AARER
A EXHe FE BTG (2Y 27, 29, 31). o
£t PFM crowng 23 zgo2 9sto 7kjin
5o 9§ 289 BXJ} core WRHETE A2
o2 Ay AgH WELR Algdrt. Y 4
£ 249 59 €43 2oy cored] M7} obdy
o2 YXE ALE, FE 389 EX HHe F
A7t AY fAREIY, 29 49 ASU A &
ggkel UM Ft Fe g B2 21,
23, 25, ¥ 3). ol& o}2#3} Para-Poste] &
g8 AAe Ael7t FEXAE @2 Para-Post
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Explanation of Figures

Fig. 3. Model | - von Mises Equivalent Stress, F1

Fig. 4. Modcl 1 - Shear Stress, F1

Fig. 5. Model 1 - von Mises Equivalent Stress, F2

Fig. 6. Model 1 - Shear Stress, F2

Fig. 7. Model 1 - von Mises Equivalent Stress, F3

Fig. 8. Model | - Shear Stress, F3

Fig. 9. Model 2 - von Mises Equivalent Stress, F1

Fig. 10. Model 2 - Shear Stress, F1

Fig. 11. Model 2 - von Mises Equivalent Stress, F2
Fig. 12. Model 2 - Shear Stress, F2

Fig. 13. Model 2 - von Mises Equivalent Stress, F3
Fig. 14. Model 2 - Shear Stress, F3

Fig. 15. Model 3 - von Mises Equivalent Stress, F1
Fig. 16. Model 3 - Shear Stress, F1

Fig. 17. Model 3 - von Mises Equi{/alent Stress, F2
Fig. 18. Model 3 - Shear Stress, F2

Fig. 19. Model 3 - von Mises Equivalent Stress, F3
Fig. 20. Model 3 - Shear Stress, F3

Fig. 21. Model 4 - von Mises Equivalent Stress, F1
Fig. 22. Model 4 - Shear Stress, F1

Fig. 23. Model 4 - von Mises Equivalent Stress, F2
Fig. 24. Model 4 - Shear Stress, F2

Fig. 25. Model 4 - von Mises Equivalent Stress, F3
Fig. 26. Model 4 - Shear Stress, F3

Fig. 27. Model 5 - von Mises Equivalent Stress, F1
Fig. 28. Model S - Shear Stress, F1

Fig. 29. Model 5 - von Mises Equivalent Stress, F2
Fig. 30. Model 5 - Shear Stress, F2

Fig. 31. Model 5 - von Mises Equivalent Stress, F3
Fig. 32. Model 5 - Shear Stress, F3
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— Abstract—

FINITE ELEMENT ANALYSIS OF STRESS DISTRIBUTION ACCORDING TO
THE METHOD OF RESTORATION AFTER ROOT CANAL THERAPY

Jae-Young Lee, D.D. S., Chung-Sik Lee, D.D.S., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Seoul National University

Restoration of severly damaged tecth after endodontic treatment had been an interest to many
dentists, dnd it is a fact that there have been lots of studies about it. In these days, although we have
used Para-Post, pins, threaded steel post, cast gold post and core, and so on, as a method of restoration
frequently, it has been in controversy with the influence of them on the teeth and surrounding
periodontal tissue.

In this study, we assume that the crown of the upper incisor have severly damaged, so, after the root
canal therapy, 4 types of restoration had been carried out; 1) coronal-radicular amalgam restoration, 2)
after setting up the Para-Post, restore with composite resin core only, 3) after setting up the Para-Post,
restore with amalgam core, then cover with the PFM crown 4) after setting up the Para-Post, restore
with composite core, then cover with the PFM crown.

After restoration, in order to observe the concentration of stress at internal portion of the teeth and
the sourrounding periodontal tissue, developing a 2-dimensional finite element model of labiopalatal
section, then loading forces from 3 direction - direction of 45 degrees from lingual side near the
incisal edge, horizontal direction from labial height of contour, vertical direction at the incisal edge -
were applied.

The analyzed results were as follows :

1. Stress of the normal central incisor was concentrated on the dentin around pulp chamber,
labiocervical portion of a tooth and root apex, but with the alveolar bone, in the case of load from
the direction of 45 degrees from lingual side near the incisal edge showed remarkable
concentration of stress. ‘

2. Coronal-radicular amalgam technique showed less concentration of stress on the root and
surrounding periodontal tissue than the restoration with the Para-Post.

3. The von Mises equivalent stress on the Para-Post showed maximum value at root-core junction
rather than both ends and model with PFM restoration with amalgam core showed the least
concentration of stress. Only the force from horizontal direction showed large shear stress on
internal portion of the root, root apex and alveolar bone.
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PFM crown with composite core rarely showed the concentration of stress on root and periodontal
tissue.
As for alveolar bone, remarkable shear stress was concentrated on labial and palatal side by

horizontal load.

Keywords; ‘Para-Post, coronal-radicular amalgam technique, core, finite element analysis, von
Mises equivalent stress, shear stress
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