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Fig. 1. Photography of tooth luted with porcelain laminate veneer. (a: facial view, b® lingual view, c: mesial

view)
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Fig. 2. Photography of the section No. 10.
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8A2FYAAE softwared] [-DEAS (master series
version 2.1, Structural Dynamics Research
Corporation, Milford, Ohio, U.S.A.)E o]-&3}H,
Iris Indigo(Silicone graphics Inc., U.S.A) work-
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Table 1. Models with various abutment designs
for porcelain laminate veneer

Model . Amount of Incisal finish line
incisal coverage

1 Omm feathered edge

2 Omm incisal bevel

3 1mm reverse bevel

4 1lmm lingual chamfer (1mm)
5 2mm reverse bevel

6 2mm lingual chamfer (1mm)
7 2mm lingual chamfer (Zmm)
8 3mm reverse bevel

9 3mm lingual chamfer (1mm)
10 3mm " lingual chamfer (2mm)
11 3mm lingual chamfer (3mm)

Model 1

Model 7

Model 2

Model 8

Model 3

Model 9

M.

Model 4 Model 5 Model 6

Model 10 Model 11

Fig. 3. Models with various abutment designs for porcelain laminate veneer.
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Table 2. The numbers of nodes and elements

used in FEA
Model No. of Nodes Elements
1 3343 11044
2 3438 11251
3 3403 11298
4 3269 10792
5 3644 11953
6 3600 11740
7 3734 12528
8 3462 . 11149
9 3483 11200
10 3522 11426
11 3527 11501
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Table 3. Material properties of FEA model
: Modulus of Elasticity Poisson s

Material (E,MPa) __ Ratio(®)
Enamel 8.25%x10* 0.33
Dentin 1.86%x10° 0.31
Porcelain 7.0x10* 0.28
Resin cement 6.0x10° 0.36
Cortical bone 1.37x10* 0.30
Cancellous bone 1.37x10° 0.30
Periodontal ligament — 68.9 0.45

=
= RE

A

Aas #44 (homogeneity),
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Load B(132%)
Load A(1252)

Fig. 4. Loading conditions.
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Fig. 5. The reference points at porcelain laminate veneer.
1. Porcelain above the labial cervical margin.
2. Labial porcelain surface at incisal 1/4 area
3. Incisal edge.
4. Porcelain above the lingual margin.

Fig. 6. The reference points at resin cement layer.
1. Cervical margin of each model.
11. Incisal margin of each model.
8. Labioincisal line angle of 3mm incisal coverage types.
9. Labioincisal line angle of 2mm incisal coverage types.
10. Labioincisal line angle of 1mm incisal coverage types.

L. gbadsy
(1) =X2to|H|0| £ HojolM 2] F27

A FH L2 QA8 4 F8HL U4H
o} gt

£ 47 Ao E WYl e g¥
& B Zo] BXolug X2 Rele g4

oA ket cH(Fig. 30 - 40).

oo
I

N

¥
e

1. 4=83
EE A5l oA AspiolAd A 453
Bt (Fig. 30 - 40).

2. 88
WAeHS A 1/4 79, B2, 28ln EAd



o] Y& XA AFHA vehitth 13 AR
dlAel $HF A9 UNTHFig. 30 - 40).

1) Adu) g m& Ao

AQuA e g Aol ALY QT SHEY
de 237 Adwde] et o 43S v
(Fig. 7- 10).
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1mm A 7}] 7= reverse bevel (Model
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7t e (Fig. 8, 32, 33).
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chamfer(Model 6)7} 7H¢ 1.8 S EXE 2=
reverse bevel(Model 5)& AZ# A -5 0],
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Table 4. Maximum principal stress of porcelain laminate veneer under A-load(MPa)
Point 1 3 4
Model
Model 1 1.65E + 06 2.64E + 07 9.94E + 06 0
Model 2 4.17E + 06 1.34E + 07 1.06E + 07 ‘ 0
Model 3 2.48E + 06 8.81E + 06 1.32E + 07 -1.86E + 07
Model 4 3.94E + 06 8.29E + 06 1.99E + 07 -1.54E + 07
Model 5 4.28E + 06 1.93E + 07 2.64E + 07 -1.61E + 07
Model 6 3.41E + 06 2.08E + 07 1.40E + 07 -1.65E + 05
Model 7 3.55E + 06 1.94E + 07 1.07E + 07 2.86E + 07
Model 8 3.12E + 06 1.48E + 07 1.59E + 07 1.17E + 07
Model 9 3.61E + 06 1.53E + 07 2.26E + Q7 2.158 + 07
Model 10 2.59E + 06 1.83E + 07 - 1.07E + 07 3.52E + 07
Model 11 1.77E + 07 1.16E + 07 4.03E + 07

2.87E + 06



Table 5. Maximum principal stress of porcelain laminate veneer under B-load (MPa)

Point
Model 1 2 3 4
Model 1 1.36E + 06 2.32E + 07 -3.25E + 05 0
Model 2 3.52E + 06 1.15E + 07 7.32E + 06 0
Model 3 2.07E + 06 8.14E + 06 8.08E + 06 -1.58E + 07
Model 4 3.31E + 06 7.48E + 06 1.48E + 07 " -8.06E + 06
Model 5 3.60E + 06 1.77E + 07 3:01E + 07 -4.34E + 06
Model 6 2.87E + 06 1.88E + 07 2.25E + 07 3.40E + 06
Model 7 3.01E + 06 1.76E + 07 1.19E + 07 1.38E + 07
Model 8 2.62E + (06 1.20E + 07 1.33E + 07 3.48E + 06
Model 9 3.03E + 06 1.31E + 07 2.05E + 07 8.02E + 06
Model 10 2.20E + 06 1.50E + 07 8.90E + 06 1.88E + 07
Model 11 2.44E + 06 1.55E + 07 1.19E + 07 2.80E + 07
No Incisal Coverage 1mm incisal Coverage
__4or R | o
2 20 ) e % { @Modsl 3
5 100 | mMode! 2 £ | W Model 4
8 K
Point ] Point
Fig. 7. Maximum principal stress of porcelain lam- Fig. 8. Maximum principal stress of porcelain lam-
inate veneer under A-load(Model 1, 2). inate veneer under A-load(Model 3, 4).
2mmincisal Coverage 3mm Incisal Coverage
g o T 1] | -
7 [OModel 6 z O Model &
£ ! W Model ;—] 2 || Model 9
@ | CIModet 7 | & {OModel 10|
% @ {OModel 11
Point Point
Fig. 9. Maximum principal stress of porcelain lam- Fig. 10. Maximum principal stress of porcelain
inate veneer under A-load(Model 5, 6, 7). laminate veneer under A-load(Model 8, 9,
10. 11).

149




Reverse Bevel 1mm Lingual Chamfer
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2 % o
2 2
c D
@ -
—
Point Point
Fig. 11. Maximum principal stress of porcelain Fig. 12. Maximum principal stress of porcelain

laminate veneer under A-load(Model 3, 5,
8).

2mm Lingual Chamfer

OModel 7 |
W Model 10}

Tensile Stress(MPa)

laminate veneer under A-load(Model 4, 6,
9).

3mm Lingual Chamfer

'3 Madel 111
'8 Model 11}

Tensile Stress{MPa)

Point

Fig. 13. Maximum principal stress of porcelain
laminate veneer under A-load(Model 7, 10).

Fig. 14. Maximum principal stress of porcelain

laminate veneer under A-load(Model 11).

A Point 1

T Atoad |

9 e Brtoad |

Tensile Stress{MPa)
o = N w »
SN WO s W

1 2 3 4 5 6 7 8 9 1011
Model

At Point 2

e Adoad |
i—+—A-ioad

{:--9--- Bl oad|

Tensile Stress(MPa)

123 4567389101

Mode!

Fig. 15. Maximum principal stress of porcelain
laminate veneer at the point 1.
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Fig. 16. Maximum principal stress of porcelain
laminate veneer at the point 2.
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Fig. 18. Maximum principal stress of porcelain
laminate veneer at the point 4.

Fig. 17. Maximum principal stress of porcelain
laminate veneer at the point 3.

Table 6. Shear stress of resin cement layer under A-load (MPa)

aint

Model 1 2 3 4 5 6 1 8 9 10 11
1 -L64E+05 LO4E+06 6.75E+05 6.28E405 4.10E+05 -1.56E+05 -181E+05 9.76E+05 -4.60E+05 -3.68E+06 1.95E+05
2 220E+06 866E+05 349E+05 301E+05 1.66E+05 -396E+05 218E+05 3.97E+05 -2.76E+06 -2.06E+06 2.38E+06
3 168E+06 190E+06 6.0TE+05 242E+05 195E+04 5.69E+04 138E+05 -TOTE+05 -4D4E+05 -141E406 -44BE+06
4 404E+05 1.34E+06 -3.638+03 140E+05 -1.25E+05 246E+05 -1.20E+05 -248E+05 -T50E+05 -283E+06 -2.56E+06
5  854E+05 198E+06 7.11E+05 3.28E+05 143E+05 175E+05 4.85E+03 198E+05 8.54E+05 0 243E+05
6  558E+05 189E+06 6.30E+05 1.68E+051 2.12E+05 3.35E+04 -2.35E+05 -2.24E+05 -1.64E+04 0 -8.38E+05
7 810E+05 195E+06 556E+05 18IE+05 2.10E+05 1.14E+05 -260E+05 -5.37E+05 6.88E+05 0 -4.01E+05
8  855E+05 9.87E+05 4.61E+05 262E+05 9.13E+04 -2.83E+04 222E+05 -1.02E+05 0 0 -1.71IE+06
9  TTE+05 102E+06 487B+05 210E+05 141E+05 A8CE+04 6.62E+05 3.87E+05 0 0 -2.15E+06
10 11IE+06 8.78E+05 4.09E+05 2.53E+05 176E+05 102E+05 221E+05 3.95E+05 0 0 -1.61E+06
11 6.78E+05 888E+05 4.32E+05 36E+05 109E+05 4.80E+04 2.77E+05 8.05E+04 0 0 -841E+05

Table 7. Shear stress of resin cement layer under B-load (MPa)
oint

Modd 1 2 3 4 5 6 7 8 9 10 11
1 LITE+06 896E+05 5.66E+05 494E+05 3.04E+05 -1.16E+05 454E+04 916E+05 3.79E+05 -3.18E+06 2.73E+06
2 190E+06 7.52E+05 295E+05 2.25E+05 1.06E+05 -2.97E+05 208E+05 5.07E+05 -2.44E+06 -6.61E+05 245E+06
3 145E+06 1.63E+06 506E+05 1.78E+05 -3.13E+04 -156E+04 3.09E+05 -3.92E+05 -1.03E+05 -7.71E+05 -4.74E+06
4 341E+05 1.16E+06 -2.15E+03 1.11E+05 -1.16E+051 1.53E+05 -B.02E+04 -143E+05 -7.30B+05 -254R+06 -3.20E+06
5 T38E+05 L70E+06 5.78E+05 247E+05 852E+04 92TE+04 -966E+04 228E+05 -1.18E+05 0 2.21E+06
6 481E+05 162E+06 5H09E+05 121E+05 112E+05 -315E+04 -2.60E+05 -2.60E+05 2.77E+(4 0 2.54E405
7 T00E+05 166E+06 4.53E+05 126E+05 121E+05 5.14E+04 -242E+05 -542E+05 6.82E+05 0 -3.80E+05
8§ T33E+05 854E+05 3.83E+05 1.85E+05 3.28B+04 -5.22E+04 1.18E+05 -1.00E+05 0 0 -1.85E+06
9  64BE+05 8T78E+05 4.09E+05 150E+05 8.23E+04 847E+03 4236105 3.16E+05 0 0 -1.69E+06
10 963E+05 THTE+05 349E+05 183E+405 950E+04 244E+04 101E+05 223E+05 0 0 -1.50E+06
11 564E+05 T.70E+05 368E+05 1.6TE+05 4.93E+04 -920E+03 152E+05 -9.80E+04 0 0 -1 58E+05
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No Incisal Coverage 1mm Incisal Coverage
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&5 4 & 4
32 3 456728 91011 S 232456728 0910M1
Point Point
Fig. 19. Shear stress of resin cement layer under A~ Fig. 20. Shear stress of resin cement layer under A-
load (Model 1, 2). load (Model 3, 4).
2mm Incisal Coverage 3mm Incisal Coverage
3 3
- 2 2
A . T 1A —
= S IHMMMM
« 2 T T
@ a4 )
= - @ {@OModet 8 (
& D Modet & = 4 !
§ 2 8 Model 6 @ 2 {MModel 9 !
g -3 O Model 7 8 -3 1 Model 10;
@ & 1O Model 11
- -4
-5 -5
1 23 456 7 8 9 1011 123456789101
Point Point
Fig. 21. Shear stress of resin cement layer under A- Fig. 22. Shear stress of resin cement layer under A-
load (Model 5 - 7). load (Model 8 - 11).
Reverse Bevel imm Lingual Chamfer
2
i hﬂlm g
\% o] LB m;ﬂ;‘:ﬂu:fr == 5.2;
2 j~ 8
o T 2 T
& o I {DModel 3] Z OMocei 4
5 ; @ Modsi 5 T ® Modei 6
L —| i[1Model 8 2 OModel 8
(%] —— & ! 2
-
-5 -3
12 3 4 85 6 7 8 9 1011 12 3 4 5 6 7 8 910 14
Point Point
Fig. 23. Shear stress of resin cement layer under A- Fig. 24. Shear stress of resin cement layer under A-

load (Model 3, 5, 8).
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load (Model 4 .6, 9).




2mm Lingual Chamter

w
[+
=
b
¢ OModel 7
& |{mModet 10
5 -
4.5 3
-2

1 23 45 67 8 9101

Point

Fig. 25. Shear stress of resin cement layer under A-
load (Model 7, 10).

At Point 1
25
A
5 2 \
s L
\g 1 5 "’,/ \ o
[ 4 A —+—Aload |
? / ARNY -1
S 08 -
g0
0 b ]
_05#234567891011
Model

3mm Lingual Chamfer

LB Model 11}

Shear Stress{MpPa)

2 3 4

Point

Pig. 26. Shear stress of resin cement layer under A-
load (Model 11).

At Point 11
4
3 8. B
T o ket [
2 \
R
9 0 S,
24 M 2\3 4/u\s/7\ 9 \f| —+— A-toad :
8 4 / c\.\;/ e~ BLoad]
$o 1t
I IR Y4
= ¢
..6
Modet

Fig. 27. Shear stress of resin cement layer at the
point 1.

st cH(Fig. 19 - 22).

1) AeH 7l o] e Ao

Favlekact AadoA sE5d7Ae Az
7ol & 93S nAG(Fig. 19 - 22). g0
3tF- )M 1mm olHel lE Model 29} 34 A
G2 o| A Jeth(Fig. 19, 20).

2) AR A e o e o]

Reverse beveldl| ]3] lingual chamfer?}, lingual
chamfer?] 73 %ol A&7 2ol vl# 3t Z4a
Pch(Fig. 23 - 26).

3) S3¥AI4 FFH vl
A% AN E FHo] AEde ke
45 (Model 2, 3) A-gEol  Zivh(Fig. 27). A
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Fig. 28. Shear stress of resin cement layer at the
point 11.

TR HAME el ARHA IhEFS
(Model 2, 3) A&g=o] wA eSO, reverse
bevel .t} lingual chamfer7}, lingual chamfer®] 7
Sl AEAR Hold uldtd ¥A el
(Fig. 28). 18y} 354 =9 ol #2 A[HEZ

o Augee] 27 FFE vINA Yo (Fig. 27,
28).
V. &% g ae

AR o] E wivo] Al2xslellA 7P ot 7
e A HEo2A o] o]0 2l AWE
<} =AZHd|o] E Hye]7} constant strain system
o2 FAgeuz 35 @AS7H o 2 =AM
Yo E #lUolz HAEH7] wjEeo|t)®. =A|9] o] &
A 7= & siliconeoxygen 2¢-S HHdl=d o d




o2 18GPa®elvt AAl 2= olHt} 1/10-
1/1,000 & fslr},

ety AR o E Hluele] Fug A
7171 93 GFe Al =T} YA} ABA0

aY AA7] A2 ARE e BE Al2H
ANME =X £EES Axg 1T o Xo} g
49 EIE FAlShe AL Brbesith

Aol E wyeirt AdEd 27dE X
o} Fgo] glo] FFAHUAT 1 F XL WA
9] H3d3E& 2-s) 93 0.5 - 0.7mme] £ 2+
A7F A=At 2y A AAlE 2714 HRA
<t ole AdWelA 7ted & JFA S HESS
o £ FJ&AE& 471 AsAA.

a8y} 1987 Hightons?-2 “det Ax)9] =Alg
oldlo| E wiUo & 913 X|old A A A3 Bt
A AT ¢ B ofEt A 0.5mm A (A
ol e FLdE A W3 FPolAM $
o] 71 g FAHUSS B FEdH, ol
Avke] gie} X3 R AA7F AFRHA L F7A)
A EAZGolE wiyolde $HAFE Ax
A713, A9 B} $2 R3] A st FHY
& 3 A& AFsr] dEolgtn FFsIHT
Calamia® = ©] & ol 0.5mme] A¢ANE F
Ao,

vk Rufenacht®, Crispin®, Lang®} Starr®,
Fradeani®} Barducci®, P}eomlS®  Garber®,
QuinnE®e #2t 1-fo] ALRETE Fr3la TA)
goldo]E HYo] zAe] & o] shixE AE
& ¢ dokes HellA 7bed 3 Ag A8k
%e Aol feait, Bk £E A F ddEe] g
AZo] Imm ©[3te] At X|o}& & o] ode
2 a4 2871 AV AvEY FHoE Ad
< gA3jol & A Sole FF Azl 23t 7153
o A F S wF FEIF FAA 0.75 -
1.5mm(BF# Imm)7t 8z it ol &
S EABME BAY $HAEE A8 2mm F
A =AE FA ok sht TAZUlolE wjo)
o] 7Afolle =Ae] Xofel tigt Aol F&ol o
& AFE ZEt ol o B Xd9 A7 ¥
837| Wjolgta sFGT™.

a2 so v wire} o] o] ARE Ak
£ 4883t YA Ao 52 AFES Ho)

154

AR 2o} PA o it 2719 TG Eo] up ol 7}
I gt} Harster?t Martinez™& © &3% d¢y
Hek B AR Wde] gle ASdle, =A7
ddoxe] Ad ZeA] RSk A o &
A F de EFeEt] Ak

H57), Imm, 2mm, 3mm HNFE T3 2 A
FolA SHEL tha Aekals)ge] Jgke vln|
3ot

Hopkins™& Aolel F2A|717] gL o8 714
T =X AHe FAZEE v ud A =29
A 37t & 5 S@Azr ZrHEY e dgle
W EA7E A9 X F ] RAHE 2o $AE 9
ARz At F8F 9nE 9§ A 7Re Re
= 5;_?1;}_63.'70)'

E Pettrow™ e AR ol A =AHAE A A A
B9 o] AR Aol X7 Aol 2/38A, o]2
o Z2¥ ZAde dddio] gl gajrnz
TA7E AFERZ o R A7) 440 o] #Hod g
7€ Atz Ao X 2Hgo] ZslEo gy
of tia] A B3kl gle ANARAA ¥E T
25Y 299 o] dojdttn . a3y

olHF THEL AL ofd, FHEAHIE, FH2x

ool ™ ARIE F XFolvt TAT AFHA
e ARE §2E 0o, AF5HY XY E A}
$3te 5 IES A7 Ve a4 7128
Rt i=

2 dFe Walls®e drZael dxsked, a2
<0, 0.5, 1.0, 2.0mm= A AHA1E 3t} A
FAE ZAmolE Hvole] SHPYEE vlw
g o FAZHLE K93 A7} glkn |
Burke™¢] -7l A dentin-bonded crown®] &7
o AHENE WE 3 A F 2mmet 3 mm3t
o HAZZAA F23t 2le]7} gl AR B
At

¥hA Huis* 9] d7datehs dutsed 2= 3
@A 2 window, overlapped incisal edge,
feathered edge®l 3714 th& AAE 717 mAjetn]
vlolE viyele] AR =E v ug 3 windowZ}
7V H 2 (1191.95N), ©t&o] feathered
edge(788.06N), overlapped edge(689.27N)9] ¢
ojgom FeA FHRNMT 2L &0 $YE
TE EJon gt mEkN Axrt 8% A



849 A 78 BEHQ 30| FHEHL A
o} ey a9 dFdA e stES ATe] FU9
Al A& BasHA 7t olve I3-8EY
o] Aol FJFuE™ Ato] XA o3
ZE3HE ¢£0% /3 ERE € SHERXHY
< Yehigiedlga Al E et AX A=
7)%eBA Ao B3 ngHo| 7t A
= vi$ =8

£ AFA ZAlgEdlo]E #yoie] Q1Y
X Ui At Ad F el o] J3S v 3k

Ad v ANEe] - Adde Y2 win-
dow, feathered edge, incisal bevel'5-°] $1t}. win-
dow¥& Z7]o] A3y AdHe] HFdo
dol glemz HAAHQ 7l5Eetd S 3Y
o] =Aigirjvlo|E Wjyejd] 24 Ae==A] ¢gx 3t
Z )AL 53 AgH e fYdthe 0] e
W o] B3 E 8 dAR HEE Hdae
°F3lE it Avd F3E UTHY. feath-
ered edgex= % A Fo= HEd FA9 1/2~
1/30] golgle Zf-ol5t 73t 71&9] AdHH
£ fA7] A% 71ES AFeta HAe] 4 H
Q WAstE YA 8B oS AW =
Aol E Hiyole] dAdE ostn AAA ot
1) ’

Rufenacht®+ e d-2 marginal peel] )
238 F 9 WHoE wRE Aol Wedtn
3199, marginal peelol@ &3] cohesive
failure7} dold w74z HAH L2 m28A e &
Ao 2 A5 - wvols] FdF S 23}
A grh. " Ad BN AYPEHE Foq5e
Rol "agtdl, Ak AR ge ASoles A
ofe] Ao 2HH A& A F87] A3 incisal
bevel 2 vpA o} gk 3tAch, ol ¢ A A
@ Zo] Imm oY of £HAG FZlA 30
%9 beveld F0] Aad o AL rix e
Rolt.

B A3 feathered edge(Model 1)& AT
/4914 &€& $893%5E B2y, incisal bev-
el(Model 2)& Awt 1/49149] g8 Q50| AAA
ZasEA A 9o 24 18 $YEIXE HYG
(Fig. 7, 16). :

A AF e Afele Kol TAsh= ¢H 1
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Fgozol 3 g A/t Yo A
AR Al 30~40" AFog HAAA 3 reverse
bevel# A AAF HEFo2 A3l lingual
chamferg B/d3h= ol At

Garber®+ lingual chamfer® FH 3= o|¢
Ao gel o] dtete] At 270 dojut
€ ZAET el E wivolg] o]F Wk s 7
oz A AFE IAFoEN, AFE =A HAd
o ZAgoe] wAste] Ahje] BHADGAA &
Fahs F-oA =AUl E #yojrt HAE
€ A& HAE & Yo st

Chpindel¥} Cristou® = lingual chamferg& $3
Fed AL S st B¢ RN AE5AF
Ho) did 45 A FE2E Holr] WEd
Afo] AR HZR S Aol st

¥ Rufenacht®™ £ reverse bevel & F3 39 &
dl, lingual chamferell tajA= o}FF-& A3 o] glo
o 238 Hrh £33 ARE7) A st AEH
A =A 39, FFA] gk AHA wingol HEE
7FsAol B, AFAY 715A AEAR RH47t
=7 4o st

H Belsers®& Xt97i7t gl B Fol= lin-
gual chamfer’t £ 27471 e A5de
A AAA g Wi ZAule)E Hlyo)
o Aen H2AAz $HAF 97t I
2 reverse bevelo] © vl &t

£ Aol /i Ee] Imm¥ HE reverse
bevel(Model 3)# 1mm &A% lingual cham-
fer(Model 4)3tell 2 Abol7} I3, 2mm¥ W=
1mm 4594 lingual chamfer(Model 6)7F, 3
mm¥ T+ reverse bevel(Model 8)°] 7173 £4HE
SYHEZFTE B H(Fig. 8 - 10). A7) o]
1mm¥ = (Model 3, 4} B3] 7] Zo] 2mme]aA
AHAAY )7} reverse beveld 73-%-(Model 5)9ll&
A o] 35 (AN X3 F2.2 0.5mm)l
A JReng WA ¢EE-el A Y
BRIt (Fig. 8, 9). 281} 18.6 MPa o[l 24 =3
9] 4% =(340 Mpa)®?+ AdZ R =(34~69
MPa)®?d vl <k 5~10W) A= ] Fsleg & &
A7t AR o Atsdnt.

Belser3®2 A% & s3] A4 A¢RAA S
Z7'A1717) 9130 lingual chamfere] A% Aol &



771 Aol e g A REdw sjgoy B
A7 Ao ot ulFA A ¥ A oE e}
5t} reverse bevel®t} lingual chamferoll A, & lin-
gual chamfer®] -9 2293 Zold vl s
Ao oAgge radlgoy Auzez A
Z ddye] AL Fl8I7] wieldh &
3], 3mm A 7A] 2mme} 3mm A SAR7 ¢
(Model 10, 11)oll= A S A 9] A4-ge] 7}
7} 35.2, 40.4 MPa2 =A9l AR7}%E(34~69
MPa)?& 12id o B 7tsAo] ¢ 52 A
2 Vet (Fig. 13, 14).

wetx] Ak v =71 E Q) 7ol &= incisal bevel©],
& 7o reverse bevelolyt Imm o2
FA A &A% lingual chamfer7} §2]3lth i Al&
1=

SA ol E WyojoM ¢33 53
bl JFEHAE ole tE Ad7ES A%
Oéi] 2:;1,;}22,34,5272) .
S A Al 1/4% 9], g, aln S
Ao HF= At

ZA o] E HiY oo ARgHe| ExFF
< 359 A Zxe| et 4] t2A Je
Ut} Hieda®™2 37149 4934 432 /K=
2 (type [ A ¥, type [:8F 0.5mm
974, 0.5mm 42979 lingual chamfer, type I :
A 0.5mm A, 1.0mm 2Z3%9 lingual
chamfer)ell A 57Fx] ] 93] (A: A, BiATolA ]
A&S2 1mm 3, C:E#A 7 YA, D:AAA
%, EVA 22 35S 7S 19 J93%
g 2¥E2 239 fesyoz EXEY ol
FAEe A ST A S BPsie] UrAE A
Zof tia] 45°9 BALE 7R UAe B d
A 3t e =AE Yol E diuole] Add] §
o] R Lo AFHNUL, B dFclME AA4E
AR A golof] AFshe 9, Ao UolE
Hyole] At vlnd 53 7|2 S X
ot C s e SAu o) E wiuole &
ol A 2| thR]9] Fhgo] Atoldl, D &FdAle A
dixle] A 1/3¢l, E d5ole ZAgoo)E
Huole] A 1/3S AT BE F-9of ggo| &
Aed AR 7P g Ve
e A A fEdl wE Aol 315 A, B
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- EPEn ool A ngAeld, et

ATt @ASA Jehyta, C, D, EdliA e g4
AR, 27] BT f3] ©E o]z} SAHA
@3ttt Adet MARA BF Ag} 2ol X He| H
e shgo] A e A$e W =B A
2 Y F3d e Aolg #F=H HIH 3
TZ24L B dAZAY, B P A9 R
2] AAE T3] Adtd g3t o P 233
AdlM AFE0 2 0.5mm sl AHE st
R 125" 9 132° 9] AAE FAsnt. & I+
M= Hiedas?9 A7} v SHETE B
o}, & AR A9 gL nugdn KYE
o) % it} wlehd =AlEm]o]E Hyole] &
g E¥o XAE Hd e} e 9L 324
%S Ao Az H Y ol Troedson® Derand™2)
Aol o gFH At

Aol E ol &3 wgtel
Ao o3 H-g gxte] Hdal Ao ) 2
A FeArk E dFdAe 9 Fdagaie}
3ot AEZ Bxlel Pw AT 45 12579
132°99] 271X] stz oA ¢8& BAdge
®ll, 125" (load A)¢] 757} 132" (load B)<) 794
Hg =AjHdlo|E wuofeAe] A-gEo] 31
or o} AR F Wsle] W Aolx v AA e}
st} ole 39 £9A 2471 3 E FE T
Ak Sl AAE Aoz UEhd Hgs
o] ArApueme dxjgte Ao 353 ¢
27 AXEAE FE o "ojx|7] ffEolr}, wha}
A stEaEEgt Bow o AES 8t
AS= 87}

a0

3. O
qAge

7 Vg w2 Aojth,

a3y FARIA st AA 9] HE A7 =3
23 22AHo] Holof 3t} Dykema$™ & &
77t olF 2H2 Atde EA AF-gHol
A H2g Besla, FEd Ao Ae-sdy
o] wAxo] Eejsltiy ot WA TA o]
o|E Wlyole Aetud, I mdt, AEudol A
U ol dg@o] gle Asole Hafol s A& F
Folle ALEEH STEFA 5HL £ 2H
o] AFHA FEE 8o} 3},

E dFoA g AMES] A o 4
“asi#e] dage nngont AdHAYH 4

o Zg. dA ANESS AG-SH L reverse



bevelell ®]3) lingual chamfero| A 72430 lin-
gual chamfer®] 72-¢ Ad-g3e] Wsl= H2a%y
ZAold Hlglste Yelitt, a8y #A Al E R
AL A7l 4.74 MPaz 79 Adis
(48~79 MPa)*, W¥#gd-g1zte AFAE (8~
10 MPa)?, =A-8)7 AMEZre] A= (11.5
~17 MPa)*Ht} 5 Agtonz wajelu|ylo|e
Huo] &AM AALHE ZrIAHA
7] 4587 Aol Z74 FeE gidta A8
"t

B AFdME 4R Ao Hd REoA,

Addo] 3+ A Imm oWl 3= Model 2

s} 39] A& o] 2A Yehdth(Fig. 19, 20, 27,
28).

Harster®} Martinez®+ T4 g0 E w1 o] 2
S /i of A3dde adA stet A9
HERH M e SHH BEA] o #ZAY 2ol
of ©rtx &1, El-Sherifet Jacobi®® 24w §HA)
HEH ] AAR| A lojok FEEA Y3t gHPS
o A wimr)t Fastes Ade)s) =A) ]
Hlo|E Hyole] A2RdLe FARZ R2our} §
2% Imm A gl Aol o0, R/ AT

FPRelAN Eshe mEE A2 e B}

Folle FAHE F9EY 1mm 3Pl XA)AL
gota st

A} o} Atolo kA Ajto] Yojt Aoz
P88 £ A7 Ao oshd ojujdt x|of A
fFEo12E =AY B8 7FeAdAE Holt 9
AT G ADEZ] AFLHL YA X7
ol dutR ddZon 52 2yl 9AAd
o] o]FR)A] ¥ A$e AFZ Troedson
Derand™+ °|AH2 #4 4L Ea) Xo}g)
EAeo]E wufojzte] Adtajolr} S EE
TE 9% AR ed 33 1/3% 289 A
7bEE /3% AYE A9EY o 2 g3 73
< UYERIA. & Hieda$™L #lA AJWlE 2o
Aohe 7128 EAZF FE B vXe 9SS AT
Sed BA7IzRde A571%01 9 AE
=9 ARG izt Pl ¢ oy, FFE
9 AL 71E&ETE 7129 99 g8 o] 2A
F+HA =t 53] AARA e 7127} =23}

I3 Wat$™e ZAovolE #ue S 93
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AR PAA] oldo] wEE = 95~100%7} A
ole) A 1/31 QT BusA 1, Ferraris™
e WA o] WA $AS 238 2 23 X
A% 1/30M9) 43 SAs 2825 2™ o)A
2}2y 3t 0.4mme 0.3mmEAM A% HAdA
AolAe) w2 glo] 0.5mmE FAY 5 Y= 7=
Aol disl 8L A7 1P gad =aeteulo) e
HUo)e] F2A old AEA|e] AFEL WA o]
o, WFdste] Age] BT £ Y Y=
7K Aot d AgA L) o] 275 = Hpolt},

=Alzllo|E Myole) dAld] B8 d7as
SAZE SR By GpEUD G5 g ar
wHEo] Q9T

A8 FARE dTE g ZH)e &
gl Faol itk AdAE o] ¥4 (anisotropy)©] 3
7], Y, WA A9 B, Yolg 22 B
M4SN EE BYL F2sE] ojgo®. gl
A e FXolu #2e] ASoE e ASA
AR sk B o)t lom AAARS AFAT
7t AAls} et Aol R ARe Hoky
£ Zheu), AAY Ao ZAsks 2A4L A
o IR S ARZAN EFATIA g Ho] Ay
Ao oj YL v)X)E= Ao thet o] Bo] Y,
ARA)L vA mEER] Re W4 299 EAw
A g 5 gl

FHPE e @ 7 ARE Y ASdE &4
2 A 2o EXE sEE 4 YA o
2 7K AR PAY ALde 27 ge AR
24NE BAE 4 e B Azst TR
Ralal sjaake] AR @ AFEs} Yol

3 s2%e 2RHsa B39 7518y Ay
2 ARY 5 U3, 7 AR BHNZ o]2ojx =
E4C ZHT + e AP S AW =9 odert
A 3N thdst B3z Qs opr|sE o}
yelre) sy REE FFHo AT 4 9
A Bl Fo2M Folxl AelAel FHE Ao
B A 5 QYA HEOO.

et RN offl 2B S8 ®
32 AZs7] AL 2 AR AR o8 27
A AAE desehs Ao Bemz, e 7}
AEL ARE BNY 9 A mAHolol A &
AFANE SA 9 2o} Alold] AR Adto] Ao

=] O
2y



Aoz 7Hg8sla, dAZY 2719 728 ¥
e LR Porz 1 oAl H 4
e}, E A79A lingual chamfer’} 2mmelt
Zd A$E AYstns SAZuE Yo
o] A73-$-3-& 25 Mpa o|H 24 =49 A=
(34~69 Mpa)olidl AR, =A9 3¢ 714
o] A4E mslof sta, TAS}F Xojzte] Ao
S 4d3o] ofvn, EA9] FxE FF R 9
& Ha AN M2AEE 274522 60%) &
FHaithe 70 uele & o 3] kA 3
2 ot} wet gozw Jopdzle A &
A Zx HolMe o B AT} sl 879

-

r

)

2 47 23l st daur e 932 vl

R A shedes =l
E Hyeole Agd 9L A F UE5S AL
I A EAEelE Hiyoid] dF g o
&g &S A e BH &, d4sE AW
4, ¥4 520 wdde a7/t 2835
stepAA o} 2ol 943 fE 35S TE e 4
A g] Aotol] g A7E BPojof & AR A
=221 .

m

o

V.2 B

AAe B olE wyojdA Adtsjsl 2w}
AAA g e YT WHIlE dolrv]
5t Aol 0, 1, 2, 3mmo)a, e
e 7} feathered edge, incisal bevel, reverse bev-
el ¥ A5A% &7} 4ol lingual chamfer? =
Aol E wuoje] thEt At fF8irRY
< A% 3, AdolM AAZFo2 0.5mm Xl
300N¢] 31&2 125 9} 137 9] 5 71X == 713
< o =AgRlolE Hivo] Yo A= A%
2 gtzgds F AANEZA TS ATS
gol A7)9 EXE Y fesgos BN
A7 o3 2 485 4.

1. SXeheldlo] £ Wuole] A3 EXol: A
dgRc daidgerl o 2 935 vz
o ,

2. At viglgel ¢ incisal bevel©] feathered
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edgeEtt TLE A8 £3 & By, A¢
7} & 7% reverse bevelolt} 1mme] AZ&4A
A& 712+ lingual chamfer’} 2mme 3mme
AL 7IX+ lingual chamfer2t} 7Y g
ALY BRI E HYTh

. Lingual chamfer &3 Zo]g] F7l= Zold

Heete] mARElo| Wijel Aekye] Q1%
$Ye paARoY, 43uavy Agee

A 7R

EA Yol E Hye] Yo 97388 E 1327

H|3) 125°9] dFstelA o F7Hlen, oA
A g st 2 Aol & vl A ekt

CAR AHESY] AT3H2 Ayl FEn A

S e} dhad oA sF5d7A19 ALt
o 2 9%S "Rd. 23y dEY Aole
R AMESS AR IA & vAA
%3

P3|

Ha
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Three dimensional finite element model (Model 5).
Maximum principal stress of Model 1 under A-load.
Maximum principal stress of Model 2 under A-load.
Minimum principal stress of Model 3 under A-load.
Minimum principal stress of Model 4 under A-load.

. Minimum principal stress of Model 5 under B-load.
Minimum principal stress of Model 6 under B-load.
Minimum principal stress of Model 7 under B-load.
Minimum principal stress of Model 8 under A-load.
Minimum principal stress of Model 9 under A-load.
Minimum principal stress of Model 10 under A-load.
Minimum principal stress of Model 11 under A-load.
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ABSTRACT

THREE-DIMENSIONAL FINITE ELEMENT ANALYSIS OF STRESS
DISTRIBUTION IN PORCELAIN LAMINATE VENEERS WITH
VARIOUS AMOUNTS OF INCISAL COVERAGE AND TYPES OF
INCISAL FINISH LINE UNDER TWO LOADING CONDITIONS

Kyung-Hee Ryoo, Sun-Hyu.ng Lee, Jae-Ho Yang, Hun-Young Chung

Department of Prosthodontics, College of Dentistry, Seoul National University

The success of porcelain laminate veneer depends on the bond strength between tooth struc-
ture and ceramic restoration and the design of tooth preparation. In particular, incisal coverage
and incisal finish line are the two most important factors in long-term fracture resistance. Although
the majority of clinicians are practicing incisal coverage and there are various opinions on the geo-
metrical ratio between the clinical crown length of the remaining tooth structure and the length
of incisal extension in porcelain laminate veneer and the optimal incisal finish lines, scientific ev-
idence still leaves much to be desired.

The purpose of this study was to determine the effects of the amounts of incisal coverage and
the types of incisal finish line on the stress distribution in maxillary anterior porcelain laminate
veneers under two different loading conditions.

Three-dimensional finite element models of a maxillary anterior porcelain veneer with differ-
ent amounts of incisal coverage : 0, 1, 2, and 3mm and different incisal finish lines : feathered
edge, incisal bevel, reverse bevel and lingual chamfer with various amounts of lingual extension
were developed. 300N force was applied at the point 0.5mm cervical of the linguoincisal edge in
two loading conditions ; A) 125 degrees, B) 132 degrees. Tensile and compressive stress in ce-
ramic and shear stress in the resin cement layer were analyzed using three-dimensional finite el-
ement method.

The results were as follows:

1. The types of incisal finish line had more influence on the stress distribution in porcelain lam-
inate veneer than the amounts of incisal coverage.

2. In case of no incisal coverage, incisal beveled laminate exhibited more evenly distributed ten-
sile stress than feathered edged laminate. And in case of incisal coverage, reverse beveled lam-
inate and lingual chamfered laminate with 1mm lingual extension exhibited more evenly dis—
tributed tensile stress than lingual chamfered laminates with 2mm and 3mm lingual exten-
sion.
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3. As long as the lingual chamfer goes, less tensile stress was found at the incisal edge, while much
more tensile stress was found at the lingual margin area in proportion to the length of lingual
extension.

4. Under 125 degree load, tensile stress in porcelain laminate veneer had increased compared with
that under 132 degree load and the difference exhibited by the change of the amount of tooth
support was larger.

5. The types of incisal finish line and the distance from the incisal finish line to the loading point
had more influence on the shear stress distribution in the resin cement layer than the amounts
of incisal coverage. In contrast loading condition had little influence.

Key words : Porcelain laminate veneer, Amount of incisal coverage, Type of incisal finish line, Loading
condition, Three-dimensional finite element method
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