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FINITE ELEMENT STRESS ANALYSIS OF ATOOTH
RESTORED WITH CAD/CAM CERAMIC INLAY

Bo-Kyung Song, Chung-Moon Um
Cepartment of Dentistry, Graduate Schoel, Secul Maticnal University

When restoring a tooth, the dentist tries to choose the ideal material for existing situation. One criterion
that is considered is its suitability for restoring corenal strength. As more tooth stmcture Is removed, the
cugps are weakened and susceptible to fracture. Further, this increased deformation may cause the forma
tion of Intermittent gaps at the margin between the hard tissue and the restoration, facilitating marginal
leakage. The improvements in ceramic materials now make it possible for alternatives to amalgams, com
posites, and cast metal to be offered for posterior teeth. Of the materials used, ceramics most closely
approximates the properties of enamel. The Introduction of computer aided desien/computer aided mamu
facture(CAD/CAM) systems to restorative dentistry represents a major technological breakthrough. It is
possible to design and fabricate ceramic restorations at a single appointment. Additionally, CAD/CAM sys
tems eliminate certain errcrs and maccuracies that are inherent to the indirect method and provide an
esthetic restoration.

The aim of this investization was to study the loading characteristics of CAD/CAM ceramic inlay and to
compare the stress distribution and displacement associated with different designs of cavity(the isthmus
width and cavity depth).

A human maxillary left first premolar was prepared with standard mesie ceclugal cavity preparation, as
recornmmended by the manufacturer. Ceramic inlay was fabricated with CEREC 2 CAD/CIM equipment and
cemented into the prepared cavity. Three dimensional medel was made by the serial phetographic method.
The cavity width was varied 3, 2 and  of intercuspal distance between buccal and lingual cusp tip. The
cavity depth was varled 1.5mm and 2.3mm. So six models were constructed to simulate six conditions. A
point lead of 500N was applied vertically ente the first nede of the lingual slope from the buccal cusp tip.
The stress distribution and displacement were sclved using ANSYS finite element program(Swanson
Analvsis System).

The results were as follows

1. The displacement ocourred buccal, distal and cervical direction from the buccal cugp. In case of the
deep cavity, the displacement decreased and with the increase of the cavity width, it increased.

2. In ceramic inlay, the stress decreased in the deep cavity and it increaged with the increase of the cavi
ty width. The stress in composite regin cemsnt wasg less than in ceramic inlay, therefore the stress
propagation was blocked by composite resin cement.

3. Ag the width of cavity increased, the stress spread and increased at the buceal cavesurface margin, so
the possibility of crack increased. In case of the deep cavity, the stress decreased at the distal margin
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of cavity.

of crack Increased.
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4. With the increagse of cavity width and depth, the stress on the faclo pulpal line angle increaged. In
cage of narrow cavity width, stress increased on the facie gingival line angle. Therefore the possibility

5. In case of the ghallow cavity, the direction of crack was cervico lingual on the faclo pulpal line angle.
In case of the deep cavity, the direction of crack was cervico buccal on the facle pulpal line angle and

meve vertically with the increage of the cavity width.

Key words ' Finite element stress analysis. CAD/CAM ceramic inlay. Cavity width, Cavity depth.
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Table 1. Three-dimensional finite element models
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== dAE #oh F AopEH L] et A okeAlE,
FAEC] fe A% #HE A 12TXE A
CAD/CAM A28 AzAbels & 7eke 2214 wat &
A 29 24 I¥E #5352 FAFAHFig. 1).
CEREC 2 CAD/ CIM (computer aided design/com
puter integrated machining) A8 & |45t A=}
g A#H o] Z AzZteln E4E A Al EE o] &3] 95
A %J:P A R asTd-S Ar] HEA 23
%94 AL HEL AL F )2 by B e Fo 7
HAlnode)® 24 (element) E L%-‘T—‘ﬂ J@3 G, 5

3 X olE B 7\P7T~o—& # 7 e s F&H 4
resin block-S #He3 HAE 25{}% vy ’%_*‘?4_4 —r1?<1 =t

Hl-&-2 LA 6‘1-7 —r]?ﬂ'ﬁq A5 H4 resin blockel A
ole] 2445 uie} 48 B2 HP kA Hgskioh
Fxo ERT 4EFY ol EPE 53 ¥gs g
7] S8k B4 ey 9E-E dooF SlEE resin
blocks 244 HAHEFSE (. bmmitE 22 sand
paper® Ankste] A A sPEA AEHSAE I (serl
al photographic technique)® -2 Al883le 15714 23F

4 99 STe|=BES ARt 4 2 BE 2
ol=BE L BF712 HF] $H4 FHE 459 94

-E -
2 BEFFo]

Z YAAMA tracingdtsict. © o oA
tracingsta B4€ 2204 ‘%_1’?4_—4 FEHPHE |28 3

Model Facio-lingual width.(mm) of cavity Cavity MNumber Nuenber
/ Intercuspal distance depth (rmm) of element of node
12 + (Zmm} 1.5 4441} 282
13 + (3} 1.5 4138 1024
14 % (dmm) 1.5 4065 294
22 + (Zmm) 2.3 3926 974
23 + (3mm} 2.3 4238 1047
24 % (dmm) 2.3 4118 1023

Table 2. Mechanical propertiss(Modulus of elasticity and Poisson’ s Ratio) for tooth structure and materials

Material Modulus of elasticitv(E)(MPa) Poissor. ratio(s}
Enamel® 24104 .30
Dentin® 18601 131
Pulp® 2 0.45
Inlay(Dicor MGC)H® T (.26
Composite cement™ 240600 .30
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Table 3. The displacement of each model(mm)

CADICAM M(EHS] 2IZOLE S Flofe] SHE a0l TE SHRAHN 4T

2ofet Ql# o] Atole] BFHZ AAE HAE 4% 2
FE AR PEsta, £22 SumeE FYEA F
Bt

2 AgM e ol Edo S} ¥y B42
3l ANSYS finite element program (Swanson
Analysis Systems)= o] &3t}

. Agdn
1. #1¢(Displacement)

7r B Ay e we st s ke st
et

o] ol Frhged whe) Hd e RE FUlEEn
o] ol dojAd M2 TAstEHTable 3,
Fig. 3). m¥ke] 7Hl3 25 m5olA sd \s 2]
HEAEND, A ol ook AR R rHFig.
15--20). #EEI Ao} Alo] 714 & W7} o ==
© 249 3.5mm B3l 23Hd ©H ] S cavo
surface margin®lA B 3L AHER F= AFgko] W
A7 7 2A g3E 91 XA ke 44 ek
xR |7 EASSTHTable 3). ZE 24
M A ZRA TP Ao R IpE W] 718
FoHFig. 21-26).

2. Von Mises FES238(Won Mises effective
stress)

o] Hgat B0 2 918 Kol 5 2218 47U 4
3] Von Mises #E-552 S5 WESG = cavosurface
margin, & °], BFHF AdEe A TS o

Model Maxirmaem Displacement of buccal cavosurface margin
displacement X axis Y axis AL
12 {1.0349 10221 300275 (100239
13 (1.0363 10241 -03.00403 (0.00263
14 (10395 1.0271 <3.00542 (10280
22 (10345 10218 2.00272 (.00230
23 {(1.0366 -{1.0239 -03.00408 (0.00258
24 {10392 {10268 3.00547 (00275

X ayls | Fado-lingaal direction of three dimensional finite element model
Y axis 1 Cervico-occlusal direction of three dimensional finite element model

7 axls © Meslo-distal direction of three dimenslonal finite element model

467



CHERA[BHE S (A Vi 26 o 6 A0

o=

BE BddM sEd = A9 FESHE AFe
o] YA &5 G RAM L FF JF
o] AU, FZ 2] Wste by st B
o] Yold 2 zxio gingival line angled] 8=
off e"2Rr Z7EL Ben gBEe] slat wle A
T+ Fo B ARA A %’ o] BEFZ KL
o, 5] deo] e uE 538 B2 B4 E & A
ol 7} YA Fig. 27~—32).

o] o = e BEAEA A (Fig. 19 =4) lJr
A2 Fig. 14 AA) <142 Von Mises
B op o] ol E}Ejr HAEA £ T
Ahste e Ren FEAFHADAME
S = 9}%4 Zol7k 7k we s E

ﬂiJﬁiJﬁimﬂL

e & 2 o e

|}J. o[o o[o o[o

A

Azt M e SEgE MEE A glglo, %iﬂﬁ“—}ﬂ
el A= 8“2'!0 1 S7ktE & 3A &4 Me £
o] F£ AT =L FHFe] En, FEAFATAA

T 45y o7l Aa Zo] BlE B 2L 5G| B
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oA e A Afel)olH S AfFFe]
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HE5o2 4% F7te

gl ele] FHe| FAR 3
% PaF tJr(Table 5 Fig
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239 FFo] o) FTTS B EHFlg_
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TE EE UG RN BRI EA deided 42
Moo e 532 45190, Proximal box‘ﬂ A &
HEEE axio gingival line angledX =& g2 24
o, oppof Zo| gloje| mfel P22 1 BEE
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Zr Zd o] 3 5mm 23H Bl Von Mises HE
+HS AHRA o) Jhel B2 Ry 3 B
ot 2 A R SHe] AEFEPD X opf FEE Aol
A E @FE SEHo| S o RoloH FEER
o RESHY YA B2 HHE 95H $EE
Me Aobell vlg] ddd ez Y FE 5 RIS E

hsaom WS WARTHFig. 5, 27~32). Gt 939 Eo Y 52 T AFL 2 U
BLAAFIe 19 BRI $2e S5 bR Wa Ao sl e $HP T WakE Aot o)
& A% ot Zasts AFL RAR WO WA SHcHFig. 45-50).
Table 4. WV on Mises effective stress along the facio-gingival and facio-pulpal line angle(MPa)
Mesio-distal
Jedhion | g5 10 15 20 25 30 3.5 40 45 50 55
Model
12 JHAL 3.0 350 13.0 15.0 13.0 12.0 10,0 12.0 130 120
13 117 20.7 343 13.0 16.4 13.9 11.6 14.6 16.7 158 100
14 12.8 216 313 11.4 13.2 175 130 17.4 144 146 9.5
22 3.5 310 393 13.1 16.1 15.4 12.8 11.5 150 201 143
23 124 207 34.3 153 164 16.4 101 14.3 160 151 143
24 128 21.8 317 16.1 17.5 21.7 14.7 12.7 19.4 202 141
Table 5. Maximmum Yon Mises stress of inlay  (MPa) Table 6. Maximum Yon Mises stress of resin

D_epth ofJ
Width of 15 23
cavity (mm)
2 38.0 237
3 111.3 1028
4 135.0 131.2

458

cement (MPa)

D_epth of
itk o cavitylmm) 15 53
cavitylmm)
2 818 T5.8
3 107.2 106.2
4 21.8 21.9




Fig. 3. Magimum displacement of each model.

Fig. 5. Von Mises Stress along the facial
cavosurface margin of cavity,

vt

S e

Fig. 7. Maximum Von Mises Stress of inlay
and cement,

CADICAM M(EHS] 2IZOLE S Flofe] SHE a0l TE SHRAHN 4T

Fig. 2. Three-Dimensional model of maxillary
left first premolar with Inlay,

Fig. 4. Von Mises Stress along the facio-
gingival and facio—pulpal line angle.

o

Fig. 8. Von Mises Stress along the distal
margin of cavity.

BB

B

Fig. 8 Tansile stress along the faclo-gingival and
faciopulpal line angle.(Sx © tensile stress of % axis
direction, Sy © tensile stress of v ayis direction)
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3. eEEEH(Tensile stress)
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7k Y= %”‘5}—4 UASHEFE FSAPHAT
of 4 2mm eEo] Z5o ¥4 3mm, dmm HEE
o Ayds Fasle AR FaRe QASEe] F
7P3P“ET'(F1g. 8~ ll).

HE2] ZolZb 2.3mmE #9172 XE W 2l
A5AgE FEAEADAHE 3mm 52 AR F
7ttt AEome ASE T L BRioy
dmm 4FE2Y Ap ghsted B0z dA5E
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o] A5el B3] dmm HFE FT+ U] A
Bl F= Ao R Lo FUEIAT Y& W
o] QASHE FEAFALM 2mm, 3mm SEE
o] B Blel dmm HEE 5 F28 Faske A
AR oz AeHo] FUlE I (Fig. 8, 12~
14).

pgo] ZAARd nfe} X& e 2 A=
BEA LA it FUlele S22 FLE
o] T H R FEA| P A= AT ] Tk
g BS5o2 UASHEIE RYoH AASH S}
o] e FEE0] ¥l E ARG V& HF LR
NASHE FEA AT Hely HE HE
A7-SHE Apel7) vl ekl oy BERpA M=
AASH] 45 E dmmY ‘IH o} ze] Hol7p oA
of el F83] Fhoste] AR ke AsHe 2
A ZEsiEn. S 5] BEX LA EEX AT
oA Zb Bhgke] ASHZE do] 2.3mm, 4F5E
dmme 737 7P 2ol & QA ES 5 AR
#FoZ BREH(Fig. 8, 14).

A BdeM X W] S TAsE ¥
Hol Jtelzl BF F FH A e 25 Ao 9l
Asdo] AT 24 FH A FFAAM F=22 <
5ol gl 2mm FE5EL 7 2d 12, 2
d 2204 BH SpEEo] s} F& s YR
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on & NARAM 22 S Y AASH &
*gé"PﬂEF(Fig. 55, 56).

Fxol Ye 72 dEER %/%JEMA A& 3

FeEE BT/ HoIAT $%0] AL 52 4 IF
94352 7 m} 3 83 4% rEe AR,
29 24 w A4 L BAHA THH)

Hﬁ]r =4 BE 273
B Hpgke) 172}330 1 dersda, WA
Ho] FaatdohHFig. 57—62).
TEER | &7kt =R A 2 H YRS o =3}
A8 4 2 X&E V& AASH S 233
Eﬁq sF=e] o7k 1 Smms] B+ 45, A3 %‘%kicer
vico lingual direction) 1 X]¢}2] UHEEJ -4 o]
AEe 4 Ak dAS=Egke] Yehdn(Fig. 9~
11), &2 4] 2.3mm?] A+ 52 2] 71" &+
2 B= Z AR cervico buccal direction)?l o}
o] 9207 ggo] A JHA EAE A= o3

= 7t e A3kl 3 HH (Fig. 12-14).

el =2 273
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2 olE FEsE AR 4o @5 d7e 2
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of Az Ao Eeld dEdd 7d 522 ﬂﬂemg—
ﬂ% TR R A HEe it v FEARE A

= D AT 9714 CAD/CAM Al&8)< <133 f‘ﬂEJr
m el AolrEz o A=E] Qo] FEx7 <

AlZHE SEEE AR AR SRA I 49 53
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Fig. 9. Tensile stress along the facio-gingival and
facio—pulpal line angle in Model 12,
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Fig. 11. Tensile stress along the facio-gingival
and faclo-pulpal line angle in Model 14,

CADICAM M(EHS] 2IZOLE S Flofe] SHE a0l TE SHRAHN 4T

Fig. 13. Tensile stress along the facio-gingival
and faclo—pulpal line angle in Model 23,

Fig. 10. Tensile stress along the facio-gingival
and facio—pulpal line angle in Model 13,

Fig. 12. Tensile stress along the facio-gingival
and facilo-pulpal line angle in Maodel 22,

P

i - w .
L
H REECNTRAE PRI Pl

Fig. 14. Tensile stress along the facio-gingival
and faclo-pulpal line angle in Model 24,
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Fig. 15. Displacement of Model 12, Fig. 16. Displacement of Model 22,
P
Fig. 17. Displacement of Model 13, Fig. 18. Displacement of Model 23,
oA
> P
- =
Fig. 19. Displacement of Model 14, Fig. 20. Displacement of Model 24,
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Fig. 21. Displacement of Model 12

(3.5mem section)

Fig. 22. Displacement of Model 22
(3 .5mm section)

Fig. 23. Displacement of Model 13.

(3.5mem section)

Fig. 24. Displacement of Model 23.
(3 .5mm section)

Fig. 25. Displacement of Model 14.

{3.5mm section)

Fig. 26. Displacement of Model 24,
(3.5mm section)




Fig. 27. Von Mises Stress of Model 12,

Fig. 28. Von Mises Stress of Model 22,

Fig. 29. Von Mises Stress of Model 13,

Fig. 30. Von Mises Stress of Model 23

Fig. 31. Von Mises Stress of Model 14,

Fig. 32. Von Mises Stress of Model 24,
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Fig. 33. Von Mises Stress of Model 12(inlay}. Fig. 34. Von Mises Stress of Model 22(inlay}.
- -
Fig. 35. Von Mises Stress of Model 13(inlay}. Fig. 36. Von Mises Stress of Model 23(inlay).
Fig. 37. Von Mises Stress of Model 14(inlay}. Fig. 38. Von Mises Stress of Model 24(inlay).
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Fig. 39. Von Mises Stress of Model 12(cernent.). Fig. 40. Von Mises Stress of Model 22(cerment).
- -
Fig. 41. Von Mises Stress of Model 13(cernent.). Fig. 42. Von Mises Stress of Model 23(cement).
s N
- -
Fig. 43. Von Mises Stress of Model 14 (cernent). Fig. 44. Von Mises Stress of Model 24(cement).
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Fig. 45. Von Mises Stress of Model 12,

(3.5mm section}

Fig. 46. Von Mises Stress of Model 22,
(3.5mm section)

Fig. 47. Von Mises Stress of Model 13,

(3.5mm section}

Fig. 48. Von Mises Stress of Model 23,
(3.5mm section)

4387

Fig. 49. Von Mises Stress of Model 14.

(3.5mm section)

Fig. 50. Von Mises Stress of Model 24,
(3.5mm section)
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Fig. 51. Sx of Madel 12.

Fig. 52. Sx of Madel 22,

Fig. 53. 3x of Madel 13.
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Fig. 54. Su of Madel 23.

Fig. 55. Sx of Madel 14.

Fig. 56. Sx of Madel 24.
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Fig. 59. Sy of Model 13,
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Fig. 58. Sy of Model 22,
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Fig. 60. Sy of Model 23,
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Fig. 61. Sy of Model 14,

Fig. 62. Sy of Model 24,




