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Effects of adhesive thickness on internal stress distribution in full-
ceramic crowns

LIU Bin, LU Cheng-lin', ZHANG Xiu-yin’, ZHANG Dong-sheng® (1. Shanghai Institute of Ap-
plied Mathematics and Mechanics, Shanghai 200072, China; 2. Department of Stomatology, Shanghai Ninth
People’ s Hospital Affiliated to Shanghai Jiaotong University, School of Medicine, Shanghai 200011, China; 3.
Department of Mechanics, Shanghai University, Shanghai 200444, China)

Abstract: Objective To investigate the effects of the thickness of the adhesives (3M ESPE
RelyX ARC) on the internal stress distribution of the IPS Empress Il full — ceramic crowns by u-
sing Finite Element Analysis (FEA). Method A dummy Empress Il ceramic crown restoration
of the mandible right first molar was prepared according to standard dental process. Followed
by micro-CT scanning, four 3D numerical models with cement thickness 60, 90, 120 and 150 um
were established respectively. The models were subjected to four loading conditions and stres-
ses in veneer and core layers were presented. Result Numerical results indicate that when
adhesive thickness increases from 60 ym to 90 um, the maximum principal stress either in ve-
neer or core decreases. However, when thickness increases to 150 ym, stress variation trends
differ from adhesives. Conclusions The normal stresses in adhesives remain a low level when
the thickness varies from 90 um to 120 ym, while the shear stress is less sensitive to the thick-
ness when it exceeds 90 ym. There is an optimal thickness which can reduce the tensile stress
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in the core and veneer. Attention should be paid to the shear strength of the adhesives since
the shear stress could cause failure in the adhesive layer.
Key words: Full-ceramic crown; Adhesive; Thickness; Stress; Finite element analysis
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Fig.1 The numerical model of the full-ceramic crown
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Tab.2 Detail information about the six numerical models
FEFIHE FHEFEE/ un LR Tt
RelyX ARC 60 672 658 959 969

90 678 729 95 964

120 694 039 980 136 fi\
150 562 378 792 749
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Fig.6 Stress distribution at the lingual-buccal section across the central fossa of the thickness of 90 ym of 3M ESPE Rely X ARC
(a) Load condition I, (b) Load condition Il, (¢) Load condition lll, (d) D Load condition IV
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Tab.3 The maximum principal stress in the crown layers

FrEA Jn#8 iy 2/ MPa
BE/pm 1 1 m v

L (AZS

Upper surface 60 25.68 21.55 87.73 81.69
90 23.14 19.17 82.37 78.33
120 24.49 18.84 84.62 79.88

Vencer 150 26.53 20.88 88.87 84.20
Lower surface 60 8.03 7.08 43.34 43.9

90 7.74 7.06 42.86 42.69

120 8.18 7.13 42.44 41.67

150 8.57 7.24 43.09 43.76

Upper surface 60 12.55 10.71 56.58 53.20

90 12.19 10.64 53.79 51.49

120 12.58 10.44 53.91 52.15

150 12.72 10.95 55.91 54.15

Core

Lower surface 60 29.13 14.71 121.89110.13
90 29.68 13.44 115.98 104.52
120 31.72 13.53 126.59 108.95
150 31.86 15.04 131.49117.83
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Tab.4 The maximum stress in the cement layer
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130 743 591 16.35 15.00

B R (132 71757 XA A e 2 BIE H BT I
YR, XEH R H TEER TS L RARAILE, 5
WAEYI TS, Lep R B PIMZ B E B T PR
far i, B T3 25 BT AN 6 () B 7m , S0 e i T %8 51 3% 1

TN TEAZ R RN T K- RERTE . RAE P ERT
SIFRMAFTE—E M (10°) , RART ER AR K
B2 FIKV- S A T /N W R AR, 1B 2 Jey 08 i s i 3
TR B0 L 3 15 2 A2 Tl B L ) 3 A 1K 358 1] 5 0 i % o
RGP TR BIRE YA
3.2 FEFE EX & R K R0

M3 F i TR AR T S KT R
HNFRTH 5 P TREAZ B AR T A LS K e T AR
N T B B [R] h E0 JE B X 4 R e 4% RS2 T B
JTEREI , T T 4y U T A R R Y R A R
AR TE R E AR . N T LU R R
H e 6 4 AR A i R T R R 8 o i 7= A
ARG, qnlE 7 FEl 8 i

160 -
60

120 ©90
120

150
a0k

BB J1/MPa

Ingr

E7 HEEMREEAREERE
Fig.7 Stress at the upper surface of the veneer,

RelyX ARC
160
B 60
120+ 190
120

150

40

ERHI N F/MPa

Ingor

B8 #ZENREENREHIKE
Fig.8 Stress at the lower surface of the core, RelyX
ARC

FER—F g7 T BN R R, 2R E
BLAGAREEA R R, AEN IE EA 2. HRhE
FEBE S 90 yum BT, oA AT 8 I K 119 5K L 3 A fE A
ST TR N 60 wm BYHEAY I B iR (E#E A
PIREAR:, PR 24 5% o 15 B 30 1 591 PR 19 348 o e



XK, E. BEFEEST IPS Empress || £ 5 5 1 FIR00 947
LIV Bin, et al. The Effects of Adhesive Thickness on Internal Stress Distribution in Full-ceramic Crowns 61

& T A B AR M R 7 KO, TR T 428 i 11
PIEERaE ) , SAham Y N 44 FRIGHY In-Ceram
SRERBBHMEL—B. YEE LT 120
wm B, B/ B L 1 KA i, BUBFIRE 60
pm BEAAH B R (H YR B 4R S K 150
pm [, S8 500 45 2 ) 3k IO 0 AR (B & A AH R B ek
&, R AT, EEM THEFEEN 60 um
BRI R F1 7K. X BB R BRI RS R E
BAE R A, SBOZE T K E RN RGN
3.3 FEFRKERASH

3M ESPE RelyX ARC & — il K12 4 F 11
FEN, B R AT e R B MEE
Bk, WRFENZEZAER, W EEFREE
BEIRKIRM . T4 /BT 4 FZIER TR
2 B IE B 7 A BY B A7, B SCRR I R
I LASRAR SPGB 571 A o0 Ao 58 8 0 59 15 B, 4
$7(24.90 £15.29) MPa F1(15.54 +8.19) MPa,
T 5 IR A AR (B 9) BB FEMR 632 ) (FE
BN BN, B2 N8BT S B s 1k T8
BRI BT b oR B, S 25 ) 1 BB e B BY DD mE IR
UEERZ RS 90 wm P R, B R E
BEXTELAEREY B ) AR R B BR

25 o 24.90 MPa L B
b 24.90+15.29 MPa
UL WIEY
B60 890 =120 =150
(a)

5. 23.73 MPa

%(5) 1554 MPa . B ) R

1

15.54£38.19 MPa

75
n60 m90 B120 B 150

(b)
B9 4#MZABATRENBHRAIERL HEE S RE
(a) IERZA,(b) BRI
Fig.9 The maximum stress in the cement (a) The maximum
tensile stress in the cement, (b) The maximum shear stress in
the cement

4 45iF

AR T IR CT W2 A, P =4
BRI T BRI 2R =404 FROTEE, 18
4 FANEAGT, AT TR REE RN 2R
B AR BB . 25 SRR - R EGH BB A 7E —
AERAGE, 2948 90 pm FEE, B A LA O
TEAFREIIERL S o FHHGH 32 2ELLBT U R 9 7 2
IR, RS REEAE 90 wm DL_E AT DAREAR G R 8Z
BT R ST o

S E WK

[1] De Jager N, De kler M, Van der Zel JM. The influence of
different core material on the FEA-determined stress distri-
bution in dental crowns [J]. Dental Materials, 2006, 22.
234-242.

[2] Aboushelib MN, De Jager N, Kleverlaan CJ, et al. Effect
of loading method on the fracture mechanics of two layered
all-ceramic restorative systems [J]. Dental Materials,
2007, 23: 952-959.

[3] Alster D, Feilzer AJ, De Gee AJ, et al. Tensile strength of
thin resin composite layers as a function of layer thickness
[J]. Journal of Dental Research, 1995, 74 1745-1748.

[4] Choi KK, Condon JR, Ferracane JK. The effects of adhe-
sive thickness on polymerization contraction stress of com-
posite [J]. Journal of Dental Research, 2000, 79. 812-
817.

[5] Ausiello P, Apicella A, Davidson CL. Effect of adhesive
layer properties on the stress distribution in composite res-
torations-3D finite element analysis [ J]. Dental Materials,
2002, 18, 295-303.

[6] Zhang D, Lu C, Zhang X, et al. Contact fracture of full ce-
ramic crowns subjected to occlusal loads [J]. Journal of
Biomechanics, 2008, 41 2995-3001.

[7] Imanishi A, Nakamura T, Ohyama T, et al. 3-D Finite ele-
ment analysis of all-Ceramic posterior crowns [J]. Journal
of Oral Rehabilitation, 2003, 30. 818-822.

[ 8] De Jager N, Pallav P, Feilzer AJ. The influence of design
parameters on the FEA-determined stress distribution in
CAD-CAM produced all-ceramic dental crowns [ J]. Dental
Materials, 2005, 21, 242-251.

[9] Magne P. Eificient 3D finite element analysis of dental re-
storative procedures using micro-CT data [ J]. Dental Ma-
terials, 2007, 23 . 539-548.

[10] Konishi N, Watanabe LG, Hilton JF, et al. Dentine shear



62

ERAEPHhE F£25% F1

2010 £2 A

Journal of Medical Biomechanics, Vol. 25 No.1, Feb. 2010

[11]

(12]

[13]

[14]

[15]

[16]

strength; effect of distance from the pulp [ J]. Dental Ma-
terials, 2002, 18. 516-520.

Morikawa A. Investigation of occlusal force on lower first
molar in function [J]. Journal of Stomatological Society
Japan, 1994, 61 250-274.

TR TR, B4R, 5. RS EER R B 2R M
oA [J]. DR, 2006(7) : 181-184.
Mak YF, Lai SCN, Cheung GSP, et al. Micro-tensile bond
testing of resin cements to dentin and an indirect resin com-
posite [ J]. Dental Materials, 2002, 18 609-621.
Schneider R, De Goes MF, Henriques GEP, et al. Tensile
bond strength of dual curing resin-based cements to com-
mercially pure titanium [J]. Dental Materials, 2007, 23.
81-87.

El Zohairy AA, De Gee AJ, Mohsen MM, et al. Microten-
sile bond strength testing of luting cements to prefabricated
CAD/CAM ceramic and composite blocks [ J]. Dental Ma-
terials, 2003, 19 575-583.

Duarte S, Botta AC, Meire M, et al. Microtensile bond
strengths and scanning electron microscopic evaluation of
self-adhesive and self-etch resin cements to intact and
etched enamel [J]. The Journal of Prosthetic Dentistry,

[17]

(18]

[19]

[20]

[21]

[22]

2008, 100 203-210.

Aboushelib MN, Kleverlaan CJ, Feilzer AJ. Selective infil-
tration-etching technique for a strong and durable bond of
resin cements to zirconia-based materials [ J]. The Journal
of Prosthetic Dentistry, 2007, 98. 379-388.

Kumbuloglu O, Lassila LV, User A, et al. Shear bond
strength of composite resin cements to lithium disilicate ce-
ramics [J]. Journal of Oral Rehabilitation, 2003, 32, 128-
133.

Holderegger C, Sailer I, Schuhmacher C, et al. Shear
bond strength of resin cements to human dentin [ J]. Dent-
al Materials, 2008, 24 ; 944-950.

Stewart GP, Jain P, Hodges J. Shear bond strength of
resin cements to both ceramic and dentin [J]. Journal Of
Prosthetic Dentistry, 2002, 88, 277-284.

Cal E, TurkGn LS, Tarkin M, et al. Effect of an antibacte-
rial adhesive on the bond strength of three different luting
resin composites [ J]. Journal of Dentistry, 2006, 34 372-
380.

Matinlinna JP, Heikkinen T, Ozcan M, et al. Evaluation of
resin adhesion to =zirconia ceramic using some or-
ganosilanes [ J]. Dental Materials, 2006, 22; 824-831.



