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Abstract: Objective To explore the effects of the interfacial debonding caused by water environment in the
mouth and the interfacial defects between the crown and cement on stress distributions in all-ceramic crowns.
Methods The three-dimensional solid model of lithium disilicate CAD/CAM crowns for the first mandibular molar
was established. Seven debonding states between inferior surface of the crown and top surface of the cement
(Stage 1-7) as well as two interfacial defects (Case | and Il) were defined in finite element software ABAQUS.
The bottom of nine models was completely constrained. For stress calculation, the 600 N vertical load was applied
at occlusal surface via an analytical rigid hemisphere with the diameter of 5 mm. Results Under occlusal vertical
load, the stress on interior of the crown and top surface of the cement was mainly distributed at the boundary of
the debonding areas and margin of the defects. The first principle stress on interior of the crown did not exceed its
ultimate tensile strength, but the maximum tensile stress of the cement exceeded its ultimate tensile strength,
leading to cohesive failure in the cement. Conclusions The axial wall played a critical role in maintaining the prin-
cipal tensile stress of the crown at a lower level. The defects at bonding interface between the crown and cement
had a more significantly impact on load capacity of the crown than the increase in debonding areas. In order to im-
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prove load bearing capacities of all-ceramic crowns, attention should be paid to avoid defects in clinical prostho-

dontic practices.

Key words: lithium disilicate; interface; debonding; defects; finite element analysis

A T R AR A S AN AE AR R T — 1A 7
MO I RS b i A A A, R
1M, B 2 T A ) e P (A e 5 T E T S A 5
RANEPEWT R O T S b 0l I R e SR T SE K
BRI I A5 i, ok 2280 H 4R 18] O B E B0 T
U/ B e A8 S A ) I sk B 5 e I GG D 2 R
BRAS . CAD/CAM HAR MY H BT A8 52 A7 i ot
PR/ 1 FLAIR 25 A9 B B, I HL i T 5 e B Ok (5 4
BRI T G A i Tk i 78 B )
TS T RERR AR Y IR RE % R IR R w1 AR Y
Py aR R R A TR, IR TR B
JWE e 8y ffe i, 7 1 EAB S v AS B2 B

e T ES I PR 55 B v, CAD/CAM. ek i L o0 22
TEHA R B AED | B TS24 %l
A T 5 oy 400 U ) ke A [) ) S JO5E B 1 e 4T 5
JE 2R ROF B E R E bR, SR, A&
AR IR Hly 52 30 Kb 45 B 1 Jo et e 58 i) Rl 4 aod A
HE | ABRRE B 5 Pagniano AEUDIRE g
1t 90% 3 35 B % 5k 1Y) 2 S80R IR TR 4 B T A e
G, AEEATE T EK IR R4 R AR A 5
TEKRABEAE T 7= A 2 AL A 7] 2%, Hernandez
SEOVRIRGY R B, e e Rk 45 7R ARl 45 SR L AR
EPREEETA) )RG 4 BT AR B A2 B 57 2 A Ak
YEHIMSEm . Lu 557 BT T KAGAE FH R 4% 5l i
HRALRE ST, KIUKAAE G 2B 43 A 6 2L RS
B SMINZR AT 1 G, RS IX S 23 i 2 7 o L 8 A

() ERAEH = hEF
1 £EBZYLHEER

Fig.1 Three-dimensional (3D) solid model of the all-ceramic crown
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Tab.1 Material properties and numbers of elements and nodes in

the models
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Fig.2 Debonding states and interfacial defects between the crown
(a) Stage 1, (b) Stage 2, (c) Stage 3,
(d)Stage 4, (e) Stage 5, (f) Stage 6, (g) Stage 7,
(e) Case I, (i) Case II

and cement
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Fig.3  Occlusal loading condition and boundary

conditions of the finite element model
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Fig.4 Distributions of the first principle stress at lower surface
of the crown under different debonding states and inter-
facial defects (a) Stage 1, (b) Stage 2, (c) Stage 3,
(d) Stage 4, (e) Stage 5, (f) Stage 6, (g) Stage 7,
(e) Case I, (i) Case II
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Fig.5 Distributions of the first principle stress at surface of the
cement under different debonding states and interfacial
defects (a) Stage 1, (b) Stage 2, (c) Stage 3,
(d) Stage 4, (e) Stage 5, (f) Stage 6, (g) Stage 7,
(e) Case I, (i) Case II
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Fig.6 Comparison of various stresses induced by interfacial debonding rate (a) The average of principal

tensile stress, (b) The maximum of the first principal stress, (c¢) The degree of stress concentration,

(d) Damage percentage within the cement layer
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