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[Abstract] Objective To compare the stress distribution of different all-ceramic restoration materials and thick-
nesses in dental crown restorations using the finite element method and provide a reference for the selection and design
of clinical crown restoration materials. Methods A finite element model of mandibular first molar implant crown resto-
ration was created, and 6 crown thickness designs and 4 different crown restoration materials were evaluated, namely,
resin-based ceramics (Lava Ultimate and Vita Enamic), lithium disilicate glass-ceramics (IPS e.max CAD), and zirconia
ceramic (Cercon) designs. The mandibular first molars were loaded at 600 N, and the stress distribution was analyzed by
using the finite element software ANSYS 10.0. Results The crown stress analysis showed that 156.05 MPa was the
highest in 4 mm Cercon group and 18.85 MPa was the lowest in 1 mm Lava Ultimate group. The stress analysis of resin
cement showed that 62.52 MPa was the highest in the 4 mm Lava Ultimate group and 16.74 MPa was the lowest in 1
mm [PS e.max CAD group. During the use of the finished platform, the stress concentration of the Lava Ultimate group
in the crown prosthesis and resin cement was higher than that of the personalized platform with the same crown thick-

ness. Conclusion With increasing crown thickness, the maximum principal stress concentration in crown restoration
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and resin cement increases. Personalized abutments are more conducive to reducing stress concentrations for resin -

based ceramics.
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Table 1  Material properties

Ttem Young's modulus (GPa) Poisson ratio
Lava Ultimate 12.70 0.45
Vita Enamic 37.80 0.24

IPS e.max CAD 95.00 0.25
Cercon 205.20 0.24
Resinous cement 7.50 0.30
Cortical bone 10.40 0.34
Implant/Abutment (Ti-6A1-4V ) 120.00 0.33
Food bolus 3.41 % 10° 0.10

2 5 R
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The model structure included crown, resin cement, abutment, implant, bone and food bolus. From left to right, the custom abutment included
the design of 1 mm, 2 mm, 3 mm and 4 mm crown restoration thickness, and the prefabricated abutment included the design of 3 mm and 4

mm crown restoration thickness, the arrow on the occlusal surface indicated that a uniform load of 600 N was applied along the long axis of

the tooth

Figure 1  The stress loading model and six crown designs in this experiment

B ASSEE A T R AR 6 B BT

Fritats . WAR/KITIT I S0 T 7R , 4 mm-Lava Ul-
timate PP AL 3 4 2H 62.52 MPa 5% 55 , 1 mm-IPS e.
max CAD AL IE 4 2 16.74 MPa fe A% , 45 #1 B}
NEAKTITH R S 3 2 BT a3 &R A
7K, 4 mm-Lava Ultimate PEfCFE & 2H 187.22 MPa
5 , 2 mm-Cercon PE b3 5 2H 49.14 MPa i .
B uE e R ER N AR N o R R )
H A ], Lava Ultimate 41 7856508 52 (& B4R K 11T H
P4 I 3 s AR ) et SR B A PEAR I e o SRR
N JI7E 41.06 ~ 41.11 MPa i, 284648/,
T KR Sz B L 2, e AT, 5 R A
1 mm 3] 4 mm, 25 BFRLZH 1) 56 58 5 1 g X% b
K, G RN B s YR E N 4 mm B 25
AT WLEE G N X RS R R B Ak
RIS
BRI 0SS — B A R AR e A AR B 4
SR (H H: S R 7R ST J8 v ) 1) AR R R
DLW, 47 A A 5 = e ST AR R LR,
TELS M e BT A A 2 BEA A S
AT R B R 22 L 5y TR B In) AR o
Sl = AEBIRL Sy I T SR FH A I T A BT AR RS
PE AN AV TR DU 308 B30T, QA f A R R 7K 1)
TTAFAEMSE A 1, 2 X040 0 AR BE A /N BT, (A
FR T TR 25 S A RS B 1k 2 B2 ma Y fh 1 oet R
J1Je FEMEAEIR Z — , AR L5 Z E Ausiello 55
Fl Dal Piva 88/ 07 %, 76 T 40050 — B #8111
iR 1) 2% 600 N B KW A 77, £ L in 2k 4

T2 AL RIS BE 1 B 7 e e R SR
Table 2 Maximum principal stress value of dental implant crown

with different all-ceramic materials and thickness MPa

Crown restoration

Materials Crown Cement Abutment Implant Bone
thickness

Lava Ultimate 1 mm-custom 18.85 34.00 166.80 48.65 41.06

2 mm-custom 2540 4469 14615 4640 41.07

3 mm-custom 29031 5322 17058 3943 41.07

4 mm-custom 3559 6252 187.22 3575 41.14

3 mm-prefabricated  37.37 68.18 9470 4892 41.02
4 mm-prefabricated 38.94 61.02 15122 36.89 41.08

Vita Enamic 1 mm-custom 38.69 2226 9247 4825 41.06
2 mm-custom 5273 2847 79.31 4636 41.07
3 mm-custom 66.52 3295  89.38 4148 41.07
4 mm-custom 68.00 37.65 103.57 36.82 4l.11

3 mm-prefabricated  64.27 43.72 7597 4743 41.05
4 mm-prefabricated  70.59 42.11  109.11 ~ 37.75 41.08

IPS e.max CAD 1 mm-custom 6857 1674 7244 4639 41.08
2 mm-custom 73.08 2220 6121 43.10 41.09
3 mm-custom 7631 26.14 7489 3877 41.09
4 mm-custom 9446 3150 9532 36.50 41.11

3 mm-prefabricated  68.69 3249  80.72  40.79 41.08
4 mm-prefabricated 7445 33.76 10198  36.71 41.11
Cercon 1 mm-custom 125.56  20.25 54.13  44.00 41.08
2 mm-custom 133.92 2590  49.14 4230 41.09
3 mm-custom 13091 32.14  80.69 3832 41.10
4 mm-custom 156.05 4195  95.08 3640 41.11
3 mm-prefabricated  79.67 3537  86.80 38.06 41.10
4 mm-prefabricated 108.10 41.66 9493 3626 41.11
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Different colors represented different stress value ranges. With the increase of crown thickness, the crown high stress area increased,
the abutment high stress area decreased. The high stress area of abutment was transferred to the shoulder when crown restoration
thickness is 4 mm

Figure 2 Distribution of the maximum principal stress of dental implant crown with different all-ceramic materials

and thickness
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