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[Abstract] Objective To analyze the effects of different restorations and the thickness of the occlusal space on the
stress distribution of endodontically treated molars with endocrowns. Methods The finite element model of the restora-
tion of the first mandibular molar was created, and four different endocrown materials were used including two resin
based ceramics (Lava Ultimate, Vita Enamic), one lithium disilicate ceramic (IPS e.max CAD) and one zirconia ceram-
ics (Cercon), and four kinds of surface space thickness were designed: 1 mm, 2 mm, 3 mm and 4 mm. A total of 600 N
was loaded to simulate the maximum bite force in the vertical and inclined directions, and the finite element software
ANSYS 10.0 was used to analyze the stress distribution. Results The vertical loading analysis showed that the crown
stress of the 1 mm-Cercon group was the highest at 211.30 MPa, and that of the 4 mm-Lava Ultimate group was the low-
est at 11.56 MPa; the highest dentin stress was 38.84 MPa in the 3 mm-Lava Ultimate group, and the lowest was 11.68
MPa in 1 mm-Cercon group. The stress in the periodontal ligament and alveolar bone had little change. The inclined

loading analysis showed that the crown stress of the 1 mm-Cercon group was the highest at 78.73 MPa and that of the 1
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mm-Lava Ultimate group was the lowest at 35.51 MPa; the highest dentin stress was 41.63 MPa in the 1 mm-Cercon cer-
vical group, and the lowest was 10.81 MPa in the 4 mm-Cercon coronal group. The stress concentration of cement and
cervical dentin under inclined loading was higher than that under vertical loading. Conclusion The results of finite el-
ement analysis show that the elastic modulus of the endocrown increases, the stress of the crown restoration shows an

upward trend, and the stress in the tooth shows a downward trend. With increasing crown thickness, the stress of the

crown prosthesis decreased.

[Key words] endocrown; thickness; zirconia; resin based ceramics; lithium disilicate ceramics; zirconia ce-

ramics; finite element method; stress distribution
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From left to right, endocrown models with different thick-
nesses from 1 mm to 4 mm were designed, and the verti-
cal and oblique loading directions are illustrated

Figure 1  Finite element model and the loading
diagram
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Table 1  Material and tissue properties

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
Enamel 84.10 0.33
Dentin 18.60 0.32
Periodontal ligament 0.15x107° 0.45
Cortical bone 10.40 0.34
Food bolus 3.41x107 0.10
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Table 2 Maximum principal stress value loaded in the vertical direction MPa

Endocrown Cement Enamel Dentin Periodontal ligament Bone
1 mm-Lava Ultimate 12.61 12.69 42.19 24.22 3.25 8.98
1 mm-Vita Enamic 35.82 9.98 32.29 15.23 3.24 8.03
1 mm-IPS e.max CAD 116.63 14.41 27.35 12.47 3.22 7.60
1 mm-Cercon 211.30 18.73 23.34 11.68 3.22 7.39
2 mm-Lava Ultimate 12.83 17.71 60.57 38.25 3.25 9.03
2 mm-Vita Enamic 23.52 10.77 42.28 24.96 3.24 8.06
2 mm-IPS e.max CAD 54.56 13.98 33.73 19.30 3.24 7.63
2 mm-Cercon 90.53 17.97 28.53 16.06 3.23 7.43
3 mm-Lava Ultimate 11.94 17.91 62.28 38.84 3.25 8.95
3 mm-Vita Enamic 20.98 10.56 42.64 24.89 3.24 7.99
3 mm-IPS e.max CAD 39.14 13.71 34.69 19.93 3.24 7.59
3 mm-Cercon 57.35 17.45 30.37 17.43 3.23 7.40
4 mm-Lava Ultimate 11.56 16.98 54.26 27.46 3.25 8.92
4 mm-Vita Enamic 18.62 8.39 36.81 15.21 3.24 7.98
4 mm-IPS e.max CAD 35.06 12.37 30.22 12.69 3.22 7.61
4 mm-Cercon 46.13 15.79 26.80 12.25 3.22 7.45
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Table 3 Maximum principal stress value loaded in the inclined direction MPa

Endocrown  Cement Enamel (Buccal) Enamel (Lingual) Dentin (Coronal) Dentin (Cervical) Periodontal ligament Bone

1 mm-Lava Ultimate 35.51 12.22 16.62
1 mm-Vita Enamic 44.98 16.00 8.30
1 mm-IPS e.max CAD 60.83 19.07 7.47
1 mm-Cercon 78.73 21.03 7.23
2 mm-Lava Ultimate 35.94 13.92 26.71
2 mm-Vita Enamic 37.75 15.69 13.75
2 mm-IPS e.max CAD 45.67 18.18 9.12
2 mm-Cercon 62.21 19.46 6.43
3 mm-Lava Ultimate 37.52 14.22 28.93
3 mm-Vita Enamic 39.08 14.87 16.92
3 mm-IPS e.max CAD 47.56 16.38 12.80
3 mm-Cercon 64.45 16.69 10.26
4 mm-Lava Ultimate 37.37 14.20 27.14
4 mm-Vita Enamic 40.57 13.00 16.06
4 mm-IPS e.max CAD 43.76 13.16 11.98
4 mm-Cercon 58.12 12.53 9.44

25.88
25.02
25.89
26.24
20.59
17.96
17.38
17.15
28.72
23.76
21.53
20.28
18.90
11.78
10.17

9.54

15.96 35.20 8.55 21.06
12.59 39.19 8.54 20.71
14.32 40.86 8.54 20.67
15.79 41.63 8.52 20.48
16.46 35.25 8.57 20.68
12.07 39.25 8.55 20.44
13.33 40.77 8.54 20.35
14.14 41.41 8.51 20.14
16.46 35.53 8.57 21.03
11.65 39.37 8.56 21.01
11.36 40.68 8.55 20.67
11.28 41.17 8.52 20.55
16.99 35.78 8.59 20.86
11.17 39.34 8.54 20.73
10.94 40.40 8.54 20.53
10.81 40.75 8.51 20.45

1 mm 2 mm 3 mm 4 mm
: Uhimatei i ‘ i
o . ‘ ' i

0 5 10 15 MPa

IPS e.max CAD

Cercon

Different colors represent different stress ranges. From 1 mm to 4
mm, with increasing crown thickness, the peak stress of the
crowns decreased. From top to bottom, with the increase in the
elastic modulus of the endocrown, the stress of crown restoration
showed an upward trend while the stress of the tooth showed a
downward trend. The arrow indicates that the stress of the lava ul-
timate group was concentrated in the tooth tissue

Figure 2 Distribution of the maximum principal stress of

each group loaded in the vertical direction
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Different colors represent the different stress ranges. The stress

10 15 MPa

concentration of cement and cervical dentin under inclined load-
ing was higher than that under vertical loading. From the top to
the bottom, with the increase in the elastic modulus of the pulp
retention crown, the stress of crown restoration showed an upward
trend while the stress of the tooth showed a downward trend. Red
and black arrows indicate the stress concentration areas of the
crown and neck dentin, respectively

Figure 3 Distribution of the maximum principal stress of

each group loaded in the inclined direction
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