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[Abstract] Objective This study compares the effects of lithium disilicate glass ceramic onlays and full crowns in
restoring cracked teeth that have undergone root canal therapy, providing a reference for the restoration method of
cracked teeth that have undergone root canal therapy. Methods This study was approved by the hospital’ s medical
ethics committee, and all patients signed the informed consent form. Patients with cracked teeth who underwent root

canal treatment in our hospital from January 2022 to January 2023 were enrolled in this study. According to the inclu-
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sion and exclusion criteria, 60 patients were screened and enrolled, with a total of 60 affected teeth. The patients were
divided into the onlay group and full crown group at a ratio of 2:3 using the random number table method. Lithium dis-
ilicate glass ceramic onlays were used to restore the affected teeth in the onlay group (24 cases), and lithium disilicate
glass ceramic full crowns were used to restore the affected teeth in the full crown group (36 cases). At 3, 6, and 12
months after the repair, the restoration effect was evaluated and compared with the modified USPH Standard (the aes-
thetic, functional, and biological aspects of restorations). According to the biological definition of survival, survival
analysis was conducted on the affected teeth in both groups. Results At 3, 6, and 12 months after the repair, 85% of
cases in the onlay group achieved grade A, while 80% of cases in the full crown group achieved grade A. There was no
statistically significant difference in the restoration effects between the onlay group and the full crown group (P > 0.05).
The 12-month survival rate of cracked teeth in the onlay group reached 95.65%, and the 12-month survival rate of
cracked teeth in the full crown group reached 94.12%. There was no statistically significant difference in the retention
of the affected teeth (P > 0.05). There was no significant effect of age, gender, tooth position, dentition, direction of
cracks, the number of marginal ridges associated with cracks, or the type of restoration on the survival status of cracked
teeth. (P > 0.05). Conclusion For cracked teeth that have undergone root canal therapy, the short-term effect of
lithium disilicate glass ceramic onlays is comparable to that of full crowns, and both have good short-term effects. On-
lays are less invasive and are expected to become an alternative restoration method to full crowns.

[Key words] lithium disilicate glass ceramic; onlay; full crown; cracked tooth; root canal therapy; tooth
preparation; restoration effect; minimally invasive principle
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a: schematic diagram of tooth tissue after the
preparation of the onlay group of cracked teeth
that have undergone root canal therapy. The
preparation of 1.5 = 2.0 mm on the occlusal sur-
face, 1.0 = 1.5 mm on the axial surface consistent
with the crack direction, and an outer inclined
plane of 1.0 - 1.5 mm on the axial surface in the
non-crack direction. b: schematic diagram of
tooth tissue after the preparation of the full crown
group of cracked teeth after root canal therapy.

@ The preparation of 1.5 = 2.0 mm on the occlusal

surface and 1.0 — 1.5 mm on each axial surface

Figure 1  Schematic diagram of tooth tissue after the preparation of the onlay group and the full crown group of cracked teeth that

have undergone root canal therapy
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Table 1 The modified United States Public Heath Service standard

Evaluation criteria Degree Content

Restoration integrity A The restoration is complete
B The restoration has fine cracks or defects, which do not affect the function
C The restoration has visible cracks or defects, which affect the function

Restoration retention

The restoration is no loosening or detaching

C  The restoration is loose or detached

Restoration color match A The restoration matches in color and translucency to adjacent tooth structure
B The mismatch is within the acceptable range of tooth color and translucency
C The mismatch is outside the acceptable range of color and translucency

Anatomic contour of the res-

The general contour of the restoration follows the contour of the tooth

toration B The general contour of the restoration does not follow the contour of the tooth
C The restoration has an overhang
Surface texture of the resto- A The surface of the restoration has no defects and is smooth
ration B The surface of the restoration has a slight roughness and small defects, but it can be trimmed
C The surface of the restoration has severe surface defects and cannot be trimmed
Marginal fitness of restora- A The marginal fitness of restoration is quite well, and there was no stuck probe phenomenon
tion B There is a gap between the restoration and the abutment, the dentin is not exposed, and the probe is stuck
There are obvious cracks between the edge of the restoration and the abutment, and the dentin or tissue surface
of the prosthesis is exposed
Adjacency A The dental floss passes through with resistance and there is no food impaction
B The dental floss cannot pass through or is relatively easy to pass through, and there is no food impaction

C The gap is large and there is food impaction

Secondary caries A No secondary caries in abutment teeth
C Secondary caries in abutment teeth
Tissue of tooth A The dental tissue is intact without any defect
B There are cracks or defects in the dental tissue that do not affect function
C There are cracks or defects in the dental tissue that affect function.
Gingiva health status A The gingiva condition is healthy.
B There is mild gingival inflammation and a small amount of bleeding is detected during probing.
C There is obvious redness and swelling of the gingiva, bleeding, and deepening of the periodontal pocket

Grade A indicates that the restoration is ideal; Grade B indicates that the restoration is acceptable; Grade C indicates that the restoration is unacceptable
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Table 2 Evaluation and comparative analysis of the affected teeth in the onlay and full crown groups at 3, 6, and 12 months after resto-

ration of cracked teeth that have undergone root canal therapy n(%)
Evaluation criteria Follow—up visit time Group N Degref]; Total A P
Restoration integrity The third month Onlay 24(100.00) 0(0.00) 0(0.00) 24 0.000 1.000
Full crown 36(100.00) 0(0.00) 0(0.00) 36
The sixth month Onlay 24(100.00) 0(0.00) 0(0.00) 24 -0.828 0.408
Full crown 34(97.14) 0(0.00) 1(2.86) 35
The twelfth month Onlay 22(95.65) 0(0.00) 1(435) 23 -0.616 0.538
Full crown 32(91.43) 0(0.00) 3(8.57) 35
Restoration retention The third month Onlay 24(100.00) - 0(0.00) 24 0.000 1.000
Full crown 36(100.00) - 0(0.00) 36
The sixth month Onlay 24(100.00) - 0(0.00) 24 -0.828 0.408
Full crown 34(100.00) - 0(0.00) 34
The twelfth month Onlay 22(100.00) - 0(0.00) 22 -0.616 0.538
Full crown 31(96.88) - 1(3.13) 32
Restoration color match The third month Onlay 22(91.67) 2(8.33) 0(0.00) 24 -0.419 0.675
Full crown 34(94.44) 2(5.56) 0(0.00) 36
The sixth month Onlay 22(91.67) 2(8.33) 0(0.00) 24 -0.360 0.719
Full crown 32(94.12) 2(5.88) 0(0.00) 34
The twelfth month Onlay 20(90.91) 2(9.09) 0(0.00) 22 -0.297 0.767
Full crown 30(93.75) 2(6.25) 0(0.00) 32
Anatomic contour of the restoration ~ The third month Onlay 22(91.67) 2(8.33) 0(0.00) 24 -0.651 0515
Full crown 31(86.11) 5(13.89) 0(0.00) 36
The sixth month Onlay 22(91.67) 2(8.33) 0(0.00) 24 -0.727 0.464
Full crown 29(85.29) 5(14.71) 0(0.00) 34
The twelfth month Onlay 20(90.91) 2(9.09) 0(0.00) 22 -0.388 0.698
Full crown 28(87.50) 4(12.50) 0(0.00) 32
Surface texture of the restoration The third month Onlay 23(95.83) 1(4.17) 0(0.00) 24 -0.240 0.810
Full crown 34(94.44) 2(5.56) 0(0.00) 36
The sixth month Onlay 23(95.83) 1(4.17) 0(0.00) 24 -0.288 0.773
Full crown 32(94.12) 2(5.88) 0(0.00) 34
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L2
Continue table 2
Evaluation criteria Follow—up visit time Group Degree Total Z P
A B C
The twelfth month Onlay 21(95.45) 1(4.55) 0(0.00) 22 -0.266 0.790
Full crown 30(93.75) 2(6.25) 0(0.00) 32
Marginal fitness of restoration The third month Onlay 23(95.83) 1(4.17) 0(0.00) 24 -0.629 0.530
Full crown 33(91.67) 3(8.33) 0(0.00) 36
The sixth month Onlay 23(95.83) 1(4.17) 0(0.00) 24 -0.683 0.494
Full crown 31(91.18) 3(8.82) 0(0.00) 34
The twelfth month Onlay 21(95.45) 1(4.55) 0(0.00) 22 -0.266 0.790
Full crown 30(93.75) 2(6.25) 0(0.00) 32
Adjacency The third month Onlay 21(87.50) 3(12.50) 0(0.00) 24 -0.154 0.878
Full crown 31(86.11) 5(13.89) 0(0.00) 36
The sixth month Onlay 21(87.50) 3(12.50) 0(0.00) 24 -0.084 0.933
Full crown 30(88.24) 4(11.76) 0(0.00) 34
The twelfth month Onlay 19(86.36) 3(13.64) 0(0.00) 22 -0.121 0.904
Full crown 28(87.50) 4(12.50) 0(0.00) 32
Secondary caries The third month Onlay 24(100.00) - 0(0.00) 24 0.000 1.000
Full crown 36(100.00) - 0(0.00) 36
The sixth month Onlay 24(100.00) - 0(0.00) 24 0.000 1.000
Full crown 34(100.00) - 0(0.00) 34
The twelfth month Onlay 22(100.00) - 0(0.00) 22 0.000 1.000
Full crown 32(100.00) - 0(0.00) 32
Tissue of tooth The third month Onlay 24(100.00) 0(0.00) 0(0.00) 24 0.000 1.000
Full crown 36(100.00) 0(0.00) 0(0.00) 36
The sixth month Onlay 24(100.00) 0(0.00) 0(0.00) 24 -0.828 0.408
Full crown 34(97.14) 0(0.00) 1(2.86) 35
The twelfth month Onlay 22(95.65) 0(0.00) 1(4.35) 23 -0.252  0.801
Full crown 32(94.12) 0(0.00) 2(5.88) 34
Gingiva health status The third month Onlay 24(100.00) 0(0.00) 0(0.00) 24 0.000 1.000
Full crown 36(100.00) 0(0.00) 0(0.00) 36
The sixth month Onlay 23(95.83) 1(4.17) 0(0.00) 24 -1.007 0.314
Full crown 30(88.24) 4(11.76) 0(0.00) 34
The twelfth month Onlay 20(90.91) 2(9.09) 0(0.00) 22 -0.696 0.487
Full crown 27(84.38) 5(15.62) 0(0.00) 32
"0" indicates that the number of restorations or affected teeth corresponding to this item is 0."-" indicates that there is no corresponding grade in the

evaluation criteria. In terms of restoration integrity, if the affected tooth is cracked (i.e., the affected tooth cannot be retained), the corresponding cases
will be excluded. Six months after repair, one patient experienced tooth cracking in the full crown group, so one case was excluded. The total number of
cases in the full crown group was 35. Twelve months after repair, one patient experienced tooth cracking in the onlay group, so one case was excluded.
The total number of cases in the onlay group was 23. After excluding the case of tooth cracking at 6 months in the full crown group mentioned above, the
total number of cases in the full crown group was 35. In terms of tooth tissue, if the restoration is cracked (i.e., the restoration cannot be retained), the cor-
responding cases will be excluded. Six months after repair, one patient experienced restoration cracking in the full crown group, so one case was ex-
cluded. The total number of cases in the full crown group was 35. Twelve months after repair, one patient experienced restoration cracking in the onlay
group, so one case was excluded. The total number of cases in the onlay group was 23. One new patient experienced restoration cracking in the full crown
group, so another case was excluded. The total number of cases in the full crown group was 34. In terms of miscellaneous restoration effects, if the restora-
tion or the affected tooth is cracked (i.e., the restoration or the affected tooth cannot be retained), the corresponding cases will be excluded. Six months
after repair, one patient experienced restoration cracking and one patient experienced tooth cracking in the full crown group, so two cases were excluded.
The total number of cases in the full crown group was 34. Twelve months after repair, one patient experienced restoration cracking and one patient experi-
enced tooth cracking in the onlay group, so two cases were excluded. The total number of cases in the onlay group was 22. One new patient experienced
restoration cracking and one patient experienced both restoration and tooth cracking in the full crown group,so two more cases were excluded. The total

number of cases in the full crown group was 32.
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Figure 2 The Kaplan-Meier survival curves of the affected teeth after restoration in the onlay group and the full crown group of

cracked teeth that have undergone root canal therapy
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Table 3 The results of Cox multivariate regression 12 months after restoration of the affected teeth in the onlay group and the full

crown group of cracked teeth that have undergone root canal therapy

Factor Regression coefficient (B) Standard error(SE) HR (95% CI) P

Age -0.173 1.481 0.841(0.046, 15.342) 0.907
Gender 0.456 1.437 1.577(0.094, 26.374) 0.751
Tooth position 0.868 1.440 2.382(0.142, 40.066) 0.547
Dentition -0.004 1.390 0.996(0.065, 15.194) 0.998
Crack direction 1.504 1.579 4.499(0.204, 99.421) 0.341
The cracks involve the number of edge ridges 2.143 1.472 8.526(0.476, 152.623) 0.145
Restoration type 0.804 1.391 2.235(0.146, 34.132) 0.563
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Case 1

Case 2

a: intraoral photo of the occlusal surface of tooth 16 prepared with onlay restoration. b: oral scan photos of the occlusal surfaces of tooth 16 pre-

pared with onlay restoration. c¢: oral scan photos of the palatal surfaces of tooth 16 prepared with onlay restoration. d: intraoral occlusal surface

photo 12 months after onlay restoration of tooth 16. e: the intraoral buccal surface photo 12 months after onlay restoration of tooth 16. f: X-ray films

were reexamined 12 months after onlay restoration of tooth 16. g: intraoral photo of the occlusal surface of tooth 47 prepared with full crown resto-

ration. h: oral scan photos of the occlusal surfaces of tooth 47 prepared with full crown restoration. i: oral scan photos of the palatal surfaces of

tooth 47 prepared with full crown restoration. j: the intraoral occlusal surface photo 12 months after full crown restoration of tooth 47. k: the intra-

oral buccal surface photo 12 months after full crown restoration of tooth 47. I: X-ray films were reexamined 12 months after full crown restoration

of tooth 47

Figure 3 Photographs of the restoration process and the 12-month follow-up results of the affected teeth in the onlay group and

the full crown group of cracked teeth that have undergone root canal therapy
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