Retrospective study of fracture survival in endodontically treated molars: the effect of single-unit crowns versus direct-resin composite restorations
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Abstract
Objectives
This study was conducted to compare the post-fracture survival rate of endodontically treated molar endodontically treated teeth (molar ETT) restored with resin composites or crowns and to identify potential risk factors, using a retrospective cohort design.

Materials and Methods
Dental records of molar ETT with crowns or composite restorations (recall period, 2015–2019) were collected based on inclusion and exclusion criteria. The incidence of unrestorable fractures was identified, and molar ETT were classified according to survival. Information on potential risk factors was collected. Survival rates and potential risk factors were analyzed using the Kaplan-Meier log-rank test and Cox regression model.

Results
The overall survival rate of molar ETT was 87% (mean recall period, 31.73 ± 17.56 months). The survival rates of molar ETT restored with composites and crowns were 81.6% and 92.7%, reflecting a significant difference (p < 0.05). However, ETT restored with composites showed a 100% survival rate if only 1 surface was lost, which was comparable to the survival rate of ETT with crowns. The survival rates of ETT with composites and crowns were significantly different (97.6% vs. 83.7%) in the short-term (12–24 months), but not in the long-term (> 24 months) (87.8% vs. 79.5%).

Conclusions
The survival rate from fracture was higher for molar ETT restored with crowns was higher than for ETT restored with composites, especially in the first 2 years after restoration. Molar ETT with limited tooth structure loss only on the occlusal surface could be successfully restored with composite restorations.
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INTRODUCTION
The success of endodontic treatment is strongly affected by the quality of root canal treatment and coronal restoration [123]. In endodontically treated teeth (ETT), coronal restorations provide a coronal seal and protect the remaining tooth structure from fracture [45]. Fracture of ETT usually occurs when ETT are not immediately restored, resulting in coronal microbial leakage or an unrestorable fracture [678].
The amount of remaining tooth structure affects the fracture resistance of ETT [49101112]. Tooth structure loss, quantified in terms of the number of sides, has been reported to be a significant factor associated with reduced tooth stiffness and an increased risk of fracture in posterior ETT [131415]. Loss of marginal ridge(s) decreases tooth stiffness, increases cuspal flexure and, consequently, leads to a risk of tooth fracture [111216].
Previous retrospective studies have indicated that placement of a full-coverage restoration significantly improved the overall survival rate of posterior ETT after fractures [81314]. Nevertheless, a recent systematic review reported that the long-term success of resin composite restorations in posterior ETT depended on the amount of tooth structure loss [5]. A recent clinical study demonstrated a high survival rate of posterior ETT with composite fillings that had different amounts of tooth surface loss, but the results did not report the survival separately by tooth type [14]. Retrospective studies have presented higher survival rates from fracture for premolar ETT with mild to moderate tooth structure loss that were restored with resin composite restorations than for those restored with full-coverage crowns [131718]. However, the results of these studies are limited to only premolar ETT.
A previous study showed an acceptable survival rate of molar ETT with an adequate amount of remaining tooth structure that were restored with resin composite in a short-term period. However, that study did not compare the survival with ETT restored using crown restorations [19]. To date, limited research has compared the fracture survival rate between direct resin composite and crown restorations in molar ETT. Therefore, the purpose of this study was to compare the fracture survival rates of molar ETT restored with direct resin composites or crowns, using a retrospective cohort design. In addition, the potential risk factors associated with fracture survival were identified.

MATERIALS AND METHODS
The protocol of this retrospective study was approved by the Institutional Ethics Committee of Mahidol University (MU-DT/PY-IRB 2020/019.3003) and Rangsit University (DPE. No. RSUERB2020-020). The dental records of patients who received nonsurgical endodontic and restorative treatments and presented at a recall visit from 2015 to 2019 were collected. Some of the ETT molars were selected from our previous study, with a longer follow-up period, and some new ETT were included [13]. The data of the ETT were reviewed and included in the study if the teeth satisfied the following criteria.
The inclusion criteria for ETT were 1) first and second molars with mature root formation; 2) teeth restored with single-unit full-coverage crowns or direct resin composite restorations; 3) a recall examination period of at least 12 months; and 4) adequate data regarding treatment procedures, clinical records, and radiographic records. The exclusion criteria were 1) teeth extracted for other reasons, not due to unrestorable fracture; 2) chronic periodontitis with bone loss of more than half of the root length; 3) preoperative cracks or radicular fracture; 4) history of surgical root canal treatment, hemisection, or root amputation; and 5) fixed orthodontic appliances.
Endodontic and restorative procedures
Root canal treatments were performed by undergraduates, postgraduates, or endodontists under rubber dam isolation. Root canal cleaning and shaping were performed with the crown-down technique using 0.02 taper hand stainless steel and/or 0.04/0.06 taper rotary Ni-Ti files with 2.5% sodium hypochlorite and 17% EDTA irrigants. After calcium hydroxide intracanal medication, the prepared root canals were then obturated with gutta-percha cones and root canal sealer (zinc oxide, epoxy resin, or calcium silicate-based sealer), using one of the following root canal obturation methods: lateral compaction, vertical compaction, or the cold hydraulic (sealer-based) technique.
Coronal restorations were performed by undergraduates, postgraduates, or prosthodontists. Full-coverage crown restorations (with core build-up or post placement) were commonly planned as a final restoration. Direct resin composite restorations were placed as a long-term, interim restoration in cases with a questionable prognosis in terms of endodontics or periodontics, or those on a waiting list for crown restorations. Resin composite was occasionally used as a permanent restoration for patients who could not afford the cost of a crown, or for ETT with tooth structure loss limited to the occlusal surface only.
In cases that were restored with crown restorations, a post was only indicated when the retention from the remaining tooth structure for core build-up was not adequate. Cast metal posts or prefabricated fiber posts (D.T. LIGHT-POSTS (BISCO Inc., Schaumburg, IL, USA) or FRC Postec Plus (Ivoclar Vivadent AG, Schaan, Liechtenstein) were cemented into the prepared root canals with adhesive resin-based cement (Panavia F 2.0, Kuraray Noritake Dental Inc., Tokyo, Japan) or core build-up material (MultiCore Flow, Ivoclar Vivadent AG).
In ETT restored with resin composite restorations, resin composite was placed without the use of a post. The access cavity was prepared using Cavit (CAVITON, GC Corp., Tokyo, Japan), or glass-ionomer cement liner (Vitrebond, 3M ESPE, St. Paul, MN, USA; or GC Fuji VII, GC Corp.) applied at a thickness of 1-2 mm. Resin composite (Z250 or Z350, 3M ESPE) was placed and bonded with etch-and-rinse adhesive (Adper Single Bond 2, 3M ESPE), or self-etch adhesive (Clearfil SE Bond, Kuraray Noritake Dental Inc.).

Data collection and assessment criteria
An overview of the methodology is presented in Figure 1. From clinical and radiographic records, the following information was collected: age, sex, recall period (months), tooth type, tooth location (upper or lower), coronal restoration (crown or resin composite), opposing dentition (natural tooth, fixed prosthesis, removable prosthesis, or none), and number of adjacent teeth. For ETT restored with resin composite restorations, the amount of tooth surface loss was identified from dental records. For ETT restored with full-coverage crowns, the type of post was recorded as no post, a fiber post, or a metal post.
[image: Figure 1]
Figure 1 An overview of the methodology in this retrospective study of fracture survival in molar endoscopically treated teeth (ETT) restored with crowns or resin composite restorations.

The incidence of fractures and their restorability were identified, and fractures were classified as restorable or unrestorable. Survival was defined using the following criteria: 1) survival: no fracture or a restorable fracture; 2) non-survival: an unrestorable fracture.

Statistical analysis
The survival rates from fracture of ETT restored with full-coverage crown and resin composite were analyzed using the Kaplan-Meier method. The survival rate of the 2 different coronal restorations overall and according to 2 different observation periods—short-term (12−24 months) and long-term (24–60 months)—was statistically compared using the log-rank test. A multivariate Cox proportional hazards model was used to identify any potential risk factors. Factors with a p value ≤ 0.25 and predisposing factors of interest were further analyzed in the multivariate analysis [71314]. A p value < 0.05 was considered to indicate statistical significance. ETT restored with resin composites according to different amounts of tooth structure loss were sub-analyzed using Kaplan-Meier survival analysis.


RESULTS
Data distribution and survival analysis
In total, 169 molar ETT were included in this study. The distribution of predisposing factors of interest and fracture survival rates are presented in Table 1. The ETT were obtained from patients who were 18 to 78 (44.55 ± 15.48) years of age (40 men and 129 women). The ETT comprised 51 maxillary teeth and 118 mandibular teeth, and the coronal restorations were resin composites in 87 cases and crowns in 82 cases. The follow-up period ranged from 12 to 60 months, with a mean of 31.73 (± 17.56) months.
Table 1 Predisposing factors and survival analysis of unrestorable fractures in molar endodontically treated teeth (ETT; n = 169)

[image: ]	Variables	ETT without fracture	ETT with fracture	Bivariate analysis	Multivariable analysis
	p value	Adjusted HR (95% CI)	p value
	Age (yrs)			0.41	-	-
		0–40	61 (89.7)	7 (10.3)
		> 40	86 (85.1)	15 (14.9)
	Sex			0.34	-	-
		Female	115 (89.1)	14 (10.9)
		Male	32 (80.0)	8 (20.0)
	Location			0.29	-	-
		Maxilla	47 (92.2)	4 (7.8)
		Mandible	100 (84.7)	18 (15.3)
	Tooth type			0.74		0.596
		First maxillary molar	35 (92.1)	3 (7.9)	1
		Second maxillary molar	12 (92.3)	1 (7.7)	0.86 (0.08–8.70)
		First mandibular molar	72 (84.7)	13 (15.3)	2.13 (0.60–7.58)
		Second mandibular molar	28 (84.8)	5 (15.2)	1.55 (0.32–7.39)
	Restoration			0.049		0.036*
		Crown	76 (92.7)	6 (7.3)	1
		Composite	71 (81.6)	16 (18.4)	2.78 (1.07–7.26)
	Contacts			0.81		0.885
		0	9 (90.0)	1 (10.0)	1
		1	33 (84.6)	6 (15.4)	1.71 (0.20–14.26)
		2	105 (87.5)	15 (12.5)	1.58 (0.19–12.81)
	Opposing dentition			-	-	-
		None/removable prosthesis	13 (100.0)†	0 (0.0)
		Natural tooth/fixed prosthesis	134 (85.9)	22 (13.0)

Values are presented as number (%).
HR, hazard ratio; CI, confidence interval.
*The log-rank test (α = 0.05) was used to compare the fracture survival rates within each factor. The factors with a p value ≤ 0.25 and predisposing factors of interest from previous studies were further analyzed using the Cox regression model [71314]; †The p value was not calculated because no cases of ETT fracture were identified.


The overall fracture survival rate of molar ETT was 87%. Based on the coronal restorations, the survival rates from fracture of molar ETT restored with resin composites and crowns were 81.6% and 92.7%. The Kaplan-Meier survival analysis according to the type of coronal restoration is presented in Figure 2. From the log-rank test and multivariate Cox proportional hazards model, the type of coronal restoration was found to be a significant predisposing factor that affected the overall fracture survival rate of molar ETT (p < 0.05). No significant difference in the survival rates was observed according to other factors (i.e., age, sex, location of tooth, tooth type, number of contacts, and opposing dentition). In terms of the Cox proportional hazard ratio (HR), the ETT restored with resin composite restorations were 2.78 times more likely to have an unrestorable fracture than ETT restored with crowns (HR, 2.78; 95% confidence interval, 1.07–7.26; p < 0.05).
[image: Figure 2]
Figure 2 Kaplan-Meier survival analysis of molar endoscopically treated teeth (ETT) according to the 2 different coronal restoration types. The 5-year overall survival rates of molar ETT restored with full-coverage crowns and resin composites were 92.7% and 81.6%, respectively, and a significant difference was demonstrated (p < 0.05). The survival rates of molar ETT with resin composites and crowns were significantly different (97.6% vs. 83.7%) in the short-term period (12–24 months). The long-term survival rates (24–60 months) were not significantly different between the 2 restoration types (87.8% vs. 79.5%).


Fracture survival rate of endodontically treated teeth restored with full-coverage crowns and resin composites according to short- and long-term observation periods
The fracture survival rates at 12 to 24 months (short-term) and more than 24 months (long-term) for full-coverage crowns were 97.6% and 87.8%, and those for resin composite restorations were 83.7% and 79.5%, respectively (Table 2). A significant difference in the survival rates of the 2 different restorations was observed in the short-term period (p < 0.05). No significant difference in the survival rate was observed between the 2 restoration groups in the long-term period.
Table 2 Fracture survival rate of molar endodontically treated teeth (ETT) restored with crowns and resin composites according to the observation period after restoration

[image: ]	Observation periods	ETT with crowns	ETT with composite restorations	p value
	No fracture	Fracture	No fracture	Fracture
	Overall (12–60 mon)	76 (92.7)	6 (7.3)	71 (81.6)	16 (18.4)	0.049
	12–24 mon	40 (97.6)	1 (2.4)	36 (83.7)	7 (16.3)	0.048
	24–60 mon	36 (87.8)	5 (12.2)	35 (79.5)	9 (20.5)	0.277

Values are presented as number (%).



Fracture survival rate of endodontically treated teeth restored with resin composite restorations
None of the predisposing factors were identified as significant factors that affected the survival rate of molar ETT restored with resin composites (Table 3). The survival rates from fracture of maxillary teeth and mandibular teeth were 85.7% and 79.7%. The first maxillary molars had the highest survival rate (87%) and the second mandibular molars had the lowest survival rate (73.7%). ETT with 2 adjacent teeth had a higher survival rate than those with 1 or 0 adjacent tooth.
Table 3 Distribution of predisposing factors and survival analysis of unrestorable fracture in molar endodontically treated teeth (ETT) restored with 2 different restoration types

[image: ]	Variables	Crown (n = 82)	Composite (n = 87)
	ETT without fracture	ETT with fracture	Bivariate analysis	ETT without fracture	ETT with fracture	Bivariate analysis
	p value*	p value*
	Age (yrs)			0.85			0.33
		0–40	28 (93.3)	2 (6.7)	33 (88.8)	5 (13.2)
		> 40	48 (92.3)	4 (7.7)	38 (77.6)	11 (22.4)
	Sex			0.38			0.49
		Female	61 (95.3)	3 (4.7)	54 (83.1)	11 (16.9)
		Male	15 (83.3)	3 (16.7)	17 (77.3)	5 (22.7)
	Location			-			0.51
		Maxilla	23 (100.0)	0 (0.0)	24 (85.7)	4 (14.3)
		Mandible	53 (89.8)	6 (10.2)	47 (79.7)	12 (20.3)
	Tooth type			-			0.91
		First maxillary molar	15 (100.0)	0 (0.0)	20 (87.0)	3 (13.0)
		Second maxillary molar	8 (100.0)	0 (0.0)	4 (80.0)	1 (20.0)
		First mandibular molar	39 (86.7)	6 (13.3)	33 (82.5)	7 (17.5)
		Second mandibular molar	14 (100.0)	0 (0.0)	14 (73.7)	5 (26.3)
	Contacts			-			0.86
		0	7 (100.0)	0 (0.0)	2 (66.7)	1 (33.3)
		1	20 (87.0)	3 (13.0)	13 (81.3)	3 (18.8)
		2	49 (94.2)	3 (5.8)	56 (82.4)	12 (17.6)
	Post			0.14	-	-	-
		No post	18 (90.0)	2 (10.0)
		Fiber post	37 (97.4)	1 (2.6)
		Metal post	21 (87.5)	3 (12.5)
	Opposing dentition			-			-
		None/removable prosthesis	8 (100.0)†	0 (0.0)	5 (100.0)	0
		Natural tooth/fixed prosthesis	68 (91.9)	6 (8.1)	56 (80.5)	16 (19.5)

Values are presented as number (%).
*The log-rank test (α = 0.05) was used to compare the fracture survival rates within each factor; †The p value was not calculated because no cases of ETT fracture were identified.


The distribution of ETT restored with resin composite restorations according to the amount of tooth structure loss was as follows: 1-surface loss: 9 teeth, 2-surface loss: 48 teeth, 3-surface loss: 23 teeth, and 4-surface loss: 8 teeth. The fracture survival rates of the ETTs with 1 to 4 surfaces lost were 100% (9 of 19 teeth), 79.2% (38 of 48 teeth), 78.3% (18 of 23 teeth), and 87.5% (6 of 8 teeth), respectively (Table 4). The Kaplan-Meier survival analysis of molar ETT restored with resin composite restorations according to the amount of tooth structure lost, in comparison to ETT with full-coverage crown restorations, is presented in Figure 3. A significant difference was found in the survival rate between ETT restored with resin composites with 2-3 surfaces lost and those restored with crowns (p < 0.05).
Table 4 Fracture survival rate of molar endodontically treated teeth (ETT) restored with resin composites according to tooth structure loss, in comparison to those restored with crowns

[image: ]	Coronal restorations of ETT	No.	ETT without fracture	ETT with fracture	p value‡
	Crown*	82	76 (92.7)	6 (7.3)	
	Resin composite				
		1-surface loss†	9	9 (100)	0	-
		2-surface loss	48	38 (79.2)	10 (20.8)	0.038
		3-surface loss	23	18 (78.3)	5 (21.7)	0.013
		4-surface loss	8	6 (85.7)	1 (14.3)	0.926

Values are presented as number (%). The bold letters indicate a statistically significant difference.
*The number of surfaces lost could not be identified, so the overall data are presented; †The p value was not calculated because no cases of ETT fracture with 1-surface loss restored with resin composite were identified; ‡The log-rank test (p < 0.05) was used to compare fracture survival rates between the subgroups of resin composite and the crown group.


[image: Figure 3]
Figure 3 Kaplan-Meier survival analysis of molar endoscopically treated teeth (ETT) restored with resin composite restorations according to the different amounts of tooth structure losses, in comparison to ETT restored with full-coverage crowns. The survival rates from fracture of molar ETT restored with resin composites with 1–4 surfaces lost and crowns were 100%, 79.2%, 78.3%, 85.7%, and 92.7%, respectively. In comparison to ETT with crowns, a significant difference was shown for ETT restored with resin composites that had 2- or 3-surface loss (p < 0.05).


Fracture survival rate of endodontically treated teeth restored with full-coverage crown restorations
For ETT restored with crowns, the types of posts were as follows: without posts: 20 teeth, prefabricated fiber posts: 38 teeth, and metal posts: 24 teeth. ETT with prefabricated fiber posts showed a higher survival rate (97.4%; 37 of 38 teeth) than ETT without posts (90.0%; 18 of 20 teeth) and cast metal posts (87.5%; 21 of 24 teeth), but a significant difference was not found (p > 0.05).


DISCUSSION
The present study is the first clinical study to compare the fracture survival rate in molar ETT between full-coverage crowns and resin composite restorations. The overall survival rate from fracture for molar ETT with full-coverage crowns was higher than that for molar ETT with resin composite restorations. This is consistent with previous studies that reported a high survival rate of ETT restored with crowns [51320]. These results have encouraged dental practitioners to generally plan and provide full-coverage restorations for molar ETT after endodontic treatment.
However, the amount of remaining tooth structure significantly affected the survival rate and should therefore be carefully considered before restorative planning. The present study showed the highest survival rate in molar ETT with 1 surface lost that were restored with resin composite restorations, and this rate was similar to the survival of ETT with crowns. The results might be attributed to the fact that the existence of mesial and distal marginal ridges preserves structure integration and prevents cuspal fracture in ETT [1112]. Several studies reported a higher survival rate of molar ETT when more tooth structure remained [1719]. Therefore, molar ETT with tooth structure loss limited to the occlusal surface could be successfully restored with direct resin composite restorations.
Cuspal coverage restoration is considered to be an appropriate treatment to improve the longevity of ETT, especially for molars with absent marginal ridge integrity. In our results, the 1- to 2-year survival rate of full-coverage crowns was significantly higher than that of resin composite restorations, while no difference was found in the longer observation period (more than 2 years), which is similar to what has been reported in previous studies [1320]. It can be suggested that molar ETT have a higher risk of fracture if not protected by a full-coverage restoration, especially during the first 2 years postoperatively. However, for molar ETT with suitable conditions that survive for more than 2 years, crown placement might not be required.
The magnitude of occlusal force is the greatest in the molar region [21]. A previous study showed that the survival rate of ETT was significantly lower in molar ETT than in other teeth [7]. In addition, the present study demonstrated a 2-3 times higher incidence of unrestorable fractures, even though the difference was not significantly different, in the mandibular molars than in the maxillary molars; a similar distribution has also been reported in other studies [722]. The anatomical structure of mandibular molars might be a cause for the non-significantly higher risk of coronal and radicular fracture when compared to maxillary molars [23242526].
In the present study, the number of proximal contacts (adjacent teeth) was not a significant factor affecting the fracture survival rate of molar ETT, regardless of the type of restoration. In contrast, other studies demonstrated that 2-side proximal contact improved the survival rate in premolar ETT that received both vertical and lateral occlusal forces [11327]. Theoretically, the presence of adjacent teeth might help in occlusal force distribution and reduce the risk of tooth fracture; however, this effect was not observed in molar ETT, which mainly received vertical forces.
The magnitude of the occlusal force is directly influenced by the presence and type of opposing dentition. Functional and parafunctional forces have been reported to be significant factors contributing to the survival of molar ETT [2128]. An opposing natural tooth or fixed-abutment prosthesis provides higher occlusal force on molar ETT than occurs with a removable prosthesis or in the absence of opposing dentition. However, the opposing dentition had no effect on the survival rate from fracture of molar ETT in this study. This contradictory result may be indirectly related to the very low number of samples in the group with an opposing removable prosthesis or no opposite dentition.
Improper post space preparation often weakens the ETT, which is the primary cause of catastrophic fracture, particularly for metal posts. In the present study, the majority of crown restorations for molar ETT in this study had been restored with prefabricated post or without a post. Post placement was not shown to be a significant factor affecting the survival rate of molar ETT, regardless of the type of post. In correspondence with previous studies, 2 factors (an adequate remaining coronal wall and large dimensions of the pulp chamber) provided adequate retention for core build-up in the present study, and these factors should be considered for post placement in molars [293031]. Nevertheless, a non-significantly higher survival rate was observed in the molar ETT with prefabricated fiber posts (97.4%) than in those with metal posts (87.5%). Further research should investigate the influence of the post (or absence of a post) on the survival rate from fracture in a larger population to reach a conclusion.
Within the limitations of this retrospective cohort study, the fracture survival rates of molar ETT with full-coverage crowns were higher than those with direct resin composites in the first 2 years after restorations. However, molar ETT with 1-surface (occlusal) loss were successfully restored with resin composite restorations, without any incidence of fracture over the recall period. It should be noted that the loss of marginal ridge integrity might be a significant factor to consider for crown restorations in molar ETT. A randomized controlled clinical trial should be further conducted to support these clinical findings.

CONCLUSIONS
The overall fracture survival rate of molar ETT restored with full-coverage crowns was higher than that of ETT restored with resin composite restorations. The survival rates of ETT with resin composites and crowns were only significantly different during the period of 12–24 months. The long-term survival rates (24–60 months) were not significantly different. Molar ETT with tooth structure loss on only the occlusal surface could be successfully restored with resin composite restorations.

ACKNOWLEDGEMENTS
The authors deny any conflicts of interest related to this study.

Footnotes
Conflict of Interest: No potential conflict of interest relevant to this article was reported.

Author Contributions:
	Conceptualization: Suksaphar W, Banomyong D.

	Data curation: Suksaphar W, Chotvorrarak K.

	Formal analysis: Suksaphar W, Chotvorrarak K.

	Funding acquisition: Suksaphar W.

	Investigation: Suksaphar W, Chotvorrarak K.

	Methodology: Suksaphar W, Chotvorrarak K, Banomyong D.

	Project administration: Suksaphar W.

	Resources: Suksaphar W, Chotvorrarak K.

	Software: Suksaphar W.

	Supervision: Banomyong D.

	Validation: Suksaphar W, Banomyong D.

	Visualization: Suksaphar W, Chotvorrarak K.

	Writing - original draft: Suksaphar W, Chotvorrarak K.

	Writing - review & editing: Banomyong D, Chotvorrarak K.







References
1. Ng YL, Mann V, Gulabivala K. A prospective study of the factors affecting outcomes of non-surgical root canal treatment: part 2: tooth survival. Int Endod J 2011;44:610–625.
	21366627. 
2. Gillen BM, Looney SW, Gu LS, Loushine BA, Weller RN, Loushine RJ, Pashley DH, Tay FR. Impact of the quality of coronal restoration versus the quality of root canal fillings on success of root canal treatment: a systematic review and meta-analysis. J Endod 2011;37:895–902.
	21689541. 
3. Ray HA, Trope M. Periapical status of endodontically treated teeth in relation to the technical quality of the root filling and the coronal restoration. Int Endod J 1995;28:12–18.
	7642323. 
4. Sorensen JA, Martinoff JT. Intracoronal reinforcement and coronal coverage: a study of endodontically treated teeth. J Prosthet Dent 1984;51:780–784.
	6376780. 
5. Suksaphar W, Banomyong D, Jirathanyanatt T, Ngoenwiwatkul Y. Survival rates against fracture of endodontically treated posterior teeth restored with full-coverage crowns or resin composite restorations: a systematic review. Restor Dent Endod 2017;42:157–167.
	28808632. 
6. Fransson H, Dawson VS, Frisk F, Bjørndal L, EndoReCo O, Kvist T. Survival of root-filled teeth in the Swedish adult population. J Endod 2016;42:216–220.
	26813417. 
7. Aquilino SA, Caplan DJ. Relationship between crown placement and the survival of endodontically treated teeth. J Prosthet Dent 2002;87:256–263.
	11941351. 
8. Pratt I, Aminoshariae A, Montagnese TA, Williams KA, Khalighinejad N, Mickel A. Eight-year retrospective study of the critical time lapse between root canal completion and crown placement: its influence on the survival of endodontically treated teeth. J Endod 2016;42:1598–1603.
	27625148. 
9. Sedgley CM, Messer HH. Are endodontically treated teeth more brittle?. J Endod 1992;18:332–335.
	1402595. 
10. Faria ACL, Rodrigues RCS, de Almeida Antunes RP, de Mattos Mda G, Ribeiro RF. Endodontically treated teeth: characteristics and considerations to restore them. J Prosthodont Res 2011;55:69–74.
	20709618. 
11. Panitvisai P, Messer HH. Cuspal deflection in molars in relation to endodontic and restorative procedures. J Endod 1995;21:57–61.
	7714437. 
12. Reeh ES, Douglas WH, Messer HH. Stiffness of endodontically-treated teeth related to restoration technique. J Dent Res 1989;68:1540–1544.
	2584522. 
13. Jirathanyanatt T, Suksaphar W, Banomyong D, Ngoenwiwatkul Y. Endodontically treated posterior teeth restored with or without crown restorations: a 5-year retrospective study of survival rates from fracture. J Investig Clin Dent 2019;10e12426. 
14. Dammaschke T, Nykiel K, Sagheri D, Schäfer E. Influence of coronal restorations on the fracture resistance of root canal-treated premolar and molar teeth: a retrospective study. Aust Endod J 2013;39:48–56.
	23890259. 
15. Corsentino G, Pedullà E, Castelli L, Liguori M, Spicciarelli V, Martignoni M, Ferrari M, Grandini S. Influence of access cavity preparation and remaining tooth substance on fracture strength of endodontically treated teeth. J Endod 2018;44:1416–1421.
	30049468. 
16. Linn J, Messer HH. Effect of restorative procedures on the strength of endodontically treated molars. J Endod 1994;20:479–485.
	7714419. 
17. Mannocci F, Bertelli E, Sherriff M, Watson TF, Ford TR. Three-year clinical comparison of survival of endodontically treated teeth restored with either full cast coverage or with direct composite restoration. J Prosthet Dent 2002;88:297–301.
	12426500. 
18. Suksaphar W, Banomyong D, Jirathanyanatt T, Ngoenwiwatkul Y. Survival rates from fracture of endodontically treated premolars restored with full-coverage crowns or direct resin composite restorations: a retrospective study. J Endod 2018;44:233–238.
	29208401. 
19. Nagasiri R, Chitmongkolsuk S. Long-term survival of endodontically treated molars without crown coverage: a retrospective cohort study. J Prosthet Dent 2005;93:164–170.
	15674228. 
20. Skupien JA, Cenci MS, Opdam NJ, Kreulen CM, Huysmans MC, Pereira-Cenci T. Crown vs. composite for post-retained restorations: a randomized clinical trial. J Dent 2016;48:34–39.
	26976553. 
21. Kumagai H, Suzuki T, Hamada T, Sondang P, Fujitani M, Nikawa H. Occlusal force distribution on the dental arch during various levels of clenching. J Oral Rehabil 1999;26:932–935.
	10620156. 
22. Ng YL, Mann V, Gulabivala K. Tooth survival following non-surgical root canal treatment: a systematic review of the literature. Int Endod J 2010;43:171–189.
	20158529. 
23. Chan CP, Lin CP, Tseng SC, Jeng JH. Vertical root fracture in endodontically versus nonendodontically treated teeth: a survey of 315 cases in Chinese patients. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1999;87:504–507.
	10225635. 
24. Lynch CD, McConnell RJ. The cracked tooth syndrome. J Can Dent Assoc 2002;68:470–475.
	12323102. 
25. Lubisich EB, Hilton TJ, Ferracane J. Northwest Precedent. Cracked teeth: a review of the literature. J Esthet Restor Dent 2010;22:158–167.
	20590967. 
26. Hiatt WH. Incomplete crown-root fracture in pulpal-periodontal disease. J Periodontol 1973;44:369–379.
	4513616. 
27. Caplan DJ, Kolker J, Rivera EM, Walton RE. Relationship between number of proximal contacts and survival of root canal treated teeth. Int Endod J 2002;35:193–199.
	11843976. 
28. Lee AH, Cheung GS, Wong MC. Long-term outcome of primary non-surgical root canal treatment. Clin Oral Investig 2012;16:1607–1617.
	
29. Schwartz RS, Robbins JW. Post placement and restoration of endodontically treated teeth: a literature review. J Endod 2004;30:289–301.
	15107639. 
30. Scotti N, Coero Borga FA, Alovisi M, Rota R, Pasqualini D, Berutti E. Is fracture resistance of endodontically treated mandibular molars restored with indirect onlay composite restorations influenced by fibre post insertion?. J Dent 2012;40:814–820.
	22743344. 
31. Salameh Z, Sorrentino R, Papacchini F, Ounsi HF, Tashkandi E, Goracci C, Ferrari M. Fracture resistance and failure patterns of endodontically treated mandibular molars restored using resin composite with or without translucent glass fiber posts. J Endod 2006;32:752–755.
	16861075. 


OPS/cover.gif





