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CONTEXT AND POLICY ISSUES  
 
The choice of dental restoration depends on the amount of remaining tooth, which may 
influence long term survival and cost.1 Root canal treated teeth are believed to be weakened 
due to loss of tooth structure during root access preparation, and shaping and cleaning of the 
root canal system.1,2 Laboratory and observational clinical studies have suggested that cuspal 
coverage (crowning) of root canal treated teeth would increase tooth survival.3,4 Survival 
evaluation of root canal treated teeth is complicated with several factors that may affect 
treatment outcomes, and these factors should be accounted for in survival evaluation of these 
teeth. The following is a non-comprehensive list of factors that may affect the prognosis of tooth 
survival after root canal treatment: 
 

 quality of root filling,3 

 periodontal health and remaining tooth structure,5 

 timing of permanent tooth restoration after root canal treatment.6  

 design of crown preparation,7-10 

 design and material of post,11-13 

 type of cements used14 

 type of restoration material.15 
 
Some authors have raised concerns that typical randomized controlled trial protocols may prove 
insufficient for stratification of the above confounding variables when treatment outcomes are 
primarily prosthesis- or material-based (not patient-based, e.g., as in fracture).16 Randomized 
controlled trials are most straightforward when treatment outcomes are patient-based (e.g., soft 
tissue changes). When outcomes are material-based however, controls of these confounders 
become difficult to define; where well-stratified cohort designs are likely preferred.16 
 
In the perspective of publicly funded health insurance plans, it is important to base the coverage 
of dental crowns on the best available evidence that accounts for all potential confounders. It is 
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of particular interest to these plans to define evidence-based criteria for the coverage of crowns 
on root canal treated teeth. Furthermore, it is important to identify specific groups of patients 
who would benefit from one strategy of treatment more than others. For public plans, patients 
with high risk of caries may require additional resources because of higher incidence of pulpal 
involvement and the need for root canal therapy, and eventually the treatment of recurrent 
caries. 
 
The objective of this review is to evaluate the clinical and cost-effectiveness of dental crowns for 
root canal treated teeth. 
 
RESEARCH QUESTIONS  
 

1. What is the clinical-effectiveness and prognosis of placing crowns on endodontically 
treated teeth? 
 

2. What is the cost-effectiveness of placing crowns on endodontically treated teeth? 
 

3. What are the evidence-based guidelines for placing crowns on endodontically treated 
teeth? 

 
KEY FINDINGS  
 
A total of three systematic reviews and four non-randomized studies were included in this 
review. The available evidence suggests that the short term survival (2 to 3 years) of root canal 
treated teeth restored with crowns or direct fillings is comparable. On the long term however, the 
evidence suggests that root canal treated teeth have better survival rates at 10 and 20 years 
after treatment. 
 
METHODS  
 
Literature Search Methods 
 
A focused search (with main concepts appearing in title or major subject heading) was 
conducted on key resources including PubMed, The Cochrane Library (2015, issue 4), 
University of York Centre for Reviews and Dissemination (CRD) databases, ECRI, Canadian 
and major international health technology agencies, as well as a focused Internet search. No 
filters were applied to the main focused search to limit the retrieval by study type. A second 
broader search (with main concepts appearing in the title, abstract or subject heading) was also 
included, however methodological filters were applied to limit retrieval to health technology 
assessments, systematic reviews, and meta-analyses. Where possible, retrieval was limited to 
the human population. The search was also limited to English language documents published 
between January 1, 2000 and April 15, 2015. 
 
Rapid Response reports are organized so that the evidence for each research question is 
presented separately.  
 
Selection Criteria and Methods 
 
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
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inclusion. The final selection of full-text articles was based on the inclusion criteria presented in 
Table 1. 
 

Table 1:  Selection Criteria 

Population Any patient with endodontically treated teeth 

Intervention Crowns (including metal, porcelain fused to metal, and all-ceramic) 

Comparator No crown 

Outcomes Clinical effectiveness (e.g. longevity of crown, prognosis of the tooth and dental 
crown) 

Cost-effectiveness  

Evidence-based guidelines 
Study Designs Health technology assessments, systematic reviews, meta-analyses, randomized 

controlled trials, non-randomized studies, economic evaluations and evidence-based 
clinical guidelines. 

  
Exclusion Criteria 
 
Articles were excluded if they did not meet the selection criteria outlined in Table 1, they were 
duplicate publications, or were published prior to 2000.  
 
Critical Appraisal of Individual Studies 
 
The included systematic reviews were critically appraised using AMSTAR checklist,17 and the 
non-randomized studies were critically appraised using the Downs and Black checklist.18 
Summary scores were not calculated for the included studies; rather, a review of the strengths 
and limitations of each included study were described. 
 
SUMMARY OF EVIDENCE 
 
Details of study characteristics, critical appraisal, and study findings are located in Appendix 2, 
Appendix 3, and Appendix 4. 
 
Quantity of Research Available 
 
A total of 527 citations were identified in the literature search. Following screening of titles and 
abstracts, 480 citations were excluded and 47 potentially relevant reports from the electronic 
search were retrieved for full-text review. Thirty potentially relevant publications were retrieved 
from the grey literature search. Of these potentially relevant articles, 70 publications were 
excluded for various reasons, while seven publications met the inclusion criteria and were 
included in this report. Appendix 1 describes the PRISMA flowchart of the study selection. 
 
Additional references of potential interest are provided in Appendix 5. 
 
Summary of Study Characteristics 
 
Detailed study characteristics and findings are presented in Table 1, Appendix 2. 
 
The seven included studies addressed the effectiveness of crowns on root canal treated teeth. 
The literature search did not provide any evidence-based guidelines or cost-effectiveness 
studies. 
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What is the clinical-effectiveness and prognosis of placing crowns on endodontically treated 
teeth? 
 
Three systematic reviews and four non-randomized studies assessed the survival of root canal 
treated teeth restored with crowns or direct restorations.19-24  
 
Fedorowicz et al. published a Cochrane systematic review to evaluate the effects of restoration 
of root canal treated teeth by crowns compared or conventional filling materials.19 The authors 
searched for randomized and quasi-randomized controlled trials published prior to February 
2012; one randomized controlled trial (RCT) conducted by Mannocci et al. in 2002 was included 
in this systematic review.19 The included study randomized 117 patients (117 premolar teeth) in 
two groups; the first received metal-ceramic crowns after the endodontic treatment, and the 
other group received composite fillings. Both groups received finer posts and composite core 
build up. The included patients had class II carious lesions on the premolar teeth with no cuspal 
involvement, and they had to have no more than moderate (<40%) periodontal attachment loss. 
The primary outcome was survival at three years after treatment; the authors defined treatment 
failure as root fracture, post fracture, post decementation, evidence of material gap between 
tooth and restoration, or the presence of secondary caries at the margins of the restoration.19 
 
In their systematic review, Ng at al. investigated the effect of study characteristics on reported 
tooth survival and the effect of clinical factors on the proportion of root filled teeth surviving after 
root canal treatment.20 The authors included 14 studies in the review, but only four retrospective 
studies compared tooth survival when restored with crowns versus direct fillings.20 The four 
studies were published by Lazarski (2001), Aquilino (2002), Alley (2004), and Lynch (2004), and 
their sample size  ranged from 176 to 44,613 teeth.20 Ng’s review grouped the results of these 
studies in two groups; the first group included patients treated with crowns after root canal 
treatment, and the second had patients treated with direct fillings. The authors did not report the 
type of crowns and fillings used in these studies.20 The authors reported the survival probability 
for both groups after one to ten years of follow-up. 
 
The third systematic review by Stavropoulou et al. tested the hypothesis that the placement of a 
crown after root canal treatment is associated with improved (long term) survival.21 The authors 
included ten clinical studies, but they did not report the design and characteristics for each 
study. Two of these studies25,26 were also included in the previous systematic review. Teeth 
were grouped according to the final restoration with full coverage crowns or direct restorations; 
however, the exact types of crowns and materials were not reported.21 The authors estimated 
the survival rate for each group after 1, 2, 3, 5, and 10 years of root canal treatment.21 Failure 
was defined as fracture of the restoration, post fracture, post decementation, dislodgment of the 
restoration, marginal leakage of the restoration and tooth loss. 
 
The four non-randomized studies treated to various extents the same question: what are the 
factors that affect the survival of root canal treated teeth.22-24,27 To answer this question, the 
authors of these studies used retrospective cohorts that ranged from 196 patients22 to 1,126,288 
patients23. The follow up duration ranged from five years22 up to 20 years24. The authors of 
these studies evaluated several clinical factors affecting survival of root canal treated teeth 
including the type of restoration. All studies reported the percentage of failures for teeth restored 
by crowns or direct restorations. However, failure varied in each study; Tickle et al. defined 
failures by tooth extraction, replacement of the root filling, or periradicular surgery performed on 
the tooth;22 Cheung et al. defined failure as tooth extraction, retreatments, or presence of 
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periapical radiolucency,24 and Salehrabi et al. considered tooth retention in the oral cavity as 
evidence of treatment success and the occurrence of untoward events (not defined) as 
treatment failure.24 Piovesan et al. did not provide a specific definition for failure.27 
 
Summary of Critical Appraisal 
 
Details of the critical appraisal of individual studies are presented in Appendix 3. 
 
The systematic review by Fedorowicz et al.19 followed the rigorous Cochrane methodology for 
literature search, data extraction, analysis and reporting. Authors of Cochrane reviews search 
multiple databases; screen, select and extract data in duplicate; and follow a priori defined 
statistical analyses. However, the generalizability of the review findings might be limited 
because it included one randomized controlled trial of 117 patients. Furthermore, the trial was 
performed by one dentist who included only premolar teeth that had class II carious lesions 
without cuspal involvement.19 These factors limit the generalizability of findings to anterior and 
posterior teeth and even to posterior teeth with more severe destruction. Finally, the follow up 
period was limited to three years which limits the extrapolation of long term survival. 
 
Ng et al.20 reported that they followed a priori defined protocol, performed a systematic literature 
search, and evaluated the quality of the included studies. Despite the acceptable literature 
search methodology, the authors did not use an appropriate analysis to the extracted data. In 
the review, the authors reported odd ratio estimates for tooth failure based on various 
prognostic factors; however, they did not account for the different follow-up periods in the 
included studies that ranged from 1 to 11 years. This type of analysis masks the effect of time 
on survival estimates.20 
 
The third systematic review by Stavropoulou et al.21 had a priori protocol, and the authors 
followed standard methodology in literature search, data extraction and analysis with one 
exception; that the authors search one database (MEDLINE) and did not include other 
databases of grey literature search. The authors did not report important information such as 
design of the included studies, type of restoration (exact type of crowns and fillings), restored 
teeth, and degree of tooth destruction. Therefore, the generalizability of the findings is 
uncertain.21 
 
Tickle et al. clearly reported their study objectives and the variables that they wanted to evaluate 
for their effects on tooth survival.22 The authors used an appropriate statistical analysis for 
survival data. The generalizability this study might be limited because the authors collected data 
relative to mandibular first molar teeth only, and this might limit the extrapolation of findings to 
other teeth. Furthermore, the authors did not report how the participating dentists were selected, 
and whether they (and their patients) were representative to NHS funded practices.22  
 
Piovesan et al. reported their objectives and the evaluated interventions, but the authors did not 
report on patient characteristics or the degree of tooth destruction.27 Furthermore, the authors 
did not provide explanation on how the final restorations were selected. In the statistical analysis 
plan, the authors reported survival for each group, but they did not conduct any comparative 
analysis between the treatment groups.27 
 
Salehrabi et al. retrospectively analyzed a databased of more than 1.4 million patients from a 
health insurance provider with eight years of follow up.23 Despite the large number of patients, it 
is not clear if one insurance company database would be representative to non-insured patients 
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or to patients insured with other companies. The authors did not report on patient characteristics 
or degree of tooth loss. Furthermore, the reporting of results was not appropriate; the authors 
reported the distribution of extracted teeth based on the type of restoration, but they did not 
account for the total number of treated teeth for each type of restoration. Therefore, these 
results could lead to inaccurate conclusions, and the true distribution of failure (extracted teeth) 
could not be known.23 
 
Cheung et al. conducted a retrospective analysis for which they clearly reported the objectives 
and methodology.24 The authors reported some key characteristics for patients and teeth of 
interest, and they included them in the analysis. The statistical analysis was appropriate for the 
type of data collected by authors.24 The main limitation in this study was that the period of follow 
up ranged from 1981 and 1989; techniques and materials used during this period might not be 
generalizable to the modern dental practice. 
 
The aforementioned four non-randomized trials used retrospective data from various 
databases.22-24,27 The quality of retrospective studies is inherently dependent on the quality of 
database itself, and this could not be evaluated through the published articles.  
 
Summary of Findings 
 
Detailed study characteristics and findings are presented in Appendix 4. 
 
What is the clinical-effectiveness and prognosis of placing crowns on endodontically treated 
teeth? 
 
Fedorowicz et al. reported that in the one included study, after three-year follow up, there were 
1/53 (1.9%) and 3/54 (5.6%) restoration failures in root canal treated premolars restored with 
crowns and composite fillings respectively.19 The difference between the two groups was not 
statistically significant with a relative risk (95% confidence interval [CI]) of 0.34 (0.04 to 3.16). 
The authors concluded that there was insufficient evidence supporting or refuting the use of 
crowns to restore root canal treated premolars.19 
 
Ng et al. pooled the survival probabilities that were reported in four studies, and they reported 
that root canal treated teeth restored with crowns were associated statistically significantly 
higher odds of survival; the odds ratio (95% CI) was 3.9 (3.5 to 4.3).20 The authors concluded 
that crown restoration after root canal treatment was a significant prognostic factor. However, 
this analysis did not account for the different follow-up duration in the included studies that 
ranged from one to eleven years.20 
 
Stavropoulou et al. pooled the cumulative survival root canal treated teeth from ten studies. At 
year one, the cumulative survivals in the crown and direct restoration groups were 99% and 
95% respectively.21 The difference between the two groups continued to increase up to the fifth 
year; at which, the cumulative survival rates were 94% and 63% respectively. Between the fifth 
and tenth year post-treatment, the cumulative survival of the crown group dropped from 94% to 
81%, while the direct restorations group had a stable cumulative survival of 63%. The statistical 
differences between groups were not tested. The authors concluded that root canal treated 
teeth restored with crowns had an acceptable 10-year survival, while direct restorations had 
satisfactory survival for the short term only.21 
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Tickle et al. reported the failure rate at five years post treatment in 196 patients.22 The failure 
rate per 100 years with a root filled tooth was null for the teeth restored with crowns (specific 
crown types were not reported), and it was 5.0 for teeth restored with plastic fillings. The 
statistical difference between the two groups was not reported. The authors concluded that 
restoration with crown might provide a lower risk of tooth fracture and better coronal seal, but 
they suggested that this conclusion needed further investigation to be confirmed.22 
 
Piovesan et al. reported the number of failed root canal treated teeth in 69 patients followed up 
for up to 97 months.27 The authors reported 5/68 (7.4%) and 1/42 (2.1%) tooth failures in the 
crown and composite restoration groups respectively. On anterior teeth, 2/11 (18.2%) metal-
ceramic and 1/9 (11.1%) all-ceramic crowns failed; on the posterior teeth 2/30 (6.7%) all-
ceramic crowns failed. The authors concluded that the type of final restoration (resin composite, 
all-ceramic, and ceramic-fused-to-metal) did not affect the tooth survival, but they admitted that 
longer-term results are uncertain.27 
 
Salehrabi et al. reported the number of extracted teeth during the eight years following root 
canal therapy and restoration with crowns or direct restorations.23 The authors reported that 
1344 and 6565 anterior teeth were extracted in the two groups respectively; for premolars and 
molar teeth, they reported 1560 versus 8879 tooth extractions and 3373 versus 20253 tooth 
extractions for crowns versus direct restorations respectively.23 The authors did not report the 
total number of treated teeth in each group, and therefore, the comparison between groups was 
not possible from the reported results. 
 
Cheung et al. reported the mean survival time 10 to 20 years after root canal therapy restored 
with crowns or direct restorations.24 It was reported that the mean survival for direct restorations 
was 95 months, while the mean survival for crowns ranged from 130 months to 150 months for 
the full gold and ceramic-metal crown respectively.24 The differences between the crown groups 
and direct filling groups were statistically significant.24 The authors concluded that the provision 
of a crown restoration after treatment was associated with a better tooth survival. They also 
concluded that anterior teeth and mandibular premolars had higher survival than other teeth.24 
 
Limitations 
 
The included studies did not consider a high caries risk populations, and the risk of caries was 
not evaluated explicitly as an outcome in the include trials. Information about high caries risk 
populations and caries outcomes are crucial in the perspective of health insurance plans. The 
results obtained from studies conducted on the general public may not be generalizable to the 
patients of special interest for public health plans, especially patients who have a higher risk of 
caries and patients who live in remote areas where regular care provision is not feasible. 
 
The included studies did not evaluate toot survival based on the amount of its destruction which 
may play a major role in tooth survival. Furthermore, the current review was interested in the 
cost-effectiveness and evidence-based practice guidelines. However, the searched literature 
search did not identify any relevant cost-effectiveness studies or evidence-based guidelines.  
 
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING  
 
This report evaluated the clinical effectiveness of restoring root canal treated teeth with dental 
crowns compared with direct fillings. A total of seven studies or systematic reviews were 
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retrieved. There was no relevant literature to answer the cost-effectiveness or clinical guidelines 
questions. 
 
The available evidence suggests that the short term survival (2 to 3 years) of root canal tread 
teeth restored with crowns or direct fillings is comparable. On the long term however, the 
evidence suggests that root canal treated teeth have better survival rates at 10 and 20 years 
after treatment. 
 
A previous CADTH review concluded that the survival of post-core-crown restorations on 
endodontically treated teeth depended mainly of the amount of the remaining tooth structure. 
The included studies in the current review did not evaluate toot survival based on the amount of 
its destruction which may play a major role in tooth survival. For example, Bitter et al.28 
conducted an RCT to evaluate the effect of using endodontic fiber posts and the amount of 
residual coronal dentin on restoration failure of root canal treated teeth. The trial was excluded 
from this review because of the nature of intervention did not meet the protocol criteria and the 
authors did not report the results by type of restoration, crown, or direct filling. The trial included 
90 patients and evaluated 120 crowned teeth; teeth were divided in subgroups based on the 
number of the remaining coronal walls. Full crown coverage was given for teeth that had no 
more than one wall remaining, and composite restorations were performed for teeth with two 
walls and more. The authors of this trial reported that of the eight composite restorations, none 
had failed during the 3-year follow-up period. However, they reported a failure rate of 9.6% 
(9/94) for teeth restored with full crowns (all types of crowns). The failure rate could be broken 
down by type of crown; these were 0% (0/5), 10.7% (8/75), and 7% (1/14) for full-metal, metal-
ceramic and all-ceramic crowns respectively. Furthermore, the results were reported by type of 
tooth (anterior, premolar and molar); the failure rate for the crowned anterior teeth was 14.3% 
(3/21), and it was 11.6% (3/26) and 6.3% (3/47) for the premolar and molars respectively. 
Although these analyses were not reported in the study, they showed that using remaining walls 
can be a valid decision criterion for choosing the final coronal restoration in root canal treated 
teeth. 
 
Patients with high risk of caries are of special interest, especially for publically funded health 
plans because of their higher risk of retreatment needs. One cost-effectiveness study was 
identified by the literature search and was excluded from this review because it did not provide a 
comparative cost-effectiveness evaluation of placing crowns on root canal treated teeth.29 
Instead, the study evaluated the cost-effectiveness of secondary treatment for asymptomatic 
root canal treated teeth that have faulty root canal treatment (underextended or overextended 
root fillings or persistent periapical lesions). In this study, immediate secondary root canal 
treatment (retreatment before final tooth restoration) was compared with delayed root canal 
treatment (no retreatment until the tooth become symptomatic). The authors assumed that teeth 
would have a permanent restoration using a three-surfaced composite restoration, a 
nonprecious metal crown, or a post-core crown. The authors concluded that immediate root 
canal retreatment was more costly but had reduced effectiveness than the delayed retreatment. 
Both strategies had similar effectiveness only for restored teeth that had received post-core 
crowns, whereas immediate retreatment remained more expensive.29 This study gives insights 
on the additional costs produced by root canal retreatment that have to be considered when 
evaluating the cost-effectiveness of restoring root canal treated teeth with crowns or direct 
fillings. 
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APPENDIX 1:  SELECTION OF INCLUDED STUDIES 
 
 
 
 
  

480 citations excluded 

47 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

30 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand 
search) 

77 potentially relevant reports 

70 reports were excluded: 
-duplicates (8) 
-irrelevant population (3) 
-irrelevant intervention including 
laboratory studies (28) 
-uncontrolled studies (9) 
-irrelevant outcomes (1) 
-already included in at least one of 
the selected systematic reviews (7) 
-other (review articles, editorials)(14) 
 

7 reports included in review 

527 citations identified from 
electronic literature search and 

screened 
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APPENDIX 2:  CHARACTERISTICS OF INCLUDED PUBLICATIONS 
 

Table 1:  Characteristics of Included Systematic Reviews and Meta-Analyses 
Primary 
studies 

included 

Population Characteristics Intervention And Comparator(s) Clinical Outcomes 

Fedorowicz et al. 2012,
19

 Bahrain 

One 
randomized-
controlled trial  

Mannocci 2002 included 117 

patients each provided a 
single premolar tooth 
requiring endodontic 
treatment. Teeth had class II 
carious lesions with no cuspal 
involvement, and had < 40% 
periodontal attachment loss. 
Teeth were not to be used as 
abutments for partial dentures 

All teeth with root canal therapy were treated with fiber 
posts cemented with composite and had composite core 
and build-up.  
Intervention: 

Teeth were restored with metal-ceramic crowns  
 
Control: 

Teeth were restored either with composite filling. 

Patients were followed up for three 
years, and survival of restorations was 
the primary outcome.  
 
Failure was defined as root fracture, post 
fracture, post decementation, evidence 
of material gap between tooth and 
restoration, or the presence of 
secondary caries at the margins of the 
restoration 

Ng et al. 2010,
20

 UK (Systematic review) 

14 studies 
were included 
in the review, 
but only four 
retrospective 
studies 
included the 
comparison of 
interest 

Sample size varied from 50 
teeth to 1,462,936 teeth. 
 
In the studies of interest 
(Lazarski 2001, Aquilino 
2002, Alley 2004, and Lynch 
2004), sample size varied 
from 176 to 44,613 teeth 
 
 

The systematic review evaluated several clinical 
factors that might affect tooth survival after root 
canal treatment. Of interest (in the four studies):  
Intervention: 

Restoring the teeth with crowns after root canal treatment 
(types of crowns were not specified)  
 
Control: 

Restoring the teeth without crowns (type of restoration 
was not reported) 

In the studies of interest, the follow-up 
ranged from 1 to 10 years, and tooth 
survival was the primary outcome. 
 

Stavropoulou et al. 2007,
21

 Greece  

10 clinical 
studies with ≥ 2 
years of follow 
up. The exact 
design of each 
study was not 
reported. 

The review did not report the 
characteristics of the included 
studies nor the populations 
evaluated in these studies. 
The included studies were the 
following: 
Aquilino 2002, Caplan 2002, 

Creugers 2005, Ellner 2003, 
Grandini 2005, Hansen 1988, 
Hansen 1990, Hansen 1990, 
Mannocci 2002, and Nagasiri 

2005 

Intervention: 

Teeth with root canal therapy restored with full coverage 
crowns 
 
Control: 

Teeth with root canal therapy restored with direct 
restorations (no crowns) 

Survival rates were estimated for the 
years 1, 2, 3, 5, and 10. Survival was 
based on the following definition of 
failure: 
 
Fracture of the tooth, fracture of the 
restoration, post fracture, post 
decementation, dislodgment of the 
restoration, marginal leakage of the 
restoration and tooth loss. 

RCTx = root canal treatment  
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Table 2:  Characteristics of Included Clinical Studies 

Study and Patient Characteristics Intervention(s) and Comparator(s) Clinical Outcomes 

Tickle et al. 2008,
22

 UK – (Non-randomized study) 

This was a retrospective study of cohort of 
patients who received root canal treatment 
between 1998 and 2003.  
The authors of the study contacted the patients 
through their dentist (12 dentists), and 
requested their consent to evaluate their dental 
records. A total of 196 (62%) of the contacted 
patients accepted to give their consent. 
Patients were 20-60 years who had received a 
root filling in a left or right mandibular first 
permanent molar during the study period. 

The authors evaluated failure rates of molars with root 
canal treatment. The analysis included several variables 
that might affect failure. Of interested the authors 
evaluated the effect of type of coronal restoration on 
survival. 
Intervention: intracoronal restorations (fillings) 

 
Comparators:  crowns (type of crowns was not 

specified) 

Failure rate was the primary outcome, 
and it was defined as extracted tooth, 
the root filling was replaced or 
periradicular surgery was performed on 
the tooth. 

Piovesan et al. 2007,
27

 Brazil – (Non-randomized study) 

This was a retrospective study to evaluate the 
survival rate of root canal treated teeth. 
 
69 patients were included in the study who had 
at least one root canal treated tooth between 
1994 and 2000. The authors did not report other 
patient’s details. 

All teeth were restored by the same operator. Teeth were 
restored with a fiber-reinforced post and core using a 
resin composite core buildup. 
Intervention: ceramic-fused-to metal or all-ceramic 

crowns 
 
Comparator: resin composite restoration 

All patients were recalled for evaluation. 
The authors evaluated failure rate and 
time to failure. However, they did not 
provide a specific definition for failure. 

Salehrabi et al. 2004,
23

 USA – (Non-randomized study) 

The authors conducted a retrospective study to 
evaluate the outcomes of initial endodontic 
treatment done in 1,462,936 teeth of 
1,126,288 patients over a period of 8 years. 
 

Teeth were treated by general practitioners and 
endodontists. The authors evaluated several factors 
associated with treatment failure including the type of 
restoration. 
Intervention: crowns with or without posts (type of 

crowns was not specified) 
 
Comparator: intracoronal restoration (filling) 

The authors considered that tooth 
retention in the oral cavity as evidence of 
treatment success and the occurrence of 
untoward events as treatment failure. 

Cheung et al. 2003,
24

 Hong Kong – (Non-randomized study) 

The study was retrospective evaluation of 
patient’s records that included the clinical and 
radiologic examination of 986 endodontically 
treated teeth. Teeth were treated from 1981 and 
1989. The authors did not report other patient’s 
details. 

The authors evaluated teeth survival, and they tested 
several variables that might affect survival. Of interested 
the authors evaluated the effect of type of coronal 
restoration on survival. The authors considered the 
following restorations: 
Intervention: intracoronal restorations 

 
Comparators:  full gold crown, ceramometal crown, and 

partial veneer crown. 

The primary outcome was survival rate; 
failure was defined as tooth extraction 
(except for documented nonendodontic 
reason), retreatments or presence of 
periapical radiolucency. 
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APPENDIX 3:  CRITICAL APPRAISAL OF INCLUDED PUBLICATIONS 
 

Table 3:  Strengths and Limitations of Systematic Reviews and Meta-Analyses using AMSTAR checklist
17

 

Strengths Limitations 

Fedorowicz et al. 2012,
19

 Bahrain (Systematic review) 

 The review was based on a priori design and 
protocol 

 Study selection and data extraction were done in 
duplicate 

 Literature search included several data bases 

 The authors reported the list of include and excluded 
studies and provided full description of the included 
study 

 The risk of bias was evaluated using the Cochrane 
risk of bias tool 

 One study was included in the review, and that 
might affect the generalizability of the review 
findings. Reasons for this limitation are: 
o All treatments were conducted by single 

operator 
o Included teeth were premolars only which might 

limit the generalizability to anterior and molar 
teeth. 

o Tooth destruction was limited to class II carious 
lesions, and that might limit the generalizability 
to more sever tooth destruction 

Ng et al. 2010,
20

 UK (Systematic review) 

 The review was based on a priori defined and 
reported protocol 

 Two reviewers participated in the literature search, 
selection, and data extraction 

 The quality of the included study was evaluated 

 The authors provided odd ratio estimates for tooth 
failure based on several prognostic factors (including 
having a crown coverage or not). This analysis did 
not account for the different follow-up periods in the 
included studies that ranged from 1 to 11 years (1 to 
10 years in the four studies of interest). 

 The authors reported that the results could not be 
stratified by the type of tooth (anterior versus 
posterior) or by type of the filling restoration.  

Stavropoulou et al. 2007,
21

 Greece (Systematic review) 

 The review was based on a priori design and 
protocol; however, the inclusion criteria and the 
statistical analysis plan were not clearly described. 

 The selection and data extraction were done in 
duplicate 

 The authors reported the list of included and 
excluded studies 

 The quality of the included studies was evaluated. 
However, the authors conducted an assessment of 
study reporting rather than formal risk of bias 
analysis. And the risk of bias in the included studies 
is unknown. 

 Literature search was based on MEDLINE only, and 
it did not include grey literature search 

 The characteristics of the included studies nor their 
patient population were not reported. That included 
crown and restoration types and the degree of tooth 
structure loss. Therefore, the generalizability of 
findings to other settings is unknown. 
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Table 4:  Strengths and Limitations of Non-randomized Trials  

Strengths Limitations 

Tickle et al. 2008,
22

 UK – (Non-randomized study) 

 The authors clearly described their objectives and  
the prognostic factors to be evaluated in the study 

 The statistical analysis was detailed and was 
appropriate for the intended objectives 

 The authors did not clearly report the selection 
criteria for the participating dentists in the study. 

 This was a retrospective study which relies on the 
quality of record keeping.  

 Outcome evaluation could not be blinded; however, 
that was not expected to introduce a major bias 
because of the well-defined objective outcomes. 

 The evaluation was restricted to mandibular first 
molars only, and this might limit the generalizability 
of findings to other tooth types. 

Piovesan et al. 2007,
27

 (Non-randomized controlled trial) 

 Study objectives and interventions were clearly 
described in the article. 

 The results were clearly reported, but the authors 
did not conduct any comparative analysis between 
the treatment groups. 

 Patient’s characteristics, degree of tooth loss, 
disposition of patients were not reported. Therefore 
the generalizability of finding is unknown. 

 The authors did not provide explanation how the 
final restoration material (ceramic fused-to-metal 
crowns, all-ceramic crowns, or direct resin 
composite) was chosen. This could introduce a bias 
due to several unreported confounding factors that 
could affect failure rates such as remaining tooth 
structure. 

 Assessment of outcome could not be blinded; 
however, that was not expected to introduce a major 
bias because of the objectivity of the outcome. 

Salehrabi et al. 2004,
23

 USA – (Non-randomized study) 

 Study objectives and interventions were clearly 
described in the article. 

 The study included a large database of 1,462,936 
teeth of 1,126,288 patients 

 The database included a follow up of eight years 

 This was a retrospective study which relies on the 
quality of record keeping.  

 Patient’s characteristics, degree of tooth loss, and 
disposition of patients were not reported. Therefore 
the generalizability of finding is unknown. 

 Reporting of results was not appropriate. The 
reported results could lead to inaccurate 
conclusions; for example, distribution of extracted 
teeth based on the type of restoration didn’t account 
for the total number of treated teeth for each type of 
restoration. Instead, the authors considered the total  
number of extract teeth. 

Cheung et al. 2003,
24

 Hong Kong – (Non-randomized study) 

 The authors clearly described their objectives and  
the interventions to be compared in the study 

 Patient’s and teeth characteristics were provided, 
and were included in the analyses 

 The inclusion criteria and outcome definitions were 
clearly reported 

 The statistical analysis was detailed and was 
appropriate for the intended objectives  

 This was a retrospective study which relies on the 
quality of record keeping.  

 The evaluated therapies were conducted between 
1981 and 1989; techniques and materials used 
might not be generalizable to the modern dental 
practice. 

 Outcome evaluation could not be blinded; however, 
that was not expected to introduce a major bias 
because of the well-defined objective outcomes. 
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APPENDIX 4:  MAIN STUDY FINDINGS AND AUTHOR’S CONCLUSIONS 
 

Table 5:  Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusions 
Fedorowicz et al. 2012,

19
 Bahrain (Systematic review) 

Type of failure (at 
three years); one 
study 

Root canal therapy + fiber post + 
composite core +  Risk ratio  

(95% CI) 

There was insufficient 
evidence to supporting or 
refuting the use of full 
coverage crowns over 
composite fillings to restore 
endodontically treated 
premolars.  

Crown (n/N) 
Composite 
restoration (n/N) 

Restoration failure 1/53 3/54 
0.34 (0.04, 
3.16) 

Post-realted failure 2/54 1/53 
1.96 (0.18, 
21.0) 

Ng et al. 2010,
20

 UK (Systematic review) 

undefined 
duration;  
four studies 

Root canal therapy +  
Odd ratio  
(95% CI) 

2 to 10 year tooth survival 
after root canal therapy 
ranged from 86% to 93%. 
Crown restoration after root 
treatment was a significant 
prognostic factor. 

Crown Direct restoration 

Survival probability Not reported Not reported 3.9 (3.5, 4.3) 

Stavropoulou et al. 2007,
21

 Greece (Systematic review) 

Cumulative 
survival in 10 
studies 

Root canal therapy +  Difference 
between 
groups 

Crowns fabricated on 
endodontically treated teeth 
provided an acceptable 10-
year survival, while direct 
restorations had satisfactory 
survival for the short term 
only. 

Crown 
% (SD) 

Direct restorations 
% (SD) 

At 1 year 99% (1) 94% (5) 

Not reported 

At 2 years 98% (3) 87% (7) 

At 3 years 98% (3) 84% (9) 

At 5 years 94% (2) 63% (19) 

At 10 years 81% (12) 63% (15) 

Tickle et al. 2008,
22

 UK – (Non-randomized study) 

Failure rate in 
five years 

Root canal therapy +  Difference 
between 
groups 

The authors concluded that 
restoration with a crown may 
imply a lower risk of post-
operative tooth fracture and 
better coronal seal although 
this needs further 
investigation. 

Crown Plastic 
restoration 

Number 
participants (%) 

67 (38.5) 107 (61.5) Not applicable 

Total number of 
root filling failure 
(%) 

0 16 Not reported 

Years with a root 
filled tooth 

274.2 323.3 

Failure rate per 
100 years with a 
root filled tooth 

0 5.0 

Piovesan et al. 2007,
27

 (Non-randomized study) 

Time to failure in 
a 97-month 
follow-up period 

Root canal therapy + fiber post + 
composite core +  Difference 

between 
groups 

The authors concluded that 
the type of final restoration 
(resin composite, all-ceramic, 
and 
ceramic-fused-to-metal) did 
not affect the tooth survival. 
But they admitted that longer-
term results are uncertain. 

Crown 
 
Months (n/N; %) 

Composite 
restoration 
Months (n/N; %) 

Anterior teeth 
16, 37, and 43 
months (3/20; 
15%) 

15 months (1/16; 
6.3%) 

Not reported 

Posterior teeth 
5 and 63 months 
(2/48; 14.3%) 
 

No failures (0/26) 
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Table 5:  Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusions 
Salehrabi et al. 2004,

23
 USA – (Non-randomized study) 

 
Number of 
extracted teeth 
during the eight 
year follow up  

Root canal therapy +  

Difference 
between 
groups 

The authors did not provide 
conclusions related to the 
comparison of interest (crown 
versus no crown restoration). 
 
Reviewer’s note: 
The authors reported the 
distribution of extracted teeth 
in relation to coronal 
coverage, and the results 
showed higher percentage of 
non-crowned teeth being 
extracted compared to 
crowned teeth. However, 
these percentages are 
misleading because they did 
not account for the total 
number of teeth (i.e., the non-
extracted teeth). 

Crown (with or 
without post) 
 
Number of teeth 
(%) 

Direct 
restoration 
 
Number of teeth 
(%) 

Anterior teeth 1344 (17.0%) 6565 (83%) 

Not reported  

Premolar teeth 1560 (14.9%) 8879 (85.1%) 

Molar teeth 3372 (14.3) 20253 (85.7%) 

 

Cheung et al. 2003,
24

 (Non-randomized study) 

Mean survival 
time in 10-20 
years period 

Root canal therapy +  P-value for 
survival 
difference ( 
difference was 
not reported) 

The authors concluded that 
The absence of a 
preoperative radiolucent 
lesion and the provision of a 
crown restoration after 
treatment were associated 
with a better tooth survival. 
They also concluded that 
anterior teeth and mandibular 
premolars had higher survival 
than other teeth. 

Crown 
 
Months (95% CI); 
number of teeth 

Direct 
restoration 
Months (95% CI); 
number of teeht 

Full gold crowns 
130 (110, 150);  

N = 78 

95 (80, 109); 
N = 197 

0.001 

Ceramic-metal 
crowns;  

150 (138, 163); 
N = 199 

0.000 

Partial veneer 
crowns 

148 (119, 178); 
N = 41 

0.003 
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