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This systematic review and meta-regression analysis compared the load-to-
fracture of endodontically treated teeth restored with endocrown and post-
and-crown restorations, identifying factors influencing their mechanical
behavior. Literature search in PubMed/MEDLINE, Web of Science, Scopus,
EMBASE, and LILACS included studies published until September 2025. The
search strategy combined Medical Subject Headings and free-text keywords.
Two independent researchers performed the study selection. The eligibility
criteria considered in vitro studies that evaluated the load-to-fracture of
endodontically treated teeth restored with endocrowns and had a control
group consisting of teeth restored with post-and-crown. From 862 studies, 25
met the eligibility criteria. The final meta-regression model explained 86% of
the within-group variance, showing no significant differences in the load-to-
fracture between endocrowns and post-and-crown restorations (p>0.05). The
type of teeth, ferrule presence, and restoration material did not significantly
influence the outcomes, whereas luting material and load application angle
were critical determinants of load-to-fracture performance. Resin composite
significantly increased the load-to-fracture compared to conventional resin
cement (p<0.05). Oblique forces during mechanical tests reduced the load-
to-fracture values (p<0.05). In conclusion, similar load-to-fracture
performance is expected between endocrown and post-and-crown
restorations. Luting material and mechanical testing parameters influenced
outcomes and may have contributed to heterogeneity in prior meta-analyses.
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MECHANICAL BEHAVIOR OF ENDOCROWN VS. POST-AND-CROWN:
A SYSTEMATIC REVIEW AND META-REGRESSION ANALYSIS
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"Is endocrown restoration a reliable alternative
for the rehabilitation of endodontically treated
teeth in terms of load-to-fracture when
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Introduction

Endodontically treated teeth (ETT) may exhibit significant coronal destruction (1) and
a higher risk of failure compared to vital teeth (2,3), which makes their restorative rehabilitation
challenging. Traditionally, an intraradicular post combined with a full coverage crown has been used
to restore both function and esthetics of severely damaged ETT (1). However, this method may
require additional dentin removal to insert the intraradicular post, which can further weaken the
tooth structure (4).

Endocrown restorations have emerged as a more conservative alternative for teeth with
significant structural loss (5). These restorations are defined as a single-unit crown that extends into
the pulp chamber of an endodontically treated tooth, achieving retention through adhesive luting
and specific preparation techniques (6). Endocrown restoration requires a simpler and less invasive
preparation compared to traditional post-and-core crowns, resulting in reduced treatment time and
cost (1).

Clinical evidence regarding endocrown restorations is promising. A systematic review
reported an estimated 5-year survival rate of 93.8% for endocrowns in premolars and 89.1% for
endocrowns in molars, with no significant difference compared to conventional crowns (7). Primary
causes of endocrown failure include loss of retention, periodontitis, and fracture of the restorative
material (8).

The biomechanical behavior of endocrown restorations has been the focus of numerous
systematic reviews (8—11). Although these reviews suggest that endocrowns exhibit comparable or
even superior biomechanical performance to conventional crown restorations, they consistently
highlight the considerable heterogeneity among included studies as a significant limitation, hindering
the interpretation of the results. Therefore, identifying the variables that significantly impact the
mechanical performance of endodontically treated teeth restored with endocrowns is crucial to
understanding this high variability and guiding future research. In this context, the present study
aimed to systematically review the literature on in vitro studies comparing the load-to-fracture of
endodontically treated teeth restored with endocrowns versus post-and-crown restorations,
identifying predictor factors of their mechanical behavior.

Materials and methods

This systematic review was reported following the PRISMA statement (12). The study was
designed to address the following PICO question: "Is endocrown restoration a reliable alternative for
the rehabilitation of endodontically treated teeth in terms of load-to-fracture when compared to
post-and-crown restorations?" The population consisted of endodontically treated teeth, the
intervention was endocrown restoration, the control group comprised teeth restored with post-and-
crown, and the outcome of interest was the load-to-fracture.

Search strategy

A literature search was performed in PubMed/MEDLINE, Web of Science, Scopus, EMBASE,
and LILACS databases for studies published up to September 2025. The search strategy included a
combination of Medical Subject Headings (MeSH) and free-text keywords (Supplementary material
1).

Study selection

All identified studies were imported into Rayyan software (13) for duplicate removal and
subsequent selection analysis. Two authors (S.F. and B.N.Q.) independently carried out the search
and selection process. Initially, studies were screened based on titles and abstracts, applying the
following inclusion criteria: in vitro studies that evaluated the load-to-fracture of endodontically
treated teeth restored with endocrowns. In the second stage, full-text articles were assessed, and
studies were excluded if they lacked an appropriate control (teeth restored with post-and-crown),
used artificial teeth, were published in languages other than English or Portuguese, or were solely
based on finite element analysis. Any disagreements between reviewers were resolved by consensus.



Data extraction

Data extraction from the eligible studies was performed by one author (S.F.) and cross-
checked by a second author (G.S.B.). Extracted data included type of restoration (endocrown or post-
and-crown), tooth type, presence of ferrule, finishing line, post material, material of the restoration,
luting agent, presence of aging (thermocycling, mechanical cycling, or thermomechanical cycling),
angle and speed of load application, the mean and standard deviation of the load-to-fracture test,
besides the year of publication, and sample size.

If a study did not report the mean and standard deviation or the sample size, the
corresponding authors were contacted three times via email. In the absence of a response, these
studies were excluded from the meta-regression analysis.

Quality assessment

Two authors (S.F. and B.N.Q.) independently assessed the risk of bias in the included studies
using the RoBDEMAT tool (14), evaluating four domains. In Domain 1, 'Bias in planning and
allocation,' factors such as the presence of a proper control group, randomization of samples, and
sample size determination were assessed. In Domain 2, 'Bias in sample/specimen preparation,' the
studies were evaluated on whether they reported all necessary information for specimen
preparation, including tooth preparation and the materials used. Domain 3, 'Bias in outcome
assessment,' focused on describing the mechanical test characteristics, such as the material and
dimensions of the piston used to apply the load, the location of load application, and the test speed.
Blinding of the operator was not applicable in this context, as blinding was not feasible for the type
of restoration (post-and-crown or endocrown). Domain 4, 'Bias in data treatment and outcome
reporting,’ examined the adequacy of the statistical analysis, including the software used,
significance levels, and any selective reporting of relevant outcomes.

Data analysis

The collected data were pooled for frequencies in each of the tested variables. The load-to-
fracture data were used as the outcome variable in a random-effects inverse-variance meta-analysis
to understand the effect of heterogeneity and calculate the effect sizes and standard errors in the
data for each study. As the heterogeneity was too high for predictions using this model (>99%), a
random-effects linear meta-regression model was applied. The type of restoration was “Endocrown”
and “Post-and-Crown," and the latter was classified as the reference category. Tooth type was
categorized into “Anterior” or “Posterior” (reference category). Post material was categorized to
allow comparisons, being classified according to the composition, as “Glass-fiber” and “Metal”
(reference category). The ferrule was considered as “Absent” (reference category), “Present”, or not
reported (NR). Finish lines were classified as “Chamfer” (reference category), “Shoulder”, “Flat”, and
not reported (NR). The material used for restoration was categorized according to the composition:
“Feldspathic” (reference category), “Leucite”, “Lithium disilicate”, “Zirconia-reinforced lithium
silicate”, “Zirconia”, or “Resin composite”. The luting agent was classified according to cement
classification, namely “Conventional resin cement” (reference category), “Self-adhesive resin
cement”, “Resin composite”, “Conventional resin cement for core”, or not reported (NR). If
specimens were aged, they were divided into categories according to the type of aging process
applied, being "Thermomechanical cycling", "Thermo cycling", or "Mechanical cycling", with values
for non-aged specimens being used as the reference for the regression. The angle for load application
was divided into 02 (reference category), 309, 452, 602, and 909. Load speed, sample size, and
publication year were presented as continuous variables. The study ID was used as a regression
moderator considering the collected variable's impact to explain the heterogeneity between studies.
An initial analysis for single associations with a = 0.20 was included in the multiple meta-regression
model. For this model, a significance of 0.05 was set. The model was adjusted for a Monte Carlo
permutation test for meta-regression to consider possible overestimations in the model. The R? was
calculated to assess the proportion of between-study variance explained by the covariates, while the
12 was calculated to assess the residual variation due to heterogeneity. All analyses were conducted
using STATA 14 (StataCorp LLC, TX, USA).



Results

General characteristics

Figure 1 describes the study selection process, reported according to the PRISMA statement.
Database searching identified 862 records. After removing duplicates, 511 records were analyzed by
title and abstract. Of these, 417 were excluded because they did not meet the inclusion criteria, and
94 were deemed eligible for full-text analysis. Following the final full-text examination, 25 studies
were included in the meta-regression analysis, with 90 experimental groups and 804 teeth evaluated.

The main characteristics of the included studies are described in Supplementary Table (Boxes
1to 7). Seventeen studies have used molars (15-19), and premolar teeth (20—31), while eight studies
have been conducted on anterior teeth (32—-39).

Different conditions of ferrule were considered, including no ferrule and ferrules ranging
between 0.5 and 2 mm in height. Regarding endocrown preparation, the pulp chamber depth ranged
between 2 and 10 mm, but most of the studies have used a depth of 4 mm (15,16,20,23,35) and 5
mm (25,27-29,36). The most frequently used finishing lines were chamfer, shoulder, and flat surface
(butt margin).

The restorative materials evaluated included machined resin composite and ceramics, with
the lithium disilicate-reinforced glass ceramic being the most used material (15-18,20,21,23—
25,30,33—-39). One study also investigated metal restorations (31). The indirect restorations were
luted using conventional resin cement in 16 studies (15,18-23,25,27-29,31,33,35,37,38), self-
adhesive resin cement in 4 studies (17,24,36,39), resin composite in 4 studies (16,26,30,34), and
conventional resin cement for core in one study (32).

Some studies have performed aging before the load-to-fracture test, including
thermomechanical cycling (15,16,19-21,23,29,30,35), thermocycling (17,25,33,34,37), and just
mechanical cycling (28,39). The aging protocols differed significantly regarding the number of
thermal and mechanical cycles employed. Most studies used a metal ball with varying diameters to
apply the load at speeds of 0.5 mm/min and 1 mm/min for the load-to-fracture test.
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Figure 1. Flow diagram illustrating the study selection process
according to the PRISMA statement.



Quality assessment

Figure 2 presents the quality assessment results conducted using the ROBDEMAT tool. In
Domain 1, 'Bias in planning and allocation,' the primary issues identified were the lack of description
of how randomization was performed and the absence of a sample size calculation. In Domain 2,
'Bias in sample/specimen,' some studies did not provide adequate details on sample preparation,
such as the type of finishing line and a complete description of the ferrule characteristics (height and
thickness). Besides, some studies did not report the commercial brand of the materials employed. In
Domain 3, 'Bias in outcome assessment,’ some studies failed to report key aspects, such as the
material and dimensions of the piston used for load application. In Domain 4, 'Bias in data treatment
and outcome,' the issue was the omission of the software used for statistical analysis.
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Figure 2. Quality assessment performed according to the
RoBDEMAT tool.
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Meta-regression analysis

The final meta-regression model included 90 groups, extracted from the 25 included studies,
and explained 86% of the between-study variance (R?> = 86%). The within-group variance was
statistically significant (p < 0.01). Residuals were homoscedastic and normally distributed (p > 0.05),
and no outliers that exert leverage in the data were found. The variables were selected based on
their potential to serve as moderator variables. All selected variables are listed in Supplementary
Material 2, where univariate analyses are presented. From these results, some moderators were
excluded from the final meta-regression model as they did not show influence in the univariate
screening (post material and finish line; p > 0.2). The type of restoration was retained in the final
model because it was the primary focus of interest, along with the restoration material.



The results of the final meta-regression model are presented in Table 1. The analysis showed
that the type of restoration (post-and-crown vs. endocrown) did not significantly affect the load-to-
fracture of endodontically treated teeth (p > 0.05). Similarly, the presence of a ferrule did not
significantly influence the load-to-fracture (p > 0.05). The model identified that the luting agent
significantly influenced the load-to-fracture of teeth restored with either endocrown or post-and-
crown. Using resin composite significantly increased the load-to-fracture compared to conventional
resin cement.

In terms of aging, none of the protocols (thermomechanical cycling, thermocycling alone, or
mechanical cycling) affected load-to-fracture. Regarding the mechanical test, the incidence of the
load application significantly influenced the results. Oblique forces and 1Imm/min load speed were
associated with reduced load-to-fracture values.

Discussion

Endocrown popularity is mainly due to its less invasive approach for restoring ETT. Clinical
and laboratory analyses compared endocrown to post-and-crown restorations. However, the meta-
analytic evaluation of these studies' pooled data showed high heterogeneity and limited strength to
support a reliable evidence-based decision-making process for using either restorative strategy
(11,40). To understand the variables associated with the load-to-fracture in restored ETT and address
the heterogeneity of meta-analytic data, the present study employed a meta-regression analysis of
25 studies, with 90 groups and 804 analyzed teeth. Our final model included variables that explained
86% of the variance among the included studies. The main finding is that the load-to-fracture of ETT
is not predicted by the restoration with either endocrown or post-and-crown (Coef: -3.98 N. Cl 95%
-150.79; 142.82). The luting material and the load application angle were variables that significantly
modified the load-to-fracture in the analyzed data.

The meta-regression analysis showed that endocrown restorations have a similar load-to-
fracture behavior to the traditional post-and-crown approach for severely damaged teeth (Table 1).
These findings agree with other reports in the literature (8—11). The meta-analysis performed by
Sedrez-Porto et al. (11), comparing the load-to-fracture of teeth restored with endocrowns to teeth
restored with conventional treatments (intraradicular posts, direct composite resins, inlay/onlay),
favored the endocrown restorations, which showed higher levels of load-to-fracture. However, in a
subgroup analysis, when the load-to-fracture of posterior teeth restored with endocrowns was
compared to that of teeth restored with post-and-crown, there was no difference between these
restorative approaches. Therefore, restoring teeth with an endocrown or post-and-crown predicts
similar load-to-fracture.

The type of teeth (anterior or posterior) did not significantly influence the load-to-fracture
of severely damaged ETT restored with endocrown or post-and-crown. Originally, endocrowns were
developed to rehabilitate posterior teeth with a significant amount of coronal destruction and limited
interocclusal space (5). However, this type of restorative alternative in anterior teeth is questionable.
A recent systematic review and network meta-analysis of in vitro studies showed that endocrowns
in anterior teeth had a similar or superior mechanical performance to conventional restorative
options, with a lower risk of irreparable failures (9).



Table 1. Meta-regression analysis of the load-to-fracture results of endodontically treated teeth restored with endocrown and post-and-

crown restorations.

Variable Categories Regression coefficient ~ Standard Error 95% Cl p-value
(in N)
Type of restoration Post-and-crown (reference)
Endocrown -3.98 73.46 -150.79 142.82 1
Type of tooth Posterior (reference)
Anterior -140.12 177.65 -495.13 214.88 1
Ferrule No ferrule (reference)
Yes -111.34 86.79 -284.78 62.10 1
NR -124.57 351.38 -826.75 577.61 1
Restoration material Feldspathic (reference)
Leucite 1288.67 686.33 -82.86 2660.19 0.535
Lithium disilicate -1119.06 410.32 -1939.02 -299.09 0.274
Zirconia-reinforced lithium -121.22 123.13 -367.29 124.84 1
silicate
Zirconia 66.50 132.09 -197.45 330.46 1
Resin composite -41.72 111.87 -265.27 181.83 1
Metal -111.90 248.29 -608.08 384.27 1
Luting agent Conventional resin  cement
(reference)
Self-adhesive resin cement 439.56 193.55 52.77 826.35 0.391
Resin composite 736.49 312.41 112.19 1360.79 0.036
Conventional resin cement for 500.06 372.20 -243.72 1243.84 0.731
core
Aging No aging (reference)
Thermomechanical cycling -220.56 175.33 -570.92 129.81 0.919
Thermo cycling -257.70 139.38 -536.23 20.83 0.948
Mechanical cycling 91.08 202.23 -313.05 495.21 0.990
Load angle 09 (reference)
302 -992.88 202.26 -1397.06 -588.70 0.011
459 -1501.97 206.72 -1915.07 -1088.87 0.001
602 -2994.27 785.43 -4563.83 -1424.72 0.024
902 -1129.31 193.34 -1515.68 -742.94 0.001
Load speed (mm/min) 0.5 (reference)
1 -937.42 321.22 -1579.33 -295.51 0.047
3 -3563.27 1203.5 -5968.27 -1158.27 0.078
30 -741.50 358.71 -1458.33 -24.67 0.296
NR 33.58 198.90 -363.90 431.05 1
Year - -89.13 33.58 -156.24 -22.02 0.102
Sample size - -41.56 29.31 -100.12 17.00 0.953
12 residual 84%
R? 86%




In the present study, a ferrule ranging from 0.5 to 2 mm height did not significantly influence
the load-to-fracture behavior of severely damaged ETT restored with either endocrowns or post-and-
crown systems. These findings contrast with a meta-analysis indicating that post-restored teeth with
a ferrule exhibit greater fracture resistance than those without a ferrule (41). However, that analysis
reported high heterogeneity (1>=92%), suggesting that factors beyond the presence or absence of a
ferrule - such as post types, crown materials, and variations in ferrule design and height - may explain
the observed differences among groups. This interpretation is supported by systematic reviews of
clinical trials, which indicate that the impact of the ferrule on the clinical performance of post-and-
crown restorations remains controversial (42—44). A clinical study with a 17-year follow-up found
that substantial dentin height—defined as greater than 75% of the circumferential dentin wall with
a minimum 1 mm thickness and at least 1 mm above the gingival level—was associated with higher
survival rates, but only in teeth restored with prefabricated metal posts and composite cores with a
covering metal-ceramic crown (45). Furthermore, Skupien et al. (41) observed that while ferrules
improved clinical survival in premolars, no statistically significant differences in survival were found
in molars and anterior teeth with or without a ferrule.

The preparation of an endocrown restoration usually involves a circumferential butt-joint
margin, with no ferrule (46,47). The effect of ferrule on the mechanical behavior of endocrown
restoration remains contradictory. A recent study showed that zirconia-reinforced lithium silicate
endocrowns without a ferrule have higher fracture strength than those with a 1 mm ferrule design
(48). Bamajboor and Dudley (49) reported that the presence of a ferrule had no significant effect on
the load-to-fracture of monolithic zirconia endocrowns. On the other hand, the presence of a ferrule
was associated with higher fatigue failure loads in lithium disilicate endocrowns (35). These findings
suggest that further research is needed to clarify the impact of endocrown preparation design on the
mechanical behavior of severely damaged ETT.

Furthermore, the authors suggest that future studies provide a more detailed description of
ferrule characteristics, including not only the height but also the thickness of the remaining dentin.
This would contribute to a better understanding of this factor's influence on the mechanical behavior
of restored teeth.

In the meta-regression analysis, the restorative material did not significantly influence the
load-to-fracture of ETT restored with endocrowns or post-and-crown restorations. This finding
contrasts with the existing literature, which generally reports superior mechanical performance for
reinforced glass ceramics and polycrystalline ceramics compared with feldspathic ceramics (50). This
result may be related to the influence of a single study, with a high sample size (n=20) that evaluated
feldspathic ceramics and reported high fracture resistance values (19). In addition, factors such as
material thickness or variations in the mechanical testing parameters among studies, especially load
application angle, may have overridden the effect of the restorative material itself.

Regarding clinical performance, a meta-analysis indicated that single crowns made of
feldspathic ceramics have a significantly lower 5-year survival probability than metal-ceramic crowns.
However, crowns made of reinforced glass ceramics, as well as polycrystalline ceramics, showed
survival rates similar to those of metal-ceramic crowns (51). For endocrown restorations, a clinical
study found no difference in the survival rates of endocrowns made from lithium disilicate, zirconia,
and polymer-infiltrated hybrid ceramic over a 2-year follow-up period (52). The same occurred for
endocrowns made of felspathic ceramic, zirconia-reinforced lithium silicate, and lithium disilicate,
which presented a similar clinical behavior after 2 years (53).

ETTs restored with either endocrowns or post-and-crown restorations luted with resin
composite showed higher load-to-fracture values than those cemented with conventional resin
cement. Resin composites have been proposed for luting indirect restorations due to their enhanced
mechanical properties, a wide range of shades, and lower cost compared to resin cements (54). The
higher load-to-fracture values observed for the resin composite may be attributed to its greater filler
content, which could reduce stress concentration and attenuate crack propagation within the
restorative material during mechanical loading (55). However, factors such as film thickness,
viscosity, degradation resistance, and user-friendly characteristics should also be considered beyond
load-to-fracture performance when selecting the optimal luting material.



Mechanical cycling, thermocycling, and thermomechanical cycling did not significantly affect
the load-to-fracture of ETT restored with endocrown or post-and-crown systems. The aging protocols
varied considerably among the studies. The number of thermocycles ranged from 1,500 to 10,000,
with temperatures between 5 2C and 55 2C. For studies incorporating thermocycling and load cycling,
the number of load cycles varied from 20,000 to 1,200,000, with most studies applying a load of 50
N. There is currently no consensus regarding the most appropriate aging protocol to replicate the
oral environment accurately. According to Wiskott et al. (56), one million loading cycles may simulate
approximately one year of functional performance, while 10,000 thermal cycles may correspond to
one year in function (57). One could think that increasing the number of thermal and/or mechanical
cycles, a decreased load-to-fracture will occur. However, when an adjusted multivariate analysis was
performed in this study, other factors probably overcame the aging effects; further, the high non-
standardization of in vitro protocols led to a lack of differentiation among studies.

The present meta-regression analysis highlighted the influence of the mechanical test
parameters on the load-to-fracture of ETT. The angle of load application had a significant effect on
the load-to-fracture of ETT, with oblique loads resulting in lower strength values. These findings are
supported by finite element analyses, which demonstrate higher stress concentrations in teeth
subjected to oblique loads (58,59). Thus, oblique loading can be considered a challenging scenario
for ETT restored with either endocrowns or post-crown.

Most studies have employed crosshead speeds of 0.5 to 1 mm/min, while a few have used
speeds of 3 mm/min (27,28) and 30 mm/min (17,29). Meta-regression analysis indicated that test
speed significantly influences the load-to-fracture. These findings agree with the study of Naves et
al. (60), who observed that higher crosshead speeds are predictive of decreased fracture resistance
in premolars. This behavior may be due to the reduced ability of the structure to dissipate stress at
elevated speeds.

Regarding the risk of bias assessment, most studies failed to report how randomization was
performed and the sample size rationale, which is essential to ensure the validity of the results.
Regarding the sample preparation, some information was missed in some studies, such as the
finishing line, ferrule height, pulp chamber depth in endocrown preparation, and cement used. Some
variables related to mechanical testing were also missing, such as the load application site, the
material, and the size of the piston. The absence of this information reduces the study's
reproducibility and may limit the generalization of the results. The limitation in the provided
information resulted in the presence of a "Not reported" group in our analysis, and, despite the
impact on the discussion of the evidence, it may have interfered with the adjustment of the final
meta-regression model. The unexplained portion of the results may be related to this data and
unknown bias in the analysis.

The heterogeneity is a standard limitation in predictions made by meta-analyses (61), and
the number of variables involved in the treatment of ETT could explain the high heterogeneity found
when analyzing the load-to-fracture in this study (>99%). The final meta-regression model resulted
in an R? of 86%, which represents a good fit for regression curves with 14% of the load-to-fracture
behavior of ETT restored with endocrowns and post-and-crowns remaining unexplained. To ensure
little impact of overestimations from the meta-regression model, a Monte Carlo permutation was
performed. The p-values in Table 1 are already adjusted to account for the possible Type | error on
the significance of moderators. Residual heterogeneity in the final model was 83.93%, which shows
that between-study variation is still present in the analysis. This residual heterogeneity may be
related to other testing variables that were not collected, lack of reporting in the study, as observed
in the “not reported” data (Supplementary Table — Boxes 1 to 7), and the biases observed in the risk
of bias assessment (Figure 2). This highlights the need for standardization in testing and reporting
data, allowing comparisons between approaches in the literature. While this residual heterogeneity
is observed, the reduction is an important improvement, as a high R? is observed, and >99% of
heterogeneity was obtained in the meta-analysis, when no moderators were considered in the model
(i.e., prior meta-regression analysis).

Despite the limitations of the data and model, the final model was suitable for addressing
the variables that may be interfering with the load-to-fracture in restored ETT, showing that
moderators are influencing the outcomes when testing endocrown vs post-and-crowns. The analysis



is helpful in the design of new studies that should focus on understanding the influence of other
variables, such as the characteristics of endocrown preparation and surface treatments, on the
mechanical behavior of restored teeth. Also, future analysis on clinical parameters may be performed
with similar models.

From a clinical perspective, the present study indicates that endocrowns and post-and-crown
restorations provide comparable load-to-fracture performance for the rehabilitation of ETT. The
most significant reduction in the load-to-fracture under oblique loading emphasizes the need for
careful occlusal adjustment, particularly during eccentric movements, to minimize undesired lateral
forces on these teeth. Additionally, special attention should be given to the luting procedure, which
plays a relevant role in the mechanical behavior of both restoration types.

Conclusion

The main findings of the present study indicate that endocrown restorations exhibit a load-
to-fracture behavior similar to post-and-crown restorations in the rehabilitation of endodontically
treated teeth (ETT). Factors such as luting agent and load application angle influence the load-to-
fracture outcomes of ETT restored with either endocrowns or post-and-crowns systems. Proper
selection of cementation technique appears essential to ensure optimal mechanical performance in
these restorative approaches.

Data available
The research data are available upon request

Responsible editor
Manoel Damido Sousa-Neto

Resumo

A presente revisdo sistemdtica com meta-regressao comparou a carga para fratura de dentes
tratados endodonticamente restaurados com endocrown e pino-coroa, identificando fatores que
influenciam seu comportamento mecanico. As buscas foram realizadas nas bases PubMed/MEDLINE,
Web of Science, Scopus, EMBASE e LILACS, incluindo estudos publicados até setembro de 2025. A
estratégia de busca utilizou descritores MeSH e palavras-chave livres. A sele¢do foi realizada por dois
pesquisadores independentes. Foram incluidos estudos in vitro que avaliaram a carga para fratura
de dentes tratados endodonticamente restaurados com endocrown, com grupo controle de pino e
coroa. Dos 862 estudos identificados, 25 atenderam aos critérios de elegibilidade. O modelo final de
meta-regressao explicou 86% da variabilidade intra-grupo, nao identificando diferenca significativa
na carga para fratura entre endocrowns e pino-coroa (p>0,05). O tipo de dente, a presenca de férula
e o material restaurador n3do influenciaram significativamente o desfecho, enquanto o cimento e o
angulo de aplica¢do da carga foram determinantes. Resina composta resultou em maiores valores de
carga para fratura do que cimento resinoso convencional (p<0,05). Forgas obliquas reduziram os
valores de carga para fratura (p<0,05). Em conclusdo, espera-se desempenho semelhante na
resisténcia a fratura entre endocrowns e pino-coroa. O cimento e os parametros do teste mecéanico
influenciaram os resultados, podendo contribuir para a heterogeneidade reportada em metandlises
anteriores.

References

1. de Carvalho MA, Lazari PC, Gresnigt M, Del Bel Cury AA, Magne P. Current options concerning the
endodontically-treated teeth restoration with the adhesive approach. Braz Oral Res 2018;32:147-58.
https://doi.org/10.1590/1807-3107bor-2018.vol32.0074.

2. Lempel E, Lovasz BV, Bihari E, Krajczar K, Jeges S, T6th A, et al. Long-term clinical evaluation of direct resin
composite restorations in vital vs. endodontically treated posterior teeth — Retrospective study up to 13
years. Dental Materials 2019;35:1308-18. https://doi.org/10.1016/j.dental.2019.06.002.

3. CollaresK, Correa MB, Bronkhorst EM, Laske M, Huysmans M-CDNJM, Opdam NJ. A practice based longevity
study on single-unit crowns. J Dent 2018;74:43-8. https://doi.org/10.1016/j.jdent.2018.05.013.

10



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Mogla S, Bhagat A, Mittal L, Kaur T, Dheeraj M, Marwah G. Impact of Root Dentin Thickness on the in vitro
Compressive Strength of Teeth treated with Recent Post and Core Systems. J Contemp Dent Pract
2017;18:1065-70. https://doi.org/10.5005/jp-journals-10024-2177.

. Bindl A, Mérmann WH. Clinical evaluation of adhesively placed Cerec endo-crowns after 2 years--

preliminary results. J Adhes Dent 1999;1:255-65.
The Glossary of Prosthodontic Terms 2023. J Prosthet Dent 2023;130:e1-3.
https://doi.org/10.1016/j.prosdent.2023.03.003.

. Al-Dabbagh RA. Survival and success of endocrowns: A systematic review and meta-analysis. J Prosthet Dent

2021;125:415.e1-415.€9. https://doi.org/10.1016/j.prosdent.2020.01.011.
Govare N, Contrepois M. Endocrowns: A systematic review. J Prosthet Dent 2020;123:411-418.e9.
https://doi.org/10.1016/j.prosdent.2019.04.009.

. Fehrenbach J, de Soares JLS, do Nascimento Foly JCS, Miotti LL, Miinchow EA. Mechanical performance of

endocrown restorations in anterior teeth: A systematic review and network meta-analysis. Dental Materials
2024. https://doi.org/10.1016/j.dental.2024.10.012.

Lenz U, Bacchi A, Della Bona A. Biomechanical performance of endocrown and core-crown restorations: A
systematic  review. Journal of Esthetic and Restorative Dentistry = 2024;36:303-23.
https://doi.org/10.1111/jerd.13119.

Sedrez-Porto JA, Rosa WL de O da, da Silva AF, Miinchow EA, Pereira-Cenci T. Endocrown restorations: A
systematic review and meta-analysis. ) Dent 2016;52:8—14. https://doi.org/10.1016/j.jdent.2016.07.005.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 2009;6:€1000097.
https://doi.org/10.1371/journal.pmed.1000097.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and mobile app for systematic
reviews. Syst Rev 2016;5:210. https://doi.org/10.1186/s13643-016-0384-4.

Delgado AH, Sauro S, Lima AF, Loguercio AD, Della Bona A, Mazzoni A, et al. ROBDEMAT: A risk of bias tool
and guideline to support reporting of pre-clinical dental materials research and assessment of systematic
reviews. J Dent 2022;127:104350. https://doi.org/10.1016/].jdent.2022.104350.

El Ghoul W, Ozcan M, Silwadi M, Salameh Z. Fracture resistance and failure modes of endocrowns
manufactured with different CAD/CAM materials under axial and lateral loading. Journal of Esthetic and
Restorative Dentistry 2019;31:378-87. https://doi.org/10.1111/jerd.12486.

de Kuijper M, Gresnigt M, van den Houten M, Haumahu D, Schepke U, Cune MS. Fracture Strength of
Various Types of Large Direct Composite and Indirect Glass Ceramic Restorations. Oper Dent 2019;44:433—
42. https://doi.org/10.2341/18-111-L.

Rayyan MR, Alauti RY, Abanmy MA, AlReshaid RM, Bin Ahmad HA. Endocrowns versus post-core retained
crowns for restoration of compromised mandibular molars: An in vitro study [Vergleich von Endokronen
und Stiftaufbau-retinierten Kronen als Restaurationen fiir geschadigte Unterkiefermolaren. Eine In-vitro-
Studie]. Int J Comput Dent 2019;22:39-44.

Biacchi G, Basting R. Comparison of Fracture Strength of Endocrowns and Glass Fiber Post-Retained
Conventional Crowns. Oper Dent 2012;37:130-6. https://doi.org/10.2341/11-105-L.

Uzun I, Timur AH, Senel K. In-vitro comparison of fracture resistance of CAD/CAM porcelain restorations for
endodontically treated molars. BMC Oral Health 2024;24:1187. https://doi.org/10.1186/s12903-024-
04983-3.

Al Fodeh RS, Al-Johi 0S, Alibrahim AN, Al-Dwairi ZN, Al-Haj Husain N, Ozcan M. Fracture strength of
endocrown makxillary restorations using different preparation designs and materials. ] Mech Behav Biomed
Mater 2023;148:106184. https://doi.org/10.1016/j.jmbbm.2023.106184.

Ahmed MAA, Kern M, Mourshed B, Wille S, Chaar MS. Fracture resistance of maxillary premolars restored
with different endocrown designs and materials after artificial ageing. J Prosthodont Res 2022;66:141-50.
https://doi.org/10.2186/jpr.JPR_D_20_00082.

Maravi¢ T, Comba A, Mazzitelli C, Bartoletti L, Balla I, di Pietro E, et al. Finite element and in vitro study on
biomechanical behavior of endodontically treated premolars restored with direct or indirect composite
restorations. Sci Rep 2022;12:12671. https://doi.org/10.1038/s41598-022-16480-0.

Hassouneh L, Jum’ah AA, Ferrari M, Wood DJ. Post-fatigue fracture resistance of premolar teeth restored
with endocrowns: An in vitro investigation. J Dent 2020;100:103426.
https://doi.org/10.1016/j.jdent.2020.103426.

Atash R, Arab M, Duterme H, Cetik S. Comparison of resistance to fracture between three types of
permanent restorations subjected to shear force: An in vitro study. The Journal of Indian Prosthodontic
Society 2017;17:239. https://doi.org/10.4103/jips.jips_24 17.

Guo J, Wang Z, Li X, Sun C, Gao E, Li H. A comparison of the fracture resistances of endodontically treated
mandibular premolars restored with endocrowns and glass fiber post-core retained conventional crowns. J
Adv Prosthodont 2016;8:489. https://doi.org/10.4047/jap.2016.8.6.489.

11



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Schmidlin PR, Stawarczyk B, DeAbreu D, Bindl A, Ender A, Ichim IP. Fracture resistance of endodontically
treated teeth without ferrule using a novel H-shaped short post. Quintessence Int (Berl) 2015;46:97—-108.
https://doi.org/10.3290/j.qi.a32634.

Lin C-L, Chang Y-H, Pai C-A. Evaluation of failure risks in ceramic restorations for endodontically treated
premolar with MOD preparation. Dental Materials 2011;27:431-8.
https://doi.org/10.1016/j.dental.2010.10.026.

Lin C-L, Chang Y-H, Chang C-Y, Pai C-A, Huang S-F. Finite element and Weibull analyses to estimate failure
risks in the ceramic endocrown and classical crown for endodontically treated maxillary premolar. Eur J Oral
Sci 2010;118:87-93. https://doi.org/10.1111/j.1600-0722.2009.00704.x.

Chang C-Y, Kuo J-S, Lin Y-S, Chang Y-H. Fracture resistance and failure modes of CEREC endo-crowns and
conventional post and core-supported CEREC crowns. J Dent Sci 2009;4:110-7.
https://doi.org/10.1016/51991-7902(09)60016-7.

Forberger N, Gohring TN. Influence of the type of post and core on in vitro marginal continuity, fracture
resistance, and fracture mode of lithia disilicate-based all-ceramic crowns. J Prosthet Dent 2008;100:264—
73. https://doi.org/10.1016/50022-3913(08)60205-X.

R S, Gupta R, Gill S, Mehta A. Comparative Evaluation of Fracture Resistance and Failure Modes in
Endodontically Treated Teeth Restored With Zirconia-Reinforced Lithium Silicate and Cast Metal Alloys: An
In Vitro Study. Cureus 2025;17:e77727. https://doi.org/10.7759/cureus.77727.

Souza FA de, Cumerlato CB da F, Feltrin PP, Inoue RT, Zanetti RV. Fracture strength and failure load of
CAD/CAM fabricated endocrowns performed with different designs. Braz J Oral Sci 2022;22.
https://doi.org/10.20396/bjos.v22i00.8667338.

al-Fadhli M, Mohsen C, Katamich H. Fracture Resistance of Anterior Endocrown vs. Post Crown Restoration
an in-vitro Study. Systematic Review Pharmacy 2021;12:594-603.

Hofsteenge JW, Gresnigt M. The Influence of Dentin Wall Thickness and Adhesive Surface in Post and Core
Crown and Endocrown Restorations on Central and Lateral Incisors. Oper Dent 2021;46:75-86.
https://doi.org/10.2341/19-261-L.

Silva-Sousa AC, Moris ICM, Barbosa AFS, Silva-Sousa YTC, Sousa-Neto MD, Pires CRF, et al. Effect of
restorative treatment with endocrown and ferrule on the mechanical behavior of anterior endodontically
treated teeth: An in vitro analysis. J Mech Behav Biomed Mater 2020;112:104019.
https://doi.org/10.1016/j.jmbbm.2020.104019.

Bankoglu Glingor M, Turhan Bal B, Yilmaz H, Aydin C, Karakoca Nemli S. Fracture strength of CAD/CAM
fabricated lithium disilicate and resin nano ceramic restorations used for endodontically treated teeth. Dent
Mater J 2017;36:135-41. https://doi.org/10.4012/dm;.2016-017.

Ahmed DH, Amgad SW, Bakry AM. Effect of Preparation Depth on Fracture Resistance of Anterior Teeth
Restored by Endocrowns and Post-retained Crowns — In Vitro Study. J Contemp Dent Pract 2025;26:504—
11. https://doi.org/10.5005/jp-journals-10024-3889.

Kheder AA, Saker RJ, Baherli NA, Albash Z. Fracture Resistance in Severely Damaged Central Incisors
Restored with Two-restoration Techniques: An In Vitro Study. Open Dent J 2025;19.
https://doi.org/10.2174/0118742106369913250218045152.

Mohamed AA, Badawy MB, El-Kouedi AM, Alameldin AM. Fracture Resistance of Anterior Teeth Restored
with Post-retained Ceramic Crown vs Ceramic Endocrowns. J Contemp Dent Pract 2025;25:1045-51.
https://doi.org/10.5005/jp-journals-10024-3785.

Morimoto S, Arakaki Y, Raggio DP, Ozcan M. One-piece endodontic crowns in posterior teeth: An overview
of systematic reviews. J Prosthet Dent 2024. https://doi.org/10.1016/j.prosdent.2024.09.001.

Skupien JA, Luz MS, Pereira-Cenci T. Ferrule Effect: A Meta-analysis. JDR Clin Trans Res 2016;1:31-9.
https://doi.org/10.1177/2380084416636606.

Dotto L, Girotto LPS, Correa Silva Sousa YT, Pereira GKR, Bacchi A, Sarkis-Onofre R. Factors influencing the
clinical performance of the restoration of endodontically treated teeth: An assessment of systematic
reviews of clinical studies. J Prosthet Dent 2024;131:1043-50.
https://doi.org/10.1016/j.prosdent.2022.03.030.

Batista VE de S, Bitencourt SB, Bastos NA, Pellizzer EP, Goiato MC, dos Santos DM. Influence of the ferrule
effect on the failure of fiber-reinforced composite post-and-core restorations: A systematic review and
meta-analysis. J Prosthet Dent 2020;123:239-45. https://doi.org/10.1016/j.prosdent.2019.01.004.
Al-Dabbagh RA, Sindi MA, Sanari MA, Manna Al, Al-Dabbagh MA. Effect of a circumferential ferrule on the
survival and success of endodontically treated teeth restored with fiber posts: A systematic review and
meta-analysis. J Prosthet Dent 2024;132:1251-9. https://doi.org/10.1016/j.prosdent.2023.12.002.
Fokkinga WA, Kreulen CM, Bronkhorst EM, Creugers NHJ. Up to 17-year controlled clinical study on post-
and-cores and covering crowns. J Dent 2007;35:778-86. https://doi.org/10.1016/].jdent.2007.07.006.
Einhorn M, DuVall N, Wajdowicz M, Brewster J, Roberts H. Preparation Ferrule Design Effect on Endocrown
Failure Resistance. Journal of Prosthodontics 2019;28. https://doi.org/10.1111/jopr.12671.

12



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Mostafavi AS, Allahyari S, Niakan S, Atri F. Effect of Preparation Design on Marginal Integrity and Fracture
Resistance of Endocrowns: A Systematic Review. Front Dent 2022.
https://doi.org/10.18502/fid.v19i37.11250.

Saker S, Alqutaibi AY, Alghauli MA, Hashem D, Borzangy S, Farghal AE, et al. The Influence of Ferrule Design
and Pulpal Extensions on the Accuracy of Fit and the Fracture Resistance of Zirconia-Reinforced Lithium
Silicate Endocrowns. Materials 2024;17:1411. https://doi.org/10.3390/mal7061411.

Bamajboor A, Dudley J. The Influence of Ferrule on the Marginal Gap and Fracture Resistance of Zirconia
Endocrowns. Int J Prosthodont 2022;35:494-501. https://doi.org/10.11607/ijp.8060.

Wendler M, Belli R, Petschelt A, Mevec D, Harrer W, Lube T, et al. Chairside CAD/CAM materials. Part 2:
Flexural strength testing. Dental Materials 2017;33:99-109.

Sailer I, Makarov NA, Thoma DS, Zwahlen M, Pjetursson BE. All-ceramic or metal-ceramic tooth-supported
fixed dental prostheses (FDPs)? A systematic review of the survival and complication rates. Part I: Single
crowns (SCs). Dental Materials 2015;31:603—23.

El-Ma’aita A, A. Al-Rabab’ah M, Abu-Awwad M, Hattar S, Devlin H. Endocrowns Clinical Performance and
Patient Satisfaction: A Randomized Clinical Trial of Three Monolithic Ceramic Restorations. Journal of
Prosthodontics 2022;31:30-7. https://doi.org/10.1111/jopr.13414.

Jalali S, Asgari N, Pirooz P, Younespour S, Atri F. Comparison of clinical efficacy of CAD CAM Endocrowns
made of feldspathic ceramic, zirconia lithium silicate, and lithium disilicate: A two-year mixed cohort study.
J Dent 2024;149:105019. https://doi.org/10.1016/j.jdent.2024.105019.

Barbon FJ, Isolan CP, Soares LD, Bona A Della, de Oliveira da Rosa WL, Boscato N. A systematic review and
meta-analysis on using preheated resin composites as luting agents for indirect restorations. Clin Oral
Investig 2022;26:3383-93. https://doi.org/10.1007/s00784-022-04406-z.

Barbon FJ, Moraes RR, Isolan CP, Spazzin AO, Boscato N. Influence of inorganic filler content of resin luting
agents and use of adhesive on the performance of bonded ceramic. Journal of Prosthetic Dentistry
2019;122:566.e1-566.e11. https://doi.org/10.1016/j.prosdent.2019.09.013.

Wiskott HW, Nicholls JI, Belser UC. Stress fatigue: basic principles and prosthodontic implications. Int J
Prosthodont 1995;8:105-16.

Gale MS, Darvell BW. Thermal cycling procedures for laboratory testing of dental restorations. J Dent
1999;27:89-99. https://doi.org/10.1016/s0300-5712(98)00037-2.

Tribst JPM, Dal Piva AM de O, de Jager N, Bottino MA, de Kok P, Kleverlaan CJ. Full-Crown Versus Endocrown
Approach: A 3D-Analysis of Both Restorations and the Effect of Ferrule and Restoration Material. Journal of
Prosthodontics 2021;30:335-44. https://doi.org/10.1111/jopr.13244.

Zhu J, Rong Q, Wang X, Gao X. Influence of remaining tooth structure and restorative material type on stress
distribution in endodontically treated maxillary premolars: A finite element analysis. J Prosthet Dent
2017;117:646-55. https://doi.org/10.1016/j.prosdent.2016.08.023.

Naves LZ, Silva GR da, Correr-Sobrinho L, Costa AR, Valdivia ADCM, Soares CJ. Influence of crosshead speed
on failure load and failure mode of restored maxillary premolars. Braz Oral Res 2016;30.
https://doi.org/10.1590/1807-3107BOR-2016.vol30.0003.

Spineli LM, Pandis N. Exploring heterogeneity in meta-analysis: Meta-regression analysis. American Journal
of Orthodontics and Dentofacial Orthopedics 2020;158:623-5.
https://doi.org/10.1016/j.ajodo.2020.07.002.

Received: 03/06/2025
Accepted: 02/12/2025

13



Box 1. Characteristics of the included studies.

ARTICLE

Appendix

Authors sample size (n) Endocrown Post-core supported crown (control)
Year
f | Type of teeth *Ferrule *Ferrule Crown Aging Load-to-fracture test
ourna *Finish line Endocrown material Luting agent *Finish line material Luting agent
Country *Pulp chamber depth *Type of post and core
Ahmed et al Groups with: Groups with:
2025 *Ferrule: Imm ) Lithiurz disilic-ate *Ferrule: 1mm - Lithium Thermocveling: Load was applied with a
[37] *n=6 *Finish line: chamfer (IPS e.max CAD, Ivoclar Conventional dual *Finish Iine: chamfer disilicate Conventional dual x5 0;0 g round-tipped steel rod (5
The Journal of *Anterior *Pulp chamber depth: ' AG) ! resin cement “Type of os.t and core: (IPS e.max CAD, resin cement therm,oc cles mm in diameter), at a 45°
Contemporary Dental (maxillary groups with: - Lithium disilicate (RelyX Ultimate, IaZspfiberp ost and resi.n Ivoclar AG) (RelyX Ultimate, between 5\_/55 oc angle to the long axis of the
Practice central incisors) -5mm 3M ESPE) i P X - Lithium disilicate 3M ESPE) "~ 7’ tooth, on the palatal surface.
(IPS e.max Press, composite core 20s dwell time.
Egypt -2 mm voclar AG) (IPS e.max Press, Load speed not reported.
Ivoclar AG)
Kheder et al " ) )
Ferrule: 2mm The load was applied with a
2025 *n=10 *Ferrule: no . - Conventional dual K s L - Conventional dual e ) pphec:
(38] *Anterior *Finish line: flat Lithium disilicate resin cement Finish line: shoulder Lithium disilicate resin cement knife-edge-shaped piston
The Oben Dentistr (maxillar *pul chambe; depth: (IPS e.max Press, (Metacem *Type of post and core: (IPS e.max Press, (Metacem No with a 4 mm radius at a 452
P v o v P peh: Ivoclar AG) K ! quartz fiber post and Ivoclar AG) . ’ angle on the palatal surface.
Journal central incisors) 3mm Meta Biomed) X R Meta Biomed)
Syrian Arab Republic resin composite core Load speed not reported
Groups with: " .
Sath;gszget al *n=10 *Ferrule: no - Zirconia-reinforced Conventional dual *Fin::sir?r:zz szhr:::lqder Conventional dual Aload was applied with a
. o lithium silicate (Celtra resin cement ) Zirconia- resin cement metal (4 mm in diameter) at
[31] *Posterior *Finish line: flat *Type of post and core:
Cureus (mandibular *pul chamber: depth: Press, Dentsply Sirona) (Calibra Esthetic Ziprconiap reinforced ’ reinforced lithium (Calibra Esthetic No a 45° angle to the long axis
India remolars) P NR pth: -Metal (commercial Resin Cement, lithium silicate: cast silicate Resin Cement, of the tooth. Load speed of
P brand not reported) Dentsply Sirona) ! Dentsply Sirona) 0.5 mm/min.
post-and-core
Mohamed et al Groups with:
. * . . .
2025 *n=7 *Ferrule: 2 mm - Lithium disilicate . . Ferr}JIe. 2mm Lithium disilicate . Mechanical Aload was appllned with a
[39] *Anterior *Finish line: shoulder (IS e.max CAD, Ivoclar Self-adhesive *Finish line: shoulder (IPS e.max CAD Self-adhesive cveling: steel ball at a 45° angle to
e Journal o ) resin cement ype of post and core: resin cement ) the long axis of the tooth on
The J | of (maxillar *Pul chamL)er depth: . AG) , 4 T f d Ivo«l:lar AG) ' . * 75\600 §'C|IC hel is of th h
Contemporary Dental L v P peh: . . (Breeze, Pentron).  glass fiber post and resin (Breeze, Pentron). o A the palatal surface.
R central incisors) 2mm - Resin Composite X loads with 49N. .
Practice (Vita Enamic, Vita) composite core Load speed of 1 mm/min.
Egypt '
Thermomechanic
al cycling:
Uzun et al " " A . .
(2024). *n=20 " .Ft?rrul.e. NR Conventional dual - ferr}JIe. 2mm . Conventional dual 3,000 A load was applied Wl'.[h @
(19] *Posterior Finish line: NR Feldspathic ceramic resin cement Finish line: shoulder Feldspathic resin cement thermocycles steel sphere (5 mm in
* . *: . f . _cco . .
BMC Oral Health (mandibular Pulp chamber depth: (Vita Mark Il, Vita) (RelyX Ultimate, Typg of post and core.. ceramic (Ylta (RelyX Ultimate, between 5 55 C, diameter) at the long axis of
2 mm glass fiber post and resin Mark 11, Vita) 60 s dwell time the tooth. Load speed of 1
Turkey molars) 3M ESPE) K 3M ESPE) % . .
composite core 250,000 loading mm/min.

cycles, 50 N, 2.7
Hz.




Box 2. Characteristics of the included studies.

Endocrown Post-core supported crown (control)
Authors *Ferrule
Year Sample size (n) *Ferrule *Finish line Crown
Type of teeth *Finish line Endocrown material Luting agent * . Luting agent Aging Load-to-fracture test
Journal « Type of post and material
Pulp chamber depth
Country core
*Ferrule: no
*Finish line: NR
* .
AlFodeh etal Pulp chamber depth: . Groups with: Thermomechanical
2023 -4 mm deep Groups with: i . .
[20] endocrown without - Zirconia (Ceramill *Ferrule: 2 mm - Zirconia cycling:
. X X . . *Finish line: (Ceramill Zolid FX Conventional *1,500 Aload was applied with a
Journal of the *n=8 intracanal extension. Zolid FX Multilayer, Conventional dual . . .
. R . . chamfer Multilayer, dual resin thermocycles steel sphere (2.5 mm in
Mechanical *Posterior -4 mm deep AmannGirrbach) resin cement . . . o
. R . . L . Type of post and AmannGirrbach) cement (RelyX between 5-55°C, diameter) at a 45° angle to
Behavior of (maxillary endocrown with two - Lithium disilicate (IPS (RelyX Ultimate, ) o - . . .
K . . core: glass fiber post - Lithium disilicate Ultimate, 3M 120 s dwell time the long axis of the tooth.
Biomedical premolars) 2 mm intracanal e.max Press, Ivoclar 3M ESPE) X X " . .
. . and resin composite (IPS e.max Press, ESPE) 1,200,000 loading Load speed of 0.5 mm/min.
Materials extensions. AG) core Ivoclar AG) cycles, 49 N, 1.7 Hz
Switzerland -4 mm deep yeles, a ’
endocrown with one 4
mm intracanal
extension
* . * .
Souza et al Ferrule: *Ffsr.rule.. 2mm : Load was applied with a
-no . Finish line: NR Conventional .
2022 *n=10 Conventional dual . . ) ; metal sphere (6 mm in
" R -2 mm . . X Type of post and Resin composite dual resin . ;i .
[32] Anterior L Resin composite resin cement for ) diameter) in the lingual face
- . *Finish line: NR core: glass fiber post (Brava block, cement for core No .
Brazilian Journal of (maxillary central (Brava block, FGM) core (Allcem . at 452 to the long axis of the
K L *Pulp chamber depth: and conventional FGM) (Allcem Core,
Oral Science incisors) Core, FGM) . teeth. Load speed of 1
K 2mm dual resin cement FGM) ;i
Brazil mm/min.
for core
Thermomechanical
Ahmed " cycling using a
Ferrule: X . . .
etal " Groups with: *Ferrule: 1.5 mm chewing simulation ) .
n=8 -no . - R . . Load was applied with a
2022 - Lithium disilicate . Finish line: e o Conventional machine. .
-1.5 mm Conventional dual Lithium disilicate ; * round-ended stainless-steel
[21] " . P, (IPS e.max CAD, Ivoclar R chamfer dual resin 5,500 -
Posterior Finish line: resin cement (IPS e.max CAD, stylus (4 mm in diameter) on
R AG) . *Type of post and cement thermocycles R
(maxillary - flat . . (Panavia V5, . . Ivoclar AG) . the buccal cusp, at 30° to the
Journal of - Zirconia (4YSZ Katana core: zirconia post (Panavia V5, between 5-552C, 30 -
. premolars) - chamfer Ivoclar AG) . K . long axis of the teeth. Load
Prosthodontic *Pulb chamber depth: STML, and resin composite Ivoclar AG) s dwell time speed of 0.5 mm/min
Research P 2 mm pth: Kuraray) core *1,200,000 loading p : :
Germany cycles, 98 N, 2.4 Hz.
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Box 3. Characteristics of the included studies.

Authors
Year
Journal
Country

Sample size (n)
Type of teeth

Endocrown

Post-core supported crown (control)

*Ferrule
*Finish line
*Pulp chamber depth

Endocrown material

Luting agent

*Ferrule
*Finish line
*Type of post and
core

Crown
material

Luting agent

Aging

Load-to-fracture test

Maravic et al
2022
[22]
Scientific Reports
Italy

*n=5
*Posterior (single-
rooted premolars)

*Ferrule: 2 mm
*Finish line: NR

*Pulp chamber depth:

3mm

Composite resin (Block
Brilliant Crios, Coltene)

Conventional dual
resin cement
(DuoCem,
Coltene)

*Ferrule: 2 mm
*Finish line: NR
*Type of post and
core: glass fiber post
and resin composite

Resin composite
(Block Brilliant
Crios, Coltene)

Conventional
dual resin
cement
(DuoCem,
Coltene)

No

A load was applied with a
metal sphere (6 mm in
diameter) in the inner slopes
of both cusps at 452 to the
long axis of the teeth. Load
speed of 0.5 mm/min.

al-Fadhli et al
2021
[33]
Systematic Review
Pharmacy
Egypt

*n=5
*Anterior
(maxillary

canines)

*Ferrule: no
*Finish line: flat

*Pulp chamber depth:

-6 mm
-10 mm

Groups with:

- Lithium disilicate (IPS
e.max Press, Ivoclar
AG)

- Zirconia reinforced
lithium silicate (Celtra
Press, Dentsply Sirona)

Self-adhesive
resin cement (the
commercial brand

used for
endocrown
cementation is
not clear in the
study)

*Ferrule: 1 mm
*Finish line:
shoulder
*Type of pot and
core: glass fiber post
and resin composite

Groups with:

- Lithium disilicate
(IPS e.max Press,
Ivoclar AG)

- Zirconia
reinforced lithium
silicate (Celtra
Press, Dentsply
Sirona)

Self-adhesive
resin cement
(the
commercial
brand used for
crown
cementation is
not clear in the
study)

Thermocycling:
*5,000
thermocycles
between 5-55 °C,
15s dwell time.

Aload was applied by a flat
metal sphere (5 mm radius),
in the incisal edge, 452 to the

long axis of the specimen.
Load speed of 1 mm/min.

Hofsteenge &
Gresnigt
(2021).
[34]
Operative Dentistry
The Netherlands

*n=12
*Anterior (central
and lateral
maxillary incisors)

*Ferrule: 2 mm
*Finish line: chamfer

*Pulp chamber depth:

6 mm

Lithium disilicate
(IPS e.max CAD, Ivoclar
AG)

Heated resin
composite
(Enamel HFO,
Micerium)

*Ferrule: 2 mm
*Finish line:
chamfer
*Type of post and
core: glass fiber post
and resin composite
core

Lithium disilicate
(IPS e.max CAD,
Ivoclar AG)

Heated resin
composite
(Enamel HFO,
Micerium)

Thermocycling
*10,000
thermocycles
between 5-55°C,
30s dwell time.

Load was applied with a
stainless-steel bar on the
incisal edge, at 45° to the

long axis of the teeth. Load
speed of 1 mm/min.

Hassouneh et al
2020
[23]
Journal of Dentistry
Jordan

*n=10
*Posterior (single-
rooted premolars)

*Ferrule: no
*Finish line: butt
margin (flat)

*Pulp chamber depth:

4 mm

Groups with:

- Resin composite
(CeraSmart; GC
Dental)

- Lithium disilicate
(Initial LiSi blocks, GC
Dental)

- Zirconia (Initial
Zirconia Disks HT, GC
dental)

Conventional dual
resin cement (G-
CEM Link Force,

GC dental)

*Ferrule: 2 mm
*Finish line:
shoulder
*Type of post and
core: glass fiber post
and resin composite
core

Groups with:

- Resin composite
(CeraSmart; GC
Dental)

- Lithium disilicate
(Initial LiSi blocks,
GC Dental)

- Zirconia (Initial
Zirconia Disks HT,
GC dental)

Conventional
dual resin
cement (G-CEM
Link Force, GC
dental)

Thermomechanical
cycling
*1,500

thermocycles

between 5-50 °C, 30

s dwell time.
*600,000 loading
cycles, 10-50 N, 5

Hz.

Load was applied with a
spherical tungsten carbide
indenter (6 mm diameter) on
the palatal plane of the
buccal cusps, at 45° to the
long axis of the tooth.
Load speed of 0.5 mm/min.
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Box 4. Characteristics of the included studies.

Endocrown Post-core supported crown (control)
Author *Ferrul
uthors Sample size (n) *Ferrule - e‘ u‘e .
Year . . ) Finish line Crown Luting .
Type of teeth *Finish line Endocrown material Luting agent * . Aging Load-to-fracture test
Journal « Type of post and material agent
Pulp chamber depth
Country core
Thermomechanical cycling.
*Cyclic loading was
applied at 5 Hz, starting with
a load of 80 N, followed by . .
. . 120, 160, 200, 240, 280, and Aload was applied with a
Silva-Sousa et al i Ferrule: . metal tip with a flat surface on
Groups with: . 320 N at a maximum of L . o
2020 " - no ferrule Convention the incisal region, at a 45
6 mm deep pulp 20,000 cycles each, and .
[35] " . -2 mm o al dual . angle to the long axis of the
n=10 chamber and 2 mm L. - Conventional dual L Lithium . simultaneously
Journal of the " . Lithium disilicate . *Finish line: i resin ) tooth. Load speed of 0.5
. Anterior ferrule resin cement disilicate (IPS thermocycled with a water .
Mechanical X (IPS e.max CAD, . shoulder cement mm/min.
. (maxillary *4 mm deep pulp (RelyX Ultimate, N e.max CAD, bath between 5 °C and 55 °C .
Behavior of . Ivoclar AG) Type of post and (RelyX . Just the specimens that
X . canines) chamber and no 3M ESPE) . Ivoclar AG) . and dwell time of 40 s, . .
Biomedical ferrule core: glass fiber post Ultimate, completin survived the aging were tested
Materials - and resin composite 3M ESPE) . P ;l in the monotonic (n=3,7, and
R *Finish line: shoulder approximately 16 thermal
Brazil core 8)
cycles for each level
performed. Specimens
were loaded to a maximum
of 140,000 cycles or until
failure.
Thermomechanical cycling.
*3,000 thermocycles . .
between 5-55°C, 30 s dwell Lo?d was applied with a
time stainless-steel ball (3 mm
Groups with: diameter) at a loading speed of
. P L *Mechanical loading was ) . € sp
-Lithium disilicate . . . . 0.5 mm/min.
El Ghoul et al Ferrule: 2 mm o Convention  performed simultaneously in
(2019) (IPS e.max CAD, *Finish line: Lithium al dual a linear dual-axis chewin Half of the samples were
: *n=10 *Ferrule: no Ivoclar Vivadent); Conventional dual : disilicate (IPS . o g vertically loaded on the center
[15] " ) P, o - chamfer resin device in a )
. Posterior Finish line: NR -Zirconia-reinforced resin cement (G- . e.max CAD, . of the occlusal surface (axial
Journal of Esthetic . e - . . Type of post and cement (G- range of 5 mm of vertical . )
. (mandibular *Pulp chamber depth: lithium silicate (Vita CEM Link Force, ) Ivoclar . loading), while the other half
and Restorative L ) core: glass fiber post . CEM Link movement and 0.5 mm of . .
R molars) 4 mm Suprinity; Vita); GC Corp) . K Vivadent) were mounted in a metallic
Dentistry R N and resin composite Force, GC lateral movement, by o .
Lebanon -Resin composite core Corp) apblving axial loading force fixation device and loaded
(CeraSmart; GC P pplying g

Dental)

of 50 N and a frequency of
1.6 Hz in the center of the
occlusal surfaces, with a
stainless steel ball (diameter
of 4 mm) for 300,000 cycles.

under lateral force on the
interface tooth-restoration,
parallel to the occlusal surface
(lateral loading).
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Box 5. Characteristics of the included studies.

Endocrown

Post-core supported crown (control)

Authors . *Ferrule
Year Sample size (n) *Ferrule *Finish line Crown
Type of teeth *Finish line Endocrown material Luting agent * . Luting agent Aging Load-to-fracture test
Journal « Type of post and material
Pulp chamber depth
Country core
Thermomechanical
*Ferrule: 2 mm .
Kuijper et al *Finish line: chamfer Flowable cycling
*n=15 *Ferrule: NR L - Flowable resin * : - - resin *8,000 thermocycles A load was applied with a ball
2019 S 1 Lithium disilicate X Type of post and Lithium disilicate . L
Finish line: NR composite . composite between 5-552C, 30 s (8 mm in diameter) at the long
[16] % . . % (IPS e.Max CAD, core: glass fiber post (IPS e.Max CAD, . .
. . Posterior (third Pulp chamber depth: (Enamel Plus . (Enamel Plus dwell time axis of the tooth. Load speed of
Operative Dentistry Ivoclar AG) L and conventional Ivoclar AG) . .
molars) 4 mm HFO, Micerium) . HFO, *1,200,000 loading 1 mm/min.
The Netherlands dual-cure resin -
Micerium) cycles, 50 N, 1.7 Hz.
cement for core
Rayyan et al *Ferrule: Load was applied with a
2019 *Ferrule: no Self-adhesive - no ferrule Self-adhesive Thermocvclin stainless-steel ball (5 mm
[17] *n=9 *Finish line: flat Lithium disilicate dual resin -2mm Lithium disilicate dual resin *5 000 therr\:\oc gcles diameter) on the occlusal
International *Posterior *Pulp chamber depth: (IPS e.max CAD, *Finish line: chamfer (IPS e.max CAD, cement 4 4 buccal third of the
. cement (RelyX « between 5-55 C, 30s .
Journal of (mandibular NR Ivoclar AG) . Type of post and Ivoclar AG) (RelyX . restoration, at 452 to the long
. Unicem, 3M ) . dwell time. .
Computerized molars) ESPE) core: glass fiber post Unicem, 3M axis of the tooth. Load speed of
Dentistry and resin composite ESPE) 30 mm/min (0.5 mm/s).
Saudi Arabia core
Atash et al *Ferrule: no
(2017). Self-adhesive S 1 ) Self-adhesive Aload was applied on the
K Finish line: chamfer . .
[24] *n=10 *Ferrule: no L. - dual resin « o - dual resin internal and central face of the
" . R Lithium disilicate Type of post and Lithium disilicate ) ) )
The Journal of Posterior Finish line: flat cement cement vestibular cuspid of all ceramic

R . % (IPS e.max Press, i core: (IPS e.max Press, . No .

Indian (mandibular Pulp chamber depth: (Panavia SA ) (Panavia SA restorations, at 452 to the long
. Ivoclar AG) - Glass fiber post and Ivoclar AG) .
Prosthodontic premolars) 3.5mm Cement Plus, . R Cement Plus, axis of the tooth.

K resin composite core .
Society Kuraray) Metal Kuraray) Load speed of 1 mm/min.
Belgium

*Ferrule: 2 mm
Lithium disilicate
Bankoglu Guingor *n=10 . Lithium disilicate Self-adhesive . Finish line: NR (IPS e.max CAD, Self-adhesive The Ioa@ was ap'plle('1 with a
2017 R Ferrule: 2 mm (IPS e.max CAD, K Type of post and . . round tip (2 mm in diameter)
*Anterior i | ) dual resin Ivoclar Vivadent) dual resin )
[36] . Finish line: NR Ivoclar Vivadent) . core: - at 452 to the long axis of the
. (maxillary central R X cement (Bifix ) cement (Bifix No
Dental Materials - *Pulp chamber depth: Resin composite - Glass fiber posts, . . tooth, on the palatal face. Load
incisors) . SE, VOCO . . Resin composite SE, VOCO K
Journal 5mm (Lava Ultimate, 3) M resin composite core. : speed of 1 mm/min.
dental) . . (Lava Ultimate, 3) dental)
Turkey ESPE - Zirconia posts and

resin composite core.

M ESPE
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Box 6. Characteristics of the included studies.

Endocrown Post-core supported crown (control)
*
Authors Sample size (n) *Ferrule % 'Fe‘rrul‘e .
Year [, . ) Finish line Crown Luting .
Type of teeth Finish line Endocrown material Luting agent * . Aging Load-to-fracture test
Journal « Type of post and material agent
Pulp chamber depth
Country core
*Ferrule: 1.5 mm . Aload was applied with a
Guo et al i | Convention ) B
Finish line: stainless-steel sphere (5 mm in
(2016). . . al dual ) ) .
*n=10 % L. . Conventional dual shoulder Lithium . Thermocycling: diameter) on the lingual plane
[25] % . Ferrule: no Lithium disilicate . « L resin N
Posterior wE g resin cement Type of post and disilicate (IPS 5,000 thermocycles of the buccal cusps, at a 452
The Journal of . Finish line: NR (IPS e.max CAD, L ) cement .
(mandibular (Variolink II, core: glass fiber post e.max CAD, . between 5-55 C, 30s dwell angle to the long axis of the
Advanced *Pulp chamber: 5 mm Ivoclar AG) . K (Variolink .
. premolars) Ivoclar AG) and resin composite Ivoclar AG) time. tooth. Load speed of 1
Prosthodontics core I, lvoclar mm/min
China AG) :
Schmidlin et al *Ferrule: 2 mm Leucite
*Finish line: . ) L . .
(2015). *n=10 *Ferrule: no Leucite reinforced Resin composite Finish line relnforced. Resm. oad was applle(.:l with a steel
. o R . shoulder glass-ceramic composite sphere (5 mm diameter) at a
[26] *Posterior *Finish line: NR glass-ceramic (IPS (Filtek Supreme, . . .
. R % X Type of post and (IPS Empress (Filtek No 309 angle to the long axis of
Quintessence (maxillary Pulp chamber depth: Empress CAD, 3M ESPE) using an )
R . core: glass fiber post CAD, Ivoclar Supreme, the tooth. Load speed 1
International premolars) 2.5 mm deep Ivoclar AG) ultrasonic tip . K . .
Switzerland and resin composite AG) using an 3M ESPE) mm/min.
core. ultrasonic tip.
*Ferrule: no *Ferrule: no Convention Load was applied with a metal
Biacchi and Basting *Finish line: NR . *Finish line: NR Lithium al dual rod (6 mm in diameter) on the
*n=10 " S - Conventional dual " - ) .
2012 % . Pulp chamber depth: Lithium disilicate . Type of post and disilicate resin internal and central face of the
Posterior resin cement ) . .
[18] (mandibular 3.7 -5 mm deep from (IPS e.max Press, (RelyX core: glass fiber post (IPS e.max cement No vestibular cuspid of the
Operative Dentistry molars) the cervical margin up Ivoclar AG) ARC 3MyESPE) and resin composite Press, Ivoclar (RelyX restoration, at 452 to the long
Brazil to the distal canal ’ core AG) ARC, 3M axis of the tooth. Load speed of
entrance. ESPE) 1 mm/min.
* . * .
Ferrule: NR Ferrule: 1.5 mm Convention Aload was applied by a steel
Lin et al al dual sphere (5 mm diameter),
*n=5 *Finish line: Conventional dual *Finish line: ) . P ,( )
2011 % . . . . . R . . Feldspathic resin contacting the buccal and
Posterior circumferential butt Feldspathic ceramic resin cement circumferential butt o . .

[27] (maxillar margin (flat) (Vita Mark Il, Vita) (Variolink Il margin (flat) ceramic (Vita cement No lingual cusps, vertically to the
Dental Materials ¥ g ’ ’ g Mark 11, Vita) (Variolink long axis of the tooth, at a load
. premolars) Ivoclar AG) .

Taiwan *pulp chamber depth: *Type of post and I, lvoclar speed of 3 mm/min
’ AG) (0.05mm/s).
5mm core: metal
¥ = H H i

Lin et al n 19 *Ferrule: no . . Conve.ntlonal dual *Ferrule: 1.5 mm Feldspathic Convention Mechanical cycling: Aload was applied by, a steel

*Posterior i | ) Feldspathic ceramic resin cement R, - g al dual N . . sphere (5 mm radius),
(2010). R Finish line: circular X . o Finish line: ceramic (Vita . 20,000 cyclic loads with 5 .

(maxillary X (Vita Mark 11, Vita) (Variolink II, . resin contacting the buccal and

[28] butt margin (flat) shoulder Mark 11, Vita) kg at 3 Hz. .
premolars) Ivoclar AG) cement lingual
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European Journal of
Oral Sciences

Taiwan

*Pulp chamber depth:

5mm

*Type of post and
core: glass fiber post
and resin composite

core

(Variolink
Il, lvoclar
AG)

cusps for axial loading.
Load speed of 3 mm/min (0.05
mm/s).

Box 7. Characteristics of the included studies.

Endocrown Post-core supported crown (control)
Auth *F !
l\j(teaorrs Sample size (n) *Ferrule *Fin?sr:\uIi:e Crown Lutin
Type of teeth *Finish line Endocrown material * . 8 Aging Load-to-fracture test
Journal *Pul chamber depth Type of post and material agent
Country P P core
*F le:
Chang et al erruie:no *Ferrule: 1.5
20g09 *Finish line: circular Convention  Thermomechanical cycling in Load was applied by a steel
29] *n=10 butt mar .in (flat) Conventional dual *Finish line: Leucite al dual a fatigue simulator: sphere (5 mm radius),
g Leucite reinforced shoulder reinforced resin *2,000 thermal cycles contacting the two cuspal
*Posterior glass-ceramic glass-ceramic cement between 5 and 55 °C, 30 s inclines, along the long axis of
D * : . . .
Journsacli:rfceental (maxillary Pulp Ch:ﬁk:sr depth (ProCAD, Ivoclar AG) *Type of post and (ProCAD, Ivoclar (Variolonk dwell time. the specimen.
premolars) core: glass fiber post AG) I, Ivoclar *20,000 loading cycles of 5 Load speed of 30 mm/min (0.5
Taiwan and resin composite AG) kg/cm?, at 3 Hz. mm/s).
core
*Ferrule: 2 mm
S
Forberger & Zl:ésur:(;;nre' Lithium
GoOhring *Ferrule: 2 mm Lithium disilicate disilicate Resin Aload was applied by a steel
(2008). *n=8 (Experimental press, . . N (Experimental composite Thermomechanical cycling: sphere (5 mm radius) at the
inish line: shoulder ot 0 press, lot etric, ) thermal cycles 5 an center of the lingual ridge o
(30] *Finish line: should lot HAT No/VP Resin composite  *Type :;‘;f’“ and lotHAT  (Tetri *3,000 thermal cycles 5 and f the lingual ridge of
*Posterior No: 300/2366, ~Glass fibe:r ost No/VP Ivoclar AG) 55 °C; the buccal cusps, at 602 to the
The Journal of (mandibular *Pulp chamber depth: 200/2681, and resin composite No: 300/2366, using an *1,200,000 loading cycles of long axis of the tooth.
Prosthetic Dentistry premolars) 2mm 100/2566; core P 200/2681, ultrasonic 49 N at 1.7 Hz. Load speed of 0.5 mm/min.
Ivoclar AG) - Zirconia posts and 100/2566; tip
Switzerland P Ivoclar AG)

lithium disilicate
core
-Gold post and core
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