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Influence of Cavity Design and Fabrication Technique
on Fracture Resistance of PFM Endocrowns in
Endodontically Treated Mandibular Molars:

An In Vitro Study

Abstract:

Background: Endodontically treated teeth (ETT) are structurally weakened due to loss of tooth structure and altered biomechanical properties.
Restoration of such teeth remains a clinical challenge. Endocrowns have emerged as a conservative alternative that utilizes adhesive bonding and
intracoronal retention. However, factors such as cavity design and fabrication technique significantly influence their fracture resistance.

Materials and Methods: Forty extracted human mandibular molars were selected, cleaned, and standardized. Endodontic treatment was
performed using conventional techniques. The samples were divided into four groups (n=10) based on cavity design (conventional and buccal
extension) and fabrication technique (conventional impression and CAD/CAM). PFM endocrowns were fabricated accordingly and cemented using
glass ionomer cement. Fracture resistance was evaluated using a universal testing machine under compressive load. Statistical analysis was
performed using one-way ANOVAand Tukey post hoc test (p < 0.05).

Results: The buccal extension CAD/CAM group showed the highest fracture resistance (1009.50 £ 9.48 N), followed by normal CAD/CAM (951.45
+ 11.18 N), buccal extension impression (687.92 £ 9.93 N), and normal impression groups (553.05 £ 10.77 N). The differences were statistically
significant (p=0.000).

Conclusion: Both cavity design and fabrication technique significantly influence fracture resistance. Buccal extension combined with CAD/CAM

fabrication provides superior biomechanical performance and may be recommended for clinical application.
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Introduction:

Endodontically treated teeth (ETT) are biomechanically
compromised due to the loss of structural integrity following
caries removal, trauma, and endodontic access preparation
(1,2). The reduction in fracture resistance is primarily
attributed to the loss of marginal ridges and pericervical
dentin, which play a critical role in maintaining tooth stiffness
(2). Consequently, restoration of ETT requires materials and
techniques that can effectively reinforce the remaining tooth
structure.

Traditionally, post and core restorations have been employed
to rehabilitate such teeth. However, these systems often
require extensive removal of radicular dentin, thereby
weakening the root and increasing the risk of catastrophic root
fractures (3). In contrast, adhesive restorative approaches aim
to preserve tooth structure and improve stress distribution.
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Endocrowns have emerged as a conservative and biomimetic
alternative for restoring ETT. They utilize the pulp chamber
for macromechanical retention and adhesive bonding for
micromechanical retention, eliminating the need for
intraradicular posts (4). This design enables the restoration to
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function as a monoblock unit, resulting in more uniform stress
distribution and reduced incidence of unfavorable fracture
patterns (5).

Various restorative materials, including lithium disilicate,
zirconia, and composite resins, have been used for fabrication
of endocrowns due to their favorable mechanical properties
(6). However, porcelain-fused-to-metal (PFM) restorations
continue to be widely used in posterior teeth because of their
superior strength, durability, and resistance to occlusal forces (7).

The success of endocrowns is influenced by several factors,
among which cavity design and fabrication technique are of
paramount importance. Modified cavity designs, such as
buccal extensions, increase the bonding surface area and
improve stress distribution, thereby enhancing fracture
resistance (8). Similarly, CAD/CAM fabrication techniques
provide improved marginal adaptation, reduced internal
defects and better structural homogeneity compared to
conventional methods (9).Despite the growing popularity of
endocrowns, limited literature exists regarding the combined
effect of cavity design and fabrication technique on the
fracture resistance of PFM endocrowns. Therefore, the
present study was undertaken to evaluate and compare the
fracture resistance of PFM endocrowns with different cavity
designs and fabrication techniques in endodontically treated
mandibular molars.

Materials And Methods:
Study Design:

This in vitro experimental study was conducted in the
Department of Conservative Dentistry and Endodontics.

Sample Selection:

Forty freshly extracted human mandibular molars of similar
dimensions, free from cracks, cariesand restorations, were
selected. The samples were cleaned and stored in thymol
solution to prevent dehydration and microbial growth.

Standardization of Samples:

All teeth were decoronated or standardized to a uniform
length of approximately 20 mm to ensure uniform distribution
of forces during testing.

Endodontic Procedure:

Access cavities were prepared using high-speed burs.
Working length was determined and cleaning and shaping
were performed using K-files. Irrigation was carried out using
sodium hypochlorite followed by EDTA to remove the smear

layer and enhance bonding conditions. The canals were
obturated using a single cone technique with gutta-percha and
sealer.

Grouping of Samples:
Samples were randomly divided into four groups (n=10):
e  Group 1: Normal Impression
e  Group2: Normal CAD/CAM
e  Group 3: Buccal Extension Impression
e  Group 4: Buccal Extension CAD/CAM

Buccal Extension Endocrown

Cavity Preparation:
e Conventional endocrown preparation was done

following standard guidelines.

e Buccal extension design included additional
extension on the buccal surface to increase bonding
surface area and improve retention.

Fabrication of Endocrowns:
PFM endocrowns were fabricated using:
e  Conventional impression technique
e CAD/CAM technique for digital scanning and
fabrication

CAD/CAM fabrication ensured improved accuracy, marginal
fitand uniformity of material.
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Cementation Procedure:

Prior to cementation, the prepared tooth surfaces were
cleaned and dried. The internal surface of the restoration was
also cleaned to remove any contaminants. Glass ionomer
cement was mixed according to the manufacturer's
instructions and applied to the internal surface of the
restoration.

The endocrowns were then seated onto the prepared tooth
with uniform finger pressure, ensuring complete seating.
Excess cement was removed after initial settingand all
specimens were allowed to set under standardized conditions
before further testing

Fracture Resistance Testing

Each specimen was mounted in a universal testing machine. A
compressive load was applied along the long axis of the tooth
at a constant crosshead speed until fracture occurred. The
maximum load at fracture was recorded in Newtons (N).

Statistical Analysis

The obtained data were analyzed using SPSS software (IBM
version 25).

e One-way ANOVA was used to compare mean
fracture resistance values

e Tukey post hoc test was used for intergroup
comparison

e Significance level was setatp<0.05

Results :

Table 1: Table showing mean and standard deviation obtained
of various groups of shear bond strength using One way
Descriptive statistics
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The mean and standard deviation of fracture resistance values
for all the groups are presented in Table 1. The highest mean
fracture resistance was observed in the Buccal Extension
CAD/CAM group (1009.50 + 9.48 N), followed by the
Normal CAD/CAM group (951.45 + 11.18 N), the Buccal
Extension Impression group (687.92 + 9.93 N), and the least
was observed in the Normal Impression group (553.05 +
10.77N).

Table 2: Table showing One Way ANOVA to assess
significant difference between the groups

Sum of Squares daf Mean Square i Sig,
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The comparison of mean fracture resistance among the
groups using one-way ANOVA (Table 2) revealed a highly
statistically significant difference (F = 4357.018, p =
0.000), indicating that both cavity design and fabrication
technique had a significant influence on fracture resistance.

Table 3: Table showing Post Hoc Tukey for multiple
comparison between the groups
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Further intergroup comparison using Tukey post hoc test
(Table 3) demonstrated statistically significant differences
between all groups (p < 0.05). The maximum mean
difference was observed between the Normal Impression
and Buccal Extension CAD/CAM groups (456.47 N),
whereas the least difference was observed between the
Normal CAD/CAM and Buccal Extension CAD/CAM
groups (58.07N).

Overall, the results indicate that the Buccal Extension
CAD/CAM group exhibited superior fracture resistance,
followed by the Normal CAD/CAM group, suggesting that
both cavity modification and CAD/CAM fabrication
significantly enhance the biomechanical performance of
PFM endocrowns.

Discussion:

Fracture resistance of endodontically treated teeth is a
critical factor influencing the longevity of restorative
procedures. These teeth are structurally compromised due
to the loss of marginal ridges, pericervical dentinand
overall tooth structure, which significantly reduces their
ability to withstand occlusal forces (1,2).
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Endocrowns have emerged as a conservative alternative to
conventional post and core restorations. They utilize the pulp
chamber for retention and adhesive principles, thereby
preserving maximum tooth structure. Previous studies have
demonstrated that endocrowns provide improved stress
distribution within the tooth-restoration complex, reducing
stress concentration and minimizing the risk of catastrophic
failure (3,4).

The fracture resistance of endocrowns is influenced by
several factors, including cavity design, restorative material
and fabrication technique. Among these, cavity design plays a
significantrole in stress distribution. Modified cavity designs,
such as buccal extensions, increase the bonding surface area
and improve load distribution, thereby enhancing fracture
resistance (8).

In the present study, the Buccal Extension groups
demonstrated higher fracture resistance compared to the
conventional groups. This can be attributed to improved stress
dissipation along the axial walls and increased retention.
Similar findings have been reported in previous studies
evaluating the effect of preparation design on endocrown
performance (8).

Fabrication technique is another important factor influencing
fracture resistance. CAD/CAM fabricated restorations have
been shown to possess superior marginal adaptation, reduced
internal defects, and improved structural homogeneity
compared to conventionally fabricated restorations, as
described by Mormann(9). In addition, recent studies by
Gaafar et al. (10) have also reported improved fracture
resistance with CAD/CAM endocrowns. In the present study,
CAD/CAM groups exhibited significantly higher fracture
resistance, which is in agreement with findings reported by El
Ghouletal. (5).

The most significant finding of this study was that the Buccal
Extension CAD/CAM group showed the highest fracture
resistance, indicating a combined effect of cavity design and
fabrication technique. This suggests that optimal
biomechanical performance can be achieved by
simultaneously improving both preparation design and
fabrication accuracy which is consistent with findings by
Dejak and Mtotkowski (11).Bindl et al. (12) also
demonstrated favourable survival rates of CAD/CAM
restorations even with reduced retention designs. These
findings further support the clinical reliability of CAD/CAM-
fabricated endocrowns.

These findings are in agreement with previous studies, where
Biacchi and Basting (13) reported higher fracture resistance
of endocrowns compared to conventional post-retained
restorations.

The present study specifically evaluated PFM endocrowns,
which differ from all-ceramic endocrowns in their
mechanical behavior. The presence of a metal substructure
provides increased resistance to crack propagation and
enhances the ability of the restoration to withstand higher
occlusal loads. This makes PFM restorations particularly
suitable for posterior teeth subjected to heavy masticatory
forces (7).

In the present study, glass ionomer cement (GIC) was used for
cementation due to the presence of a metal intaglio surface in
PFM restorations, which limits the effectiveness of adhesive
bonding. GIC provides chemical adhesion to tooth structure
and is commonly used for metal-based restorations; however,
it exhibits lower bond strength compared to resin-based
cements (14).

Although materials such as lithium disilicate and zirconia
have demonstrated high fracture strength, they are associated
with brittleness and higher cost. In contrast, PFM restorations
provide a combination of strength, durability, and cost-
effectiveness, making them a reliable option for posterior
restorations (7).

The findings of the present study showed that all groups
exhibited fracture resistance values higher than normal
masticatory forces, indicating their clinical applicability.
However, the Buccal Extension CAD/CAM group
demonstrated superior performance compared to other
groups.

This study has certain limitations, as it was conducted under
in vitro conditions and does not completely simulate the oral
environment. Factors such as thermocycling, fatigue loading,
and intraoral conditions were not considered. Further clinical
studies are required to validate these findings.

Conclusion:

Within the limitations of this in vitro study, it can be
concluded that cavity design and fabrication technique
significantly influence the fracture resistance of PFM
endocrowns. Buccal extension design and CAD/CAM
fabrication demonstrated superior performance, with their
combination showing the highest fracture resistance.
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PFM endocrowns exhibited adequate strength for posterior

applications; however, further clinical studies are required to

validate these findings.
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