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ABSTRACT

Aim and background: This study aimed to determine the optimal finish line and material criteria for optimal marginal fit and fracture resistance
in endocrowns. The impact of two preparation designs on endocrowns made from computer-aided design and computer-aided manufacturing
(CAD-CAM,) lithium disilicate and pre-processed CAD/CAM composite was compared.

Materials and methods: In a randomized 3-arm trial involving 42 mandibular molars, two marginal configurations (with and without chamfer
finish lines) were evaluated for each material group. Marginal fit was assessed pre- and post-cementation using scanning electron microscope,
and fracture resistance was tested with a universal testing machine. Student t-test was used to compare within group differences and ANOVA
with Tukey test was used to compare intergroup differences. The significance level was set at 0.05.

Results: Edelweiss CAD/CAM blocks demonstrated the least marginal gap pre- and post-cementation, and superior fracture resistance compared
to lithium disilicate and HIPC composite resin. Finish lines significantly affected marginal adaptation in all groups. Fracture resistance differences
between designs within the same group were not statistically significant.

Conclusion: The CAD/CAM composite proved effective for endocrown restorations, with finish lines impacting marginal adaptation but not
fracture resistance. Edelweiss CAD/CAM blocks showed superior performance in both aspects, suggesting their suitability for such restorations.
Clinical significance: The study highlights the clinical significance of using Edelweiss CAD/CAM blocks for endocrown restorations, demonstrating
superior marginal fit and fracture resistance. Clinicians can enhance restoration longevity by selecting appropriate materials and preparation
designs, particularly the use of finish lines, to optimize marginal adaptation without compromising fracture resistance.
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INTRODUCTION

The traditional requirement for a post, core, and crown has
diminished significantly with the advancements in adhesive systems.’
In this context, endocrowns have emerged as a minimally invasive
alternative to conventional methods, particularly in posterior teeth.?
This approach offers several advantages, including the preservation
of tooth structure, reduced preparation time, enhanced esthetics,
shorter chair time, and improved stress distribution.?> These
benefits have contributed to the growing popularity and widespread
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application of endocrowns in restorative dentistry. Esthetic appeal,
resistance to fracture, and marginal adaptation are key determinants
of the effectiveness of dental restorations. Among these, marginal
adaptation stands out as a critical element for the success of any
restoration, as inadequate marginal adaptation heightens the risk of
microleakage, plaque accumulation, secondary caries, periodontal
disease, and compromised esthetics.*

Several studies have explored the impact of different
preparation designs on conventional crowns and note that an
escalation in the marginal gap may diminish the fracture strength
of ceramics.” This phenomenon also poses risks such as cement
dissolution, heightening the potential for secondary caries, and
contributing to issues like microleakage and periodontal disease.>®
Gavelis et al. in their study note that butt joint finish margins could
establish a more effective escape pathway for the luting agent,
facilitating improved crown seating. Available data indicates that
the acceptable range for vertical marginal gaps typically falls
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Marginal Fit and Fracture Resistance in Endocrowns

between 10 and 160 um.® Two commonly used material classes
in the manufacturing of computer-aided design and computer-
aided manufacturing (CAD/CAM) restorations include glass-
ceramics/ceramics and composite resins.” Although glass-ceramics
generally exhibit superior mechanical and aesthetic characteristics,
resin-composite materials offer notable advantages in terms of
machinability and intraoral reparability.” In contemporary metal-
free dentistry, lithium disilicate has emerged as the preferred
restorative material due to its high flexural strength, relatively
elevated fracture toughness, optimal light optical properties, and
the ability to achieve a monoblock effect, along with increased
adhesion values.* However, the absence of the monoblock effect
can lead to debonding, and potential fracture of these restorations.
Since their introduction in 2000, pre-processed composite resin
blocks have undergone significant advancements and have been
recommended for indirect posterior restorations.” The CAD/
CAM composite blocks have exhibited promising results as a
material of choice for fabricating endocrowns as their physical
properties closely resemble those of dentin, ensuring superior
stress distribution.? Recent advancements have introduced high-
performance composite resin materials tailored for CAD/CAM
applications. Given the limited research on CAD/CAM composite
blocks, there is a need to assess the properties of this material. On
the backdrop of this evidential premise, the in vitro study presented
herein evaluates the effect of preparation design on the marginal fit
and the fracture resistance of endocrowns fabricated using lithium
disilicate and pre-processed CAD/CAM composites.

MATERIALS AND METHODS

Study Design

This randomized, 3-arm study in 42 intact or mildly carious
mandibular molars compared the marginal fit and fracture
resistance of two marginal configurations (designs 1 and 2) of endo-
crowns fabricated using lithium disilicate (Group A (LD); n = 14),
HIPC composite resin (Group B (CB); n = 14) and edelweiss CAD/
CAM blocks (Group C (CE); n = 14). Furthermore, each group was
stratified based on the marginal configurations (design 1 and 2).
Thus, each group consisted of 2 equal subgroups (Groups Al (n=7)
and A2 (n =7); Groups B1 (n = 7) and B2 (n = 7); Groups C1 (n =7)
and C2 (n =7)). Only mandibular molars without significant loss of
tooth structure were included in the study and those with signs of
fracture, crack lines and decay were excluded. All the procedures
of this study were done by the same operator using the same
sequence as described below (Table 1).

Table 1: Description of materials used in the study

Material Description Manufacturer
Lithium disilicate IPS e.max® CAD Lithium Ivoclar,
disilicate glass-ceramic Germany
(LS2) | Lithium-Disilikat
Glaskeramik (LS2)-LT, C 14-
A2 shade.
High impact BreCAM. HIPC Milling Bredent, UK
polymer composite  blank,
98,5 mm with 10mm fold
20mm AG-A2 shade
Edelweiss Edelweiss CAD/CAM Edelweiss,
CAD/CAM block A2-14 mm Block Austria

The Journal of Contemporary Dental Practice, Volume 25 Issue 8 (August 2024)

Endodontic Treatment

The root canal treatment was performed using the rotary file
system. Following assessments of pulp chamber morphology, the
axis opening of each tooth was done using a round carbide high-
speed bur (Mani Endo Access Diamond Burs). For standardization
of root canal treatment, F1 (Dia-ProT Gutta percha) and F2 (Dia-
ProT Gutta percha) were used as master files for mesial and distal
canals, respectively. During preparation, the mesial and distal canals
were irrigated with 3% NaOCL (iSod-H, I-MED Industries) after use
of each file. After the adequate cleaning, shaping and irrigation
of the canals, the root canals were dried with absorbent paper
points, and mesial canals were obturate with size F1(Dia-ProT Gutta
percha) gutta-percha and distal canals were obturate with size F2
(Dia-ProT Gutta percha) gutta-percha. The orifice was sealed using
resin-based root canal sealants (Meta Adseal, Resin-Based Sealer).
The pulp chamber was restored using a flowable and restorative
composite resin (Tetric N-Flow Ivoclar vivadent).

Tooth Preparation

All the selected teeth (n = 42) were extracted, and cleaned with
distilled water, and stored in saline. Within 90 days of extraction,
teeth were randomly assigned to the experimental groups and their
respective design strata. Subsequently, the teeth from each group
were vertically mounted in autopolymerizing acrylic resin, with the
roots embedded in resin up to 2 mm below the cementoenamel
junction (CEJ). For the purposes of standardization, tooth
preparation of each sample was performed with a new round end
taper bur (Dental Mani Diamond Burs TF-21EF). Occlusal reduction
of 2 mm of the included molars was achieved by placing the depth
orientation grooves on the remaining occlusal surface. The internal
axial walls of the access cavity of the included tooth were prepared
to a depth of 3 mm using a flat-end taper (Dental Mani Diamond
Burs TF-13) with a divergent taper of 6-8 degrees. Samples included
indesign 1 (n =21), did not undergo any preparation of the external
axial walls of the tooth, and the external axial wall samples in design
2 (n = 21) were prepared to a depth of 1 mm with a 45 degree
chamfer finish line (Fig. 1).

Fabrication of Endocrowns

Polyvinyl siloxane impression material was used to obtain the
impression of each tooth sample (n = 42). For CAD/CAM fabrication
of the endocrowns, equal amount of base and catalyst (Dentsply
Aquasil Soft Putty Regular Set) were hand manipulated and
loaded into the custom tray. Light body elastomeric impression
material (3M™ Express™ VPS impression material light body regular
set refill) was flown on to the prepared tooth. The loaded tray
was seated firmly and allowed to be set for 5 minutes as per the
manufacturer’s recommendation. The impression was then poured
with type IV (Dental Die Stone by ASIAN CHEMICALS Pearlstone)
dental stone. The stone was mixed according to the manufacturer’s
specifications (water/powder ratio of 0.20 mL/gm, 60 seconds
manual manipulation followed by mechanical manipulation under
vacuum for 30 seconds). The stone was poured into the impression by
placing the impression on a vibrator. The stone was left to settle for
45 minutes—1 hour, according to the manufacturer’s recommen-
dations. Subsequently, all the 42 stone dies were scanned using
a lab scanner (Ceramill® map 400 Amann Girrbach). Scanned data
were converted into CAD data, and endocrowns were designed
with identical dimensions (2 mm of occlusal thickness and 3 mm
of interradicular extension). A uniform cement space of 125 um
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Figs 1A and B: Line diagram representing preparation designs: (A) Butt joint; (B) Chamfer finish line
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Figs 3A to C: SEM images of marginal gap evaluation post-cementation for butt joint finish line. (A) Group A; (B) Group B; (C) Group C

was given for all 42 samples using the computer-aided designing
software (Ceramill® mind Amann Girbach) and these were milled in
lithium disilicate and composite resin blank using a milling machine
(Ceramill® motion2, Amann Girbach). Endocrowns milled with lithium
disilicate were kept for crystallization firing, followed by glaze firing.
And endocrowns milled with HIPC composite resin and edelweiss
composite were polished using acomposite polishing brush and buff.

Marginal Gap Testing

In this study, marginal gap was examined using a scanning
electron microscope (EVO MA18 with Oxford EDS(X-act) under
X200 magnification after gold sputtering. The marginal gap was
measured at mid-buccal, mesiobuccal, distobuccal and mid-
lingual regions along with mesiolingual, distolingual, mid-distal,
and mid-mesial regions. Endocrown restoration was stabilized
to the prepared tooth using aluminum tape (EM-Tec single-sided
conductive aluminum SEM tapes). Measurements were recorded
precementation and postcementation (Figs 2 to 5).

Mechanical Loading

All 42 samples were bonded using a bonding protocol specific
to the material used for fabricating endocrowns. Samples were
mounted in acrylic resin (DPI R.R Cold Cure) and loaded vertically
in the center of occlusal surface in a universal testing machine until
fracture occurred. The loading piston was placed in center along the
long axis of the mounted tooth with a 9 mm diameter steel ball and
the crosshead speed of the machine was 0.5 mm/min. The fracture
resistance was recorded in Mega-Pascals (MPa). Furthermore, the
fractured samples were visually inspected for mode of fracture.

Statistical Analysis

Data were collected and tabulated to arrive at descriptive statistics.
Continuous data were expressed as mean + standard deviation. The
Student t-test was used to compare differences in marginal fitand
fracture resistance between designs 1 and 2 for each of the three
materials evaluated in the study. Analysis of variance technique
(ANOVA) was used to compare differences in marginal fit and

734 | The Journal of Contemporary Dental Practice, Volume 25 Issue 8 (August 2024)



Marginal Fit and Fracture Resistance in Endocrowns

- o
Date :21 Sep 2022 el

Time :14:01:10

EHT = 5.00kV.
WD =39.0mm

[ ‘Signal A= SE1
Mag= 200X

12.50p 2022 e 100 pm*

Time 13:08:35 —

EHT = 5,00kV.

‘Signal A = SE1 Date :12 Sep 2022
WD =17.5 mm Mag

= 200X Time :13:13:02

Figs 4A to C: SEM images of marginal gap evaluation pre-cementation for chamfer finish line. (A) Group A; (B) Group B; (C) Group C
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Figs 5A to C: SEM images of marginal gap evaluation post-cementation for chamfer finish line. (A) Group A; (B) Group B; (C) Group C
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Figs 6A and B: Comparison of marginal gaps between groups and within groups in: (A) Pre-cementation; (B) Post-cementation phases

*Design 1 vs design 2: p < 0.05 in all the groups; **Group C vs group A (p < 0.05); tGroup C vs group B (p < 0.05)

fracture resistance between the six groups. The Tukey HSD test was
used for multiple comparisons. The level of significance was set at
0.05. All statistical tests were performed using (version 22; IBM).

REsuLTs

Overall, 42 mandibular molars randomly allocated to three groups
stratified by marginal design configuration were evaluated in the
study. Figure 6 presents the differences between groups in marginal
gap values at pre-cementation (Fig. 6A) and post-cementation
stages (Fig. 6B). In each of the groups, the marginal gap was

significantly higher for design 1 as compared to design 2 (p < 0.05)
in both pre-and post-cementation stages. Furthermore, the results
of the ANOVA indicated that the marginal gap differed between
groups (p < 0.05). Furthermore, post-hoc comparisons using the
Tukey HSD test indicated that the marginal gap was lowest with
edelweiss CAD/CAM block as compared to lithium disilicate (Group
A; p < 0.05) and HIPC composite resin (Group B; p < 0.05) in both
pre- and post-cementation stages.

With respect to assessments of fracture strength, results of the
current study indicated that there were no statistically significant
differences between design 1 and design 2 in groups A, B and
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C. However, statistically significant differences were noted for
the mean fracture resistance between groups (Fig. 7; p < 0.05).
Post-hoc comparisons using the Tukey HSD test indicated that
fracture resistance was better with edelweiss CAD/CAM block
(group C) as compared to lithium disilicate (group A; p < 0.05) and
HIPC composite resin (group B; p < 0.05). Furthermore, fracture
characterizations using Burke classification indicated that the most
commonly occurring fractures in lithium disilicate (group A), HIPC
composite resin (group B) and edelweiss CAD/CAM block (group C)
belongedto class V (severe fracture of crown and/or tooth), class Il
(half of crown displaced or lost) and class Il (less than half of crown
lost), respectively (Fig. 8).

Discussion

Advancements in adhesive dentistry have largely obviated the
need for macroretentive designs as a prerequisite for successful
restorations.! Currently, endocrown restorations have emerged as
recommended choices, especially in posterior areas and molars with
thin roots, calcified root canals, or short clinical crown heightﬂ’3
Nevertheless, along with margin design, several material-related
factors, including thickness, elastic moduli, bond strength and
ability to withstand occlusal load, are known to influence the

Fracture strength
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Fig. 7: Comparison of fracture resistance between groups and within
groups

*Design 1 vs Design 2: (insert p-value) in all the groups; **Group C vs Group
A (p < 0.05); tGroup C vs Group B (p < 0.05)

Figs 8A to C: Example of fractured specimens. (A) Class V fracture (common in lithium disilicate group); (B) Class Il fracture (common in HIPC
composite resin group); (C) Class | (common in edelweiss CAD/CAM block)
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success of endocrown restorations.*”® Furthermore, fractures
arising as a result of stress due to functional forces are a common
complication of endodontically treated teeth. In these contexts,
bonded restorations are known to provide a monoblock effect,
which, along with supporting a full coverage restoration, also
improves the strength of the endodontically treated teeth.’

Lithium di silicate, feldspathic ceramics or monolithic zirconia
are common material choices for fabricating endocrowns.'®!" Otto
etal.note that the high elastic modulus of materials such as ceramic
may transmit stress at the tooth-to-material bonded interface.”? This
could potentially lead to a non-repairable fracture of the clinical
crown extending up to the roots and compromise the longevity
of endocrowns.”® Furthermore, low residual height (< 2 mm) of
the crown axial wall can have a negative impact on the longevity
of endocrowns. In these contexts, newer CAD/CAM composites
with an elastic modulus close to dentine may decrease the stress
transmitted to the tooth or the cement layer by concentrating the
stress of the material itself, with resultant reductions in endocrown
failures. On the premise of these considerations, the in-vitro study
presented herein compared lithium disilicate and two different
pre-processed CAD/CAM composite for their strength to withstand
the occlusal load.

Although, the recommended classical finish line for endocrowns
is a 90-degree butt joint, which would provide for a flat surface and
increases strength against compressive forces.* Several studies
indicate that adding a ferrule may offer greater fracture resistance
to endocrown-restored teeth by increasing their surface area for
bonding by approximately 47% and providing for better marginal
adaptation of endocrown restorations.””'¢ Thus, the present study
compared a conventional design without any finish margin with
a design that included a chamfer finish line on the external axial
wall. Results of the current study indicate that these two design
configurations and the materials used to fabricate them do not
influence the fracture resistance of endocrowns. This observation
isin line with the findings of another study by Haralur et al., which
demonstrated no significant effect of finish line design (shoulder
or deep chamfer) on fracture resistance of endocrowns fabricated
using lithium disilicate.” Another study by Zheng et al. noted a more
favorable outcome for endocrown restorations with 20 degrees of
margin bevel and Taha et al. in their study reported higher fracture
resistance for shoulder finish line in comparison to butt joint,
despite the similarity of mode of failure in both finish lines.'®
These evidence along with results of the current study seem to
indicate that a chamfer finish line would provide sufficient strength
along with better marginal adaptation to endocrown restorations.
Furthermore, a systematic review by Mostafavi et al. indicates that
fracture resistance of standard and modified endocrowns in terms
of margin design is beyond the normal masticatory force range.'”
Thus, excessive preparation to increase fracture resistance may
not be necessary.

The study reported herein is an addition to the relatively
scanty literature comparing CAD/CAM composites with lithium
disilicate for fabricating endocrowns. In the present study, two
CAD/CAM composite groups that were evaluated included high
impact polymer composite (HIPC) which is an amorphous cross-
linking composite material, and edelweiss CAD/CAM composite
which is uniquely manufactured by vitrification and layer sintering
process. These manufacturing processes could enhance flexibility
and offer high strength to the edelweiss CAD/CAM composite.

The Journal of Contemporary Dental Practice, Volume 25 Issue 8 (August 2024)

Results of the current study indicate that the fracture resistance
of the CAD/CAM composite was significantly higher than that of
the lithium disilicate endocrowns (p < 0.05). These results are in
agreement with the findings of other studies by Sedrez-Porto et al.
and Damanhoury et al., which indicated less aggressive fractures
and high fracture resistance of direct composite endocrowns in
comparison to ceramic endocrowns.?2! However, another study by
Altier et al. noted a higher fracture resistance with lithium disilicate
ceramic endocrowns as compared to indirect composite materials.?
Overall, it appears that the heterogeneity with respect to choice
of composites may contribute to these opposing observations
reported in current literature and merits a clarification of these
considerations in future studies. Nevertheless, in the current study,
the elastic modulus of composite resin may have influenced the
modulus development within the restoration leading to a more
compatible biomechanical behavior than lithium disilicate which
is brittle and transfers more stress to the pulp chamber and axial
walls of the tooth."®

In this study, the marginal fit of endocrowns was evaluated
both before and after cementation. Consistent with previous
research, a significant increase in the marginal gap was observed
following cementation.? Results of the present study show
that in the pre-cementation and postcementation evaluations,
endocrowns fabricated using the HIPC composite showed the
highest mean marginal gap of 125.89 + 4.499 um and 126.47 +
4.197 um respectively, whereas endocrowns fabricated using the
edelweiss CAD/CAM composite showed the least mean marginal
gap of 30.89 + 3.524 pm and 33.83 + 3.217 um, respectively. These
findings are in line with another study by Al-Akhali et al., which
noted mean marginal gap values of 56.6 + 6.1 um for lithium
disilicate and 81.3 + 10.1 um for PEEK endocrowns.?* Furthermore,
another study by Ewadh et al. demonstrated that resin-nano
ceramic endocrowns exhibit superior marginal fit compared to
glass ceramic endocrowns.?®

Results of the current study indicate that the designs with a
chamfer finish line preparation resulted in significantly less marginal
gap compared to the butt joint design across all materials evaluated.
In contrast to these findings, a study by AL-Zomur et al. in 2021
reported that the butt joint design yielded better marginal integrity
compared to the shoulder finish line design.?® These discrepancies
may be attributable to variations in the restoration material (IPS
e.max press vs IPS e.max CAD or hybrid composites) and the type
of teeth evaluated (mandibular premolars vs mandibular molars).
Additionally, as CAD/CAM composites are relatively softer materials,
they can be more easily machined compared to brittle glass
ceramics. However, no previous studies have compared the chamfer
finish line to the conventional butt joint margin for endocrowns.
This study sought to investigate these finish line designs, as the
chamfer finish line could potentially help preserve more tooth
structure while providing superior marginal integrity compared
to shoulder or butt joint finish lines.

Furthermore, in this study, the fractured specimens and
fragments were collected, and the mode of fracture was examined
visually. In agreement with the findings of Altier et al.,”2 which noted
that failure modes were favorable for composite groups, results of
the current study indicate that lithium disilicate fractured along with
the tooth and edelweiss CAD/CAM composite had line repairable
fracture at the same load (Fig. 8). The CAD/CAM composite material
has a combination of high flexural strength and resilience due to its
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cross-linked polymer structure, which prevents crack propagation.
On the other hand, lithium disilicate is composed of glass and hence
is a brittle material. These material properties may explain the type
of fractures observed in the present study.

Chewing simulations to account for aging processes were not
performed in this study. However, it is pertinent to note that data
from Sieper et al. and Al-Akhali et al. present contradictory results on
theinfluence of aging with thermocycling on the fracture resistance
of materials.?*?” Additionally, bond strength and the effect of the
intra-coronal extension dimension on fracture resistance were not
evaluated in these studies.?”?® In this study, extracted mandibular
molars were used after obturating the root canals with endodontic
obturating material to simulate the clinical scenario. Nevertheless,
a key limitation of this study is that it did not simulate an intraoral
environment. Despite these limitations, the current study indicates
a statistically significant difference in the fracture resistance, of the
materials evaluated. However, there was no significant influence of
margin design on fracture resistance. Milled edelweiss CAD/CAM
composite showed the highest fracture resistance which can be
attributed to the inherent properties of the material as well as the
unique manufacturing process. The mode of fracture observed in
the composite group was also favorable.

CoNcCLUSION

In conclusion, the mean marginal gap values and fracture resistance
(well exceeding the masticatory forces) of all tested materials and
preparation designs were within the clinically acceptable range.
Furthermore, designs with chamfer finish lines resulted in lower
gaps compared to butt joint finish lines across materials. The
pre-processed CAD/CAM composite group exhibited the most
favorable marginal gap and better fracture strength as compared
to lithium disilicate.

Clinical Significance

This study underscores the clinicalimportance of selecting optimal
materials and preparation designs for endocrowns. Edelweiss CAD/
CAM blocks exhibited superior marginal fit and fracture resistance,
suggesting their suitability for durable restorations. The findings
guide clinicians in improving restoration outcomes by emphasizing
the role of material choice and finish line design.
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