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ABSTRACT

Aim: To evaluate the effect of deep marginal elevation on the marginal adaptation and fracture
resistance in endodontically treated teeth restored with endocrowns constructed by two CAD/CAM
ceramics in an in-vitro model.

Material and methods: twenty four human, intact freshly extracted mandibular first molars
were endodontically treated and mounted in an upright position in a standard plastic ring filled
with acrylic resin 4mm apical to the CEJ. A standard endocrowns preparation was performed
with a butt- joint occlusal margin for all specimens and a proximal box preparation was done on
the mesial surfaces. The specimens were then equally divided in to two groups (n=12) according
to the material used in construction group (M) using IPS e.max CAD ceramic blocks and group
(V) using Vita Enamic ceramic blocks; then further divided in to two subgroups (n=6) according
to the application of a mesial marginal elevation or not into (ME, VE) with marginal elevation and
groups (MN, VN) without marginal elevation. All endocrowns were cemented to the corresponding
preparation using dual cured self- adhesive resin cement (RelyX, Unicem). All specimens were
thermally aged with 10000 cycle in water bath between 5°C- 55°C. The marginal adaptation
was evaluated using stereomicroscope (40 x) at 5 predetermined points on the mesial margin for
each specimen and mean gap measurement was calculated. All specimens were then subjected to
fracture resistance test via universal testing machine. The collected data was recorded, tabulated
and transferred for statistical analysis.

Results: Vita Enamic with deep marginal elevation (VE) recorded the lowest marginal gap
measurements at (69.3 pm)which is significantly lower than all tested subgroups (P < 0.001), while
IPS e.max CAD with deep marginal elevation (ME) subgroup showed significantly higher fracture
resistance (1478.2N) than all tested subgroups (P< 0.001).

Conclusion: Deep marginal elevation enhances both marginal adaptation and fracture resistance
of IPS e.max CAD and Vita Enamic. IPS e.max CAD has higher fracture resistance while Vita
Enamic has better marginal adaptation.

KEY WORDS: Endocrown, Endodontically treated teeth, CAD/CAM technology, Deep
marginal elevation, Fracture resistance, Ceramics.
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INTRODUCTION

Endodontically treated teeth have always been
a challenge during restoration for practitioners
on a daily basis. Many factors contribute in the
complexity of such cases; periodontal conditions,
remaining tooth structure, root anatomy and
individual habits all of which should be considered
in decision making @. It is a multidisciplinary team
work to provide the patient with a treatment that
will not only restore function and esthetics but also
provide a long term survival and preservation of the
remaining tooth structure. @

For decayed; posts were indicated whenever
there was loss of coronal tooth structure which de-
prives restorations from enough retentive surfaces.
@ Unfortunately this treatment modality has raised
controversy; due to need of preparing a post space
which will remove more of the already weak re-
maining tooth structure leading to increasing risk
of root fracture. Especially in cases of thin roots and
posterior teeth that are already considered at high
risk of fracture due to the occlusal load. *® Many
authors even discourage using posts due to the well
documented risk of tooth fracture. 7

Fracture resistance and marginal adaptation are
both crucial determinants for long term performance
of a coronal restoration and the inherent limitations
and drawbacks with in many restoratives justifies
the ongoing search for alternatives that can provide
more favorable outcome. ®

Piassis in 1995%19 introduced a less destructive
alternative for post and core restoration; describing
it as a mono-block porcelain technique later known
as endocrowns. A core and crown in a single unit
utilizing the pulp chamber axial walls for macro-
retention in addition to the micro-mechanical reten-
tion provided by adhesive luting agents. It is also
considered a minimally invasive technique; while
providing retention for the coronal restoration it
needs very little preparation moreover many prac-
titioners accept it as a simple procedure compared
to others.
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Dejak and Mlorkowski *» compared endocrowns
to full crown restorations in a 3 dimensional finite
element analysis on molars in a mastication simula-
tion model. Results revealed that endocrowns were
significantly superior. Furthermore several studies
showed endocrowns poseses better fracture resis-
tance than did traditional full coverage restorations
43 In other studies endocrowns showed a success
rate of 94- 100 %. ¥

Rocca etal™ studied the mode of stress distri-
bution of endocrowns and intraradicular posts; the
authors found endocrowns to transfer more homog-
enous occlusal forces than did posts confirming that
using endocrowns don’t jeopardize the remaining
tooth structure which is favorable in case of poste-
rior endodontically treated teeth.

Endocrowns while being a simple and efficient
concept maintaining the philosophy of bio-integrate
prosthesis and even though it has demonstrated suc-
cess with in recent literature that strongly suggest
it as a reliable alternative to restore endodontically
treated posterior it still remains uncommon treat-
ment modality 1619

Long term success of an endocrowns may be
affected with proper case selection, choosing the
correct preparation, material of construction and
bonding agent. ®” For an endocrown the more the
surface area for bonding the better the better the
adhesion and retention of the restoration, on the
other hand conservation of the tooth structure is
the most important factor in fracture resistance.
The development of an optimum balance between
surface area for adhesion and preservation of tooth
structure integrity is a critical determinant for
success.

Ceramic restorations suffer from their brittle-
ness; having low fracture toughness which may be
due to the inherent flows with in these materials. ??
Many techniques have been developed to improve
the fracture resistance of the ceramics to allow their
use in posterior teeth. 23249
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The Recently introduced computer aided design/
(CAD/CAM)
materials have overcome volume defects and voids

computer aided manufacturing
found in conventionally sintered porcelain which
allow them to have better tensile strength. @9
Moreover, this evolving technology has opened new
horizons to provide more accurate, highly esthetic
and low time consumption restorations. Though
proven to be a very effective modality of restoration
marginal accuracy is of principle concern. ®® Due
to the multiple factors involved during CAD/CAM
procedure — as scanning process, designing the
restoration, milling and firing- marginal accuracy
is inevitably affected. ®»2 Other studies have
demonstrated that CAD/CAM restorations give
comparable marginal fit to those generated via
traditional impression. ¢V

Many studies have recorded a wide range of mar-
ginal discrepancies both in-vitro and in-vivo studies
when using different CAD/CAM systems®=? Ac-
cording to Mclean and Von Fraunhofer®>3® mean
marginal gap is clinically a ceptable- up to 120 ym-
as successful restorations.

One of the recent CAD/CAM materials are
lithium disilicate ceramics; a widely used ceramic
among clinical practices. It’s classified as a glass
ceramic which supplied in blocks of a partially pre-
crystallized structure in the blue state 40% Meta
silicate (Li,SiO,) of moderate flexural strength
130 MPa which provides better workability during
milling and lower wear of the machines 3439

Maturation of mechanical properties are estab-
lished after heating cycle which elevates the meta
silicate crystals up to 70% and this significantly
increases flexural strength and fracture toughness.
The high mechanical property is attributed to the
tight interlocking distribution of the elongated dis-
ilicate crystals which counteract crack propagation
@6 In addition to the low hardness compared to that
of conventional porcelain restoration; which pro-
vides better protection for the opposing natural den-
tition against excessive wear. 7
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Marginal accuracy for IPS e. max CAD is still
controversial issue, many studies have investigated
the gap discrepancies and internal fit; and found it
to be with in the accepted clinical range.®*** On the
other hand due to the many variable factors involved
in producing this type of restoration internal fitting
and marginal quality may be negatively affected. “*

Another bread of the CAD/CAM materials is
Vita Enamic which combines the benefits of both
ceramic and composite material “Y. It is a poly-
mer infiltrated ceramic composed of 75% volume
ceramic network AL, O, reinforced with 25% vol-
ume polymer network of urethane di-methacrylate
and tri-ethylene glycol di-methacrylate. ¥4 This
unique material possesses both properties of its
components. With elastic modulus similar to dentin
allowing it to absorb stress better than the conven-
tional ceramic. “Y Many authors find it to be a reli-
able material during clinical performance due to its
resemblance to natural tooth structure regarding the
mechanical properties.“* Vita Enamic unlike lith-
ium disilicate blocks does not require crystallization
firing cycle moreover it has demonstrated excellent
edge stability after milling and precision marginal
fit of restoration in addition to acceptable flexural
strength. “7

Butt joint preparations have demonstrated their
superiority to other researched endocrowns prepa-
rations as it provides more preservation of the tooth
structure than creating a finish line which increases
the surface area for adhesion but on the expense of
more structural loss. Most endodontically treated
teeth have actually already suffered from destruc-
tion prior to treatment due to caries; especially
proximal surfaces of molars which in some studies
reach 77.5% of carious teeth. “®

Proximal sub-gingival margin is a difficult loca-
tion for restoration as it is challenging to adequately
isolate this area for a good digital impression and to
perform acceptable cementation of indirect restora-
tions. “” The relocation of the gingival margin of
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this proximal cavity using a composite resin base
has long been investigated. Since first described by
Dietschi and Spreafico in 1998 ¢9; this procedure
known as deep marginal elevation improves bond-
ing, marginal seal and adaptation of indirect resto-
rations. 152 Moreover, it allows better optical im-
pressions which leads to increase in marginal and
internal fit of the restoration; decreasing the risk of
microleakage and recurrent caries. ®® In addition
many studies have shown it to decrease cusp deflec-
tion, elevate fracture resistance and improve cuspal
reinforcement. 9

So; the null hypotheses tested in the present
study:

1- Deep marginal elevation does not influence
marginal adaptation of endocrowns constructed
from different CAD/ CAM ceramics

2- Deep marginal elevation does not influence
fracture resistance of endocrowns constructed
from different CAD/ CAM ceramics

The aim of the study

Evaluate the effect of deep marginal elevation
on the marginal adaptation and fracture resistance
in endodontically treated teeth restored with endo-
crowns constructed by two CAD/CAM ceramics in
an in-vitro model.

MATERIAL AND METHODS

Specimen selection and preparation:

Twenty four freshly intact human mandibular
molars extracted for periodontal reasons were used
in this study. All teeth had complete root formation,
absence of any resorpative defects or fracture lines.
They were immersed in 5% sodium hypochlorite for
10 min. then thoroughly cleaned from all soft tissue
debris and calculus and stored in 0.1 % thymol
solution (Caelo, Hilden, Germany).

Using a digital caliper all selected teeth were
measured at the CEJ for recording the buccolingual
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and mesiodistal dimensions and root length was
also measured; all dimensions were subjected to
ANOVA test to confirm the absence of any significant
difference in this variable among groups. Any
specimens out of the predetermined measurements
were excluded and replaced ¢

Endodontic treatment

All endodontic treatments were carried out by
the same operator using the same procedure and
instruments for standardization purposes. Access
cavity was prepared using a round carbide bur
(BR-31, DIA-BURS, Mani, Japan) root canals
were prepared using Protaper system (Dentsply,
Maillefer: Ballaigues, Switzerland) mounted on gear
reduction, torque controlled endo motor (X-smart,
Dentsply, Sirona, Switzerland) canals mesiobuccal
and mesiolingual up to a size F2 and distal canal
up to F4 . Chlorhexidine gluconate 2 % was used
in between files and as a final irrigation Sml of
saline for each specimen then dried using Protaper
paper points (Dentsply, Maillefer: Ballaigues,
Switzerland). Bioceramic based sealer (Total Fill,
BRASSELER,USA) with a single cone technique
using the corresponding size gutta percha point of
the same system (Dentsply, Maillefer: Ballaigues,
Switzerland) were used for obturation. Excess gutta
percha removed with red hot plugger and cut 2 mm
below the orifice. A thin layer of flowable composite
(Tetric EVO Flow, Ivoclar, Vivadent, Germany)
was bonded to seal the canal entrance and enhance
bonding of the ceramic endocrowns in a later stage.
Radiographic was taken for each specimen to ensure
the obturation length. The specimens were stored
at 37 C in distilled water for 24 hours to ensure
complete setting of obturation material.

Mounting into acrylic resin and grouping of
specimens

Notches were prepared in the roots of all
specimens to provide retention to the mounting
material, all specimens roots were shielded by
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a 0.2mm layer of light rubber base impression

(Speedix, Ivoclar, Vivadent, Germany) for
periodontal ligament simulation and then mounted
in self-cured acrylic (cold cure acrylic resin,
Acrostone, Egypt) in a standard cylindrical plastic
ring in an upright position using a centralizing
device to a level of a pre-marked point 4mm apical

to the CEJ.

All specimens were equally divided into two
groups (n=12) according to the type of ceramic
group M were constructed with IPS e.max CAD
blocks (Ivoclar, Vivadent, Liechtenstein, Germany)
and group V were constructed with Vita Enamic
blocks (VITA, Zahnfabrik, Sackingen, Germany)
then further divided in to 2 subgroups -according to
whether the deep marginal elevation was performed
or not- subgroup E (with deep marginal elevation)
and subgroup N (without deep marginal elevation).

Fig (1)
4 N\
\_ Y,

Fig. (1): Specimen distribution within different study groups
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Endocrown and proximal box preparation

Teeth were decoronated with a super coarse
diamond disc (Diatech, Coltene, Switzerland) under
copious water. A standard endocrowns preparation
was performed for all specimens; occlusal
preparation was adjusted to a 90° butt margin
design 3mm above the CEJ. Cavity preparation
with minimum dentin removal eliminating all pulp
chamber under cuts, roundation of all the internal
line angles, adjusting internal axial walls to 8°.
Mesial marginal cavities were made in the middle
of the mesial surface 2 mm in width and extending

2mm apical to the CEJ and of 2mm in depth.
A standard

performed for all specimens; occlusal preparation

endocrowns preparation was
was adjusted to that the cervical margin 2 mm
above CEJ with a 90 © butt margin design “cervical
sidewalk” with the help of depth orientation grooves
with a depth of 2mm by diamond wheel bur. Axial
walls Preparation were performed inside the pulp
chamber (3mm depth) via cylindrical-conical
diamond bur to ensures that no undercuts occur.
The pulpal floor is left intact. Then roundation of
all the internal line angles was performed. Mesial
marginal cavities were made in the middle of the
mesial surface 2 mm in width and extending 2mm

apical to the CEJ and of 2mm in depth.

Prior to preparation of the mesial marginal cavity
- with the aid of a digital caliper the center of the
mesial surface- was determined for all specimens
and marked, similar marks were done on either sides
of the central point 1 mm away buccal and lingual
. An apical mark was also made 2mm apical to the
CEJ; these marks were utilized as reference points
for cutting uniform, equal cavities to standardize
their dimensions. Similar mark was done on the
occlusal margin 2 mm from the mesial margin to

ensure the uniform depth of the cavities.
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Deep marginal elevation procedure for sub-
groups (ME and VE):

The deep marginal elevation was performed to
elevate the cervical floor of the proximal box 2mm
coronal to the CEJ level. The proximal box was
cleaned by phosphoric acid etching (Meta etchant
gel, Korea) for 20 second then rinsed for 20 seconds
and dried; Followed by application of a thin layer
of self- etch bond (all bond universal, Pisco, USA)
for 15 sec. then light cured . IPS Empress direct
composite restoration (Ivoclar, Vivadent, Germany)
was used to elevate the mesial margin in a snow
plough technique. ®® ; where flowable composite
was applied to the proximal box followed by
packing of regular composite on top of it then
cured for 15 sec. a sub gingival sectional matrix
(Matrices, stainless steel, Russia) was used to adjust
the proximal contour .all surfaces and margins of
the restoration was finished and polishing using
(Flame, FO-21EF, DIA-BUR, Mani, Japan).

Endocrowns fabrication

All specimens were fixed on the scanning tray,
scanned sequentially using a scanner (CEREC
Omnicam 444, DENTSPLY, Sirona) when a final
optical impression was obtained fig (2), a CAD/
CAM software (Ceramil, Mind, DENTSPLY,
Sirona) designed the endocrowns fig (3) and
performed milling of the ceramic blocks using a
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computer controlled milling unit (Ceramill motion 2
(5 x) after fixation in to the milling machine; under
full automation. All endocrowns were designed
with identical occlusal anatomy and height (as not
to incorporate different level of action vectors in to
the study design).

For IPS e.max CAD the endocrowns were further
subjected to crystallization cycle in a ceramic
furnace according to manufacture instructions of
(Ivoclar, Vivadent) for firing of IPS e.max CAD
blocks.

Cementation of endocrowns:

The fitting surface of all endocrowns were
cleaned via an ultrasonic cleaner for 3 min. then
thoroughly rinsed under running water and dried,
the fitting surface was further etched for (90 seconds
in case of IPS e.max CAD and for 60 seconds
for Vita Enamic) using 9.5 % hydrofluoric acid
gel (BISCO-Schaumburg, USA) followed by 20
seconds of rinsing and finally dried for another 30
seconds with compressed air. A thin layer of silane
coupling agent (BISCO-Schaumburg, USA) was
applied to the etched surface and left 30 seconds to
dry. simultaneously all specimen prepared surfaces
were etched for 15 seconds using 37% phosphoric
acid (Meta Etch gel), then rinsed for 20 seconds
and dried. Bonding agent (Ader single bond 3M,

Fig. (2): On screen image of the optical impression of the
endocrown preparation

Fig. (3): on screen image of the final designed endocrown
restoration
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ESPE, USA) was then applied and light cured for
20 seconds.

For all specimens dual cured, self-adhesive
resin cement (Rely X Unicem clicker, 3M ESPE,
Germany) was used as a luting agent. After mixing
according to manufacturer instructions; endocrowns
were cemented into placed each to the corresponding
prepared specimen. An equal constant load was
applied via a special loading device (1 kg for 5 min)
then light cured for 2 seconds, any excess luting
agent was removed using a scaler, followed by 20
more seconds light curing then stored for 24 hours
in distilled water at 37C° to allow bond maturation.

Thermocycling procedure:

To simulate clinical service Thermo cycling
was performed for all specimens at 10000 cycle in
water bath at (5- 55°C) in a standard thermocycling
(Thermocycler, Robota, Alexandria,
Egypt) for 30 sec. / cycle and a 5 seconds transfer

machine

time between every 2 baths. The number of cycles
used in this study is equivalent to 2 years clinical
service according to (International Organization for
Standardization- ISO/TS 11405).

Marginal Adaptation evaluation:

For marginal adaptation four stereo-microphoto-
graphs were captured via a stereomicroscope (Wild
400, Switzerland) for each specimen at magnifica-
tion (40x) and transferred to computer system with
image analysis software (Image Pro-plus V.6). One
operator was assigned for gaps measurement. Mea-
surement was performed at 5 equidistant predeter-
mined points at the cervical margin of the mesial
surface for each the endocrown recorded tabulated
and the mean gap in ym calculated for each speci-
men then transferred for statistical analysis.

Fracture resistance testing:

A universal testing machine (Lloyd LRX, Lloyd
Instruments, Fareham Hants, UK) was used to test
fracture resistance. Each specimen was fixed into
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the lower compartment of the device. A 6 mm round
end stainless steel rod fixed to the moving upper
arm of the device applied a static, compressive
load of 0.5 mm/min along the long axis of the
specimen with tin foil sheet in-between to achieve
homogenous stress distribution and minimization
of the transmission of local force peaks. The style
was applied to a point in the middle of the occlusal
surface while ensuring its contact with both facial
and lingual cusp inclinations. Vertical loading
proceeded till fracture, and recorded in newton.
Fig. (4)

Fig. (4): Universal testing machine applying load on to the
endocrown

Statistical analysis:

The collected data were coded, tabulated and
statistically analyzed using SPSS program (statis-
tical package for social science) software version
25. Descriptive statistics were done for parametric
quantitative data by mean standard deviation and
minimum and maximum of the range. Distribution

of the data was done by Shapiro Wilk test
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Two way ANOVA test was done to determine the
effect of different factors (material and elevation)
and the interaction between them. Analyses were
done for done for parametric quantitative data
between the four subgroups using Independent
Samples T- test. Analyses were done for parametric
quantitative data between the four subgroups
using One- way ANOVA test followed by post hoc
analysis. The level of significance was taken at (P
value <0.05)

RESULTS

Mean marginal gap values and standard deviation
among all tested subgroups in micrometers (ium) are
present in tab. (1), fig. (5).

Subgroup VE recorded the lowest value at
(69.3um) while group MN recorded the highest
value at (102.8um). One way ANOVA test revealed
statistically significant difference between all
tested groups where subgroup VE (endocrowns
constructed from Vita Enamic blocks with deep
marginal elevation) demonstrated significantly less
marginal gap formation than did VN (endocrowns
constructed from Vita Enamic blocks without deep

marginal elevation) p< 0.001 tab.(1)

Moreover, both subgroups constructed from Vita
Enamic (VE, VN) showed statistically significant
lower marginal gap formation than both subgroups
constructed from IPS e.max CAD (ME, MN). P<
0.001 tab. (1)

Regarding the mean value and standard deviation
of fracture resistance for all tested groups in newton
(N) are present in tab (2), fig (6)

IPS e.max CAD with deep marginal elevation
subgroup (ME) showed the highest mean fracture
resistance at (1478.2 N), followed by (1217.2 N) for
subgroup MN, then (1049N) for subgroup VE and
the least was sub group VN at (928N). Tab (2)

One way ANOVA test showed statistical signifi-
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TABLE (1): Mean marginal gap value (SD) in
micrometer (um) between different tested

subgroups
Marginal gap P value
MN 102.8+8.2¢
ME 91.5+4.3°
<0.001*
VN 80.7+£5.7¢
VE 69.3+7.3¢

Abbreviations: ME; IPS e.max CAD with elevation , MN;
IPS e.max CAD without elevation, VE; Vita Enamic with
elevation, VN; Vita Enamic without elevation

One-Way ANOVA test between the four groups followed
by post hoc analysis between each two groups

Superscripts with different small letters indicate
significant between each two groups
*: Significant level at P < 0.05

s N

Marginal gap in Different subgroups
120

100

i I I I I
0

E-Max without E-Max with
elevation elevation

nm
82 8

8

Vita enamic with
elevation

Vita enamic
without elevation

-

Fig. (5): Bar chart of mean marginal gap in different subgroups

cant difference between all tested sub groups with
(p< 0.001). Regarding the material of construction
IPS e.max CAD sub groups (ME, MN) were of sta-
tistically significant higher fracture resistance than
those of Vita Enamic subgroups (VE, VN) on the
other hand regarding the deep marginal elevation
performed or not both subgroups with elevation
(ME, VE) were significantly higher than those with-
out (MN, VN) with p value < 0.001. Tab (2)
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TABLE (2): Mean (SD) fracture resistance between

different subgroups in newton (N) .

Fracture resistance P value
ME 14782107 .52
MN 1217.2+£76 4"
<0.001%*
VE 1049+66.3 ¢
VN 928.7+69.54

Abbreviations: ME; IPS e.max CAD with elevation , MN;
IPS e.max CAD without elevation, VE, Vita Enamic with

elevation, VN; Vita Enamic without elevation

One-Way ANOVA ftest between the four groups followed

by post hoc analysis between each two groups

Superscripts  with different small letters indicate

significant between each two groups

*: Significant level at P < 0.05

Fracture resistance in Different subgroups
1800
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1200
1000
4

800
600
400
200

0

E-Max with
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E-Max without  Vita enamic with
elevation elevation

-

Fig. (6): Bar chart of mean fracture resistance in different
subgroups

DISCUSSION

Choosing a final coronal restoration for
endodontically treated teeth still comprises a major
challenge in the everyday clinical practice ¢7-%®. The
long term success of ETT depends on the quality
of the coronal restoration not only in restoring the
function but in its ability to protect the remaining
tooth structure and maintaining a good marginal

quality . the constant appearance of new materials
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and technologies to restore the mutilated tooth
structure enables the practitioner of recovery of the
naturalness of the teeth.

Endocrown recently seems to be a fulfilling
alternative for restoration of the ETT as it eliminates
the need for additional tooth structure removal
which is an inevitable procedure in post and core
restoration. Being a minimally invasive technique
it inherently provides protection for existing
tooth structure. 121319 when combined with the
innovative CAD/CAM technology- that produces
restorations with high mechanical properties,
marginal adaptation and internal fit along with
the ability to produce these restorations chair side
eliminating the time factor- a new line of treatment
has emerged.* 29

For all the previous reasons it is logic to accept
ceramic endocrown restorations as a safer, faster
and stronger alternative for conventional post and
core restoration. This justifies the urge to further
study the best applied preparation design, material
of fabrication and cementation technique.

Most proximal carious lesions in badly broken
down teeth are located sub-gingival level a deep
marginal elevation of this cervical margin with a
suitable direct composite restoration is advisable ©?.
The elevation of proximal box allows the cervical
margin to be better visualized and more accessible
for impression taking and for better cementation
procedure; provided that the procedure respects the
recommendations laid down by Magne etal ©1-62.69

This study is an in vitro study. This type of study
allows standardization of all study procedures for
all samples to better analyze the variable factor in
question. This would provide important data for
restoration procedures improvement. ¢4

Regarding the present study human teeth
were used rather than metal or plastic or bovine
models; this is because human teeth simulate-the
bonding properties, modulus of elasticity, thermal
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conductivity and strength- of clinical situation. ¥
The size of all teeth selected for this study was
with in comparable measurements and a statistical
confirmation was done to eliminate any samples
that were out of similar range of measurement.
9 Selected samples were stored in 0.1% thymol
solution to prevent them from becoming brittle or
drying out. ©®

A non-hypochlorite irrigation solution was used;
(chlorhexidine gluconate) was selected to avoid any
interference with polymerization of resins used ei-
ther in the marginal elevation procedure or the ce-
mentation of the endocrown.”® Obturation was
done using bioceramic sealer which is also compat-
ible with resin cement and doesn’t interfere with po-
lymerization or bond strength of resin cements. ¢

All specimens were embedded vertically in
the center of a standard ring filled with epoxy
resin using a special centralizing device to ensure
standardization of their position. ¢

Self-cured epoxy resin was selected for specimen
fixation in the mold as it has modulus of elasticity
(12GPa) comparable to that of human bone (18GPa)
simulating the teeth with in the alveolar bone. ¢

All specimens were prepared by one operator and
according to a standard pre-determined preparation
criteria to ensure all preparations were of the same
measurement and design. 7 The specimens were
decapitated perpendicular to the long axis to create
a standard butt- joint preparation 2 mm coronal to
the CEJ to simulate the compromised situation of
severely damaged ETT. 6567 it is also an acceptable
length to provide frictional retention from contact
between the dentinal wall of the pulp chamber and
restoration (macro- mechanical retention). 7

Elevation of the proximal box was done using
IPS Empress which is a nano composite of high
physical and mechanical properties which are due
to the high nano- filler particles ; this increase in the
filler load dramatically improves physical properties
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in comparison to the regular composites. They also
possess high marginal adaptation and superior bond
strength. These qualities are essential factors for

restoration longevity and resistance to aging. 7?

In addition to the decrease in organic monomer
content which decrease the hygroscopic expansion
providing long term dimensional stability cutting
down the microleakage susceptibility. ™74 All
endocrowns were milled to the same occlusal
anatomy and height to ensure that they were of the
same dimensions. 7

Thermocycling with water bath was used after
cementation as it is a well- documented approach to
simulate aging in the oral environment simulating
the fluctuating humidity and thermal changes. ¢

Marginal adaptation was done via a stereomicro-
scope which is a non-destructive method of evalua-
tion and provides significantly important data about
marginal quality. While fracture resistance test was
used in this study which is a well-documented quan-
tifying test allowing determination of influence of
restorative material, bonding procedures and prepa-
ration technique on tensile strength and longevity of
the restoration. ¢%:76:77

Fracture resistance test was performed using
6mm steel sphere which is ideal for molars because
it provides contact of functional and non- functional
cusps comparable to the clinical loading of the
occlusion. 830

Marginal quality is a crucial concern for CAD/
CAM ceramic restorations as it ensures less cement
dissolution and recurrent caries. Marginal discrep-
ancies; up to 160 pm is considered clinically ac-
ceptable®. Recent CAD/CAM systems are pro-
vided with highly accurate scanners, advanced soft
wares and precise milling devices. ®1-89

Regarding the marginal gap measurements
for all groups of the present study (VE, VN, ME,
MN) recorded (69.3,80.7,91.5, 102.8) respectively
which is within the clinically accepted range for
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marginal gaps. This is in accordance with previous
literature®*2>. This can be attributed to the use of
CAD/CAM technology which provides an equal and
uniform fitting surface and enhance the adaptation
of the margins of the restoration. For these reasons
the risk of incomplete seating and marginal gap
formation is diminished. 342885 However; it comes
in contrast with results by Mously etal ®® that found
conventional techniques to form better marginal
quality than CAD/CAM ceramic technology.
Similar contradicting results were demonstrated
by Azar etal®”. Recent comparative studies have
demonstrated no significant difference in marginal
adaptation between conventional and CAD/CAM
restorations ®#%-°0

Regarding the material of construction Vita
Enamic groups (VE,VN) recorded significantly
lower gap measurements than with IPS e. max CAD
groups (ME,MN) this indicates the higher marginal
adaptation of vita Enamic. Results of the present
study come in accordance with previous study by
Bankoglu-Giingor etal v

This may be attributed to adhesion between the
hybrid material and the resin cement due to the
chemical interaction between the polymers present
in both materials. ®V

In addition; IPS e.max CAD needs an additional
firing procedure to finalize crystallization of the res-
toration. This step inevitably causes shrinkage on the
other hand vita Enamic does not need this step. 2

Concerning the marginal adaptation of groups
with deep marginal elevation (ME, VE) they
showed better adaptation than did groups without
elevation indicating that elevation of the cervical
margin of the proximal box favorably influenced the
adaptation. %2

The elevation of the proximal box allows the
relocation of the cervical margin more coronally
which allows a better optical impression taking,
seating of the restoration in place and precise
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cementation procedure. This may explain the higher
marginal adaptation of the restorations that had
under gone proximal box elevation ©%-6D

In contrast to the results of the present study
Kuper etal *® found that composite elevation of the
proximal box actually caused more microleakage
and recurrent caries due to exposure of the hybrid
layer which led to hydrolysis of the unprotected
collagen all which negatively affects the adhesive
layer and finally breaks down marginal integrity.

Fracture resistance of all groups (ME, MN, VE,
VN) was with in the clinically accepted limits which
may be attributed to the inherent high mechanical
properties of the tested ceramic materials. Both
e.max and vita Enamic have high flexural strength
than the maximum biting forces which is (725 N)
for a posterior single molar tooth. ®3%9

In addition to the design of the endocrown
preparation design; where occlusal forces over the
endocrown is distributed as compression over the
butt- joint which provides stable- parallel to the
occlusal plane- surface allowing better compressive
stress resistance while over the proximal box load
is distributed as shear force which is counter acted
by the short axial walls of the proximal box; all of
which add up to high fracture resistance. ©®

In regards of the material of construction group
(ME, MN) constructed of IPS e.max blocks had sig-
nificantly higher fracture resistance than did groups
(VE, VN) constructed of Vita Enamic blocks which
is in agreement with Sagsoz and Yanikoglu ©®

In addition to the inherent mechanical properties
of lithium disilicate ceramics as IPS e.max com-
position shows tight interlocking distribution of
elongated disilicate crystals that act against crack
propagation. ©7

On the other hand regarding deep marginal
elevation; both materials showed that deep marginal
elevation groups (ME, VE) had higher fracture
resistance than those without groups (MN, VN).
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This comes in accordance with previous studies that
have shown deep marginal elevation had favorable
influence on the fracture resistance of different
restorations®®*”, and as shown by llgenstein etal®?
whom studied the influence of deep marginal
elevation on fracture resistance of ETT restored
with CAD/CAM ceramic inlays and found it to have
favorable behavior. Especially when loads are very
high or when the restoration is faced with eccentric
forces.

The positive influence of deep marginal elevation
has been well documented.®*1% As shown by Zaru-
ba etal®® whom also studied the marginal integrity
of inlay ceramic restorations with sub-gingival box
after deep marginal elevation with composite resin
and found that the marginal integrity was equiva-
lent to that of ceramic inlays placed with in dentin
(without sub-gingival box), And in agreement with
a study by Roggendorf etal “» whom studied the
influence of deep marginal elevation with in-direct
composite inlays in an in-vitro study. The results
showed no statistically significant difference be-
tween restorations with proximal box elevation and
others without. This may be attributed to the resin
elevation of the proximal box which acts as a stress
breaker during loading of the restoration because it
actually absorbs some of the stress V. In addition to
the fact that composite resin has mechanical proper-
ties comparable to that of human dentin; this allows
it to reduce the stresses generated on the residual
tooth structure. ®?

Many studies have found equivalent fracture re-
sistance in teeth restored with composite compared
to intact, unrestored teeth; so, mesial marginal el-
evation with adhesive materials may act as an intact
tooth structure under the ceramic endocrown margin
which allows favorable stress distribution. 101109

Moreover; Zamboni etal®® have suggested that
using deep marginal elevation decrease cuspal
deflection which provides cuspal reinforcement and
improve fracture resistance. So the null hypotheses
were rejected.

Shams Waaz Amgad Ali and Dalia Ali Ahmed Moukarab

CONCLUSION

Deep marginal elevation enhances both margin-
al adaptation and fracture resistance of IPS e.max
CAD and Vita Enamic. IPS e.max CAD has higher
fracture resistance while Vita Enamic has better
marginal adaptation.
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