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EFFECT OF CAD/CAM TECHNOLOGY SYSTEM
AND TIMING OF DENTIN SEALING APPLICATION
ON HYBRID CERAMIC ENDO-CROWNS MARGINAL FIT

Amany M. Korsel”

ABSTRACT

Purpose: The purpose of this study was to determine the influence of CAD/CAM system type
and immediate dentin sealing (IDS) on the marginal fit of hybrid ceramic endocrowns.

Material and Methods: Forty recently extracted lower molars were selected, and standardized
prepared to receive endocrown restorations .All restorations were milled in hybrid ceramic (VITA
ENAMIC® for CEREC®/ inLab®, VITA Zahnfabrik H. Rauter GmbH & Co.KG., Germany).
The teeth were assigned to 4 groups (n=10) according to: (1) The type of CAD/CAM system:
a) DOF system (DOF Inc., Seoul, South Korea) and b) CEREC inLab system (Sirona Dental
Systems, Germany)], (2) The timing of dentin sealing. a) Immediate dentin sealing (IDS) and b)
Delayed dentin sealing (DDS)].The vertical marginal gaps were then measured using measuring
Stereomicroscope (Nikon Eclips E600, Tokyo, Japan). The obtained data were submitted to
Kruskal-Wallistest (a=.05).

Results: All marginal gap values found in this study were below the clinically acceptable value
of restorations which is 120 ym. A significant difference was found between group 1 (DOF, IDS),
group 2 (DOF ,.DDS) and between group3 (CEREC , DDS), group 4 (CEREC, IDS) also between
group 2(DOF, DDS) and 4 (CEREC, IDS) .

Conclusion: This study concluded that there is a significant effect of the CAD \CAM system
and the timing of dentin sealing application on the marginal fit of the Hyprid ceramic endocrown
restorations, where CEREC in-lab system and the immediate dentin sealing decrease the marginal
adaptation .
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INTRODUCTION

Restoration of endo-dontically treated teeth
(ETT) still a widely controversial topic". It is widely
accepted nowadays that readymade or custom-made
metallic posts or other types of post material do not
reinforce the teeth but they even contribute to their
weakness.?

The advancements of adhesive techniques, and
the shift toward minimally invasive restorations has
promoted the introduction of new treatment options
as endocrown.®

Endocrown is a one-piece all-ceramic restoration
overlay bonded on ETT, with an extension inside
the pulp chamber. This conservative approach
preserves tooth tissues and allows re-intervention
Also, the
facilitates

in the case of endodontic retreatment.
conservation of peripheral enamel
bonding of the restorations to it, leading to better
marginal stability*. When compared to post and core,
endocrowns don’t require many technical steps such
as post space preparation and cementation, core
build-up and crown lengthening which increase
treatment time and costs. Several in vitro®® and
in vivo studies have proven the suitability of this
adhesive restoration above all for molars®”.

A lot of materials can be used to fabricate an
endocrown like feldspathic, glass-ceramic and the
newest monolithic hybrid CAD/ CAM ceramic and
composite blocks®.

CAD-CAM systems present an alternative
to the traditional method of fabricating indirect
restorations, reducing time and cost® because these
systems do not require a firing procedure 9, as the
hybrid ceramic block, Vita -Enamic. The material
consists of two interpenetrating networks, a glass-
ceramic network and a methacrylate polymer
network, with a proportion of 84% and 16%
respectively (by weight). It is indicated for single
restoration like crowns, veneers, inlay and onlays,
and combines the advantages of both ceramics and
composites!D:
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The marginal fit of CAD/CAM restorations
is influenced by several factors such as margin
configuration, cement space, type of cement used,
cementation technique “*'9, scanning software and
milling system (67

Despite of the improvements of CAD\CAM
systems, scanning and milling restorations for
complex preparations are still challenging'® because
milling machines may not be able to reproduce
the contour of restoration in areas that are smaller
than the diameter of the milling burs"®. So the
preparation design should take this into account®”.
Wide shoulders and sharp angles should be avoided
to allow adequate access of milling burs®!-?9,

Marginal fit is the most important factor in the
success of restorations ®¥- It includes both vertical
and horizontal gaps®. Horizontal discrepancies,
such as crown overhangs can be adjusted to some
degree intraorally®. Vertical marginal gaps may
be sealed with luting cement but it will be rough,
porous, and can dissolve. The larger the marginal
discrepancy, the faster will be the rate of cement
dissolution @®.

The traditional technique used for producing
indirect restorations consists of making an impres-
sion of the tooth immediately after preparation and
luting a provisional restoration with provisional ce-
ment. Once the permanent restoration is ready, the
provisional material is removed and an adhesive
system is applied to the tooth, followed by a resin
cement for the adhesive luting procedure @7,

Researchers have pointed out that adhesive
systems bond better to freshly cut dentin rather
than to dentin contaminated with temporary cement
materials. ®® This contamination with the temporary
restoration may lead to micro leakage®. The
immediate dentin hybridization or immediate dentin
sealing (IDS) technique was suggested to avoid
this problem®”. This IDS technique consists of the
application of an adhesive system immediately after
the tooth preparation and before the conventional
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impression. Higher bond strengths have been
recorded when the IDS technique was immediately
applied ¢339,

When using CAD/CAM technologies the tooth
can be prepared and the restoration finished and
cemented in a single visit, excluding the need
for temporization and dentin contamination,
which may compromise effective bonding of the
restoration®”. However, decalcified collagen may
collapse during the permanent cementing procedure
due to the pressure applied in the process, leading
to a faulty hybrid layer and failure of the indirect

restoration®$39.

Immediate dentin sealing seems that it is very
important for the retention of endocrowns that
depends mainly on adhesion, however, to the authors
knowledge no study has evaluated the effect of IDS
on the marginal fit of endocrowns that may be also
affected by the CAD/ CAM system type (scanner,
software and milling ) as mentioned before.

So the aim of this study was to examine the
effect of the immediate dentin sealing and CAD/
CAM system on the marginal fit of CAD/CAM
endocrowns restoration.

The null hypothesis was neither the immediate
dentin sealing nor the CAD/CAM system will affect
the marginal fit of endocrowns.

MATERIALS AND METHODS

To standardize and approximate the clinical
situation as much as possible, Forty extracted
natural lower first molar teeth of nearly similar
dimensions were selected from patients in the
out clinics of Oral and Maxillofacial Surgery
Department, Faculty of Dentistry, Tanta University
suffering from the loosening of their teeth due to
sever periodontal disease or uncontrolled diabetes
that has no treatment other than extraction .

Each tooth was embedded in a block of
self-polymerizing acrylic resin with the long

(3619)

axis perpendicular to the base of the block
using a surveyor to ensure the standardization and
parallelism to the long axis of the tooth. The acrylic
resin ending 2 mm. below the cemento-enamel
junction.

Standardized tooth preparation was applied to
all specimens. The intact crowns were removed
by a horizontal section 4 mm above the CEJ (at
the middle of the buccal and middle of the lingual
surface) using a diamond disc attached to a low-
speed straight handpiece with water spray under
controlling of a surveyor. A standard access opening
was prepared and canals were chemo-mechanically
debrided using Protaper Niti rotary files (Dentsply
Tulsa Dental, Johnson City, TN) and NaOCl (5.25%)
irrigation to within 1 mm of the apex.

Obturation of the canals was performed using
gutta-percha and sealer to the orifice level and con-
densed. After completion of endodontic treatment
evenly reduce wall surface of the pulp chamber to
expose clean and freshly cut dentin walls and re-
prepared to be slightly more diverge and standard-
ize the depth of the pulp chamber (fig 1)

Ve

ENDOCROWN

. J

Fig. (1) Diagram of standardized preparation for endocrown
restoration

The specimens were assigned to 4 groups (n=10)
according to; firstly the type of CAD/CAM system;
DOF system and CEREC inLab system. Then

according to the timing of dentin sealing; immediate
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dentin sealing (IDS) and delayed dentin sealing
(DDS), for each system.

So we had 4 groups gp.1 (DOF, IDS) gp.2 (DOF,
DDS) ,gp.3 (CEREC inlab, IDS) gp4 (CEREC
inlab, DDS).

Immediate dentin sealing —IDS.

Half of the specimens (20 molars in Gp.1,3)
were subjected to all the procedures of dentin
sealing application immediately after preparation
and before scanning as the manufacture- instructions

(Syntac, IvoclarVivadent, Schaan, Liechtenstein).

37% phosphoric acid etching gel was applied to
the freshly cut dentin for 15 s, then washed with air—
water spray for 20 s., and dried with oil-free air for
another 5 s.

The Dentin primer was applied for 15s. and dried
for 10s. After that the dentin adhesive (Syntac)
was applied for 10 s. and dried for another 10s.
Adhesive resin (Heliobond,IvoclarVivadent) was
applied and air blown to a thin layer for 15 s. The
adhesive was light-polymerized for 20 s. using a
light-emitting diode curing unit (blue phase curing
unit, IvoclarVivadent with a 12mm. diameter
curing-light tip in standard mode with an irradiance
output of 1,000 = 50 mW/cm?2, held at a surface—tip

distance of 0.5 mm.

Glycerin gel (Liquid Strip, Ivoclar Vivadent)
was applied over the teeth, and the dentin bonding
agent (DBA) was polymerized for another 20 s, then
washed and air-dried to prevent oxygen inhibition of
polymerization. Enamel margins of the preparation
were finished and cleaned to remove excess adhesive
at the marginal area. These procedures were applied
to groups (1 , 3), Then the specimens were imaging
sprayed with a CAD powder before scanning.

The other 20 specimens ( Gp.2,4).were scanned
after imaging sprayed without any sealing of freshly
cut dentin groups.
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In case of the DOF system (Gp 1,2) the prepared
teeth were scanned by the DOF white led light
optical extra oral scanner using rotational scan
mode. The design of endocrowns (fig.2), was done
through the supplied software and the calculated
STL (standared transformation language) files were
transferred to the 5-axis milling machine (CORiTEC
550i; iMES-iCORE milling machine).

In case of CEREC in-lab system the prepared
teeth were scanned using In-Eos Blue scanner of
sirona which is a blue led light optical extra oral
scanner. The scanning was also done with rotational
scan technique. The calculated STL (standared
transformation language) files(fig.3), are transferred
to the 5-axis milling machine (MC XL milling
machine, sirona).

All restorations were milled in hybrid ce-
ramic blocks (VITA ENAMIC® for CEREC®/
inLab®,VITAZahnfabrik H. Rauter GmbH &
Co.KG., Germany) under wet milling.

The milling process was fully automated without
any interference with two diamond burs acting
together simultaneously in the shaping process with
copious water cooling sprayed from both directions.
After completion of the milling process, the crowns
were separated manually from the block holder,
and the sprue removed with a diamond cutting
instrument.

For all groups, the imaging spray was removed
from all teeth by means of water and manual brush.

All endocrowns were then checked over
their corresponding teeth for seating (fig.4).The
restorations were seated on the prepared teeth and
supported under constant weight for estimation of

the marginal gap.

The vertical marginal gap (VMG) was measured
as the minimum distance from certain landmarked
points circumferentially demarked around the
endocrown edge (24 points) to a line at the tooth
margin (Fig.5).
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exocad

Fig. (2) Scanning with DOF system
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Fig. (4). Endocrown restoration seated on prepared tooth

Measurements were taken without cementation.
Each specimen was photographed using measuring
Stereomicroscope (Nikon Eclips E600, Tokyo,
Japan) connected with an IBM compatible personal
computer using a fixed magnification of 45X. A
digital image analysis system (Image J 1.43U,
National Institute of Health, USA) was used to
measure and qualitatively evaluate the gap width.
Within the Image J software, all limits, sizes, frames
and measured parameters are expressed in pixels.

Therefore, system calibration was done to
convert the pixels into absolute real world units.
Calibration was made by comparing an object
of known size (a ruler in this study) with a scale
generated by the Image J software.

Fig. (5) Measuring The vertical marginal gap (VMG) seated on
prepared tooth

Specimens were held in place over their

corresponding preparations using a specially
designed and fabricated holding devicelOKg
weight. Shots of the margins were taken for each
specimen. Then morphometric measurements were
done for each shot [6 equidistant landmarks along
the cervical circumference for each surface of the
specimen (Mesial, buccal, distal, and lingual).
Measurement at each point was repeated five

times.

The means and standard deviations per group
were calculated, and the data obtained were
collected, tabulated and then subjected to statistical

analysis.
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RESULTS

The means and standard deviations of the
marginal fit were 22.4 + 10.37 um for the DOF
CAD/CAM system after IDS and 14.9575 + 4.5
um after DDS. However for CEREC inlab system
there were 24.4 + 10.3 um after IDS and 18.8302
+ 7.2 after DDS as showing in Table I.

Statistical differences among the 4 groups were
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made using Kruskal-Wallis test at 0.05 level of
significance. Mann Whitney test was performed at
0.01 level of significance to compare marginal fit
between the different groups.

A significant difference was found between gps.
land 2 and between gp 3 and 4. Also between gps.
2 and 4 however there was no significant difference

between other groups.

Table (I) The means + the standard deviations of marginal fit in each of the groups. and compression

between each two groups.

Group N Mean+SD Minimum Maximum Kruskal-Wallis test(X?) P value
1 10 22.4088+10.375251 8.544 51.265
2 10 14.9575+4.523385 8.544 25.633 15.725 0.001*
3 10 24.4088+10.375251 10.544 53.265
4 10 18.8302+7.221724 8.544 35.229
Comparison between every two groups Mann-Whitney test (z) P value
Group 1, 2 2.671 0.008*
Group 1, 3 1.104 0.27
Group 1, 4 1.202 0.229
Group 2, 4 1.79 0.073
Group 2, 3 3.718 <0.001*
Group 3, 4 2.134 0.033*
*Significant.
DISCUSSION between Gp. 1 (DOF, IDS) and Gp. 2 (DOF, DDF)

The aim of this study was to evaluate the effect
of immediate dentin sealing on the marginal fit of
endocrowns fabricated with 2 different CAD/CAM
systems. Based on the results found in this study,
the null hypothesis that was neither the immediate
dentin sealing nor the CAD/CAM system will affect
the marginal fit of endocrowns has to be rejected.

Statistically significant differences were found
for the margin fit within the different test groups
(p < 0.05). A significant difference was found

Also between Gp 3 (CEREC, IDS) and Gp4
(CEREC,DDS), between Gp 2 (DOF, DDF) and 4
(CEREC,DDS).

The results found for all groups showed
relatively low standard deviations that mean there

is no prominent difference between the specimens.

Many methods have been described for the
evaluation of the marginal fit of restorations®’- 4V,
Despite the method applied, there is a consensus
about the clinically acceptable marginal gap for
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restorations with 120 pm™?. All values found in
this study were below this threshold, which is in
accordance with the literature published.

In the present study, endo-crowns were chosen as
a restoration type to evaluate their fitting accuracy
after immediate and delayed sealing. The design
of an endo-crown has been intensively described
in the literature“?. Endo-crowns are restorations
for endo-dontically treated teeth and consist of
a circular margin and a central retention cavity
inside the pulp chamber. In general, studies to test
the fitting accuracy of restorations are conducted
with full-contour crown restorations. The design
of an endo-crown is far more complex, with many
internal angles that may be difficult to mill for CAD/
CAM milling units with their specific instrument
geometries“?.

For Both CAD/CAM systems used, the vertical
marginal gap of endo-crowns was significantly
decreased in case of DDS than IDS. This is maybe
because the DBA was applied twice in the case of
IDS however it was applied only one time in case
of DDS.

This explanation can be supported by the study
of Magne and others®? who evaluated the film
thickness of pre-cured adhesive in the immediate
dentin sealing technique and the effects of cleaning
procedures on film thickness. They concluded that
the film thickness of pre-cured adhesives varies
greatly by the specific product and by location on the
tooth. They also stated that the cleaning procedures
that applied,will remove some of the adhesive layer
but not all of it.

There
difference in the marginal gap between the two CAD/

was a statistically non-significant
CAM systems in case of DDS, this may be due to
differences in CAM parameters such as instrument
diameter, which was confirmed by a recent study“®
that mentioned that these parameters can affect the
accuracy of milled restorations. Also, this difference

may be due to the dullness or sharpness of burs and
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number of times they were used before.

The results of this study are not in agreement with
Douglas and others who stated that IDS resulted in
fewer gap formations*”-

Based on the findings of this study we don’t
recommend IDS of endocrown preparation if they
are made and cemented in the same visit by CAD/
CAM system using intraoral optical impressions
since the collagen will not collapse as there is no
conventional impression or temporization.

Although we used the same cement space
setting (40 um) for both CAD/CAM systems, one
limitation of this study is using one set and also
only one CAD/CAM material. Some studies have
stated that 30 ym of virtual cement thickness
may significantly increase the VMD compared
with those of 50 pm®®,

We also neglected the effect of methods used to
remove optical spray and the methods of cleaning
preparations before final cementation of indirect
restorations in case of immediate dentin sealing. All
these factors should be taken into consideration in
future studies, in addition to the effect of the film
thickness of DBA.
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