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FIT OF LITHIUM DISILICATE COPINGS FABRICATED
WITH 2 DIFFERENT TECHNIQUES (IN VITRO STUDY)

Iman El Aily" and Sahar H El Dessouky"™

ABSTRACT

Statement of the problem. The marginal & internal adaptation of all-ceramic crowns may vary

depending on the technique of fabrication and the methodology of measurement.

Purpose. To evaluate the marginal and internal adaptation of lithium disilicate crown copings
fabricated with two techniques using two measuring modalities, cone beam computed tomography

CBCT and scanning electron microscopy (SEM).

Materials and methods. The materials selected were Emax CAD for CEREC inlab
(Group 1) and Emax Press for the lost wax and heat pressing (Group2). 10 copings were designated
for each group. The copings were cemented on standardized epoxy resin dies with self-adhesive
resin cement RelyX Uncem. A CBCT system was used to obtain measurements from reconstructed
slices in two orthogonal planes for each sample, and a scanning electron microscope (SEM)
was used for cross-sectioned samples. Mean, SD, median, range and 95% confidence level were
calculated using Kolmogrov-Smirnov test and comparison of the ceramic types and methodology of
testing were accomplished with Mann-Whitney U test and Spearman correlation tests respectively

the significance level being set at P<0.05.

Results. Heat pressing exhibited lower vertical gap margin in SEM 22.7um (+5.3) than Emax
CAD 47um (+16.1). The overall values of misfit of Emax CAD were significantly higher than Emax
press in SEM & CBCT measurements. There was statistical correlation between the two measuring

methods in both the mesial, lingual and total measurements according to Spearman correlation test.

Conclusion. The Emax press has a better overall marginal and internal fit than the Emax CAD,

still the values are clinically acceptable for both.

*  Lecturer Department of Fixed Prothodontics, Cairo University
** Associate Professor Department of Oral Radiology, Cairo University
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INTRODUCTION

All ceramic restorations
properties translucency,
biocompatibility, color stability and esthetics!.
The increasing demand on these restorations
prompted the evolution of modern ceramic materials
with improved microstructure together with new
fabrication techniques *#. One of these materials

exhibit appealing

such as enamel-like

is the lithium disilicate that can be fabricated in
laboratory by the lost wax technique where Ingots
are heat pressed into a refractory mold created by
the lost wax. The heat pressing procedure avoids
the heterogeneity of sintering in the conventional
method, as the lithium disilicate crystals embedded
in the glassy matrix avoid crack propagation and
improve mechanical stability ©-9. The CAD/CAM is
another technique. It reduces the chair side interval
and the restoration is fabricated through intra-oral
optical impression and in-office milling in a single
visit whereby prefabricated blocks are milled then
heat crystallized in a porcelain furnace *7.

Marginal fit is important in the success of the
restorations. Failure to provide such a fit leads
to many sequelae such as plaque accumulation,
gingival inflammation, dissolution of the luting
agent, secondary caries, periodontal breakdown
and consequently failure of the restoration &1V,
The marginal fit is affected by, preparation design
(-3 "margin configuration, die spacer settings, and
thickness of the luting cement 1%,

The marginal fit of prosthetic restorations has
been assessed in many studies and with various
methods, including the use of an explorer or visual
examination!® and starting from the conventional
radiographic techniques ®'1%!” passing through the
more sophisticated SEM (31819 dye penetration
testing®?),  stereomicroscopy?, optical micro-
scopic scanning *2? laser videography “ and mi-
cro-computed tomography ©:10-23-29,

The internal fit has been measured in one or
two dimensional contexts through optical, replica,
weight or SEM. The sample size ranged from 5-10
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in number and the measuring points ranged from
2-150 selected in a systematic or random manner.
The studies led to varying results and conclusions®®.
Enlarged internal incongruities might lead to
incomplete seating and incomplete bonding of the
interfaces compromising the fracture resistance
and mechanical stability of the restoration ©. The
marginal gap distance measurements ranged from
30-120um and margins less 75- 120 microns were
considered clinically acceptable @?.

Cone beam computed tomography (CBCT) is
a radiographic modality which has been adapted
for clinical use in 1982 and, in 2001, the first
system used for dento-maxillofacial imaging
became commercially available in the market as an
alternative to conventional CT®?. In CBCT systems,
the x-ray beam is pyramidal or cone-shaped and only
one rotation is required to perform the scan which
allows for a very short scan time thus reducing the
possibility of motion artifacts ¢!-32. The primary
beam is collimated, thus limiting the radiation to the
area of interest with consequent dramatic reduction
of the dose delivered to the patient compared to
multislice CT &334,

CBCT produces isotropic volumetric images
with a voxel size as small as 0.1 mm which
contributes to the accuracy of the images and
achieves a level of spatial resolution that is accurate
enough for precise measurements . Additionally,
there is absence of image magnification and the
yielded images have a very low level of metal
artifacts thus providing more reliable information
©1.33.39 Moreover, secondary reconstruction of the
CBCT data is performed by a personal computer
which presents a unique advantage over medical
CT in which access and interaction is only possible
through workstations ©¢”.

Last but not least, the CBCT equipment has a
substantially reduced size and cost compared to
medical CT, which makes it more suited for the
dental office ¢3:38:39),
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Consequently, CBCT has the potential to become
a routine non-invasive diagnostic instrument for
various dental applications. It complements the
diagnosis in indications that require more elaborate
information and it also reduces the need for CT
It allows an enhanced
level of diagnosis and, ultimately, treatment decision

scans for dental issues “9.

making“V.

Unfortunately, to the best of our knowledge,
evaluation of the restorations marginal and internal
misfit using CBCT has received very little attention.

The purpose of this study is to evaluate the
effect of heat pressing and chair side CAD/ CAM
technique of lithium disilicate crowns on the
marginal and internal fit using CBCT and SEM in
vitro and to test the possibility of using CBCT for
this application as compared to SEM.

MATERIALS AND METHODS

An upper left premolar typodent was prepared
with Vita IN ceram diamond stone kit (Vita In-
ceram No’s, HO16 tapered with flat end, HO18 pear-
shaped —Shleifkoperset Germany) form a single
die. The die comprised 9mm BL cervical diameter,
7.5mm MD diameter and 4mm OG height with
Imm finish line conforming to the cervical contour
and a 6 degree overall taper. The occlusal surface

was made in 2 planes with a functional bevel of the
palatal cusp (Figure 1).

Fig. (1) Virtual image of the prepared tooth from the CEREC
in lab
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Impression making

The prepared tooth was duplicated 20 times with
a single step dual viscosity PVS addition silicon
impression material (Imprint II putty and light 3M
ESPE Seefeld, Germany) the impressions were
loaded in customized trays made for the typodont
model arch as employed by Schaefer O et al. (5)
which can be summarized as follows: the model
arch was fastened to a rectangular base containing
3 conical guiding pins to ensure standardized tray
positioning. The light body was injected on and
around the prepared tooth and dispersed lightly with
an air syringe for 3 seconds. A customized sectional
tray filled with putty was seated in position without
applying any force. After setting, polymerization
was left for a prolonged interval 3 times more than
recommended by the manufacturer. Impressions
were removed with a snap and were poured epoxy
resin dies (Poltpoxy700 Polymer, CIC, Cairo Egypt)

for the fabrication of the two ceramic types.

Coping fabrication

For the CAD/CAM, the CEREC 3D Extra-
oral optical scanner (InEos Sirona Dental Systems
GmbH) was used for making the optical impres-
sion. The copings were designed in the CEREC in
lab 3D software (v4.2) with die spacer and luting
space set to 35ym & 20um respectively. A CEREC
inlab MXCL unit was used for CAM processing of
the copings.

For the HP group (IPS emax press), the copings
were waxed in a counter die made of the exact di-
mensions of the CEREC copings. The copings were
then invested and the wax eliminated. Glass ce-
ramic ingots of IPS Emax Press were plasticized at
930Cand pressed into each investment mold (Press
vest speed Ivoclar Vivadent AG), with 500kPa pres-
sure (EP500 press furnace; Ivoclar Vivadent AG).
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CBCT measurements

CBCT images were acquired using a Next
Generation i-CAT Scanner (Imaging Sciences
International, Inc., Hatfield, USA).

Each cast with the restoration in place was
seated on a plate mounted on the machine,
specially designed for imaging of the specimens.
The casts were placed with the mid-sagittal plane
perpendicular to the horizontal plane and they were
aligned in the scanner according to the vertical
and horizontal laser adjustment light beams. Then
a scout view (preview) was obtained in order to
perform any required adjustments before image
acquisition.

The machine is supplied with an Amorphous
Silicon Flat Panel Sensor with Cesium Iodide (CsI)
scintillator. It has a 0.5mm focal spot, 14 Bit gray
scale resolution, and it was operated at the following
protocol for all the scans of the study:

Tube voltage 120 kVp
Milliampere 37.07 mAs
Voxel size 0.125 mm
Scanning time 26.9 seconds

Field of view 4 cm Height * 16 cm Diameter

After acquisition, the data were exported and
transferred in DICOM format and downloaded
via a Compact Disk (CD) to a personal computer
for linear measurements, where, Invivo Dental
software (version 5.3; Anatomage, San Jose, CA,
USA) was utilized.

Measuring the internal gaps:

At the software interface, Section module was
the one of choice to obtain all the measurements,
where all the data were presented in axial, coronal
and sagittal perspectives.

Two observers with different experience periods
were involved in the study and they were asked to
follow the same protocol to take the measurements.
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For each restoration, the reference lines were set
using the reorientation tool at the three views to
intersect at the center of the restoration and to be
parallel to the long axis of the die and restoration as
well. All dies were presented in the bucco-lingual
and mesio-distal directions in sagittal and coronal
perspectives of the software according to their
alignment during scan acquisition. The reference
bucco-lingual section was taken passing through the
buccal and palatal cusp tips of the crown restoration.
Additional cross-sections were obtained on either
sides of this reference line at 0.5 mm intervals for
a total of five bucco-lingual sections. The reference
mesio-distal section was taken passing through the
central groove of the crown restoration. Additional
cross-sections were obtained on either sides of this
reference line at 0.5 mm intervals for a total of
five mesio-distal sections. The points of internal
fit measurements were standardized in the bucco-
lingual and mesio-distal orientation.

Seven measuring locations were used in each
section (Figure 2):

1. Gap at the finishing line (one on each side of
the preparation): it is the global distance be-
tween the tip of the crown margin and the outer-
most point at the finishing line of the die.

2. Axial wall gap (one on each side of the prepa-
ration): measured as the horizontal distance
from the internal surface of the crown to the
axial wall of the die, at the widest detectable di-
ameter of the gap.

3. Occluso-axial gap (one on each side of the
preparation): measured from the internal sur-
face of the crown at the junction between the oc-
clusal and axial walls to the corresponding point
on the prepared surface of the die.

4. Center of occlusal surface: perpendicular mea-
surement from the most apical point of the inter-
nal surface of the crown on the occlusal wall to
the corresponding point on the occlusal surface
of the prepared die at the widest detectable di-
ameter of the gap.
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Fig. (2): CBCT measurements of the internal fit on a bucco-ligual (A) and mesio-distal sections (B).

SEM sample preparation

The fitting surface of the crowns were air abraded
with air borne particle of 100 gm alumina, treated
with ethanol alcohol in an ultrasonic device, fixed to
the master dies by RelyX Unicem (3M ESPE AG,
Germany) and subjected to a 3Kg constant pressure
in a special mounting device to ensure complete
seating, for the vertical marginal gap measurement.
Upon completion of the experiment, in order to
measure the internal fit, all samples were embedded
in acrylic resin (Acrostone WIliw England). 5
samples were cut in halves MD and the measuring
points were mid: lingual, buccal, mesial, and distal
and another 4 points in between. A set of 5 other

samples were sectioned BL and the same measuring
points of the MD section were determined (Figure
3). Sectioning was done with an Isomet low speed

micro saw (Buehler USA) under copious cooling.

The samples were then sputtered with gold
for 4 min in a standard sputtering machine (S150
A Edwards, Sussex UK) under vacuum. Marginal
and internal gap measurements were performed
on JSMT-330 Scanning microscope) using JXA
(JEOL) with
magnification factor of 80 &100. The gap between

electron probe micro analyzer

the crown coping and the demarcated points of the

preparation was determined.

Fig. (3): SEM (A) BL section and (B) MD section

®IBM Corporation, NY, USA.
® SPSS, Inc., an IBM Company.
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Statistical analysis

Numerical data were explored for normality
by checking the data distribution, calculating the
mean and median values and using Kolmogorov-
Smirnov and Shapiro-Wilk tests. All data showed
non parametric distribution. Data were represented
as mean, standard deviation (SD), median, range
and 95% Confidence interval (95% CI) values.
Mann-Whitney U test was used to compare between
the two ceramic types. Spearman correlation test
was used to test the two measuring methods. The
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While at the lingual, mesial as well as distal
CAD
significantly higher mean gap distance than Heat

surfaces, Emax showed statistically
pressed Emax. As regards the mean of the
four surfaces, Emax CAD showed statistically
significantly higher mean gap distance than Heat

pressed Emax.

TABLE (2) Mean, standard deviation (SD) values
and results of comparison between vertical
gap distance values of the two ceramic

. _ types by SEM
significance level was set at P < 0.05. Statistical ypes by
analysis was performed with IBM® SPSS® Statistics - q
f . Emax CAD eat presse
Version 20 for Windows. Emax
M P-value
M1 SD | Mean | SD
RESULTS Surface
. . Buccal 172 8.2 213 52 0.005*
Comparison between the vertical gaps of the two
ceramic types by SEM Lingual | 438 26.9 27.1 7.8 | <0.001%
At the buccal surface, Emax CAD showed Mesial | 32.8 114 23.8 80 |<0.007*
statistically significantly lower mean gap distance
Distal 95.8 55.1 18.8 44 <.001%*
than Heat pressed Emax.
TABLE (1) Descriptive statistics of the vertical marginal gap distance (#m) values by SEM
95% CI
Ceramic Surface Mean SD Median Minimum | Maximum Lower Upper
bound bound
Buccal 17.2 8.2 204 29 26.4 13.0 214
Lingual 438 269 32.1 204 113.7 30.0 57.7
Emax CAD | Mesial 32.8 114 32.1 149 554 26.9 38.6
Distal 95.8 55.1 107.8 14.6 172.0 67.4 124.1
Mean of all surfaces 474 16.1 46.9 17.6 86.7 35.6 593
Buccal 21.3 52 20.6 14.6 26.4 16.5 26.1
Heat pressed | _ .
Lingual 271 7.8 26.2 204 43.7 199 344
Emax
Mesial 23.8 8.0 204 149 32.1 16.4 312
Distal 18.8 44 204 14.6 26.2 14.7 22.8
Mean of all surfaces 22.8 53 20.5 17.6 32.1 17.9 27.7
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Comparison between the internal fit of the two
ceramic types by SEM

At the Center point; Emax CAD showed
statistically significantly higher mean gap than heat
pressed Emax at the distal and lingual surfaces.
At the mesial surface, there was no statistically
significant difference between the two ceramic
types. At the buccal surface, heat pressed Emax
showed statistically significantly higher mean gap
than Emax CAD.

At the Occluso-Axial angle; Emax CAD
showed statistically significantly higher mean gap
than heat pressed Emax at all surfaces.

At the Axial point; Emax CAD showed
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statistically significantly higher mean gap than
heat pressed Emax at the mesial, distal and lingual
surfaces. At the buccal surface, there was no
statistically significant difference between the two
ceramic types.

At the Shoulder Area; Emax CAD showed
statistically significantly higher mean gap than
heat pressed Emax at the mesial, distal and lingual
surfaces. At the buccal surface, there was no
statistically significant difference between the two
ceramic types.

Asregards the overall mean gap at all surfaces;
Emax CAD showed statistically significantly higher
mean gap than heat pressed Emax at all surfaces.

TABLE (3) Mean, standard deviation (SD) values and results of comparison between the internal fit of the

two ceramic types by SEM

Point of Emax CAD Heat pressed Emax
Surface P-value
measurement Mean Mean SD
M 49.79 47.35 48 .47 104.03 0.091
D 4544 18.25 15.60 17.24 0.043*
Center
B 16.99 18.29 37.63 17.64 0.027*
L 54.68 88.14 26.83 6.34 0.003*
M 165.72 59.86 69.73 74.04 <0.001*
Occluso-Axial D 95.00 42.88 45.07 28.78 <0.001*
Angle B 180.74 151.34 24.57 5.20 <0.001*
L 191.53 149.78 24.64 6.78 <0.001*
M 5245 11.52 26.71 14.94 <0.001*
D 49.65 16.00 17.29 14.46 <0.001*
Axial
B 30.07 15.05 59.65 26.11 <0.001*
L 123.08 146.54 32.29 13.90 <0.001*
M 137.68 3247 32.90 25.70 <0.001*
D 139.02 23.08 28.08 12.85 <0.001*
Shoulder Area
B 42.80 9.98 37.65 22.05 0.066
L 39.60 13.26 18.80 3.97 <0.001*
M 82.84 66.28 44 61 69.88 <0.001*
Total D 85.63 46.80 2421 20.71 <0.001*
ota
B 69.30 102.88 38.78 21.27 <0.001*
L 98.79 121.88 25.53 8.92 <0.001*

*: Significant at P < 0.05
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Fig. (4): Bar chart representing the comparison of the internal fit of the two ceramic types by SEM

Comparison between the internal fit of the two

ceramic types by CBCT

At the Center point; Emax CAD showed
statistically significantly higher mean gap than
heat pressed Emax at the distal, buccal and lingual
surfaces. At the mesial surface, there was no
statistically significant difference between the two

ceramic types.

At the Occluso-Axial angle; Emax CAD
showed statistically significantly higher mean gap

than heat pressed Emax at all surfaces.

At the Axial point; Emax CAD showed
statistically significantly higher mean gap than heat

pressed Emax at all surfaces.

At the Shoulder Area; Emax CAD showed
statistically significantly higher mean gap than
heat pressed Emax at all surfaces except the buccal
surface, where there was no statistically significant

difference between the two ceramic types.

Asregards the overall mean gap at all surfaces;
Emax CAD showed statistically significantly higher

mean gap than heat pressed Emax at all surfaces.

TABLE (4): Mean, standard deviation (SD) values
and results of comparison between the
internal fit of the two ceramic types by

CBCT
) I Heat pressed
Point of 2 | Emax CAD
= Emax P-value
measurement 55
Mean | SD | Mean | SD
M | 025 {019 | 021 [0.13 0.124
D 026 | 0.12 | 020 [0.14| 0.013*
Center
B 0.19 | 0.15| 0.10 [0.06 | 0.022*
L 022 | 0.14 | 0.15 [0.18 | 0.049*
M | 029 [ 022 ] 0.04 |0.08| <0.001%**
Oceluso- 71028 [ 0.18 | 0.06 | 0.12 | <0.001%
Axial
B 021 | 0.16 | 0.04 |0.08 | <0.001%**
Angle
L 026 | 0.13 | 0.10 |0.20 | <0.001%**
M | 0.18 | 0.12 | 0.04 |0.08 | <0.001**
D 022 | 0.13 | 0.03 |0.05| <0.001%**
Axial
B 0.18 | 0.16 | 0.06 |0.08 | <0.001%*
L 0.16 | 0.21 | 0.05 |0.09 | <0.001%**
M | 024 [ 012 | 0.03 |0.06| <0.001%*
Shoulder D 0.15 | 0.08 | 0.08 |0.15| <0.001%**
Area B 0.11 | 006 | 0.09 |0.18 0.082
L 025 | 0.13 | 0.03 |0.06 | <0.001%**
M | 024 | 006 | 0.08 |0.09| <0.001%*
D 025 | 007 | 0.11 |0.16 | <0.001%**
Total
B 0.15 | 0.02 | 0.07 |0.01 | <0.001%**
L 022 | 0.09 | 0.08 |0.05| <0.001%**

*: Significant at P < 0.05

*%: highly Significant at P < 0.01
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Fig. (5): Bar chart representing mean gap distance values of the two ceramic types measured by the CBCT

Comparison between the two observers of the
CBCT

Among the Emax CAD crowns, there was no
statistically significant difference between the
two observers as regards the mean gap distances
measurements at the center point; occluso-axial
angle, axial point and shoulder area as well as the
overall mean gap at all surfaces. This indicates the
reliability of measuring technique despite of the

change in observers.

Among the heat pressed Emax crowns, there
was no statistically significant difference between
the two observers as regards the mean gap distances
measurements at the center point, occluso-axial
angle, axial point and shoulder area as well as the
overall mean gap at all surfaces. This indicates the
reliability of measuring technique despite of the

change of observers.

Correlation between CBCT and SEM measure-
ments

A positive correlation was found between CBCT
and SEM internal fit measurements for the mesial,
lingual and total surfaces.

TABLE (5): Comparison between observer 1 and 2
as regard Emax CAD measurements by

CBCT
° Observerl Observer2
Point of 3
“ *P-value
measurement | 2 | Mean | SD | Mean | SD
M 025 [0.19 | 022 [0.15] >0.05
D 026 [ 0.12 | 028 [0.10 | >0.05
Center
B 0.19 [ 0.15| 0.17 | 0.2 >0.05
L 022 [0.14 | 020 [0.12| >0.05
M 029 | 022 | 028 |0.18| >0.05
Occluso-
. D 028 [0.18 | 026 [0.14 | >0.05
Axial
Angle B 021 [0.16 | 023 [0.12| >0.05
L 026 [ 0.13 | 028 [0.14 | >0.05
M 0.18 [ 0.12 | 0.17 [0.10 | >0.05
D 022 | 0.13 | 0.21 |0.09| >0.05
Axial
B 0.18 [ 0.16 | 0.16 [0.15| >0.05
L 0.16 [ 021 | 0.19 [ 024 | >0.05
M 024 (012 | 022 [0.14 | >0.05
Shoulder D 0.15 [ 008 | 0.16 [0.10 | >0.05
Area B 0.11 | 006 | 0.12 | 007 | >0.05
L 025 [ 0.13 | 023 | 0.11 >0.05
M 024 [ 006 | 023 [020]| >0.05
D 025 [ 007 | 024 [0.07| >0.05
Total
B 0.15 [ 002 | 0.17 | 0.01 >0.05
L 022 (009 | 023 [0.12| >0.05

*: Non Significant at P > 0.05
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Fig. (6): Bar chart representing mean gap distance values of Emax CAD by the two observers of CBCT

TABLE (6): Comparison between observer 1 and 2 as regard heat pressed Emax measurements by CBCT

Point of Observerl Observer2
Surface *P-value
measurement Mean SD Mean SD
M 0.21 0.13 0.19 0.10 >0.05
D 0.20 0.14 0.23 0.15 >0.05
Center
B 0.10 0.06 0.12 0.07 >0.05
L 0.15 0.18 0.14 0.16 >0.05
M 0.04 0.08 0.06 0.07 >0.05
Occluso-Axial D 0.06 0.12 0.07 0.10 >0.05
Angle B 0.04 0.08 0.05 0.07 >0.05
L 0.10 0.20 0.11 0.21 >0.05
M 0.04 0.08 0.06 0.06 >0.05
D 0.03 0.05 0.02 0.04 >0.05
Axial
B 0.06 0.08 0.07 0.09 >0.05
L 0.05 0.09 0.04 0.08 >0.05
M 0.03 0.06 0.02 0.04 >0.05
D 0.08 0.15 0.10 0.12 >0.05
Shoulder Area
B 0.09 0.18 0.12 0.16 >0.05
L 0.03 0.06 0.01 0.03 >0.05
M 0.08 0.09 0.09 0.10 >0.05
D 0.11 0.16 0.14 0.16 >0.05
Total
B 0.07 0.01 0.09 0.03 >0.05
L 0.08 0.05 0.07 0.04 >0.05

*: Non Significant at P > 0.05
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Fig. (7): Bar chart representing mean gap distance values of heat pressed Emax by the two observers of CBCT

TABLE (7): Results of Spearman’s correlation
for the correlation between internal fit
measurements by CBCT and SEM

Correlation
Surface . P-value
coefficient
M 0.707 0.022%
D 0.546 0.09
B 0.139 0.701
L 0.802 0.005%*
Total 0.570 <0.001*

*: Significant at P < 0.05

DISCUSSION

A wide improvement in the microstructure of all
ceramic restorations has been made with a rendition
of marginal gaps approaching that of metal
ceramics. The IPS Emax press and IPS Emax CAD
were designed for better mechanical strength and
better marginal adaptability with excellent esthetics.
A recent clinical study by Gehrt M et al.V verified
that IPS Emax press crowns placed in the anterior
and posterior regions had a survival rate of 94.8%
over 8 years.

This study assessed the marginal and internal
adaptation of heat pressed and chair side processed
CAD/CAM lithiumdisilicate. The technique affected

the marginal adaptation favoring the laboratory
made heat pressed Emax. A single preparation
was made to nullify the preparation effect on the
marginal and internal fit. The master preparation
was duplicated 20 times with Addition PVS known
for its precision and accuracy. Duplication was made
with epoxy resin dies known for their accuracy
in fine detail reproduction and their resistance to
wear during fabrication of the lithium disilicate
copings. This was in accordance with Ji et al. “? ,
Reich et al. ®¥, Tidehag et al. ™, Cho et al. “Y and
Renne et al.“>. Fabrication of the CEREC copings
were done following a standardized method by a
Professor and a master technician withl0 years’
experience with the material, in the faculty of Oral
and Dental Medicine, Cairo University. The copings
were cemented to facilitate cross-sectioning for the
SEM examination. This method is known for its
accuracy of recording the desired measuring point,
repeatability and avoidance of the damage of the
crown margin from repeated use of the master die
as employed in the direct viewing method, also the
horizontal misfit could be assessed which is not
possible by the direct viewing “9.

Regarding the SEM measurements, the heat
pressed Emax in this study showed a mean vertical
gap distance for all the surfaces of 22.8 ym +5.2
less than Neves FD et al. ® who reported a mean
36.8+13.9, and close to Cho er al.“» who reported
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a mean value of 27.2 ym and 35.1 ym on chamfer
and shoulder finish line with a conclusion of no
statistical difference between the 2 finish line
designs in their study. In a study by Mclean JW and
von Fraunhofer JA ® it was shown that marginal
gaps of 120 um were clinically accepted and
margins less than 50 ym were clinically difficult to
assess. Therefore the measurements verified in the
results of our study were by far less than 120 ym.

As for the Emax CAD, the mean vertical gap
distance for all the surfaces was 47 ym (x16.7)
which is significantly greater than the heat pressed
Emax. This value was close to the results of Hamza
TA et al” 40 ym (£6.7) and also close to Neves
FD et al. ® reporting a value of 39.2 ym (+ 8.7).
The overall marginal gap was more than Pimenta
et al @ for IPS Zirconia with a measured value of
76.19 um. Despite the differences in the measuring
methods -the SEM, binoculear microscope and
micro CT- with respect to the previously mentioned
authors together with the variation in the number
of the samples. All these studies were in vitro
therefore one can conclude that in vitro studies has
the advantage of providing standardized conditions
of preparations and experimental procedures
resulting in repeatable assessments. The differences
between the heat pressing procedure and the CAD/
CAM is that steps in the former are consolidated
and the thermal expansion of the investment is
matched with the ceramic material, but errors in the
preparation design are easier to handle with, in the
laboratory procedures according to Renne W et al.
@9 The INEOS CEREC in lab has a laser scanner
with a documented accuracy of recording data
for the restoration designation. Additionally, the
MXCL milling unit has 4 axis for milling —which
is a great improvement- but other units like the
Everest for example have 5 milling axis producing
better internal complexities and better marginal
adaptation, according to Neves FD er al. ®® and
Hamza TA et al.?.

The ability of a diagnostic system to accurately
evaluate the fit of a fixed restoration is essential
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in determination of its outcome. There have been
many studies in which different methods were used
to evaluate the internal and marginal fit of such res-
torations ®”. Evaluation of the marginal adaptation
can be performed either qualitatively or quantita-
tively. Qualitative assessment can be done by direct
visualization and by the sense of touch using an ex-
plorer. However, this technique is considered to be
a difficult diagnostic task, particularly when the res-
toration margin is interproximal and subgingival 1.

Analyses involving a scanning electron
microscope (SEM) has also been repeatedly used
for evaluation of the crown-to-die fit. However,
it is an invasive technique requiring sectioning,
and hence scarification, of the examined tooth,
which makes it inapplicable for in-vivo studies .
Consequently, we chose to measure the internal fit
of fixed restorations with both SEM and CBCT.
Cone beam computed tomography is a radiographic
modality which provides more detailed and precise
image information unachievable with conventional
radiography while adding a third dimension that
immensely assists in radiographic interpretation “V,
CBCT imaging systems provide images with sub-
millimeter isotropic voxel resolution achieving a
level of spatial resolution that is accurate enough
for measurement where precision in all dimensions

is important @7

Studies have demonstrated that
acceptable accuracy can be obtained from CBCT
applications

evaluation of small osseous defects. For periapical

clinically

measurements for oral requiring
lesions evaluation, CBCT views can give accurate
measurements in comparison with the real lesions
diameter “”. Furthermore, Kamburoglu K ez al.*® in
his study, concluded that the cross sectional views
of CBCT gave highly accurate measurements when
compared to the real physical measurements and the

same was confirmed by Naser A and Mehr B“#?.

Several studies have proved that the linear
measurements derived from CBCT scans were
reliable, highly accurate and reproducible compared
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to digital calipers ©%°Y. The linear measurement
accuracy of CBCT was tested in various units and
was found comparable to the real measurements ©2.

Moreover, no significant difference has been
found between the accuracy of CBCT measurements
in the axial and coronal sections because the voxels
in CBCT are isotropic and this would result in the
same image quality in the three orthogonal image
planes ©®.

As regards the CBCT measurements carried
out in this study, five bucco-lingual sections were
examined in each restoration as well as five mesio-
distal sections separated by 0.5 mm intervals. In
their study about the influence of preparation design
on the fit of ceramic crowns using micro-CT, Kim
JH et al. " chose similar sections, although with
different intervals. Similarly, in another study
conducted to compare the marginal and internal
adaptation of crowns fabricated with CAD/CAM
and heat-press techniques by micro-CT, Mously
HA et al. " took their measurements on the axial
and occlusal surfaces in five mesio-distal and five
bucco-lingual sections. In our study, the internal fit
of the restoration was measured in each section at the
shoulder area, axial wall and occluso-axial line angle
bilaterally as well as at the occlusal surface. Similar
points were chosen for micro-CT measurements of
the crown-to-die fit by Pimenta MA et al. ' and by
Colpani et al. " and they considered these points
sufficient and reliable to evaluate the adaptation of
the crowns.

To the best of our knowledge, no previous
studies have been conducted to measure the internal
fit of fixed crowns by CBCT. This made our task
difficult as regards comparing our results with
other researchers work. However, considering the
scanning electron microscope as the gold standard,
a positive correlation was found between its results
and those of the CBCT for the mesial, lingual and
total measurements. The statistical analysis of
the measurements revealed that both CBCT and
scanning electron microscope proved that Emax

(111)

CAD had a statistically significantly higher mean
gap than Heat pressed Emax at all the points on all
the surfaces as well as regards the overall mean gap
of all the surfaces except at the center point on the
buccal surface where the SEM revealed that Heat
pressed Emax showed a statistically significant
higher gap than Emax CAD, and at the axial point
on the buccal surface where the SEM showed no
statistically significant difference between the two
ceramic types.

There was no statistically significant difference
between the two observers as regard the mean gap
distances measurements for all the points as well as
for the overall mean gap at all the surfaces both for
the Emax CAD and the Heat pressed Emax crowns.
This indicates the reliability of the CBCT despite
the change of observers. Similar high interobserver
reliability of the CBCT measurements was found by
Moshfeghi M et al. (38) and by Oz U et al.(53).

CONCLUSIONS

Within the limitations of the present study, the
following conclusions can be made:

1. The fabrication technique significantly affects
the fit of lithium disilicate crown-copings favor-
ing the heat pressed Emax.

2. The measurement values of the internal fit for
both ceramic types were different, however,
they were both within the clinically acceptable
range.

3. CBCT has the potential to become a routine non-
invasive diagnostic tool for evaluation of the
internal fit of fixed crowns. Unfortunately, this
application has not been previously explored.

RECOMMENDATIONS

Further studies should be conducted evaluating
CBCT as a measuring tool for assessing the internal
fit of fixed crowns on a larger sample size with soft
tissue simulation while using different voxel sizes.
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