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veneers for the six subgroups were milled. A circle with 20 different sections

was placed at the center of every scanned specimen to measure four different

locations (Occlusal, Axial, Marginal, and Absolute marginal discrepancy). Data

were analyzed using two-way ANOVA at a 0.05 level of significance. There was

no statistically significant effect of material type on the mean values of

internal and marginal gaps for the three cement space parameters (P>0.05).

There were no statistically significant differences in the occlusal and axial gap Key Words: Occlusal veneer;

between the cement space parameters, furthermore, there were statistically
significant differences in marginal gap distances and absolute marginal )
discrepancies (P>0.05). Hybrid all-ceramic showed smaller marginal and cement space; microCT
internal discrepancies than zirconia-reinforced lithium silicate glass-ceramic evaluation; CAD/CAM
without statistically significant differences, and, for both materials, 50 pm

cement space significantly improved the marginal fit and absolute marginal

discrepancy.

marginal and internal gaps;

Introduction

Extensive destruction of occlusal enamel leads to loss of occlusal contacts and ultimately to the
formation of parafunctional activities (1). The use of a full-coverage crown could be considered a
debatable intervention as it involves additional loss of tooth structures for the already affected dentition
(2). For this reason, occlusal veneer restoration represents an appropriate treatment modality (3-5).
Improved CAD-CAM technologies and materials, contributed to the introduction of precise restorations
with a reasonable fit for non-retentive conservative preparations with a minimal thickness which still
enjoys excellent esthetic and mechanical properties (6).

Recently, hybrid ceramic material has been presented, characterized by its high degree of
strength and elasticity, therefore, allowing to use of thinner restorations (7-10). Optimization of Lithium
silicate glass-ceramic with approximately 10 wt % zirconia provides positive characteristics with
improved translucency. It stands out as a new aesthetic, strong, and applicable material for dental
CAD/CAM restorations (11). In addition to preparation design, the impression technique, and the milling
procedure, the digital cement space setting plays an important role in the marginal and internal accuracy
of the CAD/CAM restorations (12). Poor marginal adaptation can affect the integrity of the cement seal
leading to caries, plaque accumulation, and finally, periodontal diseases. In addition, an increase in the
internal gap could further decrease the fracture strength of ceramic restorations due to the different
load concentrations in these areas (13).

Die spacers application has been effectively used for heat-press and lost-wax procedures to
produce suitable marginal and internal gaps, allowing crown restorations to be fully seated. Crown
restorations created with (CAD/ CAM) technologies, on the other hand, normally have their spacer
thickness specified during the software's design phase. However, the most appropriate spacer thickness
setting for proper occlusal veneer adaptation is uncertain (14). To assess the marginal and internal
adaptation, sample sectioning followed by microscopic evaluation was used, but this method is a
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destructive procedure in addition to the loss of some details of the samples (15,16). The microcomputed
tomography (microCT) scan is considered the most efficient and non-destructive investigational
approach for both marginal and internal adaptations (17).

This study was directed to assess the marginal and internal adaptation for occlusal veneer
restoration using two types of CAD/CAM materials (zirconia-reinforced lithium silicate glass-ceramic and
polymer-infiltrated ceramic network) with three different cement space settings (30 pm, 40 pm, and 50
um), using microCT scans. The null hypotheses to be tested were that there are no differences in the
marginal and internal adaptations between (1) the two materials used to fabricate the occlusal veneer
and (2) the three tested digital cement space parameters.

Materials and methods

Tooth preparation

A typodont mandibular right first molar (KaVo Dental, Biberach, Germany) was prepared for
occlusal veneers by a medium grit tapered diamond bur with a rounded end, using a milling machine
(BEGO. PARASKOP, Bremen, Germany). The tooth was prepared as follows: 1.5 mm height extending from
the margin to the occlusal plane, 1 mm circumferential rounded chamfer, and rounded Axio-gingival
angle with 1.0 mm curvature radius (18). 1.5 mm axial reduction with 6° tapering angle, 1.0-1.5 mm
anatomically shaped occlusal reduction (19). (Figure 1) Finally, three dimples were made at the level of
cementoenamel junction on mesial, distal, and buccal surfaces using round diamond bur (they were used
as guides to standardize the position of the die and its corresponding occlusal veneer within the mold
during scanning).

6* tapering angle

Figure. 1 Schematic representation for Occlusal veneer preparation guidelines.

Master die replication and sample grouping

60 resin master dies were made by replicating the prepared tooth using the Cerec inLab 3D
system (Sirona, GmbH. D-64625 Bensheiu, German). The dies were randomly and equally assigned to two
groups (n=30) according to the materials, group (I): zirconia-reinforced lithium silicate glass-ceramic
(Vita Suprinity; VITA Zahnfabrik, Bad Sickingen, Germany), and group (I1): Hybrid all-ceramic material
(Vita Enamic, VITA Zahnfabrik, Bad Sackingen, Germany) (Table 1). Then, each group was subdivided into
three equal subgroups (n=10) according to the cement space parameters (30, 40, and 50 pm) (12,21).

Table 1 Brands, abbreviations, description, composition, and manufacturers of the materials used in this study.

Brand name Description Composition Manufacturer
Vita Suprinity zwcgma—remforced “th.lum 10% zirconia glass - ceramic VITA Zahnfabrik
(VS) silicate glass - ceramic
, . e . O fine
Vita Enamic polymer-infiltrated ceramic 86% fine . structure feldspar VITA Zahnfabrik
(VE) network ceramic,14% polymer

Digital impression, designing, milling, and crystallization
The master dies were homogenously sprayed using fluorinated hydrocarbon pigment suspension
(Optispray, Sirona Dental Systems GmbH), then digital impressions of all master dies were made using
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the Cerec scanner (Ineos Blue scanner, Sirona Dental Systems GmbH). The same occlusal veneer design
with identical external contours for all groups was made. A simulated cement space of 25 pm strap of
0.5 pm above the finish lines was designed, then, additional cement spaces of 30 pm, 40 pm, and 50 pm
were set forming the following three tested subgroups for each type of material, a (25-30), B (25-40),
and C (25-50) (19-22).

After designing each type of occlusal veneer material, the data was sent to the Cerec in Lab
milling unit (Sirona dental system GmbH. D-64625 Bensheim, German) for occlusal veneers milling. After
the milling process, occlusal veneers for the vita suprinity samples were crystallized in program at the
P310 furnace (Programat P310, Ivoclar Vivadent AG, Schaan/Liechtenstein). No adjustments were made
to the ceramic veneers before marginal and internal adaptation measurements (18,23).

Sample's position standardization

To ensure standardization of the sample's position during scanning, one master dies with its
corresponding occlusal veneer placed in a mold with dimensions of 4X3X3 cm filled with light body
polyvinyl siloxane (3M, ESPE, Express, Dental Products, St Paul, USA) from its buccal side until mesial and
distal dimples are covered, then, a stainless steel wire (0.1mm) was embedded parallel to the longitudinal
axis of the mesial side (used as a fixed starting reference point) (19).

MicroCT Scan procedures

The occlusal veneers were seated onto their corresponding dies without any luting medium (20).
A circle with 20 different sections (wa ith 9° increase for each) was placed at the center of the
standardized position of every scanned specimen (19, 24) as illustrated in (Figures 2 and 3) to measure
four different locations as follow: -

[1] Occlusal gap: the mean of the three occlusal values: After dividing the length of the occlusal
surface into four equal parts, one measurement at the middle and one at the middle of each half were
taken.

[2] Axial gap: The mean of two right and left axial values: in the middle of axial walls.

[3] Marginal gap: The mean of two right and left marginal values at the middle of the finish line.

[4] Absolute marginal discrepancy value (AMD): The mean of two right and left distances
between the margin of occlusal veneer and die margin (12,16).

Images with a resolution of 9.77 pm [pixel were acquired from 20 slices and were used to
measure four sites per slice (occlusal, axial, marginal, and absolute marginal discrepancy) with a total of
80 measuring values for each tooth (12,22). Each tooth was scanned using microCT (Viscom X8060,
Viscom AG, Hannover, Germany) with the following setting parameters: Operation at 130 kV, tube
current at 160 mA, a 5 - mm thick aluminum plate, 15 X magnification, 4.9 s exposure time.

/[\

R

Figure 2. Schematic representation for samples segmentation on the resin die.
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Figuere 3. 2D schematic representation for samples segmentation on the horizontal CT scan image.

Measurement procedures

The digital data were developed using reconstruction software (XVRCT, Viscom AG, software
version 1.07), and converted into a tagged image file format (TIFF) for the subsequent segmentation
(Definiens Developer XD 2.1.1, Definiens AG, Munich, Germany). Using (trabecular thickness) algorithm
option by the image processing and analyzing software (Image J, FUJI); the absolute marginal
discrepancy (AMD), marginal and internal adaptation have been measured (25-27).

Statistical analysis

The sample size and power analysis were calculated using statistical software (nQuery Advisor,
version 7.0). The sample mean and standard deviation variance was 84.19 + 13.69; accordingly, a sample
size of 30 per group (10 per cement space parameter) was considered satisfactory to obtain a type | error
for power more than 0.99 of alpha of 0.05.

Statistical analyses were performed with statistical software (IBM SPSS Statistics v22.0; IBM
Corp). The Shapiro-Wilk test of normality confirmed that the data were normally distributed (P>.05).

A Two-way ANOVA test has been used to identify the main effect of material types and cement
space settings on each site of measurement (Occlusal, Axial, Marginal and absolute marginal discrepancy)
followed by One - way ANOVA with post hoc tests (LSD) for each effective variable (exhibited statistical
significant difference) separately within cement space parameters.

Results

A total of 1200 images were obtained for all tested samples (20 sections X 60 samples), including
ten occlusal veneer [subgroup and four measuring value /slice with 4800 measuring values. A summary
of mean gap values, standard deviations, minimum and maximum gap values) in micrometer (um) for
both materials (Vita Enamic and Vita Suprinity) at the four tested sites (Occlusal, Axial, Marginal, and
Absolute marginal discrepancy) for the three tested cement spaces (30, 40, and 50 um) are shown in
(Table 2).

Regarding the effect of material factor, the two-way ANOVA test indicated no statistically
significant effect for the four tested locations (occlusal, axial, marginal, and absolute marginal
discrepancy) (P -values = 0.121, 0.09, 0.233, and 0.168 respectively). (Table 3)

Regarding the effect of the cement spaces factor, the two-way ANOVA test indicated that there
was no statistically significant effect for both occlusal and axial sites) (P-Value = 0.265 and 0.06
respectively) while there was a statistically significant effect for both marginal and absolute marginal
discrepancy (P-Value = 0.00 for both). (Table 3)
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Table 2. Descriptive means and standard deviations of internal and marginal gaps in micrometer
(um) for both materials at the four tested sites.

Occlusal Axial Marginal AMD
. 30 um 90.41+8.67 80.15+6.96 75.47+6.97 96.04+4.88
g § 40 pum 91.33+5.43 83.55+5.68 69.24+7.04 90.22+5.93
- 50 pm 94.1948.18 84.42+6.83 56.34+7.67 79.88+8.36
- 30 um 92.37+9.92 82.60+5.88 77.06+6.31 99.35+9.25
g % 40 um 96.46+9.81 86.19+8.29 72.53+7.06 93.42+5.64
A 50 um 97.23+7.84 87.93+5.23 57.79+6.17 80.76+6.45

AMD: absolute marginal discrepancy

Table 3. Two - way ANOVA results for the main effect of materials and cement spaces factors

Location Source SS:J:r(()efs df S'\élfj::e F Value V:I-ue
Occlusal Materials 171.366 1 171.366 2478 A21
Spaces 188.361 2 94.181 1.362 .265

Axial Materials 123.267 1 123.267 2.969 090
Spaces 246.207 2 123.103 2.965 .060

Marginal Materials 66.908 1 66.908 1.456 233
Spaces 3923.826 2 1961.913 42.696 .000*

AMD Materials 90.996 1 90.996 1.952 .168
Spaces 3122.798 2 1561.399 33.502 .000*

* P Value is significant at the 0.05 level
AMD: absolute marginal discrepancy

One-way ANOVA test for multiple comparison statistics at marginal and absolute marginal
discrepancy revealed that from 30 to 40 pm cement spaces, there were no statistically significant
differences in the gap distances for both tested materials (P values = 0.064 and 0.057 respectively for
Vita Enamic) (P-values = 0.132 and 0.08 respectively for Vita Suprinity). From 30 to 50 pm and from 40
to 50 um there were statistically significant differences in the gap distances for both tested materials (P
values = 0.000). (Table 4 and Table 5)

Table 4. Multiple comparisons statistical results for cement spaces at the marginal gap and absolute
marginal discrepancy for Vita Enamic.

95% Confidence

Spaces pm .Mean Std. P- Value Interval
Difference Error Lower Upper
Bound Bound
= 30 - 40 6.239 3.235 .064 3989 12.877
o % 30 -- 50 19.134° 3.235 000 12.496 25.772
§ = 40 -- 50 12.895" 3.235 .000 6.257 19.533
ué 30 - 40 5.822 2932 .057 1946 11.839
= % 30 -- 50 16.157° 2.932 .000 10.140 22.174
40 -- 50 10.335" 2932 .002 4318 16.352

*. The mean difference is significant at the 0.05 level
AMD: absolute marginal discrepancy
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Table 5. Multiple comparisons statistical results for cement spaces at the marginal gap and absolute
marginal discrepancy for Vita Suprinity.

95% Confidence

Spaces pm _Mean Std. P- Value Interval
Difference Error Lower Upper
Bound Bound
= 30 - 40 4.537 2919 132 1.451 10.525
z E’ 30 -- 50 19.270° 2919 .000 13.282 25.258
§ = 40 -- 50 14.733 2919 .000 8.745 20.721
fw A 30 - 40 5.929 3.255 .080 .750 12.608
b <§E 30 -- 50 18.585" 3.255 .000 11.910 25.264
40 -- 50 12.656" 3.255 .001 5977 19.335

*. The mean difference is significant at the 0.05 level
AMD: absolute marginal discrepancy

Discussion

The clinical significance of this study is that the outcomes may help in the clinical assessment
of the least cement space setting providing optimal marginal adaptation for Hybrid all-ceramic, and
zirconia-reinforced lithium silicate glass-ceramic occlusal veneers.

Based on the results of this study; cement space parameters only affected the marginal
adaptation of occlusal veneer restorations, while, the type of material did not affect, so the null
hypothesis would be partially rejected.

The material’s relationship with the luting agents plays an important role in the clinical success
of occlusal veneer restorations (28,29), therefore, the selection of the materials that were used in this
study (polymer-infiltrated ceramic network and Zirconia reinforced lithium silicate) based on their
capacity to be etched and bonded to the adhesives (30).

A previous study has postulated that the ideal value for marginal adaptation should be 100 to
200 pm to be clinically acceptable (31). Another study has considered that it should be less than 100 um.
(15) Therefore, the results of marginal and internal gaps for all tested groups presented in this study can
be considered clinically acceptable. The marginal gap values for this study were lower than those
reported by other studies (16,20). These differences may be attributed to the differences in scanning
accuracy, used materials, or preparation designs.

In this study, an extremely high resolution of microCT (9.77 pm) was used. The high resolution
increases the contrast of the image layers, which subsequently improves the gap measurements. The
microscopic evaluation inherently involves projection error due to the frontal view contrary to the
sectional view used in microCT. Furthermore, the standard selection of measurement points around the
multiple replicas is challenging (32).

In the present study, the same reproduced die was used for each veneer, and standardized
positions were used for scanning. To ensure the standardization of the computed tomography images
for all slices, each die with its corresponding occlusal veneer was placed in a prefabricated special mold
with thin stainless-steel wire (0.1mm) parallel to the longitudinal axis of the mesial side as a fixed
starting reference point.

Manual adjustment of restorations after visual inspection could greatly decrease the marginal
gap and AMD, but this technique was not applied in this study contrary to other studies (33,34).

Polymer-infiltrated ceramic exhibited marginal and internal gap values lower than that for
zirconia-reinforced lithium silicate ceramic without statistically significant differences, this may be
attributed to reduced brittleness of polymer-infiltrated ceramic providing thin and smooth margin which
enhances the milling procedure during manufacturing process unlike Zirconia reinforced lithium silicate,
which retains their crystal structure and rupture during the milling process (10).

The mean internal gap values of all tested groups did not imitate the designed cement spaces in
the design software, this result is in accordance with that of the other studies (23,35). This may be
attributed to the presence of premature contacts within the fitting surface which may change the proper
seating of the occlusal veneer and consequently increase the internal and marginal discrepancies (20).

In agreement with other previous studies (20, 23, 36), the results of the present study revealed
an inverse relationship between marginal gap distance and cement space distance with statistically
significant differences among the different virtual cement space settings within the same type of
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material as the spacer setting compensates for the inaccuracies of the fabrication workflow (which may
interfere with restoration's complete seating) to minimize the marginal gap. Therefore, a lower spacer
setting than factory recommendation may inversely increase the gap (32).

The absolute marginal discrepancy is the distance between the preparation margin and
restoration margin (It is the hypotenuse of a triangle whose sides are marginal gap and horizontal
marginal overextension), therefore, it must be greater than or in an ideal state equal to the marginal
gap (37). This study revealed that increasing cement space setting from 30 um to 50 pm resulted in a
lower absolute marginal discrepancy, this result is in agreement with other studies (36,38).

Absolute marginal discrepancy values of this study were lower than those evaluated by Yildirim
et al using vita Enamic crowns (23). The explanation of this difference may be attributed to using a
different type of restoration (occlusal veneers instead of full - coverage crowns)

Based on the microCT measurements, the comparison of the different virtual cement space
settings for each material showed a statistically significant difference concerning the accuracy of fit.
These results indicate that an increase in the cement space setting parameters improves the marginal fit.
This result is in agreement with Shim et al (36).

In this study, axial mean gap values were lower than those at the occlusal surface. This is similar
to other studies (39,40), the explanation of this difference may be attributed to that, that axial walls are
milled with the side of the instrument bur. where the occlusal surface is milled with the tip of the bur.

The major disadvantage of microCT evaluation is the formation of radiation artifacts caused by
the differences of radiation absorption coefficients between different materials during the evaluation
of the gap distances (41), in addition to the presence of radiation artifacts, time consumption, a need
for technical knowledge, and high cost (42). Based on the results of this study, the following conclusions
were drawn: 1. Vita enamic groups showed smaller marginal and internal discrepancies than vita
suprinity groups without statistically significant differences. 2. The marginal and internal gap values
were within the clinically acceptable range, and 3. For both vita enamic and vita suprinity occlusal
veneer, 50 um cement space significantly improved the marginal fit and absolute marginal discrepancy
but had no statistically significant effect on the internal gap values.

Resumo

Este estudo teve como objetivo avaliar o ajuste da restauracdo de facetas oclusais para dois
materiais CAD/CAM com diferentes configuracdes de espaco de cimento, usando microCT. Foram feitos
sessenta moldes de resina e divididos em dois grupos (n=30) de acordo com os materiais, (I): ceramica
pura hibrida, e (Il): cerdmica de vidro de silicato de litio reforcada com zirconia. Cada grupo foi
subdividido em trés subgrupos (n=10), de acordo com os pardmetros do espaco de cimento (30, 40, e 50
um). As facetas oclusais para os seis subgrupos foram fresadas. Um circulo com 20 secgdes diferentes foi
colocado no centro de cada amostra digitalizada para medir quatro locais diferentes (Oclusal, Axial,
Marginal, e discrepancia marginal absoluta). Os dados foram analisados utilizando ANOVA bidireccional
a um nivel de significancia de 0,05. Ndo houve efeito estatisticamente significativo do tipo de material
nos valores médios das aberturas internas e marginais para os trés pardmetros do espaco de cimento
(P>0,05). Ndo houve diferencas estatisticamente significativas no intervalo oclusal e axial entre os
pardmetros do espaco de cimento, além disso, houve diferencas estatisticamente significativas nas
distancias do intervalo marginal e discrepancias marginais absolutas (P>0,05). A cerdmica pura hibrida
mostrou discrepancias marginais e internas menores do que a cerdmica de vidro de silicato de litio
reforcada com zirconia sem diferencas estatisticamente significativas, e, para ambos os materiais, 50 pm
de espaco de cimento melhoraram significativamente o ajuste marginal e a discrepancia marginal
absoluta.
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