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Introduction

Abstract

BACKGROUND: Ceramic laminate veneer restoring is considered a challenging modality in solving various esthetic
dental problems.

AIM: The purpose of this study was to investigate the effect of digital internal relief space on the color of ceramic
laminate veneer.

MATERIALS AND METHODS: An acrylic central incisor model was prepared for ceramic laminate veneer with
standard measures. The prepared acrylic resin dentotype model was scanned with intraoral computer-aided
design/computer-aided manufacturing (CAD/CAM) optical scanner (CEREC Omnicam|Dentsply Sirona). The
laminate veneer design was planned on the optically scanned preparation on CAD/CAM system software (CEREC
software|Dentsply Sirona). Thirty ceramic laminate veneer specimens were machined from zirconia-reinforced
lithium silicate (Celtra Duo blocks, Dentsply/Sirona) according to standard design by CAD/CAM system with the
change of the digital internal relief space settings. The specimens were divided into three groups according to their
digital internal relief settings (IRS) (20, 60, and 100 um) (n = 10). Thirty epoxy dies were duplicated from the prepared
acrylic model. The ceramic laminate veneer specimens were cemented to epoxy dies with total etch resin cement
system according to the manufacture instructions. The color change (AE) of the cemented ceramic laminate veneer
specimens was measured by spectrophotometer (Vita Easy shade, Ivoclar Vivadent AG, Schaan, Liechtenstein)
using the CIELAB scale and L*, a*, b*. Each specimen was measured two times (before and after cementation).
The value of color difference (AE) was calculated according to the formula: AE = [(L',-L",)* + (a,-a )’ + (b b ") 7™

RESULTS: The highest mean value of AE was recorded in G100 group (1.91 £ 0.33), followed by G60 group (1.83
+ 0.09), with the least value recorded in G20 group (1.49 + 0.49). Analysis of variance test revealed a statistically
significant difference between groups (p = 0.024).

CONCLUSION: The change of the digital IRS affects the color of ceramic laminate veneers.

CAD/CAM technology makes it possible to
set the cement space digitally using software settings.
It has been reported that different settings have an

In modern esthetic dentistry, ceramic laminate
veneer restoring is considered one of the most conservative
solutions for many esthetic complications, as minimal teeth
malformation, malposition, and discoloration. This treatment
modality has revealed an outstanding outcome [1], [2].

Many ceramic materials are recently optimized,
regarding their mechanical and esthetic properties, to
be used for ceramic laminate veneers restoring, with
various thicknesses and translucencies [3].

Furthermore, ceramic adhesion systems are
greatly improved to enhance their optical, physical, and
mechanical properties, thus the final overall quality of
the bonded ceramic restoration has been improved [4].

Computer-aided design/computer-aided
manufacturing (CAD/CAM) technology plays a great
role in ceramic restoration designing and manufacturing,
especially ceramic laminate veneers, regarding the
ease of manufacturing, time saving, and accuracy [5].

impact on the final properties of the cemented ceramic
restorations [6], [7].

The ability of achieving matched final ceramic
laminate veneer color is a great challenge that affects
the esthetic success of the treatment.

The hypothesis of this research is that the internal
relief space affects the color of the ceramic laminates.

Materials and Methods

Ceramic laminate veneer acrylic dentotype
preparation

Two sectional calibrating matrices were
fabricated before preparation on an acrylic resin
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dentotype upper central incisor model (horizontal and
vertical sections).

Ceramic laminate veneer preparation was
done following the standard preparation measures, with
labial preparation with average 0.5 mm, supragingival
chamfer finish line, and 2 mm butt joint incisal
preparation. The preparation was verified using the two
calibrating matrices (Figure 1).

Figure 1: Preparation calibration using sectional calibrating index

The tooth was polished with a nylon bristle
brush and polishing paste at 5000 rpm in a slow speed
headpiece (Figure 2).

Figure 2: Resin dentotype ceramic laminate veneer preparation

Ceramic laminate veneer specimens
fabrication

The prepared upper central incisor acrylic resin
dentotype was scanned with intraoral CAD/CAM optical
scanner (CEREC Omnicam|Dentsply Sirona). Laminate
veneer design was planned on the optically scanned
preparation on CAD/CAM system software (CEREC
software|Dentsply Sirona) with 0.5 mm thickness and
2 mm incisal height. The design parameters were set
according to zirconia-reinforced lithium silicate (Celtra
duo; Dentsply/Sirona) manufacturer parameters. The
internal relief setting (IRS) parameter was adjusted to

Figure 3: Internal relief space setting (a) IRS =20 um, (b) IRS = 60 um,
(c) IRS =100 um

20 pym (Figure 3a), then 10 ceramic laminate veneer
specimens were milled from Celtra Duo blocks by Sirona
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Cerec MC XL — Dental Milling Machine: IRS20 group.
The IRS parameter was adjusted to 60 pm (Figure 3b),
then 10 ceramic laminate veneer specimens were
milled: IRS60 group. The IRS parameter was adjusted
to 100 uym (Figure 3c), and then, 10 ceramic laminate
veneer specimens were milled: IRS100 group. Hence,
a total of 30 ceramic laminate veneer specimens were
milled and divided into three groups n = 10, according
to internal relief space setting parameter (Figure 4).

Figure 4: Ceramic laminate veneer milling

Epoxy resin dies fabrication

A cylindrical mold was fabricated to be used
as a customized impression tray [8]. An impression
was taken to the dentotype upper central incisor model
using a polyvinyl siloxane addition silicon impression
material (Hydrorise, Zhermack, Italy) (Figure 5).

Figure 5: (a) Plastic mold, (b) dentotype tooth duplication

The impression space was poured with freshly
mixed epoxy die material (Chema poxy150 3D, CMB
chemicals, Egypt) [9]. The epoxy resin dies were left
for 24 h to ensure complete setting and then separated
from the silicon impression material and checked
for any imperfections using magnification loupes
(Figure 6). This procedure was repeated for 30 times to
fabricate 30 epoxy dies with the same laminate veneer
preparation. A total of 30 die specimens were randomly
divided into three equal groups, n = 10.

Figure 6: The duplicated epoxy die

Cementation procedures

The ceramic fitting surfaces of the ceramic
laminate veneer were acid etched by hydrofluoric acid
etch 5% (for 20 s) (Porcelain Etchant, BISCO, USA).
The acid etch was water rinsed for 20 s, then cleaned in
ultrasonic bath for 3 min and dried with oil-free air stream.
The silane coupling agent (Porcelain Primer, Bisco,
USA) was applied to the fitting surface of the veneer and
allowed to dry for 1.5 min. A layer of universal bonding
agent (all bond universal, Bisco, USA) was applied
without light curing followed by gentle air thinning. The
surface of the epoxy die was acid etched with 37%
phosphoric acid (Prime-Dent Etchant Gel, Prime-Dent)
for 30 s then rinsed. A layer of universal bonding agent
(all bond universal, Bisco, USA) was applied without
light curing followed by gentle air thinning. The adhesive
resin cement (Choice 2 veneer, Bisco, USA ) shade
A1 was applied on the fitting surfaces of the ceramic
laminate veneers [10], [11]. The veneer was seated on
the abutment tooth following its path of insertion and
sustained with finger pressure by a single operator[12].
The excess cement was wiped off and the veneer was
tack light cured for 3 s to be secured in place. A glycerin
gel was applied on the restoration margins to cover the
cement air inhibited layer immediately after removal of
excess cement. The specimen was light cured for 20 s
on each side using light curing unit then the margins
were finished using abrasive discs for 10 s (Sof-Lex,
3M, ESPE, St. Paul, MN, USA) (Figure 7).

Figure 7: Cemented ceramic laminate veneer on epoxy die model

Factorial design

A total of 30 ceramic laminate veneers
specimens cemented to epoxy dies were fabricated.
The 30 specimens were divided into three groups;
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n = 10, according to the internal relief space value
(IRS); Group 1: IRS = 20 ym, Group 2: IRS = 60 pm,
and Group 3: IRS =100 ym.

Color parameter measuring

The optical condition of all specimens was
standardized by fixing the lightening conditions and
putting over a white background. Each specimen was
measured 2 times (before and after cementation).

With a spectrophotometer (Vita Easy shade,
Ivoclar Vivadent AG, Schaan, Liechtenstein) using the
CIELAB scale and L*, a*, b*. The probe tip of the device
was placed on the central part of the labial surface
of the laminate veneer and the color was measured.
Spectrophotometer recalibration was done after each
group color data collection. The value of color difference
(AE) was calculated according to the equation:

AE=[(L,-L')*+(a,-a )%+ (b,-b )" [13]

- (L*) represents lightness, (a*) for green-red
and (b*) for blue, yellow.

- (1) represents the color measures before
cementation and (2) represents the color
measure after cementation.

AE < 3.3 was taken as standard clinically

acceptable color difference measure [14].

The AE of the three groups was compared to
investigate the effect of the internal relief space on the
color of the ceramic laminate veneers.

Statistical analysis

Normally distributed variables were compared
using one-way analysis of variance (ANOVA) test.
Adjustments of p value were done using the Bonferroni
method for multiple testing.

All p-values are two sided. p < 0.05 was
considered statistically significant.

Data management and statistical analysis
were performed using the Statistical Package for the
Social Sciences version 18.

Results

The highest mean value was recorded in G100
group (1.91 £ 0.33), followed by G60 group (1.83 £ 0.09),
with the least value recorded in G20 group (1.49 + 0.49).
ANOVA test revealed a statistically significant difference
between groups (p = 0.024). Bonferroni test revealed
that group G60 was not significantly different from each
of G20 and G100 groups (Table 1 and Figure 8).
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Figure 8: Bar chart illustrating mean AE color in different groups

Bonferroni test means sharing the same
superscript letter is not significantly different.

Table 1: Descriptive statistics and comparison ofAE color in
different groups (ANOVA test)

AE Mean  Std. Std. 95% confidence Min. Max. F Sig.
color deviation error interval for mean
Lower  Upper
bound  bound
G20 1.49°  0.49 0.15 1.14 1.84 0.87 215 4.283 0.024*
G60 1.83*° 0.09 0.03 1.77 1.89 1.71 1.93
G100 1.91° 0.33 0.10 1.68 2.15 1.59 2.61
Significance level p < 0.05, *significant. ANOVA: Analysis of variance.
Discussion

Various glass-ceramic materials can be used
in fabrication of ceramic laminate veneers.

Recently, a zirconia-reinforced lithium silicate
glass-ceramic is introduced for dental CAD/CAM
applications, as Celtra Duo and Vita Suprinity, for the
fabrication of inlays, onlays, partial crowns, veneers,
and anterior and posterior crowns [15], [16].

The color of the ceramic laminate veneer is
considered a superior quality that affects the success
of the esthetic restoring.

Many factors can affect the color of ceramic
laminate veneer as the material [15], [17] and the
thickness of veneering ceramic [18]. Furthermore,
the resin cement composition and brand [19], [20],
color [14], [21], and thickness [22] can affect the
final color of the cemented ceramic laminate veneer.
Hernandes et al. [14] investigated the effect of two
different resin cement shades (A1 and A3) on color
change, translucency parameter (TP), and chroma of
low (LT) and high (HT) translucent reinforced lithium
disilicate ceramic laminates. Two translucencies of
a lithium disilicate glass-ceramic material (IPS e.max
Press HT and LT, A2 shade, n = 5/each; Ivoclar Vivadent,

40

https://www.id-press.eu/mjms/index



El Azeem and Mohsen. Effect of Internal Relief on Ceramic Veneers

Schaan, Liechtenstein) were used in the study. Two
shades of one dual-cured resin cement (Variolink 11, A1-
and A3-shade, Ivoclar Vivadent) were applied to 1 mm
thick ceramic discs to create thin RC layer (100 uym
thick) under the ceramics. The RC was cured using
light from a LED curing unit. The color change (AE) of
ceramic discs was measured according to CIEL*a*b*
system. AE of 3.3 was set as the threshold of clinically
unacceptable color change. There was a significant
difference in AE, TP, and chroma values for the factors
ceramic translucency and cement shade (p < 0.0001)
with power higherthan 90%, but no statistically significant
interaction between factors was detected (p > 0.05) for
any of the evaluated parameters. The AE value obtained
for HT ceramic was significantly higher than that of LT
ceramic, regardless of RC shade. Furthermore, the AE
was significantly higher when A3 shade RC was used
than when A1 shade cement was placed under the
ceramics, regardless of ceramic translucency. Hence,
they concluded that the translucency of the ceramic
material as well as the resin cement shade can affect
the final color of the ceramic laminate veneer. Clearance
is needed between a fixed restoration and the prepared
tooth fitting surface to provide space for the luting
agent. Methods such as venting, axial grooves, and
provision of axial cement space have been used to
reduce the hydraulic pressure between the cement
and cast restoration and, therefore, improve seating,
decrease seating time, and allow the escape of excess
cement [23]. This space can be provided by manual die
spacer coats application [23]. CAD technology provides
the ability to virtually design restorations and program
the die spacer thickness [24], [25].

Ravi et al. [22] made a scoping review to
analyze the shade and thickness of resin cement
effectiveness on the final color of the veneer restoration.
The search resulted in three studies reporting the effect
of resin cement shade on porcelain. Various resin
cement systems with similar shade showed different
color parameters and changes in final translucency.
None of the studies compared the thickness parameter
of resin cement on the final color of restoration. Hence,
they claimed that the esthetic outcome of veneer
restorations is reflected by the shade of resin luting
cements, considering the mean color difference within
various cement systems. There is a crucial need for
further research to investigate the effect of cement
thickness on final color of ceramic laminate veneers
and a standardized resin cement shade classification.

Zaghloul and Mohsen [24] evaluated the optical
behavior of three different CAD/CAM veneer materials
with different internal relief spaces and different cement
shades. Sixty samples were constructed and classified
according to the type of materials into three main groups
() IPS e.max CAD MT, (IlI) VITA Vitablocs Mark Il, and
(1) Vita Suprinity (n = 20). Each group was subdivided
into two subgroups (n = 10) according to the internal
relief space (100 ym and 30 ym). Each subgroup was

further subdivided into six classes according to the
four types of trial cements used. The color test was
done using reflectance spectrophotometer device (Vita
Easy shade V). The color was measured in different
combinations of laminate veneer material, internal relief
space, and trial insertion paste color on composite resin
abutment A3. The luminous transmittance exhibited a
statistically significant dependence on different ceramic
restorations with a cad cam veneers in different internal
relief spaces and different cement shade combinations
(p <0.05). Hence, the conclusion was that the underlying
color of the tested trial insertion pastes caused color
change (AE > 3.7) for all ceramic material used in this
study. However, there was no significant difference
between the effect of the two shades of internal relief
spaces (30 and 100 uym ) with different shades of the
trial cement pastes on translucency of each ceramic
material.

The aim of this study is to evaluate the effect
of different internal relief space setting on the color of
ceramic laminate veneer fabricated from CAD/CAM
zirconia-reinforced lithium silicate glass-ceramic (Celtra
Duo blocks; Dentsply/Sirona).

The internal relief space setting was controlled
during designing of the laminate veneer by Cerec
software (Dentsply/Sirona).

Three internal relief space settings, 20, 60, and
100 um, were investigated according to the average
clinically applied measures [26], [27].

The tests revealed that all the groups showed
color change. The threshold of color difference below
3.3 is considered clinically acceptable [14], [28].

In this study, the color changes were below this
threshold. The differences caused by cements could be
detected by a human eye but could still be clinically
acceptable.

The highest value was in G100 with a significant
difference from G20 that reflects the significant impact
of changing the internal relief space setting on the color
of the ceramic laminate veneer.

Conclusion

It can be concluded that the digital internal relief
space setting can affect the color of ceramic laminate
veneer. Although some of these differences may not be
clinically noticeable with the difference of the digital IRS,
it should be taken in consideration during fabrication of
ceramic laminate veneer.

The limitation of the study was the in vitro
investigation of the color change on epoxy models.
Further in vivo studies may be needed.
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