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Background: The study aimed to assess effect of smokeless tobacco (ST) immersion with thermocycling (TC) on color of Vita
Classical shade-guide, surface roughness (Ra) and roughness depth (Rz), and compressive fracture force (CFF)
of hybrid polymer-infiltrated-feldspathic ceramic (Vita Enamic), leucite-Feldspathic glass (Vitablocs® Mark II),
and zirconia-reinforced lithium silicate (Vita Suprinity) CAD/CAM prosthetic ceramic materials.
Material/Methods: A 48 samples were milled from Vita Enamic, Vita mark I, and Vita Suprinity. VitaPan shade-guide, Ra, and Rz
were registered before ST immersion. Then, the same parameters were recorded again after 15 days of ST
staining with and without TC. CFFs and fracture modes of samples after 3 months of aging were documented.
Results: A slight change was observed in VitaPan shade-guide. Ra and Rz of Vita Suprinity (VS) recorded the highest
values among ceramic groups at 3 time intervals. Increases in Ra and Rz were observed after immersion and
staining with TC. ANOVA and Bonferroni post hoc tests were used. Significant differences among and between
groups were noticed only before immersion in ST and TC, with P value >0.00. The highest mean value and SD
of CFFs (MPa and Newton) were recorded in Vita Suprinity, followed by Vita Enamic (VE) and Vita mark Il (VMII).
Reparable fracture was higher in VMII and VS.
Conclusions: ST staining and TC caused color changes in VitaPan shade-guide and increases in Ra and Rz of tested mate-
rials, with highest and lowest values recorded in VS and VE. CFFs were marginally equal to clinically accepted
values for VS and equal or slightly higher than the half values for VE and VMII groups.
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Background

Prosthetic CAD/CAM dental ceramics have become a tremen-
dously significant material in day-to-day prosthesis manufactur-
ing because of their numerous advantages, such as long clinical
survival rate, good translucency, durability, biocompatibility, col-
or brightness, and intensity properties as natural non-stained
teeth, and excellent long-term esthetic qualities [1,2]. As a con-
sequence of continuing improvements, several materials have
been utilized to fabricate ceramic prosthesis; these materials
include hybrid polymer-infiltrated feldspathic ceramic-network
material (VE), leucite-containing feldspathic glass (Vitablocs®
Mark 11), and zirconia-reinforced lithium silicate (VS) CAD/CAM
prosthetic ceramics [1,3-5]. For a number of years, feldspathic
prostheses have been the most widely used restorative materi-
alin the esthetic zone due to clinical longevity and the accept-
ed aesthetics of restoration [4,5]. Currently, in modern dental
practice, zircon-based ceramic is considered one of the most
popular materials to construct ceramic prostheses [6-8], due
to its superior mechanical properties and excellent biocompat-
ibility compared with other dental ceramics [9-11].

Globally, tobacco demand has surged in the last several de-
cades. The World Health Organization estimates that the
number of smokeless tobacco (ST) users now exceeds 1.3 bil-
lion people. In several areas of the world, tobacco has cultur-
al overtones, although its use is a preventable cause of oral
cavity, cancerous, and pre-cancerous diseases and can cause
death [12]. ST is usually prepared locally [13-15], with a typical
snuff-dipping form including species-specific tobacco leaves,
such as Nicotiana rustica and Nicotiana glauca [14]. In addi-
tion, it is largely manmade, prepared by crushing of the tobac-
co along with ash, oils, calcium oxide, flavors, and black pep-
per [15]. ST is widespread in southern regions of Saudi Arabia
(Khameis Moushiet, Najran, and Jazan), where it is used orally
or nasally [5,14,15]. In these regions of Saudi Arabia, ST use is
observed in individuals as young as 13-17 years old [13,14].
Mostly, these products are habitually positioned in the mouth
(vestibule) for a duration between 7-15 min [5,13-15]. Alkhatib
reported that, similar to cigarette smokers, ST users exhib-
it brown discoloration of their upper and lower frontal teeth
(area of the positioning of ST) [16].

The surface roughness (Ra) and depth roughness (Rz) of pros-
thetic dental ceramics in the oral environment are directly re-
lated to highly polished surfaces, subcritical crack propagation,
and chemical inertness of material atoms, thereby enabling them
to prevent degradation in the oral cavity during functions [17].
Ra and Rz decrease the biomechanical and esthetic value of
prosthetic restorations and growing susceptibility to aging [18].
Plaque retention with surface staining consistently occurs on
rough surfaces of dental restorations [19,20] and cause abra-
sive damage to opposing dentition [21]; however, it can also
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be weakened by the presence of surface flaws or/and cracks,
which can lead to prosthesis and ceramic material failure [7,22].

All CAD/CAM ceramic materials have different microstructures,
grain size, and grain distribution. The dissimilarity of micro-
structures has an important effect on the clinical performance
of these materials. A profilometer device, which measures Ra
and Rz, is a useful device for quantifying the microstructure
and assessment of the surfaces of ceramic specimens [5,20,23].
Thermocycling (TC) is a popular method of artificial accelerat-
ed aging of ceramics because it reproduces the oral environ-
ment as an extrinsic factor [24-26]. The water aging method
includes standardized thermal variations with baths ranging
from 5°C to 55°C for several cycles. The TC method can affect
the longevity of restoration and simulate the behavior of ce-
ramic materials in the oral environment [20,27,28].

Few studies have investigated the effect of ST on the color of
different ceramic materials used for prosthesis construction,
since ST can cause color and/or surface changes in restora-
tions [29]. However, the effects of ST on CAD/CAM prosthet-
ic materials have seldom been studied, and the extent of col-
or and surface changes remains unclear. This paper aimed to
assess and compare the effect of ST immersion (15 days) with
TC on the Vita Classical shade guide color, surface topography
(Ra and Rz), compressive fracture forces (CFFs), and fracture
mode of hybrid polymer-infiltrated feldspathic ceramic-net-
work material (VE), leucite-containing feldspathic glass (VMII),
and zirconia-reinforced lithium silicate (VS) CAD/CAM pros-
thetic ceramics. The null hypothesis indicates no difference in
Vita Classical shade guide color, Ra, and Rz before and after
15 days ST staining. In addition, no difference was hypothe-
sized regarding the values of CFF and fracture mode after 3
months of aging and 15 days of coffee immersion among the
CAD/CAM prosthetic materials used in this study.

Material and Methods

Study Design and Sample Calculation

In this study, 3 commonly used and commercially existing CAD/
CAM prosthetic ceramic materials were utilized to estimate the
effect of ST immersion for 15 days with TC on Vita-pan shade
guide color, Ra, Rz, CFFs, and fracture mode of CAD/CAM pros-
thetic ceramics. The sample size was calculated with Open Epi
software (Version 2.3.1, Department of Epidemiology, Rollins
School of Public Health, Emory University, Atlanta, USA), with
the result revealing the need for a minimum of 48 samples at
P=5% with 90% confidence level. The minimum sample size
required was used in this study, and the mean differences
could not be detected between different ceramic type tested.
Figure 1 shows the sequences of steps followed.
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Figure 1. Flowchart showing the study design.

Specimen Construction, Grouping, and Cleaning

The CAD/CAM prosthetic materials were hybrid polymer-in-
filtrated feldspathic ceramic-network material (VE), leucite-
containing feldspathic glass (VMII), and zirconia-reinforced
lithium silicate (VS) materials (Vita Zahnfabrik, H. Rauter Bad
Sackingen, Germany). A total of 48 (16 for each material)
samples of machinable CAD/CAM prosthetic blocks were cut
into square slices with a thickness of 1.5+0.2 mm and dimen-
sion of 14x12 mm? with the assistance of a CAD/CAM system
(Amann Girrbach, Germany). Then, the samples were polished
by 300-800-grit silicon carbide papers to gain an even thick-
ness. Next, the samples were sintered in a dental ceramic fur-
nace (Programat P310; Ivoclar Vivadent AG) for 2 h at 1550°C,
in accordance with the manufacturer’s directions. Samples for
each group of material (16 samples) were further divided into
3 equal subgroups of 8 based on the type of CAD/CAM pros-
thetic types. The samples were ultrasonically scrubbed with
distilled water to remove any grease residue for 10 min and
then dried for 20 s with compressed air prior to immersion [30].
A single operator (S. AlQ) works with the samples, following
the directive presented in the leaflet of each CAD/CAM pros-
thetic ceramic type.

Vita Classical Color Parameter Measurements

The VitaPan classical shade guide (Vita Zahnfabrik H. Rauter
GmbH & Co. KG, Bad Sackingen, Germany) assessments were
performed by a blind trained operator immediately after the
samples came from the laboratory; these assessments were
considered as “before.” Ahead of each measurement, the cases
were lightly rinsed with distilled water and air-dried. The colors
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of specimens were assessed with a spectrophotometer (Vita
Easyshade® Compact, Vita Zahnfabrik H. Rauter GmbH & Co. KG,
Bad Sackingen, Germany) version V against a gray background
to mimic the non-existence of light in the oral cavity. This action
was done in accordance with the VitaPan shade guide accord-
ing to ISO/TR 28642: 2016. All specimens were chromatically as-
sessed 3 times, and the median values were determined [31,32].

Arithmetic Surface Roughness and Surfaces Depth
Measurements

The surface topographies (Ra and Rz) for the samples were ac-
complished via a three-dimensional non-contact surface me-
trology with interferometry (Bruker Contour GTK, Bruker Nano
Surfaces Division, Tucson, AZ, USA). The samples were mea-
sured by upright scan interferometry using 5x Michelson am-
plification lens through a field of interpretation of 1.5x1.5 mm?,
Gaussian regression filter, a scan speed of 1x, and a thresh-
old of 4. The microscope has a Vision 64 (Bruker) software
package that controls the tool locations, statistical evalua-
tion, and graphical output. Measurements of Ra and Rz were
conducted twice across the samples at 2 time intervals, at
baseline, and after coffee immersions and 3 months of aging
[20,23,33,34]. Each sample was scanned 3 times with 0.08 mm
length. Then, the average was obtained to calculate the arith-
metic Ra and Rz values (in um) following the 1SO 11562 ap-
provals for normalization.

Specimen Immersion in Smokeless Tobacco

All specimens were dipped in and stained with ST (Locally made
in Jazan) for 15 days, as stated earlier [4,5]. The ST sample was
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mixed with water to achieve a certain thickness. Then, the spec-
imens were immersed in ST for 10 min, with a constant weight
bearing down on the specimens to ensure that they remained
immersed for 10 min (the actual use time for ST) to mimic the
intensity generated during dipping of ST. The ST preparations or
blouse were replaced twice daily based on real-world use [5,13].
The immersion period was 15 consecutive days, simulating 1
year of drinking coffee [28,33]. Throughout the immersion cy-
cles, the specimens were continuously stirred in the ST mix in
an incubator at 37°C (Globolytics Single Phase Bacteriological
Incubator, Globolytics Instruments Pvt Ltd., Valasaravakkam,
Chennai, Tamil Nadu, India). At the end of each day, the spec-
imens were rinsed under running distilled water and gently
dried to remove any ST residue [33,34].

Thermocycling with Aging and Post Immersion Color
Measurements

After immersion in ST for 15 days, the samples were removed
from the distilled water of the aging machine, and TC process
was performed in 5°C water and 55°C water in each tank in
accordance with the following sequence and ISO 11405 stan-
dards, with a total number of 7500 cycles, followed by rins-
ing with distilled water and spot drying with tissue paper.
VitaPan Classical color parameters measurements were per-
formed following the same protocol regarding position, back-
ground, and operator and were recorded as post-immersion
readings [2,23,28].

Compressive Fracture Force Test

The values of CFFs were determined with a computer-controlled
universal testing machine (Zwick Z010/TN2A, Ulm, Germany) at
an across-head speed of 0.5 mm/min by means of a rod with
4 mm diameter as proposed in ISO 6872 and in air at room
temperature. The tip of 3-mm-radius hemispherical stainless
steel was pointed to the center of each sample after the ap-
plication of a 0.5 mm thermoplastic resin tape between the
force loading tip and the strained CAD/CAM sample surfaces.
This tape was used to uniformly distribute the fracture forces
for each sample. Along the longitudinal axis, CFFs were applied
at the center of each specimen until fracture, and the maxi-
mum force load of each sample was recorded automatically (in
MPs and Newtons) by a computer connected to the working
apparatus [28,35,36]. The CFF tests for all samples were car-
ried out at the King Saud University, Biomaterial Laboratory,
College of Dentistry, Riyadh, Saudi Arabia.

Fracture Mode Assessments
The fracture modes were classified based on the following

types: 1) reparable fracture, in which the sample was broken
in 2 half or 50-50% of the original shape; 2) semi-reparable
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fracture, in which the samples fracture resulted in 3-4 pieces,
and each piece was 20-35% of the original size of the speci-
men; 3) non-reparable fracture, in which each sample fracture
ended or showed 5 or more pieces [28].

Statistical Analysis

The meanzstandard deviation (SD) of Ra and Rz of the CAD/CAM
prosthetic specimens of Vita Enamic, Vitablocs® Mark II, and
Vita Suprinity were documented before and after (Ra and Rz
change) immersion in ST with TC and aging for 15 days. The
CFFs and fracture modes of the tested materials were applied
after aging for 6 months. We used SPSS version 16 (SPSS Inc.,
Chicago IL, USA) for data analysis. The results with P values
less than 0.05 were interpreted as statistically meaningful.
We performed ANOVA, followed by Bonferroni post hoc test
if there was a significancy between and within the groups.

Results

The minimum calculated samples size (48 samples) was used
and divided into 3 groups and then into 2 groups according to
thermocycling cycles or not. The VitaPan Classic shade guide
changes were considered for the tested ceramic types. All sam-
ples showed changes in color at baseline (B1) after 15 days of
immersion. After the immersion period, Vita Classical shade
(B1) remained the same, represented as 75%, 62.5%, and 50%
of VMII, VS, and VE materials, separately, whereas the highest
change value was 25%, that the transformation to Al color,
for VE and VMII, followed by 18.8% for VS for the same color.
However, C1 had recorded values of 25% and 18.8% for VE
and VS, individually. No significant differences were detected
between and within groups (Figure 2).

Table 1 reveals the Ra and Rz values of VE, VMII, and VS pros-
thetic CAD/CAM materials before immersion and TC and af-
ter immersion with ST and with or without TC for 15 days.
Overall, the Ra values of VS were the highest among the ce-
ramic groups at the 3 interval measurements (before immer-
sion and TC, after immersion without TC, and after immersion
with TC) with mean (SD) of 0.37 (0.032), 0.19 (0.179), and 0.22
(0.230), respectively. The lowest mean (SD) values were re-
corded among the VE samples: 0.21 (0.037), 0.15 (0.174), and
0.18 (0.190). In addition, the Rz values were in parallel with
the Ra values regarding the type of prosthetic materials and
values throughout triplicate measurements (Table 1). The RA
and Rz for all prosthetic CAD/CAM groups showed enhanced
mean and SD after TC for 15 days (Table 1). The analysis of
variance (ANOVA) test showed significant changes among and
between groups in terms of the Ra and Rz before immersion
in ST and TC, with P value ><0.001 (Table 2).
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Figure 2. Vita Classic shade color before and after immersion.

Table 1. Mean and SD values of Ra and Rz of the used ceramics.

Parameter Type of ceramic Mean and SD

Vita Enamic
Ra before immersion and TC

Vita Suprinity 0.19 (0.179)
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" vitaEnamic 015 (015)
Ra after immersion with ¢~~~ vilaMarkl 018 (0190)
"""""""""" vitaSuprinity 022 (0230)

Rz after immersion & with TC

Vita Suprinity

Bonferroni post hoc testing among the different prosthetic
CAD/CAM materials, Ra, and Rz (before immersion and TC, after
immersion without TC, and after immersion with TC) showed a
statistically significant difference in Ra before immersion in ST
and TC for Vita Enamic, Vita Suprinity, and Vita Mark II, with P
value 0.001. In addition, a significant difference with the same
P values was recorded for Rz before immersion in ST and TC
for the same tested materials (Table 3).

This work is licensed under Creative Common Attribution-
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The highest mean value and SD of CFFs (MPa) were observed
in Vita Suprinity, followed by Vita Enamic and Vita mark II, with
values of 103.59, 60.69, and 36.91, respectively. The same or-
der was recorded for the tested materials with the mean and
SD expressed in Newtons: VS > VE, >VM |l (Table 4). ANOVA
test exhibited significant changes among the tested groups
with P value 0.001 for the CFF values (MPa and Newtons).
Bonferroni post hoc testing between the different CAD/CAM
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Table 2. ANOVA test values for Ra and Rz of the used prosthetic materials.

Parameter ssquu'zr: df sn::::e F p-value
Arithmetical surface roughness (Ra)
 etweengoups 028 2 o104 11231
Ra before immersion & TC Within groups 002 a5 o001 0.000*
Ctotal o0 47
- Betweengoups 055 2 028 1129
Ra after immersion without € Within groups 1102 s 024 0332
CTotal L5 P
 getweengoups 044 : 0022 os94
Ra after immersion & with TC Within groups 1677 s 0037 0.557
CTotal 1 P
Roughnessdepth ®)
 etweengroups 0241 : I 0121 970844
Rz before immersion & TC  Within groups 0056 s 0001 0.000*
CTotal 0207 P
 getweengoups 0117 > 0058 1666
Rz after immersion without TC Within groups 1576 s 0035 0.200
Ctotal 1693 w
 etweengoups 0126 : I 0063 1237
Rz after immersion & with TC  Within groups 2203 s os1 0300
CTotal 2419 P

prosthetic groups and CFF values in MPa and Newtons showed
a statistically significant variance between groups, with P val-
ue ><0.001 (Table 4). Figure 3 presents the values of CFFs in
MPa and Newtons in the X- and Y-axis.

Based on the definitions of fracture types presented in the
methodology, reparable fractures were recorded in 75% of
VMII and VS, whereas the remaining 25% were semi-repara-
ble. VE contained 56.3% and 43.8% non-reparable and semi-
reparable fractures, respectively (Figure 4).

Discussion

In the present in vitro study, VitaPan Classical shade guide color
changes, Ra, and Rz were evaluated using 3 types of CAD/CAM
prosthetic materials. VitaPan shade guide color was assessed
before and after 15 days of ST immersion and staining with
TC, whereas Ra and Rz were evaluated before ST immersion

and TC, after ST immersion without TC, and after ST immer-
sion with TC. The null hypothesis ie, the VitaPan shade guide
color, Ra, and Rz) showed no difference from previous values,
during, and after ST staining and TC and was rejected. Overall,
changes occurred in the color of VitaPan Classical shade guide,
which agrees with previous studies [31-32]. The Ra and Rz for
all tested prosthetic CAD/CAM materials showed increased
mean and SD after TC for 15 days, which agrees with the re-
sults of Aldosarie et al and Al Moaleem et al [20,27], but dif-
fers from the values recorded by Vasiliu et al [23].

In the last several decades, VitaPan Classical shade guides
have been used to select tooth color for prostheses. The mis-
match or inaccuracy of this process is easily noticed in prac-
tice. A device has been developed to overcome the shortcom-
ings using a visual guide. A spectrophotometer is a device that
records minute color variations, and its information can be ex-
plained in numbers. It has various advantages, such as accu-
racy, ability to investigate the main components of a series of

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€936885-6




Algahtani S.M.:
Optical and mechanical properties of CAD/CAM materials...
© Med Sci Monit, 2022; 28: €936885

DATABASE ANALYSIS

Table 3. Post hoc (Bonferroni) multi-comparison tests.

Vita Enamic Vita Mark Il

Type of ceramic

Vita Suprinity

Arithmetic surface roughness

Vita Enamic = 0.000* 0.000*
Ra before immersion and TC VltaMarkII 777777777777777777777777777 0000* 77777777777777777777777777777 - 0001* 777777777777
vitasuprinity 0000+ o001* -
"""""""""""""""""""""""""""""" vitaEnamic
Ra after immersion without TC VltaMarkII 77777777777777 Non-significant
Vit Suprinity
""""""""""""""""""""""""""""""" vitaEnamic
Ra after immersion with TC - VitaMarkil Non-significant
Vita Suprinity
 Surfaces depth measurements
"""""""""""""""""""""""""""""" VitaEnamic - 0000 0000
Rz before immersion & TC CvitaMarkll 0000+ - 0000
vitaSuprinity 0000t 0000 -
"""""""""""""""""""""""""""""" vitaEnamic
Rz after immersion without TC V|taMarkI| 77777777777777 Non-significant
Vit Suprinity
"""""""""""""""""""""""""""""" vitaEnamic
Rz after immersion & with TC VltaMarkII 77777777777777 Non-significant
vitaSuprinity
Table 4. Mean and SD values of CFFs by ANOVA followed by Bonferroni test of the ceramics used.
Parameter Type of ceramic Mean and SD P value
Vita Enamic 60.69 (2.999)"8 0.000*
Compressive forces (MPa) Vita Mark 11 36.91 (1.429)"8
Vita Suprinity 103.59 (2.875)A¢
Vita Enamic 476.66 (49.237)A8 0.000*

Compressive forces (Newton)

Vita Suprinity 832.17 (96.477)78

Different superscript letters indicate statistically significant difference withing the respective subgroup (p<0.05) based on ANOVA
followed by Bonferroni tests.

spectra, and the ability to change information to several col-
or-measuring schemes [5,20,31]. In addition, the device is in-
expensive, easy to use, and is frequently used by investiga-
tors [37,38]. The Vita Easy Shade color spectrophotometer has
better ability compared with other types of spectrophotome-
ters. It can be used during daily clinical dental practice and in
laboratories for dental research, with several limitations [39].
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With the VitaPan classical shade guide (B1) before the ST im-
mersion and TC for 15 days, B1 (whiter colors) shades remained
unchanged in most of the samples in the 3 tested prosthet-
ic CAD/CAM materials. However, 25% of the samples of Vita
Enamic and Vita Mark Il changed into Al shades (whiter col-
ors), with no significant differences. In-parallel outcomes were
documented by Derafshi et al, who demonstrated significant
deviations and changes into darker colors after 24 and 72 h
and 7 days of staining in chlorhexidine mouth wash. These
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Vita Enamic
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0
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Vita Enamic VitaMark Il Vita Suprinity Total
Ceramic type
M Reparable [ Semi-reparable [l Non-reparable

Figure 4. Percentage of fracture mode.

variations can be attributed to the type of ceramic substanc-
es tested; we tested VE, VMII, and VS, but Derafshi et al test-
ed other ceramic materials, namely, zirconia, and e.max sam-
ples, with different components and chemical structures and
manufactured by other companies [40]. In addition, with the
B1 VitaPan classical shade guide, VE and VS showed 25% and
18.8% changes, respectively, into C1 and C2 (darker color) af-
ter 2 weeks of ST staining, which agrees with the results of
Adawi et al, who reported similar changes for similar materials
after immersion in hot and cold coffee for the same duration
of immersion [31]. Similarly, the color of different feldspathic

Figure 3. Values of compressive fracture forces in MPa and Newtons.

ceramics changed from whiter (B1) into darker tones (C1) af-
ter 2 weeks of khat immersion [32]. The highest unchanged
color after ST immersion was observed in leucite-containing
feldspathic glass (Vitablocs® Mark I1) samples, which coincid-
ed with the results recorded by Al Moaleem et al, who found
that feldspathic ceramic exhibits minimum color change and
stability because it has no glass filler, which consistently keeps
the surface smooth enough after immersion. Hence, we sug-
gest utilizing feldspathic ceramic contents whenever possible
for our ST patients [32]. In a recent study conducted in 2022,
color deviations to lighter shades in relation to the VitaPan
classical shade guide were recorded and became evident after
white and black ST immersion for 2 weeks of Vita Suprinity,
Mark Il, and Enamic [5].

TC is a prevalent procedure of artificially improved CAD/CAM
ceramic aging because it duplicates the oral natural environ-
ment as an extrinsic change [23,41]. The water aging technique
features identical thermal variations, with bath temperatures
reaching from -5 to 55°C for several cycles. This method can
affect the durability of CAD/CAM prosthesis and can simulate
the performance of ceramic restoration in the oral cavity and
environment [23,25,42]. The Ra and Rz for the tested materi-
als were higher after immersion and TC. Similar findings were
recorded in CAD/CAM and heat-processed materials tested
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by Vasiliu et al [23]. A study conducted in 2022 showed that
black and white ST affected the Ra of Ceramill Zolid PS, Vita
Suprinity, and Vita TriLuxe restorative materials after 2 weeks
of immersion [5]. The values of Ra of Vitablocs Mark II, metal
ceramic feldspathic materials, zirconia, and natural teeth were
higher after khat immersion and TC for 5000 cycles in compar-
ison with values observed before khat staining [27]. Similar
findings were recorded by Aldosari et al [20], in which Ra af-
fected all the tested samples (VS, VE, and VMII), and a study
by Hajhamid et al on zirconia [7], offering greater values for
the polished specimens next to TC. Surface treatments such
as type of glazing or polishing had significant impacts on Ra
and Rz after TC [23].

Vasiliu et al found that the Ra and Rz of the pressed and
milled samples were below 0.2 um after TC, and this affects
the colonization of bacteria. Ra has a direct effect on biofilm
development. This procedure leads to periodontal inflamma-
tion, but it can also increase the staining of CAD/CAM ceram-
ic restorations. The results of this study showed that several
of the tested milled ceramics displayed less change after TC
in terms of Ra, whereas the heat-pressed ceramics displayed
more significant changes after TC compared with the first one;
this finding is explained by the grain size, which almost tripled
for the heat-pressed ceramics. In this study, all tested materi-
als showed increases after TC, with the highest Ra and Rz of
0.37 and 0.42 pm, respectively. The Ra or Rz of samples with-
out TC were unaffected [20,23,25,27].

To correlate the outcomes of this spectrophotometric in vitro
laboratory study with the in vivo clinical conditions, we cre-
ated the following scenario: If 1-day storage is equal to 30-
days drinking of staining liquids, then the 2-week packing
used throughout the current in vitro immersion would corre-
spond to 14 months of an in vivo clinical setting [43]. In an-
other scenario, specimen aging at 3-month intervals for this
in vitro soaking period is equal to 10 years of the survival rate
of the CAD/CAM prosthetic materials in the oral cavity and en-
vironment [44].

The values of CFF and fracture modes before and after ST stain-
ing with TC and aging were different for the tested CAD/CAM
prosthetic materials. Thus, the second null hypothesis was re-
jected. In the present study, glazed surfaces had significantly
higher compressive fracture values compared with polished
ones. This finding agrees with that of Alakkad et al [45], who
discovered a relationship between the surface treatments (sur-
face glazing) in increased fracture strength compared with pol-
ished surfaces for restorations made by CAD/CAM, with high-
ly significant differences between the two surfaces of the
tested samples, such as IPS e.max CAD, Celtra Duo, and IPS
Empress CAD. Al Moaleem et al [28] recorded a considerably
higher compressive force for feldspathic CAD/CAM materials
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(Vita Triluxe 396.25) compared with the value recorded in the
present study (Mark Il 290.59); however, the zirconia group
recorded an equal compressive force (777.42 N) in compari-
son with the 832.17 N obtained for the Vita Suprinity used in
the present study. Vita Suprinity CAD/CAM prosthetic materi-
als had the highest fracture strength in comparison with Vita
Enamic or Vita Mark I, similar to the findings of Bankoglu and
Sieper et al, who also recorded slightly higher fracture forces
among zirconia or nano-ceramic samples [46,47]. Savas et al
reported a higher compressive fracture (in Newtons) for ce-
ramic materials fabricated by CAD/CAM using Lava Ultimate
(1525), IPS Empress CAD (1364), and CEREC (1232) after ac-
celerated artificial aging [36]. These force values were higher
than those recorded in the current study — 832, 477, and 291
N for Vita Suprinity, Vita Enamic, and Vita Mark Il, respective-
ly. These variations can be attributed to the various composi-
tions of CAD/CAM tested materials, although they had a simi-
lar fabrication process. In addition, Savas et al [36] showed no
significant difference among the groups according to ANOVA,
with P value=0.304, and this outcome differs from results of
the present study.

All specimens were CFF-loaded until fracture by a universal
testing machine after 15 days of ST immersion. Different frac-
ture modes were recorded. Reparable fractures mainly occurred
with Vita Mark Il and Suprinity, which is different from the find-
ing of Alahmari et al [35], who recorded mostly catastrophic
fractures among tested crowns made of IPS e.max CAD. This
finding can be explained by the recording of measurements
conducted for the CFF for crowns cemented to natural teeth
extraorally, whereas in the present study, we assessed CAD/
CAM ceramics in the form of rectangular blocks. Also, similar
findings recorded after CAD/CAM composite crowns fracture
testes with aging [21]. Savas et al recorded a smaller percent-
age of fracture mode (reparable) for zirconia and IPS Empress
CAD after accelerated artificial aging [36]. Similar values and
percentages, as chipping and bulk fracture, were recorded by
Vafaee et al [48] after static load applications: 60% and 40%
for Vita Enamic samples and less than 50% and 50% for Lava
Ultimate ceramic type (Zircon type). In the present study, semi-
reparable and non-reparable fracture modes were mainly ob-
served in Vita Enamic, and lesser results were noted in Vita
Suprinity and Vitablocs Mark Il (25%) samples. These findings
parallel the results of Al Moaleem et al, who examined zirco-
nia and feldspathic ceramics [28]. For further understanding
and analysis of fracture mode types, longer storage period and
mechanical tests should be carried out.

The present study tested Color, Surface Characteristics,
Compressive Fracture, and Fracture Modes of Vita Enamic,
Vitablocs Mark I, and Vita Suprinity CAD/CAM materials. In
further studies, some unexplored variables could be explored
to augment the results of the present study, such as flexural
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strength [49], hardness [50], and shear strength [51]. A main
drawback of the present in vitro study is that it did not precise-
ly simulate the real oral cavity and clinical conditions, which
could have resulted in different consequences because of the
existence of prosthetic materials, subjects’ saliva, continuous
shifting of pH, lack of periodontal ligament chewing cycles,
one-directional axial loading, and stress in the oral environ-
ment. Long-term clinical investigations are recommended to
assess the patterns of Ra, Rz, color changes, fracture forces,
and mode of materials currently used in prosthetic dentistry.

Conclusions

The following conclusions were drawn for the current labo-
ratory study. ST staining and TC caused slight VitaPan color
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changes in Vita Marc Il and Vita Suprinity and moderate chang-
es in Vita Enamic samples. Ra and Rz increased in all the test-
ed materials after staining and TC, with the highest values ob-
served in Vita Suprinity samples. CFFs were marginally equal to
the clinically accepted amounts for Vita Suprinity (in MPa and
Newtons), but they were half the clinically accepted values for
Vita Enamic and Mark Il. Most of the specimens in Vita Mark Il
and Vita Suprinity samples showed reparable fractures, where-
as non-reparable and semi-reparable fractures were equally
recorded in Vita Enamic.
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