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Shereen Kotb Salem” and Rasha Sayed Asaad™

ABSTRACT

Objective: This study aimed to assess and compare the effect of thermodynamic aging on
colour stability, roughness, and flexural strength of two CAD/CAM LiZSi205 ceramics.

Materials and Methods: A total of 40 rectangular bar samples were fabricated representing
two groups according to type of ceramic (20 samples each). Group I:IPS e.max CAD and Group
II:Rosetta SM. Samples of each group were randomly distributed among two subgroups (10
samples each) according to testing procedure and thermodynamic aging condition: Subgroups 1A
and ITA (10 samples each) act as a control for flexural strength testing in non-aged condition. For
Subgroups IB and IIB (10 samples each) both colour and surface roughness (Ra) were measured
before thermodynamic aging. Then the samples were subjected again to colour, surface roughness

and finally flexural strength (MPa) tests after thermodynamic aging. Data were statistically analyzed.

Results: Neither colour nor flexural strength of the examined ceramic materials were
significantly affected by thermodynamic aging. Regarding surface roughness, Rosetta SM was
significantly affected by aging, while IPS e.max CAD did not.

Conclusion: Concerning the measured parameters Rosetta SM is comparable to IPS e.max

CAD being as clinically acceptable even after aging.
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INTRODUCTION selected ceramics for esthetic restorations due to its

D ds f ! . 1 dentist outstanding esthetics, excellent biocompatibility,
emands for glass ceramics in dentistr , . ) .
g y bonding durability and high fracture resistance as

increased owing to enhanced improvement in well as its simplified fabrication techniques through
their physical, optical and mechanical properties. CAD/CAM or pressing, CAD/CAM grants it as a

Lithium disilicate material is one of the utmost unique ceramic material of choice for both clinicians
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and laboratories. IPS Empress2 (Ivoclar, Vivadent,
Schaan, Liechtenstein) was innovated in 1998,
then in 2001 the same manufacturer introduced
IPS e.max Press which exhibits better optical and
mechanical properties. Finally in 2006, IPS e.max
CAD was presented?. CAD/CAM technique
facilitated construction of single visit monolithic
ceramic restorations from prefabricated ceramic
blocks through computer software (CAD) designing
and (CAM) machine milling®.

For many years IPS e.max series was the most
popular widely used lithium disilicate reinforced
ceramic. However, new brands were lately
introduced as Rosetta (Rosetta, Hass, Gangneung,
Korea), AIDITE (Shenzhen, Guangdong, China),
T-lithium (Talmax, Curitiba, Brazil), and IRIS
(Tianjin, Mainland, China). Manufacturers propose
that these new ceramic brands have structural,
morphological and mechanical properties similar
and comparable to the earliest IPS e.max, but studies
that compare these materials are scarce as regards
to their mechanical and physical properties®. In
this study, the new ceramic material of choice to be

evaluated was Rosetta SM.

Colour stability greatly affects esthetic
restorations’ clinical outcome. CIE L*a*b* colour
order system, was developed by the Commission
Internationale de I’Eclairage in 1978. Nowadays, it
is commonly used in dental researches“®. Colour
is defined in terms of (L*, a*, and b*) coordinates,
which detect colour within a 3D colour space. The
colour difference (AE) is determined by calculating
differences between coordinate values for the same
object before and after being subjected to certain
conditions®. So, it has been a routine to assess
colour changes using colour measuring devices as

spectrophotometers and colorimeters.

Inesthetic dentistry, surface roughness of ceramic
restoration is a characteristic feature that might
enhance surface discoloration, and wear of opposing
teeth or ceramic restoration. Dental restorations
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with high surface roughness are proved to increase
plaque accumulation and subsequently dental
caries®. Additionally, irregularly polished surface
leads to surface roughness that deteriorates esthetic
as well as mechanical properties of a restoration .
It was recorded that smooth restorations enhance
oral comfort and patients’ hygiene®.

Ceramics are brittle materials that can be
subjected to breakage under bending forces. To
withstand intraoral masticatory forces, ceramic
restorations should accomplish sufficient strength.
Testing flexural strength is a reliable and relevant
method for evaluation of ceramic material longevity
and its ability to tolerate chewing forces®. Materials
with high flexural strength provide restorations more
resistant to fracture. Monolithic lithium disilicate
structure dissipates masticatory stresses all through
the whole restoration. Uniform distribution of
stresses with no concentration sites is necessary for
proper clinical performance as failure stresses of
ceramics are not only related to surface porosities
and flaws but also to internal disintegration” .

Both optical and mechanical characteristics
of ceramics are affected by some extrinsic factors
as oral environment. So, thermodynamic aging
is a commonly used procedure for artificial aging
of ceramics mimicking the oral environment,
simulating its effect on longevity of restorations
giving the chance to examine the behavior of
ceramic material intraorally™1¥.  Vasiliu et al
(2020)1, studied the effect of thermocycling on the
optical properties of CAD/CAM and pressable glass
ceramics. They found that aging process influenced
milled glass ceramics more than heat pressed ones,
additionally they concluded that milled groups
showed more significant change than heat pressed
regarding optical properties. A study was performed
to compare the effect of heat treatment on flexural
strength and crystalline structure of IPS e.max
CAD and Rosetta SM, the researchers reported that
both materials had similar flexural strength and
crystalline patterns™®.
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This study aimed to evaluate and compare the
effect of thermodynamic aging on colour stability,
roughness and flexural strength of IPS e.max
CAD and Rosetta SM, with the hypothesis that
thermodynamic aging would affect colour stability,
roughness, and flexural strength of both ceramics
and that there would be no difference in the behavior
between the two ceramics.

MATERIALS AND METHODS

Study Design

A total of 40 rectangular bar samples (16mm x
2mm X 2mm) were constructed and divided into
two groups (20 samples each) according to type of
ceramic used. Group I: IPS e.max CAD (Ivoclar-
Vivadent, Schaan, Liechtenstein) and Group II:
Rosetta SM (Rosetta, Hass, Gangneung, Korea).
Samples of each group were randomly distributed
among two subgroups (10 samples each) according
to the testing procedure and thermodynamic aging
condition: Subgroups IA and ITA (10 samples
each) act as a control for flexural strength testing
in non-aged condition. For Subgroups IB and IIB
(10 samples each) both colour as well as surface
roughness (Ra) were measured for each sample.
Then the samples were subjected again to colour,
surface roughness and finally to flexural strength
(MPa) tests after thermodynamic aging in a chewing
simulator.

Samples Preparation

Both CAD/CAM lithium disilicate partially
crystalized blocks (IPS e.max CAD and Rosetta
SM) HT/A3.5 Cl14 were sawed using ISOMET
4000 (Buehler, Lakebluff. USA) with water coolant
to obtain rectangular bars (16mm X 2mm X 2mm).
A digital caliper was then used to check these
dimensions. Samples of both groups (20 samples
each) were fully crystalized Programat P310 (Ivoclar
Vivadent) following manufacturers’ recommended
firing cycles with maximum firing temperature
850°C. Samples were fixed on the tray during firing
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using vita firing paste. Samples were finished using
finishing wheel (green wheel of the Eve Diapol, EVE
Ernst Vetter GmbH Rastatter Str, Pforzhei) then
cleaned using steam jet. Finally, all samples were
glazed using IPS Ivoclor glaze (Ivoclar, vivadent,)
as recommended by the manufacturer.

Testing procedures

Thermodynamic aging

Samples of subgroups IB and IIB were subjected
to thermodynamic aging which was carried out using
the four stations multi-modal ROBOTA chewing
simulator integrated with thermo-cyclic protocol
operated on servo-motor (Model ACH-09075DC-T,
AD-TECH Technology CO., LTD., Germany). The
samples were inserted in chemically cured acrylic
mold which was fixed to lower component of the
simulator. Dynamic aging was done by loading
samples vertically with 50 N by a sliding stainless
steel sphere-shaped piston for 75000 cycles at 3
Hz to clinically simulate 6 months of chewing
condition”. The piston vertical movement was 2
mm (with rising speed of 90 mm/s and descending
speed of 40 mm/s) and its horizontal movement
was 2 mm (with forward speed of 90 mm/s and
backward speed of 40 mm/s) at a torque of 2.4 N.m.
Simultaneous thermal aging was carried out by
thermo-cycling in water bath at 5°C/55°C and dwell
time 60 seconds.

Colour Measurements Test

The colour coordinates were measured for all
samples of Subgroups IB and IIB before and after
aging using a spectrophotometer (X-Rite, model
RM200QC, Neu-Isenburg, Germany) with the
settings of 4mm aperture size and samples were
aligned with the device. To ensure repetition of
colour measurements in the same area per sample
and to stop any external light source from entering,
a white Teflon holder was used. Colour values
(L*, a*, b*) of samples were measured on each side
for three times over white background.
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In this study, colour difference AE* between
both ceramic materials was calculated from this
equation®:

AE* = [(AL*) 2+ (A a*) 2 + (Ab¥) 2]

Assessment of Surface Roughness (Ra)

A 3D-surface analyzer system was used for

contactless quantitative analysis for surface
roughness of the tested samples before and after
thermodynamic aging”.  All the samples of
subgroups IB and IIB were photographed using
USB Digital microscope with a built-in camera
(Scope Capture Digital Microscope, Guangdong,
China). Images were taken with resolution 1280 X
1024 pixels. They were then magnified 120X and
cropped (350 X 400pixels) using Microsoft office
picture manager. Analysis of the cropped images
and calculation of average (Ra) in um was done by
WSxM software (Version 5 develop 4.1, Nanotec,
Electronica, SL)!®. Three different areas were

measured per sample 19,

Three-point flexural strength testing

Samples of all groups were subjected to flexural
test. Subgroups IA and ITA were tested without
thermodynamic aging to act as control for aged
subgroups, while IB and IIB subgroups were tested
for flexural strength after thermodynamic aging.
Samples were placed in an Instron machine (Model
3345; Instron Industrial Products, Norwood, MA,
USA) over two stainless steel rods (13mm span
length) to support the sample. Compressive load
was applied with a loadcell of 5 kN over the center
of ceramic sample at a crosshead speed of 1 mm/min
till fracture. Data were recorded utilizing computer
software (Instron® Bluehill Lite Software)

The value of (FS) was calculated using this
formula: FS (0) =3F (L)/ 2wh?

FS: limiting stress at which failure is obtained.
F: Maximum load at the point of fracture,

L: Span, w: Sample width and h: Sample height.
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Statistical Analysis

For comparing the two groups in non-related
samples, independent sample t-test was used, while
paired sample t-test was used for comparing the two
groups in related samples. Significance level was set
at P < 0.05. Statistical analysis was done by IBM®
SPSS® Statistics Version 20 for Windows.

RESULTS

Collected data were explored for normality using
Kolmogorov-Smirnov and Shapiro-Wilk tests and
showed parametric (normal) distribution.

Colour

There was no statistically significant difference
between both subgroups IB and IIB. Subgroup IIB
had a higher AE than IB. Table 1

TABLE (1): AE values of different subgroups.

Subgroup AE
Mean SD
IB 3.07¢ 1.51
1B 3.46° 0.82
p-value 0.560 ns

Same letters denote no significant difference. ns: non-
significant at (p > 0.05)

Surface roughness:

Effect of aging on the materials:

No statistically significant difference was
recorded within subgroup IB. It had higher mean
value before thermodynamic aging. While, there
was a statistically significant difference within
subgroup IIB. Higher mean value was recorded
after thermodynamic aging. Tables 2 and 3

Comparing the effect of aging on both materials:

Before aging, a statistically significant difference
was recorded between subgroups IB and IIB.
Subgroup IB showed higher mean value. While
after aging, no statistically significant difference
was recorded between the two subgroups. Subgroup
IIB showed higher mean value. Tables 2 and 3
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TABLE (2): Surface roughness mean values and SD of different subgroups.
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Surface roughness
Subgroups Before thermodynamic aging After thermodynamic aging p-value
Mean SD Mean SD
1B 025362 0.00175 025282 0.00153 0.205ns
1B 0.25052°8 0.00138 0.25288* 0.00172 0.021%*
p-value 0.007%* 0.945ns

Different small letters in same column and capital letters in same row denote significant difference. *; significant at (p<0.05),
ns:non-significant,

TABLE (3): Surface roughness topography of the two tested materials.

Sub-group Before Thermodynamic aging After Thermodynamic aging

IB
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Sub-group Before Thermodynamic aging After Thermodynamic aging

1B

Flexural strength:

A statistically significant difference was recorded between Groups I and II before and after aging.
Group I showed higher mean values before and after aging. There was no statistically significant difference
within groups. Table 4

TABLE (4): Flexural strength mean values and SD of different groups.

Flexural strength
Subgroup A Subgroup B
Groups L. L.
Before thermodynamic aging After thermodynamic aging p-value
Mean SD Mean SD
Group I
377.254 10.61 400.80** 16.33 0.052ns
IPS e .max CAD
Group II
up 313.58% 18.92 338.64% 2991 0.206ns
Rosetta SM
p-value 0.001* 0.011*

Different small letters in same column and capital letters in same row denote significant difference. *; significant at (p<0.05),
ns:non-significant,



EFFECT OF THERMODYNAMIC AGING ON COLOUR STABILITY, ROUGHNESS AND FLEXURAL

DISCUSSION

In this study CAD/CAM ceramic blocks were
used, as their standardized manufacturing process
results in blocks with more homogeneous structure,
reliable quality and better mechanical and physical
properties®*Y. For many years, CAD/CAM lithium
disilicate ceramic blocks were exclusively produced
by only one manufacturer (Ivoclar Vivadent,
Schaan, Liechtenstein). But, lately (Rosetta SM,
Hass, Gangneung, Korea) has emerged and needs
to be compared to IPS e.max CAD to be safely
and alternatively used with it as the manufacturer
and few researchers claim that it has comparable
properties to IPS e.max ceramic. Optical, physical,
and mechanical properties decide the success rate of
any ceramic restoration. That is why in this study,
colour stability, surface roughness and flexural
strength of both ceramics were tested before and
after thermodynamic aging.

Thermo-mechanical aging might result in a
significant clinical representation. The adverse in-
traoral environment was simulated by exposing
the samples to artificial thermodynamic aging
to evaluate alterations over a period of time,
its influence on colour, roughness and flexural
strength® Chewing simulator was used as it can
imitate the dynamic process and forces in oral cavity
that may cause failure of ceramic restoration. Also,
temperature and water decrease values of materials
strength. Chewing simulators have the ability to
offer reliable results. They are regarded as one of
the best methods for inspecting flexural strength
of different dental ceramic materials®. Therefore,
thermodynamic aging performed in current study
could be considered as a satisfactory simulation of
clinical conditions.

In this
a spectrophotometer to

study colour was assessed using
eliminate individual
interpretation of visual colour similarity. CIElab
system was used to detect minor difference in colour

where AE represents the numerical values between

(2667)

the 3 coordinates L*a*b* and demonstrates the
colour change values®*9,

Surface roughness is considered one of the
most clinically relevant tests to evaluate ceramic
restorations’ mechanical performance as it highly
affects their clinical behavior. Rough surface may
reduce materials’ fracture resistance due to creation
and propagation of surface micro-cracks™®. In this
study a quantitative analysis for surface roughness
was done to assess the impact of thermodynamic
aging on the tested ceramics.

Flexural strength is considered as a principal
of brittle
properties. The three-point flexural strength testing

determinant materials’ mechanical
method was performed in this study as it was
approved by ISO 6872 standard (2008) for dental
ceramics®. Three-point test is often used due to
its simplicity. Difference in samples shapes and
surface flaws may result in only 10% variation
of results. Rounding edges and good polishing
reduce the effect of surface flaws and improve test

reproducibility for 20-30%*.

Results showed statistically and clinically non-
significant colour change in samples before and
after thermodynamic aging where the recorded
AE for both subgroups IB and IIB were less than
3.7 which is considered as clinically acceptable®”.
Researchers 14" recorded significant change in
colour coordinates of IPS e.max CAD due to aging
,yet they still lie within the clinically acceptable
range. They related this to the material itself not
to the selected shade. They also recorded that
glazing of ceramic samples had a significant effect
on maintenance of colour stability and restoration
protection from stains#?”. According to Jones et
al (2004)¢%,Ra values up to 0.28 pum are considered
clinically accepted. In the current study roughness
results of the tested materials were in the acceptable
clinical range. Aging did not show significant effect
on surface roughness of IPS e.max CAD, but it
affected Rosetta SM significantly. Comparing
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both materials although IPS e.max CAD showed
significantly higher surface roughness before aging
compared to Rosetta SM, yet after aging there was
no significant difference between both materials.
These results might be explained by the IPS
scientific documentation by Ivoclar which states
that milling CAD/CAM ceramic leaves detectable
surface roughness that is dependent on the milling
process as well as the grain size and geometry of
the milling tools. Thus, the initial surface roughness
after CAM processing does not depend on the used
ceramic material. That is why they recommend
finishing according to manufacturer’s instructions
even if the restoration will be glazed later as glazing
solely is not enough®V.

This can be supported by the SEM images
presented by Kang et al (2013)", showing initially
similar crystalline patterns in IPS e.max CAD and
Rosetta SM, yet following crystallization; more
dense crystalline microstructure was formed with
crystal size increased up to 2-3pum for IPS e.max
CAD while 1-2um for the Rosetta SM. Also, Porto
et al (2019)%?, recorded rough surface of IPS
e.max CAD with peaks and valleys, with cracks
and hackles in small areas. They also found that
CAD/CAM ceramics were not affected by aging
and performed better after hydration. However on
the contrary other researchers#3¥, found that IPS
e.max CAD registered significant changes in surface
roughness after thermocycling.

Concerning the effect of aging on flexural
strength of both IPS e.max CAD and Rosetta SM,
there was an insignificant increase after aging of
both materials. Also, IPS e.max CAD showed a
significantly higher flexural strength before and
after aging in comparison to Rosetta SM. Taking
into consideration that the initial strength of CAD/
CAM ceramic block might be correlated to the
probability of crack formation and crazing due to
process of milling and that the final mechanical
properties of glass ceramics are determined by
intrinsic and extrinsic factors®**®. Intrinsic factors
include size, number, geometry, and homogeneity
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(distribution pattern) of the reinforcing crystals. In
addition to thermal expansion/contraction matching
between the crystal phase and glassy matrix. While
extrinsic factors affect the long-term success of the
material. Extrinsic factors include fabrication and
oral environmental conditions like humidity (stress
corrosion), pH level, thermo-shocks, cyclic loading
and peak loads when accidently biting on hard
objects during mastication®®.

IPS
small interlocking randomly oriented platelet-

e.max CAD microstructure contains
like crystals. These crystals result in deflecting,
blunting or branching cracks, thus, arresting their
propagation within the material causing high
flexural strength®?. Tt consists of approximately
70% by volume fine grained (Li,Si,0,) crystals in
glass matrix. Mechanical and optical properties of
ceramics are greatly influenced by microstructural
parameters as grain size and porosity®*?. Li et al
(2016)“Y, investigated the influence of crystal size on
mechanical properties of lithium disilicate ceramics.
They reported that flexural strength recorded a
prominent change with increasing crystal size. They
proved the presence of micro-residual compressive
stresses in the crystals due to variation in thermal
expansion between the crystalline phase and glassy
matrix. Residual stresses increased as crystal size
increased creating balancing tensile stresses in the
glass matrix. So crystal size performed interlocking
as well as micro-residual stress effects. Thus, it
had a dual effect on flexural strength of the glass-
ceramic. However, these stresses within the glassy
matrix would counteract the crystals “interlocking
effect” that might cause strength degradation.

Results were in agreement with Peampring
and Sanohkan (2014)“Y, who concluded that
thermodynamic aging did not significantly affect
flexural strength of IPS e.max CAD with higher
mean values after aging. They attributed these
results to the large amount of reinforcing crystals
which enhances strengthening effect that resulted
from crack deflection and bridging“**®.
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These results came on the contrary to kang
et al(2013)Y, who recorded
strength results for IPS e.max CAD and Rosetta
SM. They attributed this to XRD specifying main
crystals peak locations of lithium metasilicate and

similar flexural

disilicate, as well as the background intensities of
Rosetta SM and IPS e.max CAD to be similar to
each other in spite of the difference in crystals size
after crystallization. However, they recorded larger
crystals in IPS e.max CAD compared to Rosetta SM.
They reported that variation in crystals size might
be seen in the same product according to opacity
or shade. Heat treatment, base glass composition,
and nucleating agents greatly affects crystals’ size
among different factors®. Also, some researchers
concluded that thermal stressing may cause tensions
within the material which consequently slows down
crack growth®24),

Porto et al (2019)¢?, recorded a remarkable
rise in flexural strength of lithium disilicate ceramic
after one week of storage in water.

However, controversial ceramics’ flexural
strength results might be attributed to the influence
of multiple factors on its measurements, as samples
dimensions, polishing technique and tools, stress
rate, environmental conditions and testing method

as well“®,

Therefore, the hypothesis is partially accepted
as the thermodynamic aging insignificantly affected
colour stability and flexural strength of the tested
materials while it significantly affected the surface
roughness of Rosetta SM.

CONCLUSION

Within the limitations of this study it was
concluded that

Concerning the measured parameters Rosetta
SM is comparable to IPS e.max CAD being as
clinically acceptable even after aging.
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