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Research to improve the esthetic
properties of monolithic mate-
rials proceeds in parallel with
the development of their
physical and mechanical prop-
erties in an attempt to replicate
those of the natural teeth.'”
Monolithic materials indicated
for indirect restorations are
available for computer-aided
design and computer-aided
manufacturing ~ (CAD-CAM)
technology, including yttria-
stabilized tetragonal zirconia
polycrystal  (Y-TZP)  ceramic,
lithium  disilicate,  zirconia-
reinforced  lithium  silicate,
polymer-infiltrated ceramic, and
nanofilled composite resin.*”
Ideally, indirect restora-
tions should not require any
adjustment at the delivery
appointment. However, this is

not always possible because the removal of premature
contacts or adjustment of the proximal contact areas may
be needed.®'" Clinical adjustments may have undesir-
able consequences such as rougher surfaces,”'* > which

ABSTRACT

Statement of problem. The effect of clinical adjustments on the strength of cemented
computer-aided design and computer-aided manufacturing (CAD-CAM) monolithic materials under
aging challenge is unclear.

Purpose. The purpose of this in vitro study was to assess the surface roughness and fracture
resistance (with or without mechanical aging) of cemented CAD-CAM monolithic materials
submitted to grinding and polishing procedures.

Material and methods. Disks of Lava Ultimate, Vita Enamic, crystallized Vita Suprinity, and IPS
e.max CAD were analyzed for roughness after polishing by using silicon carbide papers (Lava
Ultimate and Vita Enamic) or glazing (IPS e.max CAD and Vita Suprinity) (control), after grinding by
using 30-um grit diamond rotary instruments, and after grinding and polishing by using a polishing
kit. For fracture resistance, a simplified trilayer model consisting of a restorative disk, an epoxy resin
disk, and a steel ring was used. The bonded trilayer disks received the same treatments described
for the roughness analysis. Half of the specimens underwent mechanical aging for 1x10° cycles. All
specimens were loaded until failure. The Weibull modulus was calculated.

Results. The IPS e.max CAD and Vita Suprinity showed the highest roughness after grinding and the
lowest at baseline. For the Lava Ultimate and Vita Enamic, polishing provided lower roughness than
at baseline. Grinding, followed or not by polishing, and mechanical aging did not adversely affect
the fracture resistance or the reliability of the materials.

Conclusions. Polishing did not recover the initial surface roughness of the glass-ceramic materials.
Fracture resistance was not affected by grinding, followed or not by polishing, even after
mechanical aging. (J Prosthet Dent 2019;121:866.e1-e8)

may facilitate biofilm formation,'*'”

wear, %29 or affect the restoration color.?'2¢ In addition,
surface roughness induces stress concentrations,
compromising  porcelain  strength.?” ' Clinical

increase antagonist
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Clinical Implications

Grinding glass-ceramic restorations should be
avoided because the smoothness given by the
glaze can be compromised, even after polishing.

adjustments made by using diamond rotary instruments
may also be detrimental to the strength of lithium dis-
ilicate glass-ceramics®>** and Y-TZP ceramics.”° In
addition to the adjustment configuration (diamond rotary
instrument grit size, handpiece speed, wet or dry con-
ditions), the damage tolerance of indirect restorative
materials submitted to grinding depends also on their
mechanical properties,®**” which are determined by the
composition and microstructure.®*>” Because polymer-
containing materials exhibit lower elastic modulus than
lithium disilicate,**** they absorb stress better by elastic
deformation, minimizing the flaws or defects that grow in
brittle materials.®>***

When ceramic restorations have been adjusted before
cementation, they can be glazed. However, once
cemented, polishing is recommended to reduce the
roughness of the ground surfaces and minimize the
adverse effects on the strength of the ceramic or metal-
ceramic fixed dental prostheses,® glass-ceramics,?>*>*>”
and Y-TZP ceramics.”® To the best of the authors’
knowledge, no studies have investigated the effect of
clinical adjustments and polishing on cemented speci-
mens submitted to aging. The purpose of this in vitro
study was to assess the surface roughness and fracture
resistance (with or without mechanical aging) of cemen-
ted CAD-CAM monolithic materials submitted to
grinding and polishing procedures. The null hypothesis
was that the surface treatments would not affect the
surface roughness and fracture resistance (even with ag-
ing) of the evaluated materials.

MATERIAL AND METHODS

The evaluated materials are listed in Table 1. The CAD-
CAM blocks were transformed into cylinders (diameter
10 mm), which were sliced into sixty-eight 1.8-mm disks
and thirty 1.5-mm disks by using a precision saw (Isomet
1000; Buehler). The disks were polished (400-, 600-,
1200-grit silicon carbide papers) (3M) under irrigation in
a polisher (Metaserv 2000; Buehler). Vita Suprinity and
IPS e.max CAD disks were glazed (VITA AKZENT Plus
GLAZE SPRAY; VITA Zahnfabrik) and crystallized
(Programat P310; Ivoclar Vivadent AG).

For the roughness (Fig. 1), eight 1.8-mm disks from
each material were analyzed after polishing (Lava Ulti-
mate and Vita Enamic) or glazing (IPS e.max CAD and
Vita Suprinity) (control groups). Using a custom matrix
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Table 1. Materials used

Materials (Manufacturer) Composition Type of Block

IPS e.max CAD (lvoclar Lithium disilicate HT A2/C14
Vivadent AG)

Vita Suprinity (Vita Glass-ceramic reinforced A2-HT LS-14
Zahnfabrik) with zirconium dioxide

Vita Enamic (Vita Hybrid Ceramic with 2M2 - HT - EM-14
Zahnfabrik) resin polymers

Lava Ultimate (3M ESPE) Nanoceramic resin A1-LT/14L

with a circular central hole (10 mm diameter and 1.5 mm
thickness), the same disks were ground 0.3 mm by using
30-um grit diamond rotary instruments #3101FF, KG
Sorensen) in a high-speed handpiece (KaVo Dental
Corp) under constant irrigation, and a second measure-
ment was recorded. Then, the ground disks were pol-
ished by using a polishing kit (Ceramiste Polishers;
SHOFU Dental GmbH) in a slow-speed motor (BELTEC
MICROMOTOR LB100) for 30 seconds in one direction
and 30 seconds in the opposite direction under constant
irrigation. A 2- to 4-um diamond paste (Diamond Excel;
FGM Produtos Odontolégicos) was applied with a felt
disk in the same way as described for polishing, and a
third measurement was made. Grinding and polishing
were performed by a single operator (F.S.L.) in a custom-
made device (USICAP). The surface roughness (Rq) was
measured by using a 3D laser confocal microscope (LEXT
OLS 4100; Olympus) at x5 magnification. Three equi-
distant parallel measurements were made on each
specimen, and the mean value was calculated (um). The
baseline, ground, and ground and polished surfaces were
examined by using a scanning electron microscope (SEM)
(Leica  Cambridge  Stereoscan 440) at x3000
magnification.

Sixty 1.8-mm disks and 30 1.5-mm disks from each
material were prepared for the fracture resistance test. A
simplified trilayer model*® consisting of a restorative disk,
G10 epoxy resin disk (diameter 10 mm and 2.0 mm
thickness) to simulate the dentin, and a steel ring (6.5
mm inner diameter, 10 mm outer diameter, and 1.5 mm
thickness) to replicate the pulp chamber was used. The
restorative disk was cemented to the epoxy resin disk,
which in turn was cemented to the steel ring. For this, the
Lava Ultimate, Vita Enamic, and the steel ring were
airborne-particle abraded with Al,Ojz; the IPS e.max
CAD and Vita Suprinity were etched with 9.5% hydro-
fluoric acid (PorcelEtch; Cosmedent); and the epoxy resin
disks were etched with 40% phosphoric acid (K-Etchant
Gel; Kuraray). The restorative disks were treated with
mixed CLEARFIL SE Bond; Primer and Clearfil Porcelain
Bond Activator (Kuraray), and the epoxy resin disks and
steel rings were treated and cemented to each other with
Clearfil SE Bond; Primer. The restorative disks were
cemented to the epoxy resin disks by using the resin
cement Panavia F 2.0 (Kuraray). A 10-N load was applied

THE JOURNAL OF PROSTHETIC DENTISTRY



866.e3

Volume 121 Issue 5

Lava Ultimate
1st measurement
(n=8)

Vita Enamic
1st measurement
(n=8)

IPS e.max CAD Glazed
1st measurement
(n=8)

Vita Suprinity Glazed
1st measurement
(n=8)

Grinding 0.3 mm
2nd measurement

Grinding 0.3 mm
2nd measurement

Grinding 0.3 mm
2nd measurement

Grinding 0.3 mm
2nd measurement

Polishing
3rd measurement

Polishing
3rd measurement

Polishing
3rd measurement

Polishing
3rd measurement

Figure 1. Roughness analysis scheme.

‘ 5.0 mm tri-layer disks

5.3 mm tri-layer disks ’

Controls

Non-aged (n=15)

Aged (n=15)

JL

Figure 2. Fracture resistance: groups analyzed for each material.

on the specimen, and the 3 opposing sides were each
light polymerized for 60 seconds.

The trilayer disks were allocated according to Figure 2.
The surface procedures for the control, ground, and
ground and polished conditions have been previously
described. Half of the specimens were stored in distilled
water at 37 °C, and the other half was aged in a universal
cycling machine (Biocycle; Biopdi) for 1x10° cycles at a
frequency of 2 Hz with a 100-N load in distilled water at
37 °C. All the specimens were loaded in a mechanical
testing machine (EMIC DL2000; EMIC Equipment and
Systems Testing Ltd) at a crosshead speed of 1 mm/min
with a hemispherical steel indenter (¥=4.9 mm) centered
on the top surface. The load (N) at failure of each spec-
imen was recorded as the fracture resistance.

Strength reliability was assessed by using the
following formula: P=1-exp ([-6/00]™), where P is the
probability of failure, 6 is the biaxial flexural strength, 60
is the characteristic strength at the fracture probability of
63.21%, and m is the Weibull modulus. For the rough-
ness analysis, data were log-transformed to meet the
assumptions of parametric analysis (Shapiro-Wilk and
Levene, P>.05) and submitted to a mixed repeated-
measures ANOVA, followed by the Tukey HSD pos
hoc test. The fracture resistance data were analyzed by 3-
way ANOVA and the Tukey HSD post hoc test (¢=.05).
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Ground

Non-aged (n=15)

TL

‘ Ground and polished ’

Non-aged (n=15)

Table 2.Roughness: mixed repeated-measures ANOVA

Aged (n=15)

Source SS df Num SQ Error df Den F P

Intercept 215.204 1 1.3454 28 4478.887 <.001
Material 18.484 3 1.3454 28 128.234 <.001
Treatment 20.993 2 2.5833 56 227.542 <.001
Materialxtreatment ~ 21.435 6 2.5833 56 77442 <.001

Table 3.Roughness results in log mean (Rq) tstandard error

Polished
-1.575 +0.077 bB
—1.584 +0.077 bB
—-1.699 +£0.077 bC
-1.257 +0.077 aB

Ground
—969 +0.076 bcA
—1.213 £0.076 cA
—-0.612 £0.076 aA
—0.844 +£0.076 abA

Control
—3.242 +0.077 bC
—3.025 +0.077 bC
—-1.013 £0.077 aB
—0.934 +0.077 aA

Material
IPS e.max CAD
Vita Suprinity

Lava Ultimate

Vita Enamic

Multiple comparisons of log averages (Rq) of materials and treatments. Different
lowercase letters in columns indicate statistical differences (P<.05). Uppercase letters
indicate statistical differences between treatments.

Statistical software (IBM SPSS Statistics, v22.0; IBM
Corp) was used for the analysis.

RESULTS

Statistics on the roughness data (Table 2) indicated sig-
nificance for the main effects and interaction. Table 3
shows the roughness results. Of the control groups, no
significant difference was found between the IPS e.max
CAD and Vita Suprinity or between the Lava Ultimate
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Figure 3. Scanning electron microscope images (original magnification x3000) of control, ground, and polished groups. A-C, IPS e.max CAD; D-F, Vita

Suprinity; G-, Vita Enamic; J-L, Lava Ultimate.

and Vita Enamic, which were rougher than the glass-
ceramic materials. These results are corroborated by the
SEM images (Fig. 3). After grinding, this behavior was
maintained, except for the Vita Enamic, whose roughness
was similar to that of the IPS e.max CAD. After polishing,
the Vita Enamic showed the highest roughness, whereas
the other materials were not statistically different. The
IPS e.max CAD and Vita Suprinity exhibited lower
roughness at baseline, and this behavior is also observed
in the SEM images, which show that polishing was not

Ludovichetti et al

able to recover the IPS e.max CAD and Vita Suprinity
baseline smoothness. In contrast, for the Vita Enamic and
Lava Ultimate, polishing provided the lowest roughness.

Statistical analysis of the fracture resistance data
(Table 4) showed that the 3 factors and their interactions
were significant. Table 5 shows the fracture resistance
results. The surface treatment did not influence the frac-
ture resistance of the materials, except when the IPS e.max
CAD was submitted to cyclic fatigue. Aging did not reduce
the fracture resistance of the materials. The IPS e.max

THE JOURNAL OF PROSTHETIC DENTISTRY




o

‘\;'1|H| p—

Volume 121 Issue 5

16un

10pn
o

Figure 3. (continued).

CAD/control, Vita Suprinity/control, Vita Suprinity/
ground, and Vita Suprinity/polished aged groups showed
a significant increase in fracture resistance compared with
their respective nonaged groups. The results of the Wei-
bull modulus (Table 6) show that reliability was not
influenced by the material, surface treatment, or aging.

DISCUSSION

One of the purposes of the present study was to inves-
tigate whether occlusal adjustment and polishing
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protocol modified the initial roughness of CAD-CAM
monolithic materials. In view of the obtained results,
the first null hypothesis was rejected. In this study, dif-
ferences in roughness among the materials were
observed, which was expected considering that distinct
materials were evaluated. Of the control groups, the
similarity between the IPS e.max CAD and Vita Suprinity
was probably because the same glaze was applied on
their surfaces. However, even after the grinding and
polishing procedures, this similarity was maintained
(except for the comparison between the polished groups
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Table 4. Fracture resistance: 3-way ANOVA

Table 5. Compression test results in N +standard deviation and statistical

Source SS df ms F P comparisons
Corrected model 7972417464 23 346626.846 12.892 <.001 IPS e.max CAD/control/aged 1670 =115 A
Intercept 563728169.669 1 563728169.669 20966.519 <.001 Vita Suprinity/control/aged 1481 +225 AB
Material 2195372.097 3 731790.699 27217 <.001 IPS e.max CAD/ground/nonaged 1455 +127 ABC
Treatment 1603381.739 2 801690.869 29.817 <.001 Vita Suprinity/ground/aged 1405 +232 BCD
Aging 1147967336 1 1147967.336 42696 <.001 IPS e.max CAD/ground/aged 1396 178 BCD
Materialxtreatment 379869.661 6 63311.610 2355 031 Vita Enamic/control/aged 1316 +186 BCDE
Materialxaging 1295300.119 3 431766.706 16.059 <.001 IPS e.max CAD/control/nonaged 1286 +112 BCDEF
Treatmentxaging 558413.706 2 279206.853 10.384 <.001 Vita Enamic/ground/nonaged 1284 +150 BCDEF
Materialxtreatment 792112806 6 132018.801 4910 <.001 Vita Suprinity/polished/aged 1276 +252 BCDEF
xaging IPS e.max CAD/polished/nonaged 1264 +110 BCDEFG
Error 9034053.867 336 26887.065 Lava Ultimate/control/aged 1263 +191 BCDEFG
Total 580734641.000 360 Vita Enamic/control/nonaged 1260 +149 CDEFG
Corrected total 17006471331 359 Vita Enamic/polished/aged 1254 +191 CDEFG
Lava Ultimate/ground/nonaged 1198 +186 DEFG
IPS e.max CAD/polished/aged 1187 172 DEFGH
analyzed by the SEM), despite the differences in Vita Suprinity/control/nonaged 1166 +114 EFGH
composition and microstructure between these mate- Lava Ultimate/control/nonaged 1164 £110 EFGH
rials.’® Strasser et al'? also reported statistically similar Vita Enamic/polished/nonaged 1160 +197 EFGH
roughness after both glass-ceramics had been ground by Vita E“af"iC/ 9r°”rfd/ aged 1154 +227 EFGH
using 4_um or 80—um diamond rotary instruments. Lava Ultfmate/pollshed/aged 1145 £112 EFGH
Differently, Vichi et al*® reported that Vita Suprinity Lova Ult"_n?m/ground/agec‘ 1145 138 EFGH
e Vita Suprinity/ground/nonaged 1077 +81 FGH
presented agmﬁcantly lowgr .roughn'ess .than IPS e.max Lova Ultimate/polished/nonaged 1053 186 o
CAD after glazing and polishing. This difference can be Vita Suprinity/polished/nonaged 972 4103 "

attributed to the different systems used for each material.
Regarding the Lava Ultimate and Vita Enamic, the sim-
ilarity between the control groups was in good agree-
ment with the SEM images and with the study by
Moérmann et al.” In contrast, the similarity found between
the ground groups was not consistent with that in the
study by Strasser et al,'” in which Vita Enamic was
rougher than the Lava Ultimate after being ground by
using a coarse-grit diamond rotary instrument (80 pm).

In the present study, even though grinding was car-
ried out by using extrafine diamond rotary instruments, it
increased the roughness of the materials, except for the
Vita Enamic. The rougher topography caused by grinding
is evidenced in the SEM images, mainly for the IPS e.max
CAD and Vita Suprinity. This finding was also reported
in other studies after the materials had been ground with
different grit sizes.'*'> For both glass-ceramics, polishing
after grinding was not able to recover the smoothness
given by the glaze that was below the threshold for
bacterial adhesion (0.20 um).'® This behavior was also
reported in previous studies'''?*® that investigated
lithium disilicate ceramic and is probably related to
the high hardness of both materials.”*' However, when
the polishing was finished with a diamond paste, the
roughness of the lithium disilicate was similar to'® or
significantly lower*” than that of the glazed material,
evidencing the importance of this step when clinical
adjustments are performed on these materials. For the
Lava Ultimate and Vita Enamic, the higher smoothness
achieved by polishing after grinding, as previously re-
ported by Fasbinder and Neiva,'® shows that, even

Ludovichetti et al

Different letters indicate statistically different means (P<.05).

Table 6. Weibull modulus and 90% confidence interval

Material/Aging Control Ground Polished
IPS e.max CAD
Nonaged 124 (7.2-17.4) 13.5 (7.8-18.9) 11.9 (6.9-16.6)
Aged 17.1 (9.9-23.9) 8.9 (5.1-12.4) 8.1 (47-11.3)
Vita Suprinity
Nonaged 11.7 (6.8-16.4) 15.2 (8.8-21.3) 11.1 (6.4-15.5)
Aged 7.6 (4.4-10.6) 6.8 (3.9-9.5) 5.8 (3.3-8.1)
Vita Enamic
Nonaged 9.0 (5.2-12.6) 9.5 (5.5-13.2) 6.1 (3.5-8.5)
Aged 8.5 (4.9-11.9) 5.7 (3.3-8.0) 7.7 (44-10.7)
Lava Ultimate
Nonaged 12,5 (7.2-17.5) 7.3 (42-10.2) 14.6 (8.5-20.5)
Aged 7.8 (4.5-11.0) 9.7 (5.6-13.6) 12.0 (6.9-16.8)

Weibull modulus not influenced by material, surface treatment, or aging.

though these materials do not require clinical adjust-
ments, they should be polished.

The second null hypothesis was rejected because the
IPS e.max CAD/aged was adversely affected by the sur-
face treatments. Albakry et al*® also reported that
grinding did not influence the strength of a nonaged
pressable lithium disilicate, even with the use of a 110-
um diamond disk. In contrast, Curran et al** reported
that grinding by using an 18-um diamond disk was still
quite detrimental to the IPS e.max CAD, with chip crack
formation and a strength loss estimated at 42%. Song
et al** also observed intergranular and transgranular
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fractures after diamond rotary instrument penetration
into the lithium disilicate ceramic. In the present study, in
which the specimens had been cemented before they
were ground, grinding affected the fracture resistance of
the IPS e.max CAD only in the aged groups. This was
consistent with the findings of Mohammadibassir et al,*”
who commented that with cyclic loading and moisture,
cracks resulted from the grinding propagate and
decreased the strength. However, this significant reduc-
tion in the IPS e.max CAD/aged groups was due to the
high mean value of the IPS e.max CAD/control/aged
group, for which an explanation was not found in the
literature. Despite this reduction, the IPS e.max CAD/
ground/aged and IPS e.max CAD/polished/aged groups
showed no significant difference compared with their
respective nonaged groups and with the IPS e.max CAD/
control/nonaged group, indicating that grinding followed
or not by polishing does not impair the fracture resistance
of the IPS e.max CAD.

Besides the Vita Suprinity has not been affected by
grinding, it still showed an increase in fracture resistance
after cyclic fatigue, regardless of the surface treatment
condition. This was unexpected because aging was ex-
pected to reduce the fracture resistance, especially of both
the glass-ceramics submitted to grinding. Strasser et al'*
reported that water-cooled grinding by using 80-pm
diamond rotary instruments caused severe microchipping
in both the Vita Suprinity and IPS e.max CAD. However,
the crack formation was slight for the former and mod-
erate for the latter. This can be explained by the signifi-
cantly higher fracture toughness found for Vita Suprinity
than that for IPS e.max CAD,*® indicating that Vita
Suprinity presents higher resistance against crack prop-
agation than IPS e.max CAD. Also, Vita Suprinity has
significantly higher flexural strength than IPS e.max
CAD.?** Elsaka and Elnaghy®® and Sen and Us®
attributed this behavior to the presence of the zirconia
fillers used to reinforce the glassy matrix of Vita Suprinity.
Ramos et al** detected zirconium oxide and cerium
throughout the entire surface of this material. These
findings explain why the fracture resistance of Vita
Suprinity was not affected by the surface treatments,
even after aging.

Regarding the maintenance of the fracture resistance
of Vita Enamic and Lava Ultimate, Curran et al®*?> found
that even after grinding and mechanical aging, these
materials, due to a combination of lower hardness and
lower elastic modulus, have a high resistance to crack
initiation and growth, with no estimated potential loss in
their strength, even when ground with 75-um grit size.
This is in accordance with 2 other studies that reported
little damage from grinding, with only shallow or absent
cracks.'*?7

In the present study, the Weibull modulus was not
influenced by the material, surface treatment, or aging.
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The Weibull modulus represents the scattering of the
fracture resistance data, being that a high modulus means
that the defects of the material are evenly distributed,
having a low risk for the presence of critical flaws. The
present results differ from those of a previous study*®
reporting that grinding a heat-pressed lithium disilicate
ceramic by using a 110-um diamond disk reduced its
reliability compared with that of the untreated material.
According to Albakry et al,*® grinding introduces defects
and flaws distributed over a wide area, resulting in a
wider range of strength values. Probably, the disparity of
the results can be attributed to the methodological dif-
ferences between the studies, considering that in the
present study, the grit size of the diamond instrument
used was much smaller and that the specimens were
cemented. Further studies involving coarser diamond
rotary instruments and additional aging methods are
required for a more comprehensive picture of the
behavior of materials when submitted to clinical adjust-
ments. The evaluation of flat specimens can be considered
a limitation of the present study because it does not
closely reproduce what may happen in the oral cavity.

CONCLUSIONS

Within the limitations of this in vitro study, the following
conclusions were drawn:

1. Grinding increased the roughness of the materials,
except for the Vita Enamic. The smoothness of the
glazed glass-ceramics was not restored by the pol-
ishing kit, whereas the Lava Ultimate and Vita
Enamic showed a smoother surface than the
baseline.

2. Grinding, followed or not by polishing, did not
impair the fracture resistance of the materials.

3. Aging did not reduce the fracture resistance of the
materials, not even in the ground groups.

4. The reliability of the materials was not influenced by
the material, surface treatment, or aging.
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