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SEM evaluation of surface roughness
variations in milled ceramic laminate veneers
exposed to glazing and thermocycling

Abstract. CAD/CAM technologies represent one of the most rapidly advancing areas in digital

restorative dentistry. This in vitro study aimed to investigate the effects of glazing and thermocy-
cling on the surface roughness characteristics of four distinct milled CAD/CAM ceramic materials.
Aim —to assess the effects of glazing and thermocycling on the surface roughness of four different
types of CAD/CAM ceramic laminate veneers. The null hypothesis was that a statistically significant
difference would exist in surface roughness between glazed and unglazed specimens across all

four ceramic materials tested. Materials and methods. As part of the investigation, 80 CAD/CAM

ceramic veneer samples were milled using CAD/CAM system. The processing occurred after scan-
ning of the first right typodont incisor of the upper jaw model prepared with the palatal chamfer
preparation design without approximal involvement (KaVo, Germany) via an Omnicam scanner.
Four different CAD/CAM ceramic materials were evaluated in this study: lithium disilicate IPS E.max
CAD (lvoclar, Germany), leucite-reinforced ceramic IPS Empress CAD (Ivoclar), feldspathic ceramic
Cerec (Dentsply Sirona, Germany), and hybrid ceramic Cerasmart (GC, Japan). The 80 samples were

categorized into four groups (20 in each); each group was further subdivided into glazed and non-
glazed subgroups, with 10 samples in each subgroup. All specimens underwent 10,000 thermal

cycles. The surface roughness values were evaluated at three stages: post-milling, post-glazing,
and post-thermocycling. Scanning electron microscope images (magnifications of 100x, 250x, 500X,
and 1000x) were captured for each material before glazing and after thermocycling. Results. Sig-
nificant differences in surface roughness values were observed among materials after glazing and

thermocycling. Surface roughness notably decreased following glazing. Significantly higher surface
roughness values were observed in the Cerec group compared to Cerasmart, Empress, and E.max
groups (p<0.05). Analysis of the glazed surfaces after thermocycling also revealed significant dif-
ferences among the groups (p<0.05). Tamhane’s T2 post-hoc test revealed that the Cerec group

exhibited significantly higher surface roughness values compared to Cerasmart, Empress, and

E.max after thermocycling (p<0.05). For non-glazed samples, thermocycling similarly led to higher
surface roughness values in the Cerec group compared to the other three groups (p<0.05). These
findings highlight the effects of glazing and thermocycling on the surface roughness of CAD/CAM

ceramic materials, reflecting their clinical behavior. Conclusion. There were statistically significant
differences in surface roughness between glazed and non-glazed CAD/CAM materials. Among

the tested materials, the Cerec group consistently showed higher roughness values compared

to Cerasmart, Empress, and E.max (p<0.05). Glazing and thermocycling significantly influenced

the surface roughness of all groups.

Key words: CAD/CAM ceramic blocks, restorative and digital dentistry, feldspathic ceramics, Cerec,
leucite reinforced ceramic, Empress, hybrid ceramic, Cerasmart, lithium disilicate, E.max
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Pedepat. CAD/CAM-TexHONOrMM NpeACTaBAAoT cO60M ofHY U3 Hanbornee JUHAMUYHO Pa3BUBaLO-
wmxcs obnacreil LudpoBoii opToneauyeckoi ctomatonorui. [JaHHoe in vitro uccnefoBaxue 6oi10
HarnpasJieHO Ha U3yyeHe BINAHNA Ma3ypoBaHNA U TEPMOLMKINPOBAHUA Ha XapaKTepUCTUKN
LLIepOXOBATOCTH MOBEPXHOCTUN YeTbipex pasfnMuHbiX Gpe3epoBaHHbIX KepamMUyecknx maTepranos
CAD/CAM. Lienb pa6oTbl — OLeHNTb BO3AENCTBIE [1a3ypOBaHUA 1 TEPMOLMKIIMPOBAHNSA Ha Lue-
POXOBATOCTb MOBEPXHOCTM YeTblpex TUMNOB Kepamuyeckmx BrHupos CAD/CAM. Hynesas runotesa
3aK/oyanachb B NPeanosioKeHNI, YTo CTaTUCTUYECKM 3HAUMMble Pa3finymA B LUEPOXOBATOCTM NO-
BEPXHOCTW GyayT BbIsIBNIEHbI MEXAY [1a3yPOBaHHbIMI 1 HerNla3ypoBaHHbIMU 06pa3LamMu BO BCeX
ueTblpex uccnefyembix matepranax. Matepmuannol n metoabl. B pamkax nccnenoBaHus 6bi10
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n3rotoBnieHo 80 06pa3LoB kepamnueckux BrHnpos CAD/CAM meTogom
dpesepoBanuA. [oarotoBKa ocyLLeCTBAANACL NOC/E CKAaHUPOBAHUA Nep-
BOrO NPABOro pe3La BepxHei YentoCT Ha TUNOAOHTE, NpenapupoBaH-
HOro MO MeTOAMKe HEGHOTO LWambepHOro ycTyna 6e3 anpoKCUManbHOro
BoBieveHus (KaVo, lepmaHua), c ncnonb3oaHrem ckaHepa Omnicam.
B nuccnepgoBaHum 6biv NPOTECTUPOBaHbI YeTbipe pa3nnuHbix CAD/CAM-
Kepamuku: nutuin-gueunimkart IPS E.max CAD (lvoclar Vivadent, lfepmaHus),
nenunT-ycuneHHasa kepamuka IPS Empress CAD (Ivoclar Vivadent), none-
BolunaTHas kepamuka Cerec (Dentsply Sirona, lepmaHus) u rubpugHas
kepamuka Cerasmart (GC, AinoHus). Bce 80 06pa3LoB 6bin pa3maeneHb
Ha yeTbipe rpynnbl (Mo 20 B KaXAoM), Kaxaan rpynmna 6bin1a JONOMHU-
TeNIbHO MojpasjefieHa Ha rnasypoBaHHble U HernasypoBaHHble Noj-
rpynnbl no 10 06pa3yoB.. Bce obpasubl noasepranucs 10 000 umknam
TepmoLKnmpoBaHua. LLlepoxoBaToCcTb MOBEPXHOCTM OLeHMBANN Ha TPeX
cTaguax: nocne GpesepoBaHua, Nocse rnasypoBaHua 1 Nocie TepMoLu-
KNMpOBaHusA. [N Kaxgoro mateprana 6biiv nonyyeHbl 1306paxeHus
C UCNONb30BaHNEM CKaHMPYIOLLEro 31eKTPOHHOro MUKPOCKona npu
yBenuyeHusax 100, 250, 500 n 1000 go rnasypoBaHuA 1 nocne Tepmo-
LuKnmpoBaHus. Pesynbtatbl. [ocne rnasypoBaHna 1 TepMOLMKINPO-
BaHMA BbIABNEHbI CTATUCTUYECKM 3HAUYMMbIE Pa3NNYMA B MOKasaTensax
LLIePOX0BATOCTIN MOBEPXHOCTU MeX Ay MaTepranamu. LLiepoxosaTocTtb no-
BEPXHOCTU 3HAYMTENIbHO CHIXKanach nocse rmasyposaHus. Hambonee Bbl-
COKVe NnoKasaTenu LepoXoBaToCTL Obiny 3aperncTpupoBaHbl B rpynne
Cerec no cpasHeHuto ¢ rpynnamu Cerasmart, Empress un E.max (p<0,05).
AHanwu3 rnasypoBaHHbIX NOBEPXHOCTEN NoCse TEPMOLMKINPOBAHUA TakK-
e nokasan AoCTOBepHble pasnuuua mexay rpynnamu (p<0,05). Moct-
xok TecT Tamhane T2 BbifBuWA, yTo rpynna Cerec nmena CTaTUCTUYECKM

INTRODUCTION

A wide variety of materials is now available for digital
milling, expanding the range of options in CAD/CAM
treatment planning. However, selecting the most appropriate
material for a specific clinical indication remains a challenge.
Accordingly, this study aims to provide an overview
of the evolution of ceramic CAD/CAM materials, evaluate
their individual characteristics, and critically assess recent
clinical evidence [1].

In dentistry, the CAD/CAM procedure refers to the fab-
rication of indirect restorations using computer-aided de-
sign (CAD) in combination with computer-aided manufac-
turing (CAM) through a digital milling process [2]. The first
system was developed in 1971 by Duret and colleagues, but
due in large part to insufficient digitizing accuracy, insuf-
ficient processing power, and other considerations, it was
not widely utilized [3]. The development of CAD/CAM
technology was driven by the desire to improve the esthetics
of restorations, give them a more uniform appearance, en-
sure the strength of restorations, and simplify, speed up and
improve dental procedures [4].

The reliability of CAD/CAM blocks is boosted since
they show fewer defects and porosity than hand-built mate-
rials do [5]. Dental CAD/CAM technologies are widely rec-
ommended for the fabrication of indirect restorations using
ceramic or hybrid materials. Recently, ceramic-containing
composite materials have been significantly enhanced, offer-
ing superior physical and mechanical properties compared
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6oree BbICOKMe MOKa3aTeNy LepoXoBaTOCTU MO CpaBHeHuio ¢ Cerasmart,
Empress n E.max nocne tepmouuknupoBaHusa (p<0,05). ina Hernasypo-
BaHHbIX 06pa3L0B TEPMOLMKIIMPOBaHME TakXKe MPUBENO K MOBbILIEHMIO
LLIePOXOBATOCTY MOBEPXHOCTU B rpynne Cerec N0 CPaBHEHMIO C TpeMSA
apyrumu rpynnamu (p<0,05). 9Tv pe3ynbTaTbl NOAYEPKMBAIOT BIUAHME
rnasypoBaHUsA 1 TEPMOLIMKIIMPOBAHNA Ha NMOKa3aTeNu LepoXoBaToCTu
nosepxHocT CAD/CAM-KepaMUKK, U4TO OTpakaeT X KNMHUYeCKoe no-
BefeHue. 3akntoueHue. Mexzay rnasypoBaHHbIMU U HETNa3ypOBaHHbI-
mun obpasuamu CAD/CAM-maTepranoB 6biiv BbisIBNEHbI CTAaTUCTUYECKM
3HauYMMble Pa3nMuuA B LLEPOXOBATOCTH NoBepxHoCTU. Cpeau npoTecTu-
poBaHHbIX MaTepuanoB rpynna Cerec cTabunbHO AEMOHCTPYpPOBana
6onee BbICOKME 3HAUEHMA LLIEPOXOBATOCTM NO cpaBHeHwio ¢ Cerasmart,
Empress n E.max (p<0,05). na3ypoBaHue 1 TepMOLUKANPOBaHME OKa-
3bIBaNM CyLLECTBEHHOE BAMSHME Ha MOKa3aTeNn LepOoXoBaTOCTH BCEX
uccnesyembix rpynn.

KnioueBblie cnoBa: CAD/CAM-kepamunueckue 6510Ku, pectaBpaLoH-
Has 1 undposas CTOMATONOrMA, NONeBoLINaTHas Kepamuka, Cerec, nei-
UMT-yCUNeHHas Kepamuka, Empress, rubpuaHas kepamuka, Cerasmart,
MTUR-gucnnmkart, E.max
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to traditional ceramics [6, 7]. The data acquisition phase
of a dental scan varies depending on the CAD/CAM system
employed. The scanner interfaces with CAD software, which
is typically compatible with multiple components within
the CAD/CAM workflow [8, 9]. The digital scanning me-
thod makes the process more comfortable for the patient,
reducing the time and resources required for classical im-
pression procedures and the preparation of plaster mod-
els [10—12]. Users can either select a predefined template
provided by the CAD software or modify it to create a cus-
tomized design. Once the restoration design is finalized,
the CAD software converts the virtual model into a format
compatible with the CAM system, initiating the milling pro-
cess [13—15].

This study provides new data characterizing the physi-
cal properties of various CAD/CAM materials, which will
enable a more rational approach to selecting CAD/CAM
blocks for different clinical situations.

The purpose of the study — to evaluate the effect
of glazing and thermal cycling on the surface roughness
values of four different types of ceramic milled CAD/CAM
veneers.

MATERIALS AND METHODS

In this in vitro study, typodont models (Kerr, Germany) were
used, each featuring a maxillary central incisor prepared
with minimal incisal edge reduction and no proximal
intervention, in accordance with standardized guidelines.
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Four types of ceramic materials in CAD/CAM block form
were employed:
I — lithium disilicate-based glass ceramics IPS E.max CAD (lvo-

clar Vivadent, Germany);

Il — leucite-reinforced glass ceramics Empress CAD (lvoclar
Vivadent);

Il — feldspathic ceramics CEREC (Dentsply Sirona, Germany);

IV — hybrid nanoceramics Cerasmart (GC, Japan).

To design the restoration, three-dimensional modeling
was conducted using CEREC SW 4.6.1 software. The mar-
gins of the prepared tooth were initially identified automati-
cally and then manually adjusted (fig. 1). The software then
automatically generated the digital shape of the restora-
tion (fig. 2).

W)
Fig. 1. Drawing the margins of the prepared tooth

Twenty laminate-shaped specimens were milled from
each material (n=20), each measuring 10 mm in length,
0.8 mm in thickness at the middle and incisal thirds, and
0.7 mm in the cervical region. All specimens were divided
into four main groups (#=20 per material), and each group
was further subdivided into two subgroups: glazed (n=10;
tig. 3A) and unglazed (n=10; fig. 3B).

Milling of the samples was carried out using a milling
device CEREC MC XL (Dentsply Sirona). After the appro-
priate block was fitted into the milling device, it was fixed
using a special diameter screwdriver. Three-dimensional
modeling for the restoration design was carried out using
the CEREC software. Cylindrical burs and step burs were
used for the milling process (see table 1).

Before milling, separate burs were dedicated for each
group of materials. After milling, the samples were carefully
taken and placed into a designated box with identification
numbers to prevent mixing. Due to the higher hardness
of the E.max block, the milling process took longer compared
to the Empress, CEREC, and Cerasmart groups. To achieve
tinal strength, the partially crystallized samples from the IPS

Fig. 3. Samples without (A) and with (B) the application of the glaze
layer (B)

E.max CAD group were fully crystallized in oven at 850°C,
with an initial temperature of 550°C for 20 minutes.

Ten samples each from the IPS Empress CAD and IPS
E.max CAD groups were glazed using IPS Ivocolor Glaze
Paste (refer to Table 1). These glazed samples were fired for
20 minutes at 840°C, with an initial temperature of 550°C.
CEREC samples underwent the glazing process at a tem-
perature of 820°C, with an initial temperature of 550°C.

Cerasmart samples were finished with Optiglaze Col-
or glaze. The external surface of Cerasmart samples was
treated with a steam cleaner for 5 seconds and subse-
quently sandblasted with aluminum oxide particles sized
at 25 ym (0.15 MPa/2.5 bar). After cleaning and drying,
Multi Primer was applied to the surface of 10 samples

Fig. 2. Designing and editing the restoration

from the Cerasmart group. The samples were then stored
in a closed box for 60 seconds. Glaze Opticolor was applied
to the surface of the Cerasmart samples. Polymerization
was carried out using a polymerization lamp for 40 seconds.
Surface roughness measurements were conducted on both
sides of each sample using a profilometer.

The samples underwent the thermocycling process
in distilled water at temperatures of 5°C and 55°C (£2°C)
using 10,000 cycles. It has been noted that 10,000 cycles ap-
proximately correspond to one year [14]. The dwell time was
set to 10 seconds, and the holding time at each temperature
was set to 20 seconds.

Table 1. List of materials used in this study

Material Materials type Manufacturer ~ Part no.

Step Bur 125 CAD/CAM bur De”gply’ Sirona, p79579
ermany

Cylinder Dentsply, Sirona,

Pointed Bur 125 CAD/CAM bur Germany M71663

IPS .Ivocolor Glaze_maﬁerial— Ivoclar Vivadent, Z005KX

Refill liquid Germany

IPS .Ivocolor Glaze material— Ivoclar Vivadent, Z003H6

Refill powder Germany

Mixture for glaze
from liquid and
powder

Ivoclar Vivadent, Z005KX,

Glaze mixture Germany Z003H6

Optiglaze Color Glaze material GC, Japan 1909141
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The average surface roughness values from each sample
were measured three times at three different points using
a profilometer Perthometer M1 (Mahr, Germany). Mea-
surements were taken at the incisal edge, in the middle, and
cervical areas of the samples. These measurements were per-
formed after milling, after glazing, and after thermocycling.

Surface roughness measurements were performed
at three stages: after milling, after glazing, and after thermo-
cycling. Scanning electron microscopy images (at magnifica-
tions of 100x, 250%, 500x, and 1000x) were obtained from
each material both after milling and after thermocycling.

The Kolmogorov—Smirnov and Shapiro—Wilk tests
were used to assess the normality of the data distributions
and confirm their suitability. When group variances were
homogeneous, the Tukey HDS and Tamhane’s T2 tests
were applied; otherwise, the oneway ANOVA test was used
to compare parameters between material groups. Within-
group comparisons before and after thermocycling were
conducted using paired sample t-tests. For repeated mea-
surements, ANOVA was employed, followed by post hoc
Bonferroni tests to compare values across milling, glazing,
and thermocycling periods. The significance level for all
analyses was set at p<0.05.

RESULTS

A statistically significant difference in surface roughness
values was observed among the different ceramic materials
tested. The application of a glaze layer led to a notable
reduction in surface roughness across all groups. However,
the glazed CEREC group exhibited significantly higher
surface roughness compared to the Cerasmart, IPS E.max,
and IPS Empress CAD groups (p<0.05).

A statistically significant difference was observed
in the surface roughness values of the glazed materials fol-
lowing thermocycling (p<0.05). Similarly, significant differ-
ences were noted between materials in terms of mean surface
roughness values after milling and glazing (p<0.05). Among
the groups, the E.max samples exhibited significantly higher
surface roughness after milling compared to the Empress,
Cerasmart, and CEREC groups (p<0.05; table 2).

SEl  15kV
TUBITAK
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In the unglazed subgroups, a statistically significant
difference in surface roughness values was also found af-
ter milling (p<0.05). E.max again showed significantly
higher roughness values compared to the other materi-
als (p<0.05). Furthermore, in the absence of a glaze layer,
thermocycling resulted in statistically significant differences
in average surface roughness among the materials (p<0.05).
Surface roughness values after thermocycling were high-
est in the E.max group, significantly exceeding those
of the Cerasmart, CEREC, and Empress groups (p<0.05).
Overall, surface roughness values after thermocycling were
significantly lower than those observed after the milling
process across all materials (p<0.05; table 3).

Scanning electron microscope (SEM) analysis re-
vealed that glazed specimens exhibited smoother surface
topography compared to their unglazed counterparts.
In the Cerasmart group (fig. 4), glazed surfaces showed only
minor irregularities. The E.max group presented a glazed

Table 2. Surface roughness values with glaze layer (in pm)

Materials After milling After glazing After thermocycling
Cerasmart 1.06+0.07 0.31+0.02* 0.34+0.02
E.max 1.30+0.06 0.16+0.01* 0.16+0.01
Empress 1.14+0.04 0.19+0.01*% 0.19+0.01
Cerec 0.98+0.04 0.39+0.01* 0.39+0.02

p’ <0.001 <0.001 <0.001

Remark. * — Statistically significant differences between the milling
and glazing stage (p<0.001); * — oneway ANOVA fest.

Table 3. Surface roughness values without a glaze layer (in pm)

Materials After milling After thermocycling p*
Cerasmart 1.04+0.06 1.29+0.04 <0.001
E.max 1.30+0.03 1.39+0.02 <0.001
Empress 1.14+0.02 1.10+0.21 0.543
Cerec 0.96+0.06 1.24+0.04 <0.001
p* <0.001 <0.001

Remark. * — paired samples t test; # — oneway ANOVA fest.

5
<

SEl  10kV
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WD25mm

Fig. 4. Surface of Cerasmart sample: A — after milling, B— after glazing and thermocycling (SEM, mag. 1000x)
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layer with uneven areas and localized surface irregulari- The Empress group (fig. 7), however, displayed distinct sur-
ties (fig. 5). In contrast, the glazed surface of the CEREC  face defects, including fuzzy scratches and pronounced, deep
group (fig. 6) appeared more homogeneous and uniform.  irregularities on the glazed layer.

T . ¥ v
SEl  10kV WD14mm SEl  10kV WD14mm
TUBITAK TUBITAK

SEl  15kV : SEl  10kV WD14mm
TUBITAK TUBITAK

1 P
SEI  15kV 4 SEl  10kV WD14mm
TUBITAK TUBITAK

Fig. 7. Surface of Empress sample: A — after milling, B— after glazing and thermocycling (SEM, mag. 1000x)
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DISCUSSION

CONCLUSION

In a study by Vasiliu et al. (2020) [16], the effect
of thermocycling on the surface roughness of various CAD/
CAM ceramics was investigated. The results showed that
teldspathic ceramics (Vita Mark II) exhibited a higher mean
surface roughness (R,=0.09+0.06 um) compared to lithium
disilicate ceramics E.max CAD (R,=0.03+0.07 um) after
thermocycling. These findings suggest that lithium disilicate
is more resistant to surface degradation caused by thermal
aging. Similarly, in the present study, the lithium disilicate
group demonstrated lower R, values than the feldspathic
ceramic group following thermocycling. This supports
previous research indicating the superior resistance
of lithium disilicate ceramics to surface alterations under
thermal stress. The consistency between the two studies
reinforces the understanding that material composition
significantly influences surface roughness changes due
to aging procedures.
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