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SUMMARY

Aim: The aim of this study was to evaluate the effect of differ-
ent curing distances and ceramic materials on the microhard-
ness of dual-cured resin cement.

Materials and Methods: The dual-cured resin cement (NX3,
Kerr) was polymerized between between lithium disilicate
based pressed ceramic (IPS e.max Press (EP)), or three differ-
ent CAD/CAM materials (Lava Ultimate (LU), e.max CAD (EC),
Vita Suprinity (VS)) and a dentine surface with a LED light
source from 0, 3 or 6 mm distances for 10 seconds (n=10).
The Vickers microhardness (VH) values were recorded imme-
diately after polymerization and after storage at dark in dis-
tilled water (24 h/37°C). Three indentations were made both
on the top and the bottom surface of each specimen. ANOVA
was used to analyse the data. Bonferroni test was used to per-
form multiple comparisons (p<0.05).

Results: The resin cements under the LU specimens have
significantly higher VH values compared to the other mate-
rials (p<0.05). The bottom surfaces have significantly lower
hardness values for all ceramic materials (p<0.05). The VH
value of 0 mm curing tip-ceramic distance was significantly
higher than the groups of 3 and 6 mm distances (p<0.05). Mi-
crohardness values were significantly higher after 24 hours
than immediate measurement (p<0.05).

Conclusion: Ceramic material and the curing tip-ceramic
distance are important factors to be considered for obtaining
adequate polymerization.

Keywords: CAD/CAM, microhardness, ceramic materials, dis-
tance of curing tip

OZET

Amac: Bu ¢alismanin amaci, 1sik kaynagi ile seramik matery-
alleri arasindaki farkli isinlama mesafelerinin kullanilan rezin
simanin yuzey sertligine etkisinin incelenmesidir.

Gereg ve Yontem: Dual-cure rezin siman (NX3, Kerr), lityum
disilikat press seramik (IPS e.max Press (EP)) veya 3 farkl
CAD/CAM materyali (Lava Ultimate (LU), e.max CAD (EC), Vita
Suprinity (VS)) ile dentin yUzeyi arasinda, LED isik cihazi kul-
lanilarak 10 sn boyunca 0, 3 ve 6 mm mesafelerden polim-
erize edildi (n=10). Orneklerin Vickers sertlik degerleri, polim-
erizasyondan hemen sonra ve karanlik ortamda, 37°C'de 24
saat distile suda bekletildikten sonra yapildi. Her 6rnegin alt
ve Ust yuzeylerinden U¢ noktadan élcum yapildi. Verilerin an-
alizi ANOVA ile yapildi. Coklu karsilastirmalar icin Bonferroni
testi kullanildi (p<0,05).

Bulgular: LU 6rneklerin altindaki rezin simanin sertlik deger-
leri, diger materyallere oranla istatistiksel olarak anlamli dere-
cede yuksek bulundu (p<0,05). Tum gruplarda alt yuzeyin
sertlik degerleri Ust yuzeye gore anlamli duzeyde dusuk bu-
lundu (p<0,05). Isik kaynagi - seramik arasi mesafenin 0 mm
oldugu gruplarin sertlik degerleri, 3 ve 6 mm olan gruplara
gore anlamli duzeyde yuksek bulundu (p<0,05). 24 saat son-
raki 6lcumlerde elde edilen sertlik degerleri, polimerzason-
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dan hemen sonra yapilan olcumlerdeki degerlere gore
anlamli olarak yuksek bulundu (p<0,05).

Sonug: Yeterli polimerizasyon elde edebilmek icin kul-
lanilan seramik materyalinin ve i1sik kaynagi ile mesafesi-
nin 6nemli faktorler oldugu sonucuna varildi.

Anahtar kelimeler. CAD/CAM, yuzey sertligi, seramik ma-
teryalleri, iIsinlama mesafesi

INTRODUCTION

Among the dental materials, the ceramics have the clos-
est optical properties to natural tooth and they are fre-
quently used for aesthetic restorations. ' Nowadays, most
of these restorations can be produced by both traditional
methods and Computer-aided design/Computer-aided
manufacturing (CAD/CAM) systems.?3 CAD/CAM systems
were brought into use of dentistry during 1980’s. For the
last ten years, CAD/CAM has gained great significance
and popularity.* Lately it has become more accurate,
faster, less expensive and easier to use. Because the res-
toration can be fabricated in only one visit; impressions,
provisional restorations, extra materials and helping staff
is not needed, which saves time both for patients and
dentists. Different parameters like the shape, thicknesses
of the restoration and cement can easily be controlled.
The data can be saved and used for fabricating the resto-
ration later again. The use of industrial blocks enables the
manufacture of high strength restorations that are more
reliable. ®¢

The first CAD/CAM restoration was produced in 1985 as
aninlay made of fine grain feldspathic ceramic (Vita Mark
', Vita Zahnfabrik, Bad Sackingen, Germany).” There are
CAD/CAM blocks containing glass ceramics, feldspath-
ic glass ceramics, lithium disilicate glass ceramics, leu-
cite-reinforced glass ceramics, aluminum-oxide and yttri-
um tetragonal zirconia polycrystals, composite resin and
titanium which is usually used for implant abutments. *
Latest dental technology has produced a newly devel-
oped nano/hybrid ceramic material that is composed of
a polymer network integrated into the ceramic structure.
8,9 The first composite resin block which was introduced
in 2000, was polymerized by light activation from facto-
ry processes.” These materials aim to gather ceramics'
advantages and resin materials' properties together. Ce-
ramic percentage differs in weight between 80-86% and
the polymer weight differs between 14-20%. Ceramic
structures and resin polymers are processed at high tem-
peratures with special techniques.® Another material
that is recently developed and launched is the lithium
silicate ceramics reinforced by zirconia. These materials
aim to have both the superior mechanical properties of
zirconia and the optical behaviour of glass ceramics. The
zirconia-reinforced lithium silicate (Vita Suprinity) con-
tains 56-64%Si02, 15-21%Li20, 8-12%Zr02, 3-8%P205,
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1-4%K20, 1-4%AB203, 0-4%Ce02 and 0-6%colour pig-
ments. It gains its final physical and aesthetic properties
after the crystallisation in dental furnaces. '

Restorations as inlays, onlays, laminate veneers and all
ceramic crowns that does not contain metal, are gener-
ally luted with dual cured resin cements because of the
reduced light transmission through the restoration. "
Dual cured resin cement ensures a complete chemical
reaction and a full degree of conversion (DC). During
adhesive cementation ceramic type, thickness, translu-
cency, the type of the light source and the distance be-
tween curing unit light guide and cement layer have an
effect on the polymerization of the resin luting cement."?
The transmission of light through a restoration influences
the polymerisation of the underlying resin cement.”® The
mechanical properties and biocompatibility of resin ce-
ments largely depend on their ratio of monomer conver-
sion. > The degree of polymerization of the resin matrix
also affects the hardness of the material. The hardness of
the surface is one of the most significant physical proper-
ties of a dental material and it can be defined as the resis-
tance of a material to indentation or penetration. '#1° Test-
ing the hardness of a material is also a frequently used
method for estimating the DC of a resin based material. '®
The top and the bottom surfaces of the resin material do
not receive the same amount of light from the curing unit.
Price’ suggest that the difference between the top and
the bottom surface hardness must be examined individ-
ually, while evaluating the mechanical properties of resin
materials. Soh'®® stated that in order to polymerise a 2
mm thick resin successfully, the light intensity should at
least be 400 mW/cm2 and the curing distance should be
maximum 3-4 mm from the restoration surface. One diffi-
culty with indirect adhesive restorations is to achieve an
adequate degree of polymerization of the resin cement or
base material beneath the restoration.

This study evaluated the effect of different curing dis-
tances (0, 3 or 6 mm), 2 time periods (immediate or after
24 hours), 4 different ceramic materials on the microhard-
ness of dual-cured resin cement (NX3 Nexus Third Gen-
eration, Kerr Corporation). The null hypothesis is that the
hardness values of resin cement are not affected from dif-
ferent curing distances and veneering materials.

MATERIALS AND METHODS

One hot-pressed lithium disilicate based ceramic (IPS
e.max Press (EP), Ivoclar Vivadent AG, Schaan, Liechten-
stein) which is produced in laboratory and three differ-
ent CAD/CAM blocks (Lava Ultimate (LU), 3M ESPE, St.
Paul, MN, USA; IPS e.max CAD (EC), Ivoclar Vivadent AG,
Schaan, Liechtenstein; Vita Suprinity (VS), Vita Zahnfab-
rik, Bad Sackingen, Germany) were investigated in this
study. Materials used in the study are shown on Table 1.
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Table 1. The brand names, lot numbers, abbreviations, components and manu-
facturers of the materials used in the study

Brand Lotno | Abbr. | Component Manufacturer
Name
IPS e.max EP Lithium disilicate glass ceramic (LS>) Ivoclar Vivadent AG,
Press Schaan, Licchtenstein
IPSemax |T11044 |EC Lithium disilicate glass ceramic (LS.) Ivoclar Vivadent AG,
CAD Schaan, Liechtenstein
Lava N532098 | LU Resin Nano Ceramic 3MESPE., St. Paul, MN,
Ultimate Monomer:  Bis-GMA. UDMA, Bis-EMA, | USA

TEGDMA

Filler: SiO> (20 nm), ZrO> (411 nm), aggregated

Z10,/Si0: cluster (SiO> = 20 nm, ZrO>=4-11 nm)

aprproximately %80 nanoceramic particles
VITA 49342 \S Zirconia-reinforced lithium silicate ceramic Vita Zahnfabrik H. Rauter
Suprinity 56-64% SiO-, 15-21% LixO, 8-12% Z10-, 3-8% | GmbH, Bad Sickingen,

P20s. 1-4% K70, 1-4% AB:03, 0-4% CeO> Germany

Abbr.: Bis-GMA: bisphenol A diglycidylether methacrylate: UDMA: urethane dimethacrylate; TEGDMA:
triethylene glycol dimethacrylate: Bis-EMA: ethoxylated bisphenol-A dimethacrylate: DMA: dimethacrylate.

One rectangular shaped specimen with 12 mm of width
and 14 mm of length were prepared from each ceramic
material. The specimen were cut in 1 mm thicknesses
from CAD/CAM blocks using a low speed diamond saw
(Isomet, Buehler, Lake Bluff, IL, USA) under water cool-
ing. EC and VS specimens were crystallized, glazed and
LU specimen was polished manually according to the
manufacturer’s instructions. EP was fabricated in 1 mm
thickness and glazed according to to the manufacturer’s
instructions.

A caries free, freshly extracted human molar without
any restorations was cleaned mechanically and stored
in distilled water at room temperature until used for the
test. Then it was inserted in a custom made acrylic resin
(Meliodent, Heraeus Kulzer, Hanau, Germany) mold. The
tooth surface was abraded with a coarse grit diamond ro-
tary cutting instrument (6856 L-016 Gebr. Brassler GmbH
& Co. KG, Lemgo, Germany) untill the dentin surface was
exposed. The dentin surfaces were levelled to the acrylic
resin surface. Then the occlusal surface of the tooth was
further abraded with a mechanical grinder (MetkonGripo
2V Grinder Polisher, Metkon Instruments Ltd, Bursa, Tur-
key) using 600 grit SiC papers under water cooling for 30
seconds. A translucent strip was placed on the dentin sur-
face. A teflon mold with an opening in the center (1 mm
thick and 5 mm in diameter) was used for the application
of the dual-cured resin cement (Yellow, NX3 Nexus Third
Generation, Kerr Co., Orange, CA) to the dentin surfaces
according to the manufacturer’s instructions and anoth-
er strip covered it. On top of the strip, ceramic specimen
were placed (Fig. 1).
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Figure 1. Schematic illustration of specimen preparation.

Groups were separated according to the curing distanc-
es (0, 3 or 6 mm) between the ceramic and the top of the
curing tip. To set standard curing distances, 0, 3 or 6 mm
thick plastic rings were placed around the opening of
the mould. The resin cement was cured by using a high
power intensity light emitting diode (LED) unit (Demi Ul-
tra Kerr, Kerr Co., Orange, CA, at a light intensity of 1100
of mW/cm2) with curing time of 10 seconds according
to the manufacturer’s instructions. Light intensity was
checked before every application with a curing radiome-
ter (SDI Limited, Bayswater, Victoria, Australia). The speci-
mens were prepared for each group (n=10) (Fig. 2).

EP, LU, EC, VS EP, LU, EC, VS EP, LU, EC, VS
= .
vy v v v v v
Surfac
top bottom top bottom top bottom
z SN RN Fas W S T
Time SEE S S Ly Fo P
& S

é & & & b
& & X
? & &S

Figure 2. Schematic illustration of the experimental design (EP: IPS e.max Press,
LU: Lava Ultimate, EC: IPS e.max CAD, VS: Vita Suprinitiy).

Vickers hardness (VH) values were measured using the
microhardness testing machine (Shimadzu Microhard-
ness Tester HMV-2, Shimadzu Corporation, Tokyo, Ja-
pan) under 50 g of loading in 15 seconds. The measure-
ments were made at three points of top and each side of
the specimen and the mean values were determined as
the VH values. First measurements took place right after
the polymerization, the second measurements were car-
ried from the same specimens after storage in distilled
water at 37°C in a dark environment for 24 hours. Spec-
imen were stored in light-proof boxes after the polymer-
ization procedure to avoid further exposure to light.

The data were statistically analysed with software (SPSS
18.0 for Windows; IBM Corp., SPSS Inc., Chicago, IL, USA).
Repeated Measurements Analysis of Variance (ANOVA)
was used to analyse the data (ceramic materials, curing
distances, surfaces and measurement times). Bonferroni
test was used to perform multiple comparisons (P<.05).
Measurement of intensity of transmitted light

Light transmission by the specimens were determined by
placing each to the internal part of radiometer (SDI Limit-
ed) and irradiating the specimen for 10 seconds. The LED
radiometer is designed to measure the energy between
400 and 525 nm, and gives readings from 0 to 2100 mW/
cm2. Over the irradiation period of 10 seconds, the val-
ue of the transmitted light was recorded. The instrument
measured the transmitted light through each specimen
or without any specimens in mW/cm2 received by the ra-
diometer detector. The average of 3 readings are showed
in Fig 3.
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Figure 3. Radiometer measurements of polymerization light intensity (mwW/cm2)
through ceramic materials tested and without any samples. (EP: IPS e.max Press,
LU: Lava Ultimate, EC: IPS e.max CAD, VS: Vita Suprinitiy).

RESULTS

Mean VH values and standard deviations for the top and
bottom surfaces of dual-cured resin cement polymerized
under ceramic materials are given in Table 2 and 3.

Table 2: The mean hardness values of the top surfaces, standard deviations and
differences among the groups

3m

0 mm-after 24 h
(Mean+SD)

3 mm-after 24 h
(MeanSD)

6 mm-after 24 h

Materials (Mean=SD)

ately
£SD)

im
(W
11.03+1.33%

EP 17.03+4.45% 29.15+5.57¢ 24.97+3.465° 8.06+1.495" 25.05+£4.5%0

LU 28.36+5.11° 38.84:4.83% 20624252 27.5143.65™ 11.09+5.62™ 25.78:3.29™

EC 18.7042.02% 23.53+0.64° 16,850,742 20.93+1.68™ 12.66+1.1% 19.63+0.88

\E} 17.4942.72% 24.02+0.86* 16.41+1.7248¢ 21.65+1.18° 13.2941.78% 19.01:1.35%

* Capital superscripts correspond the same line, lower case superscripts correspond the same column.

Table 3: The mean hardness values of the bottom surfaces, standard deviations
and differences among the groups

Mteriats | gty | Ommater2en | S | 3mmateraen | SR | Smmatter2an
(MeantSD) (MeanSD) (MeantSD) (MeantSD) (MeanSD) (MeantSD)
EP 8981269 21.69+4.67 7365117 17.86+3.09™ 5785110 23.404.20%
LU T1.84=1.99% 21.77+3.69% 11.3352.70™ 17.97:2.905 8.74+1.06™ 13.03+1.34%
EC 123422427 16.7720.42% 10,681,217 12.89:0.99% 7.89+1.79% 1039101
VS 10.97+1.36™ 15.54£0.70% 11.5343.09% 14.38:2.245% 9.45:2.26™ 1127+2.14%

*Capital superscripts correspond the same line, lower case superscripts correspond the same column.

Results of ANOVA revealed that there are no statistically
significant differences (p=0.139) among the factors in-
vestigated (ceramic materials, curing distances, measur-
ing time and surfaces).

It is shown that ceramic materials have an effect on the
surface hardness of the resin cement. The resin cements
under the LU specimens have significantly higher VH val-
ues compared to EP, EC and VS groups (p<0.001). 0 mm
distance groups have significantly higher VH values and
there are significant differences among all curing distanc-
es (0, 3, 6 mm) (p<0.001). The VH values were significant-
ly higher after 24 hours than immediate measurement
(p<0.001).

Comparing the top and bottom surfaces of the polymer-
ized resin cements, the bottom surfaces have significantly
lower VH values for all ceramic groups (p<0.001). For the
top surfaces, the lowest VH value was measured immedi-
ately after the polymerization in the EP group with 6 mm
distance (8.06+1.49 VH) and the highest VH value was
recorded after 24 hours in LU group with 0 mm distance
(38.84+4.83 VH). For the bottom surfaces, the lowest VH
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value was recorded immediately after the polymerization
in EP group with distance 6mm (5.78+1.10 VH) and the
highest VH value was measured after 24 hours in the EP
group with 6 mm distance (23.40+4.29 VH).

The measurements after 24 hours showed the lowest
surface hardness values in EC group with 6 mm distance
(10.39£1.01 VH) for bottom surfaces and the highest val-
ue in LU group with 0 mm (38.84+4.83 VH) for the top
surfaces.

When the light transmission was evaluated, LU showed
the highest light transmittance (580 mW/cm2) where as
EC group showed the lowest (485 mW/cm2).

DISCUSSION

The hypothesis of the present study was that the hard-
ness values of resin cement is not affected from different
curing distances and veneering materials. However, the
study concluded that curing distances and veneering
materials effect VH value. Therefore, the null hypothesis
was rejected.

Lately the clinicians and patients prefer full ceramic res-
torations because of their advanced aesthetic properties.
The colour and translucency of the full ceramic resto-
rations have a great effect on the diffuse and specular
reflection of light, therefore they are significant determi-
nants of the final aesthetic outcome. ° Dual cure cements
are recommended for the cementation of the full ceram-
ic restorations because they are able to overcome the
problems of decreased light intensity and they ensure
sufficient polymerization at the base area of the resto-
ration where light intensity is very limited. An incomplete
polymerization of the luting cement causes problems in
ceramic restorations. In order to achieve the maximum
physical properties of resin cements, the conversion rate
should be as high as possible. 223 In the current study;
the effect of different curing tip-restoration distances,
type of restoration and time periods on the hardness of
the dual-cure resin cement were investigated.

The effectiveness of curing can be evaluated directly or
indirectly: direct methods, such as infrared spectroscopy,
are complicated, expensive and time-consuming. Visual,
scraping and hardness testing are the indirect methods.
Because of its simplicity and good correlation with the
infrared spectroscopy, hardness testing is preferred by
many previous studies. 2#2° According to Uhl?¢, Knoop
and Vickers hardness tests are more accurate in measur-
ing the degree of polymerization compared to tests with
a penetrometer showing the depth of cure. Sufficient po-
lymerization of resin cements can be a challenge under
indirect restorations 14. In this study the Vickers hardness
test to measure the hardness of the resin cements was
used.

To make sure of the complete polymerization through
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the whole resin cement, both the light cured side and the
bottom side of the specimen were evaluated. Polymeriza-
tion limitations effecting the microhardness of the resin
cement is a very important issue regarding the clinical
success of a restoration. According to some studies, the
top surfaces of the resin cements are significantly harder
than the bottom surfaces. #'8272° This difference may de-
pend on to the decrease of light intensity occurring when
light passes through the filler particles and resin matrix.
30 Also light intensity is less in inner parts compared to
the surface areas because it is absorbed and scattered by
the composite mass. ?° Pires et al®’ states that the initial
light application immediately starts the polymerization of
the light sensitive molecules in the surface which blocks
the light from reaching the deeper areas. The results of
the current study have showed similar results with the
previous ones.

The translucency of ceramic restorations is dependent on
the light transmission and polymerization degree of the
luting agent. 2% The translucency of veneer restorations
may vary depending on compositions and fabrication
methods. These differences affect the polymerization
of dual-cured resin cements.®* For ceramic restorations,
many factors affect the light transmission. Similarly, in
resin restorations factors such as thickness, resin matrix
composition, filler particles, aging and polymerization
might affect the light transmission.® According to the re-
sults of the current study, the resin nanoceramic material
(LU) presented the highest light transmission, followed
by the zirconia reinforced lithium silicate (VS) and the lith-
ium disilicate glass ceramics (EP, EC). Because of the filler
amount, size and character, resin based CAD/CAM mate-
rial presented the highest light transmission.¢%” The resin
cements under the LU specimens present higher surface
hardness values compared to the other restoration mate-
rials. This situation can be explained by the differences
present in the microstructures of the ceramic materials
used in this study.

According to some studies, the micro hardness values of
resin material is directly related with the distance of the
tip of LED unit. 3 Ersoz et al*® states that 0 and 3 mm dis-
tances show significant difference, however 6 mm and 9
mm distances showed lower hardness values. In the cur-
rent study, 0, 3 or 6 mm distances were compared and
there were statistically significant differences among the
distances tested as well.

Dual-cured resin cements are suggested for luting ceram-
ic restorations because of their ability to guarantee effi-
cient polymerization even with reduced light intensities.*°
Peutzfeldt*® stated that; in order to obtain the best physi-
cal propertiesin dual-cured cements, light polymerization
should be used. Chemical curing should not be relied on
alone for polymerization. In accordance with the current

study, the results of a previous study #' showed that, dual
polymerization with immediate measurements obtained
the lowest degree of cure results, while measurements 24
hours after the dual polymerization obtained the highest.
Materials with high transmittance allows higher irradi-
ance on the cement surface which increases the con-
version degree and the mechanical properties. Further
investigation is needed with differrent ceramic materials,
curing units and luting materials. The present study has
several limitations, making it difficult to compare results
directly with clinical studies. Resin cement thickness test-
ed in the current study was 2 mm, which is 25-150 ym in
the clinical situations. #2 Future investigations should be
performed using different resin cement thicknesses for
greater clinical relevance. Another limitation of the pres-
ent study was that it was performed under in vitro condi-
tions, but the results still provide guidance for clinicians.
Other adhesion tests or mechanical tests can be used to
confirm the results. Due to the lack of aging mechanism
and varying resin cement and ceramic material thickness,
the study model does not accurately simulate the clinical
performance of an aesthetic indirect restoration.

CONCLUSION

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

1. When cementing all ceramic restorations with resin
cements, the light source should be as close as possible
to the restoration surface. Because the polymerization of
resin cements are adversely affected by the curing dis-
tance.

2. The polymerization reaction of dual-cure resin cements
continue after the cementation.

3. Among the tested ceramic materials, the resin nanoce-
ramic (LU) restorations present the highest light transmis-
sion. Consequently, the most successful polymerization
of the resin cements can be achieved under LU resto-
rations.
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