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DIFFERENT HYBRID CAD/CAM MATERIALS THICKNESSES
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ABSTRACT

The purpose of this in vitro study was to evaluate the effect of two types of modified CAD/
CAM restorative material and its thickness, together with the type of resin luting cement, and its
method of curing on color difference (AE) and VHN as an indicator of the degree of polymerization
of resin luting cement.

Materials and methods: A total of 36 groups were used in this study (n=5) where, 32 Groups
representing the each of the two different resin luting cement materials, under each of the two
different modified CAD/CAM materials interface with four different materials thicknesses (0.5
mm, 0.7 mm, 0.9 mm and 1.2 mm) and polymerized with either conventional halogen or LED
light curing system. Another four groups were prepared representing the control groups for each
resin luting cement and light curing unit used. AE Measurement: Specimens in all groups was
measured just after polymerization at the top of the specimens after removal of the ceramic face
and Mylar strip to be compared with stored in dry boxes in darkened incubator at 37°C for one week
to be subjected to the color measurement again at the surface of the specimens. Micro Hardness
Measurement : The resin luting cement specimens were subjected to micro-hardness tester (Wilson®
Hardness Tester, Model Tukon 1102, Buehler, Lake Bluff, IL, USA). The data obtained from the
means of AE and VHN test were subjected to analysis of variance (ANOVA) followed by Tukey’s
test at a 5% level of significance.

Results: Four-Way ANOVA was used to test the four main effects namely, type of indirect
esthetic restorative material and its thickness, together with the type of resin luting cement, and its
method of curing the types of resin luting cement, the mode of curing. The first main effect (type
of modified CAD/CAM material) had two levels namely, Lava Ultimate, and Vita Enamic. The
second main effect (modified CAD/CAM material thickness) had four levels namely, 0.5 mm, 0.7
mm, 0.9 mm and 1.2 mm. The third main effect (type of resin luting cement) had two levels namely
Vario Link Dual and Nexus 3 LC. The fourth main effect (type of light curing unit) had two levels
namely QTH and LED.

Conclusion: Within the limitation of this study, it could be concluded that, the thickness of
the CAD/CAM material and the type of the resin luting cement had a higher effect on the AE and
micro-hardness, hence the degree of maturation, of resin luting cement than did either the type of
tested CAD/CAM materials or the curing units.
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INTRODUCTION

In the current century, esthetic dentistry has
evolved to be one of the major backbones of
every dental practice. Esthetic dentistry has a wide
range starting from resin composite restoration
and extending to the design and reconstruction of
the patient smile, certainly all these procedure is
considered practicing under the cosmetic umbrella.

In a trial to modify the properties of CAD/
CAM ceramics different organic hybrid materials
were introduced to the market. One of these hybrid
CAD/CAM materials is Lava Ultimate (3M ESPE),
a so-called “resin nano-ceramic”. Lava Ultimate,
named also “nanoparticle and nano-cluster-filled
resin or “CAD/CAM (resin) composite”, contains
nano-ceramic particles (silica- and zirconia filler/
cluster filler) bound in a resin matrix."” The other
resin-ceramic CAD/CAM material is VITA
ENAMIC (VITA Zahnfabrik), which also called
“hybrid dental ceramic” containing a feldspathic-
based ceramic network and a reinforcing polymer
network. Previously also named “resin infused
ceramic hybrid” or “polymer-infiltrated Feld
spathic ceramic network material”®. The polymer
infiltrated ceramic network material was made in
an attempt to mimic the mechanical behavior of
enamel @. In contrary to other ceramic CAD/CAM
materials, ENAMIC is infiltrated with polymer
instead of glass, and the most common monomers
are Triethylene glycol dimethacrylate (TEGDMA)
and Urethane dimethacrylate (UDMA). The ceramic
network constitutes a three-dimensional framework
of organized particles, in comparison to the scattered
distribution of filler particles in traditional resin
composites. ¢

Disregarding the varying nomenclature due to
the different composition of the two materials, both
manufactures claim their material to have numerous
advantages ©7. As a result of the resin component,
lower brittleness compared to pure ceramic and
modified abrasion behavior than composite. On
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the other hand, compared to silicate ceramic, the
feasibility for milling of restorations with thinner
invasive

walls increased, favoring minimally

restorations.

Resin luting cements, have gained a wide
range of usage with inlay / onlay, posts and fixed
prosthodontics, as they were proven to boost
mechanical, physical, and adhesive, even esthetical
properties of restorative systems ®. Further, they
provide adequate stability and increased fracture
resistance of overlying ceramic restorations,
together with an optimal esthetic result. Presently,
resin luting cements grew the ability to modify the
final shade match of the final indirect restoration as
a result of the accessibility of their different shades,

permitting clinicians obtain desirable esthetics.

It is well known that the success of an indirect
esthetic restoration is primly dependent on the bond
durability of both ceramic/luting cement and luting
cement/tooth. Yet esthetic considerations are not to
be neglected, as the final color of an indirect esthetic
restoration is not only affected by the thickness,
optical and surface properties of restorative
material used, but also by the color, translucency,
and thickness of the underlying resin luting cement
which plays a crucial role in determining the final

color of restorations ©-'V.

Nowadays, different manufacturers have sup-
plied the market with a wide range of shades for
resin luting cements in an attempt to enhance final
color match for indirect esthetic restorations in or-
der to achieve their required esthetic goals. How-
ever, the impact of cement shades on the final color
of ceramic restorations remains controversial.

The purpose of this in vitro study was to evaluate
the effect of type of indirect esthetic restorative
material and its thickness, together with the type
of resin luting cement, and its method of curing on
color difference (AE) and degree of polymerization
of resin luting cement.
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The total color difference is described by
AE=[(AL*)*+(Aa*)*+(Ab*)?]V*> 12 Several studies
have shown that color differences greater than one
unit (AE>1) can be noticed by half the number of
observers, while general population can differentiate
color differences of value AE>3.3, which can be
considered clinically significant 115,

The purpose of this study was to evaluate
the AE and VHN as an indicator to the degree of
conversion of the resin luting cements, polymerized
two different methods under different thicknesses of
two different CAD/CAM materials.

METHODS AND MATERIALS

A total of 36 groups were used in this study
(n=5) where, 32 Groups representing the each of the
two different resin luting cement materials, under
each of the two different modified CAD/CAM
materials interface with four different materials
thicknesses (0.5 mm, 0.7 mm, 0.9 mm and 1.2 mm)
and polymerized with either conventional halogen
or LED light curing system. Variables tested in
the study and their interaction is illustrated in table
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(4&5). An extra Tested four groups for each tested
cement using both curing system manufactured
without any interfacing ceramic materials and cured
either by QTH or LED, used as control group. List
of CAD/CAM materials [table (1)], list of curing
lights specifications is given in table (2), and list of
resin luting cement materials’ specifications used in
this study is demonstrated in table (3).

The split Teflon rings were assembled over
glass slide in order to make resin cement sample of
2mm thickness and 7 mm diameter. Dual-cured and
light-cured resin cement was firmly pressed under
a standardized 5 kg of load 3 min in the Teflon
mold covered with Mylar strip (Alsip; GC America
INC.) Individually on the upper side to ensure even
and smooth surface. Sample without any interface
ceramic material use as control group.

Another groups of both resin cements were
fabricated using the same technique but with both
ceramic materials with different thickness on the top
as interface. All samples were polymerized using
the conventional halogen and LED light curing
system for 40 sec.

TABLE (1) List of CAD/CAM materials used in the study

Composition
. 8 5 Filler
Material Type = Manufacturer 5 Monomer
2 /M Composition
Mass%
) [ Bis-GMA, Si02(20 nm) ZrO,(4-11 nm),
Lava™ Composite 3M ESPE St.Paul | <« . .
. . Al & | UDMA, Bis-EMA, | Aggregated ZrO,/ SiO, Cluster 80
Ultimate Resin MN, USA <+
Z TEGDMA (8i0,=20 nm, ZrO,=4-11 nm
Vita ZahnfabrikH.
Vita Hybrid Rauter, Bad =34 Feldspar ceramic enriched with
, RN . = | UDMA, TEGDMA , , 86
Enamic® ceramic Sickingen, 0] aluminum oxide
Germany

Bis-GMA :bisphenol A diglycidylether methacrylate; Bis-MEPP: 2,2-Bis (4-methacryloxypolyethoxyphenyl) propane;

UDMA :urethanedimethacrylate;
dimethacrylate; DMA: dimethacrylate.

TEGDMA :triethylene glycol dimethacrylate; Bis-EMA: ethoxylatedbisphenol-A
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TABLE (2): List of different types of light curing system used in the study.

Type Unit Intensity mW/cm? | Time (s) | Total Energy mW/cm?
Hilux curing light, Benliogbr¥nc, Ankara,
QTH 450 40 9000
Turkey Batch number 3051144
Elipar S10, 3M ESPE, Seefeld, Germany, Batch
Monowave LED 1200 40 18.000
number D-82229
TABLE (3): List of resin luting cement materials’ specifications used in this study.
Material Manufacture Monomer Lot Number Shade
Vario link Dual light Ivoclarvivadent AG, Bis-GMA UDMA TEGDMA
) ] ) o » P39409 R6551 White
and self-curing SchaanLechtenstein Filler Initiator Stabilize
Nexus 3 Light cured Kerr, orange, CS,USA Bis-GMA DMA 4691126 white
TABLE (4) Variables tested in the study.
Variable Symbol Refers to
R1 Variolinkdaul
Resin Luting Cement .
R2 Nexus 3 light
C1 Lava ultimate.
CAD/CAM Materials
C2 Vita Enamic.
L1 QTH
Light Curing Unit
L2 LED
Tl 0.5 mm
T2 0.7 mm
CAD/CAM Materials Thicknesses
T3 0.9 mm
T4 1.2 mm
TABLE (5) Interaction between different tested variable
R1 R2
C, C, C; C, C, C;
LIL I L I L LIL I L I
TL[ T2 [ T3 | T4 | TI | T2 | T3 | T4 | T1 [ T2 ] T3] T4| TL|T2][ T3] T4 L[ T2 [ T3 | T4 | TI | T2 | T3 | T4 | TI [ T2 [ T3] T4| TL|T2][ T3] T4
R|R|R|R|R|[R|[R|R|R|[R|R|R|{R|R|R|R|R|R|R|R|R|[R|R|R|R|R|R|R|R|R|R|R|R|R|R|R
tlo ||| ool faofuofofofofojj|o]o|2l2f2af2af2l2]2]2]2]2]2]2]2|2|2]|2
clc|c|c|c|clclc|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c|c]|c
ofoft ||| f2f2f2f2f2f2f2f2]ofjof|t|t|t|t|t|1|1|if2f2]2]2]2]2]2]2
Ljr|c|o|e|cfofofofrfrfr|{r|e|c|e|e|o|e|efffrfrfr|r|{r|e|{r|L|L|L|L|L|L|L
tl2 |||t faf22|2|t|2t it f2af2f2f2ft|t]|t]t]|2]|2]|2]2
T|t|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T|T
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For all the specimens light curing was applied
only to the top surface of the samples according to
each group testing condition. The surface of the light
guide was applied directly in contact to the Mylar
strip covering the top surface of the sample or the
surface of interfacial ceramics according to testing
group. Both type of cement light cured and dual cure
were subjected to light using for 40 sec. with both
light curing units. The output of the curing units was
checked with radiometer (curing Radiometer Model
100, Kerr crop. Orange, CA, USA).

No polishing was used in order to avoid any
modification of the surface which may influence on
the results.

4 )
Pressing weight that is
removed before light
initiated
polymerization
CAD/CAM material tested
Mylar strip
A¢ Split Teflon ring
Resin luting cement r
loading
Glass slide
(& J

Fig. (1) The split Teflon rings were assembled over glass slide
covered with Mylar strip with CAD/CAM material and
the applied load.

Color Difference(AE) measurement

The color of all specimens in all groups was
measured just after polymerization at the top of
the specimens after removal of the ceramic face
and Mylar strip to be compared with stored in
dry boxes in darkened incubator at 37°C for one
week to be subjected to the color measurement
again at the surface of the specimens. The color
measurement was performed according to the CIE
L* a* b* system and mean L*, a*, b* values for
each material was calculated. The total color change

(obtained was calculated for each specimen using
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the equation). All measurements were made on
white colored back-ground for standardization of
the measurement.

AE= (L, ~L) +(@; ~a)) + (0, ~a)°

The color and color difference of each specimen
were measured by spectrophotometer (Aretag
Macbeth ). The color of each sample was detected
from spectral reflectance measurement which were
carried out using spectrophotometer. Where L* is
the lightness, a* is green-red (-a*= green; +a* =red)
and b* is blue-yellow (-b*= blue; +b*= yellow).

Micro Hardness Measurement

The resin cement specimens were subjected to
micro-hardness tester (Wilson® Hardness Tester,
Model Tukon 1102, Buehler, Lake Bluff, IL, USA)
and Vickers hardness numbers were determined.
The test was carried out by using a load of 50 gm
for 15 seconds dwell time. The Vickers’s hardness
number (N/mm?) was recorded as an average of
three readings for each surface of each specimen

Statistical analysis

The data obtained from the means of AE and
VHN test were subjected to analysis of variance
(ANOVA) followed by Tukey’s test at a 5% level
of significance.

RESULTS

In the current study Four-Way ANOVA was used
to test the four main effects namely, type of indirect
esthetic restorative material and its thickness,
together with the type of resin luting cement, and its
method of curing the types of resin luting cement,
the mode of curing. The first main effect (type of
modified CAD/CAM material) had two levels
namely, Lava Ultimate, and Vita Enamic. The
second main effect (modified CAD/CAM material
thickness) had four levels namely, 0.5 mm, 0.7 mm,
0.9 mm and 1.2 mm. The third main effect (type of
resin luting cement) had two levels namely Vario
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Link Dual and Nexus 3 LC. The fourth main effect
(type of light curing unit) had two levels namely
QTH and LED.

Color Difference (AE)

The mean A E values and standard deviations
of tested groups are presented in Table (6) and Fig
(2). No significant interaction was detected between
the four main effects. It was clear that any increase
in thickness of either of the CAD/CAM materials
used in the current study led to an increase in AE
values, and this increase was significant mostly in
large thicknesses. Post Hoc test of the tested groups
revealed that through out the study, Lava Ultimate

TABLE (6) Mean AE of tested groups.
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C1 groups gave higher mean AE values than did Vita
Enamic C2 groups. And it was noticed that Nexus
3 LC R2 groups gave significantly lower mean A
E values than Vario Link daul R1 corresponding
groups.

Post Hoc test of the tested groups also showed
that for Vario Link dual R1, upon increasing the
Lava Ultimate C1 material thicknesses to 0.9mm
T3 or more, for either QTH or LED, statistical
significant difference starts to appear in the mean
A E values compared to the control group. The
same was detected for the Vita Enamic C2 groups
cured with QTH L1 but not with the groups cured

Vario Link daul R1 Nexus 3 LC R2
Control QTHL1 LED L2 QTHL1 LED L2

2.14¢ 1.87¢ 097" 0.84"

T1=0.5 mm 2292¢ 2.10¢ 1.092f 1.088"

Lava T2=0.7 mm 2330 2.13¢ 1.134¢f 1.180¢
Ultimate

c1 T3=0.9 mm 2.770% 2.55%® 1.224¢ 1.208¢

T4=-1.2 mm 2.912¢ 288 1.422¢ 1.460°

T1=0.5 mm 2310° 1.97¢ 1.012f 0.870°

Vita T2=0.7 mm 2392t 2019 1.090 0.960°
Enamic

c2 T3=0.9 mm 2.800° 2219 1.208¢ 1.056'

T4=1.2 mm 29422 2.15¢ 1.424¢ 1.208¢

e N
Mean AE of tested groups.
3.5.
T1T2T3T4T1T2T3T4 T1T2T3T4T1T2T3T4 T1T2T3T4T1T2T3T4 T1T2T3T4T1T2T3T4
L1 Lijeijeafeajeajea)ea) L L2 [L2{L2|L2|L2|L2|L2|L2| L2 L1 |Lajrajeifeajeajeafea) La L2 [L2|L2|L2|L2|L2|L2|L2{L2
CO |Clicljcyciuceic2ic2l c2 CO |Clclciuciiczic2ic2 c2 CO |Clciciiciczic2ic2 c2 CO |Clicljclcilc2ic2ic2iC2
L R1 R1R1R1R1R1R1R1 R1 R1 R1R1R1R1R1R1R1 R1 R2 R2R2R2R2R2R2R2 R2 R2 R2R2R2R2R2R2R2R2 )

Fig. (2) Bar chart of Mean AE of tested groups
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with LED L2 although there was an increase, this
increase was not statistically significant.

Nexus 3 LC R2 groups showed no statistical
significant difference in between each tested group
compared to their control except, for the thickness
1.2mm of Lava Ultimate C1 a statistical significant
difference was obtained.

Micro Hardness:

The VHN mean values and standard deviations
of tested groups are presented in (Table 7) and Fig 3.
No significant interaction was detected between the
four tested main effects. No significant difference
was detected between the control groups and their

TABLE (7) Mean VHN of tested groups.
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corresponding 0.5mm T1 thicknesses

Nexus 3 light R2 was less affected than Vario
Link daul R1 by either the type or the thicknesses
of the CAD/CAM material used in the current
study. Also Nexus 3 light R2 showed lower VHN
than Vario Link daul R1 which had a significantly
higher VHN at thicknesses 0.7mm T2 and 0.5mm
T1. Most of the groups showed a drop in the VHN at
1.2mm T4

The thickness of the CAD/CAM material and
the type of the resin luting cement had a significant
effect on VHN than did either the type of CAD/
CAM material or the curing unit.

Vario Link daul R1 Nexus 3 light R2
Control QTH L1 LED L2 QTH L1 LED L2
32.12* 37.48* 20.06 © 22.36°
T1=0.5 mm 29.30 ® 35.06* 19.18 <« 22.18°
Lava
T2=0.7 mm 25.90° 34.24¢ 18.12 < 21.12°%
Ultimate
1 T3=0.9 mm 22.12¢ 22.18° 16.48 ¢ 20.12°¢
T4=1.2 mm 20.36¢ 22.06° 12.26¢ 20.30 ¢
T1=0.5 mm 28.36 37.18® 19.42 <« 21.24 b
Vita
T2=0.7 mm 24.18° 36.30* 18.12« 21.36%
Enamic
2 T3=0.9 mm 22.06° 24.06° 16.12 ¢ 21.18 ¢
T4=1.2 mm 20.12¢ 21.24 b 12.76 ¢ 20.12¢
s N
Mean VHN of tested groups
40
35:
30
25
20
L5
10
5
(6)
TO T1T2T3T4T1T2T3T4 TO T1T2(T3[T4T1T2T3T4 TO T1T2T3T4T1T2T3T4 TO T1T2T3T4T1T2T3T4
L1 |L3jL3jLajuajrajrajeal L1 L2 |L2|L2|L2[L2|L2|L2|L2| L2 L1 L)Ll ajiajrajra) L1 L2 |L2|L2|L2|L2(L2|L2|L2|L2
CO |Cclciliciclc2ic2ic2l Cc2 CO [Ccljciciclc2ic2ic2l Cc2 CO [Clicljcliiciic2ic2|ic2] Cc2 CO [ClclciicliCc2ic2ic2iC2
\_ R1 R1R1R1R1R1R1R1 R1 R1 R1R1R1R1R1R1R1 R1 R2 R2R2R2R2R2R2R2 R2 R2 R2R2R2R2R2R2R2R2 )

Fig (3) Bar chart of Mean AE of tested groups
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DISCUSSION

The final shade of the resin luting cement is
highly influenced by the degree of conversion
which in turn can be evaluated indirectly by surface
hardness measurements whether using Vickers or
knop indenter which will give good determination
after 24 hours 9. Off course, the maturation of resin
composite will continue in slow rate, sometimes a
week 718 and that is why in the current study the
measurements were taken after one week.

Different CAD/CAM material
selected in this study represent the average
depths
manufacturer in different situations =19

thicknesses

preparation recommended by the

Dual curing was introduced to insure full
polymerization of resin composite luting cements
in areas where light cannot reach with an efficient
intensity. Yet, it was mentioned in literature that
auto cure alone was incapable by itself to deliver
full maturation of the resin composite cement in
absence of photo initiated polymerization %,

Color differences can be evaluated visually
or by color measurement devices. Most color
measurement devices utilized in dentistry use the
AE from the Commission International d’Eclairage
CIE (L*a*b*) color system to determine color
differences or changes. In this scheme, color is
measured in three coordinate dimensions of L*,
which represents lightness (from white to black;
similar to value),a*, which corresponds to the green-
red axis (negative value indicates green; positive
value indicates red), and b*, which corresponds to
the blue-yellow axis (negative value indicates blue;
positive value indicates yellow).

Although the used CAD/CAM materials acts
as a light barrier during photo initiation of resin
Iuting cements, yet their translucency may play a
major role, allowing sufficient delivery of curing
wave length to the under lying maturing material.
Therefore, a greater degree of conversion leading
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to harder resin with a more stable color after
polymerization ?!2-2324)

The intensity of the photo initiation unit may
have played an important role, as the marked
difference in the intensity between both QTH and
LED light curing units used may have contributed
in the results of the study.

Visible light’s wavelength fall in the range be-
tween 4/10 to 7/10 micrometer, and CAD/CAM ma-
terials and resin cements used, can contain a wide
range of filler particles sizes that are larger or smaller
than this wavelength ®. Upon falling of light on the
surface of filler particle larger than the wavelength
of light, light diffuse occur as a result of its refrac-
tion and reflection infinitely on the surfaces of those
particles. A similar phenomenon occurs as a result
of the porosity of CAD/CAM materials ?**”. The
greater the refractive index difference between par-
ticle size and matrix of either materials, the greater
the refraction and reflection of light, which leads to
an opaque effect in CAD/CAM materials ©®, and
that is why the more translucent material (Vita En-
amic) didn’t affect the intensity of the curing light
as did the less translucent @ (Lava Ultimate).

Dual cured resin luting cements have a two
different amines, one to react with benzoyl peroxide
and another to react with camphorquinone. The
amine that react with benzoyl peroxide is usually
aromatic and more prone to degradation, whereas
the coinitiator in the light polymerization system
is usually aliphatic and more chemically stable,
tending to cause less color variation ©°. The color
instability of Dual cured resin luting cements is
attributed to the presence of unreacted benzoyl
peroxide. The reaction between benzoyl peroxide
and amine is not very efficient, as it depends on
the physical encounter of these molecules for
chemical interaction during polymerization. The
mobility of the initiators becomes restricted as the
cement matures and become more viscous, leaving
unreacted radical in the polymer chain. ¢V
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The quality of maturation of a resin luting
cement is dependent on the use of a compatible light
curing unit and with a proper light exposure time
and intensity ®» that is dictated by the thickness
as well as the reactivity of the photo-initiator. It
was found that hardness of a resin luting cement
decreases as the thickness of CAD/CAM material
increases (193339,

In our study by increasing the distance between
the surface of the maturing resin composite luting
cement and the photo initiation source, due to
increasing the thickness of the CAD/CAM material
led to a drop in microhardness.

Dual cure resin luting cement was capable of
producing higher VHN though out the study which
may be attributed to progress in polymerization and
maturation of the cement after the light initiation
time has stopped and till the activity of free radicles
is controlled by the growing highly cross-linked
polymeric network ¢,

The extent of resin cement maturation changes
considerably among products under various curing
conditions ©®. Clinicians should optimize the
materials choice taking into account the curing
characteristics of the cements.

Upon the effect of different
thicknesses of the two tested CAD/CAM materials,
type of resin luting cement, and type of photo

comparing

initiating devices on the hardness of the resin luting
cement. A drop in VHN was noticed with increasing
the CAD/CAM thickness, this drop is consistent
with other studies®*” and also in agreement with
Koch et al. who stated that the ease at which
light flows though ceramics is proportional with
their thickness.®® The thickness of CAD/CAM
material was considered as the primary factor
determining the light transmittance available for
polymerization39,

Results of the current study uncovered that in-
creasing the opacity as well as the distance between
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the light source and the maturing resin luting ce-
ment have a negative effect on its AE and VHN, and
this was in agreement with literature ¢7-4,

CONCLUSION

Within the limitation of this study, it could be
concluded that, the thickness of the CAD/CAM
material and the type of the resin luting cement
had a higher effect on the AE and VHN hence the
degree of maturation of resin luting cement than did
either the type of tested CAD/CAM materials or the
curing units.
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