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E1 A new class of photoinitiators for
the composite technology

Dr Thomas Hirt talks about Ivocerin

he 2-mm increment technique has been

the standard application method for direct
dental composites for many years. Over time,
the properties of resin composites have been
consistently improved and the bond strength
of dental adhesives optimized. In contrast, the
light initiators used in composite filling mate-
rials and the light-emitting efficiency of the
photo-polymerization process remained un-
changed for many years. However, further de-
velopments have now also been achieved in
this regard. In a series of scientific articles,
we present the fundamentals of photo-poly-
merization and information on the new pho-
toinitiator /vocerin (Ivoclar Vivadent). We de-
scribe the development, working mechanism
and application of a new class of photoinitia-
tors for the visible light spectrum and light
polymerization in general. /vocerin has en-
abled us to develop a new bulk fill material
(Tetric EvoCeram Bulk Fill, Ivoclar Vivadent)
that can be applied and cured in 4-mm bulk in-
crements.

The new [vocerin photoinitiator is charac-
terized by high quantum efficiency, high ab-
sorption capacity and very good bleaching
properties.

Further gradual development

After obtaining very promising fundamental
research data, we proceeded to optimize the
synthesis of /vocerin in order to reproduce
the molecule in large amounts and at a high
level of purity. At the same time, the first suc-
cesses regarding a 4-mm depth of cure were
attained with experimental composites. Fur-
thermore, in vitro studies showed excellent
results in terms of marginal seal, retention
and esthetics. The results were comparable
to those of Tetric EvoCeram placed in 2-mm
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Fig. 1: Schematic absorption spectra of the
different photoinitiators
Source: Ivoclar Vivadent

Fig. 2: Clinical use of Tetric EvoCeram Bulk
Fill featuring Ivocerin: The preoperative situa-
tion shows a large amalgam filling and mesial
proximal caries.

¥

Fig. 3: Large, undercutting defect after re-
moval of the filling and caries excavation

Fig. 4: Restoration of the defect with Tetric
EvoCeram Bulk Fill (IV AG)

Fig. 5: The completed restoration is very
well integrated into the surrounding tooth
structure despite the deep undercutting defect.
Figs 2 to 5 provided by Dr Arnd Peschke,

Schaan (Liechtenstein)

The author of this article, Dr Thomas Hirt, is
Chief Technology Officer at Ivoclar Vivadent
AG, Schaan, Liechtenstein. Contact details:
thomas. hirt@ivoclarvivadent.com

increments. Ultimately, Tetric EvoCeram Bulk
Fill was produced on the basis of Tetric Evo-
Ceram, with the addition of /vocerin and other
photoinitiators. The monomer-filler system
was also optimized to enhance the esthetics
of the material, to reduce shrinkage stress
and increase depth of cure. Three technical
developments patented by Ivoclar Vivadent
have been incorporated into Tetric EvoCeram
Bulk Fill: Ivocerin as a photoinitiator (poly-
merization booster), a light sensitivity filter
and a filler technology (shrinkage stress re-
liever).

Interesting alternative

lvocerin represents a very interesting alter-
native to the established photoinitiators cam-
phorquinone-amine, phenyl propandione and
acyl phosphine oxide (Lucirin TPO). lvocerin
is capable of absorbing light at a higher wave-
length range than acyl phosphine oxide, and
can therefore be activated by all commercially
available (halogen, LED) polymerization lights
(Fig. 1). In contrast to the camphorquinone-
amine initiators, /vocerin can be used to pro-
duce amine-free composite resins, which are
colour-stable under artificial sunlight and do
not interact with acid monomers. For Tetric
EvoCeram Bulk Fill however, the combination
of lvocerin plus champhorquinone-amine has
proven to be most successful at ensuring an
excellent cure in increments of 4 mm (Figs 2
to 5 show a clinical case).
Dr. Thomas Hirt,
Schaan (Liechtenstein) [ |

The full version of this article is available in
the R&D Report, No 19, published by Ivoclar
Vivadent AG in July 2013.




FA State of the art:
Photopolymerization in dentistry

Prof. Dr Norbert Moszner talks about chemical
relationships and developments

ight-curing filling materials have been on the

market since the 1970s. These materials
are composed of monomers and fillers and
they additionally contain initiators, stabilizers
and additives which are dissolved in the
monomer. As the polymerization reaction can
be initiated “on demand”, these materials
give users sufficient time to apply them in the
cavity.

Since light transmission through composite
material is only limited, a cavity usually needs
to be filled in several increments, each of
which is cured separately. Normally, the thick-
ness of each increment must not exceed 2
mm, as complete curing cannot be ensured
with thicker layers. In order to increase the
admissible maximum layer thickness, all the
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Fig. 1: Structure of the germanium photo-
initators Ge-1 and Ge-2
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factors that influence the depth of cure need
to be taken into account, including translucen-
cy, shading, and the initiators and their con-
centration, as well as exposure time and light
intensity. An important factor in this context is
the photoinitator used. In the case of Tetric
EvoCeram Bulk Fill, for example, the photoini-
tiator /vocerin developed by Ivoclar Vivadent
in cooperation with the Vienna University of
Technology has made a major contribution to
increasing the admissible layer thickness
without detrimentally affecting the optical
properties of the composite, such as translu-
cency and shade.

The chemistry of Ivocerin

Our search for an alternative visible light
photoinitiator was crowned with success: in
cooperation with Prof. R. Liska of the Vienna
University of Technology we succeeded in de-
veloping tailor-made visible light photoinitia-
tors based on germanium compounds. Even
though it was known from the literature that
radicals are formed during light-induced
cleavage of e.g. organic germanium com-
pounds [1], the potential of these com-
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Fig. 2: Cleavage of the germanium compound Ge-2
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Fig. 3: Synthesis of the germanium photoinitator Ivocerin

Prof. Dr Norbert Moszner is Head of Depart-
ment: Basic Research — Polymer Chemistry at
Ivocar Vivadent AG, Schaan (Liechtenstein).
Contact details:
norbert.moszner@ivoclarvivadent.com

pounds as photoinitiators for the visible light
spectrum had not yet been fully recognized
when we started our work in this field.
We were able to show for the first time that
germanium compounds such as benzoyl-
trimethylgermane (Ge-1) or dibenzoyldiethyl-
germane (Ge-2, Fig. 1) represent very effi-
cient visible light photoinitiators for
methacylate resins [2, 3]. Compared to cam-
phorquinone (CQ), Ge-1 and Ge-2 demon-
strate much more intensive absorption in the
visible region. The quantum efficiency of the
light-induced cleavage for Ge-2 was deter-
mined to be 0.85, whereas the quantum effi-
ciency for camphorquinone-amine photoini-
tiators is below 0.10 and thus significantly
lower. Moreover, quick decolouration of Ge-1
and Ge-2 was observed upon exposure to
light. An analysis of dental composites con-
taining Ge-1 or Ge-2 as photoinitiators [3, 4]
also showed that they offer considerable ad-
vantages compared to camphorquinone
amine-based materials. Apart from demon-
strating quicker curing and excellent bleach-
ing behaviour, these materials require a much
lower concentration of the photoinitiator to
achieve comparable mechanical properties.
Similar to camphorquinone amine-based
composite resins, Ge-1 or Ge-2-based mate-
rials also show high storage stability.

In cooperation with Prof. G. Gerscheidt and
Prof. R. Saf of the Graz University of Technolo-
gy as well as Prof. R. Liska of the Vienna Uni-
versity of Technology, the mechanism of pho-
tolysis in diacylgermanes exemplified by Ge-2
was studied using state-of-the-art methods
[5]. In the study, light-induced cleavage of Ge-
2 was investigated under various conditions.
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The examinations conducted confirmed that
dibenzoyldiethylgermane Ge-2 forms benzoyl
(B-) and germyl radicals (G-) as direct cleav-
age products (Fig. 2). This also proved that

Compared to conventional camphorquinone
amine-based photoinitiator systems, the nov-
el germanium photoinitiator /vocerin is char-
acterized by intensive absorption of light in
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Fig. 4: Tetric EvoCeram Bulk Fill is the first material containing Ivocerin. Figures: Ivoclar Vivadent

when dibenzoyldiethylgermane Ge-2 is used
as a photoinitiator, the benzoyl (B-) and
germyl (G-) radicals produced by photolytic
fission are the radicals that initiate the poly-
merization reaction.

Based on the results of these mechanistic
investigations and the evaluation of different
synthesis methods and structural variations of
germanium compounds, bis-(4-methoxyben-
zoyl)diethylgermane Ge-3 was selected as the
optimum photoinitiator and protected by a
patent under the name of /vocerin (Fig. 3).
We were able to efficiently synthesize Ge-3
(Amax = 408 nm) in two stages. It showed the
strongest absorption in the visible region [6].
Ge-3 is a solid substance which is not soluble
in water and has an intensive yellow colour. Its
melting point is at approx. 50 °C. The synthe-
sis of Ge-3 is started by metallating protected
4-methoxybenzaldehyde using n-butyl lithium,
which is then followed by a coupling reaction
with dichlorodiethylgermane. In a second
stage, the protecting group is split off (Fig.
3). The resulting /vocerin is of high purity (>
96% when determined by High Performance
Liquid Chromatography - HPLC).

Apart from chemical characterization and
application tests, toxicological investigations
[7] were conducted with /vocerin and com-
prehensive patent protection measures were
initiated.

Moreover, two mutagenicity tests were car-
ried out. Neither the Ames test (in vitro) [8]
nor the Mouse Micronucleus Assay (in vivo)
[9] revealed any mutagenic effects of /vo-
cerin.

We were able to obtain comprehensive
patent protection for the germanium com-
pounds. The US and EP patents were granted
in 2009 [10].

the visible region and high photoreactivity.
Furthermore, it imparts an excellent bleach-
ing behaviour to composite resins. The radi-
cals required to initiate the polymerization re-
action are created by light-induced cleavage of
[vocerin. Additional co-initiators or accelera-
tors are not required. The quantum efficiency
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of radical formation in conjunction with /vo-
cerin is many times higher than that in con-
junction with camphorquinone.

Against this background, Tetric EvoCeram
Bulk Fill takes an exceptional position among
the currently available composite resins.
Apart from providing a reliable four-milimetre
cure when irradiated for ten seconds at a light
intensity of more than 1,000 milliwatt per
square centimetre, /vocerin allows the opacity
of the composite resin to be established at a
slightly higher level compared with other bulk-
fill materials. The translucency of the material
is such that it ensures a seamless blend with
the surrounding tooth structure (enamel in
particular) due to the composite’s optimized
optical properties in combination with a
favourable refractive index.

Prof. Dr Norbert Moszner,
Schaan (Liechtenstein) ]

The full version of this article is available in
the R&D Report, No 19, published by lvoclar
Vivadent AG in July 2013.
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El The photoinitiators Ivocerin and

camphorquinone in comparison

Dr Peter Burtscher talks about the particular properties
of the photoinitiators used in dentistry

Al customary composite filling materials are
polymerized with blue light. Therefore, the
light-absorbing initiators in the composites
have an inherent yellow colour, which is the
complimentary colour to blue light (Figs 1to 3).
When composites are cured, the colour of the
initiator largely disappears. However, a slight
yellowish tinge always remains. As a result, ab-
solutely white restorations cannot be created
with materials that cure with blue light. Never-
theless, the light tinge is accepted by dental

Ivocerin®

Figs 1 to 3: Photoinitiators in pure form

practitioners, since natural teeth also have a
yellow hue.

Figures 1 to 3 show the initiators in their
pure form. Camphorquinone (CQ) and /vocerin
in particular, exhibit a very strong yellow colour.
Figure 4 compares the absorption spectra of
conventional initiators with the spectrum of
lvocerin. Of particular note is the strong ab-
sorption of fvocerin in comparison to that of
camphorquinone despite the fact that its con-
centration is considerably lower. Acyl phos-
phine oxide, for example, Lucirin TPO, predom-
inantly absorbs light in the UV range. Hence its
inherent yellowish colour is very light, as shown
in Figure 2.

Investigations with Ivocerin

Extensive studies were undertaken to
examine the suitability of /vocerin in dental
composite resins. The aim of these studies was
to establish at which concentration /vocerin
would achieve the same curing results as
camphorquinone. Generally, a concentration
of 0.3 wt% camphorquinone is added to the
monomer. At lower concentrations, reactivity
declines. At higher concentrations, the depth
of cure decreases, because more blue light is
absorbed by the inherent colour of this initiator.

Camphorquinone cannot be used on its
own. It always has to be used together with a
co-initiator, usually in the form of a tertiary
aromatic amine. In a comparative investiga-
tion of the reactivity of fvocerin and a stan-
dard monomer containing 0.3 wt% cam-
phorquinone and 0.6 wt% amine, monomers

Dr Peter Burtscher is Director of Organic
Chemistry at lvoclar Vivadent AG, Schaan,

Liechtenstein. Contact details:
peter.burtscher@ivoclarvivadent.com

containing 0.1 to 04 wt% /lvocerin were
mixed and tested in a Tetric-like formulation.
Table 1 shows that 0.2 percent /vocerin in
the monomer achieves comparable results to
the conventional amount of camphorquinone
and amine. Higher concentrations of /vocerin
increase the strength of the composite.

Influence of the concentration on the depth
of cure

Similarly to the flexural strength findings,
Table 2 shows that a concentration of 0.2 wt%
[vocerin also achieves good results in terms
of the depth of cure, that is, the same as the
standard concentration of camphorquinone
and amine. A concentration of 0.4 wt% lvocerin
in the monomer increases the depth of cure
significantly.

Combination with other light-activated ini-
tiators

[t was interesting to find out whether or not
lvocerin offers improved depth of cure in

0.40 % Acyl phosphine oxide

0.33 % Camphorquinone

=== 0.10% Ivocerin

25} —
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Fig. 4: Absorption spectra of acyl phosphine oxide (e.g. Lucirin TPO). Camphorquinone and

Ivocerin

Source: R&D Ivoclar Vivadent, 2012
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combination with other initiators. The ideal
choice was to combine it with cam-
phorquinone and amine. In this case, the
amine concentration had to be twice as high
as that of camphorquinone.

The determination of the depth of cure is a
quick method for examining the reactivity of a
composite. Vickers hardness tests, however,
provide more meaningful results. The com-
posite material is polymerized in the recom-

Initiator Flexural strength |Modulus of elasticity
in monomer (MPa) (MPa)

0.10 % Ivocerin 124+8 7200+300
0.15 % Ivocerin 124+14 8500+200

0.20 % Ivocerin 135+£9 9400 +600

0.40 % Ivocerin 140+ 15 10300+300
8:28:2 gﬁisgd 138£10 9200+ 600

Table 1: Comparison of the flexural strength and modulus of elasticity in relation to the differ-

ent concentrations of Ivocerin and the standard initiator system
Initiator in monomer Depth of cure (mm)
0.2 % Ivocerin 4.7
0.4 % Ivocerin 5.1
0.3% CQ/0.6% amine 4.7

Table 2: Comparison of the depth of cure in relation to the different concentrations of Ivocerin

and the standard initiator system

. Vickers hardness at
o _ poc | Vickers bottom, 4 mm
Initiator concentration in o hardness )
monomer at surface | Value ﬁ’ OIatchee
N 2 2 ur
(N/mme) | (N/mm) hardness
0.2 % Ivocerin 4.7 489 333 68
0.2%/0.1% CQ 49 511 378 74
0.2 % Ivocerin /0.2 % CQ 5.1 524 414 79
0.4 % Ivocerin 5.1 536 437 82
0.4 % Ivocerin/0.3% CQ 5.6 538 462 86
0.6 % Ivocerin /0.3% CQ 5.6 546 465 85

Table 3: Depth of cure (DOC) and Vickers hardness of composites containing various concen-

trations of the initiator

mended layer thickness and Vickers hardness
values are established at the top and bottom
of the sample. According to a study by David
Watts (University of Manchester), the materi-
al is adequately cured when the hardness es-
tablished at the bottom of the sample corre-
sponds to at least 80% of that measured at the
surface [Watts D, Amer O, Come E. Character-
istics of visible light-activated composite sys-
tems. Br Dent J 156 (1984) 209-215]. There-
fore, the influence of the initiator system on
the depth of cure (DOC, irradiation with Blue-
phase GI in HP mode for 10 seconds) and the
Vickers hardness (same irradiation) was eval-
uated.

The results show that the depth of cure and
the hardness of 4-mm increments significant-
ly improve in the cases where /vocerin is used
together with camphorquinone. However, it is
also evident that higher concentrations of /vo-
cerin do not lead to further increases in the
curing performance (Table 3).

Summary

The different investigations on /lvocerin
show that this initiator can be used success-
fully as an alternative to camphorquinone-
amine. Very good product properties are
achieved when fvocerin is used in combina-
tion with camphorquinone-amine. Excellent
depth of cure is attained with 4-mm incre-
ments. Therefore, this initiator combination
was used for the first time in the innovative
Tetric EvoCeram Bulk Fill composite.

The fundamental research on /vocerin has
been incorporated into the development of
Tetric EvoCeram Bulk Fill. Given the various
influences of /vocerin on the physical proper-
ties of a composite resin, the concentration of
this initiator was deliberately kept low in this
product. As a consequence, the colour of the
filling material before polymerization is only
moderately influenced and the shrinkage
stress is reduced to a minimum. The resulting
composite resin is available in three popular
basic shades to cover the esthetic demands of
posterior teeth. Furthermore, the filling ma-
terial can be placed in 4-mm thick increments,
which are polymerized in 10 seconds with the
Bluephase Style curing light (1,100 milliwatts
per square centimetre — mW/cm?).
Dr. Peter Burtscher,

Schaan (Liechtenstein) [ |

The full version of this article is available in
the R&D Report, No 19, published by Ivoclar
Vivadent AG in July 2013.




[1 Light initiator for a new

filling material

Dipl. Ing. Karin Vogel talks about the development steps
from Tetric EvoCeram to Tetric EvoGeram Bulk Fill

Since its introduction almost 10 years ago, Tetric EvoCeram has been producing
excellent clinical results. The composite filling material meets high standards with
regard to its longevity and esthetics. Furthermore, it shows very good shrinkage
behaviour and surface characteristics (polishing properties and wear resistance).

Since the new bulk-fill material is intended
for use without a capping layer, its surface
properties have to meet the same require-
ments as those of Tetric EvoCeram. Alongside
having to satisfy these typical composite re-
quirements, the developers of the product
were also faced with the challenge of engi-
neering a tooth-coloured material that could
be placed in 4-mm bulk increments. The incor-
poration of the /vocerin light initiator has en-
abled the development of a composite resin
that has an enamel-like appearance and the
ability to be cured in bulk increments of 4-mm.

Optimization of the monomer blend: In ad-
dition to the new /vocerin initiator described
in detail in the previous chapters, Tetric
EvoCeram Bulk Fill also contains cam-
phorquinone and 24,6 trimethyl benzoyl
diphenyl phosphine oxide (acyl phosphine ox-
ide — comparable to Lucirin® TPO). These
components are used in well-balanced pro-
portions to ensure optimized reactivity, work-
ing time, depth of cure and strength.

Light sensitivity (working time in ambient
light): Due to the incorporation of the light
initiators, camphorquinone, acyl phosphine
oxide and fvocerin, Tetric EvoCeram Bulk Fill
can be applied and cured in increments of 4
mm. However, it is of utmost importance to
prevent premature polymerization as a result
of the heightened conversion rate of the
monomer. That is, an adequate working time,
for placing and sculpting the restoration
should be ensured. As light-cured composites
generally contain photoinitiators that react to
blue light, the blue light contained in ambient
light or operatory light can also trigger pre-
mature polymerization in these materials
(Fig. 1).

Tetric EvoCeram Bulk Fill contains a patent-
ed light sensitivity inhibitor, which prevents
premature polymerization and enables the
filling material to be manipulated for three
minutes (200 s) under defined light condi-
tions (ISO 4049:2009) of 8000 lux. Convention-
al phenolic inhibitors (MeHQ, BHT) require a
concentration of at least 1000 ppm relative to

Dipl. Ing. Karin Vogel is a Senior Research
Associate: Restoratives and Prosthetics at
Ivoclar Vivadent AG, Schaan. Contact details:
karin.vogel@ivoclarvivadent.com

the monomer in order to delay a reaction to
ambient light.

Just 1/10 of this amount is necessary in the
case of the light sensitivity inhibitor. This is
advantageous, as the small amount of stabiliz-
er/inhibitor delays the polymerization process
at low-level blue light, without impairing the
depth of cure or any of the other polymeriza-
tion properties.

Optimization of the filler composition: The
filler technology incorporated in Tetric EvoCe-
ram Bulk Fill is based on that of the clinically
proven Tetric EvoCeram. In order to fulfil the
desired composite resin requirements, Tetric
EvoCeram Bulk Fill contains a number of dif-
ferent fillers (Figs 2 and 3). The fine primary
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Fig. 2 and 3: Scanning electron micrographs (magnification: 1000x) of the filler composition and surface structure of Tetric EvoCeram Bulk
Fill (R&D Ivoclar Vivadent AG, 2011)

particles of the fillers are responsible for
the composite’s wear resistance and its
excellent polishing properties, which are
manifested in a smooth surface texture
and high lustre. The largest particles of the
inorganic fillers of Tetric EvoCeram Bulk Fill

10pm

Vivadent AG, 2011)

measure 3 pm. The
composite fillers have
a maximum size of
50 pm. In the poly-
merized state, they
behave like the
smaller inorganic pri-
mary particles. The
large filler particles
do not protrude from
the surface. Conse-
quently, the filling
can be polished to a
high-gloss finish.
Other manufacturers
of bulk-fill compo-
sites mainly use
coarse fillers (Figs 4
to 6). This increases
the filler content and reduces the polymeriza-
tion shrinkage. However, when these materi-
als are also used as the top-most layer, they
have a distinct effect on the filling’s surface
texture, polishing properties, its wear behav-
iour and plaque resistance.

Fig. 5: Venus Bulk Fill/Heraeus Kulzer (1000x)(R&D Ivoclar

vivadenl:

L ivocla

Polishing properties: The polishing proper-
ties are determined by the composition of the
different-sized fillers. Tetric EvoCeram Bulk
Fill contains the same type of fillers as Tetric
EvoCeram. As a result, its polishing proper-
ties are just as good as those of the conven-
tional filling material. The two composites
(SonicFill from Kerr and SDR Flow from
Dentsply) that contain the coarse inorganic
fillers show very little shine, even after 30 s of
polishing (Fig. 7).

Wear behaviour: Apart from affecting the
polishing properties, the type of filler used
also has a considerable influence on the
wear behaviour of a composite resin. The
materials containing the visibly coarser
fillers are less resistant to wear than the
composites featuring smaller filler particles

(Fig. 8).

Shrinkage and shrinkage stress and their in-
fluencing factors: The composite filler is re-
sponsible for reducing polymerization shrink-
age and lowering shrinkage stress. Tetric
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EvoCeram Bulk Fill contains a special compo-
site filler that relieves shrinkage stress.

The volumetric shrinkage of Tetric EvoCeram
Bulk Fill and SonicFill after 1 h is below 2%
and therefore comparable to that of conven-
tional low-shrinkage composites (Fig. 9). The

shrinkage of flowable bulk-filling composites
is significantly higher at 3.3 %.

The composite filler acts as a shrinkage stress
reliever. It is a “gentle giant”, which is capable
of absorbing the shrinkage stress due to its
low modulus of elasticity of 10,000 MPa com-

pared with 70,000 MPa in conventional glass
fillers. This is a particularly important factor
in bulk-fill materials.

The shrinkage stress of the composite rises,
as the thickness of the increments increases
from 0.8 mm to 2.0 mm. Nevertheless, the in-
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Fig. 7: Average surface gloss of five different composite filling materials compared with Tetric EvoCeram Bulk Fill after polishing with op-
traPol next Generation — in relation to the polishing time (R&D Ivoclar Vivadent AG, 2011)
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Fig. 8: Average vertical wear of Tetric EvoCeram Bulk Fill in com-
parison with Tetric EvoCeram and other bulk-fill materials (R&D
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Fig 9: Volumetric shrinkage of bulk-fill composites (*) measured
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traction force of bulk filling and microhybrid composites. AADR Ab-
stract, 858, Florida 2012)
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Fig. 10: Shrinkage force of Tetric EvoCeram Bulk Fill in different layer thicknesses (R&D Ivoclar Vivadent AG, 2011)

Shrinkage stress compared with that of other bulk-fill and conventional composites

Sculptable bulk-fill composites Flowable bulk-fill composites Conventional composites
Increment Tetric EvoCeram SonicFill / x-tra fil / Voco SDR/ Venus Bulk Fill /| Filtek Supreme | Filtek Z250 / | Herculite XRV
thickness Bulk Fill Kerr Dentsply Heraeus Kulzer XTE / 3M 3M Espe Ultra / Kerr
Espe
0.8 mm 1.21 MPa 1.38 MPa 1.16 MPa 1.11 MPa 1.34 MPa 1.51 MPa 1.22 MPa 1.64 MPa
2.0 mm 1.51 MPa 1.77 MPa 1.8 MPa 1.93 MPa 1.63 MPa 1.60 MPa
not measurable
4.0 mm 1.40 MPa 1.77 MPa 1.83 MPa not indicated

Table 1: Shrinkage stress of bulk-fill and conventional composites in different increment thicknesses (R&D Ivoclar Vivadent AG, February 2013)

crease within the first few seconds of curing
is lower in the thicker layers (Fig. 10). This
slow build-up reduces the risk of marginal gap
formation. The shrinkage stress in 4-mm in-
crements is lower than in 2-mm layers, and
the slope of the curve is much shallower than
that of increments of 0.8 and 2.0 mm.

Shrinkage stress in comparison: The
shrinkage stress rises in relation to the in-
creasing thickness of the increment from 0.8

to 2.0 mm. At a layer thickness of 4 mm, the
shrinkage stress ceases to increase. Further-
more, 4-mm increments of bulk-fill compos-
ites do not show higher shrinkage stress
levels than conventional 2-mm layers. Tetric
FEvoCeram Bulk Fill shows the lowest shrink-
age stress of all the sculptable bulk-filling ma-
terials in increments of 2 and 4 mm (Table 1).
The new fvocerin initiator has enabled the de-
velopment of an esthetic bulk-fill material that
can be applied in 4-mm increments and cured

within 10 seconds. What’s more, the material
is comparable to conventional direct filling
composites in terms of its surface quality,
working time and shade blend with natural
teeth.

Dipl.-Ing. Karin Vogel,

Schaan (Liechtenstein) |

The full version of this article is available in
the R&D Report, No 19, published by lvoclar
Vivadent AG in July 2013.




EH Materials science evaluation of a
new bulk fill material

Joanna-Claire Todd talks about materials science in-
vestigations underpinning Tetric EvoCeram Bulk Fill
and the new photoinitiator it contains

Before the introduction of bulk fill compos-
ites, standard dental teaching recom-
mended a maximum layer thickness of 2 mm
for composite fillings [1, 2]. This was in order
to minimise shrinkage stress and to ensure
adequate depth of cure. Assuming correct,
adequate curing with a suitably functioning
curing unit, translucency and shade have the
most significant effect on the curing depth.
The darker and more opaque a composite, the
lower the depth of cure [3]. The characteris-
tics of Tetric FvoCeram Bulk Fill allow an
enamel-like translucency of 15%, which en-
sures adequate polymerisation at depth. The
inclusion of /vocerin means that Tetric EvoCe-
ram Bulk Fill can be applied in increments of
up to 4 mm, without compromising cure or es-
thetics. The following internal tests conduct-
ed by Ivoclar Vivadent’s Research and Devel-
opment (R&D) department, as well as
external investigations confirm the effective-
ness of the photoinitiator formulation with
lvocerin.

Vickers hardness

Vicker hardness testing was carried out by
R&D Ivoclar Vivadent AG: Samples of each of
the three Tetric EvoCeram Bulk Fill shades
were cut and the Vickers hardness measured
at the top and at a depth of 4 mm after removal
of the inhibition layer. The values measured at
the top were set to 100% and the values meas-
ured at 4 mm are expressed as a percentage
of this value. Professor David Watts of the

University of Manchester, UK, defined an ac-
ceptable curing depth as when the bottom
hardness corresponds to at least 80% of the
surface hardness [4]. Various light intensities
were employed and the curing times were ad-
justed accordingly to ensure a similar light
output in each case. For each of the shades,
the 4 mm hardness value exceeded 80% of the
surface hardness under all curing settings
(Figs 1to 3).

Depth of cure in comparison to other com-
posites

In July 2012, Dr A. Rzanny and M. Fachet of
Universitatsklinikum Jena, Germany, investi-
gated the depth of cure achieved with Blue-
phase and Bluephase Style in Tetric EvoCeram
Bulk Fill and compared it to that of other com-
posites: Rzanny et al calculated the depth of
cure of the composites: Tetric EvoCeram Bulk
Fill (IVA), Venus Bulk Fill (Universal, Heraeus
Kulzer) and Tetric EvoCeram (A3) by using a
Penetrometer after curing for 10 seconds with
Bluephase G2 (1200 mW/cm?®) or Bluephase
Style (1100 mW/cm®) and established their
Vickers hardness values. Depth of cure meas-
urement according to [SO 4049 yielded the fol-
lowing results: There was no significant dif-
ference between curing lamps for any of the
composites. Both bulk fill composites Tetric
EvoCeram Bulk Fill and Venus Bulk Fill far ex-
ceeded the manufacturer indicated allowable
increment thickness (4 mm) in terms of
depth of cure (approx. 5 mm). Tetric EvoCer-

Joanna-Claire Todd (BA, MPH) is a Re-
search Associate at the Research and Deve-
lopment Department of Ivoclar Vivadent AG,
Schaan, Liechtenstein. Contact details:
Jjoanna-claire.todd@ivoclarvivadent.com

am is not a bulk fill composite and is intended
to be applied in 2 mm increments (Fig 4).
Vickers hardness in this investigation: The
Vickers hardness results for Tetric EvoCeram
Bulk Fill all exceeded the 80% ratio necessary.
When cured with Bluephase G2 the ratio was
87.6% after 24 hours and 83.6% after 7 days.
When cured with Bluephase Style it was 80.3%
after 24 hours and 87.5% after 7 days. The au-
thors conclude that both Bluephase G2 and
Bluephase Style are equally suitable for poly-
merising the three composites investigated.

Evaluation of the depth of cure and surface
microhardness

C. Sabatini of the Dental Biomaterials Re-
search Laboratory, State University of New
York, Buffalo, USA, evaluated the depth of
cure and surface microhardness of a new bulk
fill composite system in October 2012: By
means of Knoop hardness tests, Sabatini in-
vestigated the depth of cure and surface mi-

n Surface = 4 mm Depth E Surface = 4 mm Depth
100 100
90 90
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Fig. 5: Bottomv/top Knoop hardness ratios at 0.5 mm increments for Tetric EvoCeram Bulk Fill Source: Sabatini, October 2012
crohardness of Tetric EvoCeram Bulk Fill, two  Bulk Fill and Tetric EvoCeram but all were sig- v || eotem | wem Tetric
further bulk fill products: x-tra fil (Voco) and  nificantly different to SonicFill. When poly- Voco Ke | Evoteram | EvoCeram
SonicFill (Kerr), and Tetric EvoCeram as a  merised with Bluephase 20i, there were also @mm | Gmm | @mm) | @mm)
control. Two light curing units were employed: ~ no significant differences between x-tra fil, soenmaecz | 706% | 4115 | ss7o | msic
Bluephase G2 (1200 mW/cm?) and Bluephase  Tetric EvoCeram Bulk Fill and Tetric EvoCeram i o o o o
20i Turbo (2000mW/cm2) with exposure times  however Sonic Fill was significantly lower than |g, e 0| 604% | s56% | s6.0% | 814%
of 10 and 5 seconds respectively. Tetric EvoCeram Bulk Fill and Tetric EvoCeram

Results: Two way analysis of variance (ANO-
VA) revealed no difference in the average bot-
tom/top hardness values for the type of poly-
merisation unit used. However significant
differences were found between certain
restorative composites cured with the same
light source (p < 0.001). When polymerised
with Bluephase G2 there were no significant
differences between x-tra fil, Tetric EvoCeram

but not significantly lower than x-tra fil. No-
tably both Tetric EvoCeram Bulk Fill at 4 mm
and Tetric EvoCeram at 2 mm fulfilled the
Watts criterion with all figures exceeding 80%.
In this investigation, x-tra fil and SonicFill did
not achieve 80%.

Figure 5 shows the bottom/top hardness ra-
tios at different depths for Tetric EvoCeram
Bulk Fill when cured with both Bluephase lights.

Table: Average bottom/top hardness ratios at
the recommended increment thickness per
material Source: Sabatini, October 2012

This investigation showed that 7etric EvoCer-
am Bulk Fill achieved in excess of the necessary
80% bottom/top hardness ratio at a depth of 4
mm, independent of the light source. 7etric Evo-
Ceram also achieved this at a depth of 2 mm.
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Fig. 6: Microhardness (HV) of various composites at various depths

and curing times Source: S. Zawawi, Boston University, USA  for 10 vs. 40 seconds

The effect of curing duration on the depth
of cure and modulus of elasticity

In vitro testing was carried out to evaluate
the effect of curing duration on the depth of
cure and modulus of elasticity in bulk fill com-
posites [5]. S. Zawawi et al. from the Depart-
ment of Restorative Sciences and Biomateri-
als of Boston University, Boston (MA), USA,
used Vickers hardness measurements to eval-
uate the effect of curing duration on the depth
of cure and modulus of elasticity in the bulk
fill composites: Tetric EvoCeram Bulk Fill,
SDR (Dentsply) and Venus Bulk Fill (Heraeus
Kulzer). The Bluephase 16i (1600 mW/cm?)
curing light was used to cure the composites
for either 10 or 40 seconds. The Vickers hard-
ness values for the composites at the surface
and at a depth of 2 mm, 4 mm and 6 mm were
determined.

In this study, Tetric EvoCeram Bulk Fill ex-
hibited higher microhardness than SDR and
Venus Bulk Fill at all depths and curing times
(Fig. 6).

The mean modulus of elasticity was also
measured for each bulk fill composite with
both 10 seconds and 40 seconds of curing
(Fig. 7). There was no significant difference
between Tetric EvoCeram Bulk Fill samples
when cured for 10 seconds or 40 seconds.

However there were significant differences in
modulus between the different materials at

Fig. 7: Mean modulus of elasticity of various composites when cured
Source: S. Zawawi, Boston University, USA

both 10 and 40 seconds. Whereas curing dura- LITERATURE

tion had no discernible effect on the modulus

of elasticity for Tetric EvoCeram Bulk Fill, this [1] Pilo R, Oelgiesser D, Cardash H. A

was not the case for SDR or Venus Bulk Fill — survey of output intensity and po-
where there was a clear difference (increase) tential for depth of cure among
between 10 and 40 seconds polymerisation light-curing units in clinical use.
time. J Dent 27 (1999) 235-259.
Conclusion: Tetric EvoCeram Bulk Fill [2] Sakaguchi R, Douglas W, Peters M.
achieves higher mechanical properties than Curing light performance and poly-
the other products and is almost indifferent merization of composite restorative
to the length of cure (10s vs. 40s). Notably the materials. J Dent 20 (1992) 183-8.
bottom/top ratio of the Vickers hardness for [3] Kawaguchi M, Fukushima T,
Tetric EvoCeram Bulk Fill at 4 mm (10 seconds Miyazaki M. The relationship be-
= 95.5%, 40 seconds = 98.5%) and even at 6 tween cure depth and transmission
mm (10 seconds = 85.7%, 40 seconds = 96.2%) coefficient of visible-light-activated
far exceeds the 80 % level stipulated by Watts. resin composites. J Dent Res 73
The studies involving Vickers hardness and (1994) 516-521.
Knoop hardness measurements confirmed [4] Watts D, Amer O, Combe E. Charac-
the efficacy of the fvocerin formulation, which teristics of visible light activated
means that 7etric EvoCeram Bulk Fill offers an composite systems. Br Dent J
adequate depth of cure of at least 4 millimetres. (1984) 209-215.

[5] Zawawi S, Brulat N, Nathanson D.

Joanna-Claire Todd (BA, MPH),

Curing duration vs. depth of cure

Schaan (Liechtenstein) | and modulus of bulk fill composites.
The full version of this article is available in Brazil (2012) IADR Abstract 121.

the R&D Report, No 19, published by Ivoclar
Vivadent AG in July 2013.
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[d Laboratory simulation tests with
a new bulk fill material and their
clinical significance

Dr Siegward Heintze reports on in vitro tests carried
out on Tetric EvoCeram Bulk Fill containing the new

light initiator Ivocerin

or decades, students of dentistry were

taught that direct restorations made of
composite resin should be applied into the
cavity in increments. The main reason was
the low depth of cure of conventional com-
posites (one to two millimetres [mm]). Addi-
tional reasons included the belief that the in-
cremental technique could partially offset
the shrinkage, or shrinkage stress, which
takes place as the composite resin polymer-
izes. It was said that polymerization shrink-
age may result in marginal gaps, debonding
from the cavity floor and/or, if a strong bond

Fig. 1: Extracted lower molar with two-sur-
face cavities

Fig. 2: After placement of filling and re-
moval of excess. On the left: Tetric EvoCer-
am Bulk Fill in one increment; on the right:
Tetric EvoCeram in 3 increments

to the tooth is present, may also lead to
movement of the remaining tooth structure
(cusp movement/deflection), with the latter
being believed to entail the risk of
enamel/dentin crack formation, infractions
and cusp fractures.

Imagine a composite material that fully
cures in thick increments of up to 4 mm when
exposed to the light of a standard curing de-
vice and in addition is very tolerant of opera-
tor errors, e.g. oblique positioning of the light
probe or polymerization from a substantial
distance to the filling? Such a material is in-
deed available and on the following pages we
will show which errors this material is able to
tolerate and how it behaves in the cavities of
extracted teeth.

Tetric EvoCeram Bulk Fill
and marginal gaps

The aim was to confirm or refute the as-
sumption that thick composite layers result in
poorer marginal quality than composites ap-
plied using the conventional incremental
technique. This question was investigated
with an experimental setup that used an ex-

Fig. 3: Proximal view: above Tetric EvoCer-
am Bulk Fill, below Tetric EvoCeram

N
The author of this article, Dr Siegward Heintze,
is Head of Preclinic Department at Ivoclar
Vivadent AG in Schaan (Liechtenstein).
Contact details: siegward.heintze@ivoclar-
vivadent.com

tracted mandibular molar in which proximal
occlusal cavities were prepared on both the
mesial and distal side. The cavity was de-
signed with a proximal depth of 4 mm, an oc-
clusal depth of 3 mm and a lingual-buccal
width of 5 mm (Figs 1to 3). On one side of the
tooth, Tetric EvoCeram Bulk Fill was applied
in a single increment; on the other side,
Tetric EvoCeram was applied in three incre-
ments: a horizontal gingival, an oblique buccal
and an oblique lingual increment (Fig. 2).
Each layer was light-cured for 10 seconds
with a Bluephase G2 curing light (1,200 milli-
watts per square centimetre - mW/cm?). Two
adhesive systems were employed: the single-
component etch & rinse system ExciTE F
and the self-etching two-component system
AdheSE.

Eight fillings were placed for each test group
and all restoration margins were confined
to the enamel. After the fillings had been
placed, excess removed and the restoration
surfaces polished, the teeth were first im-
mersed in water for 24 hours and subsequently
subjected to thermocycling (10,000 cycles be-
tween 5 degrees Celsius and 55 degrees Cel-
sius) for 10 days. After that, replicas were pro-
duced and the marginal quality was evaluated
using scanning electron microscopy (SEM)
(Figs 4 and 5).

Figure 6 shows the percentage of regular
margin in the axio-proximal part. It is immedi-
ately evident that a) there is no difference
between the bulk and incremental technique
and b) that the adhesive system, rather than
the incremental technique, is the determin-
ing factor for marginal quality: The etch &
rinse system, which included enamel acid




Figs 4 and 5: SEM images (x200) of the margin of a filling placed with Te
an extracted molar after 10,000 temperature cycles. Fig. 4 Axio-proximal enamel. Fig. 5 Cervical enamel
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TEC = Tetric EvoCeram
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tric EvoCeram Bulk Fill and the etch & rinse system ExciTE F in

virgdenh:

ments were margin-
al caries and frac-
tures, with marginal
caries mainly occur-
ring in patients with
a high caries risk.
In another study
carried out by the
same group of re-
searchers, ExciTE
and Tetric Ceram
were used to place
Class 1l fillings in
59 patients and this
study concluded with
similar results [2]:
after seven years only
about 10 per cent of
the fillings showed
marginal staining and
only 2 fillings exhib-
ited marginal caries.
These results tally
with the above men-
tioned in-vitro re-

Fig. 6: Percentage of regular margin (and standard deviation) af-
ter SEM analysis (x200) in filings on extracted lower molars after
10,000 temperature cycles in relation to filling material and fill-

ing technique

etching with 36 per cent phosphoric acid, re-
sulted in significantly better margins (fewer
gaps and irregularities) than the self-etching
system.

Figure 7 shows the cross section of a dental
filling that was X-rayed using high-resolution
micro-CT. The filling shows a good adaptation
to the cavity margin and hardly any major air
bubbles.

Given that the laboratory tests did not reveal
any difference between the fillings placed with
Tetric EvoCeram Bulk Fill (one increment) and

Fig. 7: Two-surface filling with Tetric Evo-
Ceram Bulk Fill on a molar: horizontal sec-
tion of a micro-CT image (7-um resolution;
courtesy of Scanco Medical, Switzerland).
Good adaptation to the margin with only
few air bubbles

Source: Scanco Medical

sults. Other studies
that used ExciTE and
AdheSE  confirmed
the clinical superior-
ity of ExciTE over

Tetric EvoCeram (three increments), would it
not make sense to refer to the results of clini-
cal studies on conventionally layered compos-
ite fillings placed together with ExciTE F (or
any other etch & rinse system) and AdheSE? It
could be expected that Tetric EvoCeram Bulk
Fill would achieve similar results.

Such studies do exist. Clinical results of up
to 6 years are available for Tetric EvoCeram
and ExciTE. In one study, almost 90 per cent
of all the restorations were still intact after
six years [1]; the main reasons for replace-

AdheSE with regard
to the marginal quality of posterior restora-
tions [3-5].

If we take into account that a) clinical
data on Class II restorations placed with
Tetric EvoCeram and the adhesive systems Ex-
ciTE F and AdheSE are available from
the Internal Clinic and that b) data from
other published studies on other composite
resins placed in combination with AdheSE
and ExciTE confirm the reliable performance
of the restorations, we may assume that
the restorations placed in bulk will provide
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Examination with magnifying TEC = Tetric EvoCeram
glasses and an explorer applied in 3 increments
(1x horizontal; 2x oblique)
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Fig. 8: Percentage of regular margins (and standard deviation), ex-
amined with magnifying glasses and an explorer, in extracted lower
molars after 10,000 temperature cycles in relation to the filling ma-
terial and filling technique  Figs I to 6 and 8: Ivoclar Vivadent AG , Schaan

clinical results that are equivalent to the re-
sults achieved with Tetric EvoCeram and the

incremental technique, bearing in mind, how-  nounced (Fig. 8) [6].

L I T E R

ever, the limitations
of laboratory tests
and other physical
characteristics such
as flexural strength,
expansion, shrinkage,
etc.

How come the
difference in margi-
nal staining observed
between the self-
etch two-component
system and the etch
& rinse system was
clinically smaller than
the laboratory data
would have led us to
expect? The answer
to this question is
simple: In the labora-
tory, the margins of
the fillings are evalu-
ated far too minutely
under a microscope;
minor irregularities
and gaps that are
irrelevant for clinical
performance, are dis-
covered and record-
ed. If the fillings are
evaluated in-vitro in
the same way as the
dentist does in the

patient — i.e. using magnifying glasses and a
sharp explorer — the difference is less pro-

A T

Restoration margins exhibiting gaps or ir-
regularities seldom lead to marginal caries
but, in the course of time, may cause marginal
staining, which may be mistaken for marginal
caries and result in the filling being unneces-
sarily replaced. A meta-analysis of 59 clinical
studies on posterior composite fillings re-
vealed that, on average, marginal staining was
diagnosed seven times more frequently than
marginal caries after ten years (21 per cent of
the fillings versus 3 per cent of the fillings)
[7]. Furthermore, the occurrence of marginal
caries was unrelated to the type of adhesive
system used. Marginal caries is mostly found
in patients with a high caries activity.

Conclusion

Tetric EvoCeram Bulk Fill, incorporating the in-
novative photoinitiator system Jvocerin, is ide-
ally suited for the direct restorative technique
because it allows cavities to be filled in large in-
crements of up to 4 mm. Compared with the
three-increment technique, 4-mm cavities filled
with a single increment of Tetric EvoCeram Bulk
Fill did not lead to more marginal gaps. Several
studies have shown that the adhesive system,
rather than the composite, is the determining
factor for marginal quality. Tetric EvoCeram
Bulk Fill allows for effective posterior restora-
tions without compromises in quality.

Dr. Siegward Heintze,

Schaan (Liechtenstein) ]

The full version of this article is available in
the R&D Report, No 19, published by lvoclar
Vivadent AG in July 2013.
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kd A composite that resultsin a
reliable cure even if polymerized

incorrectly

Dr Siegward Heintze reports on in vitro investigations
examining the polymerization of Tetric EvoCeram Bulk Fill

A bulk-fill composite such as Tetric EvoCeram Bulk Fill containing the innova-
tive Ivocerin initiator system presents an ideal material for the direct restora-
tive technique, because it allows cavities to be filled in large increments of up
to 4 millimetres (mm). However, how does the material behave in the presence
of polymerization-related errors, such as an oblique position of the light probe
or curing from a large distance to the filling?

Lecturers and opinion leaders often refer to
practitioner-errors with the suggestion that
such mistakes lead to the insufficient poly-

. L
Fig. 2: Vickers hardness indentations in the 4-mm composite filling

merization of composite materials. They
demonstrate that a shadow is created if the
light guide is held at an angle to the composite

material to cure a proximal filling (Fig. 1). Un-
toward effects are also to be expected if the
distance between the light probe and filling is
too large or if the light probe is not positioned
precisely over the filling. Interestingly, these
statements are not backed up by study results —
and hardly any studies on the above-mentioned
various deviations from the standard position of
the light probe can be found. Only the increase
in distance to the composite has been investi-
gated in a few studies and it was found that the
depth of cure decreased with an increase in
distance. However, these results were to some
extent affected by the curing devices used [1].
How does the Tetric EvoCeram Bulk Fill com-
posite material behave in the presence of
polymerization-related errors? To investigate
this issue, we drew up a test plan to examine a
variety of scenarios:

Test group 1: Light probe in vertical position
to the composite

Test group 2: Light probe at a 40-degree angle
to the composite

Test group 3: Light probe in vertical position,
at a distance of 5 mm to the composite

Test group 4: Light probe at a 40-degree angle,
at a distance of 5 mm to the composite

Test group 5: Light probe in vertical position
over the centre of the molar, so that both
proximal sides are only partially illuminated
Test group 6: Same as group 5 but with a dis-
tance of 5 mm

Test group 7: Light probe in vertical position
to the composite. The entire light emission
window is covered with a layer of composite
material (thickness: 0.8 mm).

The same experimental setup was used as for
the tests on marginal adaptation (see Part 6 of
this series, Figs 1 to 3). Prior to the applica-
tion of the composite, a steel matrix was
placed and secured with a wooden wedge. The
cavity was lightly isolated with glycerine gel to
ensure that the composite could be removed
in a single piece. Tetric EvoCeram Bulk Fill
was applied in a single increment and poly-
merized for 10 seconds with Bluephase G2
(1,200 milliwatts per square centimetre -
mW/cm2) — in the manner specified for the
test groups above. Four fillings were placed
for each group. After 24 hours of dry storage
at 37 °C (incubator), the composite speci-
mens were invested in epoxy resin in a dark-
room, reduced to the centre by grinding and
then polished. Subsequently, the hardness
profile of the entire proximal length was de-
termined, by making indentations every 0.5
mm using a Vickers Hardness tester (Fig. 2).
The data were averaged and processed graph-
ically. The results came as a surprise (Fig. 3).
None of the test groups 1 to 6 showed cervical
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Fig. 3: Relative Vickers hardness (in per cent) of the cervical portion of the Tetric EvoCeram Bulk Fill filling relative to the Vickers hardness
of the coronal part — depending on the position of the light probe

hardness values below 80 per cent of the sur-
face hardness. The exception was the group
with the composite-covered light emission
window. This group achieved merely 71 % of
the coronal hardness value.

It can therefore be said that Tetric FvoCeram
Bulk Fill undergoes complete curing even if
the light probe is positioned incorrectly.Obvi-
ously, operators should use a curing light ca-
pable of generating the required light output.
Additionally, the light performance should be
checked regularly with a measuring device. A
field test in general dental practices in Ger-
many revealed that half of the curing lights
tested failed to provide the expected per-
formance [2]. It is equally important to en-
sure that the light emission window is not
contaminated or covered with composite ma-
terial. The same field study found that 37 % of

the light probes were contaminated with com-
posite or adhesive.

To sum up, Tetric EvoCeram Bulk Fill, incorpo-
rating the new /vocerin initiator system, al-
lows 4-mm deep cavities to be filled with a sin-
gle increment. The material is tolerant of
errors related to the polymerization process.
Even careless positioning of the light probe
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still results in the sufficient curing of 4 mm
layers.
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E1 The new bulk fill material

in clinical use

Dr med. dent. Arnd Peschke discusses the clinical
experiences with and the performance of modern bulk

fill materials

There is no question that dentists would like to be able to place posterior
restorations in thicker layers and thus in fewer working steps. The layering
technique [1-3], in which thin layers of composite are placed in defined orien-
tation — in order to compensate for shrinkage stress, is complicated and its ad-
vantages in terms of clinical quality are debatable [4, 5]. Furthermore, the low
curing depth of composites has so far limited the possibility for dentists to effi-
ciently adapt their application technique to their patients’ individual anatomic
situation. Bulk-fill composites should overcome these limitations.

Bulk-fill composites enable a more efficient
and ergonomic working technique due to the
fact that they can be placed in thicker incre-
ments (usually 4 mm). However, bulk-fill com-
posites with a conventional initiator system gen-
erally comprise larger filler particles in order to
counteract shrinkage and polymerization stress
and they demonstrate a high level of translucen-
cy in order to allow increased layer thickness.
Both material properties have a significant influ-
ence on the clinical characteristics such as sur-
face quality and esthetics (Fig. 1).

Furthermore, such materials often require
longer polymerization times to ensure suffi-
cient curing (Fig. 2), or they react very sensi-
tively to ambient light — limiting their process-

Tetric EvoCeram
Bulk Fill IVA

ing time under operatory light (see Fig. 1 re-
garding the light sensitivity in the article by
Karin Vogel, page 9 of DZW 41/13).

In comparison to the bulk-fill materials of
other manufacturers, Tetric EvoCeram Bulk
Fill shows a beneficial esthetic integration
(Fig. 1). Materials with a higher translucency
level do not demonstrate such good shade
adaptation — a notable problem in situations
with discoloured dentin.

Due to the addition of the innovative pho-
toinitiator /vocerin, Tetric EvoCeram Bulk Fill
can be polymerized in ten seconds (Fig. 2) at
a light intensity of = 1,000 mW/cm®. Tetric Evo-
Ceram Bulk Fill is an exceptional product, fea-
turing well-balanced properties, optimized for

18.6 %

38.3%

SDR Flow
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/ :
AN /
Dr med. dent. Arnd Peschke is Director R&D
Clinic at Ivoclar Vivadent AG in Schaan,

Liechtenstein. Contact details:
arnd.peschke@ivoclarvivadent.com

the posterior region. These properties are
demonstrated by the excellent results at-
tained in laboratory and preclinical tests, how-
ever only clinical studies can provide truly re-
liable information as to the final clinical
performance.

In-house clinical study

In an in-house clinical investigation of Tetric
FEvoCeram Bulk Fill, 35 restorations (11 Class |
and 24 Class II) were placed in combination
with a one-bottle etch & rinse adhesive system.
The restorations were assessed according to
FDI criteria [6, 7], using a semi-quantitative
clinical evaluation (SQUACE method), which

17.8 %

Filtek Bulk Fill /
Filtek Supreme
Univ. A3/

x-tra base
Grandio SO A3/

Fig. 1: Standardized Class II cavities in resin teeth with cavity floor characterized with IPS Empress Direct Color Grey and filled with var-

ious bulk-fill composites in different levels of transparency. (ICDE Schaan, December 2012)
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enables the documentation of marginal defi-
ciencies in relation to the overall filling margin
[8]. In the following paragraphs, the results of
the clinical aspects — postoperative sensitivi-
ties, esthetic integration, polishability, occur-
rence of enamel cracks and initial marginal
quality —are briefly described.

Postoperative sensitivity

In the majority of cases (33), defective fill-
ings represented the preoperative situation.
Only two cases involved primary caries. In 51
per cent of the cases (18), a superficial to
medium caries progression towards the pulp
was observed. Deep lesions were discovered
in 46 per cent (16) of the patients. Only in one
case (3 per cent), was Caries Profunda treat-
ment (application of a calcium hydroxide com-
pound) necessary, due to proximity to the
pulp.

Despite the fact that the lesions were part-
ly very close to the pulp, no occurrence of
postoperative discomfort, related to the ap-

plied adhesive or the filling material, was re-
ported at baseline or in the meantime [9].

Esthetic integration

The optical properties have been optimized
to meet the requirements of posterior restora-
tions so that the shade system could be re-
duced to just three shades (IVA, IVB and IVW).
The lvocerin photoinitiator allows a slightly
higher composite opacity compared to other
bulk-fill materials due to its high quantum yield.
Therefore, the translucency of the material
could be adjusted in such a way that its optical
properties, combined with the composite’s
favourable refraction index, blend in optimally
with the tooth structure (particularly enamel)
(Fig. 1). Thus, virtually invisible restorations
can be achieved with average-sized fillings and
in cases where the dentin is not discoloured.

The examiner rated 77 per cent of the
restorations as “perfect” [7, 10] and 23 per
cent as “good” (minor shade deviations).
These results document the material’s highly

developed “chameleon effect”, especially giv-
en the fact that shade IVA was used in 80 per
cent of the restorations.

Those cases in which the examiner identi-
fied slight shade deviations mostly involved ei-
ther deep cavities or discoloured dentin. In
such situations it is advisable to apply a thin
layer of opaque material, e.g. Tetric EvoFlow
Dentin, onto the dentin to obtain optimum es-
thetic integration (see also Figs 3 to 6).

Polishability

The clinical test also confirmed the materi-
al’s excellent polishing properties. In 77 per
cent of the restorations placed in this clinical
in-house study (n=35), the surface gloss was
rated to be “clinically perfect” according to
FDI criteria after polishing with the composite
polishing instrument OptraPol Next Genera-
tion (Ivoclar Vivadent). After a period of
twelve months, the results were still the same
for 69 per cent.

Occurrence of enamel cracks

Thick increments can cause cracks in the
enamel due to their higher volume shrinkage
and especially when good adhesion to the enam-
elis established [11, 12]. Therefore, the clinical
evaluation focused on this aspect in particular.

The majority of the treated teeth (71 per
cent) already showed enamel cracks before the
placement of the restoration. The position of
these cracks was noted to enable them to be
distinguished from subsequently occurring
cracks. Cold-light optical fibres (light probe
from Lercher) were used for crack detection.
However, no additional cracks were identified at
baseline. This confirms that the tensions
caused by Tetric EvoCeram Bulk Fill are not
higher than those of other posterior compos-

FDI criteria /evaluation Excellent Good Acceptable Inadequate Unacceptable
(excellent after (repairable) (new restoration
correction) necessary)

Number (% of all restorations)

Postoperative sensitivity 35 (100 %) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Anatomic shape 34 (97 %) 1(3%) 0(0%) 0(0%) 0 (0%)

Surface/gloss/pores 27 (77 %) 2 (6 %) 6 (17 %) 0 (0%) 0(0%)

Esthetics 25 (71 %) 10 (29 %) 0(0%) 0(0%) 0(0%)

Surface discoloration 35 (100 %) 0(0%) 0 (0 %) 0 (0%) 0 (0%)

Patient satisfaction 34 (97 %) 1(3%) 0(0%) 0 (0 %) 0 (0%)

Material fracture 35 (100 %) 0(0%) 0 (0 %) 0(0%) 0(0%)

Tooth integrity 34 (97 %) 1 (3%) 0(0%) 0(0%) 0(0%)

Proximal contacts 33 (94 %) 1(3%) 1(3%) 0(0%) 0 (0%)

% of the entire restoration margin

Marginal discoloration 99.9 % 0.1% 0% 0% 0%

Marginal deficits 99.1 % 0.9% 0% 0% 0%

Submargination 99.9% 0% 0.1% 0% 0%

Table: Results of the 12-month assessment according to FDI criteria (n=35)
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ites which are applied in 2-mm layers. The re-
sults of this clinical study correspond with the
preclinical data presented earlier. As it can be
assumed that the water absorption of the com-
posite compensates for the polymerization
stress in a relatively short time [13], this base-
line result can be considered reliable.

Initial marginal quality

Tetric EvoCeram Bulk Fill restorations
demonstrated excellent marginal quality at
baseline as well as at the 12-month recall.
With regard to marginal discolouration,
submargination and marginal irregularities,

Fig. 3: Cavity preparation on tooth 16

Fig. 4: Tooth 16 after one layer of Tetric EvoCe-
ram Bulk Fill has been used. The esthetic inte-
gration is optimal.

Fig. 5: Adjacent cavities in teeth 14 and 15

Fig. 6: Teeth 14 and 15 restored with one
layer of Tetric EvoCeram Bulk Fill IVA
Figs 3 to 6: Arnd Peschke

99 per cent of the examined marginalsections
were rated as “clinically perfect”. A summary
of the clinical results at the 12-month recall
is displayed in the table above.

Conclusions

The preliminary clinical data of Tetric Evo-
Ceram Bulk Fill confirm the good results of
the preclinical tests. Due to the photoinitiator
[vocerin, the material can be applied in 4-mm
layers, with esthetic properties that meet the
requirements of posterior restorations.

The increased curing depth of Tetric EvoCe-
ram Bulk Fill gives the user more freedom
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