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Abstract

Objectives The objective of this in vitro study was to inves-
tigate the behavior of different composite restorative materials
under the load of cast circumferential clasps for removable
dental prostheses (RDPs).

Methods In 60 human molars, standardized mesial—
occlusal—distal cavities were prepared. The cavities were
restored with the following materials: Definite, Tetric
Ceram, SureFil, Heliomolar RO, Ariston pHc, and Oralloy,
and provided with a rest seat. The rest seats were subjected
to 5,000 cycles of thermal cycling and 1,200,000 mastica-
tory cycles in a mastication simulator via cobalt—chromium
circumferential clasps cast to standardized frameworks in a
laboratory model designed to simulate the biomechanics of
a free-end denture base. Fracture analysis of the restorations
was performed by light microscopy. Before and after load-
ing, material wear was measured with a 3D-laser scanner,
and an analysis of the marginal quality was performed in an
SEM at x200 applying the replica technique.
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Results No significant differences in the fracture behavior
among the composite materials were found; the amalgam
control group showed a significantly higher fracture resistance.
Regarding the wear of the materials, the composites Definite
and SureFil exhibited a behavior similar to that of amalgam.
The other composites demonstrated higher wear rates. The
initial marginal quality was significantly worse for Ariston
pHc. The marginal adaptation decreased significantly after
thermal and mechanical loading for Definite and Ariston pHc.
Conclusions In terms of the investigated aspects of mechan-
ical performance, the tested composites seemed to be inferior
to amalgam. Further clinical studies are needed to evaluate the
ability of composite restorations to provide support for RDP
clasps.

Clinical relevance The use of composites as direct restoration
materials should be avoided in teeth, which serve as abutments
for clasp-retained RDPs.
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Introduction

Since their introduction in the 1950s, clasp-retained remov-
able dental prostheses (RDPs) have been well established as
a method to restore the function of the masticatory appara-
tus. Despite disadvantages in terms of aesthetics, function,
and tertiary prophylaxis, they are still regarded as the sim-
plest and most straightforward treatment option for partial
edentulism [1] with a well-documented clinical long-term
prognosis of over 50% after 10 years [2-5]. Support is one
of the main features of RDPs from a biomechanical point of
view. In the posterior region, occlusal rests usually provide
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vertical support and allow occlusal forces to be transmitted
along the long axis of the abutment tooth to the bone. They
also provide indirect retention for the denture [6, 7].

For decades, amalgam has been the restorative material
of choice for large class II restorations. Discussions on its
biocompatibility and higher aesthetic demands have led to
the increasing use of tooth-colored composites, even in
occlusion-bearing posterior teeth [8]. To date, research has
delivered contradictory findings about the clinical perfor-
mance of both material groups. While some studies have
shown comparable annual failure rates for both materials [9]
or even higher survival rates for large composite restorations
[4], other authors have reported better longevity of amalgam
restorations compared with composite restorations [10—12].
The main reasons for failure of the restorations discussed in
the literature are secondary caries, marginal deficiencies,
fracture, and material wear [11, 13].

Finite element analyses of posterior RDP abutment teeth
have demonstrated that, in simulated function, the highest
maximum equivalent stress appears on the occlusal rest seat
surface [14]. In clinical practice, the posterior abutment
teeth for an RDP are often restored with large direct restora-
tions, so that the occlusal rest of an RDP clasp may be
positioned in the restorative material. Amalgam restorations
in posterior abutment teeth have been described as suitable
for rest seats [15, 16]. As there are almost no data available
on the performance of composites under the increased load
of RDP clasps, the aim of this in vitro study was to evaluate
the fracture behavior, substance wear, and marginal integrity
of different composite restorative materials under a clasp
rest in functional loading. The null hypothesis tested in this
study was that, in the present experimental setup, no differ-
ence between the composite materials and amalgam would
be observed in terms of those parameters.

Method and materials

Sixty extracted caries-free maxillary and mandibular human
molars of similar coronal size were embedded 2 mm apical to
the cement—enamel junction (CEJ) in autopolymerizing resin
blocks (PalaXpress, Heracus-Kulzer, Wehrheim, Germany)
with dimensions of 2.5 cmx1.4 cmx1.5 cm. Both the
extracted teeth and the prepared samples were stored contin-
uously in 0.1% thymol solution.

A single operator prepared standardized mesial-occlusal—
distal (MOD) cavities according to the preparation instructions
for amalgam restorations with proximal boxes limited within
enamel (Fig. 1). The dimensions of the cavities were as fol-
lows: cavity depth and bucco-lingual width, 3+0.1 mm; and
width of the gingival wall and height of the axial wall, 1.5+
0.1 mm. To achieve divergence angles between opposing walls
of 6°, cavities were prepared using coarse diamond burs with a
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Fig. 1 MOD cavity preparation

corresponding taper (ISO 806 314234534 012, Komet,
Lemgo, Germany) in a high-speed dental handpiece (Con-
tact-Air 632D, Kavo, Biberach, Germany) at 200,000 rpm
under water cooling. Fine-grained diamond burs of the same
shape (8855.314, Komet) were used for finishing the prepara-
tions at 100,000 rpm. The cavity dimensions ensured that the
proximal boxes ended above the CEJ and the cavity was
limited by enamel. In the area of the subsequent rest seat, the
bucco-lingual width was increased to 4 mm to ensure sufficient
thickness of the restorative material around the occlusal seat.
The internal point and line angles were rounded, and enamel
margins were not beveled but prepared in butt-joint configura-
tion. After visual inspection of the cavities for imperfect finish
lines and for correct dimensions (Dial Caliper, Kori Seiki,
Tokyo, Japan), the 60 prepared teeth were randomly assigned
to five experimental groups with eight teeth each (Table 1).

The restorative materials and the bonding systems were
used with strict adherence to the manufacturers’ instructions.
The composite restorations were placed using an incremental
technique, and each increment was light-cured for 40 s
(400 mW/cm?, Elipar II, 3 M ESPE, St. Paul, MN, USA).
Under the amalgam restorations, a 0.5-mm base of zinc-
phosphate cement (Harvard Cement, Richter and Hoffman
Harvard Dental, Berlin, Germany) was placed. The restora-
tions were polished with finishing discs (Soft-Lex XT, 3 M
ESPE), disk-shaped aluminum-oxide-impregnated silicone
points (Enhance, Dentsply DeTrey, Konstanz, Germany), and
an aluminum oxide polishing paste (Prisma Gloss, Dentsply
DeTrey).

Spoon-shaped occlusal rest seats (1.5 mm depthx2 mm
bucco-lingual x2 mm mesio-distal width) (Fig. 2) were pre-
pared in the restorations by the use of a round-headed diamond
bur (ISO 801001016, Komet), sharp edges were removed, and
the occlusal seats were polished with aluminum-oxide-
impregnated silicone points (Enhance, Dentsply DeTrey).

Impressions of the specimens, including their resin bases,
were made with an A-silicone (Adisil Blau, Siladent Dr. Bohme
und Schéps, Goslar, Germany), and casts were produced of
type 4 dental stone (Resin Rock, Frankonia Dental, Erlangen,
Germany).

The prosthetic equator was marked with pencil lead, and the
deepest position of the retention arm in the retentive section



Clin Oral Invest (2012) 16:1659-1667 1661
Table 1 Restorative materials used in the study
Restorative material Type of material Bonding system Matrix Filler type Filler particle
content
weight (%)
1. Definite (Degussa) Ormocer Etch & Prime 3.0  Polysiloxane and photo- Ba-glass, pyrogenic SiO,, 76 %
polymerizable methacrylate- modified apatite
groups
2. Tetric Ceram Micro-filler hybrid ~ Syntac classic Bis-GMA, UDMA, Ba-glass, YbF3, pyrogenic 80 %
(Ivoclar Vivadent)  composite TEGDMA Si0O,, BaAlF-silicate glass
3. SureFil (Dentsply)  Packable composite Prime & Bond NT Urethane-modified BaAIFB- silicate glass, 82 %
BIS-GMA pyrogenes SiO,,
4. Heliomolar RO Inhomogenous Syntac classic BIS-GMA, UDMA, decandiol- Pyrogenic SiO,, YbF; 76 %
(Ivoclar Vivadent)  micro-filler dimethacrylate
composite
5. Auriston pHe Ion-releasing - BIS-GMA, UDMA, Alkal. glass fillers, BaAlF- 79 %
(Ivoclar Vivadent)  composite dimethacrylate silicate glass, YbF3,

6., Oralloy (Coltene) Spheroidal non- - -

gamma-amalgam

pyrogenic SiO,

was determined using a depth gauge (Scribtometer, Degussa,
Hanau, Germany). The clasp design for the circumferential
clasps was determined according to the Bios/Rapid-Flex Sys-
tem (Degussa). For every clasp, one-third of the retentive arm
was placed below the prosthetic equator, one-third on it, and
one-third above it; the guiding arm was placed on the pros-
thetic equator. The undercuts (except for the areas used for
retention) were then blocked out with blockout wax (Block out
wax, Dentsply DeTrey), and the modified models were dou-
bled with A-silicone. Investment casts were then produced
(Rema Dynamik, Dentaurum, Pforzheim, Germany), and the
prefabricated wax patterns were adapted along the ledges
formed with the blockout material.

The wax patterns were @#@sprued, invested, and cast in
Co—Cr alloy (Remanium 6 M 800, Dentaurum) with a casting
machine (Globucast, Krupp, Essen, Germany) according to
the manufacturer’s instructions. After being cast, they were
divested, cleaned, and subjected to airborne-particle abrasion
with 50-pm aluminum oxide using 0.4-MPa air pressure. The
restorations were finished under water-cooling with fine and
superfine finishing stones (Gebr. Brasseler, Lemgo, Germany)

Fig. 2 Heliomolar restoration with an occlusal rest seat. On the right
side, silicone layer for the simulation of the oral mucosa

and rubber polishing kits (Eveflex Polisher, EVE Emst Vetter
GmbH, Pforzheim, Germany).

For simulation of a free-end denture base, a horizontal bar
with dimensions 10 mmx5 mmx=2 mm, ending with a hemi-
sphere with a diameter of 8 mm, was positioned on the clasp
shoulder (Fig. 3). To simulate the biomechanics of a free-end
denture base, a 3-mm layer of an A-silicone with Shore hard-
ness 60 (Dimension Penta H Quick, ESPE, Seefeld, Germany)
was placed in a cavity measuring 10 mm by 10 mm in the resin
block under the hemisphere [17]. A load-deflection specifica-
tion of the material was established using a standardized load-
ing device Z1445 (Zwick, Ulm, Germany). Static load from 1—
100 N was applied with an 8-mm-diameter stainless steel ball,
and the sinking depths were recorded, resulting in a sinking
depth of 0.5 mm at a load of 20 N.

Before and after the completion of cyclic loading in the
mastication simulator, 2 polysiloxane (Adisil Blau, Siladent
Dr. Bohme und Schops) impressions of the test samples and
the antagonist were taken, and replicas of the impressions were
fabricated. The replicas were cast in type 4 die stone (Fuji
Superhard Rock, GC Corporation, Tokyo, Japan) for the wear
analysis and in an epoxy resin (Epoxy-Die, Ivoclar, Schaan,
Liechtenstein) for the evaluation of marginal adaptation.

Thermal cycling and mechanical loading (TCML)

The test specimens were mounted in a commercially avail-
able dual-axis mastication simulator (Willytech, Munich,
Germany) and were subjected to 1,200,000 masticatory
cycles of unidirectional antagonist movements with a fre-
quency of 1.2 Hz, descending cross-speed of 10 mm/s, and
an applied force of 88 N. Using lever mechanics calcula-
tions (Fig. 3), the position of the loading stylus was defined
to be 2.3 mm from the occlusal rest, so that the loading
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Fig. 3 Fabricated framework placed on the abutment tooth before
mastication simulation. According to the lever mechanics in a state
of balance, F1*a = F>*b and F, + F, = G, where F| and F, are the
forces applied to the rest seat and the hemisphere, respectively, @ and b
are the distances from the rest seat and the hemisphere to the loading
point. The loading force G applied by the chewing simulator was
chosen to be 88.3 N (9 kg), and for F,=20 N, the sinking depth of
the hemisphere was determined to be 0.5 mm. Under these conditions,
F1=68.3 N, and ¢=2.3 mm

forces at the occlusal rest and the hemisphere were 68.3 and
20 N, respectively. Simultaneously, the samples were sub-
jected to 5,000 cycles of thermal loading at temperatures
between 5°C and 55°C. The loading force of 88 N (9 kg)
was chosen according to literature values for the maximum
biting forces on single teeth in partial dentures [18, 19]. In a
similar experimental setting, Borchers [20] estimated that the
clasp arms transferred 19 N of the applied load. Thus, the
loading force applied on the restorations by the clasp rests
would be 49 N. Under these conditions (TCML: 1,200,000
cycles between 1 and 49 N; 5,000 thermal cycles 5/55°C in
distilled water), a simulation of five years of clinical perfor-
mance of the restorations was performed [21].

Fracture analysis

All specimens were investigated for fractures and cracks by
stereomicroscopy (Leica Wild M420, Leica, Bensheim,
Germany) at 30 magnification. Each specimen was evaluated
according to the following criteria: “no fracture”/hairline
crack”/“complete fracture” (Figs. 4 and 5). For further fracto-
graphic analysis, two specimens of each group were embedded
in epoxy resin (Citofix, Struers, Willich, Germany), and addi-
tional cross-sections were prepared by initial cutting with a
diamond saw (Accutom, Struers) and polishing with a com-
mercial preparation system (Abramin, Struers).

Wear analysis
The surfaces of the type 4 die stone replicas were analyzed by

means of the optical 3D surface profilometer Laserscan 3D
(Willytech, Munich, Germany) [22]. The mean volumetric

@ Springer

Fig. 4 Total fracture for a Heliomolar specimen

wear loss was determined by the appropriate software, Match
3D, Version 2.3 (Willytech).

Margin analysis

The marginal adaptation of the class II restorations was eval-
uated by quantitative marginal analysis [23]. The epoxy resin
replica models, both before and after in vitro thermomechan-
ical loading, were viewed by scanning electron microscopy
(Leitz AMR 1200, Leica, Wetzlar, Germany) at a X200 mag-
nification. The proximal and occlusal margin areas up to the
middle of the mesio-distal circumference of the restorations on
the side of the occlusal rest seat were then categorized by
means of a continuous series of images according to the
criteria “perfect margin” and “marginal gap/irregularity”
(Figs. 6 and 7). The percentage distribution of the various
qualities of marginal adaptation was calculated with image
analysis software (Quanti-Gap, Kiippers/Kunzelmann GmbH,
Erlangen, Germany).

Specimens whose restorations were fractured during the
mastication simulation were not used for the wear and quanti-
tative/qualitative margin analysis. Therefore, the number of
specimens that could be examined decreased from initially 60
to 48 (8 in the “amalgam” group, 6 in the groups “Definite” and
“Tetric Ceram,” 7 in the groups “SureFil” and “Heliomolar
RO,” and 5 in the group “Ariston pHc”).

Fig. 5 Hairline crack in a Definite specimen
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Fig. 6 Margin analysis under SEM: gap-free margin (original magni-
fication 1:200)

Statistical evaluation

Statistical evaluation was performed with SPSS for Windows,
Release 17.1 (SPSS Inc., Chicago, IL, USA). Non-parametric
tests (Mann—Whitney U-test for unpaired sample groups; Wil-
coxon test for paired sample groups) were used to determine
significant differences (p=0.05) as data were not normally
distributed (Shapiro-Wilks test, p<0.05). The Levene test
was used for testing the equality of variances (p<0.05). Any
differences in fracture mode were calculated using Fisher’s
exact probability test.

Results
Fracture analysis

The results of the fracture type analysis are shown in Fig. 8.
Amalgam showed a significantly better fracture behavior
(Fisher exact test: p=0.004), compared with 80% intact
restorations after mastication simulation. The composite

Fig. 7 Margin analysis under SEM: gap formation (original magnifi-
cation 1:200)

restorations had a high range of damage, with 80—-100% of
hairline cracks and total fractures. No statistically significant
difference among the composites could be found.

Wear measurement

An overview of the results of the wear measurements is shown
in Fig. 9. According to the mean wear volumes, the investi-
gated materials can be divided into two groups: Definite
(0.055 mm®, standard deviation 0.028), amalgam (0.056+
0.018), and SureFil (0.058+0.025), with lower wear volumes;
and Ariston (0.00954+0.0552) Tetric Ceram (0.011+0.031),
and Heliomolar (0.0145+0.085), showing higher wear vol-
umes. Statistically significant differences could be found be-
tween Heliomolar and amalgam (p=0.013), between
Heliomolar and SureFil (p=0.024), and between Heliomolar
and Definite (p=0.024).

Margin analysis

The results of the marginal assessment for the criterion
“gap-free margin” are shown in Fig. 10. In the Definite
and Ariston groups, a significant increase in the percentage
of gap-free margins could be found after cyclic loading in
the mastication simulator. The deterioration in marginal
quality for Definite was statistically higher than that for
Tetric Ceram, SureFil, and Heliomolar RO.

Discussion

The present study examined the mechanical behavior of
direct restorative materials under vertical loading via occlu-
sal rests of tooth and mucosa-borne dentures. For approxi-
mation of the clinical situation as much as possible, natural
molars of similar dimensions were selected, and the oral
mucosa was simulated. However, all laboratory studies pres-
ent limitations, and the results should thus be interpreted
carefully. The use of 3-mm layer of A-silicone for the
simulation of the oral mucosa resilience has already been
documented [17], and the desired sinking depth of 0.5 mm
was determined for static loading. However, the dynamic
load applied in the present study in a wet environment might
result in a different sinking depth due to the mechanical
properties of the A-silicone. A further limitation of the study
is the vertical direction of the stress application during the
mastication simulation. Although the main purpose of rest
seats is to provide vertical support, their movements during
the mastication process are quite complex as the biomechan-
ics of tooth and mucosa-borne RDPs is influenced by a great
variety of parameters [14, 24]. The experimental setting did
not consider a possible lateral denture displacement due to
the horizontal components of the masticatory forces.
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Fig. 8 Fracture behavior of the

Fracture type

restorative materials

Number of specimens

Amalgam Definite

The used weight-controlled chewing simulator has
proved a reliable method for long-term fatigue testing.
However, Steiner et al. could show that the reliability of
the loading forces is strongly influenced by the descending
speed and loading weight [25]. Using a slow descending
speed of 10 mm/s, an initial overloading peak at load contact
can be avoided, but the cycling frequency is lower than the
physiologic masticatory frequency [26]. The calculations for
the load distribution were performed for the assumption that
no deformation of the clasp rest would occur under loading.
Additionally, the point transmission of force in the chewing

[no fracture
[E hair crack
W full fracture

Sure Fil Heliomolar Ariston

Tetric
Ceram

simulator could hardly be adjusted with an accuracy of
0.1 mm. These limitations of the experimental setting might
also have an effect on load distribution.

The restorations were placed in natural maxillary and
mandibular molars. Despite our efforts to standardize the
preparation of the MOD cavities, the forms and dimensions
of the direct restorations differed in certain respects, mainly
due to the different morphology of the teeth. Thus, the
present in vitro simulation can provide only clues to the
clinical behavior of the restorative materials used under
RDPs.

Fig. 9 Volume loss (mm”) after
mastication simulation 0.4+
.
0.3 9
0.2 5
—E——
0.1
— =
= 4
0 —1
T T T T T T
Amalgam Definite  Tetric Ceram  Sure Fil Heliomolar Ariston
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Fig. 10 Box-plot diagram of the margin analysis of the proximal and
occlusal margin area

Fracture analysis

In the present study, the amalgam Oralloy showed a fracture
resistance significantly higher than that of the composite
materials. Therefore, the null hypothesis was rejected.
Among the composite materials, no significant differences
could be found with regard to their fracture behavior, in
spite of different filler and matrix qualities.

For brittle materials, such as amalgam and composites,
fracture resistance is dictated by the materials’ ability to retard
crack initiation and propagation. An overview of the mechan-
ical properties of the materials used is given in Table 2,
showing equal or even superior values for the fracture tough-
ness and flexural strength for the composite materials. For the
modulus of elasticity, a greater scattering can be observed,

Table 2 Mechanical properties of the tested materials [40]

with values ranging from 6 to 11.4 GPa for the composites and
from 25 to 60 GPa for dental amalgams. However, a higher
modulus of elasticity alone can hardly explain the different
fracture behavior of both materials. A possible explanation
may be seen in the findings reported by Beatty and Pidaparti
that, for composites, the elastic modulus was nearly twice as
great in tension as in compression, whereas for dental amal-
gam, the elastic modulus is more than 3.5 times greater in
tension than in compression [27]. This phenomenon results in
areduction of the amount of tensile stress produced within the
materials when they are subjected to bending. For amalgams,
this would lead to an effectively smaller zone of tensile stress,
in which cracks can originate, compared with composites
[28].

The fact that amalgam and composites are fundamentally
different material groups has to be taken into consideration.
Whereas composites show much brittleness and little elas-
ticity, the metal alloy amalgam can reduce tensions through
plastic deformation [27, 29, 30]. The material evades me-
chanical stress through plastic deformation. Composites do
not show the ductile capacity of metals, so these are always
exposed to full occlusal stress.

Wear

For the optical 3D scanner used in this study, the accuracy and
the precision of the 3D data acquisition depend on the surface
inclination [22]. Up to an angle of 60°, the accuracy is better
than 6 um, and the precision is better than 3 pm. With greater
inclination angles, the accuracy and precision decrease as the
inclination increases. Therefore, for the vestibular and lingual
cavity areas, the accuracy of the wear measurement was
reduced. With an area of the occlusal rest of about 10 mm?,
the vertical loss would be about 5 um (e.g., Amalgam). This
value would be within the matching accuracy of the scanning
device. A further limitation of the wear measurements was the
fact that, after mastication simulation, only a reduced number
of samples could be used for analysis (#=8 for amalgam and

Restorative material Flexural Compressive Modulus of Fracture toughness
strength (MPa) strength (MPa) elasticity (GPa) (MN*m-3/2)

Oralloy 110-150 518 25-60 1.0-1.5*

Definite 128 400 7.3 1.6

Tetric Ceram 130 230 9.4 2.0

SureFil 125 330 11.4 2.0

Heliomolar RO 100 330 6.0 0.84%*

Ariston pHe 125 280 11.0 1.9

*Value according to Lloyd [48]

**Value according to Choi and co-workers [49]
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n=>5-7 for the composite groups) as the fully fractured resto-
rations were excluded. Thus, the results of the wear analysis
should be treated very cautiously.

In this study, the micro-filler composite Heliomolar RO
showed significantly higher wear rates compared with Sure-
Fil, Tetric Ceram, and Ariston pHc. In a wear investigation
of ten dental restorative materials in five wear simulators,
Heliomolar showed better wear performance in the two-
body wear test than SureFil and Tetric Ceram and higher
wear values for the three-body wear simulators [31]. At first
sight, the test arrangement chosen in this study could be
categorized as a two-body wear test, so the results
concerning the wear behavior of Heliomolar might seem
surprising.

A possible explanation of the significant wear of Helio-
molar RO in the present study was reported by Condon and
Ferracane [32]. With a specific wear simulator, they found
that, compared with hybrid composites, Heliomolar RO
shows superior wear behavior at a relatively low cyclic
loading of 20 N and higher wear rates at a cyclic loading
of 70 N. The authors attribute the results to fatigue processes
at higher loading forces. For micro-filled composites, the
low modulus of elasticity [30] and low filler content [33,
34], as well as the quality of the filler/matrix interface [35],
have been discussed as factors influencing their fatigue
resistance. In this study, the high fatigue susceptibility of
Heliomolar was affirmed by the fracture analysis results,
with all Heliomolar restorations showing fracture after
loading.

Margin analysis

The evaluation of the margin quality between composite mate-
rials and tooth structures is a realistic and valid test for adhesive
restorations [36]. Before mechanical and thermal testing, the
adhesively bonded composites Tetric Ceram, SureFil, and Heli-
omolar RO showed good margin quality. The mean values
were obtained with Tetric Ceram (94.4% “perfect margin™),
followed by SureFil (93.9%) and Heliomolar RO (93.2%).
After mechanical and thermal stress, a slight, insignificant
increase of gap-free margins could be found for the materials
used with the two-step etch-and-rinse adhesive: SureFil
(87.8%), Heliomolar RO (85.4%), and Tetric Ceram (84.9%).
The stable margin quality of these materials after artificial aging
has also been observed in numerous other studies [37, 38].
After thermomechanical loading, the largest decrease of
marginal adaptation of 40.0% was detected for Definite
(from 81.4% to 51.8%). These findings are in accordance
with further studies on the marginal adaptation of ormocers.
In an evaluation of the marginal and internal adaptation of
class II ormocer and hybrid resin composite restorations, the
enamel adaptation of Definite/Prime & Bond NT restora-
tions was clearly worse compared with that of hybrid
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composite restorations before, as well as after, load cycling
[39]. The unfavorable physical properties of Definite [40,
41], as well as the weak performance of Etch & Prime 3.0
with respect to micro-leakage and bond strength [42, 43],
are proposed to be responsible for the deterioration of mar-
ginal quality after thermomechanical loading. In a clinical
study with class II restorations, Oberlander and co-workers
[44] determined a significantly worse marginal adaptation
for Definite/Etch & Prime after one year in function than
with Solitaire/Solid Bond and thus rated the material as
unacceptable according to the ADA acceptance criteria for
restorative materials [45].

Prior to loading, only the ion-releasing composite Ariston
pHc showed a significantly worse ratio of “perfect margin”
(68.1%). This result was to be expected, since the material
was inserted into the cavity without the use of the acid-
etching technique and dentine bonding. Clinical studies
could show that the presence of only a liner (Ariston liner)
cannot provide sufficient durability for marginal integrity
[46]. As a result, Ariston pHc restorations in class I and II
cavities showed failure rates of over 50% after 2 years of
clinical service, mainly due to tooth fractures and gap for-
mations [47]. In the meantime, the manufacturer has taken
Ariston pHc off the market.
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