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Abstract

Objectives The aim of this study is to observe the durability of
Class II nanohybrid resin composite restorations, placed with
two different adhesive systems, in an 8-year follow-up.
Methods Seventy-eight participants received at random at
least two Class II restorations of the ormocer-based
nanohybrid resin composite (Ceram X) bonded with either a
one-step self-etch adhesive (Xeno III) or a control two-step
etch-and-rinse adhesive (Excite). The 165 restorations were
evaluated using slightly modified United States Public Health
Services (USPHS) criteria at baseline and then yearly during
8 years.

Results One hundred and fifty-eight restorations were evalu-
ated after 8 years. Three participants with five restorations
(three Xeno III, two Excite) were registered as dropouts.
Twenty-one failed restorations (13.3 %) were observed during
the follow-up. Twelve in the one-step self-etch adhesive group
(13.5 %) and nine in the two-step etch-and-rinse group
(13.0 %). This resulted in nonsignificant different annual
failure rates of 1.69 and 1.63 %, respectively. Fracture of
restoration was the main reason for failure.

Conclusion Good clinical performance was shown during the
8-year evaluation and no significant difference in overall
clinical performance between the two adhesives. Fracture
was the main reason for failure.

Clinical relevance The one-step self-etch adhesive showed a
good long-term clinical effectiveness in combination with the
nanohybrid resin composite in Class II restorations.
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Introduction

Over the years, composite resins with different formulations
have been introduced. To improve properties of resin com-
posites, the size of the filler particles has been decreased.
Many resin composites today belong to the nanocomposites,
nanofiller or nanohybrid compositions, which contain filler
particles in the range of 0.1-100 nm. The small particles are
favourable to obtain a good wear resistance, high fracture
toughness, optimum polishability and good aesthetics. They
are difficult to wet with resin and are therefore often agglom-
erated [1, 2]. In a recently developed nanohybrid resin com-
posite (Ceram X; DENTSPLY DeTrey, Konstanz, Germany),
organically modified ceramic nanoparticles (2-3 nm) and
nanofillers (10 nm) are used combined with conventional
glass fillers of Ca 1 um. The modified ceramic nanoparticles
are achieved via controlled hydrolysis and condensation reac-
tions and comprise a polysiloxane backbone. Methacrylic
groups are attached to the backbone via silicon-carbon bonds.
Nanotechnology is combined with ormocer (organically mod-
ified ceramics) technology, by replacing most of the conven-
tional resin matrix by a matrix full of highly dispersed
methacrylate-modified polysiloxane particles [2]. In contrast
to conventional composites, the ormocer matrix is not only
organic but also inorganic. The monomers are better embed-
ded in the matrix what reduces the release of monomers [3, 4].
The inorganic siloxane part provides strength, while the or-
ganic methacrylic part makes the particles polymerizable with
the resin matrix. In vitro, excellent marginal adaptation to both
enamel and dentin has been observed combining the resin
composite with a butanol-based etch-and-rinse adhesive [5].
The nanohybrid resin composite is characterized by an
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intermediate hardness and good flexural and diametral tensile
strength but low flexural modulus [6, 7]. Clinically, acceptable
short-time survival rates have been observed in a few studies
for the ormocer-based nanohybrid [8—10].

Self-etch adhesive systems (SEA) are supposed to make the
bonding procedure more user-friendly, eliminating the risk of
over-etching and over-drying. The resulting hybrid layer is
much thinner compared to that of traditional etch-and-rinse
systems; the thickness however depends on its acidity [11,
12]. Due to the high content of hydrolytical components and
increased permeability of the SEA hybrid layers, the bonds
appear more vulnerable to degradation in the mouth than
etch-and-rinse adhesives [13, 14]. Three-step etch-and-rinse
adhesives have been considered as the most favourable bonding
system, based on predictions by laboratory tests such as tensile
or shear bond strength and clinical non-carious cervical lesion
(NCCL) studies [15]. However, recent improved clinical results
have been reported for several self-etching adhesives in NCCL
and posterior restoration studies, mostly over short-time obser-
vation periods [9, 10, 16-21]. There is still a lack of long-term
evidence. In a recently published randomized prospective short-
term study, Class II ormocer-based nanohybrid resin composite
restorations placed with a two-component one-step SEA
showed a similar durability as restorations performed with a
two-step etch-and-rinse system [10]. The aim of this study was
to investigate the clinical longevity of the Class II nanohybrid
resin composite restorations after 8 years. The hypothesis tested
was that restorations performed with a two-component one-step
SEA showed similar durability as restorations performed with a
two-step etch-and-rinse system.

Material and methods
Experimental design

The study design adopted the guidelines and recommenda-
tions of CONSORT with regard to the conduction of a ran-
domized clinical trial as far as possible. During November
2004-May 2005, adult patients attending the Dental School
Public Dental Health Service clinic in Umeé and a private
dental clinic in Copenhagen, who needed two similar Class II
restorations, were asked to participate in the follow-up. Fe-
male patients who were pregnant or nursing were excluded.
No patients were excluded because of caries activity, peri-
odontal condition or parafunctional habits. All patients were
informed on the background of the study, which was approved
by the ethics committee of the University of Umea (Dnr 07-
152M). Reasons for placement of the resin composite resto-
rations were primary or secondary carious lesions, fracture of
old amalgam fillings or replacement because of aesthetic or
other reasons. Seventy-eight patients participated, 34 men and
44 women, with a mean age of 52.7 years (range 28-86). One
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hundred and sixty-five restorations were placed in 61 premo-
lar (24 in male, 37 in female) and 104 molar (38 in male, 66 in
female) teeth. All teeth had opposing and adjacent tooth
contacts. The distribution and the size of the restorations are
given in Table 1.

Operative procedures were performed under local anaes-
thesia if necessary. Existing restorations and/or caries were
removed under constant water cooling. No calcium
hydroxide-base material was placed, and no bevels were pre-
pared. The operative field was carefully isolated with cotton
rolls and suction device. For all Class II cavities, a thin
metallic matrix was used and carefully wedging was per-
formed with wooden wedges (Kerr/Hawe Neos, Switzerland).
The cavities were cleaned by a thorough rinsing with
water. In order to make an intra-individual comparison
possible, all except five patients received at least two
restorations. Immediately, after the decision to include
an individual pair of teeth in need of restorations in the
study, randomization for the two treatments was per-
formed by a coin toss, before preparation of the cavi-
ties. The cavities were randomly distributed to be re-
stored with either the experimental combination Xeno
[II/Ceram X (DENTSPLY DeTrey) or the control resto-
ration with the commercial two-step etch-and-rinse ad-
hesive Excite (Ivoclar Vivadent AG, Schaan, Liechten-
stein) followed by the resin composite Ceram X
(Table 2). In participants with only one cavity, a Xeno
III/Ceram X was placed.

Application of the two adhesive systems was done
according to manufacturer’s instructions. The resin com-
posite was then applied in layers of maximal 2 mm
with, if possible, an oblique layering technique using
selected composite instruments (Hu-Friedy Mfg. Co.,
Chicago, Ill, USA). Every increment was light cured
with a well-controlled LED light unit (SmartLite,
DENTSPLY DeTrey) for at least 20 s. The restorations
were placed by two experienced operators. After
checking the occlusion/articulation and contouring with
finishing diamond burs, the final polishing was per-
formed with the Shofu polishing system (Brownie;
Shofu Dental Cooperation, Kyoto, Japan) and finishing
strips (GC finishing strips; Tokyo, Japan).

Table 1 Distribution of the experimental restorations

Surfaces Mandibula Maxilla

Premolars Molars Premolars Molars
2 surfaces 25 34 16 26
3 surfaces 13 18 4 10
>3 surfaces 4 7 - 8
Total 42 59 20 44
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Table 2 Resin composites and bonding system used

Material

Composition Type

Application steps Manufacturer

Ceram X Matrix: methacrylate-modified polysiloxane,
dimethacrylate resin, fluorescent pigment,
UV stabilizer, stabilizer, camphorquinone,
ethyl-4 (dimethylamino) benzoate, titanium
oxide pigments, aluminium silicate pigments

Filler: Barium-aluminium-borosilicate glass

(1.1-1.5 pm), methacrylate functionalized
silicone dioxide nanoparticles (10 nm),
nanofiller (2-3 nm)

nanohybrid 76 %w/w
filler 57 %v/v filler

DENTSPLY DeTrey,
Konstanz, Germany

Xeno III  Bottle A: HEMA, ethanol, water aerosol, 2-component one-step Mixing, apply primer 20 s, DENTSPLY DeTrey
stabilizers butylhydroxytoluene (BHT) self-etch adhesive careful air-drying
Bottle B: tetramethacryloxyethyl pyrophosphate for >5 s, light cured 10 s
(Pyro-EMA), pentamethacryloxyethyl cyclophospazene
mono fluoride (PEM-F), UDMA, CQ, BHT, ethyl-4-
dimethylaminobenzoate (co-initiator); pH <1.0
Excite Conditioner: phosphoric acid 37 % primer: ethanol 2-step etch-and-rinse ~ Etch (35 % H;POy,) of Ivoclar Vivadent AG,
(25 %), phosphonate monomers, dimethacrylates, adhesive enamel 10 s and then Schaan, Liechtenstein
phosphonic acid acrylate (73.6 %): HEMA, highly enamel/dentin 5 s, or
dispersed silicon dioxide (nanofiller, 0.5 %; total etch 15 s, water
cetylaminehydrofluoride), initiators, stabilizers (0.9 %) rinse 5-10 s, careful
air-drying, apply primer
with gentle brushing 20s,
remove primer with air
blow, light cure 10 s
Evaluation by descriptive statistics by using frequency distributions of the

Each restoration was evaluated according to slightly modified
United States Public Health Services (USPHS) criteria for the
following characteristics: anatomical form, marginal adapta-
tion, colour match, marginal discoloration, surface roughness,
caries (Table 3) [22]. The restorations were evaluated at base-
line and then blindly every year during 8 years by the opera-
tors and at regular intervals, 2—4 days/month, by other cali-
brated evaluators. Radiographs were taken in most cases at the
yearly recalls. The caries risk for each patient at baseline was
estimated by the treating clinician by means of clinical and
socio-demographic information routinely available at the an-
nual clinical examinations, e.g. incipient caries lesions and
former caries history [23, 24]. Bruxing activity was estimated
as low or high by the treating clinician by means of clinical
signs and history at the annual examinations [20]. Any failures
during the study were counted as failures during all subse-
quent recalls. The failure percentage at each recall was the
total number of failures to date in the following equation:
failure percentage = (previous failures + new failures)/(previ-
ous failures + currently recalled restorations) > 100.

Statistical evaluation

The evaluated characteristics of the restorations, including the
number of nonacceptable restorations (failures) are described

scores. The overall performance of the experimental restora-
tions was tested after intra-individual comparison and ranking
using Friedman’s two-way analysis of variance test [25].
Patients with restorations, not belonging to a pair, as decided
at the baseline randomization, were included in the descriptive
statistics of the scores for the resin composite, but not in the
analysis of the intra-individual comparison of the two adhe-
sives. The hypothesis was rejected at the 5 % level.

Results

Postoperative sensitivity, self reported and/or reported after
questioning by the authors, was reported for six teeth in six
participants between 1 and 3 weeks after baseline, three Xeno
[II/Ceram X restorations during biting forces and three
Excite/Ceram X restorations during biting forces or cold
stimuli. At 8 years, 158 restorations, 89 Xeno III/Ceram X
and 69 Excite/Ceram X were evaluated. These included 20
restorations which did not belong to a pair. Three patients with
five restorations (1 year: one molar, Xeno III; 3 years: one
premolar, Xeno III and one molar, Excite; 5 years: one molar,
Xeno III and one molar, Excite) could not be evaluated, due
to moving (1) and death (2), while another two molar teeth
(one Xeno IIT and one Excite) were extracted at 7 years
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Table 3 Criteria for direct clinical evaluation: modified Ryge criteria [22]

Category Score Criteria

Acceptable Unacceptable

Anatomical form 0 The restoration is contiguous with tooth anatomy

Slightly under- or over-contoured restoration, marginal ridges
slightly under-contoured’ contact slightly open (may be self-correcting),
occlusal height reduced locally
2 Restoration is under-contoured, dentin or base exposed; contact is faulty,
not self-correcting; occlusal height reduced; occlusion affected
3 Restoration is missing partially or totally, fracture of tooth structure, shows

traumatic occlusion, restoration causes pain in tooth or adjacent tissue
Marginal adaptation 0 Restoration is contiguous with existing anatomic form, explorer does not catch

Explorer catches, no crevice is visible into which explorer will penetrate

2 Crevice at margin, enamel exposed

3 Obvious crevice at margin, dentin or base exposed

Restoration mobile, fractured or missing

Colour match 0

Very good colour match

Good colour match

2 Slight mismatch in colour, shade or translucency

3 Obvious mismatch, outside the normal range

4 Gross mismatch

Marginal discolouration 0

No discolouration evident

Slight staining, can be polished away

2 Obvious staining cannot be polished away

3 Gross staining

Surface roughness 0

Smooth surface

Slightly rough or pitted

2 Rough, cannot be refinished

3 Surface deeply pitted, irregular grooves

Caries 0

No evidence of caries contiguous with the margin of the restoration

1 Caries is evident contiguous with the margin of the restoration

because of periodontal reasons. These were not included in the
final statistical analysis.

Twenty one failed restorations (13.3 %) were observed
during the follow-up, 12 Xeno II/Ceram X (13.5 %, four
premolar and eight molar teeth) and nine Excite/Ceram X
(13.0 %, three premolar and six molar teeth). This resulted
in annual failure rates of 1.69 % for the Xeno III/Ceram X
group and 1.63 % for the Excite/Ceram X group (ns). The
failure rate at 8 years for restorations in premolar teeth was
11.5 % and in molar teeth 14.4 %. A lower failure rate was
found in two surface restorations (10.2 %) compared to three
or more surface restorations (18.6 %). Male participants
showed a higher failure rate (16.1 %) than female (10.7 %).

Reasons and year of failure for the nonacceptable restora-
tions are shown in Table 4. The main reason for failure was
resin composite fracture. Small chip fractures were observed
in five restorations, which were treated by polishing or left.
Male participants showed a higher frequency secondary caries
(8.1 %) than female (1.0 %).
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A prediction of the caries risk showed that 19 of the
patients were considered as risk patients. All except of one
of the caries lesions were observed in participants with mod-
erate to high caries risk. Twenty-five of the patients were
estimated to have high bruxing activity. Ten of the 16 ob-
served resin composite- and tooth fractures were observed in
these participants.

Relative frequencies of the scores (%) for the evaluated
variables are given in Table 5. A significant decrease in colour
match was observed between baseline and 4 years, which
continued slightly during the second half of the follow-up.
The colour changes observed were within the acceptable score
range, and no significant differences were seen between the
bonding groups. Marginal discoloration increased significant-
ly during the follow-up, but within the acceptable scores, no
significant difference was observed between the adhesives.
The surface characteristics of the nanohybrid resin composite
showed no clinical change from the smooth characteristics at
baseline to the end of the follow-up.
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Table 4 Nonacceptable Class II restorations and reasons of failure during the 8-year follow-up

3 years 4 years 5 years 6 years 7 years 8 years

2 years

1 year

Fracture RC

Fracture and caries

Caries

Cusp fracture

Endodontic reasons

11 12

10

Cumulative absolute failure frequencies

2.8 5.5 5.6 7.7 5.6 8.9 5.8 10.1 5.8 12.2 8.7 13.5 13.0

22

1.1

Cumulative relative failure frequencies (%)

X Xeno III/Ceram X, E Excite/Ceram X

In the overall intra-individual comparisons between the
etch-and-rinse and the self-etching technique, no significant
differences were observed at the recalls (p>0.05).

Discussion

During the years, many new types of promising resin com-
posites have been introduced to overcome disadvantages of
traditional materials. The ormocer resin composite materials
were developed in the late 1990s showing lower shrinkage,
improved wear resistance and high biocompatibility [26, 27].
Ceram X is based on a combination of ormocer and nanofiller
technology. It contains methacrylate-modified silicon dioxide-
containing nanofiller, while the resin matrix is largely replaced
by a matrix of highly dispersed methacrylate-modified
polysiloxane particles. Although the material has been on
the market for many years, no evidence of its long-time
effectiveness has been shown. Also, there is no evidence of
which adhesive system is suitable to be used with the material
in the long run. The resin composite was therefore tested with
two simplified adhesives, a two-step etch-and-rinse and a one-
step self-etch system. Like for resin composites, also dental
adhesives have shown a continued development and introduc-
tion of new materials. Laboratory studies exhibited for a long
time favourable results for etch-and-rinse systems compared
to self-etch adhesives [28, 29], but newer studies and a review
of the recent clinical results of self-etching adhesives showed
the effectiveness of certain of these systems [10, 16, 20, 21].
Recently, Van Meerbeck et al. [16] suggested a moderate
association between aged bond strength data from the labora-
tory and clinical retention data from NCCL studies. Bayne
[30] on the other hand stated that in vitro laboratory research,
although important, had not correlated highly with clinical
performance. Therefore, clinical evaluations, especially pro-
spective evaluations, are still the ultimate test of new bioma-
terials. The clinical effectiveness of adhesives has been
assessed clinically mostly in NCCLs [16-20]. The dentin of
these lesions, however, does not reflect the substrate in Class
I cavities, which most often is influenced by caries and/or
amalgam. Adhesive systems need therefore to be tested in
load-bearing posterior cavities [20, 31]. A problem of clinical
evaluations is that after several years of evaluation plus the
time necessary to publish the study in a dental journal, many
evaluated materials are withdrawn from the market or modi-
fied versions have been marketed. This is probably one of the
reasons that most clinical evaluations are short-time studies. In
this 8-year follow-up, the studied resin composite is one of the
materials which have been on the market for a longer period
without large modifications.

In the present 8-year follow-up, seven restorations could
not be followed during the study giving a cumulative dropout
frequency of 4.2 %. The yearly dropout of 0.5 % is rather low
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Table 5 Scores for the evaluated Class II restorations of Xeno III/Ceram X and Excite/Ceram X given as relative frequencies for baseline and the yearly

recalls (%)

0 1 2 3 4
Anatomical form Xeno III/Ceram X baseline 913 8.7 0 0
Excite/Ceram X baseline 89.0 11.0 0 0
Xeno III/Ceram X 4 years 85.6 8.9 1.1 44
Excite/Ceram X 4 years 90.0 5.7 29 1.4
Xeno III/Ceram X 8 years 82.8 4.6 23 10.3
Excite/Ceram X 8 years 90.8 0 3.1 6.1
Marginal adaptation Xeno III/Ceram X baseline 97.9 2.1 0 0 0
Excite/Ceram X baseline 97.3 2.7 0 0 0
Xeno III/Ceram X 4 years 75.6 17.8 1.1 2.2 33
Excite/Ceram X 4 years 772 17.1 2.9 14 14
Xeno III/Ceram X 8 years 69.0 14.9 4.6 35 8.0
Excite/Ceram X 8 years 88.5 10.8 1.5 4.6 4.6
Colour match Xeno III/Ceram X baseline 47.8 51.1 1.1 0 0
Excite/Ceram X baseline 493 49.3 1.4 0 0
Xeno III/Ceram X 4 years 12.8 72.1 15.1 0 0
Excite/Ceram X 4 years 17.9 73.1 9.0 0 0
Xeno III/Ceram X 8 years 6.5 71.4 22.1 0 0
Excite/Ceram X 8 years 153 69.4 15.3 0 0
Marginal discoloration Xeno III/Ceram X baseline 100 0 0 0
Excite/Ceram X baseline 100 0 0 0
Xeno III/Ceram X 4 years 80.3 17.4 23 0
Excite/Ceram X 4 years 79.1 17.9 3.0 0
Xeno III/Ceram X 8 years 70.1 233 6.5 0
Excite/Ceram X 8 years 69.5 20.3 10.2 0
Surface roughness Xeno III/Ceram X baseline 100 0 0 0
Excite/Ceram X baseline 100 0 0 0
Xeno III/Ceram X 4 years 98.8 1.2 0 0
Excite/Ceram X 4 years 98.5 1.5 0 0
Xeno III/Ceram X 8 years 97.4 1.3 1.3 0
Excite/Ceram X 8§ years 96.6 34 0 0
Caries Xeno III/Ceram X baseline 100 0
Excite/Ceram X baseline 100 0
Xeno III/Ceram X 4 years 98.1 1.1
Excite/Ceram X 4 years 97.2 2.8
Xeno III/Ceram X 8 years 97.7 2.7
Excite/Ceram X 8 years 93.9 6.1

compared to those reported in many clinical follow-ups, in-
cluding many short-time studies. Despite the fact that
nanohybrid composite resins have been used for posterior
restorations for several years, its evidence in the literature is
still limited [8, 9, 32, 33]. For the investigated Ceram X, a few
short-time evaluations between 2 and 4 years have been
published. All were showing acceptable short-time effective-
ness [8-10, 34]. One of these studies was the 4-year report of
the present study observing annual failure rates (AFR) of 1.4
and 1.9 % [10]. Schirrmeister et al. [9] observed two failed
restorations of 23 Class II restorations evaluated after 4 years
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(AFR 2.2 %), with a patient dropout of 37 %. Mahmoud et al.
[34] evaluating several resin composite types reported no
failures for Ceram X after 3 years, but they only eval-
uated ten Class II restorations. Monteiro et al. [8] re-
ported one failure of 30 restorations (dropout 12 %)
after 2 years resulting in an AFR of 1.7 %. Except
for the present study, all other studies used etch-and-
rinse adhesives only. The success rate of the Ceram X
restorations presented in the above-mentioned studies
needs to be considered with regard to the relatively
short periods between 2 and 4 years of clinical service.
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The AFR observed in the present study is clinically highly
acceptable taking into account that no patient selection was
performed, only Class II and rather large cavities were includ-
ed with the majority in molar teeth. Frankenberger et al. [29]
reported in a recent 8-year follow-up the effectiveness of 32
Class II Tetric Ceram and 36 Class II Grandio restorations.
They used a selected group of young participants with high
level of oral hygiene where application of rubber dam had to
be possible. All participants attended the 8-year recall. Three
Grandio and one Tetric Ceram failures resulted in an AFR of
1.2 and 0.4 %. In a similar design as the present study with a
nonselected older patient group, van Dijken and Pallesen [35]
found an AFR of 2 % for the same Tetric Ceram. This resin
composite has been indicated during many years to be the
golden standard between resin composite materials, without
direct clinical evidence. Low AFRs, between 0.5 and 0.7 %,
were reported by Lindberg et al. [36] in a 9-year follow-up of
Class II resin composite restorations placed in mostly enamel-
bordered cavities. These failure rates can be compared with
the 1.7 % AFR in the present study for all restorations.

Considering the good durability of Class I resin composite
restorations observed in long-term clinical evaluations, their
inclusion has become questionable in posterior resin compos-
ite evaluations [37]. Low numbers of Class II restorations
included, combined with high dropout figures, rises therefore
problems for the interpretation of the results of many recent
randomized studies of nanohybrid and nanofiller resin com-
posites [9, 32, 38—43]. A recent review of these evaluations
showed that the mean value of evaluated Class II restorations
of ten prospective studies was 18.4 restorations (range 0-36)
[10]. The mean number of both Class I and Class II restora-
tions per resin composite evaluated was 32.5 (range 20-45).
The low numbers that evaluated Class Il restorations in many
recent studies are probably too low to give significant clinical
information. A number of at least 50 teeth/restorations have
been suggested per test group, according to power analysis
performed in earlier clinical studies and experience [10]. This
number has been confirmed by recently performed sample
size estimations in randomized intra-individual comparisons
of resin composites and recommendations given by the FDI
science committee [44, 45]. Another factor which also influ-
ences strongly the outcome of the clinical results is the type of
participants selected. This should represent the whole spec-
trum of patients, who in the future are expected to receive
restorations of the materials which have to be evaluated. In
contrast to some of the evaluations [42, 43, 46], no
patients were excluded in the present study, because of
high caries activity, nonacceptable oral hygiene or
parafunctional habits. In this way, the sample represents
a normal clinical patient population. A high frequency
of the failed restorations observed in the present study
was observed in high-risk participants concerning both
caries and bruxing activity.

The question to be answered in this evaluation concerned
the use of adhesive system in combination with the ormocer-
based nanohybrid resin composite. Etch-and-rinse or a self-
etch adhesive? No significant and clinical difference was
found in the 8-year follow-up. An AFR of 1.69 and 1.63 %
was observed indicating clearly that adhesives in the self-
etching group have been improved and are suitable also in
loaded restorations. The hypothesis tested was therefore
accepted.

In a review of clinical evaluations of posterior resin com-
posites, Brunthaler et al. [47] stated in 2003 that in Class II
cavities, the influence of adhesive system seemed not to
influence the long-term results to a significant extent. Manhart
et al. observed after 4 years a nonsignificant different 7.5 %
failure rate for restorations bonded with Xeno Il compared to
2.2 % for the control classic etch-and-rinse adhesive Syntac
[41]. Swift et al. [48] compared Xeno III with another etch-
and-rinse adhesive (OptiBond Solo Plus) during 3 years in
Class I restorations. They observed a 3.3 % failure rate for the
SEA not significantly different to the control adhesive. This
seemed to be confirmed in a limited number of recently
published short-time RCTs which compared the effectiveness
of self-etch adhesives versus etch-and-rinse adhesives in pos-
terior cavities [10, 20, 49-51]. Ermis et al. [50] compared
during 2 years bonded posterior restorations with the SEA
Clearfil SE (n=43) and the etch-and-rinse Single Bond (n=
44). With a dropout of 24 %, they reported a nonsignificant
failure rate for Single Bond of 6 % and for Clearfil SE of 0 %.
Boeckel et al. [49] reported a nonsignificant difference after
4 years for restorations bonded with the etch-and-rinse adhe-
sive Excite (0 % failures) and the SEA AdheSE (AFR 0.8 %).
The study included 30 Class I and Class II per group while
participants with poor oral hygiene and bruxism were exclud-
ed. A dropout of 40 % was reported. Higher failure rates were
reported by Bottenberg et al. [S1] in a 5-year follow-up of
Class II restorations bonded with the etch-and-rinse adhesives
Admira Bond (n=22) and Syntac Sprint (n=26) compared to
the SEA Etch&Prime 3.0 (2=29). Nonsignificant AFRs of
9.1, 5.4 and 4.1 %, respectively, and a dropout of 40 % were
reported. van Dijken [20] published a 6-year comparison of
Class II restorations, placed in nonselected participants, bond-
ed with a one-step HEMA-free SEA (G-bond, n=60) and a
giomer SEA (FL Bond, n=55). AFRs at 6 years were 1.4 %
for G-Bond and 3.0 % for FL Bond (n. s.; dropout 3.5 %). The
shorter follow-up studies comparing SEA with etch-and-rinse
systems did not find significant differences between the adhe-
sive systems, which is in accordance with our findings at
8 years.

No significant differences in any of the clinical criteria
listed in Table 5 were found between the two adhesive systems
tested. The clinical surface characteristics of the resin com-
posite showed a texture similar to enamel, findings also re-
ported in two earlier 4-year follow-ups [9, 10]. In vitro studies
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showed nonsignificant small differences in roughness values
(Ra) for Ceram X compared to other nanohybrid and
nanofiller resin composites [7, 52]. After 8 years, the clinical
surface texture of the resin composite restoration will probably
be determined by the degradation of the surface and partici-
pants’ toothbrush-dentifrice properties and their frequency of
oral hygiene habits, irrespective of the finishing method used
at baseline. The nanohybrid resin composite exhibited a sig-
nificant colour change during the follow-up which may be
related to the water absorption of the material or the structure
and characteristics of the filler particles [53]. However, it must
be mentioned that the effects were changes within scores 0-2,
meaning that they are clinically acceptable. Marginal discol-
oration increased slightly during the follow-up to less than
20 % of the restorations after 4 years and 30 % after 8 years in
most cases of score 1 type.

It can be concluded that the nanohybrid resin composite
study showed good clinical effectiveness during the 8-year
trial up with a 1.6 % annual failure rate for the Class II
restorations. No significant differences were observed in du-
rability between the SEA and the etch-and-rinse adhesive.
Fracture of restoration was the main reason of failure. Most
failures were observed in risk participants.
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