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Abstract

Objective To evaluate the 5-year clinical performance of a glass hybrid restorative system and a nano-hybrid resin composite
in moderate to large two-surface class II cavities.

Materials and methods This study was carried out by dental schools in Zagreb, Croatia; Izmir, Turkey; Belgrade, Serbia;
and Milan, Italy. A total of 180 patients requiring two class-II two-surface restorations in the molars of the same jaw were
recruited. The teeth were randomly restored with either a nano-hybrid resin composite (Tetric EvoCeram, Ivoclar Vivadent)
or a glass-hybrid material (EQUIA Forte, GC). During the 5-year follow-up, two calibrated evaluators at each centre scored
the restorations annually using the FDI-2 scoring system. The survival rates were calculated using the Kaplan—Meier method
and compared using non-parametric matched pair tests (p < 0.05).

Results There were no statistically significant differences between the overall survival and success rates of the two types of
restorations (p>0.05). The success rates (FDI-2 scores 1-3) for EQUIA Forte were 81.9% (average annual failure rate: 3.9%)
and 90.7% for Tetric EvoCeram (average annual failure rate: 1.9%). The survival rates (FDI-2 scores 1-4) for EQUIA Forte
and Tetric EvoCeram were 94.5% and 94.4%, respectively, with an average annual failure rate of 1.1%.

Conclusions In terms of success and survival rates, both the glass-hybrid restorative system and the nano-hybrid resin com-
posite have been shown to perform satisfactorily.

Clinical relevance The results of this study indicate that EQUIA Forte can be one of the therapeutic options for moderate to
large two-surface class II restorations of posterior teeth.

Keywords Glass-hybrid system - Clinical study - Nano-hybrid resin composite - Two-surface restoration

Introduction
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rior restorations for more than a century due to its ease
of handling, durability [1, 2] and affordability for many
patients [3]. However, due to the Minamata Convention on
Mercury [4], the trend worldwide is to reduce or eliminate
the use of amalgam fillings. Beyond concerns regarding
the harmful effects of mercury and other components of
amalgam alloys, there is an increasing preference for res-
torations that closely resemble natural tooth colour, which
has led to increased use of resin composites, glass-iono-
mer cements (GICs) and their modified forms [5]. Resin
composite materials (CO) are known for their physical
and aesthetic properties. They have a proven longevity of
10-12 years with an annual failure rate of 2-3% [6], with
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physical properties similar to those of metal alloys [7].
However, multi-surface CO restorations in posterior teeth
require more prolonged treatment times and precise techni-
cal skills. Glass-ionomer cements are less sensitive with
regard to placement techniques but are relatively brittle
due to their lower flexural strength and wear resistance
[8—10]. Therefore, they have been considered traditionally
as temporary or provisional restorative materials, espe-
cially for larger dental defects, where resin composites and
metal alloys have proven to be reliable solutions [11]. To
enhance the strength and wear resistance of conventional
GICs, there have been improvements to their consistency,
with the introduction of high-viscosity GICs. In addition,
to protect these materials, it has been proposed to apply
a coating of nano-filled resin to protect and additionally
cover the surface pores and thus improve the mechanical
properties of the material [12]. The clinical behaviour of
this group of materials has been investigated in many dif-
ferent clinical studies. Clinically acceptable survival rates
after follow-up periods of up to 10 years in smaller restora-
tions have been reported [12-20].

Glass-hybrid cement (GH) has been developed in recent
years. It combines ultrafine and highly reactive glass par-
ticles, evenly distributed in the structure of the glass pow-
der, with high-molecular-weight polyacrylic acid, which
is expected to result in improved mechanical properties
[21]. Indeed, in vitro studies have shown increased flexural
strength [22] and wear resistance of GH [23], which can be
attributed to a multifunctional monomer layer placed over
the restoration to seal defects on the material surface. As GH
technology is relatively new, clinical data are still limited.
Previously published 2-year results of a multi-centre clinical
study found similar survival rates for the GH and the nano-
hybrid resin CO at 93.6% and 94.5%, respectively, when
tested in load-bearing two-surface class II restorations [24].
Similarly, comparable clinical performance was reported
for the GH and the micro-filled resin hybrid CO tested in
extended class II cavities over a 24-month evaluation period
[25]. A survival rate of 98% was observed for GH restora-
tions in hypo-mineralised permanent molars [26]. However,
a significantly lower survival rate of GH class II restorations
compared to conventional GICs, and bulk-fill resin CO was
reported by Balkaya and Arslan [27]. Medium- and long-
term clinical studies are still scarce, and further investigation
of their clinical performance is needed.

The aim of the present split-mouth study was to compare
the clinical outcomes of a GH restorative system to a nano-
hybrid resin CO in moderate to large two-surface class Il res-
torations placed in four different countries using the FDI-2
criteria. The null hypothesis tested was that no differences
in the clinical performance of the glass-hybrid restorative
system EQUIA Forte and the nanohybrid resin composite
Tetric EvoCeram would be detected after 5 years.

@ Springer

Materials and methods
Ethical considerations

The study was approved by the ethics committees of the
participating centres (School of Dental Medicine, Univer-
sity of Zagreb, Croatia, No: 05-PA-26-7/2015; Ege Univer-
sity, School of Medicine, Izmir, Turkey, No: 18-11.1T/15;
Galeazzi Orthopaedic Institute, Milan, Italy, No: 117/
INT/2015; and School of Dental Medicine, University of
Belgrade, Serbia, No: 36/24). The clinical study was regis-
tered at clinicaltrials.gov under the number NCT02717520.

Study design and participants

The study design has been previously published [24].
The design of this study was longitudinal (with a 5-year
follow-up period), split-mouth (with equal allocation
given to the left and right sides of the same jaw), pro-
spective, multi-centre and with concealed randomised
allocation to two treatment groups. It was conducted in
and by four European clinical centres and dental schools
(Zagreb, Croatia; Izmir, Turkey; Milan, Italy; and Bel-
grade, Serbia).

Patients were recruited over a 9-month period (Sep-
tember 14, 2015, until June 14, 2016) from patients who
attended one of the university clinics and required two
class II, two-surface restorations in the molar region of the
same jaw. The inclusion and exclusion criteria are shown
in Table 1. Before signing the consent forms, all patients
were informed by the participating clinicians about the
purpose of the study and the procedures and risks related
to it, as well as their rights, including the right to withdraw
from the study at any time.

A randomisation sequence was generated using a ran-
dom number generator with uniform distribution and a
range of [0—1]. All random numbers smaller than 0.5
were assigned to a glass-hybrid restoration on the left
side and resin CO on the right side (group A), while the
random numbers 0.5 or larger were assigned to having a
glass-hybrid restoration on the right side (group B). The
random sequence results were put in closed envelopes and
distributed to the participating centres. After the patient
was recruited and found to meet the inclusion criteria,
the envelope was opened, and the patient was allocated
to one of the two groups. There was no blinding beyond
this point. Each participating patient received two restora-
tions: a GH material (EQUIA Forte, GC, Tokyo, Japan)
and a nano-hybrid resin CO (Tetric EvoCeram, Ivoclar
Vivadent, Schaan, Liechtenstein). The characteristics of
the materials are shown in Table 2. The patients’ baseline
characteristics are shown in Table 3.
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Table 1 Inclusion/exclusion criteria for patients included in the study

Inclusion criteria

Individuals over 18 years old with permanent dentition.

Individuals in need of two restorative treatments on vital posterior molar teeth on the same jaw (primary caries or

replacement of existing restoration).

Restorations limited to two surfaces having both antagonist and adjacent tooth and at least one occlusal contact.
Favourable and stable occlusal relationship between the remaining teeth.
Reliable, cooperative, willing to participate in the study and able to return for periodic follow-ups.

Exclusion criteria

Individuals with full dentures or crowns and bridges in occlusal contact with teeth indicated for restorative treatment.

Individuals with a history of drug abuse, addiction to medication or alcohol abuse.

Pulp exposure while caries excavation.
Known unavailability for recall visit(s).
Allergy to any product used in the study.
Severe bruxism.

Individuals with unstable medical or physiological conditions.
Pregnant, lactating subjects or intending to become pregnant during the study.

Table 2 Composition, type and manufacturer of the materials tested

Material Type Manufacturer

Composition

EQUIA Forte Glass hybrid

Tetric EvoCeram  Nano-hybrid resin composite

EQUIA Forte Coat Low-viscosity nano-filled resin

AdheSE Self-etching two-component

adhesive system

Cavity conditioner ~ Surface conditioner

GC (Tokyo, Japan)

IvoclarVivadent (Schaan, Liechtenstein)

GC (Tokyo, Japan)

IvoclarVivadent (Schaan, Liechtenstein)

GC (Tokyo, Japan)

Powder: 95% strontium fluoroalumino-silicate
glass, 5% polyacrylic acid liquid, 40% aque-
ous polyacrylic acid

Dimethacrylates 16. 8% (Bis-GMA, Bis-EMA,
UDMA, ethoxylated Bis-EMA), fillers 82%
(barium glass, ytterbium trifluoride, mixed
oxide, SiO,)

40-50% methyl methacrylate

10-15% colloidal silica

0. 09% camphorquinone

30-40% urethane methacrylate

1-5% phosphoric ester monomer

AdheSE Primer: dimethacrylate, phosphonic
acid acrylate, initiators and stabilisers in an
aqueous solution

AdheSE Bond: HEMA, dimethacrylate, silicon
dioxide, initiators and stabilisers

20% polyacrylic acid, 3% aluminium chloride
hexahydrate, distilled water

Interventions: restorative procedures

As a first step, all tooth surfaces were cleaned to remove den-
tal plaque and salivary pellicle using a fluoride-free prophy-
lactic paste (Cleanic, Kerr, Orange, CA, USA) along with a
polishing brush in a slow handpiece. Gingival bleeding was
recorded, and tooth sensibility was confirmed using ethyl
chloride. Local anaesthesia was administered for all cav-
ity preparations. Digital pre-operative photographs (direct,
occlusal, buccal and oral view) were taken. To ensure a dry
operative field, cotton rolls and high-speed suction were
employed for EQUIA Forte and a rubber dam for Tetric
EvoCeram.

Teeth with existing restorations or with primary caries
were prepared using high-speed spherical and cylindrical
diamond burs (1.204.023 and 9120.314) (Komet, Lemgo,

Germany) with water-cooling. Then, carious tissues were
removed using a hand instrument and/or spherical slow-
speed round burs. At the periphery of the cavity, preparation
was performed to ensure the cavity margins were located
in sound enamel and cavity walls in hard dentine. At the
cavity floor, selective removal until firm/leathery dentine
was done [28]. No selective removal to soft dentine was
performed. All cavities were prepared without bevelling and
were restored using a pre-contoured sectional matrix system
(Palodent Plus, Dentsply, York, PA, USA).

Cavities were restored with the GH EQUIA Forte, fol-
lowing the manufacturer’s instructions. The smear layer
was modified using 20% polyacrylic acid for 10 s (Cavity
Conditioner, GC), thoroughly rinsed and briefly air-dried,
ensuring not to desiccate the surface. After mixing EQUIA
Forte capsules for 10 s in a capsule mixer (Silvermix90,

@ Springer
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Table 3 Baseline characteristics of the patients included in the study

Total
N %
180 100.0
Gender
Female 116 64.4
Male 64 35.6
Centre
Croatia 60 33.3%
Italy 32 17.8%
Serbia 28 15.6%
Turkey 60 33.3%
Age (years)
Median 27
Interquartile range 22-39
Range 18-77

GC), the material was packed into the cavities in bulk using
a capsule applicator. Following the formation of major
grooves and fissures with hand instruments and a 2.5-min
initial setting time, occlusal contact was checked using
two-sided coloured articulating paper (blue for occlusion
and red for articulation, 20 pm thickness). Cervical adapta-
tion and proximal contact were checked with dental floss
and adjusted as required with flexible discs (952.900.140
and Compo System, Komet). After drying the restorations,
a layer of EQUIA Forte Coat was applied to the occlusal
surfaces and light cured for 20 s using an LED curing lamp
(D-Light; GC) at 1200 mW/cm?.

For Tetric EvoCeram resin CO restorations, a rubber dam
was placed to ensure a dry work field before cavity prepa-
ration. The enamel was selectively etched with 37% phos-
phoric acid, and a two-step self-etching adhesive (AdheSE,
Ivoclar Vivadent) was applied to the enamel and dentin
according to the manufacturer’s instructions and was light
cured for 20 s (1200 mW/cm?) using an LED curing lamp
(D-Light, GC). The material was placed in 2-mm incre-
ments, and each layer was polymerised for 20 s from the
occlusal aspect. The restorations were cured from the buc-
cal and palatal/lingual directions after removing the matrix
system. The restorations were finished with a high-speed
handpiece with fine and extra fine-grit flame diamond burs
(H135F.314.014 and 368LEF.314.016, Komet) for gross
finishing, while fine finishing was performed using carbide
burs (H48LF.314.012, Komet) and a slow-speed handpiece
and flexible discs (952.900.140 and Compo System, Komet).
Proximal surfaces were polished using fine polishing strips.
Occlusion and articulation were checked and corrected as
required following the same procedure used in the glass-
hybrid group. The restorations were then polished with
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rubber points (9523UF.204.030, Komet) and diamond pol-
ishing paste (Gradia DiaPolisher, GC).

For both materials, A2 shade was used. Both restorations
were placed no longer than 1 week apart. Two operators
with more than 3 years of clinical experience in conservative
dentistry and instructed by the study coordinator placed all
restorations in all study centres (eight operators in total). A
total of 360 restorations were placed. Of 180 EQUIA Forte
restorations, 50 teeth were restored due to the primary caries
lesions, and 130 were replacements of defective restorations.
Of 180 Tetric EvoCeram restorations, 51 restored primary
caries lesions, and 129 were replacements of defective res-
torations. No indirect pulp capping was performed. No den-
tal radiography was taken during and immediately after the
restorative procedures or routinely at the recall periods.

Evaluation of the restorations

The evaluators were two experienced clinicians at each site,
who were calibrated for FDI-2 criteria and were blinded to
the clinical procedures. After being individually calibrated
on the e-calib web page, the evaluators assessed a set of 11
restoration pictures, assigning scores to each. The evalu-
ation results showed excellent inter-rater agreement, with
average values ranging from 0.939 to 0.989 for the follow-
ing variables: surface staining, marginal staining, overall
functional properties, material fracture and retention and
marginal adaptation. For the rest of the FDI-2 criteria, there
was zero disagreement between the evaluators for all tested
pictures. However, it was not feasible to blind the evaluators
to the restorative material used, as these had visibly distinct
appearances.

The patients were followed up at 1 week (baseline) and
after 1, 2, 3, 4, and 5 years (Fig. 1). The restorations were
evaluated according to the FDI-2 criteria [29, 30]. The crite-
ria used for the evaluations included aesthetic aspects (only
marginal and surface staining), functional characteristics (all
criteria except occlusion and wear, which were measured
objectively and will be reported in a separate paper) and
biological considerations (all available criteria). The colour
match and translucency scores were not used because they
were considered clinically less important for the restorations
in the posterior region [31]. Each restoration received a score
on a scale from 1 to 5: 1-clinically excellent; 2-clinically
good; 3-clinically satisfactory; 4-clinically unsatisfactory but
reparable; and 5-poor, requiring replacement.

The primary outcomes were the survival rate and the suc-
cess rate of the restorations. The survival was defined as a
restoration not requiring replacement (FDI-2 scores of 1-4)
and the success as a restoration not needing replacement or
repair (FDI-2 scores of 1-3). The secondary outcomes of the
trial were the FDI-2 properties of the two materials.
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Fig. 1 Two-surface restorations performed in different countries with EQUIA Forte (EF; upper rows) and Tetric EvoCeram (TEC; lower rows)

and scored as excellent during the yearly recall periods (TO to T5)

The differences between evaluators were resolved through
consensus. Each restoration was documented by photographs
taken from direct, occlusal, buccal and oral directions, as
well as before and after restoration and at each follow-up
recall.

The participants were reminded of the follow-up visit 4
times before being declared ‘not attending to follow-up’,
using different methods (i.e. mobile phone, message via
social media and email). The study flow is shown in Fig. 2.
Out of the total of 209 patients assessed for inclusion in
the study, 184 of them initially met the inclusion/exclusion
criteria (Table 3). However, four of them were subsequently
excluded because one patient needed endodontic treatment
for the study tooth during the restorative procedure and three
patients failed to show up for the restoration of the second
tooth.

Sample size, power and statistical analysis

The sample size was chosen to achieve a statistical power
of 0.8 in detecting whether the tested glass-hybrid material
had a restoration survival rate at least 10% lower than that
of resin CO materials, with an error of 0.05. The calcula-
tion was performed using G*Power software (University
of Kiel, Germany). The required sample size was 122 sam-
ples, and the final sample size was set to 180, as a 70%
recall rate was expected. The dropout rate was lower than
30%, but due to the COVID-19 pandemic, the sample was
further reduced by excluding some patients from the study
because they received interventions from other dentists, as
travel was limited at that time. A post hoc power analysis
showed that the power of the study to detect differences in
success rates was 0.77.

The inter-scorer agreement was tested using interclass
correlation in mixed mode with the agreement criterion.
Survival analysis was used for failure rates. The survival/
success rates were calculated using Kaplan-Meier analysis.
The equality of the Kaplan-Meier 5-year survival/success
rates was tested using the exact binomial p-value variant of
the McNemar paired samples test. The mean survival times
were not statistically compared in this study: the patients
were excluded after the failure of one of the restorations, and
the survival times and their determinants will be published
separately.

Annual failure rate was calculated according to the for-
mula (I — y)> = 1 — x, where x expresses the total fail-
ure (non-success or non-survival rate) and y is the average
annual failure rate.

The statistical significance cut-off was set at 0.05. The
samples that needed no revision, repair or replacement and
were followed for 5 years (n = 95) were evaluated by FDI-2
scores using the Wilcoxon signed-rank test. All analyses
were performed in SPSS software on the Windows platform,
with a p-level of 0.05.

Results

The overall recall rate after 5 years for all centres was 73.9%
(Table 4). Four patients could not attend their recalls dur-
ing the COVID-19 pandemic period during the fourth year.
However, they returned for the fifth-year control, and their
restorations were re-scored. A total of 15 patients (8.3% of
the original sample size, Table 4) were excluded from the
study.

No statistically significant differences (p > 0.05) were
observed in the overall survival rates and success rates of
the two types of restorative materials (Fig. 3 and Table 5).

@ Springer
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Assessed forinclusion

n=209

—)I Didn’t meet criterian=25 I

Randomized intotwo
groups n=184

GHright side, CO left side

GH left side, CO right side

Excludedfrom the study n=4
Endodontic treatment required (1), Didn’t show up forthe
second restoration (3)

Lostto recall: n=8 |

15 year recall
n=172

Excludedfrom the study: n=3
repaired (1)/extracted (1) by another dentist, crown placed on antagonist (1)

- e
| 7| Lostto recall:n=9 |

2™ yearrecall

Excludedfrom the study: n=1
periodontal reasons not relatedto restoration

Lostto recall: n=7 I

3dyear recall
n=136

Excludedfrom the study: n=2
replaced by another dentist (1), prosthodontic rehabilitation (1)

= Lostto recall: n=10 I

4thyear recall
n=119

Excludedfrom the study: n=5
anotherrestoration of the same tooth (1), replaced by another dentist (3),
periodontal reasons (1)

5thyear recall

Lostto recall: n=2 |

n=102

Excludedfrom the study: n=4
repaired by another dentist (1), damage due to tooth extraction (1), replaced
by another dentist (2)

Fig.2 Study flow

Table 4 Number of patients who were excluded, did not attend and
were recalled for each year. The total recall rate was defined as a per-
centage

Time point Actual Respondents  Respondents Recall rate (%)
respond- excluded lost to recall
ents from the
study
Baseline 180 0
1 year 172 3 8 95.6%
2 years 153 1 17 90.0%
3 years 136 2 24 85.0%
4 years 119 5 34 77.8%
S years 102 4 36 73.9%

The success rates (FDI-2 scores 1-3) were 81.9% for EQUIA
Forte (average annual failure rate was 3.9%) and 90.7% for
Tetric EvoCeram (average annual failure rate was 1.9%). The
survival rates (FDI-2 scores 1-4) were 94.5% and 94.4%,
respectively, for EQUIA Forte and Tetric EvoCeram, with
an average annual failure rate of 1.1% for both materials

@ Springer

(Fig. 3 and Table 5). A total of 8 EQUIA Forte and 9 Tetric
EvoCeram restorations had to be replaced. The main reasons
were postoperative sensitivity and fracture of material and
retention (Table 6). A total of 17 EQUIA Forte and 5 Tet-
ric EvoCeram restorations needed repair. The main reason
for restoration repair was fracture of material and retention,
accounting for all 17 EQUIA Forte repairs (100%) and 3
(60%) Tetric EvoCeram repairs, while 2 (40%) repairs were
due to recurrence of caries, erosion and abfraction (Fig. 4
and Table 6).

For patients with both restorations scored as successful
(FDI scores 1-3) in year 5 (n = 95), no statistically signifi-
cant differences were found between EQUIA Forte and Tet-
ric EvoCeram for functional and biological property scores
(p > 0.05). A statistically significant difference, however,
was found for the marginal staining: EQUIA Forte had a
better result overall, with more restorations scored as ‘clini-
cally excellent’, while the resin CO restorations were more
frequently scored as ‘clinically good’ (p < 0.05; Fig. 4 and
Table 6). To explore this observation even further, the com-
parison was made at each time point throughout the 5-year
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Kaplan-Meier curves for success rate
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Kaplan-Meier curves for survival rate
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Fig.3 Survival and success rates of EQUIA Forte and Tetric EvoCeram restorations during the study periods

Table 5 Reasons for repair and

. Reason N %
replacement of the materials

tested Repair EQUIA Forte, n = 17 Fracture of material and retention 17 100%

Tetric EvoCeram, n = 5 Fracture of material and retention 2 40%

Recurrence of caries, erosion and abfraction 3 60%

Replacement EQUIA Forte, n =8 Postoperative sensitivity and tooth vitality 4 50%

Fracture of material and retention 3 38%

Recurrence of caries, erosion and abfraction 1 13%

Tetric EvoCeram, n =9 Postoperative sensitivity and tooth vitality 5 56%

Fracture of material and retention 3 33%

Tooth integrity 1 11%

follow-up period. Statistically significant differences for
marginal staining between the two investigated materials
were found at every follow-up (p < 0.05).

Discussion

As pointed out by the American Dental Association, a
restorative material intended for use in posterior teeth needs
to have a retention rate of at least 90% after 18 months of
clinical service to become fully accepted as a definitive
restorative material [32]. This clinical study found that the
GH material, EQUIA Forte, was an acceptable restorative
material with a retention rate of 94.5% after 5 years accord-
ing to this criterion and that its survival and success rates
were comparable to the nano-hybrid resin CO Tetric Evo-
Ceram in two-surface class II restorations of posterior teeth.

These results are similar to those of a recent 5-year clinical
study evaluating three high-viscosity glass-ionomer restora-
tive materials in small class II cavities, with the main finding
that the clinical results of the GH were comparable to those
of resin CO [33]. However, a higher success rate was obtained
for both EQUIA Forte and resin CO restorations, probably
due to the smaller size of the cavities [33]. In a similar study
design, it was found that the retention rate of EQUIA Forte
after 2 years in extended class II cavities was relatively high
(93.7%) and similar to the resin CO tested [25].

On the other hand, one clinical study found that after 1-
and 2-year recall periods, the survival rate for EQUIA Forte
restorations was significantly lower than that of the two resin
CO materials used in layers or filled in bulk and recom-
mended caution in the clinical use of that material [27, 34].
Although there are several differences in study design and
methods, different evaluation criteria and possible sampling
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Table 6 The overall FDI-2 criteria scores obtained at 5 years for the different categories

n=95 EQUIA Forte Tetric EvoCeram

Clinically Clinically Clinically Clinically Clinically Clinically

excellent good satisfactory excellent good satisfac-

tory

Aesthetic 66 69% 26 27% 3 3% 51 54% 40  42% 4 4%
Surface staining 78 82% 16 17% 1 1% 71 75% 21 22% 3 3%
Marginal staining* 72 76% 21 22% 2 2% 57 60% 34 36% 4 4%
Functional 52 55% 24 25% 19 20% 55 58% 28 29% 12 13%
Fracture of material and retention 78 82% 8 8% 9% 86 91% 5 5% 4 4%
Marginal adaptation 74 78% 20 21% 1 1% 65 68% 27 28% 3 3%
Approximal anatomic form — contact point 80 84% 1 1% 14 15% 86 91% 6 6% 3 3%
Patient’s view 81 85% 10 11% 4 4% 87 92% 5 5% 3 3%
Approximal anatomic form —contour 84 88% 6 6% 5 5% 91 96% 3 3% 1 1%
Biological 94 99% 0 0% 1 1% 95 100% 0 0% 0 0%
Postoperative sensitivity and tooth vitality 95 100% 0 0% 0 0% 95 100% 0 0% 0 0%
Recurrence of caries, erosion and abfraction 95 100% 0 0% 0 0% 95 100% 0 0% 0 0%
Tooth integrity 94 99% 0 0% 1 1% 95 100% 0 0% 0 0%
Periodontal response 95 100% 0 0% 0 0% 95 100% 0 0% 0 0%
Adjacent mucosa 95 100% 0 0% 0 0% 95 100% 0 0% 0 0%
Oral and general health 95 100% 0 0% 0 0% 95 100% 0 0% 0 0%

*Statistically significant at p < 0.05

Fig.4 Marginal chippings

and their occurrence years in
EQUIA Forte (EF) restora-
tions observed in every country
(upper row). Marginal fractures
and discolorations observed in
Tetric EvoCeram (TEC) restora-
tions in different time periods in
every country (lower row)

differences, the study compared independent samples for the
two materials and likely had higher inter-patient variability.
It is also possible that the difference between the materi-
als was increased by using chlorhexidine as a disinfectant
before the placement of restorative materials. The residual
chlorhexidine might have interacted with phosphate in den-
tin due to the cationic part of the chlorhexidine molecule,
which binds to negatively charged phosphate in dentin and,
therefore, may have potentially impaired the bonding ability
of GIC-based materials to tooth structures [35].
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During the 5 years of this study, a comparable number of
restorations made from EQUIA Forte and Tetric EvoCeram
required replacement, with 8 and 9 replacements, respectively.
The main reasons for replacements were post-operative sensi-
tivity and material fractures. Similar results were reported by
Heck et al. [20], with material fracture as the main reason for
failure and restoration replacement for EQUIA Fil and Fuji IX
GP Fast. The results of the present study are also supported
by the findings of a meta-analysis by Beck et al. [14], which
identified material fracture as the predominant type of failure
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in resin CO materials during the first 4 years of replacement.
The number of EQUIA Forte restorations needing repair was
higher, although not significantly different; there were 17 vs.
5 restoration repairs for EQUIA Forte and Tetric EvoCeram,
respectively. Again, material fracture was the predominant
reason for failure for both EQUIA Forte (100% of repairs)
and Tetric EvoCeram (60% of repairs). In a systematic review,
Ruengrungsom et al. [36] stated that marginal ridge chipping
is a significant concern for two-surface GIC restorations,
which is in accordance with the results of the current study, as
repair due to ridge chipping of the material was predominantly
observed in the EQUIA Forte group. Similar findings have
been reported in two different clinical studies investigating the
performance of EQUIA Fil in two-surface restorations [16,
18]. However, it must be noted that this study is not designed
to analyse different reasons for failure, as the sample size for
failed restorations is too small, and the data obtained can only
be considered as a hypothesis for further research.

The evaluations of the restorations considered successful in
the 5-year period revealed no statistically significant differences
for the tested functional and biological FDI-2 properties. All
functional properties showed deterioration over the 5-year study
period. Regarding material fracture and retention, contact point
and contour Tetric EvoCeram restorations showed somewhat
better clinical performance, as CO restorations were scored as
excellent in more than 90% of the cases at the last recall.

Interestingly, biological properties were scored as excel-
lent for both materials throughout the study for all successful
restorations, which did not require repair or replacement.
Statistically significant differences were found for marginal
staining between EQUIA Forte and Tetric EvoCeram (with
proportions of ‘clinically excellent’ restorations of 76% and
60%, respectively). These are probably related to the known
shrinkage of the resin CO material, leading to compromised
marginal adaptation. A total of 78% of EQUIA Forte resto-
rations had clinically excellent marginal adaptation, com-
pared to 68% for Tetric EvoCeram; however, the difference
was not statistically significant. The study did not evaluate
other aesthetic properties because its primary objective was
focused on assessing functional and biological properties.
Furthermore, the colour and translucency characteristics of
these two types of materials are fundamentally different, and
the difference in the material’s appearance is obvious. Glass-
hybrid is not available in as many shades as composite resin
materials, its composition and structure are different, and it
is rougher and cannot be polished with polishing rubbers,
pastes, etc., so the colour match, surface gloss, lustre and
translucency are not comparable to composite resin materi-
als. In the posterior region, the aesthetic appearance of the
restoration is not as important as in the anterior region. It
does not mean that the aesthetic component in the posterior
region should be disregarded but only that materials which
are aesthetic, like glass-hybrids, although not as highly

aesthetic as composite resin materials, can be used for the
posterior restorations and that these are preferable to restora-
tive materials which are not aesthetic, and which do not bond
to hard dental tissues.

Several self-adhesive dental materials, such as, Activa
Bioactive, Cention N, self-adhesive bulk-fill restorative and
SureFil One, are also indicated as direct restorative options.
However, they still have not gained the popularity of stand-
ard composite resins among clinicians for direct restorations.
Results of the present study cannot be directly compared to
the studies investigating self-adhesive restorative materials,
because only short-term clinical performances of new mate-
rials are currently known. While the self-adhesive materials
are applied in a bulk similarly to the glass hybrid material
used in the present study, it is important to note that EQUIA
Forte is a glass-ionomer-based material, while the others
comprise modification with composite resin, i.e. alkasite,
self-adhesive composite and ionic resin. van Dijken et al.
[37] reported a failure rate of 24.1% after 1 year for Activa
Bioactive and concluded that it must be used with an adhe-
sive system. Oz et al. [38] compared Cention N (CN) to a
resin composite in class II cavities. After 1 year, 3 CN res-
torations were lost, and 7 (18%) showed marginal adaptation
problems. The survival rate for CN was 92.5%. Surefil One
without adhesive was placed in different types of cavities
and reviewed by dental practitioners in the USA [39]. After
1 year, one class II restoration was lost, and the colour match
changed in 88% of the restorations. Nevertheless, the mate-
rial was found to have clinically acceptable results. Cieplik
et al. [40] compared the 1-year performance of a novel self-
adhesive bulk-fill restorative (SABF) and a regular bulk-fill
composite resin in class II restorations. They concluded
that both materials were clinically acceptable according to
FDI criteria. However, SABF had less surface lustre, colour
match, translucency and marginal staining.

Although both materials yielded good clinical results,
there were some limitations in the data analysis. In studies
with a longer duration, it is expected that all patients and
restorations included in the study cannot be re-examined for
various reasons. The overall recall rate for the 5-year period
was 73.9%, which is in accordance with prior power analy-
sis, but it is still a limitation of the study. Scientific data con-
firm that the loss of patients for follow-ups in clinical studies
is a general problem [14, 41]. Longer evaluation periods
tend to result in higher dropout rates. A review of prospec-
tive studies with a 10-year evaluation time showed that the
dropout of participants was high in 50% of the studies, with
a mean dropout of 47% [42]. In addition, during the follow-
up period of this study, the COVID-19 pandemic occurred
in 2020, which affected the restoration follow-ups in every
country. However, some of the patients reappeared at the
fifth-year recall, but they had already received interventions
from other dentists on the restorations or teeth included in
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the study, potentially impacting the failure rate. Moreover,
some restorations were damaged during the operative pro-
cedures performed on the neighbouring tooth or, in some
cases, due to prosthodontic or periodontal reasons.

Another limitation concerned the blinding of the opera-
tors and the evaluators as it was not possible to blind them
to the materials because the differences were visually appar-
ent, and the application procedures were distinct. This could
introduce a potential risk of evaluator bias.

The generalisability of the study may also be impacted
because it was conducted in university clinic settings. For
this reason, the results obtained in clinical practice outside
of universities could differ somewhat. However, since the
GH material is less challenging to place, the risks of techni-
cal errors by the operator during restorative procedures are
reduced. It would, therefore, be reasonable to assume that
the potential bias due to the university setting of the study
would not actually favour GH and that, in general clinical
practice, the differences between the materials would likely
be even less noticeable. However, further in vivo studies with
longer observational periods would help obtain more data
on the longevity of the tested materials.

In terms of success and survival rates, both the glass-
hybrid restorative system and the nano-hybrid resin com-
posite have demonstrated satisfactory performance and can
be used as long-term restorative materials in the posterior
region for moderate to large two-surface restorations.
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