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ABSTRACT

Introduction: Finding a restorative material that is quite resistant to the challenges
and difficulties found in a high caries risk environment is required for its final intraoral
success. Glass ionomer is famous in the management and control of caries. In the
meantime, the dark side of its history, its use has been limited as an interim restoration
inside the patient’s mouth. As a new breakthrough, glass ionomer variants such as
Nanoionomers, Reactive ionomers, and Alkasites, were recently introduced.Aim: This
study was conducted to evaluate the clinical performance of three glass hybrid restorations;
Nano-ionomer restoration (Ketac Nano), Bioactive ionomer glass fillers (Activa bioactive)
and Alkasite restorative material (CentionN). These materials were placed in class I cavity
in high caries risk patients, to be assessed after one year of service, according to the FDI
criteria for assessment of dental restorations. Patients and Methods: Fifteen cooperative
males or females high caries risk patients (age range 18-50 years), who were approving
to participate in the trial, were selected in the current study. Every patient should have
three or more posterior teeth having occlusal pits and fissure carious lesions. Three class
I cavities were prepared for each patient and randomly restored with (M1) Ketacnano™,
(M2) Activa bioactive™ and (M3) Cention N™. All three restorative materials were applied
according to their manufacturers’ instructions. Restorations were evaluated at baseline
(immediately), after three months, six months and one year by two blinded assessors
using FDI criteria for assessment of dental restorations measuring biological properties.
Results: Biological properties of the three restorative materials revealed that at
baseline (TO), three (T1), six (T2) and 12 (T3) months, were clinically successful, with
no significant difference between them. Conclusion: All three restorative materials
demonstrated acceptable clinical performance in class I posterior cavities in high caries

risk patients with the same success rate.

INTRODUCTION

A growing number of dental restorative materials have dominated
the market in recent years. Resin composites are the most aesthetically
pleasing restorative materials, also having acceptable physical qualities.
They do, however, have several weaknesses, such as being expensive
and time-consuming technique-dependent adhesive treatments".
Furthermore, studies have indicated that posterior composite restorations
have a greater failure risk due to the occurrence of secondary caries®.
Therefore, their choice has some restrictions to specific situations,
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such as for high caries risk patients. Glass-ionomer
cements (GICs), in addition to amalgam and resin
composites, have been gradually developed as
another ‘easy-to-use’ restorative material. GICs
have been employed as a clinically appealing dental
material because of their unique features, such as
chemical attachment to enamel and dentin in the
presence of moisture, as well as fluoride release and
fluoride re-chargeability. However, as compared to
other restorative materials, GICs have lower flexural
and tensile strengths, fracture toughness, and a
higher rate of wear, which are the main limitations
affecting its survival rate in load bearing areas®.

GIC has undergone several modifications to
improve their physical properties. KetacNano™, a
novel nanofilled resin modified glass ionomer ce-
ment, has been released. This material includes
silane-treated silica nanofillers as well as agglom-
erates or clusters of nano-sized zirconia/silica that
appear as a single unit, resulting in a highly packed
filler composition. This material, according to the
manufacturer, has improved physical attributes®.
To overcome the problems associated with stan-
dard GICs and resin composites while maintaining
their clinical benefits, more hybrid materials were
launched onto the market®. To simulate the physi-
cal and chemical features of natural teeth, Activa™,
a new bioactive material that combines the strength
and aesthetics of composites with the benefits of
glass ionomers, has been introduced. The main
components of Activa™ are patented bioactive
ionic resin, patented rubberized resin, and bioactive
ionomer glass. As aresult, it is used for a wide range
of indications, from simple Class I caries to com-
plex carious lesions involving multiple surfaces. It’s
also useful when isolation is an issue, as well as in
patients with a high caries index®.

Another modification of GIC is Cention
N™ which is an alkasite substance that was created
as a replacement for amalgam. It’s tooth-colored,

low-cost, and has a high flexural strength. Alkasite
is a new type of filler material that, like composite
materials, is a subcategory of the composite material
class. An alkaline filler, capable of releasing acid-
neutralizing ions, is used in this new category”.

This study was conducted to evaluate the clinical
performance of three glass hybrid restorations; the
Nano-ionomer restoration (Ketac Nano), Bioactive
ionomer glass fillers (Activa bioactive) and Alkasite
restorative material (CentionN) in class I cavity for
high caries risk patients after one year

The null hypothesis of this study was that there
is no difference in the clinical performance of the
three different bioactive materials; ketacnano™,
Activa bioactive restorative™ and Cention N™for
high caries risk patients after one year.

PATIENTS AND METHODS

1.1 Study design

The current study was a double-blinded (where
both, the patients and examiners were blinded to the
group assignment), randomized controlled clinical
trial. This study was approved by the Ethical
committee of the Faculty of Dentistry, Suez Canal
University with approval no. #201/2019 Also it was
reported according to the protocol established by
CONSORT (Consolidated Standards Of Reporting
Trials) guidelines to ensure transparent and complete
reporting®.

Each participant was given to sign an informed
written permission form that detailed the study idea
as well as their role in it in detail before enrollment
in the study.

Simple randomization was assigned for 15
participants. Every patient was diagnosed by
examiners for three posterior class I carious lesion,
assigning each tooth as well as every restoration
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by a number; N1 (Ketacnano), N2 (Activa) and N3
(Cention N). Restoration numbers were concealed
in an opaque sealed envelope that was held by a
facilitator who was not involved in any of the phases
of the clinical trial. Every patient had to choose an
envelope for each tooth. Patients and examiners
were blinded to the material assignment; the
operator was also blinded for the type of restoration
during tooth preparation and was informed only at
the time of restoration placement.

I. 2.Sample size calculation

To evaluate the clinical performance of three
glass hybrid restorations (Ketac Nano, Activa
bioactive and Cention N) in class I cavity in high
caries risk patients, repeated measures analysis
of variance (ANOVA) design was proposed
(ANOVA). At each sampling time, a minimum total
sample size of 45 samples was sufficient to detect
the effect size of 0.25 according to Cohen (1988),
@ a power (1- $=0.95) of 95% at a significance
probability level of p < 0.05 partial eta squared of
0.06.A total of 180sample readings will be applied,
each type of materials (M1, M2, M3), at a sampling
time-points (TO, T1, T2, T3) would be represented
by a minimum of 15 samples. The sample size was
calculated according to G¥Power software version
3.1.9.3¢12,

1.3. Inclusion and Exclusion criteria of participants

After sample size calculations and the approval
of the Ethical committee of the Faculty of Dentistry,
Suez Canal University, Cooperative male, or female
patients, with high caries risk, and an age range of
18-50 years® were selected for the current study.
Patients were recruited from the Operative Dentistry
Department’s outpatient clinic at Suez Canal
University’s Faculty of Dentistry. Eligible patients
were clinically examined before being recruited.
Each patient should have three or more posterior

teeth with occlusal pits and fissure carious lesions.
According to CAMBRA (Caries Management By
Risk Assessment), patient of the following risk
factors; inadequate saliva flow by observation or
measurement, visible heavy plaque, frequent more
than three snacks daily between meals, orthodontic
appliances, deep pits and fissures or any saliva
reducing factor, are considered high caries risk
patients. Patients who were uncooperative, out of
the targeted age range or were complaining from
any of the following criteria were immediately
excluded; disabilities, systemic diseases or severe
medically compromised, severe bruxism, clenching,
or temporo-mandibular joint disorders. A color-
coded questionnaire for caries risk assessment was
applied in this study in order to highlight the risk
factors, either being the patient awareness for oral
health and their accessibility for dental treatment,
their behavioral habits or dietry life style!?.

1.4 Inclusion and Exclusion criteria of teeth

All selected teeth were vital upper or lower pos-
terior teeth with no signs or symptoms of irrevers-
ible pulpitis or periapical pathosis. Teeth with oc-
clusal pits and fissure class I carious lesions were
only included. Prepared cavities with a depth be-
yond the Dentino Enamel Junction (DEJ), but not
exceeding one third of inter- cuspal distance were
selected'?. All included teeth were in contact with
opposing and having healthy periodontium. Howev-
er, excluded teeth were those suffering from severe
attrition or heavy occlusion, severe periodontal af-
fection, or any signs of pulpal pathology, periapical
pathosis, pulpitis or hypersensitivity, non-vital tooth
or endodontically-treated. Furthermore, any carious
lesions other than pits and fissure caries or was very
deep and indicated for partial caries removal were
also excluded. Prepared cavities with all cavity
depth limited to enamel were excluded too.
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L.5 Allocation of participants:

Simple randomization was assigned for 15
participants. Every patient was diagnosed by
examiners for three posterior class I carious lesion,
assigning each tooth by a number. Every restoration
was assigned by a number; N1 for (Ketacnano), N2
for (Activa) and N3 for (Cention N). Restoration
numbers were concealed in three sealed opaque
envelopes that were held by a facilitator who was
not involved in any of the phases of the clinical trial.
Every patient had to choose an envelope for each
prepared tooth. Patients and examiners were blinded
to the material assignment; Additionally, throughout
tooth preparation, the operator was blinded to the
type of restoration and was only informed about it
after the restoration was placed.

I1.1. Cavity preparation

Assessment of centric occlusal stops was
performed with an articulating paper prior to
conservative cavity preparation. Afterwards, local
anesthesia was given as required for each patient to
prevent discomfort during restorative procedures.
Class I cavity preparation was limited according
to extension of caries. Cavities were prepared by
#245 carbide bur (0.8 mm in diameter and 3 mm in
length"® , held in a high speed contrangle hand piece
with copious air and water cooling system, avoiding
sharp internal line angles. After five adjustments,
each bur was discarded. The inter-cuspal width
was almost one-third of the facio-lingual width on
average for the cavities.No beveling was performed.
A sharp excavator was used to remove carious
lesions in dentin. The depth and width of the cavities
was estimated using a calibrated periodontal probe
and any cavity which did not meet these criteria was
excluded from the study and replaced.

I1.2. Isolation and restoration

I1.2.a Ketac nano restoration

After performing class I cavity preparations,
rubber dam isolation was applied, for Ketac nano
restorations; Cavity was conditioned with Ketac
nano primer using a disposable micro-tip applicator
for 10 seconds then cured with a standard 1200 mW/
cm? actual irradiation output using LED light curing
unit for 20 seconds. Ketacnano capsule was then
activated by raising the nostril 180 degrees. The
capsule was then placed to the metal applicator, and
after two clicks, the mixture was directly extruded
into the cavity within ten seconds. The preliminary
contour was done using a ball burnisher. The
restoration was then cured for 20 seconds with a
standard 1200 mW/cm? actual irradiation output
using LED light curing unit, followed by finishing.

I1.2.b Activa Bioactive restoration

Prior to Activa application,
conditioned according to manufacturer instructions
using acid etchant for 10 seconds, then copious
rinsing was performed using air/water syringe
without desiccation, followed by gentle blotting
with cotton to obtain glistening or moist appearance.
Tooth should not be chalky or frosty. An Activa
automixing tip was then connected to the Activa
syringe, and the mixture was directly introduced
into the cavity by pushing on the end of the syringe;
bulk fill technique. The restoration was then cured
for 20 seconds with a standard 1200 mW/cm? actual
irradiation output using LED light curing unit,
followed by finishing.

cavity was

I1.2.c Cention N restoration

Cention N restoration was introduced to the
cavity directly without conditioning according
to manufacturer instructions. To create a smooth
consistency, two measuring spoons of powder and
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two drops of Cention N resin were manually mixed
on a mixing pad. Before adding the remaining
powder in little amounts, the other half of the powder
was thoroughly moistened with the liquid. The
total mixing time was under 60 seconds. Paste was
then placed into the cavity using plastic applicator
in a bulk fill technique. Preliminary contour was
adjusted using a ball burnisher, and the restoration
was cured for 20 seconds with a standard 1200 mW/
cm? actual irradiation output using LED light curing
unit and then finished.

I1.3. Evaluation of restorations and follow-up

All restorations were evaluated by two trained
examiners who were not involved in the restoration
placement and were also blind to the material type.
Each case was evaluated using FDI criteria, which
considered biological (tooth integrity, postoperative
sensitivity, recurrence of caries and oral and general
health) factors. Each restoration was evaluated four
times (T); immediately after restoration placement,
i.e at baseline (TO), after three months (T1), after six
months (T2) and after12 months (T3)"¥. Clinical
evaluation of restorations was performed using
magnification loupes, dental mirrors, a light source,
and FDI recommended probes with tip diameters
of 150 and 250 micrometres'. These probes were
specifically designed for assessing tooth integrity of
enamel cracks and tooth fractures.

The patient’s postoperative sensitivity and
tooth vitality were evaluated by using a cold
stimulus (e.g., by a blast of cold air). Postoperative
sensitivity was recorded at the time of restoration
placement, and at all recall visits, including the
type of pain, discomfort, and duration, as well as
on stimulus at clinical assessment, and it should
always be compared to the reaction of adjacent vital
teeth. While transient pain elicited by stimulation
is tolerable, persistent pain making the restoration
unacceptable, and thus necessitates intervention to
correct the problem. A visual analogue scale (VAS),

a tool widely used to measure pain, was also used to
assess intensity.

The VAS is a 100 mm horizontal line with
endpoints defining extreme limits such as ‘no pain
at all’ and ‘pain as bad as it could be’. The patient
is asked to draw a line between the two endpoints
and mark his pain level. The score was calculated
by measuring the distance (mm) on the 10-cm line
between the “no pain” anchor and the patient’s mark
with a ruler, yielding a range of scores ranging from
0 to 100. Scores of less than 5 mm were labelled
as no pain, scores of 5 to 44 mm were labelled as
mild pain, scores of 45 to 74 mm were labelled as
moderate pain, and scores of 75 mm, and finally
higher scores were labelled as severe pain.

Recurrence of initial pathology evaluation was
done by visual assessment. While tooth cracks
and fractures assessment was done visually and
by using explorers with defined tip thicknesses
150&250 pm.Restorations were scored according
to FDI criteria of assessment for dental restorations
using a scale of 1 to 5, where score 1: clinically
excellent/very good, 2: clinically good, 3: clinically
satisfactory; (minor shortcomings, no unacceptable
effects but not adjustable with/or damage to the
tooth), 4: clinically unsatisfactory but repairable
and 5: clinically poor/ir-repairable that needs
necessary replacement. So, the scores 1, 2 and 3
were considered clinically successful while scores
4 and 5 were considered clinically not successful.

I1I. Statistical analysis:

The statistical analysis was carried out for
comparison between different materials, at
different follow-up times. Data were collected,
checked, revised, and organized using Microsoft
Excel 2016 and IBM-SPSS advanced statistics
(Statistical Package for Social Sciences), version
26.0. Data were subjected to the detection of out-
liers, and the normality test to detect whether the
data are parametric or nonparametric, evaluations
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of biologicalproperties were checked by Kruskal-
Wallis nonparametric test statistics at 0.05 level.
Collected data were analyzed for descriptive
statistics in terms of frequency, percent, median,
interquartile range, mean and standard deviations.
Differences in evaluations between materials
were carried out by Chi-squared test at 0.05 level.
However, differences between follow-up times were
carried out by Friedman’s test for related samples
of nonparametric data. Variations caused by the
three materials and follow up times in addition to
interaction between them were assessed by repeated
measures ANOVA for ranked data at significance
levels of 0.05. Data analyses were carried out using
computer software Statistical Package for Social
Science SPSS (IBM-SPSSver.23.0forMacOS)!>17,

RESULTS

1. Tooth integrity

The results showed that at baseline (TO), three,
six and 12 months (T1,T2,T3), all cases (100%) of
the three materials were clinically successful (scored
1); showing no enamel cracks or tooth fractures.
Following repeated measures, ANOVA revealed
insignificant differences in overall tooth integrity
results induced by follow up times, materials,
and interaction between them. The tooth integrity
results of the three tested materials (M, M,, and M,)
at different follow up times (TO, T1, T2 and T3) are
shown in Table (1).

Table (1) Tooth integrity (enamel cracks, tooth fracture) scoring results.

Tooth integrity (enamel cracks,tooth fractures)

Time point Ketac nano (M1) Activa (M2) Cention N (M3) KW
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
(TO) n 15(100) 0 0 0.0 00  15(100 0.0 0.0 0.0 0 15(100 0.0 0.0 0.0 0.0 ns
(T1) n 15(100) 0 0 0.0 00  15(100 0.0 0.0 0.0 0 15(100 0.0 0.0 0.0 0.0 ns
(T2) n 15(100) 0 0 0.0 00 14933 1(6.7 0.0 0.0 0 15(100 0.0 0.0 0.0 0.0 ns
(T3) n 15(100) 0 0 0.0 00 14933 167 0.0 0.0 0 15(100 0.0 0.0 0.0 0.0 ns
Timepoint Ketac nano (M1) Activa (M2) Cention N (M3)
Mean  Median SD IQR Chi Mean  Median SD IQR Chi Mean Median SD IQR Chi Kw
(TO0) 1.00 100 000 10-10 ns 1.00 100 000 10-10 ns 1.00 1.00 000 10-10 >0.05ns ns
(T1) 1.00 100 000 1.0-10 ns 1.00 100 000 10-1.0 ns 1.00 1.00 000 10-10 >0.05ns ns
(T2) 1.00 1.00 000 10-10 ns 1.07 100 026 10-10 ns 1.00 1.00 000 10-10 0.005 ** ns
(T3) 1.00 100 000 1.0-10 ns 1.07 100 026 10-10 0;(:‘(11 1.00 100 000 10-10 0.005 ** ns
Total 1.00 1.00 000 1.0-1.0 ns 1.03 1.00 018 1.0-1.0 0;221 1.00 1.00  0.00 1.0-1.0 0.005** <0.05*
Friedman’s >0.05 ns >0.05 ns >0.05 ns
test
ANOVA -repeated measures
Materials >0.05 ns
Timepoint >0.05 ns
Materials x Time >0.05 ns

* kxR gienificant at p<0.05, <0.01, <0.001; NS, non-significant at p>0.05
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2. Post-operative sensitivity and tooth vitality:

The results showed that at baseline (T0), three
and 6 months (T1, T2), all cases (100%) of the
investigated materials were clinically successful,
at 12 (T3) months M1 showed two cases having
minor sensitivity; (scored 2), while M2 showed one
case (scored 2) yet considered clinically successful.
Overall differences between them were significant.
Following repeated measures, ANOVA revealed
an insignificant difference in overall postoperative
sensitivity results induced by follow up times,
as well as differences between materials and
interaction between them also being in-significant.
The post operative hypersensitivity results of the
three tested materials (M, M, and M,) at different
follow up times (TO, T1, T2 and T3) are shown in
Table (2).

3. Recurrence of caries:

The results showed that at baseline (T0) and three
months (T1), all cases (100%) of the three materials
were clinically successful and scored 1 with no
secondary caries. Meanwhile, at 12 months follow-
up time (T3), 15 cases (100%) of M1, 14 cases
(93.3%) of M2 and 13 cases (86.7) of M3 groups
were clinically successful scoring 1 while one case
of M2 and 2 cases of M3 had undermined localized
accessible caries that can be repaired (scored 4);
unsuccessful. Overall differences between materials
were significant. Following repeated measures,
ANOVA revealed
overall results induced by follow-up times, and

insignificant differences in

insignificant differences between materials and the
interaction between them.

Table (2) Postoperative sensitivity and tooth vitality scoring results.

Postoperative hyper-sensitivity and tooth vitality

Time

point Ketac nano (M1) Activa (M2) Cention N (M3) Kw
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
(TO) n  15(100) 0.0 0.0 0.0 0.0 15(100) 0.0 0.0 0.0 0.0 15(100) 0.0 0.0 0.0 0.0 ns
(T1) n 14(933) 1(6.7) 0.0 0.0 0.0 15(100) 0.0 0.0 0.0 0.0 15(100) 0.0 0.0 0.0 0.0 ns
(T2) n 14(93.3) 1(6.7) 0.0 0.0 0.0 14(93.3) 1(6.7) 0.0 0.0 0.0 15(100) 0.0 0.0 0.0 0.0 ns
(T3) n  13(86.7) 2(13.3) 0.0 0.0 0.0 14(93.3) 1(6.7) 0.0 0.0 0.0 15(100) 0.0 0.0 0.0 0.0 ns
Time Ketac nano (M1) Activa (M2) Cention N (M3) KW
point Mean  Median SD IQR Chi Mean  Median  SD IQR Chi Mean  Median  SD IQR Chi
(T0) 1.00 1.00  0.00 1.0-1.0 >0.05ns 1.00 1.00 0.00 1.0-1.0 >0.05ns 1.00 .00 0.00 1.0-1.0 >0.05ns ns
(T1) 1.07 1.00  0.26 1.0-1.0 0.001***  1.00 1.00  0.00 1.0-1.0 >0.05ns 1.00 1.00 000 1.0-1.0 >0.05ns ns
(T2) 1.07 1.00 026 1.0-1.0 0.001***  1.07 1.00 026 1.0-1.0 0.001***  1.00 1.00 000 1.0-1.0 >0.05ns ns
(T3) 1.13 1.00  0.35 1.0-1.0 0.005 ** 1.07 1.00 026 1.0-1.0 0.001***  1.00 1.00 000 1.0-1.0 >0.05ns ns
Total 1.07 1.00 025 1.0-1.0 0.001 ***  1.03 1.00 0.18 1.0-1.0 0.001 ***  1.00 1.00 0.00 1.0-1.0 >0.05ns <0.05%
Friedman’s >0.05 ns >0.05 ns >0.05 ns
test
ANOVA -repeated measures
Materials >0.05 ns
Timepoint >0.05 ns
Materials x Time >0.05 ns

* ok Rk sienificant at p<0.05, <0.01, <0.001; NS, non-significant at p>0.05
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4. Oral and general health

The results showed that at baseline (TO), all
cases (100%) of the three materials were clinically
successful showing no symptoms. At (T1) M1 had
three cases scoring three having local transient
symptoms, while M2 had 1 case scoring 2; had minor
transient pain with short duration. After six months,
M1 had ten cases scoring 1, 4 cases scored 2 and 1
case scored 3 while M2 had 3 cases scoring 2 and
M3 had 2 cases scored 2. After 12 months recall,
M1 showed 9 cases scoring 1, 5 cases scoring 2 and
1 case scoring 3. As for M2, 3 cases scored 2 while
2 cases scored 2 in M3 group. Overall differences
between materials were significant. Following
repeated measures, ANOVA revealed significant
differences in the overall oral and general health
results induced by follow-up times and materials,
while materials and the interaction between them
was insignificant.

DISCUSSION
In 1972, Wilson and Kent invented
glass ionomer cements (GICs). They were

groundbreaking restorative materials with a wide
range of applications in clinical practice. Chemical
properties of GIC make it unique compared to other
restorative materials. GICs allowed a good bond to
enamel and dentin, accompanied by fluoride release
and recharge at the restoration’s margins which
can protect it against caries"®. This makes GIC
the material of choice for high caries risk patients.
However, as compared to other restorative materials,
GIC have lower flexural and tensile strengths,
fracture toughness, as well as a higher rate of wear,
which represents the main limitations affecting
its survival rates in load bearing areas®. Not only
in the scientific literature, but also in dentistry,
there has been a trend toward the development

of new hybrid restorative materials that combine
resin composites with glass ionomer cements. The
advantages of adhesive-resin couple composites
(mechanical strength, aesthetics, and high bond
strength) are combined with the advantages of GICs
in this method (self-adhesive properties, moisture
tolerance, and ion release). Approximately 20
years ago, resin-based glass ionomer cements(RM-
GICs) were introduced, which were also self-
adhesive. Furthermore, compomers and giomers
were also introduced, discharge ions, but are still
non-adhesive variations of resin composites. In
recent investigations, RM-GICs have undergone
comprehensive testing and have been found to
have suitable bond strength values as well as good
mechanical properties?.

Ketac Nano, a development of the 2007
introduced Vitremer('?,is one of the most significant
changes in the chemistry of RM-GICs. Ketac nano
contains a matrix that is mainlybased on using
functionalized high molecular weight polyacrylic
acid which improves cross-linking between the
resinous and polyacid networks. Ketac nano is
used in this study due to its nano-technology used
in the development to provide some added features
not typically associated with glass- ionomer
restorative materials. The size of filler particles has
an impact on the strength, optical characteristics,
and abrasion resistance of the material. According
to some authors,Ketac Nano restorative or Nano-
ionomers show enhanced aesthetics while still
providing the benefits of glass ionomer chemistry,
such as fluoride release, by combining bonded
silanizednano-fillers and nano-clustered fillers with
fluoro-aluminosilicate glass. The addition of nano-
sized apatite crystals to standard GICs improves
not only their mechanical properties, but also their
fluoride release and bioactivity. Apatitecrystals can
improve the chemical stability of the set cement and
increase the surface roughness and bond strength
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with tooth structure by increasing the crystallinity
of the set matrix'®.

Due to its proprietary rubberized resin, bioactive
glassionomer, and ionic bioactiveresin, Activa was
utilized in the current investigation. It has a moisture-
resistant bioactive ionic resin with high calcium,
phosphate, and fluoride ion release and recharge.
Its rubberized resin is exceptionally robust and
long-lasting, and it closely resembles the physical
qualities of teeth. Moreover, its bioactive ionomer
glass is a fluoride-releasing bioactive ionomer glass
attaching to the tooth. As a result, it can be used for
a wide range of conditions, from simple to complex
carious lesions involving numerous surfaces.
Because of its fluoride-releasing capabilities, it is
advised for patients with a high caries index and in

situations where isolation is compromised®®.

The third “Smart” restorative material used
in this study was Cention N, which was placed
into a new family derived from composites called
(Alkasites). The origin of the name is the reactive
fillers present in the powder. Aside from reactive
silanized FAS fillers similar to those used in GICs
(calcium-barium-aluminum-fluorosilicate-glass),
Cention N also offers extremely reactive silanized
fillers, especially in an acidic environment, closely
resembling FAS (calcium fluorosilicate glass)
fillers. Currently, this is the only commercially
available ion-releasing composite that has been
independently and scientifically proven to fight
dentin demineralization!?, and thus was selected
for the present study.

Results of tooth integrity showed 100%
success for the three groups from baseline till 12
months recall except for the tooth prepared with
Activa™, who revealed small marginal enamel
fracture (<150um) at six and 12 months recalls.
This marginal defect may be because of human

clinical error during cavity preparation. The results

of the current study regarding Cention N™ could be
attributed to the presence of isofillers that act as a
shrinkage stress reducer, keeping the shrinking force
at a minimum® and thus preserve tooth integrity.
For Activa™ and ketac nano™, the bond strength
between tooth and restoration has a direct effect on
tooth integrity. Moreover, class I cavity design with
much remaining sound tooth structure, with no weak
cusps or undermined enamel and biocompatibility
of the materialswas also recorded. *'This finding
was supported by Firouzmandi et al,*> who found
that smaller cavities improved the fracture strength
of restorations,which was expected because of the
great influence of the available amount of sound
tooth structure on the fracture strength.

Postoperative hypersensitivity results of the
present study regarding Ketacnano™Trestorations
revealed that only one case showed minor
sensitivity with a limited period at three, six and
12 months recalls. This could be attributed to the
wear rate occurring in the restoration and minor
irregularities. At 12 months recall, another case
showed minor sensitivity with a limited period
of time, and this was an expected result due to
the damage occurring in the marginal quality, yet
ketacnano™ is considered clinically successful
regarding post operative hypersensitivity. These
findings may be due to proper sealing and marginal
adaptation of ketacnano™ restoration. In addition
to noticed lower polymerization shrinkage due
to the higher filler loading®.
revealed a conflicting result to these findings. They

Nassar et al®,

reported that Ketacnano™ groups experienced
post operative hypersensitivity, and related this to
the defective marginal adaptation of Ketacnano™
. This could be explained by the fact that it is very
challenging to obtain ideal and proper sealing
for class V cavities with limited and thin enamel,
especially for a technique sensitive restorations
such as Ketacnano™.
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As for Activa™, only one case experienced mi-
nor hypersensitivity with short duration at six and
12 months recalls. This was an expected result due
to the ditch occurring in the restoration. The results
regarding post operative hypersensitivity for Ac-
tiva™ were very successful throughout the whole
study. This was caused by the presence of phosphate
acid groups, which enhance interactions between
the resin and reactive shock-absorbing glass fill-
ers as well as interactions with tooth structure and
enamel margins. This results in the formation of a
solid resin-hydroxyapatite complex, which acts as a
strong seal against microleakage and enhances mar-
ginal integrity®.

Moreover, its fluoride-releasing bioactive iono-
mer glass attaches to the tooth®. This finding was in
agreement with Eissa et al, who stated that Activa™
had excellent scores after one year regarding post
operative hypersensitivity®”. On the contrary, Di-
Jken et al®®, reported postoperative hypersensitivity
symptoms with Activa™. This could be explained
by the fact that the study was performed in class II
cavities , where there might have been several fac-
tors that could have interfered with proper sealing
and handling of the restoration, finally resulting in
presence of multiple variables, starting from cavity
preparation to proper moisture control in gingival
floors.

Regarding Cention N™ the results of the cur-
rent study revealed successful scores throughout the
whole study with no postoperative hypersensitivity.
This finding was due to good marginal sealing of
Cention N™ | due to the employment of cross-link-
ing methacrylate monomers combined with a stable,
effective self-cure initiator ?”, which led to the ex-
istence of a high polymer network density and de-
gree of polymerization along the entire depth of the
restoration. Along with its particularly developed
isofiller, which silanes partially functionalize and

reduces shrinking stress. This isofiller serves as a
stress reliever for shrinkage, reducing the shrinkage
force®. The results of the current study were sup-
ported by Sreejaet al, who reported that there was
no postoperative sensitivity observed in Cention N ,
which may be due to the physico-chemical connec-
tion of this material to enamel and dentin.?®

On the contrary, Hirani et al® observed sig-
nificant prevalence of postoperative hypersensitiv-
ity in restorations with Centon N. They explained
this by pointing to the modest volumetric shrinkage
caused by the organic monomer component of the
Cention N liquidwhich is composed of four differ-
ent dimethacrylates, similar to those found in com-
posite resin, organic monomers account for 21.6%
of the final mixed material. The organic/inorganic
ratio also influences volumetric shrinkage, causing
postoperative hypersensitivity.

As for recurrence of caries results, Ketacnano™
showed successful results with scoring 1 throughout
the whole study. This finding might be due to the
addition of nano-sized apatite crystals to standard
GICs, which improved not only their mechanical
properties, but which became more stable, insoluble
and increase the surface roughness and bond strength
with tooth structure by increasing the crystallinity
of the set matrix'¥. This finding was supported
by Mitra et al®”, who reported that Ketacnano™
exhibits fluoride ion release similar to typical
conventional and RMGIs and that its primer does
not impede the release of fluoride. On the contrary,
Nassar et al®¥, reported recurrence caries with
one case restored with Ketacnano™ after one year
recall. They attributed their results to oral hygiene
measures as it plays a key role in the ability of a
lesion to form regardless of marginal crevice size.
Moreover, if the environment is highly cariogenic,
marginal caries is likely to occur with increasing
frequency as the crevice size increases.
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Regarding Activa™ bioactive group, all cases
showed score 1 throughout the entire study except
for one case. The dynamic exchange of ions between
saliva and tooth structure, which constantly releases
and replenishes calcium, phosphate, and fluoride
ions and reacts to changes in mouth pH, was said to
be responsible for this. The fundamental character-
istic of bioactive materials, the production and rem-
ineralization of the mineral apatite, is triggered by
Activa™ bioactive restorative. This procedure fuses
the restoration to the tooth, fills in tiny gaps, lessens
sensitivity, prevents secondary caries, and seals the
margins to prevent microleakage and failure®. This
finding was congruence with Garoushiet al®, who
claimed that glass with a biological activity is likely
present in ActivaTM bioactive. Si-O-Si bonds in
bioglass break down, dissolving the material. This
causes a spike in phosphate ions, which can result in
the creation of apatite or other related compounds.
However, this finding contrasted with the results of
Kandil and Sherief °"., who reported that Activa™
had low fluoride release. This could be explained
by the fact that it was an in vitro study. It should be
emphasized that because saliva lacks the flushing
impact and buffering capacity, the action of acid is
commonly overstated in vitro. Saliva takes roughly
30 minutes in healthy oral conditions to neutralize
the acid created by the biofilm. The use of bioac-
tive agents can reduce demineralization time while
also protecting the tooth structure. Eventually, by
increasing calcium, phosphorous, and fluoride con-
centrations adjacent to the tooth structure and ben-
efiting from their alkalizing potential, the equilibri-
um can shift toward remineralization even in acidic
conditions®?.

The present study showed only one case with
a localized small demineralization at six months
recall, then at 12 months recurrent caries. This was
an expected result following the ditch occurring

in the restoration. Oral hygiene measures and
how restricted was the patient, played a great role
in preservation of the restoration and prevention
of recurrent caries. In addition, integrity of the
restoration had a great impact on acid resistance,
bioactivity, and restorative clinical performance.
This explained why there were no recurrent caries
in the Ketacnano™andCention N™ restorations
placed for the same patient. Both restorations
unlike Activa™ were having score 1 in fracture
resistance, occlusal wear, and marginal adaptation
for this patient, which explains much higher clinical
performance despite lack of oral hygiene measures.

Cention N™ regarding recurrent caries results
showed scores 1 at baseline and at three months
recall, while at six months two cases showed small,
localized demineralization and at one year recall
undermined caries was noticed. This was totally
expected due to the marginal chip fracture occurring
in these two restorations, which impairs the clinical
performance against highly acidic media. Presence
of porosities in the restoration may negatively
impact on its mechanical properties bioactive
properties. This finding was conflicting with the
finding reported by Kasraei et al*® ., who noted that
the presence of alkaline calcium fluorosilicate fillers
and the production of voids and porosities in cement
N during the mixing of powder and liquid may be
responsible for the cement’s significant release
of phosphate ions. The substance dissolves and
absorbs water, in case of the presence are voids. It
also delays polymerization activities, increasing the
amount of unpolymerized material, and triggering
further ion release.

Moreover, results of the current study regarding
oral and general health, revealed that there was
statistically significant difference among the three
bioactive restorative materials. There were minor
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shortcomings, but with no adverse effect spotted
in some cases restored with Ketacnano™ and
Activa™ than Cention N™. As a result of their
biocompatibility, there were zero persisting local
or general symptoms of oral contact stomatitis or

lichen planus or any kind of allergic reactions.

However, the following restrictions affected the

results:

1. Time required for spatulation and insertion of
Cention N into the cavity, may be a limitation

for the clinical professional.

2. Manual mixing of Cention N restoration may
be considered for some clinical professional a

limitation.

3. Pressure exerted on the gun applied with activa
restorative in order to introduce the restoration
into the cavity through such a narrow nostril

was considered a limitation.

CONCLUSION

Within the limitations of the current study, the
following could be concluded, in the purpose of
restoring posterior permanent teeth in high caries
risk patients:

1. All three restorative materials demonstrated
acceptable clinical performance in class I
cavities with the same success rate.

™ and Cention

2. Ketacnano™, Activa bioactive
N ™ will be a successful successor for any other
restorative material indicated for stress bearing

areas in class I cavities.

3. Ketacnano™ had superior biological properties
than the other competing restorations.
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