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Abstract

Aim: This clinical trial was conducted to compare the clinical performance of bioactive self-adhering flowable
composite versus nanohybrid composite resin with a universal adhesive in total etch mode for restoring carious
cervical lesions over one year follow-up period.

Subjects and methods: A randomized clinical trial was conducted on 36 patients who had carious cervical
lesions in anterior and posterior teeth. Participants were randomly allocated into two groups (n=18 for each
group) in which they received, either; FIT SA FO3 (bioactive SAFC), or Neo Spectra™ ST HV (nanohybrid
composite resin) with using universal adhesive (Prime&Bond universal™) in a total etch mode. All materials
were applied according to manufacturers’ instructions. Restorations were evaluated at baseline (one week), after
three, six, and 12 months by two blinded assessors using modified USPHS criteria measuring (cavosurface
marginal discoloration, marginal integrity, post-operative hypersensitivity, gross fracture and retention, surface
texture, color match, anatomic contour, and secondary caries).

Results: Intergroup comparison between both materials has shown no statistically significant difference within
different follow up periods; baseline, three, six and 12 months respectively. There was no difference between
both materials in restoration of carious cervical lesions after 12 months.

Conclusion: Bioactive SAFC and nanohybrid composite resin have shown satisfactory clinical performance in
restoring carious cervical lesions after 12 months of follow up. Also, bioactive SAFC restorations could be of
clinical value in treating caries control cases with respect to its ionic discharging property.

Keywords: bioactive, carious cervical lesions, and modified USPHS criteria.

Introduction

It is now made clear that the
pathophysiology of dental caries is more than
just a simple continuous, accumulative loss of
tooth minerals, but rather a dynamic process
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characterized by alternating periods of
demineralization and remineralization (Arifa
etal., 2019).

Carious cervical lesions, which are found

at the gingival edges of clinical teeth crowns,
are one of the dental lesions with a very high
incidence; they are primarily associated to
people who are at a high risk of developing
caries (Elshinawy et al., 2023).
Nowadays composite resins are widely used to
restore the tooth structure lost due to dental
caries  functionally,  biologically  and
aesthetically (Terry & Leinfelder, 2008).
Moreover, it has been evidently confirmed that
multimode universal adhesives could attain
significant bonding independent of the adhesive
modes used (Doshi et al., 2023; Peumans et
al., 2023).

However, in order to achieve composite
restorations with acceptable mechanical and
aesthetically pleasing properties, practitioners
must possess high technical and artistic
expertise. This is why using composite
restorations to restore teeth is considered a
technique-sensitive procedure. Examples of
this include the etching and bonding procedures
which are extremely critical and time
consuming (Ferracane, 2016).

Lately, attempts are being made in order
to simplify the bonding procedure and cut
down on the number of procedural steps while
maintaining the effectiveness of the adhesives.
Eliminating the adhesive application step had
helped in reducing the time needed for the
restoration placement which in turn helped in
decreasing the likelihood of procedural errors
occurrence thus decreasing the probability of
composite restoration failure (Poitevin et al.,
2013; llie & Hickel, 2011).

Nowadays, new generations of self-
adhering flowable composite resins (SAFCs)
are launched in the dental markets, they
combine the advantages of both the adhesive
and the restorative material into the same
product. Additionally, owing to their high flow,
these SAFCs have the benefits of
conventionally placed flowable composites,
including low viscosity, the ability to absorb
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stresses brought on by polymerization
shrinkage, and the ability to produce better self-
adaptability (Rengo et al, 2012).

With little information available in the
literature, a new bioactive SAFC (FIT SA) was
lately introduced to the market which needs
further investigations. It is an ion-releasing
SAFC restorative material and had been
developed using the surface pre-reacted glass
ionomer (S-PRG) filler technology. The surface
pre-reacted glass ionomer (S-PRG) fillers are
produced from fluoroboroalumino silicate glass
and polyacrylic acid; as they undergo an acid-
base reaction establishing a stable glass
ionomer phase on the surfaces of the glass filler
particles (Fujimoto et al., 2010).

Subjects and Methods

In this randomized clinical trial, the
variables were two restorative materials as Neo
Spectra™ ST HV (Dentsply, Konstanz, Germany)
with  Prime&Bond  universal™  (Dentsply,
Konstanz, Germany) and Scotchbond™ Universal
Etchant (3M ESPE, Australia) as the control and
FIT SA FO3 (SHOFU, USA) as the intervention.
Thirty-six participants with carious cervical lesions
were selected and randomly assigned into one of
the two groups; each consisted of 18 teeth
according to sample size calculation. Simple
randomization was generated and each random
number had represented assigning into -either
intervention or control group. To ensure the
allocation concealment, each participant chose an
opaque sealed envelope, the number which was in
the envelope was signed by the patient and
supervisor then recorded in the patient chart to
ensure that the patient was assigned randomly into
either intervention or control group. The study
settings took place at the outpatient clinic of the
Conservative department, Faculty of Dentistry,
Cairo University, Egypt. The patients, assessors
and statistician were blinded to the material



assignment; however, it was not possible for the
investigator to be blinded due to the difference in
the material application protocol.

Eligibility criteria:

Inclusion criteria of participants: Young adult
patients (20-40 years) with adequate oral hygiene
and free medical history. Co-operative participants
who were interested to participate in the study and
willing to sign the informed consent. Exclusion
criteria of participants: Pregnant females.
Alcohol or drug addiction and patients who were
involved in any other research during the last six
months. Inclusion criteria of the teeth: Frontal or
posterior carious cervical lesions. No signs of
irreversible pulpitis (vital teeth). Good periodontal
status (probing depth not exceeding 4). Exclusion
criteria of the teeth: Teeth exhibiting mobility
(grade 2 or grade3). Fractured teeth or defective
restorations. Non carious cervical lesions. Deep
carious cervical lesions indicated for partial caries
removal protocol. Lesion exceeding dentino-
enamel junction of teeth.

Pre-operative examination procedure:

Clinical examination of carious cervical lesion
was performed after scaling and polishing to assess
the size and extension of cervical caries by visual-
tactile examination with the aid of dental mirror
and sharp dental explorer (HuFriedy, China) and
according to ICDAS II. Enrolled patients had oral
prophylaxis two weeks before the beginning of the
treatment procedure. Caries per tooth location were
recorded in the patient’s file. All demographic
data, oral examinations (soft and hard tissue) were
documented in the diagnostic dental charts for
detailed assessment. The informed consent was
read carefully and signed by each participant and
they were informed that they should not take part
in any other research throughout the study period.

Restorations’ application procedure:

Shade selection of composite was performed
with the Vita shade guide (VITA Zahnfabrik,
Germany) observed under day lighting prior to
field isolation. Patients were then given local

anesthesia (Mepecaine, Alexandria
pharmaceuticals, Egypt) as required, the targeted
tooth was isolated by rubber dam

(Sanctuary®Powder Free Latex Dental Dam,

Malaysia) and a Brinker Cervical Clamp (B4,
Coltene) was applied for anterior teeth, while for
posterior teeth (W8A clamp, Coltene) was applied.
A No. #330 bur (Komet, USA) (0.8 mm in diameter
and 1.6 mm in length attached to high-speed
handpiece (PANA MAX®, NSK, Japan) was used
to prepare class V cavity on the buccal surface of
tooth. A new bur was used for every six
preparations (El-Housseiny & Farsi, 2002) and
copious air with water coolant was also used during
the preparation of cavities to protect them against
dehydration. All soft caries were removed by a
sharp spoon excavator (#51-52, Dentsply
Maillefer, Germany). Conservative  cavity
preparation was limited to the removal of caries
and a 45° bevel was applied in each preparation
with a tapered round end diamond at the incisal
cavo-surface margin.

Restorations’ application procedure for Neo
Spectra™ ST HV:

All materials were applied in accordance to the
manufacture instructions. A 32% phosphoric acid
etching gel (Scotchbond™ Universal Etchant, 3M
ESPE, Australia) was applied on both enamel and
dentin for 15 seconds, followed by rinsing for 15
seconds. Then the cavity was gently air dried with
oil-free air spray keeping the dentin visibly moist.
Afterwards, the adhesive agent (Prime&Bond
universal™, Dentsply, Konstanz, Germany) Was
applied with vigorous agitation for 20 seconds
using a disposable brush, followed by gentle air
thinning for 5 seconds to allow for solvent
evaporization. Light curing of the adhesive was
done for 10 seconds by a LED light curing unit
(Light Cure I Led, Woodpecker Inc, China) with an
intensity of 1600 mW/cm2 according to the
manufacturer’s instructions. The light intensity
was checked periodically with the radiometer
attached to the light curing device. Neo Spectra™
ST HV composite resin (Dentsply, Konstanz,
Germany) was applied in incremental technique
and each increment was light cured for 20 seconds
till reaching a satisfactory filled cavity. The tip of
the curing unit was put as close as possible to the
surface of the composite as instructed by the
manufacturer.

Restorations’ application procedure for FIT SA
FO03:
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The first layer of FIT SA (F03, SHOFU, USA)
was spread on the surface of the cavity with the
needle tip to obtain a thin layer (less than 0.5 mm),
then it was left for 20 seconds and then cured for 5
seconds using a LED light curing unit (I Led Light
Cure, Woodpecker Inc.,, China). Then the
restoration was built by the addition of a 2 mm
increment of the bioactive SAFC till the cavity was
satisfactory filled, each increment was cured for 20
seconds in the same manner as the control.

Finishing, contouring, and polishing for both
tested restorative materials:

After the cavity was satisfactory filled, gross
finishing was performed using fine grit yellow
coded tapered with round end diamond stones
(#368EF, #852EF, Komet, USA); then the desired
contour of the restoration was achieved using
course contouring discs. Then fine finishing of
restoration was done using fine, super fine discs,
and finally polishing was applied using polishing
rubber points from (KENDA, COLTENE,
Liechtenstein) operated at low-speed contra-angle
handpiece (NAC-EC, NSK, Japan) with a
maximum speed 20,000 rpm under water coolant
from the air water tip and with minimal pressure to
obtain a highly smoothed and polished surface.

Outcome assessment:

Outcome assessment was executed by two well-
trained blinded assessors at baseline (one week),
three, six and 12 months follow ups according to
modified United States public health service
criteria (USPHS) with the aid of assessment charts
and the primary outcome was cavo-surface
marginal  discoloration.  For  postoperative
sensitivity assessment, participants were asked if
there was any sensitivity, pain, or discomfort to air
from the dental unit. Failed restorations were
recorded on the patient’s chart, reason of failure
was noted on a failed restoration form and it was
then replaced with another restoration material.

Tables: N: count %: percentage

Sample size calculation:

Sample size was calculated by E.D. using G
power 3.1 (University of Kiel, Germany) based on
the previous study by (Morsy et al., 2018). Prior
data indicated that the probability of exposure
among controls is 0.9. If the true probability of
exposure among cases is 0.85, 15 cases for each
group were needed to be a total 30. 15 control cases
to be able to reject the null hypothesis that the
exposure rates for case and controls are equal with
probability (power) 0.8. This was increased to 18
in each group to compensate for losses during
follow up. The type | error probability that was
associated with this test of this null hypothesis is
0.05.

Statistical analysis:

Statistical analysis was performed with SPSS
20®1, Graph Pad Prism®1, and Microsoft Excel
20163. All quantitative data were explored for
normality by using Shapiro Wilk Normality test
and Kolmogorov test presented as minimum,
maximum, means and standard deviation values.
Comparison between 2 groups was performed by
using Independent t-test. All qualitative data were
presented as frequency and percentages and all
comparisons were performed by using Chi square
test.

Results

This study was conducted on 36 participants with
18 restorations per group that were randomly
allocated to the intervention and the control arms
(n=18). There were 15 males (41.5%) and 21
females (58.5%) in the current study. The results of
the current study have revealed no statistically
significant difference between both materials for all
tested outcomes at baseline, three months, six
months and after 12 months.

*Significant difference as P<0.05.

Table (1): Frequency and percentages of different scores regarding Cavo-surface marginal discoloration
of both groups at all intervals and comparison between them:

C.S.M discoloration Alpha Bravo Charlie
N N % N %
1 Week Intervention 18 100.0% 0 0.0% 0 0.0%
Control 18 100.0% 0 0.0% 0 0.0%
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3 Months

6 Months

12 Months

P-value
Intervention
Control
P-value
Intervention
Control
P-value
Intervention
Control
P-value

18
16

13
13

11
13

1.00

100.0%
100.0%

1.00
76.5%
81.3%

0.71
73.3%
81.3%

0.71

0 0.0%

0 0.0%

4 23.50%

3 18.8 %
0.71

2 13.33%

3 18.8%
0.71

(=

13.33%
0.0%
0.14

Table (2): Frequency and percentages of different scores regarding postoperative hypersensitivity of both
groups at all intervals and comparison between them:
Post operative hypersensitivity

1 Week

3 Months

6 Months

12 Months

Intervention
Control
P-value
Intervention
Control
P-value
Intervention
Control
P-value
Intervention
Control

P-value

18
18

18
17

17
14

15
14

Alpha

%
100.0%
100.0%

1.000

100.0%

100.0%
1.00

100.0%

87.5%
0.12

100.0%

87.%

0.12

(=)

Bravo

%
0.0 %
0.0%

Table (3): Frequency and percentages of different scores regarding secondary caries of both groups at all

intervals and comparison between them:

Secondary caries

1 Week

3 Months

6 Months

12 Months

Intervention

Control

P-value

Intervention

Control

P-value

Intervention

Control

P-value

Intervention

Control

P-value
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18
18

18
17

17
16

14
16

Alpha
%
100.0%
100.0%
1.000

100.0%
100.0%

1.000
100.0%
100.0%

1.000
93.3%
100.0%

0.28

Charlie
%

0.28
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Table (4): Frequency and percentages of different scores regarding gross fracture and retention of both groups at all
intervals and comparison between them:

Gross fracture and retention Alpha Bravo Charlie
N % N % N %

1 Week Intervention 18 100.0% 0 0 0 0
Control 18 100.0% 0 0 0 0
P-value oo e e

3 Months Intervention 18 100.0% 0 0 0 0
Control 17 94.4% 0 0 1 5.6%
P-value 029 - 0.29

6 Months Intervention 17 100.0% 0 0 0 0
Control 16 100.0% 0 0 0 0
P-value oo e e

12 Months  Intervention 15 93.8% 0 0 1 6.3%
Control 16 100.0% 0 0 0 0
P-value 028 e 0.28

Table (5): Frequency and percentages of different scores regarding color match of both groups at all
intervals and comparison between them:

Color match Alpha Bravo Charlie
N % N % N %

1 Week Intervention 18 100.0% 0 0 0 0
Control 18 100.0% 0 0 0 0
P-value 1.0o0 e e

3 Months Intervention 18 100.0% 0 0 0 0
Control 16 100.0% 0 0 0 0
P-value 1.ooo e— e

6 Months Intervention 15 88.2% 2 11.8% 0 0
Control 15 93.27% 1 6.25% 0 0
P-value 0.63 063 e

12 Months Intervention 12 80% 3 20% 0 0
Control 14 87.5%% 2 12.5% 0 0
P-value 0.61 061 e

Table (6): Frequency and percentages of different scores regarding marginal integrity of both groups at
all intervals and comparison between them:

Marginal integrity Alpha Bravo Charlie
N % N % N %

1 Week Intervention 18 100.0% 0 0.0% 0 0.0%
Control 18 100.0% 0 0.0% 0 0.0%
P-value r.oo e e

3 Months Intervention 18 100.0% 0 0.0% 0 0.0%
Control 16 100.0% 0 0.0% 0 0.0%
P-value 00 e e

6 Months Intervention 17 100.0% 0 0.0% 0 0.0%
Control 16 100.0% 0 0.0 % 0 0.0%
P-value .00 e e

12 Months Intervention 13 86.7% 2 13.3% 0 0.0%
Control 16 100.0% 0 0.0 % 0 0.0%
P-value 0.12 012 e
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Table (7): Frequency and percentages of different scores regarding anatomic contour of both groups at all intervals and comparison

between them:

Anatomic contour

N
1 Week Intervention 18
Control 18

P-value
3 Months Intervention 18
Control 16

P-value
6 Months Intervention 17
Control 16

P-value
12 Months Intervention 15
Control 16

P-value

Alpha

1.00

1.00

1.00

1.00

%

Bravo Charlie

% N % N
100.0% 0 0 0
100.0% 0 0 0
100.0% 0 0 0
100.0% 0 0 0
100.0% 0 0 0
100.0% 0 0 0
100.0% 0 0 0
100.0% 0 0 0

Table (8): Frequency and percentages of different scores regarding surface texture of both groups at all
intervals and comparison between them:

Surface texture Alpha
N %

1 Week Intervention 18 100.0%%
Control 18 100.0%%
P-value 1.00

3 Months Intervention 18 100.0%%
Control 16 100.0%%
P-value 1.00

6 Months Intervention 17 100.0%%
Control 16 100.0%%
P-value 1.00

12 Months Intervention 15 100.0%%
Control 16 100.0%
P-value 1.00

Discussion

Surface texture and anatomic contour
of both materials have shown (alpha) scores
for all restorations at all follow up timeline.
This may be attributed to the well
distribution of high loads of fillers
incorporated into both restorative materials
increasing the restoration strength (Demirci
et al., 2018). Also, the results of this study
are in agreement with (Alhumaid et al.,
2018) whose study showed insignificant
difference regarding surface roughness
between both SAFC and conventionally
placed flowable composite at six and 12
months. On the contrary, the results of the
current study are in disagreement with
(Takamiya et al., 2021) who stated that
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Bravo Charlie
N % N %
0 0% 0 0
0 0% 0 0
0 0% 0 0
0 0% 0 0
0 0% 0 0
0 0% 0 0
0 0% 0 0
0 0% 0 0

SAFC had low wear resistance when the
tested material was placed occlusally.

Regarding cavosurface marginal
discoloration results, there was no
significant  difference  between  both

materials within different follow up periods.
On the other hand, intragroup comparison
within SAFC group have shown statistically
significant difference between different
follow-up periods. This could be attributed
to the low composition of acidic monomers
in the SAFC leading to weak interaction
with the smear layer (Veli et al., 2014).
Besides, FIT SA (SAFC) restorative
material contains HEMA (2-hydroxyethyl
methacrylate), a hydrophilic monomer that
helps in increasing the wettability of the
restorative material over the dentin substrate
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surface, however, it increases the water
sorption of the restoration and that may as
well result in a lesser bond strength value
leading to discoloration at the tooth
restoration interface (Wei et al., 2011). The
study results are in agreement with
(Deshpande et al., 2016) and (Alhumaid et
al., 2018). On the other hand, the results of
this study are in disagreement with
(Abusamra et al., 2016) who have tested
two different SAFC and his results showed
that both SAFC showed lowest marginal
staining results.

Regarding post-operative
hypersensitivity, there was no significant
difference  between  both  materials
regardless of the time within different
follow up periods. This may be explained by
the fact that no phosphoric acid etching was
performed prior to the application of SAFC
restoration, leaving the smear layer
unremoved and the dentinal tubules shut.
This outcome is in agreement with the
findings of (Alhumaid et al., 2018), (Pinna
etal., 2015) and (Vichi et al., 2013). On the
contrary, our study findings disagree with
(Cruz et al., 2020) and (Al-Sheikh, 2019)
who both found out that nanohybrid
composite in a total etch mode showed
higher postoperative sensitivity. Both
authors attributed this sensitivity to the
inability of the adhesive material to fully
seal the deeply etched dentinal tubules
which might be related to the different type
of adhesive used.

Regarding secondary caries, there was
no significant difference between both
materials within different follow up periods.
This maybe attributed to the presence of
MDP hydrophobic functional monomer in
the universal adhesive forming
hydrolytically stable MDP/calcium salts at
the tooth adhesive interface that is highly
resistant to degradation (Carrilho et al.,
2019). Additionally, FIT SA (SAFC)isaS-
PRG fillers incorporating material with
ionic discharging property; mainly fluoride
and strontium, thus, boosting the acid
resistance of teeth via the conversion of
hydroxyapatite to fluorohydroxyapatite, and
strontiumapatite. Also, fluoride-releasing
restorative materials are advantageous in
promoting teeth remineralization and
prevention of caries’ recurrence (Fujimoto
et al., 2010; Shimizu et al., 2021). The
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results of this paper are in agreement with
(Alhumaid et al., 2018) and (Elshinawy et
al., 2023). On the contrary, our study
findings are in disagreement with (van
Dijken & Pallesen, 2013) who reported a
13.6% failure rate due to secondary caries
for the nanohybrid composite group and
stated that 63% of these failed restorations
had developed in patients with high caries
risk. Also, our findings are in disagreement
with (Blcher et al., 2015) who found out
8.8% secondary caries failure rates for the
nanohybrid composite in a total etch mode
when was used in restoring primary
dentition.

Regarding gross fracture and retention,
there was no significant difference between
both materials regardless of the time within
different follow up periods. This result is in
correspondence with the outcome of (Vichi
et al., 2010) and (Shaalan et al., 2018)
whom both stated that SAFC showed
acceptable retention success rates after six-
month follow-up period. On the other hand,
the result of this study is in disagreement
with (Celik et al., 2015) who tested a
different SAFC in restoring NCCLs, he
stated that SAFC had a failure rate of 67%.
Additionally, our findings are in
disagreement with (Abusamra et al., 2016)
who have tested two different SAFCs and
his results showed that both SAFCs showed
highest failure rates, and in disagreement
with (Cruz et al., 2020) who stated that
nanohybrid composite in a total etch mode
showed high failure rates when used to
restore NCCLs. This was explained by the
author due to incomplete adhesive
infiltration into deeply etched collagen
fibers leading to eventual debonding.

Regarding color match, there was no
significant  difference  between  both
materials regardless of the time within
different follow up periods. However, the
nanohybrid composite resin group showed
superior performance than SAFC group.
According to a study by (Vichi et al., 2013),
SAFC showed greater water sorption than
composite resins, which might influence
their color stability. This study’s results are
in agreement with (Alhumaid et al., 2018)
and (Elshinawy et al., 2023) who reported
that SAFC showed adequate color stability
even after 1.5 year and one year follow up,
respectively.



Salma et al.

However, the study’s results are in
disagreement with (Celik et al., 2015) who
declared that, after six-month follow-up, the
SAFC group produced a worse color match
than the etch and rinse nanohybrid composite
group, this was explained by the difference in
the size, type and loads between the tested
materials, as well as, the limited shades
available for the SAFC.

Regarding marginal integrity results,
there was no significant difference between
both materials within different follow up
periods, yet, the nanohybrid composite resin
group showed superior performance than
SAFC group. This could be attributable to
the chemical composition of the bioactive
SAFC containing HEMA which may lead to
low water vaporization capacity and residual
water retention leading to incomplete resin
polymerization. Also, this result maybe due
to the capability of the bioactive material to
release fluoride, eventually forming a gap at
the tooth restoration interface (Wei et al.,
2011; Papazekou et al., 2022). Our findings
are in agreement with (Shaalan et al., 2018)
and (Alhumaid et al., 2018) who both
stated that SAFC showed high marginal
integrity success rates. Whereas, the results
of this study are in disagreement with
(Abusamra et al., 2016) who have tested
two different SAFCs and his results showed
that both SAFCs showed lowest success
rates regarding marginal integrity results.
and in disagreement with (Cruz et al., 2020)
who stated that nanohybrid composite resin
restorations in a total etch mode showed
poor marginal results when used to restore
NCCLs. This was explained by the author
due to the incomplete adhesive infiltration
into deeply etched collagen fibers leading to
nanoleakage and marginal discrepancies.

Finally, the tested null hypothesis was
confirmed according to the results of the
current study and self-adhering flowable
composite could be considered as a
promising  restorative  material, with
minimal technique sensitivity.

Conclusion:

Under the limitation of the current
study the following can be concluded,
bioactive SAFC and nanohybrid composite
resin restorations have shown satisfactory
clinical performance in restoring carious

cervical lesions after 12 months of follow
up. Also, bioactive SAFC restorations could
be of clinical value in treating caries control
cases with respect to their ionic discharging

property.
Recommendations:

Long-term clinical trials with larger
sample size are needed to verify this study’s
findings. Also, clinical trials evaluating the
performance of this new bioactive SAFC in
other clinical indications (eg. high caries
index patients) are encouraged, to advocate
the clinical use of the newly developed
restorative material. Last but not least, it is
recommended to use the bioactive SAFC in
critical restorative situations (eg. children)
due to its simplified procedural steps.
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