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ABSTRACT

Many studies in literature showed the effectiveness of silver diamine fluoride (SDF) and Nano
silver fluoride (NSF) as preventive agents. However, there is little evidence regarding the retention
properties of fissure sealant (FS) when applied on a surface previously treated with these preventive
agents.

Objective: To evaluate and compare the effect of fissure pre-treatment with SDF versus NSF
on the microleakage of FS in permanent teeth.

Methods: This experimental in vitro study was performed on 45 extracted human premolars,
teeth were randomly assigned into three groups according to the type of fissure treatment: Group I:
Control group (sealant only), Group II: SDF group (pre-treatment before sealant), and Group III:
NSF group (pre-treatment before sealant). Teeth were thermos-cycled and then immersed in 2%
methylene blue solution for 24 hours, teeth were then sectioned mesio-distally in the middle of the
fissure, and examined under the stereomicroscope for dye penetration.

Results: There was no statistical significant difference in the microleakage scores between the
three groups (p=0.247). Conclusion: Pretreatment of the pits and fissure with SDF or NSF prior to
sealant application did not affect the micro-leakage of the FS.

INTRODUCTION sures that form an area of food and plaque entrap-

) o ment which is difficult to clean by regular tooth
Pit and fissure caries is the most prevalent car- _— ) ) )
brushing.! Cariogenic bacteria ferments carbohy-

ies in primary and permanent dentition accounting e producing acid that causes demineralization
for 80 to 90 percent of the total caries incidence, of tooth surfaces.? Caries is a dynamic process that

this is due to the morphology of the pits and fis- occurs when periods of demineralization exceed
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the periods of re-mineralization resulting in a white
spot lesion, followed by cavitation.®®

Fissure sealant (FS) was developed as a
preventive caries measure by forming a physical
barrier that prevent food and plaque accumulation.
8 However, the success of FS depends on its ability
to provide a tight sealing to the pits and fissures,
improper sealing will lead to marginal leakage with
resultant caries progression.’®

Silver diamine fluoride in a concentration of
38% (44,800 ppm fluoride) was used 80 years ago
in Japan to arrest dental caries, ® and since 2014
it was used in the United States. '” The material
is formed from three components: silver (Ag), di-
ammonia (2NH3) and fluoride (Fl). It offers the
synergistic antimicrobial effect of both silver and
fluoride inhibiting the cariogenic bacteria, plus of-
fering the advantage of fluoride as re-mineralizing
agent to the de-mineralized tooth surface and con-
verting hydroxyl appetite crystal to fluoro- appetite
making the surface less liable to demineralization.
The ammonia was added to reduce oxidation po-
tential and thus producing a more stable compound
with longer shelf life.®'Y Many studies have proven
that SDF solution is a simple, inexpensive, and ef-
fective method in preventing pit and fissure car-
ies compared with other materials,'*!'¥ it also fol-
lows the principle of minimally invasive dentistry.
(9 Furthermore, a recent in-vitro study concluded
that a tooth surface treated with SDF before the ap-
plication of FS increased the bonding strength and
decreased microleakage.'® However, the main dis-
advantage of SDF is its black staining to the carious
tissue due to the oxidation reaction of silver ions.!”

The development of Nanotechnology has added
a great benefit in the field of dental material. ¥
Nanoparticles were detected in the 1980s, by
the electron microscope with special effects. A
nanoparticle is a body having a dimension of the
order of 100 nanometers equivalent to about one
thousand atoms. The nanoparticles have interesting
properties that are entirely dependent, because at
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the scale of nanoparticles, the physical attributes
of these properties are different from the original
material.

Nano-silver fluoride (NSF) was

introduced as a new experimental preparation, it

recently

consists of Nano Silver particles, Chitosan and
Fluoride. Chitosan is a substance found in crabs’
skin and is used in medical field for its antimicrobial
and anti-inflammatory action, and as stabilizing
agent. NSF is a yellow solution that proved to be
stable for 3 years it was developed to overcome
the staining problems of SDF as the material
doesn’t undergo oxidation, and has proved to be
ecofriendly.®*2" Tt combines the antimicrobial effect
of chitosan and Nano silver ions, plus the preventive
action of its fluoride content.?? In 2012, Santos et
al found that the anti-cariogenic effect of NSF was
similar to that of SDF when applied once a year.>*?¥
In 2014, Targino showed that NSF preparation was
efficacious against S. Mutans in much smaller doses
than SDF.?

Most studies in literature showed the
effectiveness of both SDF and NSF as preventive
agents, however, there is little evidence on their
effect when applied as pre-treatment prior to sealant
application, and their effect on the retention and the
sealing property of FS. Since sealants with higher
adhesion presents less microleakage scores, and
thus better clinical performance, therefore, the aim
of this in vitro study was to evaluate and compare
the effect of fissure pre-treatment with SDF versus

NSF on the microleakage of FS in permanent teeth.

The null hypothesis of the present study was there
will be no difference between SDF and NSF when
used as fissure pretreatment on the microleakage of
FS.

METHODS

This experimental in-vitro study was conducted
at Pediatric Dentistry and Dental Public Health,
Dental Biomaterials

Departments, Faculty of

Dentistry and Faculty of Pharmacy, Alexandria
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University, Egypt.

Ethics approval was taken from the Ethical re-
search Committee, Faculty of Dentistry, Alexandria
University (IORG 0008839).

Sample size calculation: Sample size was esti-
mated based on the following assumptions: alpha
error = 5%, study power = 80%. According to Pérez-
Hernédndez et al, " microleakage did not occur in 27
(50.94%) specimens when silver diamine fluoride
pretreatment was used and in 6 (10.9%) specimens
when no pretreatment was used. Silver nanofluoride
pretreatment is assumed to have a similar effect on
adhesion of composite resin.  Based on compari-
son of proportions, with an effect size =1.09, sample
size was calculated to be 14 per group which was
increased to 15 to make up for laboratory process-
ing errors. The total sample size = number of groups
x number per group = 3x15=45. Sample size was
calculated using GPower version 3.1.9 4. ?9

Sample selection

Sixty human extracted premolars (for orthodontic
treatment purpose) were collected from from the
Department of Oral Surgery out-patient clinics.
Teeth were hand scaled, cleaned using pumice with
rubber cup on low speed hand piece then washed with
water and stored in normal saline. The teeth were
then carefully examined using magnifying lens; 45
exfoliated premolars were selected without caries
or with caries grade one with no developmental
anomalies. Exclusion criteria included: teeth with
hypoplasia, cracks, or malformations.

Nano Silver Fluoride preparation: the material
was prepared at faculty of Pharmacy, Alexandria
University. NSF aqueous solution was prepared ac-
cording to Wei et al ®” by the chemical reduction
of silver nitrate (1 mL, 0.11 M) with sodium bo-
rohydride (0.3 mL, 0.8 M) and chitosan biopoly-
mer (28.7 mL, 2.5 mg/mL) as a stabilizing agent.
Sodium fluoride (10,147 ppm of fluorine) was then
added at the end of the experiment. The net results
of this reaction yielded Nano silver fluoride.
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Grouping: The teeth were randomly assigned
(using computer generated random numbers) into
three main groups of 15 teeth each according to the
type of treatment:

Group I: Control group: Sealant (Clinpro™ 3M
ESPE) was applied without fissure pre-treatment.

Group II: SDF (Advantage Arrest SDF 38%,
Elevate Oral Care, LLC, West Palm Beach, Florida,
USA) was used as pre-treatment agent before
sealant application, the material (Ag(NH3),F) is
a colourless solution formed of 24.4-28.8% (w/v)
silver and 5.0-5.9% fluoride (44800 ppm) with
PH=10.

Group III: NSF was used as pre-treatment agent
before sealant application.

Procedure: All 45 premolar’s roots were cut
off 2mm below the cemento-enamel junction with
water-cooled low speed diamond saw. Teeth were
mounted in acrylic blocks with the occlusal surfaces
perpendicular to the long axis of the blocks. In
the Control group (n=15) all molars were sealed
according to manufacturer’s recommendation: the
etchant (Scotchbond™ 35% 3M ESPE) was applied
along the enamel occlusal pits and fissure for 30 s,
rinsed with water spray, and then the enamel was
thoroughly dried with air spray for five seconds.
Sealant was then applied slowly using syringe
needle into the pits and fissures and was light cured
for 20 s. In the SDF Group (n=15): A drop of SDF
was applied on the central groove of the occlusal
surfaces of the teeth using a micro-brush, and
kept for 4 minutes. It was then washed with a wet
cotton pellet and dried with air syringe. '® This was
followed by etching rinsing and sealant application.
In the NSF group (n=15): A drop of NSF solution
was applied to the central groove of each tooth
using a micro brush. The solution was left in contact
with tooth surface for 2 minutes then rinsed with
water and air dried. ® This was followed by etching
rinsing and sealant application.
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Microleakage test: All teeth were thermos-
cycled for 500 cycles from 5°C to 55°C with 30 s
dwell time, 20 s transfer time, corresponding to 6
months’ clinical use.”® Two layers of nail varnish
was then applied over the teeth leaving only one
mm free around the occlusal sealant border.*® The
occlusal surface of each tooth was then immersed
in 1% methylene blue dye solution (pH=7) at 37°C
for 24 hours and stored in incubator, this permitted
the dye penetration into the existing voids between
the tooth substance and the restorative material.®”
The teeth were then washed under tap water and
were sectioned mesio-distally in the center of the
fissure with low speed water-cooled diamond saw
giving 30 specimens in each group. Each section
was examined using Stereomicroscope (SZ1145TR,
Olympus, Japan) at 10X magnification. An image
of every section was captured using a video camera
connected to the computer. Each section was exam-
ined for dye penetration. The micro-leakage score
was given by a single examiner who was blinded to
the treatment and who was trained according to in-
tra-rater agreement ©V to the following scoring

system G2

0= no evidence of dye penetration; 1= dye
penetration of less than 1/3 from the margin of
restoration; 2= dye penetration of more than 1/3
and less than 2/3 from the margin of restoration; 3=
dye penetration of more than 2/3 from the margin of

restoration (Figure 1).

Statistical Analysis

Data were collected and analyzed using the
SPSS version 21. Pearson’s chi-squared test and
Z test for comparison of column proportion with
adjusted p value using Bonerroni method were used
for comparison of microleakage scores among the 3
groups. Monte Carlo correction for p value of Chi-
squared test was used. 95% level was chosen as a

level of significance.
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RESULTS

The distribution of dye penetration among the
study and control groups was shown in Table 1:

Score 0: There was no dye penetration in
46.66%
pretreatment), 66.66 % of grouop II (sealant with
SDF pretreatment), and 73.33 % of group III
(sealant with NSF pretreatment).

of Group I (sealant without fissure

Score 1: There was dye penetration less than 1/3
from the margin of restoration in 26.66 % of group
I, 13.33 % of group II, and 20% of group III

Score 2: There was dye penetration more than
1/3 and less than 2/3 from the margin of restoration
in 13.33% of group I, 13.33 % of group II, and
6.66% of group III.

Score 3: There was dye penetration more than
2/3 from the margin of restoration in 13.33% of
group I, 6.66 % of group II, and None in group III.

TABLE (1) Comparison of microleakage scores
among the three studied groups

SDF NSF
. Sealant
Microleakage Pretreatment | Pretreatment
(Group 1)
score (n=30) (Group 2) (Group 3)
n=
(n=30) (n=30)
Score 0 14* (44.67%) | 20* (66.67%) | 22*(73.33%)
Score 1 8°(26.67%) | 4*(13.33%) | 6*(20.00%)
Score 2 4*(13.33%) | 4*(13.33%) 24 (6.67%)
Score 3 4*(13.33%) 2% (6.67%) 0% (0.00%)
Test of C e =7990
significance Poucy=0-247T NS

Subscript (a) denotes a subset of Group categories whose
column proportions do not differ significantly from each
other at the .05 level using Z test for comparison of column
proportions with adjusted p values using Bonferroni
method.

¢?: Pearson’s Chi-Squared test
MC: Monte Carlo correction

NS: Statistically not significant
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There was no statistically significant difference
in scores among the three studied groups (¢*=7.990,
p=0.247). Using Z test for column proportion, each
score level, either 0, 1, 2 or 3 showed no statistical
difference among the three groups.

An observation that was found in the present

(1935)

study was of a clear white zone seen at the base of
the fissure in all specimens of the NSF group, and
in 13 specimens out of 15 in the SDF group. This
zone was not detected in the control group when the
sealant was placed directly to the fissure without
SDF or NSF pre-treatment (figure 2)

Score 0

Fig. (1) Dye penetration scores: 0= no evidence of dye penetration; 1= dye penetration of less than 1/3 from the margin of
restoration; 2= dye penetration of more than 1/3 and less than 2/3 from the margin of restoration; 3= dye penetration of

more than 2/3 from the margin of restoration.

Fig. (2) (a) illustrating the white zone which was observed at the base of the fissure in the test groups, and which was absent in the

control group (b)

DISCUSSION

Prevention is the cornerstone of modern dentist-
ry; minimal intervention has become the standard of
care in dental practice. SDF has gained popularity in
the past few years as it offers the synergistic antimi-
crobial effect of both silver and fluoride inhibiting
the cariogenic bacteria, plus offering the advantage
of fluoride as re-mineralizing agent.®'” However,
SDF has its limitations as it produces black discol-

orations which is not convenient by many patients
or dentists.

Based on the nanotechnology of dental material,
NSF was recently introduced, the material has
proved to offer the same advantages of SDF,
moreover, because of its nano particle structure it
has proved to be more ecofriendly, more stable and
has overcome the discoloration effect of SDF by

resisting the oxidation process.?*?
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The idea of pretreating the fissures with SDF or
NSF before sealant applications would combine the
antimicrobial/re-meneralizing action of these agents
and the physical sealing property of FS, this would
be of great benefit in caries prevention especially
in high risk patients. Scarce studies are available
on the effect of SDF or NSF when used as fissure
pretreatment and their effect on the adhesion and
sealing property of FS. Therefore, this study aimed
to compare the effect of SDF versus NSF when used
as pre-treatment on the microleakage of FS to tooth
enamel.

Dye penetration test was used in this study as
it is well known that sealants with higher adhesion
presents less microleakage scores, and thus better
clinical performance. Both SDF and NSF were used
to give a more comprehensive outcome on these
two preventive agents and if the evolution of the
Nano-particles of the material would yield better
performance.

In the present study, the micro-leakage test was
performed after all teeth were thermos-cycled for
500 cycles from 5 °C to 55 °C with 30 s dwell time,
20 s transfer time, as this would correspond to six
months’ clinical use and therefore would give more
practical results on the intraoral performance of the
restoration.®

The result of this study showed that fissure pre-
treatment with either SDF or NSF presented better
results with no dye penetration than FS without
pre-treatment: 66.66%, 73.33%% and 46.66%
respectively, however, this difference didn’t reach
the level of significance. This finding indicated
that the sealing ability of FS was not affected when
enamel was pretreated with either SDF or NSF.

The results of fissure pretreatment with SDF of
the present study were in accordance with Uzuel et
al. 2013%¥ who concluded that SDF did not signifi-
cantly change the micro-leakage of composite resin
when it was applied at the base of posterior class V
cavities prior to composite resin filling. On the other
hand, our results were inconsistent with Pérez, et
al."® who found a significant greater microleakage
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(reaching almost the double) when FS was applied
without SDF pre-treatment (81.66%), compared to
the sealant with SDF pre-treatment (47%), while in
the present study the microleakage was in 53.34%
in sealant without SDF pre-treatment, compared to
33.34 in sealant with SDF pre-treatment with no sig-
nificant difference. The difference in the outcomes
between the two studies might be due to the differ-
ent techniques in SDF applications. In their study
the fissure was treated twice by SDF with one-week
interval between the two applications, while in the
present study SDF was placed once for four 4 min-
utes then sealant was applied.

Our finding that fissure pre-treatment with NSF
didn’t affect micro-leakage scores of the FS was
supported by Morales et al,*» and Khairy et al.®>
who concluded that that there was no significant
difference in the marginal seal or micro-leakage
between the silver nanoparticle-containing sealant
and the conventional sealant when applied in primary
molars or permanent premolars respectively.

Although there was no statistical significant
difference in the microleakage scores between the
two test groups of this study, yet the pre-treatment
with NSF showed better results than SDF, this
finding was supportive to the fundamentals of
nanotechnology that the nano particles of a material
provide better cohesion property with less voids.!”

An interesting finding in this study was the
observation of a white zone at the base of the fissure
in both test groups which was not detected in the
control group when the sealant was placed directly
to the fissure without SDF or NSF pre-treatment. The
explanation of this white zone might be attributed to
the precipitation of silver particles from SDF, and
nano-silver particles from NSF on the enamel surface
forming a well-defined zone that prevented any dye
penetration, as if an insulating zone at the base of the
fissure was formed. This finding was supported by
Suzuki et al,*® who evaluated the effect of SDF on
enamel surface and found that after the application
of SDF large amounts of silver (analyzed by the
electron probe micro-analyzer) were precipitated on
the enamel surface, and some silver ions diffuse into
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the enamel surface approximately 20 ym of depth.
This finding suggests that fissures pretreated with
SDF or NSF before sealant placement will enhance
the prevention of microleakage and thus reduces the
possibility of caries under sealant when clinically
applied. However, further studies are still needed
for more explanation of the precipitation of silver
particles from SDF or NSF on enamel surface and
its effect on the penetration of resin tags into the
etched enamel surface which is a major factor that
determines the resin retention to the tooth surface.

Since adhesion of any restoration is mainly
determined by shear bond strength and micro-
leakage, therefore it has to be noted that from
the limitation of the of the present study was the
absence of the shear bond strength test as it would
have definitely high-lighted the effect of fissure
pretreatment with SDF or Nano silver fluoride on
Sealant adhesion in a more affirmative way.

The null-hypothesis of this study was accepted as
there was no significant difference between fisuure
pretreatment with SDf or NSF on the microleakage
of FS.

CONCLUSION

Based on the results of the present study it was
concluded that:

Pretreatment of the pits and fissure with silver
diamine fluoride or nano-silver fluoride prior to
sealant application did not affect the microleakage
of the Fissure sealant.

Recommendation

More laboratory studies are need to determine
the effect of fissure pretreatment with SDF or Nano
silver fluoride on the shear bond strength of FS.

More histological studies are also needed to ex-
amine the sealant/enamel interface after pretreat-
ment with these preventive agents, to give more ex-
planatory results on the depth of enamel resin tags
which are considered the cornerstone for the reten-
tion of all resin material to the tooth surface.

(1937)
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