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ABSTRACT

Purpose: This study evaluated and compared the effect of application of Forsterite
nanoparticles in different protocols on permeability of superficial and deep dentin at
different time intervals. Materials and methods: thirty human molars were used to
prepare 60 dentin discs, divided into three main groups (n=20) (P); (P1): Forsterite
nanoparticles alone, (P2): Forsterite nanoparticles added to an adhesive system and
(P3): Forsterite nanoparticles incorporated in Glass lonomer. The main groups were
subdivided into two subgroups (n=10) according to the dentin depth (D); (D1): super-
ficial dentin and (D2): deep dentin. Permeability was measured at three time intervals
(T); (T1) baseline, (T2) after one week and (T3) after four weeks. Three wt% of for-
sterite nanoparticles were added to adhesive system and Glass ionomer. Teeth were
sectioned to obtain superficial and deep dentin discs of; 1 mm (+ 0.1lmm) thickness.
Modified Pashly’s split chamber was used to measure dentin permeability at baseline
and after application of different protocols. Representative samples were assessed with
ESEM and EDAX. Results: all protocols showed permeability reduction. (P2) showed
the least permeability at T2 for superficial and deep dentin discs, (P1) showed the least
permeability at T3 for both superficial and deep dentin discs and (P3) showed the least
permeability reduction. Conclusion: it was concluded that Forsterite nanoparticles
applied in different protocols can reduce dentin permeability in superficial and deep
dentin. Superior dentin permeability reduction could be achieved after one week of
using Forsterite nanoparticles added to the adhesive system and four weeks after using
Forsterite nanoparticles alone.

INTRODUCTION

Dentin hypersensitivity is one of the most displeasing issues that
could be experienced by patients that negatively affect the individual’s
quality of life. It is characterized by transient, intense, well-localized
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pain in response to evaporative, tactile, thermal, os-
motic or chemical stimuli. Hydrodynamic stimuli
lead to inward or outward fluid movement within
dentinal tubules that activates mechanoreceptors
which is the true physiologic stimulus .

Dentin hypersensitivity is treated by either seal-
ing dentinal tubules or making deposits inside them.
@ Occluding or sealing the uncovered dentinal tu-
bules counteracts intratubular fluid shifts which thus
give alleviation. There are distinctive procedures
for accomplishing this, including precipitation of
poorly soluble salts within dentinal tubules or seal-
ing with either polymerizable materials®compared
to an established single-bottle nanofilled total etch
resin adhesive indicated for root desensitization.
Methods: Dentin permeability was measured on hu-
man crown sections on etched dentin, presenting a
model for the exposed tubules typical of root sensi-
tivity, and permitting measurement of the maximum
permeability. In the first two groups, the etched den-
tin was coated with either the RMGI or adhesive,
and permeability measured on the coated dentin. In
a third group, a smear layer was created on the den-
tin with sandpaper, then the specimens were coated
with the RMGI; permeability was measured on the
smeared and coated dentin. Specimens from each
group were sectioned and examined via scanning
electron microscopy (SEM. Bioactive materials re-
act with body fluids and/or saliva and precipitate
hydroxy-carbonate apatite to occlude opened den-
tinal tubules and treat dentin hypersensitivity .

Nano-sized materials with good scattering can
enter dentinal tubules of 2-3um diameters easily;
thus, they can be ultimate choice for dentinal tubule
occlusion. The greater surface energy and larger
surface area fundamentally increase the solvency
and reactivity of nanoparticles ©.

Nano Forsterite (Mg,Sio,) is a phase of MgO-
SiO, system that shows high biocompatibility and
good mechanical properties®. Nanoscale Forsterite
(Mg,Sio,) is similar to bioactive glass. It forms hy-
droxy-carbonate apatite layer on the surface of the
particles in the biological environment .
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Similarly, Glass ionomers succeeded in provid-
ing instant and long term relief from sensitivity; in
addition to their ability to release fluoride ®’com-
pared to an established single-bottle nanofilled total
etch resin adhesive indicated for root desensitiza-
tion. Methods: Dentin permeability was measured
on human crown sections on etched dentin, pre-
senting a model for the exposed tubules typical of
root sensitivity, and permitting measurement of the
maximum permeability. In the first two groups, the
etched dentin was coated with either the RMGI or
adhesive, and permeability measured on the coated
dentin. In a third group, a smear layer was created
on the dentin with sandpaper, then the specimens
were coated with the RMGI; permeability was mea-
sured on the smeared and coated dentin. Specimens
from each group were sectioned and examined
via scanning electron microscopy (SEM. A previ-
ous research showed that inclusion of Mg SiO,
nanoparticles into glass ionomer cement improved
its mechanical properties®. However, no studies in-
vestigated its effect on sealing dentinal tubules for
treating dentin hypersensitivity.

The morphological variation of dentinal tubule
size and diameter all through the tooth uncovers the
dissimilarity between superficial and deep dentin.
The tubule density vary widely due to the diver-
gence of dentinal tubules that occurs between the
dentino-enamel junction and the pulp ©although at
present there does not appear to be a universally ac-
cepted desensitizing agent. Current opinion based
on Bréannstrom’s Hydrodynamic Theory would sug-
gest that following exposure of the dentin surface
(through attrition, abrasion, or erosion.

Therefore, this study was conducted to evaluate
and compare the effect of application of Forsterite
nanoparticles in different protocols; (Forsterite
nanoparticles alone, Forsterite nanoparticles added
to an adhesive system and Forsterite nanoparticles
incorporated into glass ionomer) on permeability
of superficial and deep dentine at different time
intervals.
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MATERIALS AND METHODS

1. Selection of teeth:

A total of 30 freshly extracted sound human
molars extracted for periodontal reasons were gath-
ered from healthy patients with age range from
30-45 following approval of the ethics committee
of Faculty of Dental Medicine for Girls, Al-Azhar
University. The patients were informed about the
use of their extracted teeth in this study. After clean-
ing and scaling teeth were stored in distilled water
that was changed daily in a refrigerator at 4° C to be
used within a month after extraction.

2. Grouping of teeth:

The 30 molars were used to prepare 60 dentin
discs (30 superficial dentin discs and 30 deep dentin
discs). Dentin discs were divided into three groups
(n=20) according to the treatment protocol (P); (P1):
discs were treated with Forsterite nanoparticles,
(P2): discs were treated with Forsterite nanopar-
ticles added to an adhesive system and (P3): discs
were treated with Forsterite nanoparticles incor-
porated into glass ionomer. The main groups were
subdivided into two subgroups (n=10) according to
the dentine depth (D); (D1): superficial dentine and
(D2): deep dentine. Permeability was measured for
each specimen at three time intervals (T); (T1) base-
line, (T2) after one week and (T3) after four weeks.

3. Preparation and characterization of Forster-
ite nanoparticles:

Forsterite nanoparticles were prepared at
Nanostreams Company (Science, Technology &
Engineering in 6th of October City, nanostreams@
gmail.com, http://nanostreams.co.uk) by the fol-
lowing method; Forsterite (Mg,SiO,) nanoparticles
were prepared by sol-gel method. For making a
paste, the Forsterite nanoparticles powder was
mixed with the liquid that consists of biocompat-
ible and bio-resorbable natural polymers mainly
composed of carboxymethyl cellulose, glucose and
polyvinylpyrrolidone together with sodium chloride
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and magnesium chloride at powder/liquid ratio 2:3
by weight.

The Forsterite nanoparticles were analyzed using
X-ray Diffraction (XRD) analysis as an assessment
of the development of the Forsterite and particle
size. The morphology of the synthesized Forsterite
nanoparticles was evaluated by Transmission
Electron Microscope (TEM) (model JEM-1230,
Joel, Tokyo, Japan) and the particles distribution in
the adhesive system and the glass ionomer powder
were evaluated using Scanning Electron Microscope
(SEM). The samples were coated with a thin layer
of Gold (Au) by sputtering and examined by scan-
ning electron microscope model Quanta 250 FEG
(Field Emission Gun).

4. Forsterite nanoparticles addition to the
adhesive system:

Three percent by weight of Forsterite nanopar-
ticles were added to the adhesive liquid, weighed by
a precision balance (Nimbus, Adam’s equipments,
USA). The adhesive solution bottle then it was soni-
cated in an ultrasonic mixer (Eumax, China) for 30
minutes to attain a miscible solution without any
powder precipitate.

5. Forsterite nanoparticles incorporation into
glass ionomer:

Three percent by weight of Forsterite nanopar-
ticles powder was weighed by a precision balance
and added to the glass ionomer powder part.

6. Preparation of dentine discs:

The roots of the collected teeth were sectioned;
I mm apical to the cementum—enamel junction us-
ing a water-cooled diamond saw (BesQual, NY
11373, USA). The pulp tissue was removed care-
fully with endodontic K-files (M-access, Dentsply,
Sirona, Switzerland) and the teeth were washed
properly under running water. The occlusal enamel
was ground under running water with a grinding
wheel (Whip mix, Whip mix corporation, USA)
to obtain flat dentin surfaces. Teeth were attached
to a pre-fabricated acrylic mold from the root side
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to facilitate their handling and then were sectioned
from the flattened occlusal side perpendicular to
the long axis of the tooth with an Isomet (Isomet
4000, Buehler, USA) at a speed of 2,500 rpm and
a speed rate of 16.5 mm/min under copious amount
of water coolant to obtain two discs, superficial and
deep (Superficial dentin: Dentin within 0.5-1 mm of
dentino-enamel junction and Deep dentin: Dentin
within 0.5 mm of the pulp chamber) . The thick-
ness of the disc Imm (+ 0.1mm) was confirmed by a
digital caliper. Teeth were detached from the acrylic
mold and reattached to it from their occlusal side to
expose the root side, the root side was ground till all
signs of pulp chamber disappeared and a deep den-
tin disc of; 1 mm (= 0.1mm) thickness was obtained
as previously mentioned. Discs were stored in dis-
tilled water that was changed daily at 4° C till they
were treated with the treatment protocols.

7. Permeability apparatus:

A fluid transport apparatus was used to test the
permeability of the dentin discs. The fluid transport
apparatus included 6 Teflon split chamber device
(A), each consists of two parts, female and male
parts which are attached to each other by screwing
action. Two pairs of identical rubber “O” rings with
inner space diameter (0.4 cm) and outer diameter (1
cm) sealed the chamber to the discs and controlled
the surface area of dentin to be studied. Hydrostatic
pressure was applied to one side [(male part (B)]
of the chamber from an oxygen pump and was ad-
justed by an oxygen regulator attached to the ap-
paratus, to induce filtration through the dentin discs
across a plastic tube attached to the split chamber
(inlet). Thus, water filtration was measured as fluid
displacement in a plastic tube connected to the fe-
male part (C) of the split chamber with a lumen of
0.7 cm (outlet) and 35 cm length D,

8. Measurement of baseline fluid filtration:

Dentin permeability was measured by tracing
the displacement of an air bubble in the plastic tube
connected to the female part of the split chamber.
All the discs where etched on both sides with 37%
phosphoric acid gel for 20 seconds, then rinsed and
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used to record the baseline permeability of each disc.
The discs were placed in the split chamber device
between two rubber “O” rings with the pulp sides of
the discs facing the pressure pump side (inlet) and
the occlusal sides facing the outlet. An air bubble
was introduced in the plastic tube connected to the
female part of the split chamber. The air bubble lo-
cation was determined for every specimen. Pressure
was then applied through the O, pump adjusted at
2kg.f/cm? for 12 hours to the pulpal side of the
dentin disc (the inlet of the split-chamber) and the
volume of the fluid flowing out from the occlusal
side (the outlet) of the split-chamber was measured
by the linear displacement of the air bubble in the
horizontally positioned rubber tube (0.7 cm inside
diameter), then the pump was switched off and the
air bubble location was determined 2.

Baseline  permeability measured;
Permeability was expressed in terms of fluid filtra-
tion rate (Jv) and was calculated as follows; Fluid
flow (Q) in ul was derived from the linear displace-
ment of the bubble based on the volume of the rub-
ber tube using the following equation'?,

was

Q = displacement x surface area of the rubber
tube (27tr x h).

(r=inner radius of the tube, h=length of the tube)

Fluid filtration rate (Jv) was calculated by the
following equation;

Jv = Q/At

(Jv = fluid filtration rate, in xl cm? min!, Q =
fluid flow in ul, A = dentin surface area in cm™
(7tr?), T = time in minutes. (12 hours x 60 = 720
minutes))

9. Treatment of dentine discs:

Discs received treatment as assigned by group-
ing; group P1: discs were treated with Forsterite
nanoparticles paste, a graduated insulin syringe
was used to standardize the amount applied on each
disk, the paste was brushed on the dentine discs us-
ing a micro-brush for 20 sec and left on the surface
of the disc for 2 min. Group P2: discs were treated
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by Forsterite nanoparticles added to single bond
universal at 3 wt%. The adhesive was applied to
the dried dentin surface, rubbed by a micro-brush
for 20 sec, a gentle air stream was directed over
the liquid for 5 sec to ensure evaporation of the
solvent and light-cured with 3M ESEP light cure
(3M ESEP, Elipar™ , Germany) for 15 sec accord-
ing to the manufacturer’s instructions and group
P3: discs were treated with Forsterite nanoparticles
incorporated into ketac Molar Easymix glass iono-
mer powder at 3 wt%. The powder was mixed with
the liquid according to the manufacturer’s instruc-
tions the insulin syringe was used to standardize the
amount applied on each disk and the material was
applied on the surface of the dentin discs using a
plastic instrument and left to cure. All discs were
then stored in Ringer’s solution that was changed
daily 119, The discs were retested for permeability
at one week and four weeks.

10. Measurement of fluid filtration blockage:

Each disc was remounted in its specific cham-
ber and fluid filtration was measured the same as in
baseline measurements. Permeability reduction val-
ues were calculated by subtracting the fluid filtra-
tion measurements after 1 week and after 4 weeks
from fluid filtration values at baseline.

11. Environmental Scanning Electron Micro-
scope (ESEM) and Energy Dispersive Ana-
lytical X-ray (EDAX):

Two representative samples from each group
were chosen to examine the morphological chang-
es that occurred in the dentinal tubules after etch-
ing and after application of the different treatment
protocols at one week and four weeks. These discs
were mounted, occlusal surface facing upward, on
an Environmental Scanning Electron Microscope
model Quanta 250 FEG (Field Emission Gun)
and examined at 2000x. They were photo micro-
graphed, The percentage of open dentinal area was
calculated using image analysis by Image J-Fiji pro-
gram for each disc after etching and after each treat-
ment protocol at one and four weeks interval.
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Statistical analysis:

The mean and standard deviation values were
calculated for each group in each test. Data were
explored for normality using Kolmogorov-Smirnov
and Shapiro-Wilk tests and showed parametric dis-
tribution. Three-way ANOVA analysis was used
for the effect of different variables on permeabil-
ity. Paired wise sample t-test was used to compare
between two groups in related samples. One-way
ANOVA followed by Post Hoc Tukey was used to
compare between more than two groups in non-re-
lated samples. The significance level was set at P <
0.05. Statistical analysis was performed with IBM®
SPSS® Statistics Version 20 for Windows.

RESULTS

Results of Characterization of Forsterite nanoparticles:

Forsterite nanoparticles were analyzed using
X-ray Diffraction (XRD) analysis to asses the for-
mation of the Forsterite phase and the size of parti-
cles formed and Transmission Electron Microscope
to assess particle morphology (TEM). XRD analysis
confirmed Forsterite phase formation with Particle
size of = 30 nm. TEM showed Narrow particle size
distribution with slight agglomeration. Scanning
electron microscope micrographs showed almost
even distribution of Forsterite nanoparticles in the
adhesive system and the glass ionomer powder.

Figure (1) TEM of Forsterite nanoparticles
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Dentin permeability reduction results:

Three-way ANOVA analysis for the effect of
different variables on dentin permeability reduc-
tion showed that the treatment protocols had a sta-
tistically significant effect at F-value 42.794 and
P-value <0.001. Dentin depth also had a statistically
significant effect on mean dentin permeability re-
duction at F-value 90.447 and P-value <0.001 and
time had a statistically significant effect on mean
dentin permeability reduction at F-value 174.024
and P-value <0.001. While the interaction between
the three variables had no statistically significant
effect on mean dentin permeability reduction at
F-value 0.288 and P-value 0.751.

Effect of treatment protocols on dentin perme-
ability reduction

At 1 week (T2) and 4 weeks (T3), a statistical-
ly significant difference was found between tested
groups where (p=0.004) and (p<0.001).

For superficial dentin discs, at 1 week (T2),
Forsterite nanoparticles added to an adhesive system
(P2) had the highest mean value (0.104 £ 0.011) in
comparison to Forsterite nanoparticles (P1) (0.084
+ 0.011) and Forsterite nanoparticles incorporated
in Glass Tonomer (P3) (0.074 = 0.011). However,
no statistically significant difference was found be-
tween Forsterite nanoparticles (P1) and Forsterite
nanoparticles incorporated in Glass Ionomer (P3)
groups. At 4 weeks (T3), Forsterite nanoparticles
(P1) had the highest mean value (0.200 + 0.158) in
comparison to Forsterite nanoparticles added to an
adhesive system (P2) (0.136 + 0.024) and Forsterite
nanoparticles incorporated in Glass Ionomer (P3)
(0.130 £0.019). Whereas, no statistically significant
difference was found between Forsterite nanoparti-
cles added to an adhesive system (P2) and Forsterite
nanoparticles incorporated in Glass Ionomer (P3)
groups as shown in table (1).

For deep dentin discs, at 1 week (T2) and 4
weeks (T3), a statistically significant difference was
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found between tested groups where (p=0.001) and
(p<0.001). at 1 week (T2), the highest mean value
was found in Forsterite nanoparticles added to an
adhesive system (P2) (0.170 + 0.016) followed by
Forsterite nanoparticles (P1) (0.134 = 0.021), while,
Forsterite nanoparticles incorporated in Glass
Ionomer (P3) showed the lowest value at (0.114
+ 0.015). At 4 weeks (T3), the highest mean value
was found in Forsterite nanoparticles (P1) (0.230
+ 0.016) in comparison to Forsterite nanoparticles
added to an adhesive system (P2) (0.188 + 0.018)
and Forsterite nanoparticles incorporated in Glass
Ionomer (P3) (0.140 = 0.019). While no statistically
significant difference was found between Forsterite
nanoparticles added to an adhesive system (P2)
and Forsterite nanoparticles incorporated in Glass
Ionomer (P3) groups as shown in table (1).

Effect of dentin depth on dentin permeability
reduction:

For Forsterite nanoparticles (P1), a statistically
significant difference was found between superfi-
cial dentin disc (D1) and deep dentin disc (D2) at
1 week (T2) and 4 weeks (T3) where (p=0.001)
and (p=0.017) respectively. The higher mean value
was found in superficial dentin disc (D2) at 4 week
(0.230 £ 0.016), the lowest mean value was found
in deep dentin (D1) at 1 week (0.084 + 0.021) as
shown in table (2).

For Forsterite nanoparticles added to an adhe-
sive system (P2) at 1 week (T2), a statistically sig-
nificant difference was found between superficial
dentin disc (D1) and deep dentin disc (D2) where
(p=0.002). The superficial dentin disc (D2) showed
higher values (0.114 + 0.015) in comparison to the
deep dentin disc (D1) (0.074 £ 0.011). Moreover, at
4 weeks (T3), no statistically significant difference
was found between superficial dentin disc (D1) and
deep dentin disc (D2) where (p=0.423) as shown in
table (2).
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Table (1): The mean and standard deviation (SD) values of dentin permeability reduction of different

treatment protocols at different time periods for superficial and deep dentin discs:

Superficial dentin discs (D1) Deep dentin discs (D2)
Variables 1 week (T2) 4 weeks (T3) 1 week (T2) 4 weeks (T3)
Mean SD Mean SD Mean SD Mean SD

Forsterite nanoparticles (P1) 0.084° | 0.011 | 0.200¢ | 0.0158 | 0.134®> | 0.021 | 0.230* | 0.016
Forsterite nanoparticles added to an adhe- | 040 | 011 | 0.136° | 0024 | 0.170¢ | 0.016 | 0.188° | 0.018
sive system (P2)
Forsterite nanoparticles incorporated in | ;40 | 011 | 01300 | 0019 | 0.114c | 0.015 | 0.140° | 0.019
Glass Ionomer (P3)
p-value 0.004* <0.001* 0.001* <0.001*

Superscripts with different small letters indicate statistically significance difference

* significant (p< 0.05)  ns; non-significant (p>0.05)

Table (2): The mean and standard deviation (SD) values of dentin permeability reduction in superficial and

deep dentin discs at different time periods in the forestrite nanoparticles group (P1), Forsterite nanoparticles

added to an adhesive system (P2) and Forsterite nanoparticles incorporated into glass ionomer (P3):

Forsterite nanoparticle (P1) Forsterite nanoparticles added to | Forsterite nanoparticles incorpo-
an adhesive system (P2) rated into glass ionomer (P3)

Variables 1week (T2) | 4weeks(T3) | 1week(T2) | 4weeks(T3) | 1week(T2) | 4weeks(T3)

Mean | SD |Mean | SD |[Mean | SD | Mean | SD | Mean | SD | Mean | SD
Superficial dentin(D1) | 0.134*| 0.011 | 0.230* | 0.016 | 0.114* | 0.015 | 0.140* | 0.019 | 0.170* | 0.016 | 0.188* | 0.018
Deep dentin(D2) 0.084° | 0.021 | 0.200° | 0.016 | 0.074° | 0.011 | 0.130*| 0.019 | 0.104° | 0.011 | 0.136" | 0.024

p-value 0.001* 0.017* 0.002% 0.423ns <0.001* 0.005%*
Superscripts with different small letters indicate statistically significance difference.  *;  significant (p=<0.05)

ns; non-significant (p>0.05)

For Forsterite nanoparticles incorporated into
glass ionomer (P3), a statistically significant
difference was found between superficial dentin
disc (D1) and deep dentin disc (D2) at 1 week (T2)
and 4 weeks (T3) where (p<0.001) and (p=0.005)
respectively. The highest mean value was found
in superficial dentin disc (D2) at 4 week (0.188 +
0.018), the lowest mean value was found in deep
dentin disc (D1) 1 week (0.104 £ 0.011) as shown
in table (2).

Effect of time on dentin permeability reduction
in each group:

For superficial dentin discs, in Forsterite
nanoparticles (P1), Forsterite nanoparticles added
to an adhesive system (P2) and Forsterite nanopar-
ticles incorporated in Glass Ionomer (P3) a statis-
tically significant difference was found between
1 week (T2) and 4 weeks (T3) where (p<0.001),
(p=0.012) and (p=0.005). A higher mean value was
found in 4 weeks (T3), the lower mean value was

found in 1 week as shown in table (3).



(344)

ADJ-for Grils, Vol. 6, No. 3

Sarah M. Mohamed, et al.

Table (3): The mean and standard deviation (SD) values of dentin permeability reduction at different time

periods of different treatment protocols for superficial and deep dentin discs:

Superficial dentin disc (D1) Deep dentin disc (D2)
Forsterite Forsterite Forsterite Forsterite
Forsterite nanoparticle nanoparticle Forsterite nanoparticle nanoparticle
Variables nanoparticle | added to an ad- | incorporated in | nanoparticle | added to an ad- | incorporated in
(P1) hesive system Glass Ionomer (P1) hesive system Glass Ionomer
P2) P3) P2) P3)
Mean SD Mean SD Mean SD Mean | SD Mean SD Mean SD
1 week (T2) | 0.084° | 0.011 | 0.104° | 0.011 | 0.074® | 0.011 | 0.134°|0.021 | 0.170° | 0.016 | 0.114°| 0.015
4 weeks (T3) | 0.200* | 0.016 | 0.136* | 0.024 | 0.130* | 0.019 | 0.230* | 0.016 | 0.188* | 0.018 | 0.140* | 0.019
p-value <0.001* 0.012% 0.005%* 0.002* 0.001* 0.007*

Superscripts with different small letters indicate statistically significance difference within the same column.

*: significant (p< 0.05)

For deep dentin discs, in Forsterite nanopar-
ticles (P1), Forsterite nanoparticles added to an
adhesive system (P2) and Forsterite nanoparticles
incorporated in Glass Ionomer (P3) a statistically
significant difference was found between 1 week
(T2) and 4 weeks (T3) where (p=0.002), (p=0.001)
and (p=0.007). A higher mean value was found in 4
weeks (T3), the lower mean value was found in 1
week as shown in table (3).

Environmental Scanning Electron Microscope
observation:

ESEM observation of both superficial and deep
etched dentin discs of all groups showed opened
and patent dentinal tubules, superficial dentin disc
showed 23%, 27.2% and 22.5% of opened dentinal
area after etching (fig:1a, fig: 2a and fig: 3a). While
deep dentin discs showed 28%,29.5% and 28.9% of
open dentinal area. (fig: 1d, fig: 2d and fig: 3d)

After 1 week, ESEM scan of superficial and
deep dentin disc showed closure of dentinal tubule
opening. Superficial dentin disc showed 12.34%
reduction in open dentinal area. While, Deep den-
tin showed 19.6% reduction in open dentinal area
in Forsterite nanoparticles [fig: 1b and le]. In

ns; non-significant (p>0.05)

Forsterite nanoparticles added to an adhesive sys-
tem, superficial dentin at one week of treatment
showed 26.22% reduction in open dentinal area (fig:
2b). Deep dentin at one week of treatment showed
27.51% reduction in open dentinal area (fig: 2e). As
for Forsterite nanoparticles incorporated into glass
ionomer, superficial dentin at one week of treatment
showed 18.5% reduction in open dentinal area (fig:
3b). Deep dentin at one week of treatment showed
24.5% reduction in open dentinal area. (fig: 3e)

After 4 weeks, superficial dentin disc showed
22.86% reduction in open dentinal area (fig: Ic).
Deep dentin disc after four weeks of treatment
showed 27.6% reduction in open dentinal area in
Forsterite nanoparticles (fig: 1f). Superficial den-
tin disc showed 27.02% reduction in open dentinal
area and deep dentin disc showed 29.33% reduc-
tion in open dentinal area in Forsterite nanoparticles
added to an adhesive system (fig: 2c and 2f). As
for Forsterite nanoparticles incorporated into glass
ionomer, superficial dentin disc showed 22.34%
reduction in open dentinal area. Deep dentin disc
showed 27.68% reduction in open dentinal area.
(fig: 3c and 3f)
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Figure (2) ESEM micrographs of superficial dentin disc of Forsterite nanoparticles group after etching (a), after 1 week of treatment
(b) and after 4 weeks of treatment (c) and deep dentin disk after etching (d), after 1 week of treatment (e) and after 4 weeks
of treatment (f) at 2000x

Figure (3) ESEM micrographs of superficial dentin disc of Forsterite nanoparticles added to an adhesive system group after etching
(a), after 1 week of treatment (b) and after 4 weeks of treatment (c) and deep dentin disk after etching(d), after 1 week of
treatment (e) and after 4 weeks of treatment (f) at 2000x
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Figure (4) ESEM micrographs of superficial dentin disc of Forsterite nanoparticles incorporated into glass ionomer group after
etching (a), after 1 week of treatment (b) and after 4 weeks of treatment (c) and deep dentin disk after etching (d), after 1
week of treatment (e) and after 4 weeks of treatment (f) at 2000x

Energy Dispersive X-ray Analysis (EDAX):

EDAX of both etched superficial and deep den-
tin discs showed peaks of calcium and phosphate
which are the main components of the tooth struc-
ture. In Forsterite nanoparticles after 1 week EDAX
of superficial and deep dentin discs showed traces
of magnesium, Oxygen and silicate corresponding
to application of Forsterite (Mg,SiO,) and after 4
weeks, EDAX of both superficial and deep dentin
discs showed elevated silica and magnesium peaks
and decreased calcium and phosphate peaks.

In Forsterite nanoparticles added to an adhesive
system, after 1 week, EDAX of both groups showed
peaks of magnesium, silica and oxygen which are
the main components of Forsterite added to the
adhesive system and after 4 weeks, both groups
showed elevated peaks of silica more pronounced
in deep dentin disc. As for Forsterite nanoparticles
incorporated into glass ionomer, EDAX of both
groups showed peaks of aluminum and sodium
from glass ionomer and peaks of oxygen and silica

from Forsterite incorporated into the glass ionomer.
While after 4 weeks, the two groups showed elevat-
ed peaks of silica.

DISCUSSION

The dentin flow movement toward the pulp or
flow in the opposite direction when a stimulus is
exerted to dentin causes mechanical stimulation of
the nerve fibers inside the tubule or at the interface
of pulp and dentin, transmitted as an excruciating
sensation 9. The Hagen- Poiseuille equation states
the proportionality between dentin hypersensitivity
and both the forth power of tubular radius and to the
pressure differences at tubule ends . Thus, nar-
rowing of dentinal tubules or blocking them could
effectively reduce dentin hypersensitivity by de-
creasing dentin permeability 1%

A study was conducted to investigate the rela-
tionship between dentin permeability and dentin
depth and proved that as dentin depth increase per-
meability increases. Tubule diameter and number
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increase towards the pulp chamber which explains
this relationship. Hence, in this study two different
dentin depths; superficial and deep dentin were in-
cluded .

Bioactive glasses are biocompatible materials
traditionally used for osteogenesis but recently be-
cause of their resemblance with bone and dentin,
they are used in the field of dentistry “®?. They in-
duce precipitation of calcium phosphate complexes
and in appropriate particle size BGs has the potential
to occlude dentinal tubules @'2?_as well as promot-
ing dentine remineralization *-*®. Extensive re-
search on using bioactive glasses in the treatment of
dentin hypersensitivity was carried out ?7>%,

In the current study Forsterite (Mg,SiO,) was
used, an important material in the magnesia—silica
system which showed significantly improved prop-
erties compared with hydroxyapatite ceramics ©V.
Similar to bioactive glass, Forsterite contains essen-
tial ions that are released leading to precipitation of
hydroxi-carbonate apatite layer ©2,

According to a previous research on simulated
body fluids and synthetic saliva, some silica com-
pounds could induce apatite formation®. Silica
nanoparticles promoted infiltration and remineral-
ization of dentin ®¥. The diminished molecular size
and huge surface to volume area exhibited by nano-
sized silica particles improved its solubility due
to increased area exposed to dissolution ?®. When
compared with micron-sized particles nanosized sil-
ica posses improved remineralization potential and
ability to be impeded within the dentinal tubules ©%.
Therefore, in the current study Forsterite nanopow-
der with particle size ~ 30 nm was used.

Moreover, Forsterite nanopowder is bioactive
and possesses apatite-forming ability. Because the
lumen of the dentinal tubules is a calcium-rich
environment, there is a strong possibility that HA
particles could be deposited inside the tubules ¢23%,
This would result in re-mineralization process that
promotes a strong and permanent adhesion between
the biomaterial and the tooth ¢,
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Similarly, resin infiltration was suggested to oc-
clude the dentinal tubules, since then, the use of
polymer resins to seal dentinal tubules is gaining
recognition ¥, It was also postulated that poly-
meric resin suspensions block the dentinal tubules
by coagulation of dentine fluid proteins within the
tubules thereby counteracting the hydrodynamic
mechanism of dentin hypersensitivity ¢”. Adhesive
systems containing HEMA as a hydrophilic primer
are common in many modern dentin bonding sys-
tems and allow an efficient dentin bonding, they are
indicated for treating dentin sensitivity . A previ-
ous study revealed reduction in dentin permeabil-
ity using dental adhesive with a range of 16% to
98% 49, Based on this fact, in this study, Forsterite
nano-powder was added to an adhesive system to
study their combined effect on dentin permeability.

Restorative techniques such as glass ionomer
are used when esthetic and functional re-establish-
ment of lesions is required besides control of hy-
persensitivity ¥, as permeability reduction ranging
from 73.8% to 93.1% was reported for glass iono-
mer. Chemical bonding is considered a significant
factor in the sealing ability of glass ionomer ma-
terials ®’compared to an established single-bottle
nanofilled total etch resin adhesive indicated for
root desensitization. Methods: Dentin permeability
was measured on human crown sections on etched
dentin, presenting a model for the exposed tubules
typical of root sensitivity, and permitting measure-
ment of the maximum permeability. In the first two
groups, the etched dentin was coated with either the
RMGI or adhesive, and permeability measured on
the coated dentin. In a third group, a smear layer
was created on the dentin with sandpaper, then the
specimens were coated with the RMGI; permeabil-
ity was measured on the smeared and coated den-
tin. Specimens from each group were sectioned and
examined via scanning electron microscopy (SEM.
Hence, to study the combined effect of glass iono-
mer and Forsterite on dentin permeability, Forsterite
nanopowder was incorporated into the glass iono-
mer powder by 3 wt% ¢4,
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The evaluation of apatite and /or mineral com-
plex depositions in scaffolds, when immersed in
simulated body fluids, is a commonly accepted
method to establish the bioactivity of a constituent
to remineralization®?. Ringer’s solution was used
based on previous studies 419,

In-vitro studies on dentin hypersensitivity em-
brace the use of dentin discs to study dentinal mor-
phology and its interaction with different materials.
To study dentin hypersensitivity various methods
have been used, utilizing devices to measure den-
tin permeability or SEM analysis to elaborate den-
tin reactivity with desensitizing agents “¥. Studies
comparing desensitizing agents in-vitro have evalu-
ated dentine permeability by measuring fluid move-
ment using a fluid filtration system for hydraulic
conductance measurement - #47 Tt analyses the
ability of potential desensitizing agents to reduce
fluid flow due to tubule occlusion. Standardization
of the uncovered dentin area for dentin permeability
assessment was accomplished by using O-rings “®.
Thereby, the same area of the same specimen was
evaluated each time to ensure reproducibility of the
measurements.

The removal of the smear layer was important
for imitation of the hypersensitive dentin with pat-
ent dentin tubules. It was reported that 86% of the
total resistance to the movement of fluids was due to
the smear layer ®compared to an established single-
bottle nanofilled total etch resin adhesive indicated
for root desensitization. Methods: Dentin perme-
ability was measured on human crown sections on
etched dentin, presenting a model for the exposed
tubules typical of root sensitivity, and permitting
measurement of the maximum permeability. In the
first two groups, the etched dentin was coated with
either the RMGI or adhesive, and permeability mea-
sured on the coated dentin. In a third group, a smear
layer was created on the dentin with sandpaper, then
the specimens were coated with the RMGI; permea-
bility was measured on the smeared and coated den-
tin. Specimens from each group were sectioned and
examined via scanning electron microscopy (SEM.
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Thus dentin discs were etched on both sides to re-
move the smear layer to eliminate any interference
in the results permeability reduction 1.

For both superficial and deep dentin discs after 1
week, Forsterite nanoparticles added to an adhesive
system had the highest mean value in comparison
to Forsterite nanoparticles and Forsterite nanopar-
ticles incorporated in glass ionomer. This could be
explained by the blockage of the tubules instantly
with the application of the adhesive material that
has the ability to plug the open dentinal tubules as
application of Self Etch adhesives topically effec-
tively reduced dentin permeability by sealing the
dentin surface with an acid-resistant hybrid layer
and by occluding the tubule orifices with resin tags
as reported by some studies “® ), This finding was
in accordance with several previous studies ¢ 13-4%
and in contradiction with studies that used differ-
ent methodology for surface treatment of the dentin
discs by creating a smear layer with a 600 grit sili-
con carbide paper and applied a drop of 10% NaOCl
for 60 seconds before application of treatment ma-
terials which might have affected the patency of the
tubules ©V.

After 4 weeks, Forsterite nanoparticles had the
highest mean value in comparison to Forsterite
nanoparticles added to an adhesive system and
Forsterite nanoparticles incorporated in glass iono-
mer. This is mostly due to the ability of Forsterite
nanoparticles to form mineral deposits that blocked
the dentinal tubules when stored in the ringer’s
solution for four weeks. This was previously pro-
posed by a study by Kharaziha and Fathi, 2009 ¢2,
that Forsterite nanopowder has an apatite forming
ability when immersed in a simulated body fluid.
Magnesium ions in the powder first exchange with
H* in the solution forming silanol (Si-OH") in the
surface layer, a PH increase and finally the produc-
tion of a surface with the functional group with a
negative charge (Si-OH"). The calcium ions in the
simulated body fluid is drawn to the boundary be-
tween the powder and the solution initially that
results in calcium accumulating in the silica-rich



The Effect of Application of Forsterite Nanoparticles in Different Protocols on Permeability

layer and decrease of phosphorus concentration in
the solution. Presence of enough calcium and phos-
phorus on the Forsterite nanopowder causes forma-
tion of calcium-phosphate layer on the surface of
the nanopowder.

For both superficial and deep dentin discs after 1
week and after 4 weeks, glass ionomer had the low-
est mean values, though it was expected that glass
ionomer would exhibit better permeability reduc-
tion as glass ionomer forms chemical bonds with
dentin via ionic and polar bonds and release and ex-
change of fluoride is facilitated by close molecular
contact®®. This may be explained by the fact that
acid etching of dentin discs removed calcium ions
which are essential for bonding glass ionomer with
dentin surface, so this might have decreased its abil-
ity to bond to tooth structure and seal the dentinal
tubules.

For Forsterite nanoparticles and Forsterite
nanoparticles incorporated into glass ionomer, a sta-
tistically significant difference was found between
superficial dentin disc and deep dentin discs after
1 week and 4 weeks, where higher mean value was
found in superficial dentin. For Forsterite nanopar-
ticles added to an adhesive system after 1 week, su-
perficial dentin exhibited statistically significantly

higher mean values than deep dentin.

This could be attributed to the fact that deep den-
tin has dentinal tubules that are more in number per
unit area and wider in diameter. This makes deep
dentin more permeable ©¥. The number of dentinal
tubules is enhanced in a corono-apical direction per
unit area due to the divergence of tubules as they
approach the pulp.

As for Forsterite nanoparticles added to an adhe-
sive system after 4 weeks, no statistically significant
difference was found between superficial and deep
dentin discs, this might be due to the blocking effect
of the Forsterite nanoparticles added to the adhesive
system on both discs and it is confirmed by the SEM
micrographs
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For both superficial and deep dentin discs, a sta-
tistically significant difference was found between
all tested groups after 1 week and 4 weeks of treat-
ment. The highest mean value was recorded after
4 weeks in comparison to 1 week time interval. As
for the Forsterite nanoparticles group, this might be
attributed to the fact that after one week, there was
not enough time for the Forsterite to show any signs
of remineralization and block the dentinal tubules.
It was reported that the enhancement of the soaking
time from 7 to 14 and 21 days enhances the conden-
sation of the nuclei of apatite joining each other to
form a layer of the hydroxyapatite over the whole
surface ®.

Also for Forsterite nanoparticles incorporated in
Glass Ionomer, the results could be explained by the
fact that the Forsterite nanoparticles incorporated in
Glass Ionomer had little effect after one week of
the treatment but after four weeks mineral deposits
were formed that blocked the dentinal tubules and
decreased permeability. Sayeddan et al 2013®, also
stated that the rate of nucleation of apatite on the
surface of Forsterite —glass ionomer nanocomposite
was enhanced.

Two representative discs of each treatment
group were scanned with ESEM. Observations for
all etched dentin discs both superficial and deep
showed dentinal tubules open and patent. There was
an opened dentinal area of 23%, 27.2% and 22.5%
for superficial dentin discs in Forsterite nanoparti-
cles, Forsterite nanoparticles added to an adhesive
system and Forsterite nanoparticles incorporated
into glass ionomer, respectively and an open den-
tinal area of 28%, 29.5% and 28.9% in deep dentin
discs.

After 1 week of treatment, the discs treated
with Forsterite nanoparticles, superficial and deep
showed partial closure of dentinal tubule open-
ings with white deposits with 10.66% opened den-
tinal tubules area and 12.34% reduction in dentinal
tubule area for superficial disc and 8.4% of open
dentinal area and 19.6% reduction in open dentinal
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area for deep dentin disc. After 4 weeks, superficial
and deep dentin disc showed almost complete clo-
sure of dentinal tubule openings with deposits with
0.14% of open dentinal area and 22.86% reduction
in open dentinal area for superficial disc and % 0.4
of open dentinal area and 27.6% reduction in open
dentinal area for deep dentin disc.

After 1 week, discs treated with Forsterite
nanoparticles with an adhesive system, superficial
dentin disc showed partial closure of some den-
tinal tubule openings and closure of other den-
tinal tubule openings with 0.98% of open dentinal
area and 26.22% reduction in open dentinal area.
While, deep dentin disc showed almost complete
closure of dentinal tubule openings with 1.99% of
open dentinal area and 27.51% reduction in open
dentinal area. After 4 weeks, superficial and deep
dentin discs showed completely closed dentinal tu-
bule openings with 0.18% of open dentinal area and
27.02% reduction in open dentinal area for super-
ficial dentin disc and with 0.17% of open dentinal
area and 29.33% reduction in open dentinal area for
deep dentin disc.

After 1 week, discs treated with Forsterite
nanoparticles incorporated in glass ionomer, super-
ficial and deep dentin discs showed partial closure
of dentinal tubule openings with white deposits
with 4% of open dentinal area and 18.5% reduction
in open dentinal area for superficial dentin disc and
45% of open dentinal area and 24.5% reduction
in open dentinal area for deep dentin disc. After 4
weeks, superficial and deep dentin disc showed ar-
eas with almost completely closed dentinal tubules
with deposits and other areas with partially closed
dentinal tubules with no deposits with 0.16% of
open dentinal area and 22.34% reduction in open
dentinal area for superficial dentin disc and % 1.22
of open dentinal area and 27.68% reduction in open
dentinal area for deep dentin disc.

ESEM findings of this study support the results
of the permeability showing a greater opened den-
tinal area in deep dentin discs than superficial dentin
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discs and decrease in open dentinal area with time.
The micrographs also showed that Forsterite added
to adhesive system exhibited the highest percentage
of closure of the opened dentinal tubules in both su-
perficial and deep dentin discs after 1 week which
supports the dentin permeability results.

On the other hand, After 4 weeks, Forsterite
added to adhesive system showed the highest re-
duction in percentage of opened dentinal tubules
area in superficial and deep dentin discs which is in
contradiction with the dentin permeability results.
This could be due to the fact that ESEM only shows
the surface of the dentine disc which was proper-
ly sealed with the adhesive, but it could not show
whether the Forsterite nanoparticles penetrated the
dentinal tubules or not by forming minerals within
the tubules which might result in the blockage

In all the treatment groups, EDAX analysis
showed gradual decrease in calcium and phosphate
after one week then after four weeks and gradual in-
crease in silica. This might be due to complete cov-
erage of the tooth surface with the materials which
concealed the calcium and phosphate of the tooth
itself. The increase in silica could be due to the for-
mation of a silica rich layer on the surface of the
material in the process of apatite formation ©.

The decrease in calcium may also be due to the
formation of a calcium deficient hydroxyl-apatite
layer as reported by Ma et al, 2017 ™® who found
that the Ca/P ratio in the experimental groups was
lower than that of the control group and considered
that the calcium and phosphate precipitates induced
by the bioactive glass used in the study, combined
with dentin surface well.

CONCLUSION

Within the limitations of the present study, the
following conclusions could be drawn:

1. The use of Forsterite nanoparticles in different
protocols is effective in reducing dentin perme-
ability in superficial and deep dentin, though
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the addition of Forsterite nanoparticles to glass
ionomer was the least effective.

Superior reduction of dentin permeability could
be achieved after one week of using Forsterite
nanoparticles added to the adhesive system and
four weeks after using Forsterite nanoparticles
alone.
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