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ABSTRACT

AIM : The aim of this study is to evaluate the fluoride releasing properties and
compressive strength of Biodentine modified with 7 wt% sodium fluorosilicate and
with 10 w/v % of 20 % hydrofluoric acid using Spadns spectrophotometer &Instron

Universal Testing machine respectively.

MATERIALS AND METHODS: The study comprised of a total of 80 samples
divided into 4 groups of 20 samples in each group. Out of the 20 samples ,10 samples
were allocated for fluoride analysis and 10 samples were destined for compressive
strength analysis. Group A -Biodentine powder only modified with
Twt% Nay[SiFg],Group B -Biodentine liquid only modified with 10 w/v % of 20%
HF ,Group C - Biodentine powder modified with 7wt% Na,[SiFs] & Biodentine liquid
modified with 10 w/v % of 20% HF ,Group D - Glass lonomer cement type Il
(positive control). Fluoride release was assessed at 24 hr ,3 day,7" day and
cumulatively thereafter on 2" 3"& 4™ weeks. The 24 hr compressive strength was

assessed by Instron Universal Testing machine.

RESULTS: At 24 hour, the fluoride release of Group A was higher than Group D
which was statistically significant..On 3" day Group C showed higher fluoride release
than Group D which was not statistically significant.On,7" 14"™& 21 days the Group
C showed higher fluoride release than Group D .On 28" day Group A had higher
fluoride release followed by Group C & Group D which was not statistically
significant. The 24 hr compressive strength found to be highest for Group Dfollowed

by Group B ,Group A and the least compressive strength was for Group C .

CONCLUSION: The powder only modified Biodentine showed appreciable fluoride
release without much compromise in the compressive strength.Hence the powder only
modified Biodentine can be used as dentin substitute in posterior restorations tapping

the fluoride release properties successfully.

KEY WORDS : Biodentine., dentin substitute, fluoriderelease, sodium fluorosilicate
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Introduction

INTRODUCTION

The dental pulp is the neurovascular bundle contained within the pulp space
that performs protective, formative, nutritive and sensory functions. But the prime
function of the dental pulp is formation of dentine. The loss of dentin is inevitable in
cavitated carious lesions. The dentin that is deposited in response to dental caries is
called tertiary dentine secreted by differentiation of undifferentiated mesenchymal
stem cells of the pulp. Vital pulp therapy procedures aim to achieve this regeneration

of dentin by stimulating the undifferentiated stem cells.
An ideal dentin substitute should have good biocompatibility, long-term

impermeability, antibacterial properties, ability to induce hard tissue regeneration,
good stability, low solubility, non-absorbability, and ease of handling.*Many materials
have been developed over the years for the replacement of dentin. Calcium hydroxide
has been used widely and is one of the earliest introduced cements in the form of
dentin substitutes.**For replacement of dentin in the coronal region, such as in case of

deep carious lesions, materials such as glass ionomer cement were developed.**

It makes for an ideal dentin substitute as its physical properties such as coefficient of
thermal expansion, dimensional changes, conductivity, opacity and hardness are very
close to that of dentin and also its hydrophilicity helps it to bond and adapt well to the
dentin surfaces it protects and covers. However it has its own limitation of inability to
induce reparative dentin formation.®MTA (Mineral trioxide aggregate) another
remineralizing dentin substitute with its limitations being difficulty in manipulation,
longer setting time, and cost factor. Recently, bioceramics a group of biocompatible
ceramic materials were introduced which have the ability to either function as human

tissues or to encourage the regeneration of natural tissues.
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Biodentine, a tricalcium silicate based dental material was introduced by
Septodont in the year 2010. The product was synthesized de novo and was free from
the impurities present in the derivatives of portland cement like MTA.Biodentine
allows a dentist to achieve biomimetic mineralisation within the depths of a carious
cavity.*'Biodentine known as “dentine in a capsule”possesses excellent handling™®
properties & better compressive strength. In vitro and short term clinical studies have
established the superiority of Biodentine over MTA Biodentine had a similar efficacy
in the clinical setting and may be considered an interesting alternative to MTA in
pulp-capping treatment during vital pulp therapy.Dentin bridges with the highest
average and maximum volumes were formed after the use of Biodentine followed by
the use of MTA, Ca(OH),,. It can be used as dentine substitute [base] for posterior

restorations.®’

Although the properties such as compressive strength, flexural
strength,modulus of elasticity, and micro hardness of Biodentine are comparable to
glass ionomer which has been well established dentin substitute , the only property
that biodentine lack is the fluoride release which is the desirable property of a dental

restorative material.

Fluoride has anti cariogenic properties and improves the resistance of the enamel
and dentine to acid mediated decalcification. Fluorides can be incorporated into dental
materials in order to improve the anticariogenic and properties of the restorative
material. Stannous fluoride and Hydrofluoric acid are two acidic fluorides which have

the ability to improve the resistance of the dental hard tissues.
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The various methods for incorporation of fluoride are 1) simple mixture of
water soluble agents 2) dispersion of sparingly water soluble agents 3) use of matrix

bound agents.

Hence in our study, we have tried an innovative approach of incorporating
sodium fluorosilicate in powder component & HF in liquid component of Biodentine.
There is no study in the literature published so far to study the fluoride incorporation

and fluoride releasing properties of Biodentine modified with fluoride.

In our study, we have incorporated 10 w/v % of 20 % concentration of HF to the
liquid component of Biodentine and 7wt % sodium fluorosilicate to powder
component and fluoride release in distilled water was assessed periodically, at 24

hrs,3™ 7" day and at weekly intervals upto 28 days..

The various methods available for fluoride estimation are 1) Titrimetry where
fluoride ions are allowed to react with the titrant and then the solution is treated with
an indicator dye, such as Alizarin Red S or SPADNS, 2) Direct potentiometric
analysis using fluoride ion selective electrodes 3) Spectrophotometric method

We chose spectrophotometric method , a compound of a metal such as
aluminium, iron, thorium, zirconium, lanthanum or cerium reacts with an indicator
dye to form a complex of low dissociation constant. This complex reacts with fluoride
to give a new complex (Jacobson et al. 1977). Due to the change in the structure of the
complex, the absorption spectrum also shifts relative to the spectrum for the fluoride-
free reagent solutions. This change can be detected by using a spectrophotometer.
In the SPADNS method, zirconium reacts with SPADNS to form a red coloured

complex. Fluoride bleaches the red colour of the complex and hence the change in
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absorbance can be measured using a spectrophotometer.This method can detect the

fluoride with accuracy of 0.1 ppm.

The 24 hr compressive strength of samples were tested using universal testing
machine (Instron Corp Canton MA) at a cross head speed of 0.5 mm/min until the
sample gets fractured & the compressive strength values were obtained in MPa.

So far, there is no study reported in the literature that has employed
experimental modification of Biodentine with fluoride to assess its fluoride releasing
properties. We have used one of the most versatile and biocompatible calcium
trisilicate material in our study to infer the possibility of making Biodentine a holistic
pulp capping material by incorporating fluoride and to confer anticariogenic property
to this pulp capping and ideal dentine replacement material to prevent secondary

caries which is one of the most commonest causes of restoration failure. 228!

Hence the purpose of this study is to evaluate fluoride release and compressive
strength of modified Biodentine using spadns spectrophotometer & Instron universal

testing machine respectively.
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AIMS & OBJECTIVES

AlIM :

The aim of this study is to evaluate the fluoride releasing properties and
compressive strength of Biodentine modified with  sodium fluorosilicate and
hydrofluoric acid using Spadns spectrophotometer & Instron Universal Testing

machine respectively.
OBJECTIVES :

1) To incorporate sparingly water soluble sodium fluorosilicate 7wt% Na,[SiFs]
into the powder component of Biodentine and to assess & quantify the fluoride
release of thus modified Biodentine in distilled water using spadns spectrophotometer
at 24 hrs, 3" day, 7" day and at weekly intervals upto 28 days.

2) To admix 20% concentration of hydrofluoric acid (HF) to the liquid
component of Biodentine in 10w/v % and to assess & quantify fluoride release in
distilled water at 24 hrs, 3 day ,7" day and at weekly intervals upto 28 days.

3) To modify both powder and liquid components simultaneously with 7wt%
sodium fluorosilicate & 10w/v % of 20% HF respectively and to assess & quantify
fluoride release in distilled water at 24 hrs, 3" day, 7" day and at weekly intervals

upto 28 days.

4) To evaluate the compressive strength of thus modified Biodentine at 24 hours.
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REVIEW OF LITERATURE

BIODENTINE:

Laurent et al (2008)*! tested a new tricalcium silicate (CasSiOs) - based
material to evaluate its genotoxicity, cytoxicity and effects on the target cells specific
function. The study concluded that the Biodentine material is biocompatible. The
material was not found to affect the specific functions of the target cells and thus

could safely be used.

Pradelle-Plasse N et al (2009)*°conducted a study to evaluate the bioactivity
of Biodentine and described the bioactivity of this material, demonstrating the

formation of apatite when immersed in phosphate solution

About et al (2010)" investigated Biodentine activity by studying the effects
on pulp progenitor cells activation, differentiation and dentine regeneration in the
human teeth cultures. The study concluded that biodentine is stimulating dentine

regeneration by inducing odontoblast differentiation from pulp progenitor cells.

Gandolfi MG et al (2011)*tested thehypothesis that material extracts
ofcalcium-releasing calcium-silicate cements support biomimetic microenvironment
for survival and differentiation of human orofacial bone mesenchymal stem cells
(OFMSCs).Study results revealed that, extracts of calcium silicate cements sustained
OFMSC survival, maintained steady state levels of vascular cell adhesion molecule-1,
alkaline phosphatase, and bone sialoprotein while up regulating their respective gene
transcripts. Thusit was concluded that, ion-releasing calcium silicate cements support

a biomimetic microenvironment conducive to survival and differentiation of MSCs
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and a combination of OFMSCs and calcium-silicate cement can potentially promote

tissue regeneration in periapical bone defects

Han L and Okiji T (2011)* compared Biodentine and White Pro Root
mineral trioxide aggregate (MTA) with regard to Calcium and Si uptake by adjacent
root canal dentine in the presence of phosphate-buffered saline (PBS) &showed that
along the material dentine interface, both materials formed a tag-like structure that
was composed of either Ca- and P-rich crystalline deposits or the material itself. The
Calcium and Si-rich layer width was significantly larger in Biodentine than MTA at
30 and 90 days and concluded that both Biodentine and MTA caused the uptake of Ca
and Si in the adjacent root canal dentine in the presence of PBS. The dentine element

uptake was more prominent for Biodentine than MTA

PengW et al (2011)*conducted an in vitro study to investigate the effects of
tricalcium silicate (CasSiOs) on proliferation and odontogenic differentiation of
human dental pulp cells (hDPCs). The MTT assay showed that hDPCs cultured with
Ca3SiOs extract proliferated more significantly as compared with Ca(OH)2 extract.
Analysis of odontogenic marker genes indicated that CasSiOs enhanced the expression

of those genes

Atmeh AR et al (2012)°The interfacial properties of dentin-Biodentine
interface were studied under microscope and tag-like microstructures were detected.
They stated that flowable consistency of Biodentine penetrates dentinal tubules and

help in the mechanical properties of the interface.
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Laurent et al (2012)°*Biodentine was applied directly onto the dental pulp in
a human tooth culture model, resulting in a significant increase of TGF-B1 secretion
from pulp cells and thus inducing an early form of dental pulp mineralization shortly

after its application.

FirlaM (2012)*°due to high alkaline pH Biodentine has inhibitory effect on the
micro organisms. In addition, the alkaline change leads to the disinfection of

surrounding hard and soft tissues.

Raskin A et al ( 2012)**in an invitro study evaluated the microleakage of
Biodentine as a dentin substitute compared to Fuji Il LC in cervical lining restorations.
The study results concluded Biodentine as dentin substitute in cervical lining
restorations or as a restorative material in proximal cavities when the cervical extent is

under the CEJ.it seems to perform well without any conditioning treatment.

Tran et al (2012)"" compared Biodentine to MTA and calcium hydroxide in
terms of reparative dentine bridge formation by directly applying the materials to
mechanically exposed rat pulps , they noted that the structure induced by Ca(OH),
contained several cell inclusions, also called tunnel defects. These defective regions
were regarded as undesirable areas facilitating the migration of the microorganisms
towards the pulp and predisposing the tooth to an endodontic infection. On the
contrary, the dentine bridge formation induced by Biodentine showed a pattern well-
localized at the injury site unlike that caused by calcium hydroxide that exhibited an
expanding structure in the pulp chamber. The quality of the formed dentine was also
much more favourable compared to calcium hydroxide and an orthodentin

organization was noted in which dentine tubules could be clearly visualized.
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Moreover, cells secreting the structure well exhibited DSP expression as well as

osteopontin expression, which are critical regulators of reparative dentine formation.

Zanini et al (2012)®* also evaluated the biological effect of Biodentine on
immortalized murine pulp cells(OD-21) by analysing the expression of several
biomolecular markers after culturing OD-21 cells with or without Biodentine. Their
results, consistent with other studies, were in favour of Biodentine, which was found
to be bioactive due to its ability to increase OD-21 cell proliferation and

biomineralization.

Camilleri J ( 2013 )*investigated the bioactivity of Biodentine ,MTA and a
new tricalcium silicate cement . The study revealed that all three cements allowed the
deposition of hydroxyapatite on the surface. This shows that all three materials

arebioactive.

Han L &OKkiji T (2013)*compared white Pro Root TA(WMTA),Endo
Sequence BC sealer (BC sealer) and Biodentine, with regard to their ability to produce
apatites and cause Ca- and Si incorporation in adjacent human rootcanaldentine after
immersion inphosphate-buffered saline (PBS). All materials produced surface
precipitates of a circular or lath-like morphology with Ca/P ratio of 1.6-2.0.Within
dentinal tubules, the three materials formed tag-like structures that were frequently
composed of Ca- and P-rich and Si-poor materials, suggesting
intratubularprecipitation.Ca- and Si-incorporation depths were highest with
Biodentine The concentration of released Ca was also found to be highest with

Biodentine.
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Nowicka et al (2013)*® did a study on the response of human dental pulp
capped with Biodentine and MTA and reported that the majority of specimens showed
complete dentinal bridge formation and absence of inflammatory pulpal response.
Layers of well arranged odontoblast and odontoblast —like cells were formed to
tubular dentine under the osteodentin. Therefore he concluded that within the
limitations of his study Biodentine had a good efficacy in the clinical setting and may
be considered as an interesting alternative to MTA in pulp capping treatment during

vital therapy.

Sanghavi T et al (2013)®*The ability of mineral trioxide aggregate (MTA),
Biodentine and Calcium phosphate cement to seal large furcation perforations were
evaluated using a dye-extraction leakage method orthograde direction and dye
extraction was performed using fullconcentration nitric acid. Dyeabsorbance was
measured at 550 nm using spectrophotometer. Results showed that Pro Root MTA
showed the least dye absorbance. Calciumphosphate showed the highest dye

absorbance and Biodentin came at intermediate level then other groups

Zhou et al (2013)* performed a study , where Biodentine was compared with
white MTA(ProRoot) and glass ionomer cement (FujilX) using human fibroblasts,
both white MTA and Biodentine were found to be less toxic compared to glass
ionomer during the 1-and 7-day observation period. The authors commented that
despite the uneven and crystalline surface topography of both Biodentine and MTA
compared to the smooth surface texture of the glass ionomer, cell adhesion and growth
were determined to be more favourable in the aforementioned materials compared to

glass ionomer.
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Butt et al (2014)"® compared the mechanical and physical properties of MTA
and Biodentine. According to this study the compressive strength of MTA in 24 hours
was 41 MPa and after 28 days 76.8 MPa in comparison with Biodentine which
demonstrated higher values of 170 MPa at 24 hrs and 304 MPa at 28 days
respectively. The sealing ability of MTA at 4 and 24 hours was lesser than Biodentine
but improved with time. The better handling properties of Biodentine makes it more

convenient for clinical applications.

Camilleri et al (2014)*"compared the hydration capabilities of Theracal LC, a
light curable calcium trisilicate material, Biodentine and a prototype tri calcium
silicate cement. Theracal LC exhibited incomplete hydration and had a heterogeneous
structure because of inadequate moisture to allow hydration to proceed. The
composition of Biodentine was optimized, and the environmental conditions did not
affect material microstructure. Biodentine exhibited formation of calcium hydroxide

and calcium ion leaching, which are beneficial to the dental pulp.

De Rossi & Silva (2014)*This study evaluated the pulpal and periapical
responses of dogs' teeth after pulpotomy and pulp capping with a tricalcium silicate—
based cement(Biodentine) when compared with mineral trioxide aggregate (MTA) by
radiographic, histopathologic, and histomicrobiological analyses. They concluded that
Biodentine presented tissue compatibility and allowed for mineralized tissue bridge
formation after pulpotomy in all specimens withsimilar morphology and integrity to

those formed with use of MTA.

Elnaghy AM (2014)* conducted the study to determine the influence of acidic

environment on the properties of Biodentine and white Mineral TrioxideAggregate
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(WMTA) . This study evaluated the microhardness, compressive strength, bond
strength and morphologic microstructures of Biodentine and WMTA after exposure to
a range of acidic pH levels Biodentine showed higher surface hardness , compressive
strength andbond strength to root dentin compared with WMTA after exposure
todifferent pH values . A substantial change in the microstructure of Biodentine and
WMTA occurred afterexposure to different pH values WMTA appeared to be more
sensitiveto acidic pH environment than Biodentine .Hence Biodentine seems to be

more appropriate for use when exposed to acidic environment compared with WMTA.

Hashem et al (2015)*? performed a randomised controlled study comparing
Biodentine and Glass lonomer Cement (Fuji IX) as indirect pulp capping agents. The
patients were followed up for a period of 12 months using baseline intra oral
radiographs and CBCT with 12 months post operative intra oral radiographs and
CBCT for comparison & concluded Biodentine showed better post operative healing
in patients with reversible pulpitis than GIC when assessed clinically, radiographically

and using CBCT.

Koruyucu M et al (2015)* evaluated the antibacterial properties of MTA,
Biodentine and Dycal used as pulp capping materials and found that freshly mixed

MTA had the best antibacterial property over time than the other two tested materials.

Simsek et al (2015)% compared the biocompatibility of MTA, Bioaggregate
(BA) and Biodentine by implanting them in the sub cutaneous tissue of rats. The
infiltration of lymphocytes and macrophages in the tissue was assessed histologically
and it was found that MTA and BA exhibited more inflammatory reaction than

Biodentine and inflammation declined more quickly in the case of Biodentine.

12



Review of literature

Kim et al (2016)* compared the reparative dentin formation of Proroot MTA,
Biodentine and  Bioaggregate using  microcomputed  tomography and
immunohistochemistry. MicroCT showed that Proroot MTA and Biodentine formed
thicker hard tissue barrier formation. Immunohistochemistry revealed that ProRoot
MTA showed complete dentin bridge formation with normal pulpal histology. In the
Biodentine and BioAggregate groups, a thick, homogeneous hard tissue barrier was
observed. The ProRoot MTA specimens showed strong immunopositive reaction for
DSP. The authors concluded by stating that calcium silicate-based pulp-capping
materials induce favourable effects on reparative processes during vital pulp therapy
and that both Biodentine and Bio Aggregate could be considered as alternatives to Pro

Root MTA.

COMPRESSIVE STRENGTH:

Grech et al (2013)*stated that Biodentine exhibited high washout, low fluid
uptake and sorption values, low setting time and superior mechanical properties when
compared to bioaggregate, conventional radiopacified tricalcium silicate &
intermediate restorative material .The authorsattributed this result to the enhanced
strength due to the low water/cement ratio used in Biodentine. They further stated
that this mode of the material is permissible as a water solublepolymer is added to the

mixing liquid

Kayahan et al (2013)*" evaluated the compressive strength from another
perspective and drew conclusions specifically pertaining to clinical usage.
Considering that acid etching is one of the steps following the application of

Biodentine for the provision of mechanical adhesion, the authors aimed to assess
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whether any alterations exist in terms of compressive strength following the etching
procedure. They concluded that acid etching procedures after 7 days did not reduce

the compressive strength of ProRoot MTA and Biodentine.

Koubi et al( 2013)*Compared Biodentine to the composite Z100®, to
evaluate whether and for how long it could be used as a posterior restoration
according to selected United States Public Health Service (USPHS)' criteria.
Secondly, when abrasion occurred, Biodentine was evaluated as a dentine substitute
combined with Z100®.He concluded that Biodentine can be used as a dentine
substitute under a composite for posterior restorations& also to restore posterior teeth

for up to 6 months

FLUORIDE — ANTIBACTERIAL ACTION

Yaman et al (2004)%*stated that fluoride-releasing restorative materials present
the ability to inhibit enamel and dentin demineralization produced by acidic gels or
demineralizing buffer solutions. This ability depends on the amount of fluoride ions

released from the materials.

Subramani K & Ahmed W (2012)"*The antibacterial action of fluoride is due to the
acidification of the bacterial cytoplasm through the formation of H" and F ions from
hydrogen fluoride and the disruption of thebacterial metabolism by inhibition of vital

bacterial enzymes such as proton releasing adenosine triphosphatase and enolase..
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SODIUM FLUOROSILICATE

Chow and Takagi (1991)*® compared the fluoride depositing ability of two
fluoride mouth rinses namely 228 ppm sodium fluoride and a two step rinse solution
consisting of solution A (a soluble calcium salt and a buffer) and solution B (sodium
fluorosilicate a complex fluoride salt). It was found that the amount of fluoride
deposited with the two step solution was 19 times greater than sodium fluoride with
the same fluoride content. Na;SiFs on hydrolysis produced free fluoride caused the
deposition of calcium fluoride. The authors concluded by saying that the two step

solution could be more efficacious than sodium fluoride.

Eidelman and Chow (1991)** assessed the effects of pH and calcium on
hydrolysis of Na,SiF ¢and Na,SnFe. Under high concentrations of hydrogen ion (H+)
and Ca2+, the promoting effect of Ca2+ on the hydrolysis of Na,SiF ¢ was stronger
than the inhibition effect of H+. However, the inhibition effect of H+ on the
hydrolysis of Na,SnFewas stronger than the promoting effect of Ca2+. Na,SiF  and
Na,SnFg were found to have hydrolysis properties that may make them suitable for
use with an acidic calcium phosphate solution in a topical fluoride treatment which

forms dicalcium phosphate dihydrate as an intermediate.

Takagi et al (1992)"? assessed the amounts of loosely bound fluoride (F)
deposited on human enamel with either acidulated phosphate fluoride (APF) or a
monocalcium phosphate monohydrate and sodium hexafluorosilicate (MCPM-SHFS)-
containing gel. The results showed that the MCPM-SHFS treatments produced

significantly more loosely bound F than did the APF treatments. The MCPM-SHFS

15



Review of literature

gel had the same F content as APF has the potential to be more efficacious than APF

because it deposits greater amounts of both loosely bound and firmly bound F.

Vogel et al (1992)" assessed the in vivo fluoride concentrations measured for
two hours after NaF or and a two solution mouth rinse comprising of solution A
containing calcium chloride and sodium acetate and solution B containing a
hydrolyzable source of fluoride (sodium hexafluorosilicate) and sodium phosphate.
Results showed that, compared with NaF, the two-solution rinse produced
significantly higher salivary fluoride concentrations and that the new rinse may

provide a greater cariostatic effect at the same fluoride dosage than does a NaF rinse.

Appelbaum KS et al (2012)%conducted a study to determine the most
appropriate amount of SF to add to Portland cement(PC )to decrease its setting time,
1%, 2%, 3%, 4%, 5%, 10%, and 15% SF by weight were added to PC and compared
with PC without SF. Setting times were measured by using a Gilmore needle, and
compressive strengths were determined by using a materials testing system at 24 hours
and 21 days. concluded that , sodium fluorosilicate should not be used to decrease

setting time and increase the compressive strength of Portland cement.

Weir et al (2012)*conducted a study to develop nanocomposite containing
calcium fluoride nanoparticles (nCaF2), four composites were fabricated with fillers
of: (1) 0% nCaF2 + 65% glass; (2) 10%nCaF2 + 55% glass; (3) 20% nCaF2 + 45%
glass; (4) 30% nCaF2 + 35% glass and the long-term mechanical durabilityincluding
wear, thermal-cycling and long-term water-aging behaviour were investigated and

inferred that Combining nCaF2 with glass particles yielded nanocomposites with
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long-term mechanical properties that were comparable to those of a commercial

composite with little Frelease, and much better than those of RMGI controls.

HYDROFLUORIC ACID:

Pioch (2003)assessed the effect of Hydrofluoric acid on the surface
characteristics of dentin in vitro. According to this study, HF used after etching with
orthophosphoric acid has the ability to seal the dentinal tubules that have been opened
by etching and there is evidence of fluoride deposition in the tubules when HF was

used.

Hjortsjo et al (2009)*studied the long term protective effects of 0.2%
Hydrofluoric acid and 0.78% Stannous fluoride in reducing solubility of enamel. 0.1%
citric acid challenge was used in this model and according to this study, HF reduced
enamel solubility by 54% and 36 % at 1% and 7™ day respectively. The authors
concluded by saying that HF improves the protective ability of fluorides against acid

erosion.

Hjortsjo et al (2014)* studied the etching effects of acidic fluorides namely
1.6% TiF4, 3.9% SnF2, 0.2% HF and 1.8% citric acid (CA) on enamel. The authors
found that stannous fluoride and hydrofluoric acid were two acidic fluorides that had

minimal erosive effect on enamel.
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SPECTROPHOTOMETER

Zolgharnein et al (2009)% Spectrophotometric methods are widely used in
the determination of fluoride because of advantages such as simplicity, convenience,

accuracy and reproducibility

Barghouthi & Amereihm (2012)’ New simple and sensitive
spectrophotometric determination of fluoride in drinking groundwater has been
developed using aluminium-resorcin blue complex. The method is based on the
reaction of fluoride with the coloured complex to produce colourless aluminium
fluoride complex and releasing of the free ligand. The relationship of the reaction of
fluoride with the complex is sixth-order polynomial function. The reaction reaches

equilibrium at fluoride concentration of 0.054 mM.
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MATERIALS & METHODS

ARMAMENTARIUM

1) Eppendorf tubes

2) Teflon moulds (5 mm X5 mm)

3) Mylar strip

4) Milligram weighing machine

5) Micropipette

6) Waitch glass

7) Amalgamator

8) Latex examination gloves

9) Plastic tweezers

10) Measuring caliper

11) Bard parker blade no 15

12) Plastic amalgam carrier

13) Metal amalgam condenser

14) Plastic instrument

15) Oil impervious paper

16) Agate mixing spatula

17) Plastic funnel

18) Wash bottle

19) 100ml polypropylene measuring cup
20) Cylindrical acrylic blocks (1.5cm x 2 cm)

21) Glass plates
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22) Distilled water

23) Air tight Polypropylene containers

MATERIALS:

1) Biodentine ( Septodont, Saint Maur des Fosses, France) (Fig.1)
2) Sodium fluorosilicate Na,[SiFs]( Loba Chemie, India) (Fig.2)
3) Hydrofluoric acid (HF) ( Merck,India) (Fig.3)

4) Glass ionomer cement ( Fuji 11, GC, Tokyo, Japan).

COMPOSITION OF BIODENTINE

POWDER
Tricalcium silicate Main core material
Dicalcium silicate Second core material
Calcium carbonate & oxide Filler
Iron oxide Shade
Zirconium oxide Radiopacifier
LIQUID

_ _ Accelerator
Calcium chloride

Water reducing agent
Hydrosoluble polymer
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EQUIPMENTS:

1) Spadns spectrophotometer (UV-VIS spectrophotometer, made in SHIMADZU,
model no. UV1601PC )

2) Universal testing machine (Instron Corp,Canton,MA)

3) Nessler tubes

4) Analytical balance

Reagents

Standard Fluoride Solution : NIST CRM for fluoride solution ( 1000 mg/L of F’)

Working Solution:Dilute 1.0 ml of stock solution is made up to 100 ml (10 mg/ L F)

SPADNS Solution( Fig.14 ) : Dissolve 958 mg spadns in dissolved water and dilute

to 500 ml.

Zirconyl Acid Reagent( Fig.15 ) : Dissolve 133 mg zirconyl chloride octahydrate
( ZrOCl2) in about 25 ml distilled water. Add 350 ml conc. HCI and dilute to 500 ml

with distilled water.

Reference reagent : Add 10 ml spadns solution to 100 ml of distilled water,dilute 7
ml conc. Hcl to 10 ml and add to the diluted spadns solution ( Fig.16 )the resulting

solution used for setting the instrument reference point ( zero)

Sodium arsenite solution : Dissolve 5.0 g NaAsO, and dilute to 10000 ml with

distilled water
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METHODOLOGY

The study was conducted in the Dept. of Conservative Dentistry And Endodontics.,
Tamil Nadu Govt. Dental College & Hospital Chennai., The fluoride analysis was
done at Chennai Mettex Lab Pvt. Ltd, Chennai., The Compressive strength was
evaluated at Dept. of Metallurgical and Materials Engineering, Indian Institute Of

Technology Madras,Chennai.
Sample preparation

The study comprised of a total of 80 samples divided into 4 groups of 20 samples in
each group. Out of the 20 samples ,10 samples were allocated for fluoride analysis and
10 samples were destined for compressive strength analysis. There are three test

groups ( GroupA,B,C) and one positive control group ( Group D)

Group A - Biodentine powder only modified with 7wt% Nay[SiFs]
Group B - Biodentine liquid only modified with 10 w/v % of 20% HF

Group C - Biodentine powder modified with 7wt% Na,[SiFs] & Biodentine liquid

modified with 10 w/v % of 20% HF
Group D - Glass lonomer cement type Il (positive control) for fluoride release

Group D - Unmodified Biodentine (positive control) for compressive strength analysis

MODIFICATION OF BIODENTINE POWDER

The weight of powder contained in every capsule was measured as follows:

The gross weight of Biodentine was first obtained by weighing the powder along with
the capsule in a milligram weighing machine then the weight of the powder was
calculated by subtracting the weight of the empty capsule measured using same

weighing machine.
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This procedure was repeated for each and every capsule and the precise weight of

NaSiFg to be added to each capsule was determined arithmetically.

The sample calculation is as follows

Gross weight of capsule with powder =2.25 g

Weight of empty capsule =1.53 g

Actual weight of Biodentine = Gross weight of capsule with powder ---Weight of

empty capsule=2.25-153=0.7¢g

Weight of 7wt% Na,[SiFg]to be added to Biodentine powder = 0.05 g= 50 mg

A pilot study was conducted in our Dept. with 5wt % ,7wt% and 10 wt % of Nay[SiFs]

to Biodentine powder component and compressive strength was assessed.

It was inferred that 7wt% can be incorporated to Biodentine without affecting the
mechanical properties such as compressive strength and thus 7wt %Na,[SiFs] was

chosen for this study.

A clean disinfected watch glass was placed over the milligram weigh scale, the weight
of which is subtracted. The arithmetically derived Nay[SiFg]was precisely weighed

over it.(Fig.4)

The precisely measured quantity 50 mg of Nay[SiFs]is then added to Biodentine
powder capsule and now it is placed in the amalgamator( Fig.5) at 300 oscillations for
3 minutes to ensure thorough mixing of Nay[SiF¢] particles with Biodentine powder.

Thus the modified Biodentine powder is obtained
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MODIFICATION OF BIODENTINE LIQUID

HF solution of 20 % was prepared by diluting 1 ml of commercially available 48 %
HF (Merck, India) with 1.4 ml of deionised water. (Fig.6)

Liquid component of Biodentine is emptied into an eppendorf tube.

10 wiv % ( 20ul ) of 20 % HF was pipetted using micropipette (Fig.7) and is
transferred to the eppendorf tube containing the liquid component of Biodentine
(Fig.8 ) .The modified Biodentine liquid is thus obtained.

Preparation of samples

The powder and liquid components of modified & unmodified Biodentine were
manipulated (Fig.9) according to manufacturer’s instructions in an amalgamator(
Fig.10) and homogenous mix thus obtained is carried in a plastic instrument
&compacted into the teflon moulds of dimensions 5mm diameter & 5Smm height using
an amalgam condenser.

The powder & liquid components of glass ionomer cement were hand mixed by
folding method over an oil impervious paper , homogenous mix is then compacted
into teflon moulds of similar dimensions. The top surface of the specimens were
covered by mylar strip and allowed to set at room temperaturecompressed between
two glass plates.( Fig.11)

Storage of samples

After the initial set of the materials, the cylindrical test specimens that were formed
with the help of teflon moulds were safely retrieved from them cutting through the
teflon moulds with no.15 BP blade and gently teasing out the samples.

100 ml of distilled water is measured using 100ml measuring beaker (Fig.12) and

transferred to the corresponding air tight labelled polypropylene containers (Fig.13 )
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The retrieved samples that are destined for fluoride release were then transferred
using a pair of plastic tweezers carefully to the polypropylene containers containing
100 ml distilled water. The samples that were destined for compressive strength
analysis were stored in 100 % humidity at 37° C

FLUORIDE RELEASE ASSESSMENT

After the completion of 24 hours the distilled water was transferred to another
corresponding labelled polypropylene containers analysed for fluoride release using
Spadn’s spectrophotometer (Chennai Mettex Lab Pvt Ltd, Chennai).
Principle for SPADNS calorimetric method :
This is based on the reaction between fluoride and zirconium dye lake, fluoride reacts
with the dye lake dissociating a portion of it into colourless complex anion( ZrF¢®")
As the amount of fluoride increases the colour produced becomes progressively
lighter
F + Zrdye lake —> ZrFs> + dye
Procedure :
Preparation of standard curve :
1. Clean and dry all the apparatus thoroughly
2. Prepare fluoride standards in the range of 0 to 1.40 mg F /L diluting
appropriate quantities of standard fluoride solution to 50 ml with distilled
water .
3. Add 5.0 ml each of spadns solution & add 5.00 ml of zirconyl acid reagent
4. For each standard, mix well, avoid contamination & read absorbance at 570

nm.
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Preparation of samples

1. If the sample contains residual chloride remove it by adding 1 drop of sodium
arsenite /0.1 mg residual chloride

2. Use of 50ml sample or portion, diluted to 50 ml with distilled water

3. Adjust sample temperature to that used for standard curve

4. Add 5.00 ml of spadns solution & add 5 .00 ml of zirconyl- acid reagent

5. Mix well and read absorbance at 570 nm
Calculation
Fluoride mg/L = mg/L of Fluoride from calibration curve X dilution factor
Thus the fluoride is estimated in ppm
The containers were rinsed, washed and replenished with 100 ml of distilled water the
same samples were immersed in the corresponding containers.
The same procedure was repeated at 24 hour intervals during the first 7 days. The
fluoride release in distilled water was estimated on 3" and 7" days.
From the 2" week onwards the fluoride release was assessed cumulatively on weekly
basis , at 14™ 21 and 28" days.
Conversion of  parts per million (ppm) into microgram per square
centimetre(pg/cm?):-
After each reading was taken, the total fluoride released in micrograms was calculated
by multiplying the parts per million (1 ppm = 1 ug/mL) by the water sample volume
(100 mL). The total fluoride was then divided by the area of the sample disk to obtain

the fluoride release in micrograms per square centimeter.
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For example :

Take for instance the values of sample Al , which was 1.51 ppm

It was multipled with the water sample volume (i.e) 100 mL which gives the total
fluoride in solution == 151

When this is divided by the surface area of cylindrical sample = 1.17 cm?
(2nr?+2nrh)=2x3.14x (0.25)°+ 2x3.14x0.25 x 0.5 =1.17 cm?

So the value is 151 + 1.17 cm 2= 129.05pg/cm?

COMPRESSIVE STRENGTH ANALYSIS

After 24 hours being elapsed the test samples which were allotted for compressive
strength evaluation were mounted on an cylindrical acrylic resin  block using
cyanoacrylate ( Fig.19 ) and they are subjected to compressive strength analysis using
Universal testing machine (Instron Corp Canton MA,IIT, Chennai) at a cross head
speed of 0.5 mm/min until the sample gets fractured (Fig.20 ).The compressive
strength values were obtained in MPa.

The fluoride release values that were obtained in pg/cm?for the various time
periods and the 24 hr compressive strength values that were obtained in MPa were

tabulated and statistically analysed using SPSS software version 16.0
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ESTIMATION OF FLUORIDE RELEASE FROM MODIFIED BIODENTINE

MODIFICATION OF BIODENTINE POWDER MODIFICATION OF BIODENTINE LIQUID
WITH WITH
7WT %SODIUM FLUOROSILICATE(Na[SiF¢] 20% HYDROFLUORIC ACID (HF)

CONTROL GROUP

GROUP D (n=10)
BIODENTINE BIODENTINE BOTH BIODENTINE GLASS IONOMER

POWDER ONLY LIQUID POWDER AND LIQUID CEMENT
MODIFIED ONLYMODIFIED MODIFIED

PREPARATION OF CYLINDRICAL SAMPLES USING TEFLON MOULDS (5MM X 5MM )

STORAGE OF SAMPLES IN POLYPROPYLENE CONTAINERS 100 ML DISTILLED WATER

COLLECTION OF DISTILLED WATER FOR FLUORIDE ESTMATION AT 24 HRS FROM TEST &
CONTROL GROUPS

FLUORIDE ESTIMATION DONE USING SPADNS SPECTROPHOTOMETER

SAMPLES WERE RINSED AND REPLENISHED WITH 100 ML OF DISTILLED WATER DAILY UPTO 7™
DAY & WEEKLY THEREAFTER UP TO 28™ DAY

FLUORIDE ESTIMATION(PPM) DONE ON 3%° DAY, 7™ DAY, & CUMULATIVELY ON 14™ DAY,
21°T DAY AND 28™ DAYS

CONVERSION OF FLUORIDE RELEASE VALUES INTO pg/cm?




MODIFICATION OF BIODENTINE POWDER MODIFICATION OF BIODENTINE LIQUID
WITH WITH
7WT %SODIUM FLUOROSILICATE( Na[SiFs] ) 20% HYDROFLUORIC ACID (HF)

v

TEST GROUPS

CONTROL GROUP

UNMODIFIED

BOTH BIODENTINE
BIODENTINE BIODENTINE BIODENTINE

POWDER ONLY LIQUID POWDER AND LIQUID
MODIFIED ONLYMODIFIED MODIFIED
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septodont

FIG. 1.BIODENTINE

Sodium Silicofluoride 98% =
Extra Pure -
Sodum Suorosiicate)

"0.p311

FIG.2.SODIUM FLUOROSILICATE FIG.3.HYDROFLUORIC ACID
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FIG.4 MILLIGRAM FIG.5.MIXING OF Nay[SiFs] WITH
WEIGHING MACHINE POWDER COMPONENT

MODIFICATION OF LIQUID COMPONENT

FIG.6. 20 % HYDROFLUORICACID  FIG 7.MICROPIPETTE FIG.8.ADDING HF TO LIQUID
COMPONENT INEPPENDORF
TUBE
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FIG.9.DISPENSING LIQUID

INTO CAPSULE FIG.10.MIXING IN

AMALGAMATOR

FIG.11.SETTING OF SAMPLES BETWEEN GLASS PLATES

FIG.12.STORAGE OF SAMPLES
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ELUORIDE ESTIMATION

FIG 13.SAMPLES FOR ESTIMATION OF FLUORIDE

FIG.14.SPADNS FIG .15.ZIRCONYL FIG.16.PREPARATION OF
REAGENT REAGENT SAMPLES

FIG.17.SPECTROPHOTOMETER FIG.18.CUVETTES WITH TEST
SAMPLES
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FIG 20.UNIVERSAL TESTING MACHINE WITH SAMPLE
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RESULTS
I . EVALUATION OF FLUORIDE RELEASE

The values of fluoride release in pg/cm?for the groups A,B,C,D that were obtained were
tabulated as below

Table 1.Fluoride release in pg/cm?f GROUP A at various time intervals

Sample | 24 hours 3" day 7" day 2" week | 3™ week | 4" week
Al 129.05 68.37 64.10 164.10 153.85 121.36
A2 136.75 54.70 47.00 162.39 162.39 119.65
A3 148.72 58.12 45.30 153.85 170.94 11111
A4 147.86 64.96 54,70 170.94 153.85 116.23
A5 135.65 56.76 48.23 169.32 146.75 102.56
Ab 134.33 54.78 49.83 166.67 170.94 105.98
A7 137.12 53.33 43.12 161.11 165.81 112.82
A8 142.46 61.12 45.87 172.12 156.41 109.40
A9 137.45 59.64 46.62 163.24 164.96 113.68
Al0 141.12 55.77 48.34 158.36 152.99 105.98

GROUP A - POWDER ONLY MODIFIED BIODENTINE
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Table 2.Fluoride release in pg/cm?f GROUP B at various time intervals

Sample 24 hours | 3" day 7"day | 2™ week | 3™ week | 4" week
Bl 11.11 17.95 19.65 26.49 23.93 14.53
B2 14.52 16.24 19.65 23.07 21.36 12.82
B3 10.26 17.95 21.36 21.36 24,78 13.67
B4 13.67 17.09 23.07 23.08 25.64 10.26
B5 11.97 16.24 16.24 19.65 22.22 13.68
B6 11.11 19.65 21.36 24,78 23.93 12.82
B7 13.67 18.80 22.22 25.64 19.66 15.38
B8 11.97 16.24 11.97 22.22 25.64 15.38
B9 13.67 17.95 9.40 17.95 25.64 14.53

B10 21.37 17.09 17.09 23.07 23.93 17.09

GROUP B - LIQUID ONLY MODIFIED BIODENTINE
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Table 3.Fluoride release in pg/cm?f GROUP C at various time intervals

Sample | 24hours | 3"day 7"day | 2™week | 3™week | 4" week
C1 111.11 81.20 102.56 183.76 256.41 136.75
C2 106.83 73.50 94.02 196.58 250.42 111.11
C3 102.56 70.09 11111 205.12 256.41 145.30
C4 102.56 94.02 111.11 205.12 266.67 145.30
C5 94.02 78.63 81.20 170.94 270.09 102.56
C6 83.76 82.05 83.76 179.49 250.42 94.02
C7 111.11 94.02 78.63 188.03 250.42 94.02
C8 95.72 76.92 102.56 196.58 271.79 82.90
C9 85.47 77.77 11111 183.76 261.53 83.76
C10 82.91 76.92 94.02 179.49 248.71 82.90

GROUP C- BOTH POWDER AND LIQUID MODIFIED BIODENTINE
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Table 4.Fluoride release in pg/cm?f GROUP D at various time intervals

Sample | 24hours | 3“day 7"day | 2™week | 3™week | 4" week
D1 118.62 72.82 49.16 89.27 108.46 88.57
D2 112.83 68.46 45.27 87.16 102.63 93.62
D3 122.83 79.12 52.82 96.34 110.22 95.44
D4 109.63 68.65 46.66 90.52 101.26 87.82
D5 115.32 75.58 53.71 96.34 106.38 94.63
D6 123.17 79.19 54.43 101.68 111.36 99.26
D7 120.06 78.62 50.17 103.27 114.74 94.63
D8 119.11 67.28 47.83 96.83 106.52 88.57
D9 121.66 79.26 55.36 98.66 112.12 87.82
D10 122.33 75.22 52.63 96.34 109.92 98.18

GROUP D- GLASS IONOMER CEMENT TYPE Il
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INTERGROUP ANALYSIS

Table 5 .Descriptives&One Way ANOVA - statistical analysis at various time intervals

95% Confidence
N Mean De\?it :t.i - ESrtrdc;r T;::;al forUI\F/)I;Z? Minimum|Maximum
Bound Bound
Group A| 10 ([ 139.051| 6.07775 | 1.88790 | 134.8403 | 143.3817 | 129.05 148.72
Group B| 10 |13.3320 | 3.15146 | 0.99658 | 11.0776 | 15.5864 | 10.26 21.37
hc?jrs Group C| 10 |97.6050 | 10.90497 | 3.44845 | 89.8041 [ 105.4059 | 82.91 111.11
GroupD| 10 | 118.56 | 4.58184 | 1.44890 | 115.2783 | 121.8337 | 109.63 123.17
Total 40 |92.1510 | 48.86292 | 7.72591 | 76.5239 | 107.7781 | 10.26 148.72
Group A| 10 [58.7550 | 4.85678 | 1.53585| 55.2807 | 62.2293 | 53.33 68.37
Group B| 10 |17.5200 | 1.15542 | 0.36538 | 16.6935 | 18.3465 16.24 19.65
3;; Group C| 10 |80.5120 | 7.90515 [ 2.49983| 74.8570 | 86.1670 | 70.09 94.02
GroupD| 10 (74.4200 | 4.83331 | 1.52843| 70.9625 | 77.8775 | 67.28 79.26
Total 40 |[57.8017 | 25.39507 | 4.01531 | 49.6800 | 65.9235 16.24 94.02
Group A| 10 [49.3110| 6.04590 | 1.91188 | 44.9860 | 53.6360 | 43.12 64.10
Group B| 10 |18.2010 | 4.53848 | 1.43519 | 14.9544 | 21.4476 9.40 23.07
J;;, Group C| 10 |97.0080 | 12.64585 | 3.99897 | 87.9617 [ 106.0543 | 78.63 111.11
GroupD| 10 [50.8040 | 3.48801 | 1.10300| 48.3088 | 53.2992 | 45.27 55.36
Total 40 |[53.8310 [ 29.39411 | 4.64762 | 44.4303 | 63.2317 9.40 111.11
Group A| 10 [ 164.21 | 5.72950 | 1.81183| 160.1154 | 168.3126 | 153.85 172.12
Group B| 10 |22.7310 | 2.61690 | .82754 | 20.8590 | 24.6030 17.95 26.49
V\/2en:k Group C| 10 | 188.89 |11.53446 | 3.64752 | 180.6357 | 197.1383 | 170.94 | 205.12
GroupD| 10 [95.6410| 5.22182 | 1.65128 | 91.9055 | 99.3765 | 87.16 103.27
Total 40 | 117.87 |65.86063 |10.41348| 96.8050 | 138.9315 | 17.95 205.12
Group A| 10 [ 159.89 | 8.27680 |2.61736 | 153.9681 | 165.8099 | 146.75 170.94
Group B| 10 |23.6730 | 2.01649 | .63767 | 22.2305 | 25.1155 19.66 25.64
w?:e::k Group C| 10 | 258.29 | 8.73605 | 2.76258 | 252.0376 | 264.5364 | 248.71 271.79
GroupD| 10 | 108.36 | 4.22024 | 1.33456 | 105.3420 | 111.3800 [ 101.26 114.74
Total 40 | 137.55 |86.30069 |13.64534( 109.9522 | 165.1528 | 19.66 271.79
Group A| 10 | 111.88 | 6.11478 | 1.93366 | 107.5027 | 116.2513 | 102.56 121.36
Group B| 10 |14.0160 | 1.85292 | .58595 | 12.6905 | 15.3415 10.26 17.09
witt:k Group C| 10 | 107.86 |25.57494 | 8.08750 | 89.5668 | 126.1572 | 82.90 145.30
GroupD| 10 [92.8540 | 4.35090 | 1.37588 | 89.7416 | 95.9664 | 87.82 99.26
Total 40 |81.6522 | 42.19332 | 6.67135| 68.1582 | 95.1463 10.26 145.30
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Table 6 .ANOVA between the groups at various time intervals

Sum of
Squares df | Mean Square F Sig.
24 hours  Between Groups 91446.465 3 30482.155| 657.351 .000
Within Groups 1669.364 36 46.371
Total 93115.829 39
3" day Between Groups 24154.498 3 8051.499| 290.732 .000
Within Groups 996.980 36 27.694
Total 25151.478 39
7" day Between Groups 31633.434 3| 10544.478[ 183.995 .000
Within Groups 2063.110 36 57.309
Total 33696.543 39
2" week  Between Groups 167367.384 3 55789.128| 1.116E3 .000
Within Groups 1799.879 36 49.997
Total 169167.263 39
3 \week  Between Groups 288964.229 3 96321.410] 2.311E3 .000
Within Groups 1500.308 36 41.675
Total 290464.537 39
4™ week  Between Groups 63006.280 3 21002.093| 117.687 .000
Within Groups 6424.484 36 178.458
Total 69430.764 39
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Table 7. Multiple Comparisons using Tukey’spost hoc test between the groups

. 95% Confidence
D\t;pe_n LI () (J) Groups Diffeerae?lce Std. Error | Sig. Interval
ariable Groups (1-) Lower Upper
Bound Bound

24 hours Group Group B 125.77900 3.04536 .000] 117.5771 133.9809
A Group C 41.50600 3.04536 .000 33.3041 49.7079

Group D 20.55500" 3.04536 .000 12.3531 28.7569

Group Group A -125.77900 3.04536 .000] -133.9809| -117.5771

B Group C -84.27300" 3.04536 .000 -92.4749 -76.0711

Group D -105.22400 3.04536 .000] -113.4259 -97.0221

Group Group A -41.50600" 3.04536 .000 -49.7079 -33.3041

c Group B 84.27300" 3.04536 .000 76.0711 92.4749

Group D -20.95100" 3.04536 .000 -29.1529 -12.7491

Group Group A -20.55500" 3.04536 .000 -28.7569 -12.3531

- Group B 105.22400 3.04536 .000 97.0221| 113.4259

Group C 20.95100° 3.04536 .000 12.7491 29.1529

3" day Group Group B 41.23500" 2.35346 .000 34.8966 47.5734
A Group C -21.75700" 2.35346 .000 -28.0954 -15.4186

Group D -15.66500" 2.35346 .000 -22.0034 -9.3266

Group Group A -41.23500° 2.35346 .000 -47.5734 -34.8966

B Group C -62.99200° 2.35346 .000 -69.3304 -56.6536

Group D -56.90000" 2.35346 .000 -63.2384 -50.5616

Group Group A 21.75700" 2.35346 .000 15.4186 28.0954

c Group B 62.99200" 2.35346 .000 56.6536 69.3304

Group D 6.09200 2.35346 .063 -.2464 12.4304

Group Group A 15.66500" 2.35346 .000 9.3266 22.0034

D Group B 56.90000" 2.35346 .000 50.5616 63.2384

Group C -6.09200 2.35346 .063 -12.4304 .2464

7"day Group Group B 31.11000" 3.38552 .000 21.9920 40.2280
A Group C -47.69700" 3.38552 .000 -56.8150 -38.5790

Group D -1.49300 3.38552 971 -10.6110 7.6250

Group Group A -31.11000° 3.38552 .000 -40.2280 -21.9920

B Group C -78.80700° 3.38552 .000 -87.9250 -69.6890

Group D -32.60300° 3.38552 .000 -41.7210 -23.4850

Group Group A 47.69700" 3.38552 .000 38.5790 56.8150

C Group B 78.80700" 3.38552 .000 69.6890 87.9250

Group D 46.20400 3.38552 .000 37.0860 55.3220

Group Group A 1.49300 3.38552 971 -7.6250 10.6110

D Group B 32.60300" 3.38552 .000 23.4850 41.7210

Group C -46.20400 3.38552 .000 -55.3220 -37.0860
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. 95% Confidence
D\t;pe_n LI () (J) Groups Diffeerae?lce Std. Error | Sig. Interval
ariable  Groups (1-0) Lower Upper
Bound Bound

2" week Group Group B 141.48300" 3.16217 .000] 132.9666| 149.9994
A Group C -24.67300° 3.16217 .000 -33.1894 -16.1566

Group D 68.57300" 3.16217 .000 60.0566 77.089%4

Group Group A -141.48300" 3.16217 .000] -149.9994| -132.9666

B Group C -166.15600" 3.16217 .000] -174.6724| -157.6396

Group D -72.91000° 3.16217 .000 -81.4264 -64.3936

Group Group A 24.67300° 3.16217 .000 16.1566 33.189%4

c Group B 166.15600" 3.16217 .000] 157.6396| 174.6724

Group D 93.24600" 3.16217 .000 84.7296( 101.7624

Group Group A -68.57300° 3.16217 .000 -77.0894 -60.0566

D Group B 72.91000° 3.16217 .000 64.3936 81.4264

Group C -93.24600° 3.16217 .000] -101.7624 -84.7296

3" week Group Group B 136.21600" 2.88705 .000] 128.4405| 143.9915
= Group C -98.39800" 2.88705 .000] -106.1735 -90.6225

Group D 51.52800" 2.88705 .000 43.7525 59.3035

Group Group A -136.21600" 2.88705 .000] -143.9915| -128.4405

B Group C -234.61400" 2.88705 .000] -242.3895| -226.8385

Group D -84.68800" 2.88705 .000 -92.4635 -76.9125

Group Group A 98.39800" 2.88705 .000 90.6225( 106.1735

c Group B 234.61400" 2.88705 .000] 226.8385| 242.3895

Group D 149.92600" 2.88705 .000] 142.1505| 157.7015

Group Group A -51.52800" 2.88705 .000 -59.3035 -43.7525

D Group B 84.68800" 2.88705 .000 76.9125 92.4635

Group C -149.92600" 2.88705 .000] -157.7015( -142.1505

4™ week Group Group B 97.86100" 5.97424 .000 81.7710f 113.9510
= Group C 4.01500 5.97424 .907 -12.0750 20.1050

Group D 19.02300" 5.97424 .015 2.9330 35.1130

Group Group A -97.86100° 5.97424 .000] -113.9510 -81.7710

B Group C -93.84600" 5.97424 .000] -109.9360 -77.7560

Group D -78.83800" 5.97424 .000 -94.9280 -62.7480

Group Group A -4.01500 5.97424 .907 -20.1050 12.0750

c Group B 93.84600° 5.97424 .000 77.7560(  109.9360

Group D 15.00800 5.97424 .075 -1.0820 31.0980

Group Group A -19.02300° 5.97424 .015 -35.1130 -2.9330

- Group B 78.83800" 5.97424 .000 62.7480 94.9280

Group C -15.00800 5.97424 .075 -31.0980 1.0820
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INTRAGROUP ANALYSIS

REPEATED MEASURES ANOVA

GROUP A

Table 8.Descriptive Statistics& repeated measures ANOVA for Group A

Mean Std. Deviation N
24 HOURS 139.05 6.07775 10
3"° DAY 58.7550 4.85678 10
7™M DAY 49.3110 6.04590 10
2P WEEK 164.21 5.72957 10
3R"P WEEK 159.89 8.27680 10
4™ WEEK 111.88 6.11478 10

Table 9. Bonferroni’sPairwise Comparisons for Group A

95% Confidence Interval for
ti(rlrze ti(Jm)e Diffexﬁiz (1 B Erer) S Difference

Lower Bound | Upper Bound
24hr  3"day 80.296" 2.468 .000 70.535 90.057
7"day 89.740" 3.200 .000 77.086 102.394
2"wk -25.159" 2.813 .000 -36.283 -14.035
3wk -20.838" 3.053 .001 -32.909 -8.767
4"k 27.174 2.914 .000 15.652 38.696
3“day 24 HR -80.296" 2.468 .000 -90.057 -70.535
7"day 9.444" 1.126 .000 4.993 13.895
2"wk -105.455" 1.927 .000 -113.074 -97.836
3wk -101.134" 3.528 .000 -115.084 -87.184
4"k -53.122" 1.745 .000 -60.021 -46.223
7"day 24HR -89.740" 3.200 .000 -102.394 -77.086
3"day -9.444" 1.126 .000 -13.895 -4.993
2"wk -114.899" 2.289 .000 -123.951 -105.847
3wk -110.578" 3.819 .000 -125.680 -95.476
4"k -62.566 " 1.963 .000 -70.327 -54.805
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95% Confidence Interval for
- @] Mean Std. Error|  Sig.® Difference®
time time |Difference (I-J)
Lower Bound | Upper Bound
2%k  24HR 25.159" 2.813 .000 14.035 36.283
3"day 105.455" 1.927 .000 97.836 113.074
7" day 114.899" 2.289 .000 105.847 123.951
3wk 4.321 3.845 1.000 -10.884 19.526
4wk 52.333" 2.772 .000 41.371 63.295
3%k 24HR 20.838" 3.053 .001 8.767 32.909
3"day 101.134" 3.528 .000 87.184 115.084
7" day 110.578" 3.819 .000 95.476 125.680
2wk -4.321 3.845 1.000 -19.526 10.884
4wk 48.012" 3.083 .000 35.819 60.205
4"wk  24HR -27.174" 2.914 .000 -38.696 -15.652
3"day 53.122" 1.745 .000 46.223 60.021
7" day 62.566 " 1.963 .000 54.805 70.327
2wk -52.333" 2.772 .000 -63.295 -41.371
3wk -48.012" 3.083 .000 -60.205 -35.819

Based on estimated marginal means

*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Bonferroni.

GROUPB

Table 10.Descriptive Statistics& repeated measures ANOVA for group B

Mean Std. Deviation N
24 HOURS 13.3320 3.15146 10
3"° DAY 17.5200 1.15542 10
7™M DAY 18.2010 453848 10
2P WEEK 22.7310 2.61690 10
3R"P WEEK 23.6730 2.01649 10
4™ WEEK 14.0160 1.85292 10
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Table 11. Bonferroni’s pairwise comparisons for Group B

95% Confidence Interval for
Mean Difference?
(1) time (J) time| Difference (1-J) | Std. Error Sig.? Lower Bound | Upper Bound
24hr  3"day -4.188 1.143 .078 -8.707 331
7"day -4.869 1.846 405 -12.169 2.431
2"k -9.399" 1.306 .001 -14.561 -4.237
3wk -10.341° 1.238 .000 -15.235 -5.447
4™k -.684 .898 1.000 -4.236 2.868
3"“day 24 HR 4.188 1.143 .078 -.331 8.707
7"day -.681 1.347 1.000 -6.006 4.644
2"k -5.211" 759 .001 -8.211 -2.211
3wk -6.153" 762 .000 -9.165 -3.141
4wk 3.504" 691 .010 773 6.235
7"day 24HR 4.869 1.846 405 -2.431 12.169
3" day 681 1.347 1.000 -4.644 6.006
2wk -4530" 1.066 .032 -8.744 -.316
3wk -5.472 1.784 201 -12.526 1.582
4wk 4.185 1.780 648 -2.854 11.224
2"k 24HR 9.399" 1.306 .001 4.237 14.561
3" day 5211 759 .001 2.211 8.211
7" day 4530 1.066 .032 316 8.744
3wk -.942 1.218 1.000 -5.758 3.874
4™wk 8.715" 1.002 .000 4.755 12.675
3%k 24HR 10.341" 1.238 .000 5.447 15.235
3"day 6.153" 762 .000 3.141 9.165
7"day 5.472 1.784 201 -1.582 12.526
2wk 942 1.218 1.000 -3.874 5.758
4™wk 9.657" 936 .000 5.956 13.358
4wk  24HR 684 .898 1.000 -2.868 4.236
3"day -3.504 691 010 -6.235 -.773
7"day -4.185 1.780 648 -11.224 2.854
2"k -8.715" 1.002 .000 -12.675 -4.755
3wk -9.657" 936 .000 -13.358 -5.956

Based on estimated marginal means
a. Adjustment for multiple comparisons: Bonferroni.
*. The mean difference is significant at the .05 level.
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GROUPC

Table 12.descriptive statistics & repeated measures ANOVA for group C

Mean Std. Deviation N
24 HOURS 97.6050 10.90497 10
3" DAY 80.5120 7.90515 10
7™ DAY 97.0080 12.64585 10
2NP WEEK 188.89 11.53446 10
3" WEEK 258.29 8.73605 10
4™ WEEK 107.86 25.57494 10
Table 13.Bonferroni’s Pairwise Comparisons for Group C
0 3) e . 95% Confi_dence In;[erval for
time time |Difference (I-J) S Err) - E0E Difference
Lower Bound | Upper Bound
24hr  3"ay 17.093" 3.638 017 2.706 31.480
7"day 597 5.193 1.000 -19.936 21.130
2"wk -91.282" 3.659 .000 -105.752 -76.812
3"wk -160.682" 4.492 .000 -178.444 -142.920
4wk -10.257 6.595 1.000 -36.336 15.822
3“day 24 HR -17.093" 3.638 017 -31.480 -2.706
7" day -16.496 5.205 171 -37.079 4.087
2"wk -108.375" 4.370 .000 -125.655 -91.095
3wk -177.775" 3.656 .000 -192.232 -163.318
4"wk -27.350 8.253 135 -59.983 5.283
7"day 24HR -.597 5.193 1.000 -21.130 19.936
3" day 16.496 5.205 171 -4.087 37.079
2"wk -91.879" 3.298 .000 -104.921 -78.837
3wk -161.279" 4,073 .000 -177.386 -145.172
4wk -10.854 7.209 1.000 -39.360 17.652
2"k  24HR 91.282" 3.659 .000 76.812 105.752
3" day 108.375" 4.370 .000 91.095 125.655
7" day 91.879" 3.298 .000 78.837 104.921
3"wk -69.400" 4.324 .000 -86.498 -52.302
4wk 81.025 6.744 .000 54.359 107.691
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95% Confidence Interval for
s i [ I S (L Difference’
Lower Bound | Upper Bound
3%k 24HR 160.682" 4.492 .000 142.920 178.444
3" day 177.775 3.656 .000 163.318 192.232
7" day 161.279" 4.073 .000 145.172 177.386
2"wk 69.400" 4.324 .000 52.302 86.498
4"k 150.425" 8.359 .000 117.373 183.477
4wk  24HR 10.257 6.595 1.000 -15.822 36.336
3rd day 27.350 8.253 135 -5.283 59.983
7" day 10.854 7.209 1.000 -17.652 39.360
2"wk -81.025 6.744 .000 -107.691 -54.359
3wk -150.425" 8.359 .000 -183.477 -117.373
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Bonferroni.
GROUP D
Table 14.Descriptive Statistics& repeated measures for group D
Mean Std. Deviation N
24 HOURS 118.56 4.58184 10
3"° DAY 74.4200 4.83331 10
7™M DAY 50.8040 3.48801 10
2"° WEEK 95.6410 5.22182 10
3%° WEEK 108.36 4.22024 10
4™ WEEK 92.8540 4.35090 10
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Table 15.Bonferroni’s Pairwise Comparisons for group D

(N

()

Mean

95% Confidence Interval for

time time |Difference (I-J) Sitel, =07 Sig.® Difference”
Lower Bound | Upper Bound
24hr  3"day 44.136" 1.109 .000 39.752 48.520
7"day 67.752" 1.014 .000 63.742 71.762
2"wk 22915 1.252 .000 17.963 27.867
3"wk 10.195" 732 .000 7.302 13.088
4wk 25.702" 1.489 .000 19.815 31.589
3“day 24 HR -44.136" 1.109 .000 -48.520 -39.752
7" day 23.616 791 .000 20.490 26.742
2"wk -21.221" 1.210 .000 -26.007 -16.435
3"wk -33.941" 819 .000 -37.179 -30.703
4"wk -18.434" 1.463 .000 -24.217 -12.651
7"day 24HR -67.752" 1.014 .000 -71.762 -63.742
3" day -23.616" 791 .000 -26.742 -20.490
2"wk -44.837" 1.219 .000 -49.656 -40.018
3wk -57.557" 985 .000 -61.451 -53.663
4wk -42.050" 1.368 .000 -47.461 -36.639
2"k  24HR -22.915 1.252 .000 -27.867 -17.963
3RP 21.221" 1.210 .000 16.435 26.007
7™ 44.837" 1.219 .000 40.018 49.656
2157 -12.720" 961 .000 -16.521 -8.919
28™ 2.787 1.651 1.000 -3.740 9.314
3wk 24HR -10.195" 732 .000 -13.088 -7.302
3" day 33.941" 819 .000 30.703 37.179
7" day 57.557" 985 .000 53.663 61.451
3"wk 12.720" 961 .000 8.919 16.521
4wk 15.507" 1.530 .000 9.458 21.556
4"wk  24HR -25.702" 1.489 .000 -31.589 -19.815
3" day 18.434" 1.463 .000 12.651 24.217
7"day 42.050" 1.368 .000 36.639 47.461
2"wk -2.787 1.651 1.000 -9.314 3.740
3wk -15.507" 1.530 .000 -21.556 -9.458

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Bonferroni.

43



Results

INTRAGROUP COMPARISON - REPEATED MEASURES ANOVA

Table 16.Bonferroni’s post hoc test for Group A showing the p values

ing:?/gls 24 hours | 3" day 7"day | 2™week | 3™week | 4" week
24 hours - 0.0001 0.0001 0.0001 0.001 0.0001
3" day 0.0001 - 0.0001 0.0001 0.0001 0.0001
7 day 0.0001 0.0001 - 0.0001 0.0001 0.0001
2" week 0.0001 0.0001 0.0001 - 1.000 0.0001
3™ week 0.001 0.0001 0.0001 1.000 - 0.0001
4™ week 0.0001 0.0001 0.0001 0.0001 0.0001 =

P value is significant at the 0.05 level

Table 17.Bonferroni’s post hoc test for GroupB showing the p values

ing:?/gls 24 hours | 3"day 7"day | 2™week | 3“week | 4™ week
24 hours - 0.078 0.405 0.001 0.0001 1.000

3" day 0.078 - 1.000 0.001 0.0001 0.010

7" day 0.405 1.000 - 0.032 0.201 0.648
2" week 0.001 0.001 0.032 - 1.000 0.0001
3" week | 0.0001 0.0001 0.201 1.000 - 0.0001
4™ week 1.000 0.010 0.648 0.0001 0.0001 -

P value is significant at the 0.05 level
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Table 18.Bonferroni’s post hoc test for Group C showing the p values

g 24 hours | 3" day 7"day | 2™week | 3™week | 4" week
intervals
24 hours - 0.017 1.000 0.0001 0.0001 1.000
3" day 0.017 = 0.171 0.0001 0.0001 0.135
7" day 1.000 0.171 - 0.0001 0.0001 1.000
2" week 0.0001 0.0001 0.0001 - 0.0001 0.0001
3" week 0.0001 0.0001 0.0001 0.0001 - 0.0001
4™ week 1.000 0.135 1.000 0.0001 0.0001 -
P value is significant at the 0.05 level
Table 19.Bonferroni’s post hoc test for GroupD showing p values
s 24 hours | 3"day 7"day | 2™week | 3“week | 4™week
intervals
24 hours - 0.0001 0.0001 0.0001 0.0001 0.0001
3" day 0.0001 0.0001 0.0001 0.0001 0.0001
7" day 0.0001 0.0001 0.0001 0.0001 0.0001
2" week 0.0001 0.0001 0.0001 0.0001 1.000
3" week 0.0001 0.0001 0.0001 0.0001 0.0001
4™ week 0.0001 0.0001 0.0001 1.000 0.0001

P value is significant at the 0.05 level
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Table 20.Inter group &Intragroup comparison of F release at respective time intervals

MEAN F~RELEASE IN pg/cm?

'NTT';';*/I\EA'— GROUPA | GROUPB | GROUPC | GROUPD VAiUE
24 HOUR | 139.05+6.07 | 13.33+3.15 | 97.61 +10.90 | 118,56 + 458 | 0.0001
3"° DAY 58.75+4.85 | 17.52+1.15 | 80.51+7.90 | 74.42+4.83 | 0.0001
7™M DAY 49.31+6.04 | 18204453 | 97.00+12.64 | 50.80+3.48 | 0.0001
2"PWEEK | 164214572 | 22.73+2.61 | 188.89+11.53 | 95.64+5.22 | 0.0001
3FPWEEK | 159.89 +827 | 23.67+2.01 | 258.29+8.73 | 108.36 + 422 | 0.0001
4A™WEEK | 111.88+6.11 | 1401+1.85 | 107.86+527 | 92.85+4.35 | 0.0001
P VALUE 0.0001 0.001 0.0001 0.0001

P value is significant at the 0.05 level
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Graph 1.Line Diagram showing Fluoride release at various time intervals in pg/cm?

INFERENCE

INTERGROUP COMPARISON

One way ANOVA and Tukey’spost hoc statistical tests were done by using SPSS software

version 16.0

In 24 hours the mean fluoride release was found to be highest for the group
A(139.05+6.07 ug/cm?) followed by group D(118.56 + 4.58g/cm?), group C(97.61 +
10.90ug/cm?) and group B(13.33+ 3.15ug/cm?) respectively. This difference was found to be

statistically significant (p=0.0001)
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On the 7™ daythe mean fluoride release was found to be highest for the group
C(97.00+ 12.64 pg/cm?)followed by group D(50.80 +3.48pg/cm?) followed by groupA(49.31

+6.04 pg/cm?)and group B(18.20 +4.53 pg/cm?)

On the 2" week where the fluoride release was measured cumulatively from 8" day
to 14" day the mean fluoride release was found to be highest for the group
C(188.89+11.53ug/cm?) followed by group A(164.21+5.72pug/cm?) followed by group

D(95.64+5.22pg/cm?)and groupB(22.73 2.61ug/cm?)

On the 3™ week the cumulative mean fluoride release of fluoride from 15" to 21% day
was found to be highest for group C (258.29 + 8.73ug/cm?) followed by group A ( 159.89 +

8.27ug/cm?), group D ( 108.36+ 4.22 pg/cm?) and group B (23.67 + 2.01pg/cm?)

On the 4™ week the cumulative mean fluoride release of fluoride from 22" to 28" day
was found to be highest for group A (111.88 + 6.11 pg/cm?) followed by group C (107.86+

25.27ug/cm?) ,group D (92.85+ 4.35ug/cm?) and group B ( 14.01 + 1.85ug/cm?)

With respect to intergroup comparison

24 hour mean fluoride release between the groups were statistically significant (p=0.0001)
GROUP A> GROUP D> GROUP C>GROUP B

On the 3" day the mean fluoride release values of group C and group D were not statistically

significant(p=0.063)
GROUP C >GROUP D> GROUP A> GROUP B

On the 7" day the mean fluoride release values of group A and group D were not statistically

significant(p=0.971)

GROUP C> GROUP D>GROUP A > GROUP B
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On 2"& 3™ weeks the mean cumulative values of fluoride release between the groups were

statistically significant (p=0.0001)
14™ DAY -- GROUP C> GROUP A> GROUP D> GROUP B
215TDAY --GROUP C> GROUP A> GROUP D> GROUP B

On 4™ week the mean fluoride release values of group A and group Cand as well as the mean

fluoride release values of group C and group D were not statistically significant(p=0.907)
GROUP A>GROUP C>GROUP D> GROUP B
INTRAGROUP COMPARISON

For Group A, The mean fluoride release values at 24 hr, 3" day, 7t day were 139.05 + 6.07
ng/cm?,58.75+ 4.85ug/cm?,49.31 + 6.04pg/cm’respectively. The fluoride release values
showed a drastic decrease on 3™ day and an appreciable decrease from 3™ to 7" day ,the

difference of which was found to be statistically significant (p=0.0001).
24 hr>3" day >7™ day

The mean cumulative fluoride release for 2™ week, 3™ week, 4th week were found to be
168.21 + 5.72 pg/cm? ,159.89 + 8.27 pug/cm?, 111.88 + 6.11 pg/cm?respectively. There was a
minimal decrease in fluoride release from 2™ week to 3rd week which was not statistically
significant ( p = 1). The cumulative release finally dropped during 4™ week which was

statistically significant (p=0.0001) when compared to both 2"°& 3" weeks.
2" week > 3" week > 4th week

For Group B, the mean fluoride release at 24 hr,3rd day,7th day were found to be 13.33

3.15pg/cm? |, 17.52 + 1.15pg/cm?18.20 =+ 4.53 ug/cm?respectively. There was a steady
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increase in the fluoride release from the 24 hr to the 7" day but this difference was not found

to be statistically significant ( P=0.405 )
24 hr < 3" day < 7" day

The mean cumulative fluoride release for 2™ week, 3" week,4th week were found to be 22.73
+ 2.61pg/lcm? ,23.67 + 2.01ug/cm?,14.01 + 1.85 pg/ cm?respectively. There was a minimal
increase in the cumulative fluoride release from 2™ week to 3" week which was not
statistically significant ( p= 1). There was a dip in the release during 4™week which was

statistically significant (p=0.0001) when compared to 2" week & 3" weeks.
3" week> 2" week > 4™ week

For Group C,The mean fluoride release at 24 hr ;3" day ,7" day were 97.60 + 10.90 pg/cm®
80.51 + 7.90 pg/cm? , 97.00 + 12.64 pg/cm?respectively. There was a dip in fluoride release
from 24 hr to 3" day which was statistically significant( p = 0.017 ) which raised again to

reach 24hr values on 7" day which was not statistically significant ( p= 1)
24 hr > 7" day > 3" day

The mean cumulative fluoride release for 2™ week, 3" week, 4th week were found to
be 188.89 + 11.53 pg/cm? , 258.29 + 8.73uglcm® ,  107.86 + 25.57ug/cm’respectively.
There was a steep raise in fluoride release from 2™ week to 3™ week which was
statistically significant (p = 0.0001) and showed a drastic decline during 4™ week which was

also statistically significant (p =0.0001)
3" week > 2™ week > 4™ week

For Group D, the mean fluoride release at 24 hr, 3 day ,7th day were 118.56 =+ 4.58

ng/cm?74.42 + 4.83ug/cm? , 50.80 + 3.48ug/cm? respectively. There was a prominent
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decrease in fluoride release from 24 hr to 3" day and a notable dip from 3" day to 7" day

both of which were statistically significant (p = 0.0001) .
24 hr> 3" day > 7" day

The mean cumulative fluoride release on 2™ week, 3" week,4th week were found to be
95.64 + 5.22 pg/cm?,108.36 + 4.22uglcm?, 92.85 + 4.35 pglcm? respectively. There was a
increase in cumulative fluoride release values from 2" week to 3™ week which was
statistically significant (p = 0.0001).The cumulative values dropped finally during the 4"

week which was not statistically significant (p = 1) when compared to 2™ week.
3" week > 2" week > 4™ week

COMPRESSIVE STRENGTH EVALUATION

The compressive strength values of the specimens that were obtained in MPa after subjecting

the samples to universal testing machine were tabulated as below.

Table 21. 24 hour compressive strength of groups in MPa

Sample no. GROUP A GROUP B GROUP C GROUP D
1 75.34 81.19 34.23 92.32
2 69.45 85.56 35.56 95.16
3 72.87 89.76 30.17 97.22
4 69.21 85.44 28.64 102.62
5 68.62 82.26 32.65 98.46
6 74.26 81.78 35.12 94.38
7 76.66 90.21 29.93 99.83
8 72.97 91.71 36.31 101.36
9 77.34 82.01 34.23 98.46
10 68.87 83.16 30.17 95.16
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Table 22 .Descriptive &0One Way ANOVA - statistical analysis at various time intervals

95% Confidence
N | Mean De\?it:tlion ESrtrci;r Interval for Mean [Minimum|Maximum
Upper | Lower
Compressive Group A 10/72.5590| 3.34291|1.05712| 70.1676|74.9504 68.62 77.34
Strength  Groyp B 10|85.3080 3.93139|1.24321| 82.4957|88.1203 81.19 91.71
Group C 10132.7010| 2.76306| .87376] 30.7244|34.6776 28.64 36.31]
Group D 10]97.4970| 3.26569|1.03270] 95.1609]99.8331 92.32 102.62
Total 40(72.0162| 24.87074(3.93241| 64.0622(79.9703 28.64 102.62
Table 23.ANOVA between the groups for compressive strength
sSquurZers df Sl\cgljzrr]e F Sig.
Compressive Between Groups 23719.227 3 7906.409 703.886 .000
Strength  within Groups 404.371 36 11.233
Total 24123.598 39

Table 24. Multiple Comparisons using Tukey’spost hoc test between the groups

Mean 95% Confidence
Depe_ndent (1) V) Difference Sl Sig. Interval
Variable Groups Groups (1-0) Error Lower Upper
Bound Bound
Compressive  Group A Group B -12.74900°| 1.49883 .000 -16.7857 -8.7123
Strength Group C 39.85800| 1.49883 .000 35.8213 43.8947
Group D -24.93800°| 1.49883 .000 -28.9747 -20.9013
Group B Group A 12.74900°| 1.49883 .000 8.7123 16.7857
Group C 52.607007 1.49883 .000 48.5703 56.6437
Group D -12.189007| 1.49883 .000 -16.2257 -8.1523
Group C Group A -39.85800°| 1.49883 .000 -43.8947 -35.8213
Group B -52.60700°| 1.49883 .000 -56.6437 -48.5703
Group D -64.79600°| 1.49883 .000 -68.8327 -60.7593
Group D Group A 24.93800°| 1.49883 .000 20.9013 28.9747
Group B 12.18900°| 1.49883 .000 8.1523 16.2257
Group C 64.796007 1.49883 .000 60.7593 68.8327

*. The mean difference is significant at the 0.05 level
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Graph 2.Bar diagram showing 24 hour compressive strength of groups in MPa

INFERENCE

One way ANOVA and Tukey’s post hoc statistical tests were done by using SPSS

software version 16.0

The mean 24 hour compressive strength was found to be highest for group D (
97.49+3.26MPa) followed by group B (85.30 £ 3.93MPa) ,group A (72.55 £ 3.34MPa) and

the least compressive strength was for group C ( 32.70 + 2.76MPa)

Group D > GROUP B > GROUP A >GROUP C

This difference was found to be statistically significant (p=0.0001)
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DISCUSSION

The advent of calcium silicate technology has transformed the entire face of
restorative dentistry. Mineral Trioxide Aggregate (MTA) is a calcium silicate based
biomaterial that has been investigated for endodontic and regenerative applications
since the early 1990s.0Originally developed by Torabinejad at Loma Linda University,
MTA was first described in the dental scientific literature in 1993 and was approved

approval for endodontic use by the U.S. Food and Drug Administration in 1998.

MTA is a bioactive, Portland cement based, tricalcium silicate cement that has
been shown to be a successful pulp-capping agent based on recent in vitro, animal and
in vivo studies . The success of MTA can be attributed to its small particle size,
sealing ability that is possibly credited to the synthesis of an interface with dentine
that resembles hydroxyapatite in composition, alkaline pH and slow discharge of
calcium ions. Investigators have reported that MTA induces the proliferation of pulp
cells, releases cytokine, and promotes hard tissue formation. The material is non-
absorbable, sets in the presence of moisture, has a relatively high compressive strength

and has a sustained high alkaline pH.>’

The main drawbacks of MTA include its potency to cause tooth discoloration,
presence of toxic elements in it’s composition, difficult handling properties, long
setting time, cost ineffectiveness, the absence of a known solvent to retrieve the

material and the difficulty faced during it’s removal post hardening.’
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Calcium silicates set in the presence of moisture, are highly bioactive and
biocompatible but these materials possess less reactivity, have long setting times, low

mechanical properties and difficult handling properties.®

Biodentine™ was developed as a dentine replacement material, a novel
clinical application of this family of materials, intending it to function as a coronal
restoration. The relatively short setting time of 12 min, enabled the use of this cement
for restorative procedures; impossible with MTAs that achieve an initial setting
3-4 h."*Biodentine™ is principally composed of a highly purified tri-calcium silicate
powder that is prepared synthetically in the lab de novo, rather than derived from a
clinker product of cement manufacture. The components of Biodentine™ are
di-calcium silicate, calcium carbonate and zirconium dioxide as a radiopacifer. The
di-calcium and tri-calcium silicate phases comprised about 70% of the weight of
Biodentine's de-hydrated powder, which is close to that of white MTA and white

Portland cement.®*°

Biodentine is a versatile material and can be used both in the coronal and
radicular parts of the tooth. Its uses include pulp protection, temporary enamel
replacement and permanent dentine substitute, deep caries management, direct and
indirect pulp capping and pulpotomy in coronal part & resorption repair, perforation

162643761 Thys Biodentine is

repair and as a root end filling material in radicular par
used primarily as a dentine replacement material.”°The release of calcium hydroxide
from the set material makes calcium trisilicates the ideal material for dentine

replacement as it has both the beneficial effects of a liner material while the calcium

silicate matrix will act as a rigid structure replacing the dentine in bulk.
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Glass ionomer is a well established dentine substitute which served
successfully dentistry for years together , now the other promising dentine substitute
is Biodentine. The flexural strength ,modulus of elasticity,24 hr compressive strength
and microhardness of Biodentine are, 24.0 MPa,22.0GPa,213.7 MPa and 60.9 HVN
respectively whereas for glass ionomer the values were 26.6MPa, 14.9GPa, 124.7
MPa and 77.8HVN respectively.” The physical properties are almost comparable
between Biodentine and glass ionomer, but the only lacunae in properties of
Biodentine that hinders it from replacing glass ionomer as a dentine substitute
is the fluoride releasing property . So we have undertaken an innovative
approach of modifying Biodentine by incorporating fluoride both in the powder
and liquid components of Biodentine & also assessed the fluoride release at
various time intervals in this study. We have also assessed the alteration in the
physical property( compressive strength ) and setting time of this experimental
material.

It was over 70 years ago, the fluoride was introduced into dentistry, and it is
already recognized as the main factor responsible for the dramatic decline in caries
prevalence worldwide.**The widespread use of fluoride has contributed to improve the
remineralization of the enamel and dentine exposed to acid challenge in the oral
environment.“®

The effect of fluoride on demineralization & remineralization of incipient
caries lesions in enamel and dentine is the most important mechanism of fluoride
action. It has been recognized that the initial carious lesion should be exposed to
fluoride in the aqueous phase for a prolonged period of time to achieve the cariostatic

effect.”>?’
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Fluoride present in low, sustained concentrations in the oral fluids during an
acidic challenge is able to absorb to the surface of the apatite crystals, inhibiting
demineralization. When the pH is re-established, traces of fluoride in solution will
make it highly supersaturated with respect to fluorhydroxyapatite, which will speedup
the process of remineralization. The mineral formed under the nucleating action of the
partially dissolved minerals will then preferentially include fluoride and exclude
carbonate, rendering the enamel more resistant to future acidic challenges.*

In the last two decades, the addition of fluoride to restorative materials has
attracted the attention of dental researchers and clinicians as for the possibility of
using these materials as a source of low fluoride release to the teeth, within long
periods. These so-called “intelligent” dental materials have been elaborated with the
purpose of reducing secondary caries and neutralizing the pH decrease, especially in
high-caries risk patients. Their mechanical and esthetic properties have been improved
and most of them can now be used to restore posterior teeth.>

The principal reason for restoration failure is secondary caries in both
permanent and primary dentition.">?*®*Recommendations have been made to aid in
the prevention of secondary caries, includes tooth brushing, topical fluoride therapy,
sealing restoration margins, and utilization of antimicrobial agents.**The idea of
incorporating fluoride into dental material conceived principally to tap this
anticariogenic property of fluoride in preventing secondary caries and to prevent
restoration failure.

In vitro studies have shown that fluoride released from fluoride-containing
restorative materials effectively protected the tooth tissues from demineralization in

the region near to the restorative materials.”*3*
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Fluoride that is in an aqueous phase surrounding dental tissues inhibits
demineralization much more effectively than fluoride incorporated into crystals of
apatite. Moreover, fluoride precipitated onto tooth surfaces in the form of CaF; serves
as a reservoir of fluoride when pH drops.”®

For fluoride to be successfully incorporated into a dental material and have a
positive effect, three conditions must be met, namely:

1) The material must be chemically capable of accepting the fluoride

2) The fluoride must be released from the material in sufficient quantities and

at a constant rate over the lifespan of the dental material.

3) The fluoride must not adversely affect the properties of the dental material.®
Only restorative materials that release high amounts of fluoride ions such as GICs,
have been shown to effectively inhibit the demineralization of tooth structures
adjacent to restorative margins.**Tantbirojn et al. found that under an in vitro
demineralization challenge, glass-ionomer liners in an open-sandwich restoration
exhibited pronounced inhibition zones at the dentine margin and lowered the amount
of mineral loss in the vicinity of 0.25 mm from the restoration interface.”*Another
study reported that the degree of protection was highest in the closest vicinity of the
restorations and the depth of lesions increased with the distance in an inverse
relationship to fluoride released.?

The various fluoride releasing dental materials are glass ionomer cements,
RMGIC, composites, polyacid modified composites, giomers and glass carbomers.
Glass ionomer cements and their modifications are inherently fluoride releasing

materials.®
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Gjorgievska et al.found that glass-ionomers, both conventional or resin-
modified, are more effective at protecting the tooth against further decay than either
compomers or fluoride-releasing composites, with the best protection of all being
provided by conventional glass-ionomers. The nature of the tooth had no influence on
these outcomes.®*Thus in our study we have used conventional Glass lonomer
Cement as the positive control to compare the release of fluoride from the

fluoride modified Biodentine.
Fluoride modifications of composite

Appropriate fluoride containing compounds are added to composites which
include inorganic salts (e/g. NaF or SrF;), fluoridated glasses or organic fluoride
compounds. Longer-term sustained release requires only sparingly soluble fluoride
salts, such as SrF; orYbF;, or leachable glass fillers.%’

Composite resins are not inherently fluoride-releasing, but can be made so by
adding fluoride compounds.®®

There are at least three methods used to combine therapeutic agents such as
fluoride into dental materials. These are simple mixture of water-soluble agents,
dispersion of sparingly water-soluble agents and use of matrix-bound agents.®®

The new techniques have been employed to incorporate fluoride ion in the
composite resins. One approach was to incorporate inorganic fluoride, such as NaF,
into the monomer system.?’A second approach is that of dispersion agents which are
sparingly soluble in water into a polymer matrix, water diffuse into the polymer which

19,70

results in release of some amount of fluoride ion,”™ ™ or sparingly soluble salt such as
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YbF;>™ A similar approach was tried to encapsulate in an insoluble material as filler
in a polymer matrix.®®

Rawls and Zimmerman® have described a fluoride releasing monomer based
on acrylic-amine-HF salt from which fluoride can be released by replacement by
another negatively charged ion from surrounding fluids. Some have extended work of
Rawls to make a fluoride exchange material using morpholinoethyl methacrylate
hydrofluoride (MEM/HF) as the fluoride releasing co-monomer, it was reported that
rate of fluoride release was almost double as previously reported by others.>*Other
materials such as tetrabutyl ammonium tetrafluoroborate (TBATFB) had been used
along with composite and fluoride release were found to be comparable with GIC

materials.

FLUORIDE AGENTS ADDED IN THIS STUDY:

i) Sodium fluorosilicate/ Sodium hexafluorosilicate/ Sodium silico fluoride

§N8.2|Si|:5“:

Applebaum et al? conducted a study in which Sodium fluorosilicate Na,[SiFs]

was added to MTA and the properties of the resultant material was assessed. In our
study we have used the same agent with Biodentine and assessed the fluoride released
from this modified material. Sodium fluorosilicate is a complex fluoride salt.

Chow and Takagi'®have used Na[SiFg] as a mouth rinse and found that the
fluoride uptake and cariostatic effects were efficacious with Nay[SiFs]. Eidelman and
Chow?*assessed the effects of Ca™ ions and pH on the hydrolysis of Naa[SiFe]

According to this study the promoting effect of Ca™ ions was stronger than the

60



Discussion

inhibitory effect of H™" ions. This hydrolysis property of Nay[SiFs]made it suitable to
be used with an acidic calcium phosphate solution for remineralisation.

Takagi et al’ assessed the content of loosely bound and firmly bound fluoride
comparing acidulated phosphate fluoride (APF) and monocalcium phosphate
monohydrate-sodium fluorosilicate (MCPM-Na,[SiFs] ) applied to enamel assessed
after 4 minutes and 2 hours and they found that the degree of loosely bound and firmly
bound fluoride was much greater with MCPM-Naz[SiF¢] than APF and could be a
potential topical fluoride agent. In our study, we have taken this sparingly soluble
complex agent as one of the modification agents by adding it to the powder
component of Biodentine

A pilot study was conducted in our department by admixing 5wt %
,/wt% and 10 wt % of Na,[SiFs] to Biodentine powder component, fluoride
releasing properties & compressive strength were assessed, we found that F
release was highest for 10wt % followed by 7 wt%& 5 wt %. But the difference
in F release was not statistically significant between 7 wt%& 10wt %. The
compressive strength was poor for 10 wt % Nay[SiFs] modified Biodentine
whereas 7 wt%Nay[SiFs] modified Biodentine had only minimal reduction in
compressive strength. Hence we chose 7 wt%Nay[SiFs] for modifying powder

component of Biodentine in our study.

ii) Hydrofluoric acid (HF):

Hydrofluoric acid is a water soluble agent that is a good source of fluoride and
has been tested as an agent to protect enamel against erosion. Hjortsjo et al** used HF
and Stannous fluoride (SnF.) on enamel which was priorly exposed to an acid

challenge of citric acid to assess the protective effect of these agents on enamel after
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erosion. The authors concluded that the repeated effect of HF and SnF, could be
helpful in increasing the protective effects of these fluorides against erosion on
enamel.

Pioch et al®®

assessed the effect of HF on dentine after exposing dentine to
orthophosphoric acid (H3sPO,). They found that HF has the ability to seal the dentinal
tubules and protects the smear layer thereby exhibiting a protective effect on the
dentine.

Thus in our study we chose a water soluble agent already tried on enamel and
dentine namely HF as the second fluoridating agent. Not only is HF water soluble, it
has made the modification of the liquid component of Biodentine possible.

A pilot study was conducted in our department modifying the liquid
component of Biodentine with various conc. of HF such as 10 w/v % of 5 %,10%
& 20 % hydrofluoric acid. The study showed that 10 w/v% of 20 % HF showed

appreciable fluoride release .Hence we chose 10 w/v% of 20 % HF for modifying

liquid component in our study

FLUORIDE ANALYSING METHODS

Fluoride is an element found in biologic tissues and the environment and there
are various methods to detect its presence and assess the content present. The
assessment of fluoride content in biological tissues like saliva, bones, teeth etc. can be
estimated primarily by potentiometric methods (ion selective electrode [ISE]) and gas
chromatographic (GC) methods.” Colorimetric methods are available, but are more
time consuming and lack the sensitivity of the other methods. Fluoride detection from

environmental media such as air, water or soil requires techniques like ion selective
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electrode, chromatography and spectrophotometry. Particularly to detect fluoride from
water, colorimetric analysis is predominantly used.”®

Spadns spectrophotometry is a technique employed specifically to detect and
quantify fluoride content of water samples. In this method a compound of a metal
such as aluminium, iron, thorium, zirconium, lanthanum or cerium reacts with an
indicator dye to form a complex of low dissociation constant. This complex reacts
with fluoride to give a new complex (Jacobson et al. 1977). In environmental
protection agency ( EPA ) Method 340.1, the sodium 2-(parasulfophenylazo)-1,8-
dihydroxy-3,6-naphthalenedisulfonate (SPADNS) reagent is used, and the color
loss is measured at 570 nm (EPA 1998c). Due to the change in the structure of the
complex, the absorption spectrum also shifts relative to the spectrum for the fluoride-
free reagent solutions. This change can be detected by using a spectrophotometer.

We used the SPADNS method, as it does not involve sophisticated
instruments and expensive chemicals. Interference from other ions such as aluminium,
iron, hexametaphosphate and orthophosphate which are commonly found in raw water
samples, is less for the SPADNS method compared to other methods such as the
Cerium (I11)- alizarin complex which is one of the methods in analysing the fluoride in
drinking water.

Brossoket al*!

compared the accuracy and interference factors associated with
colorimetric analysis. According to this study, the accuracy of colorimetric techniques
differed only in the presence of sulphates. In our study we are not using biological
medium like saliva or artificial saliva but distilled water instead, so the presence of

extraneous impurities and the resultant influence on fluoride values because of this is

rare. In our study the fluoride release was estimated among the study groups in the
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distilled water which can considered as partial simulation of dentinal fluid & other
media like artificial saliva or phosphate buffer solution were not used, since this
modified Biodentine is not expected to come into contact with the oral fluids .

Since the fluoride estimation was expected to be high on the initial days of the
first week, the estimation was carried on specific days i.e 24 hr, 3" and 7" day as
individual day fluoride release. But thereafter from 8" day onwards the cumulative
fluoride release was assessed on weekly basis at 14", 21% 28™ days.

At 24 hour, the fluoride release of Group A ( powder only modified ) was higher than
Group D ( glass ionomer ) which was statistically significant.

On 3" day Group C ( both component modified ) showed higher fluoride release than
Group D (glass ionomer ) which was not statistically significant

On,7™ 14"& 21% days the Group C ( both component modified ) showed higher
fluoride release than Group D (glass ionomer )

On 28" day group A had higher fluoride release followed byGroup C & Group D
which was not statistically significant.

At all estimation time periods , the powder only modified & both component
modified Biodentine groups showed higher fluoride values when compared to
positive control group ( glass ionomer) whereas on 28" day the fluoride release
declines and stays on par with glass ionomer cement.

The mechanism by which fluoride has released from modified Biodentine
could be due to the burst effect of F ions  similar to GIC , surface wash off, release
through pores and cracks & bulk release .

All the three groups of modified Biodentine showed fluoride release .The

powder only modified Biodentine showed better fluoride release than glass ionomer
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which could be attributed to the sparingly water soluble nature of sodium
fluorosilicate which was used in our study.

The liquid only modified Biodentine showed minimal fluoride release in
comparison to other modified Biodentine groups & also glass ionomer cement ,which
could be attributed to partial entrapment of fluoride ion in the set Biodentine in the
form of calcium fluoride (CaF;) which could be probably due to the reaction with
calcium chloride (CaCly)present in the liquid component of Biodentineas an
accelerator. The both component modified group showed a much more better fluoride
release than the powder only modified Biodentine conveying that the synergistic
effect of sodium fluorosilicate and hydrofluoric acid could be the probable reason.

SETTING TIME & WORKABILITY

It was inferred from this study that the workability of this modified Biodentine
was not much affected in powder only modified group with the setting time of 11 min
which is on par with the setting time of unmodified Biodentine ( 12 min ) which is
claimed by the manufacturer. The liquid only modified group was less viscous to
manipulate with a prolonged setting time of 15 minutes & finally the both powder and
liquid modified Biodentine had mild effervescence on manipulation, less workablity

and exhibited a setting time of 9 minutes.

COMPRESSIVE STRENGTH ANALYSIS

With regards to the physical properties of modified Biodentine, where we have
assessed the compressive strength at 24 hour period, the compressive strength of the
modified Biodentine groups were lower than the unmodified Biodentine which was
statistically significant. Among the modified groups of Biodentine, the Group B

( liquid only modified ) showed higher compressive strength followed by Group A
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( powder only modified ) and Group C ( both components modified ) showing the
least.

Dijkman & Arends? reported that a monthly cumulative fluoride release of
200-300 pg/cm? is sufficient to completely inhibit enamel demineralization. In the
present study both the powder only modified as well as the both component modified
groups showed monthly cumulative fluoride release of around 600 pg/cm? & 700
ng/cm? respectively which is nearly 2 to 3 times the expected levels of fluoride to
inhibit demineralisation.

Taking into consideration the compressive strength of the modified
Biodentine, the compressive strength achieved by modifying powder component alone
(i.e. around 70 MPa)seems to be appropriate and comparable to other intermediate
restorative materials. The simultaneous modification of both components severely
affects the compressive strength. The amount of fluoride release values of both
component modified were almost comparable to powder only modified group.

Within the limitations of this study ,it can be concluded that modification of
Biodentine can be done judiciously to achieve desirable fluoride release not
compromising the compressive strength when the powder component alone is
modified. Hence it is better to restrict ourselves with the modification of powder alone

The future perspectives of this study are to evaluate localisation of the
fluoride ion in the three dimensional set structure of this modified Biodentine using X
ray diffraction ( XDR ) and Fourier transform infrared spectroscopy ( FTIR), long
term evaluation of compressive strength, flexural strength, fluoride recharge

properties & biocompatibility of thus modified Biodentine.
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SUMMARY

The aim of this study was to evaluate the fluoride releasing properties &
compressive strength of Biodentine modified with sodium fluorosilicate and
hydrofluoric acid using Spadns spectrophotometer.

The modification of powder component of Biodentine was done using 7 wt%
of sodium fluorosilicate and liquid component was modified by incorporating
10 wiv % of 20 % hydrofluoric acid.

The study comprised of a total of 80 samples divided into 4 groups of 20
samples in each group among which 10 samples were allocated for fluoride analysis
and 10 samples were destined for compressive strength analysis in each group

The cylindrical samples were made using teflon moulds and the sample groups
are as follows:

Group A : Biodentine powder only modified with 7wt%Na;[SiFs]

Group B : Biodentine liquid only modified with 10 w/v % of 20% HF

Group C : Biodentine powder modified with 7wt%Nay[SiFs]& Biodentine

liquid modified with 10 w/v % of 20% HF

Group D : Glass lonomer cement type Il (positive control)

The samples were immersed in polypropylene containers containing distilled water.
the samples were rinsed and replenished with distilled water every 24 hours during the
first 7 days and weekly thereafter upto a period of 28 days. The fluoride estimation
was done at 24 hours, 3 day 7" day to assess the fluoride release of the
corresponding days and cumulative fluoride release was assessed during the 14™

21%and 28™ days using spadns spectrophotometer and the values were obtained in

67



Summary

ppm which were later converted into micrograms/square centimeter (ug/cm?)

The cylindrical samples of similar dimensions which were stored in 100 %
humidity at 37°C were mounted on acrylic blocks and subjected to compressive
strength analysis by universal testing machine at cross head speed of 0.5mm/min and
the compressive strength values were obtained in MPa

It was inferred from this study that the workability of this modified Biodentine
was not much affected in powder only modified group with the setting time of 11 min
which is on par with the setting time of unmodified Biodentine, the liquid only
modified group was a less viscous to manipulate with a prolonged setting time of 15
minutes & finally the both powder and liquid modified Biodentine had mild
effervescence on manipulation, less workablity and exhibited a setting time of 9

minutes

Fluoride estimation by spadns spectrophometer showed that all the three
modified groups of Biodentine released fluoride in distilled water. At 24 hr the mean
average fluoride release of powder only modified was the highest followed by glass
ionomer, both modified group and liquid only modified group in decreasing order. On
the 3" day and 7" days fluoride release was highest for the both components modified
group and the least for liquid only modified group with no statistical difference
between both components modified Biodentine and glass ionomer on 3™ day and
between glass ionomer and powder only modified Biodentine on 7™ day.

The cumulative release of fluoride which was estimated on 14"&21%days
showed that the fluoride release was maximum for both components modified
Biodentine followed by powder only modified Biodentine, glass ionomer and liquid

only modified Biodentine.
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On 28" day the fluoride release of both modified group dropped down, with
powder only modified Biodentine showing higher fluoride release followed by both
component modified Biodentine, glass ionomer and liquid only modified Biodentine
showing the least fluoride release.

With regards to the 24 hours compressive strength, unmodified Biodentine
group had the highest compressive strength followed by the liquid only modified
Biodentine which were almost comparable to it. The powder only modified
Biodentine showed minimal decrease in the compressive strength whereas the both

component modified Biodentine exhibited poor compressive strength values

The future perspectives of this study are to evaluate localisation of the
fluoride ion in the three dimensional set structure of this modified Biodentine using
X ray diffraction ( XDR ) and Fourier transform infrared spectroscopy ( FTIR) ,long
term evaluation of compressive strength, flexural strength, fluoride recharge

properties & biocompatibility of thus modified Biodentine.
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CONCLUSION

Within the limitations of this study, the following conclusions can be drawn,

. The fluoridation of Biodentine is achievable by incorporating sodium fluorosilicate in
the powder component and hydrofluoric acid in the liquid component

. Simultaneous modification of both components of Biodentine showed better fluoride
release than the powder only modification

. On 28" day, the fluoride release of powder only modified Biodentine & both
components modified Biodentine were comparable with glass ionomer cement

. Simultaneous modification of both components of Biodentine showed 67% reduction
in 24hr compressive strength whereas the powder only modified group showed only
25 % reduction in the 24 hr compressive strength

. The powder only modified Biodentine showed appreciable fluoride release without
much compromise in the compressive strength.

Hence the powder only modified Biodentine can be used as a dentin substitute in

posterior restorations utilising the fluoride release properties successfully.
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