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INTRODUCTION



The increasgrecognitionof the causes of dental carieand a better
understanding othediseasgrocess hee led practitioners to prefex prevernve and
minimally invasive approacto treatment.

A successful treatment torest the progre&s of incipientpit and fissurecarious
lesionsarefi pi t and &0Thestarm is usedaoaléseribdype ofmaterial that
when appliedo pits and fissures of susceptible teeth, ferprotective layer preveng
theinvasion of bacteriand plaque accumulatioRurthermoreit hindersthe access of
thebacteri@ source of nutrient$

Pit and fissure sealants wex@mmerciallyintroduced in 1971 with the early
studies oBuonocorée' Since thennumerous investigatiorsave shown effeitenessn
thereductionand progressionf caries in children anddolescents’

The effectiveness atfissure sealardepend®f its retention.Similar to rem
composite restorations, redbased dental sealants also undetggradation in the oral
environmentpftenleading to failure of the materfaand thereforeeduction of its
protective role

Electrospinning is technique that usetectric forcego fabricateultrafine fibers
with complex threedimensional (3Dparchitectureof variouspolymers In this process,
fiber diameter ranges typically froafew nananeters to a fewnicrons®*°

Chitosan is the deacetylated form of chitiThis nontoxic biopolymehas
received significant attention due to kecompatibility,antioxidant antrinflammatory

andantibacterial propertie’$ These biactive propertiesnake chitosaanidealnatural



polymer forapplication indifferent fields such asnedidne, dentistry'*** food and
agricultureindustries™*® Meanwhile, rylon is a polyamide with important properties
reqarding strength, flexibility, and resistance to abrasiddwing to these properties,
nylon has been used in different industries such food, automobile, electronics, as well as
in medicine in the production of suture materiaf$

Relevant to the scope of the present study, the literaturepaged that the
addition ofa wide variety ofillers (e.g. boresilicate glass, nylo#, rayon, Eglass,
polyethyleneand othersjo resinbased materiaimproveshardness, compressive
strength, stiffness, impact resistance, and decrease water sgrptidgmerefore, the
objectives of thisin-vitro studywereto develop experimental resbased sdants
containing chitosaandnylon-6 nanofibersobtained via electrospinnirandto evaluate

their chemical physicemechanical and antibacterial properties.

HYPOTHESIS

The null hypothesis to be testedsthat there woulchot be a significant
differenc in the effect of thphysicemechanicahnd antibacterial properties of the
experimental sealants when compangith Helioseal Clear, aommercially available

sealant



REVIEW OF LITERATURE



PIT AND FISSURESEALANTST A BRIEF OVERVIEW

Dental sealants appli¢d the enamel tooth structui@m a barrier that isolates
pit and fissure§rom saliva, foodand dental plaqué&

The first report irthe literature of sealing fissures was i®38vhenWilson
published a techniquesing oxyphosphate cementsealfissures™ Later, the
revolutionaryacid-etch techniqu@roposedy Buonocoré® in 1955yielded in the late
1960s the first clinicaltrial of pit and fissuresealantdy Cueto and Buarcore®
Evidenceeventually showed that use of sealantsaraest caries progression of Ron
cavitated lesions in permanent teeth in children, adoles@at young adulisand these
findings led theCenters for Diseaggontrol and Prevention (CDC) and the American
Dental Association (ADA) to recommetide use of sealanésacomponent obral
Care26—28

The main materials used asealants ar#) resinbased sealantavailable as
autopolymerized ophotopoymerized and2) glassionomer cementsavailable as
conventional and resimodified glass ionome&f?® Unfortunately glassionomers
sealants have shown a lower retentiateandgreatemicroleakage when cgomared with
resinbased sealant§®

Considering that dental sealants form a physical barrier to prevent pit and fissure

caries the retention rate becomes a main fatoits effectivenes¥. SotoRojas et af?

reported a retention rate of rediase sealant afterykar, 2 years,and 4 years of 96.4



percent86.7percentand 60.Gercentrespectivelyindicating that the survival of the
sealant deeased as the age of the sealant in the mouth increased

Further, sealant®ay not perfectly bond to enameteating a gap the sealant
enamelnterface that might allow th@dhesion and penetrationrafcroorganisms
resulting infailure of the sealant** Therefore, esearch has focus in the incorporation of
filler materialsinto fissure sealanthat might provide antibacteriakmineralizatioror
mechanical enhancemdrenefits The introduction of fillers imesinbased materials
plays a role in her mechanicabehavior®® Filler-reinforced dental composites have
demonstrated increased wear resistance, flexural strength, elastic modulus, work of
fracture, compressive strength, stiffnemsgl decrease of water sorptiri’ Similarly,
the introduction of filler prticles into fissure sealartias shown to enhance the sigd
texture and wear resistanand hardnes$®

Nonetheless, a wide variety wiaterials have been incorporated into rdssed

sealantaiming to achieveemineralizng andbr antibacterial pperties

Fluoride

Several sudies havdéookedatthe potential benefif adding fluoride into resin
based fissure sealants, as additional caries protetaboratory studies oesn-based
sealantgontaining fluoridenhaveshown it to reduce enamel demineralizatidandthat
enamel hardnestecreasethevalued® of carieslike lesions On the other hand

41
I

conflicting results were reported Bfatanathanet al’~ whereno significant difference

was foundn the mineral loss of incipient enamel carious lesion sealedfiwathde-



containingand nonfluoridecontaining sealant3.he discrepancy of these findswgight
be explained by thase ofdifferent materials and methodology

Fluoride-containing resirbased sealasihavealsoshown growth inhibition
propertiesagainst_. acidophilusandS. mutané? Ideally, a fluoride containing material
should beable to release an active level of fluoride for a prolonged gp@fitimeto be
effective** Fluoridec ont ai ni ng seal ants havewbbopwngtea
amounts of fluade are released during the fidgtys and then theelease diminished
over time***°

Simonsen in his literature reviépointed out that the incorporation of fluoride
to resin sealanis more a marketing strategy than a clinical benbétause few studies

show a clinical advantag@lso, poa retention rateof fluoride-containing resins in

comparisorwith nonfluoridecontaining sealants have been repoffed

Amorphous Calcium Phospha&CP)

Resinbased sealants containing ACP have been able to remineralized enamel
carious lesion# situ.*®
Methacryloxylethyl Cetyl Demthyl
Ammonium ChloriddDMAE-CB)

The incorporation of DMAECB into a commercial fissure sealant avt¥% has
shown to provide antibacterial activity without compromising the properties of the

material*®



SurfaceReactionType Pre-ReactedGlasslonomer(S-PRG)
Fissure sealants containing®PRG have demonstratathibition of
demineralization, enhancement of remineralizateomdsuperiorfluoride release and

rechargethancommercialsealantshat contain fluoridg®

ELECTROSPINNING

Nanotechnology is an area of science that has gained increased attention in the
past two decades. One principle of nanotechnology is the reduction of materials-to ultra
thin dimensions leading to new and iraped properties! For instance, nanofibers
present excellent structural mechanical properties, flexibility combined with high axial
strength; high aspect ratibe., length/diametdi/d); andhigh surface are®

Pdymeric nanofibers are generally produced from synthetic, naturalblend of
polymers. There are several methods to fabricate nanofibers, includinglovett and
electrospinning™ Melt-blown has shown significantly highproductivity than
electrospinning. However, electrospinning allows more controlled fiber diameters and
allows processing polymers and additives of all kitds

The basigrocess otlectrospinningakes placén a polymersolution pumped
through a nozzle. Additionally, the nozzle serves as an electrode to which a high electric
field is applied using a DC voltagéWhen this high voltage is appliedachinga
threshold that overcomes the sugdension of the polymer solution, it causes a €one
shape deformation.€., Taylor Cone) of the solutiohe solution leaves the cone as a
jet, andthe solvent evaporates, leading to the formation of fibers thableetedinto a

substrateusually areluminum foil sheethbrought into contact with a grounded metallic



plate (counter electrode). Thentinuousdeposition of the fibers leads to the formation
of nonwoven matsthe arrangemenof whichis definel by the counter electrod&>***
During electrospinning is important to considerer ceirigparameters that can
influence thadimensions and structures of thenofibers. Thesparameters includéhe
polymer solution (viscositysolubility, temperatureglasticity, conductivityetc); process
parameters sudieed rateglectric potential athe capillary tipdistance between the tip
and the collectgrapplied voltageand environmentglarametersuchhumidity and air
velocityin the electrospinning chambédihe choice oparameters provides a range of
possibilities for the target electraspmaterials™° Figure 1 shows a schematic

representation of the setup for the electrospinning process.

CHITOSAN

Chitin, is a natural mucopolysaccharide found in shells otateans, insects,
and fungi. After cellulose, it is the most abundant organic matérial

Chitosan (1i 4)-linked 2amino2-deoxyD-glucopyranosés abiocompatible,
nontoxicbiopolymer product ofleacetylation of chitinin recent years chitosan and its
oligosaccharides have receiv@dnificantattentionin various industriedue to their
antioxidant, antinflammatory, antimicrobiaimmunostimulating and aticancereffects,
as well, as a drug delivering syst8h©Owing to these properties, chitosan has been
investigated irdifferentareas of dentistryincludingendodontics’ oral surgery®

periodontics’® andpreventive and restorative dentistfy
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Chitosan differs greatly in its molecular weight (MW) and degree of deacetylation
(DA). It depends on the source of chitin and the methods of hydrolysis. The MW can
vary from 30 kDa to > 1000 kDa, and typically DA isgreater thar70 percenf*

The antimicrobial propertied ghitosan hae shown activity against a variety of
microorganisms, including bactetfand fungi®® The mechanism of action for its
antimicrobial properties is still unknown; however, three different mechanisms have been
proposed* First, due to its cationicharge, chitosan reacts with the anionic surfaces of
the microorganism; damaging the cell membr&recond, chitosan acts as a chelating
agent and binds to trace elements necessary for normal growth of microorg&nisms
Third, it has been proposed that chitosan binds with DNA, inhibiting the synthesis of
mRNA and protein&*®’

Theantimicrobial activityof chitosardiffers with the type of chitosaintrinsic
factors) and extrinsic factgrerainly molecular weightjegree of deacetylation, target
organismand the conditions of the medium in which it is app(ieH, ionic strength, and
the presence of solutes susceptible to react with chitosan blocking the reactivity of the
active amine groupsy

Streptococcumutansgrows on the enamel in biofilms and is considered the main
etiological agent of dental cari€%® An in-vitro study on the effect of chitosan &n
mutanshas shown that lownolecular weight chitosan and its derivatives are able to
inhibit sucrosedependent and independent attachme® ohutan$o salivacoated or
uncoated hydroxyapatifé Furthemore, it las been shown that chitosan rediL@e
mutansviability on biofilms; and chitosan nanoparticles have the ability to impede acid

tolerance response induction in adheBednutang®’
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Mahapoka et d° showed that the addition of chitosan whiskierto experimental
resinbased sealants g@ented antimicrobiactivity againstS. mutangUA 159), when
compared with mexperimental resibased sealants without chitosan whiskers and a
conventionalavailable sealant (Delton, Dentspll,). Furthermorethis property was
comparable with existing commercial resin sealémds claim to present antimicrobial
properties, suchs:thefluoride-containing resin sealant (Teethmat&,FKKuraray
Medical, Kusashiki, Japan); and a triclosamtaining dentin séant (Seal&Protect,
Dentsply) Moreover the addition othitosan whiskers did not reduce the curing depth,

degree of conversion, or hardness of the experimental se¥lants

NYLON-6

Nylon-6 (poly-(Jcaproamidepr polyamidg was discovereih 1938by Schlack
with its first production in Germany in 1940. During World Wanylonsweremainly
used for militarypurposes; bwever, after the war, nylons were prodddy many
countries on an increasing scale for civilegplicationge.g. textile fabrics, membranes,
electronics, food packing, automotive paets;).' "

Approximately80 percenwf itsuse is in synthetiibers and the remaining 20
percentin engineeedresins. As engineexdresins, nylons show highermal stability
high resistance to impact and abrasamjgood resitance to organic solvent$

Processing prametergor optimal fabrication ohylon-6 nandibersvia
electrospinnindnave been investigate®verall, rylon-6 nanofibers have shown good

mechanical properties, such high tensttengthand fracturéoughnes<®’® During

electrospinninghe jetis elongated up to 100,000 times in less than one tenth of a
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second’; resulting in an extremely large draw ratichich can closely align
macromolecular chains along tfileer axis, making the electrospun fibers mechanically
strong. As wellthe small diameter of nanofibers provi@darge ratio of surface area to
volume Finally, electrospun nanofibers are continudhgy can reinforce matrixes by
impeding crack propagion, if the long axis is aligadagainsthe applied forcé®
Therefore electrospumylon-6 nanofibers have been used successfully to
reinforce resinsuch agolyaniline, melamineformaldehydepoly (methyl
methacrylate), and biglycidyl methacrylate/tetraglycidylmethacrylate (BIS
GMA/TEGDMA) as dental restorative composité$*®* For exampleFongand
colleague® found that the layeby-layer incorpordbn of nylon-6 nanofibersheetsnto a
resin compositeet] to an effective reinforcement of dental composité® ificorporation
of small amounts @percenimass fraction) inta BISGMA/TEGDMA mixture
improved the flexural strength by p@rcent elasticmodulus by 2@ercent and work of

fracture by 42ercentof the experimental resin.

RATIONALE OF THE STUDY

The purpose of thim-vitro study was to develop and evaluate experimental-resin
based sealasitontaining electrospumylon-6 andchitosamanofbersin an attempt to
improve the mechanical properties gdvide an antibacterial protective effect

respectively
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MATERIALS AND METHODS
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Thisin-vitro study evaluatgthe chemical physicemechanicalnd antibacterial
properties oexperimental resipasedsealars containingelectrospun nanofibe(se.,

pure chitosanandpureNylon-6) andacommercially availablsealant
PREPARATION OF ELECTROSPUN NANOFIBERS

Solution Preparation

Practicalgrade chitosa(Sigmai Aldrich Corp.,St Louis, MO), molecular
weight ~190,006875,000Da, andO  -pescenideacetylatedvasdissolved in
Trifluoroacetic acid TFA) (Sigmai Aldrich Corp.)andDichloromethane (DCMJjAcros
OrganicsNJ) (60:40 TFA/DCM)to obtain a/ wt% chitosan solution

Nylon-6 (Sigmai Aldrich Corp.)was dissolved in 1,1,1,3,3l8xafluore2-
propanol (HFP) (Sigma Aldrich Corp.) to obtain a0 wt%nylon-6 solution.

The solutiols werehomogenized by means of magnetic stirfiogat least 7

for chitosamand 24 hfor nylon-6 at room temperature
Electrospinning Pocedure

Theelectrospinning methodology for nanofibers processiagselected from
previous published protocols for the distinct polyni&fé and optimized sneeded in
order toobtain defecfree chitosan and nyle@fibers.

Five milliliters of each polymesolutionwasplaceal into aplasticsyringecapped

with a 27-gaugemetallicneedle(Small Partsinc., Miami, FL). The syringe then was
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placed on an automatic syringe pump (KBE® Legatc Holliston, MA), which was at a
fixed distance from the negative electrodlbe positive electrode of a higloltage
power suppl{Gamma Voltag&esearchnc., Ormond Beach, [F) wasconnected to the
needle by means of an alligator clifhe ekectrospun nanofibers were collectacer an
aluminum foil wrapped@roundedotating stainless steel mandrel in the caseytdn-6
andchitosarwas collected over an aluminum foil sheet on a static plastic ptate,
different distances from the needle 8 cm and 15 cm respectivelyhitosan nanaber
fabricationwasachieved by applying2kV voltage to the polymer solutiodeliveredat
aconstant flowrateof 1.0mL/h. For nylon6, a voltage of 1@ 18 kV was applied,
delivered at @onstant flow rat of 1.0 mL/hThe electrospun matgere kept in a

vacuum desiccator for 48 h at room temperature to remove any residual solvent.

CHARACTERIZATION OF NANOFIBERS

Morphological Characterization

Forthemorphologcal characterizatiof electrospun fibemats,small samples
(n=4)were cutandmounted in an aluminum stub aspluttercoated with a thin layer of
gold o allow better electrical conduction

The average fiber diameterasdeterminedrom scanningelectronmicroscope
(SEM) (JSM-6390, JEOL, Bkyo, JapanjFigure?2) images by measuring the diameter of
120 fibers fromthreedifferent imagedor nylon-6, andsevehbdifferent imagedor
chitosanmat the same magnification using Ima@e Plus software (Media Cybernetics

Co., Bethesda, MD)
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Chemicé Characterization

Fourier transform infrared (FTIRYhermo Fisher Co, Waltham, MA)
spectroscopyFigure 3)was usedn attenuated total reflection modedistinguish the
chemicalstructure and phase composition of tiféedent nanofibersn the wavelegth

range of 400800 cm’.

EXPERIMENTAL RESINBASED SEALANT

Formulation of th&experimentaResinBasedSealant

The formulation for the experimental sealant followed one described elsefthere
It consisted of a 60 percent by weighttdfphenol ABis (2-Hydroxy-3-
Methacryloxypropylether (Bis-GMA) and 40 percent by weight triethylenaylycol
dimethacylate (TEGDMA)(ESSTECH Inc., Essington, Bixture. Camphorquinone
(CQ) (ESSTECH Inc.pt 0.5 percent by weighas a photoinitiator, an2t
(Dimethylamino)ethyl methacrylate (DMAEMASBigmai Aldrich Corp.)at 1 percent

by weight,as ceinitiator were adled to the resin

ElectrospurfibersFiller Preparation

Forthe incorporation of nanofibers into the experimental sealants, a modification
of a published protocol by Tian et.’8\was followel. In brief, at pieces othitosan and
nylon-6 electrospun mats-@ x 3 cnf) (Figure4) wereimmersednto the
aforementionedesin mixure Uponcompletevisualimpregnationthe soaked matieces
were careful removed anghlaced on a glass pla#& Mylar sheetand a glass plate were
placed on top of the samples and with light pressure the excess of material and air

bubbles were remove#igure5). The samples were thémansferred into a TRIAD 2000
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chamber (DENTSPLY International, In€ork, PA) (Figure 6) for photopdimerization

for 2 min. The final composites had a nanofiber content ofv2® (Figure 7).

CRYOMILLING PROCEDURE

To allow the introduction of the fabricated nanofibers within the experimental
resinbased sealant, the composites platesamoing nanofibers, underwent a cryomilling
(Spex CertiPrep 6750 cryogenic impact milletuchen, NJjFigure8) process to obtain
a finemicron-sized powder Samples of composites plates comitag the nanofibers
were milled for 15min andprecooled fo 2 min before the milling process.
The milling consisted on alternating cycles of 1 min, separated by cooling intervals of 1
min. Liquid nitrogen surrounding the milling machinery was used to ensure complete
cooling during cycles. Images of cryomillingraples(powder)were obtain using SEM
(JSM6390, JEOL}o determine morphology and partidize distribution of the milled
samplesAdditionally, the particlesize distribution of the cryomilled samples was

measured by a laser granulometer (Cilas 1064sCMarseille, France).

INCORPORATION OF THE NANOFIBERS INTO RESIN SEALANTS

The formulation for the experimental seatdiollowedthe same formulation as
describecabove The monomers were mixed by hand spatulation andhtbmogenized
by means of mawgtic stirringfor 24 hin a constant temperatureom (20 C). After 24 h,
the initiator and cenitiator were addeéh similar manner The resirbase sealants were
prepared at three different filler levels by weight perc€ngomilled samples of N6 and

CH were mixed with the experimental resiased sealant, as previously described, to
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obtain groups containingdercent 2.5percent and 5percent by weight of Nylo® and
groups containing fbercent 2.5percent and 5percent by weight of CH

To ensue complete homogenizatiofter incorporatiorof the fillers into the
experimental sealants, the mixtures were left overnight on magnetitagtis.jphen, the
mixtures were&kept under vacuum overnight to eliminat@ppedair bubbleghatmight
haveocaurredduringthe homogenizatian

Experimental sealantithout nanofibers and an unfilled commercial lightring
fissure sealant (Helioseal Clear, Ivoeldvadent, Amherst, NYJFigure 9)servedas
negative control andommercial reference, respectively

Tablel shows the chemical composition of the commelscaailablelight-cured

sealantHeliosealClearand of the experimental groups

PHYSICOMECHANICAL PROPERTIES

Flexural StrengtlfFS)

For theflexural strength(FS) tesf® 11 samples of each groupereprepared
using astainless steel spimold (2 mmin depthby 2 mm inwidth by 25 mm in length
The specimenwverelight-cured for40 splacing the light tip in different positions to
assureeompleteexposire (Figure 10)

To assure consistency between groups,curing light DEMI, Kerr Corporation,
Middleton, WI)wasmonitored periodicallyby meanof a radiomete(Cure Rite,

Dentsply Caulk, Milford, DEith an average power density output of >700mW/cm
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To remove flash and irregularitiebetperiphey of the samples arewet-finished
with 320-grit and 600grit abrasivepapes. Prior to testing the specimengerestored at
37°Cfor 24 h.

The FSwasconductedising athreepoint bendingig adapted in ainiversal
testing machine (Instron ElectroPuls 308@rwood, MA). The span betweedhe
supportsvas set a20 mmand thecrosshead speedt 1 mnymin. Figure 11 shows FS
testing procedure.

The load and the corresponding deflection wemerded and calculatesing
Bluehill 2 software (Instron) in whichné following formulawasapplied
FS = 3PI/2bd
Wheras:

p = load at fracture (N)
| = distane between supports (20m)
b =width of the specimen (mm)

d = depth of the specimgmm)

VickersMicrohardness

For theVickers microhardness tetnine samples per group were prepausing
around mold 2 mm inheightby 5mm diametex. Thesamplesverepreparedlight-
curedand stoedaspreviousy described foFS testFigure 12)

To finishedand polshed the samplegatercooled abrasive dis¢d20Q 2400,
and 4006grit SiC paper$ (MD-Fuga Struers Inc, Cleveland, OH) and polishing blot

(MD-Nap, Struers Incyith diamond suspension (1 yw&truers Inc.were usedAfter
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polishing the samples weeibmergé in deionizel waterfor 3 minandlatersonicated
in detergent solutiofor 3 min(for complete removal of the diamond suspensianyl
then again submerged in running deiodinater for 3 minA load of100g wasapplied
on the surface of the satesby means of a diamond indenter attached to a
microhardness tester (LECO LM247A0ECO Corp, St. Josephyll). Rve
measurements were obtained from each sample and avefigate 13 shows a
representation dheVickersmicrohardness test procedufidie Vickers hardness
number (VHN)wascalculatecby measuring the length of the diagonathefindentation
The measurements were recorded and calculated lusoagConfiDent Zoftware

(LECO Corporatiopin which the following formula wassed

VHN=1854.4x P /4
Whereas:
P =load (g)

d = mean diagonal of the indentation (um)

ANTIBACTERIAL ASSAY

Agar Diffusion Test

Ten samplesf each experimental growpere preparedcured and storegls
previously described for the Vickers microhardness test

Toremove flashes and irregularities, tbp and bottom of theamples were
finished with fouralternating upward and downwavdrtical movements with 60@rit

and 1206grit SiC papers and water cooling.
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Then, thesamplesvere sonicate@X) in deionizel water for 6 minutesThe samples
weredisinfectedwith 70-percentethanol solution for 30 mjrbefore testing

For the agar diffusion test,naodification of a published antibacterial assay was
followed.®® The microorganism used for this study vasnutan§UA159). Tryptic Soy
broth (TSB)(Becton, Dickinson and Company, Sparks, MD}ure (5mL) of S. mutans
in mid-log phase (approximately 16 h) was growd ased for the inoculum.

After disinfection the samples were placed on blood agar pl&tied/erleux, Inc.
Durham, NQ containing a freshly swabb& mutangUA159) lawn of bacteria andter
incubated at 37°C for 24 h undepBrcentCO,. The radius othe bacterial inhibition
zones of each grouperemeasured in millimeterat 24h, 48h and 120 hrotating the
plates each timé& hetests were performed in triplicate.

Specimens without nanofibeasid the commercial sealant, Helioseal Clear
(Ivoclar-Vivadent) weraised as negative control grau@hlorhexidine (CHX) a0.12

percentsolutionwasused as a positive control group.

STATISTICAL METHODS

All data wereprocessed by the SAS software package, version 9.3 (SAS Institute
Inc., Cary, NC)Theeffect of study group on flexural strength, microhardness, and fiber
diameter was analyzed using emay ANOVA. Because of neghomogeneous group
variances, an overall variance estimate across groups was not used in the ANOVA. Pair
wise comparisons betwegnoups were made using Fisher's Protected Least Significant

Differences to control the evall significance level at percent
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SAMPLE SIZE JUSTIFICATION

Estimates of the withigroup standard deviatiomgere taken from previous
studies:12 for flexural srengtt¥* and0.5 for VHN;and0.2 for diameter of inhibition
zone®® All calculations assume &fercentpower for twesided tests conducted ata 5
percentignificance level.

With 11 specimens per group the stugsable to detect differences of 15 MPa
for flexural strength between groups. With 10 specimens pepdgheustudy \asable to
detect differences of 0.27 for diameter of inhibition zaN@h ninespecimens per group

the studywasable to detect differences of 0.75 for VHN.
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RESULTS
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MORPHOLOGICALCHARACTERIZATION OF NANOFIBERS

Representate SEM micrographsat different magnificationsf the electrospun
nylon-6 andchitosan mats are shown in bigs 14 and15, respectivelyAs seen in the
SEMmicrographsnylon-6 exhibiedabeadfree,interconnectedetwork of randomly
oriented fibers. Closan, on the other hand, presented randomly oriented fibers with the
presence dfiber branchingMeans, respective standard deviations (+ SD), standard
errors (£ SE) and ranges of the fiber size diameter are presented in.tabknmean
fiber diamete, for nylon6 and chitosan wasalculatedoy averaging the diameter of 120
fibers.The average fiber diameter foylon-6 was found to be 503+304 nm and 595+411
nm for chitosan. There was not a significant difference betwglem-6 and ditosan

fiber diameter p =0.0601).

CHEMICAL CHARACTERIZATION OF NANOFIBERS

IR spectra was taken in the spectral range of 40800 cni of bulk practical
grade(PG)chitosanpowder as well aelectrospumylon-6 andchitosanmats.Figure16
displaysIR spectraof nylon-6 electrospun matop), chitosan electrospun m@niddle)
and bulkPG chitosan Botton) in a narrowespectrarange (2006800 cn).

Analysis forPG chitosan (bulk) and electrospun chitosagicatel characteristic
peaksassociated to M stretchingncluding NH;* (1650cmi*and 1576&m™) and GO
stretchingand saccharide group@93cm’™, 1065cm™, 1150cm™, 1198cm™) for PG

chitosan and 896m*, 1067cm?, 1137cm®, 1192cm™ for electrospun chitosan
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Peaks at 1671 chand 839 crit were observed for electrospun chitosan,
indicating presence @émainingsolvent (TFA)

FTIR analysis fonylon-6 indicated its characteristmolecular structure that
consist of amide groups (CMH) and methylene segment§qH,)s-]. The characteristic
absorption bands were observed at 3299 ¢mdrogenrbonded NH stretching), 3085
cm* (NH Femi resonance) 2932 én{CH, asymmetric stretching), 2859 eén{CH
symmetric stretching), 1637 ém(amide 1), 1544 ci (amide 1I), 1369 cii (amide Il
+ CH, wagging), 1261 ci (amide Il + CH wagging), 1171 ci (CONH skeletal
motion), 98 cm® ( CONH in-plane ( ) ).

EXPERIMENTAL RESINBASED SEALANT
CRYOMILLING PROCEDURE

As previously descrilik to allow the introduction of the fabricated nanofibers
within the experimental resibased sealant, the composites plates contaiheg
nandfibers underwent aystematic (cryomilling time was used as a variatigdmilling
processRepresentative SENhicrographsf thenylon-6 milled particles are shown in
Figures 17(A-B). Figure 18 exhibits the presence of randomly distribnigdn-6 fibers.
SEM images of the chitosan milled particles are shown in BdLE&-B).

The particles present an irregular sheyith anaverage size distributioof 15.87
pm for nylon-6 and 14.24 um for chitosaRepresentative SENhicrographof the
milled partides from a pilot study (1 minute and 8 minute cryomilling) are shown in
Figures 20 to 23 Nylon-6 milled at 1 min presented an average patrticle size distribution
of 81.30 umand33.24 umat 8 min. For chitosan the average size distribution at 1 min

was11297 pumand26.03 pmat 8 min.Evidenceof intact nylor6 and chitosan
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nanofibers are presentadkigures 20(AC), 21(B) and 23(Bat these different
cryomilling times

PHYSICOMECHANICAL PROPERTIES OF

THE EXPERIMENTAL SEALANTS

Flexural Strength (FS)

Means, respective standard deviations (x SD), standard errors (+ SE) and ranges
for FS are presented in tablé &and Fgure 24. Chitosan(5 percen} grouphad
significantly higher flexural strengiti15.3+4.5 MPajhan all other group& = 0.0000)
Chitosan(1 percentat 110.1+3.5 MPand titosan(2.5percen} at 109.3+3.4 MPa
groupshad significantly higher flexal strength than theoatrol (unfilled) (p = 0.0016
and p=0.0033 respectivelyHeliosealClear(p = 0.0000),and rylon groups. Nylor(5
percen) at 105.0+3.3 MP&ad significantly higher flexural strength than Heliogglglar
(p=0.0013)and rylon (2.5%) (p = 0.0250)

Figures 25 to 32 show SENhagesof the different groupsafter FS testingThe
fractural surfacesreveallocal agglomeratio of randomly orientechylon-6 nanofibers
(Figures 2%C), 26B), and 21B)). Highermagnification indicatethe presence of broken
nanofibers, as welhreas where fibers might V& peeleebff from the matrix (kgures
26(B-C) and 27C)).

Chitosan nanofiberwere not able to be idendifl on the cryomilled samples at 15
min or on the facture surfacesigtres 28B), 29B), 30(B)). However, thg presence can

be confirnedon the cryomilled powder inigure 23(B).
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VickersMicrohardness

Means, respectiveatdard deviations (+ SD), standard errors (x SE) and ranges
for VHN arepresented in table IV anddure 3. Chitosan(1 percen} at 38.3+0.%had
significantly higher values than all other groups, and chit@aercent at 37.0+0.3ad

significantly higrer values thanyion (2.5perceny (p = 0.0414)

ANTIBACTERIAL ASSAY

Agar Diffusion Test

Chlorhexidine0.12percentsolution was the only group that showed inhibition
zone &4 mm) againsS. mutansluring the time of the study (24 48h and 120 h). No
inhibition zone was observed in any of the other groups tédéta no shown)

Givenchitosan was being testedlie to its antimicrobial properties) agar
diffusion pilot study usinghe chitosarmndnylon-6 mats was perfornie

For the pilot study, nand disks of chitosaandnylon-6 mats (5 mrmin diametey
were cut.Solution containing: 10 luof chitosan disdissolvedn dimethyl sulfoxide
(DMSO) (Sigma Aldrich Corp.), 10 | of chitosan disdissolvedn water and a pure
chitosan disevere placed o blood agar platgbioMerleux, Inc.)containing a freshly
swabbeds. mutangUA159) lawn of bacteria and later incubated at 37°C for 24 h under
5% CQ. The radius of the bacterial inhibition zones of each group were measured in
millimeters at 2, 48h, and 120 h.The &ame procedure was performed fiyton-6
mats.

Upon exposure dhe electrospun chitosan matDMSO, the fibers dissolved

instantaneously. No traces of ttl@tosanmat seemedto remain in the solution.
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Similarly, after immersion in eitmevater or on the agarhitosannanofibers
demonstrated similar behavior.

Theformation of halos or inhibition zones wast seen in any of thested
groups. However, whateenedto beinhibition by contact was achieved with the pure
chitosan mat. Tharea where the chitosan mat was placeairfbin diameter) showed a
clear areaver the period of the study (up to 120 INp other groups (chitosan in the

solutions omylon-6 groups) showed inhibition agairSt mutangFigures 34 and 35)
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TABLES AND FIGURES
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TABLE |

Sealantomposition by weight percent (wt%)

Sealant Filler Content Resin Monomer Initiation
Composition Systems and
additives
Group | 1% Nylon 6 Bis-GMA/TEGDMA | CQ/DMAEMA
60/40 % 0.51 %
Group 115 506 Nylon 6
Group 11l 5 % Nylon 6
Group IV 1% Chitosan Bis-GMA/TEGDMA | CQ/DMAEMA
60/40 % 0.5/1 %
Group V
2.5% Chitosan
Group VI
5 % Chitosan
Group Unfilled Bis- CQ/DMAEMA
GMA/TEGDMA 0.5/1 wt. %
Vil 60/40 %
Helioseal Unfilled Bis- Catalysts and
Clear GMA/TEGDMA stabilizers 0.7 %

60/30.3 %




Means (nm) + SD, £ SE and ranges of the fiber diameter
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TABLE I

Group N Mean SD SE Min Max
Chitosan 120 595 411 38 40 1942
Nylon 6 120 503 340 31 116 2186

TABLE Il

Means (MPa) + SD, + SE and rangesffexuralstrength (in MPa)

Group N Mean SD SE Min Max
Control (unfilled) 11 100.5 7.5 2.3 85.8 110.2
Chitosan 1% 11 110.1 3.5 1.1 101.0 1131
Chitosan 2.5% 11 109.3 3.4 1.0 105.0 114.8
Chitosan 5% 11 115.3 4.5 1.3 108.0 120.6
Nylon 1% 11 102.2 4.7 1.4 93.0 108.7
Nylon 2.5% 11 100.4 5.2 1.6 92.3 107.5
Nylon 5% 11 105.0 3.3 1.0 101.8 112.4
Helioseal Clear 11 99.8 3.2 1.0 95.5 103.4
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TABLE IV

Means (VHN) + SD, + SE and ranges for Vicketigsrohardnessest

Group N Mean SD SE Min Max
Control (unfilled) 9 37.0 0.9 0.3 35.8 38.0
Chitosan 1% 9 38.3 0.9 0.3 36.8 39.8
Chitosan 2.5% 9 37.2 0.7 0.2 36.4 38.6
Chitosan 5% 9 37.0 0.3 0.1 36.6 37.6
Nylon 1% 9 37.0 0.9 0.3 36.0 38.4
Nylon 2.5% 9 36.6 0.4 0.1 36.0 37.0
Nylon 5% 9 37.2 0.9 0.3 36.2 39.0
Helioseal Clear 9 36.6 0.6 0.2 35.6 37.4
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Taylor Cone

Whipping
Instability

Syringe Pump

FIGURE 1.

High-Voltage
DC Source

Rotating/Translating -
Grounded Collector

Representative schematic of major electrospinning components and -
For didactic purposes the grounded mandrel/collector has been divid
into two parts to depict that electrospun fibers can be collected at a
random orientation when using very low rotating speed (A) or with hig
degree of alignment by using higpeed (B).Adapted fromBottino MC,
Thomas V, Schmidt G, et al. Recent advancdke development of
GTR/GBR membranes for periodontal regenerateomaterials
perspectiveDent Mater2012;28(7):70221.
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FIGURE 2. Macrophotograph of the scanning electron
microscopelEOL SEM (JSM6390, JEOL, Tokyo, Japan)
used in thestudy.

FIGURE 3. Fourier transforminfrared (FTIR) (Thermo
Fisher Co, Waltham, MA) spectroscopy
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FIGURE 5. Macrophotograph of an electrospun mat after immeiisitanthe BIS
GMA/TEGDMA resin mixture.
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FIGURE 6.TRIAD 2000 chamber (DENTSPLY International, In€ork, PA).

FIGURE 7. Final composites plate with a nanofiber content of 20 .wt%
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FIGURE 8. Cryomilling machine (Spex CertiPrep 6750
cryogenic impact mij Metuchen, NJ).



38

FIGURE 9. Commercially available resibased sealant
Helioseal Clear (lvoclar Vivadent, Amherst, NY).
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FIGURE 10. (A) Stainless steel mold used forfie&ural strengh test. (B)
Flexuralstrength specimen prepared using the mold.
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FIGURE 11. (A B) Representative macrophotographs of samples
duringflexuralstrengh testing.
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FIGURE 12. Mold and sample preparatidor Vickersmicrohardness test.
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FIGURE 13. Representative seip of the Vickers microhardness
test procedure.
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5kV X1,500 10pm 12 30 SEI

5kV X5,000 5pm 12 30 SEI

FIGURE 14. A) andB) Representative SEM micrographs of electrospun nglon
nanofibers X1500). B)Higher magnificationX5000) of the selected
area.
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X1,500°  10pm 12 30 SEI

X10,000 - 1pm 1230 SEI

S5kV pr 12 30 SEI

FIGURE 15. A) Representative SEM micrographs of electrospun chitosan nanofibers
(X1500). B) Higher magnificationX6000 and<10000) showing
branching of the chitosan fibers
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FIGURE 16. FTIR spectra of electrospun nyl@nand chitosan
mats and practical grade (PG) (+) indicates the
presence of remaining solvent in electrospun
chitosan.
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©X250_ 100pm 1230 SEI

5KV X1,000 - 10pm . 1230 SEI

FIGURE 17. A), B) Representative SEM micrographs of cryomilled samples (15 min)
containing electrospun nylef fibers. B) Higher magnificatiorX(1L000).
arrows indicate the presence of ny6riibers.
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5kV X4,000 5pm 11 30 SEI

FIGURE 18. Representative SEM micrograph showing the presence of intact randomly
distributed nylor6 fibers within the composit€x4000).
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5kV. 12 30 SEI

5KV 4 X1,0000 10pm 1230 SEI -

FIGURE 19. A) and B) Representative SEM micrographs of cryomilled samples (
min) containingelectrospun chitosan fibers at different magnifications
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5kv X1,000 10pm 11 30 SEI

X250 100um 11 30 SEI

5kV X5,500 2pm 11 30 SEI

FIGURE 20. A) through C) Representative SEM micrographs of cryomi
samples (1 min) containing electrospun nyfibers at
different magnificationsB), C) Higher magnifications.
Arrows indicatethe presence of intact nyldghfibers.
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X250 -100pm 12 30 SEI >

e el

5kV X1,000  10pm 12 30,SEI

FIGURE 21. A-B) Representative SEM micrographs of cryomilled samples (8 mir

containing electrospun nyle®fibers at different magfications. B)

Higher magnification (X1000). Arrows the presence of intact ngon
fibers.
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S5kV X250 100pm 11 30 SEI

5kV X1,000 10pm 11 30 SEI

FIGURE22. A-B) Representative SEM micrographs of cryomilled samples (1 min]

containing electrospun chitosan fibers at different magnifications. B)
Higher magnification (X1000).
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12 30°SE

FIGURE 23. A-B) Representative SEM micrographs of cryomilled samples (8 min)
containing electrospun chitosan fibers at different magnifications. B)

Higher magnification (X1000). Arrows the presence of intact chitosan
fibers.
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N6 (1%) N6(2.5%) N6(5%) Chi(1%) Chi(2.5%) Chi(5%) co
(unfilled)

w

Flexural Strength (MPa)

Experimental Groups

FIGURE 24. Mean flexural strength (in MPa).
Chitosan (5%) group had significantly higher flexural strength
(115.31£4.5 MPa) than all other groups.
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X45  500um 13 30 SEI

X300 50pm 14 30 SEI

X3,000  5pm 13 30 SEI

FIGURE25. A-C) Representative SEM micrographs of the fractured surface o
sample containing nyle6 (1%) at different magnifications. Arrows
indicated presence of nanofibers.
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11 30 SEI

X3,000 S5um 11 30 SEI

X9,000 2um 11 30 SEI

FIGURE 26 A) to C) Representative SEM micrographs of the fractured surfac
sample containing nylef (2.5%) at different magnificatis. Arrows
indicatethe presence of nanofibers.
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12 30 SEI

5kV X850 ' 20um 12 30 SEI

5kV. X3,000 5um 12 30 SEI

FIGURE 27. A) through C) Representative SEM micrographs of the fractured
surface of sample containing nylén(5%) at different magnifications.
Arrows indicated presence of rddibers.
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S e R

X45 14 30—~S¥I

X300 50pm 12 30 SEI

FIGURE 28. A) and B) Representative SEM micrographs of the fractured surface «
sanple containing chitosan (1%) at different magnifications.
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FIGURE 29. A-B) Representative SEM micrographs of the fractured
surface osampe containing chitosan (2.5%) at different
magnifications.











































































