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INTRODUCTION



Pit and fissure sealants can be used effectivehaesof a comprehensive
approach to caries preventibi 1955 Buonocorfepredicted the ability to prevent caries
by sealing pits and fissures with a bonded resiteria. Later, in 1967 Cueto and
Buonocoré published the first clinical study on pit and fiss sealants. Since then, there
have been numerous reports documenting the effichpit and fissure sealants.

Most sealants available in the marketplace areflegzsed. The preventive effects
of this type of sealant are maintained as londnasraterial remains bonded to the dental
surface’ However, for adequate retention of resin-basethses at the time of
placement, the enamel must be clean, free of sglo@tamination, and dry because of
the hydrophobic nature of most resin-based masenaiich is sometimes clinically
challenging’ ®

Glass ionomer cements were introduced in 1974 blyedis and Wilsohas an
alternative sealant material. Glass ionomer mdsesig@@ more tolerant of minor moisture
presence during placement than their resin-basestemart: Moreover, they release
fluoride ions into adjacent enamel and absorb ftleofrom other sources, such as
fluoride toothpastes and mouth rinses and therebgsaa rechargeable, slow-releasing
fluoride device® In addition, concerns have been raised abouikbihood that
estrogenic chemicals, in particular bisphenol-A ABHAnight be leached out of dental
resin sealants.

In clinical studies, glass ionomer sealants hawsvsHow retention and

correspondingly high microleakage rates comparéd sesin sealants!°**and this has



limited their use. However, a recent systematiéen@t? concluded that there is no
evidence for either resin-based or glass ionomeersority among sealant materials in
preventing dentin caries development in pits agsufies over time.

The ability of fissure sealants to prevent carsegirectly related to sealant
retention'’ We hypothesize that improving penetration of glassmer sealants would
reduce the amount of sealant exposed to occlusslssis that cause cohesive failure, and
that retention would improve.

A number of studies have evaluated different tegqines of enamel conditioning
for pits and fissures sealanis.vitro studies have shown that etching for 60 seconds
instead of etching for 15 to 20 seconds with phosphacid is more effective at etching
intact fissures and promoting reduction of micrabege"° Moreover, it has been
shown that low viscosity surfactant-containing gitawic acid significantly increases the
resin-based sealant penetration into deep fis3fitealso has been shown that
phosphoric acid etching preparation prior to theliaption of glass ionomer (Gl) sealant
significantly reduces microleakad&Recently, a new self-etch conditioner developed to
be used with resin modified glass ionomer (RMGIswdroduced (GC America). This
new, self-etch conditioner has never been testednmbination with RMGI-based
sealant. This self-etch conditioner has shown caaipa microtensile bond strength to
that obtained with a 25-percent polyalkenoic aadditioner and has the advantage of

not having to be rinsed off following applicatiéh.

The purpose of this study was to evaluate the enfte of different fissure-

conditioning techniques on penetration and micitaga of Gl and RMGI cements used



as sealants. Enhancing penetration and reducingledkage of glass ionomer-based
sealants may improve their retention and subsebyui@ctease their preventive ability.
The hypothesis for this study was that fissure @mrdng with one or more of
the techniques being studied significantly incregsenetration and microleakage
resistance of Gl or RMGI cements used as a sedlhatnull hypothesis was that fissure
conditioning with one or more of these techniquas o effect on penetration or

microleakage resistance of Gl or RMGI used as ksea



REVIEW OF LITERATURE



Over the last decades, the prevalence and sewéuligntal caries have declined,
and the pattern shows detection of fewer smoottaseilesions than occlusal lesidfs.
3 Dental caries is a site-specific disease that fastsi itself primarily in pits and
fissures. Fissures develop at the border lineadety located enamel-formation
centers* which have complex anatomy, especially deep andwaand difficult to
access for self-cleaning or cleaning with convarglanethods like tooth brushing. The
prevalence of occlusal caries accounts for 56 pe¢toeS80 percent of the lesions in
permanent teetft?’ The morphology of pits and fissures has been tegdo be one of
the most important caries risk factéfsyith the molars more frequently affected than
premolars, and mandibular molars more frequentbaged and restored than molars in
the maxilla?® * By filling the pits and fissures with a restoratimaterial (i.e., sealants),
a cleansable, smooth surface can be created thad \Wwave a reduced risk for caries

development.

PIT AND FISSURE SEALANTS

The term sealant is used to describe a materradated into occlusal pits and
fissures of teeth at risk of dental caries to @eabarrier that reduces the impact of food
and microorganisms, which may contribute to thenfation of dental carie¥.In 1955
Buonocoré. in a classién vitro study, predicted the ability of sealants to préemies
by using 85-percent phosphoric acid to etch pitsfaasures for 60 seconds followed by

the application of resin material. Later, in 1967e@ verified the effectiveness of



acrylic resin sealants in prevention of dentalesam a clinical study. He demonstrated
that acrylic resin has the capability to remaindexhto the tooth surface and that
bonding depends on a clean enamel surface thdtdeasetched to produce
microporosities. The first dental pit and fissure sealant, Nuvat8e®. Caulk) was
introduced in 1971 along with its curing initiatmd ultraviolet light source. In the same
year, sealants got acceptance by the American D&ssaciation. In 1974, glass
ionomer cement was introduced as an alternatitieetoesin-based sealdhn 1976, 3M
Dental Products introduced the first white colosedlant (Concise White Sealant) by
adding titanium dioxide, and in 2001 color-changseglants by 3M ESPE and Ivoclar
Vivadent

Reports for more than three decades have documtaedficacy of pit and
fissure sealants in reducing occlusal dental cArfiésreover, two studies on the effect of
dental sealants on bacterial levels in caries tesiand on the effectiveness of sealants in
managing carious lesions, concluded that sealaat®ept progression of dental caries.
These two sets of findings suggest that “when s¢éskre retained, and thus access to
fermentable substrates is blocked, bacteria dappear capable of exerting their
cariogenic potential®® **Nowadays, in addition to resin-based sealantssg@omer-

based sealants are available.

RESIN-BASED PIT AND FISSURE SEALANTS

Resin-based dental sealants are generally based-@henol A glycidyl
dimethacrylate (Bis-GMA) or urethane with the adhfitof diluents such as
triethylenglycol dimethacrylate (TEGDMA) and/ oh3droxyethyl methacrylate

(HEMA). A wide variety of resin sealants is avallaldrom unfilled to partially filled and



from clear to white or other colors. These materak either chemically polymerized or
initiated by visible light*?

Despite the presence of two hydroxyl groups, tre@MA monomer is
inadequately hydrophilic to compete with waterifaeraction with the enamel surfate.
Water within the microscopic capillaries would peav complete penetration of the
acrylic resin. Contamination of the etched enarodbses with saliva prior to sealant
application will also prevent proper bonding, bessthe micropores become occludgd.
Therefore, moisture contamination of etched enalaghg application of the sealant is

the most frequently cited reason for sealant failur

GLASS IONOMER-BASED PIT AND FISSURE SEALANTS

In 1968, Smith’ introduced the first cement (polycarboxylate) thands
chemically to the tooth tissi#é Further work by Wilson’s teaffiresulted in the
introduction of glass ionomer (glass polyalkenoatnents, based essentially on the
liquid in polycarboxylate cements. The basic bagdnechanism is ionic attraction
between two carboxyl (COPDgroups in the cement to calcium (Qan enamel and
dentin.

The conventional glass ionomer cements are watebmateriald® Since these
are brittle materials, attempts were made to erdn#ime physical properties by addition of
either metal particles (silver or gol)by a fusion process resulting in a cermet
(ceramic-metal), or an admix (amalgam alloy pagsdby a simple additiofi}.Further
modification of conventional Gl cements took platearly 1990s by the addition of

water-soluble resift: to produce the resin-modified Gl cement.



Glass ionomer materials are more tolerant to mimoisture presence when being
placed than their resin-based counterpahtsaddition, they can release fluoride ions
into adjacent enamel and absorb fluoride from otloeirces, such as fluoride toothpastes
and mouth rinses, and therefore act as rechargesereleasing fluoride devicés.

Clinical situations in which glass ionomer mightdbetter sealant alternative
include treatment of children whose primary molzase deeply pitted or fissured
surfaces; where isolation may be difficult; treattnef permanent first or second molars
that have not fully erupted, and situations whet@asitional sealant may be considered
before placement of a permanent resin seaiaht.

The ability of fissure sealants to prevent carsegirectly related to sealant
retention®’ In numerous clinical studies, glass ionomer-basedants have shown low
retention and correspondingly high microleakagesabmpared with resin-based
sealants; > **However, in three clinical studi#&'° glass ionomer sealants prevented
dentin lesion development significantly better thesin-based sealants with the
difference in sealant retention between the twes$ypf materials being minimal. In 1996,
Simonsendid a critical review of literature on glass ionensealants:

“An objective assessment of the presently availabientific literature on the use
of glass ionomer materials as pit and fissure s¢ésla not encouraging in terms of
retention, but appears somewhat more positivedoes prevention. At the time of this
writing [1996], the published literature indicatbsat retention for resin-based sealants is
better than for glass ionomer sealants, but diffege in caries prevention remain

equivocal.”
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Komatsu et af’ showed that high caries reduction rates couldidaimed if
constant reapplication of glass ionomer sealantenslucted when sealant is lost. The
retention rate was maintained by sealant reappicatver three years. The authors
concluded that reapplication is an acceptable phaeethat seems to improve caries
reduction.

Seppa et &f° found that fissures sealed with glass ionomenaoee resistant to
demineralization than control fissures, even aftenplete Gl sealant lost. This may be
the result of the combined effect of fluoride raled by glass ionomer and residual

material in the bottom of the fissur&s?®

RESIN-MODIFIED GLASS IONOMER-BASED SEALANTS

Other researchers have begun to look at other giaesner materials such as
RMGI cements as a sealant option. RMGI cement axesal sealant in a one-year
clinical study appeared to wear marketflirhree clinical studies showed low retention
of RMGI cement used as sealants compared with-tesied sealants with the difference
in caries increment being mininmaI>? Furthermore, two of those studies showed that
RMGI cement sealants continued to darken overttidysmany became slightly darker
than the sealed teeth. The increased darkness ckthent may possibly reflect water
uptake, primarily, and breakdown of unreacted mosrsmnand chromogenic
compounds?

Furthermore, in a recent clinical study, VitremRMGI cement) with normal

powder/liquid proportion (1:1) showed better ret@mtperformance than Delton (resin-

based sealant) with cotton rolls, with or withoutanding agent® These results
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suggested that RMGI cement may be an efficientpaonhising alternative as a dental
sealant.

Pereira et al> *°conducted two clinical studies to assess retemtimhcaries
prevention of Vitremer (RMGI) and Ketac-bond (contrenal glass ionomer) used as
dental sealants. These studies showed higher igatdot Vitremer, and no dental caries
was recorded during the 12 to 24 months for bofleamental groups. Moreover, Vieira
et al®’ conducted a clinical study finding that the RM®@&gented higher retention rates
than conventional Gl sealants.

Other studies have been conducted to evaluate ledd@ge associated with
RMGI. De Rego and Araujdinvestigated the microleakage associated witherfit
types of pit and fissure sealants and found greatenoleakage for RMGI. The authors
attributed the result to the fact that the enanad wot etched and that this type of
material has a resin componéhPardi et af® conducted ain vitro study evaluating the
microleakage of resin-based sealant, flowable c@ngpoesin-based sealant, compomer-
based sealant, and RMGI-based sealant placed3afeercent phosphoric acid etching.
They found that all types of fissure sealants haular marginal sealing ability. Results
from this study suggested that etching pits arglfiss with phosphoric acid may help in
reducing microleakage associated with RMGI.

In summary, Gl and RMGI are promising sealant niaterRecently, systematic
review compared the caries-preventive effect ahreased and glass ionomer-based
sealants. The conclusion of this review was thatetls no evidence for either resin-
based or glass ionomer-based sealant materialistipein preventing dental caries

development in pits and fissures over tithe.
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ENAMEL CONDITIONING METHODS

Buonocoré originally used 85-percent phosphoric acid fors&8onds for etching
enamel. Nowadays, as a result of better understgrafithe acid etching process, most
commercial enamel etchants are at 30-percent fmed€ent (commonly 37-percent)
concentrations of phosphoric acid with recommeretetling time of 15 to 20 seconifs.

However, regarding dental sealants, longer etctimg (60 seconds vs. 15 to 20
seconds) with phosphoric acid has been shown todre effective in etching intact
fissures, and promoting reduction of microleakageen high relative humidit}® The
longer etching time of 60 seconds might allow ttelhant to penetrate better in deep
fissures and therefore etch the enamel surface effeetively!’ Reducing the etching
period with 37-percent phosphoric acid has beemwaslio increase the number and size
of voids between the sealant and enamel surfacgehwésult in poorer adaptation of
sealants to the vertical wafi§Moreover, it has been shown that low-viscosityatant
containing phosphoric acid etchants can penetetterinto deep fissures producing a
more retentive and wettable surface, significaimtyeasing the resin sealant penetration
into deep fissure?. It also has been shown that phosphoric acid egghieparation prior
to the application of glass ionomer-based sealgntfeantly improved their retention
ratel®

Recently, GC introduced a new self-etch conditiadereloped to be used with
RMGI. This self-etch adhesive is mainly composed-MET, HEMA, water, ethanol
and initiator”* When used on enamel and dentin, this self-etcHitioner has shown
comparable microtensile bond strength to that abthiwith a 25-percent polyalkenoic

acid conditioner, with the added advantage of aeiryg to be rinsed off following
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application’* Additional conditioning steps with phosphoric apids using self-etch
conditioner have shown to increase the bond stheofd@MGI materiaf* ®* The new
self-etch conditioner when used with RMGI seemise@ promising alternative to

conventional conditioning with polyacrylic acid.

SEALANT PENETRATION EVALUATION

Enhancing sealant penetration into fissures shaujsrove sealant retentidh.
Complete penetration of sealants into the fissysees is hard to achieve, especially into
deep and narrow fissurésdue to the phenomenon of close-end capillariessotated
capillaries®® Sealant penetration may be influenced by the gagnw the pits and
fissures, presence of debris, air entrapment, arthin properties of the sealants
themselve$?

Several studies tried to improve dental-sealantefpation by modifying pit and
fissure cleaning and conditioning techniques. Défd methodologies have been used to
assessin-vitro sealant penetration. A study recorded penetraBsncomplete or
incomplete regardless of fissure length or compyeXki Other studies assessed the
presence or absence of unfilled areas below thé&ardeanaterial or measured the
proportion of unfilled to filled area®: ®” Some studies used the percentage of sealant
depth to evaluate sealant penetraffoivhile other studies depend on a ranked scale
system to assess sealant penetration, like theleswibed by Hosoya et &.the scoring
system was as follows: “0 = no penetration; 1 =gbetion restricted to the outer half of
the fissure; 2 = sealant penetrated into inner dfdlfie fissure; 3 = sealant penetrated into

almost all fissures but one minor failure of ad#pta or penetration; 4 = complete
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adaptation and penetration into all fissures.”dmmary, no consensus exists on a better
method to evaluate sealant penetration.
MICROLEAKAGE EVALUATION

Microleakage is described as the movement of twald between the tooth and
dental restoration’s interface. The fluid may irdgbacteria and toxic substances that
may affect the tooth structure and the pJIphe term microleakage has been cited in the
literature since at least 1912.

It has been suggested that microleakage increlsetetelopment of caries
lesions’®"® In-vitro microleakage studies can predict the marginalrsgability of
dental sealant. Moreover, measurement of microleakage has beehtasevaluate the
effectiveness of different conditioning proceduii@sthe retention of fissure sealairts
vitro.”’ 18, 75,76

Microleakage can be determined by different methbdwever, evaluation of the
penetration of a dye is the most simple and wideld methodology. Various solutions
and dyes with different concentrations have beeq ts study the problem, such as
radioactive isotopeS, methylene blue dy®& basic fuchsid? erythrosineé? silver
nitrate®! alcohol gentian viole® and rhodaminé?

Different methods have been used to assess dyérgigoe through the tooth-
sealant interface, such as by measuring the pagermf dye penetration along the
enamel-sealant interfaé&However, most studies used a ranked scale to syere
penetration, such as the one described by Graral&%e0 = no dye penetration; 1 = dye
penetration restricted to superficial margins; @e penetration restricted to lateral

interface, and 3 = extensive dye penetration tdtteom of the sealant.
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AGING BY THERMOCYCLING

Thermocycling is a widely used thermal fatigue noetko evaluate the durability
of dental material bond to tooth structdt&his method tries to mimic the thermal
changes that occur in the oral cavity caused bipgadrinking, and breathint.

This type of test induces frequent contraction/espan stresses at the tooth-
material interface resulting from the thermal cantion/expansion coefficient of dental
materials that are different from the thermal caction/expansion of the toothThis
may result in crack propagation along the bondéestfisce and subsequent gap
formation. Gaps of different dimensions can bete@#o allow the passage of fluids in
and out of the interfacd®.Therefore, this methodology may modify the adhesietween
the dental materials and tooth surface, showingntheence of thermal expansion on
bond-strengtf’

Thermocycling regimes used in reported studiegdiffith respect to the number
of cycles, temperature, and dwell time. The nundbeycles is frequently arbitrarily
chosen. 1SO standard (ISO TR 11450) proposed engegdf 500 cycle®® In reported
studies, cycling numbers range from 100 to 50,0@les; temperature extremes range
from 4°C to 15°C in cold bath, and up to 45°C t6@®@ hot bath, while dwell time is
usually 15 seconds, 30 seconds or 60 secrts anticipated that approximately
10,000 cycles correspond to one year of clinicatfion. This estimate is based on the

hypothesis that such cycles may happen 20 to 5&stjmer day”
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METHODS AND MATERIALS
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Human molars (IRB #0306-64) free from obvious calesions, morphological
defects, restorations, and with deep pits andriessthat are typically indicated for
sealant placement were selected. Teeth were ké&plipercent thymol solution since
extraction. All teeth had fully developed rootshtmmogenize the sample in relation to
enamel maturation.

Teeth were randomly distributed into nine experitakgroups of 15 teeth each.
All teeth roots were cleaned with periodontal cieg®tOcclusal surfaces were cleaned
with a disposable prophylaxis angle with taper bratlow speed (5,000 RPM). The
brush was immersed in water before any occluséeeimwas brushed for 10 seconds.
Brushed surfaces were flushed with an air-watemysfor five seconds and lightly dried.

The enamel in the area of the pits and fissurestreated with different
techniques and sealed with either resin-basedrgg@lalton, Dentsply International Inc.
York, PA, Lot No. 080428) or RMGI cement (Vitrem8M-ESPE Dental Products, St.
Paul, MN. Powder lot No. 8AT, liquid lot No. 8HTj &I sealant (GC Fuji triage-white,
GC America Inc., Alsip, IL, Lot No. 0803251). Tablpresents the different treatment
groups.

Group A served as the control. Occlusal fissuregwenventionally etched with
35-percent phosphoric acid gel etchant (Ultradeatiécts, South Jordan, UT) for 15 to
20 seconds, flushed with an air-water spray, aretldResin-based fissure sealant
(Delton) was applied. Immediately after placementh sealant was light cured

(Coltolux 3, model No. C-7910, Coltene/ Whaledemt | Mahwah, NJ) for 20 seconds.
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Group B served as the RMGI control. Occlusal fisswwere conventionally
conditioned with 25-percent polyacrylic acid (Ketaanditioner, 3SM-ESPE, Seefeld,
Germany. Lot No. #258803) for 15 seconds, flush&ld an air-water spray, and dried.
RMGI cement (Vitremer) was mixed manually (handts|zded) using a standard
powder/liquid proportion (1:1). Then, sealant mialevas delivered to the fissures using
an intraoral delivery tip; a Q-tip dampened withirgmer liquid was used to tamp cement
into fissures and remove excess. Immediately pfsarement, each sealant was light
cured for 40 seconds.

Group C: Occlusal fissures were etched with 35gr@rphosphoric acid gel for
60 seconds, flushed with an air-water spray aneddRMGI cement (Vitremer) was
applied as a sealant, following the same stepsaifiat placement as in group B.

Group D: Occlusal fissures were etched with loveessty 35-percent phosphoric
acid with a surfactant (SLS) for 60 seconds, flasiveh an air-water spray and dried.
RMGI cement (Vitremer) was applied as a sealatigaong the same steps of sealant
placement as in groups B and C.

Group E: Occlusal fissures were conditioned witlfresteh conditioner (GC Self-
conditioner; GC Corporation, Tokyo, Japan, Lot B804081), and left undisturbed for
10 seconds. The surface was gently air-dried usangpressed air for 5 seconds and
ensured that the conditioned surface had a glqgsgaaance without water rinsing.
RMGI cement (Vitremer) was applied as a sealatigaong the same steps of sealant
placement as in groups B, C, and D.

Group F: Occlusal fissures were etched with 35qr@rphosphoric acid gel for

60 seconds, flushed with an air-water spray, aretld6elf-etch conditioner was applied
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and left undisturbed for 10 seconds. The surfacegeatly air-dried using compressed
air for 5 seconds and ensured that the conditigne@ce had a glossy appearance
without water rinsing as done with group E. RMGinemt (Vitremer) was applied as a
sealant, following the same steps of sealant plac¢s in groups B through E.

Group G served as the Gl control. Occlusal fissue® conventionally
conditioned with 25-percent polyacrylic acid for 4éconds, flushed with an air-water
spray, and dried. Gl sealant (Fuji Triage Whitg)stde was triturated in a mixer for 10
seconds, capsule loaded into a capsule appler sealant applied into occlusal fissures.

Group H: Occlusal fissures were etched with 35-@@rphosphoric acid gel for
60 seconds, flushed with an air-water spray, areldG| sealant (Fuji Triage White)
was applied, following the same steps of sealatgrhent as in group G.

Group I: Occlusal fissures were etched with lowcesty 35-percent phosphoric
acid with a surfactant for 60 seconds, flushed aithair-water spray, and dried. Gl
sealant (Fuji Triage White) was applied, followitlg same steps of sealant placement as
in groups G and H.

Low viscosity phosphoric acid with surfactant wasgared by adding 14.2 ml of
distilled water to 10 ml of low viscosity 85-percamthophosphoric acid to produce low
viscosity 35-percent phosphoric acid. One mg ofisndauryl sulfate (SLS) was then
added into 10 ml of the prepared low viscosity &epnt phosphoric acid. Afterwards,
the solution was stirred at 60°C for 10 minuteditote the SLS into the solution. That
ended with production of 10 ml of low viscosity @phoric acid with 0.1-percent of SLS.

After 48 hours storage in 100-percent relative hdiyiat 37 °C, the restored

teeth were subjected to artificial aging by thergmtiag in water for 2,500 cycles



20

between 7°C = 2 °C and 48 °C3£’C with a dwell time of 30 seconds. The specirhens
apices were covered with compound wax. After ttiet,whole specimens including the
covered apices were painted with 2 layers of agsistant varnish except for their
occlusal surfaces. Teeth were placed in separataicers and then each tooth was
immersed in 1-percent methylene blue dye at 370t@ hours?’

After thermocycling and dye penetration, the teeéne rinsed thoroughly under
tap water and the roots were removed using a saathTcrowns were glued to plastic
rods and were sectioned in three to five sliced@ath, depending on tooth size, with a
hard tissue microtome saw (Gillings-Hamco, HamcaMi@es Inc., Rochester, NY) The
path of microtome saw sectioning was marked byaefitie Sharpie pen on the occlusal
surfaces before sealant placement to make sureg¢htivning would be through deep
pits and fissures.

Each section was examined under stereomicroscoppriN6MZ1500, Nikon,
Tokyo, Japan). Images were captured, digitized,aanadyzed using Nikon ACT-1
(version 2.63, Nikon Corporation, Tokyo, Japan) mdge J (Version 1.41, National
Institutes of Health, Bethesda, Maryland). A rankedle method described by Grande et
al.?®was used to measure microleakage (Figures 1-4)rdtik is as follow: (0) no dye
penetration; (1) dye penetration into the occltisiatl of the enamel-sealant interface; (2)
dye penetration into the middle third of the inéed; and (3) dye penetration into the
apical third of the interface.

The penetration of the material into the pits asdures was expressed as a
percentage of the total length of the fissure,rasipusly described by Bottenberg ef&l.

(Figure 5). The fissure depth was measured fronptinet where the width of the fissure
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orifice becomes smaller than 20 down to the bottom of the fissure. The penetratio
depth was measured from the same point down tdegbpest edge of the sealing

material®®

STATISTICAL ANALYSIS

Comparisons among the groups for differences irséfadant penetration into the
fissure were performed using analysis of variaddé@VA). The ANOVA included a
random effect for tooth to account for multiple ts&es analyzed from each tooth. The
ranks of the penetration measurements were ugbe i@nalysis. Comparisons among the
groups for differences in microleakage scores wweréormed using generalized
estimating equation (GEE) methodology applied tmalative logistic regression.
Cumulative logistic regression is a method for gzialg outcomes with a limited number
of ordered levels, and the GEE model was necessagcount for multiple sections
analyzed from each tooth. Pair-wise comparisonsdst groups were performed

because the overall test for any difference amaagps was significant.
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RESULTS
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SEALANT PENETRATION

Table Il shows a summary of the data collectedHersealant penetration
percentage mean for each group. Resin-based sshtaméd significantly better
penetration than Gl- and RMGI-based sealants. @iondhig fissures with either 35-
percent phosphoric acid with or without SLS did eohance either GI- or RMGI-based
sealant penetration. Conditioning fissures witlretdh conditioner enhanced the

penetration of RMGI-based sealant (Tables Il andHigure 6)

MICROLEAKAGE

Table Ill presents the data collected for microbegk scores for each group.
Resin-based sealant showed significantly less heigkage than both Gl and RMGI
sealants. Gl sealant showed less microleakageRNdBI-based sealant.

Regarding Gl groups, conditioning fissures with@seent phosphoric acid with
SLS showed significantly less microleakage thanGheontrol. Conditioning with 35-
percent phosphoric acid gel showed no significadtiction in microleakage.

Regarding RMGI groups, conditioning fissures wiia@#rcent phosphoric acid
with SLS showed less microleakage (marginally digant, p = 0.06) than the RMGI
control. The rest of the conditioning methods testiel not reduce microleakage (Tables

[l and 1V, Figure 7).
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Score O

Enamel

Dentin

FIGURE 1. A diagram showing mie@akage score 0O,
no dye penetmat
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Score 1

Enamel

Dentin

FIGURE 2. A diagram showing microleg&acore 1,
dye penetratioroitite occlusal third
of the enamel-setlaterface.
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Score 2

Enamel

Dentin

FIGURE 3. A diagranoshing microleakage score 2,
dyenetration into the middle third of
thieamel-sealant interface.
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Score 3

Enamel

Dye

Dentin

Score 3

Enamel

Dye

Dentin

Figure 4. A diagram shogvmicroleakage score 3,
dye penttnainto the apical third of
the enarsedlant interface.
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FIGURE 5. Method for quantifgi penetration. A: Point
where thiglth of the fissure orifice is 200m;
B: Fissukepth from the width of 20Am to
the baseha fissure; C: Sealant penetration.
Percensefalant penetration was calculated

using tleerhula AB/ACX 100.
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Sealant Penetration

100
90
30
70
&0

T
5
4
n
2
1.
0t

Group A Group B GroupC Group (D GroupE GroupF Group G GroupH Groupl

o o

Penetration %

oo o

FIGURE 6. Average ealant penetration percentagfehe different groug:

Group A: 3!-percent phosphoric acid + Delton (Rebiase sealant);

Group B: 2-percent ptyacrylic acid + Vitremer (RMC-based sealant);

Group C:35-percent phosphoric acid + Vitremer;

Group D:Low-viscosity 35-percent phosphoric acidswfectant +
Vitremer;

Group E: Seletch conditioner + Vitremer;

Group F: 3-percent phosphoric acid + selfeh conditioner + Vitrem;

Group G: 2-percent polyacrylic acid + Fuji Triage (®hsed sealant);

Group H:35-percent phosphoric acid + Fuji Triage;

Group I: Low-viscosity 35-percent phosphoric acidswfactant + Fuj
Triage.
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FIGURE 7.

Average of microleakage ssarkthe different groups

presented by petaga of specimens for each score.

Score 0: No dye gteation;

ScoreDye penetration into the occlusal third

of tteamel-sealant interface;

Scord®e penetration into the middle third

of timerface;

Scord¥e penetration into the apical third

of timerface.
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FIGURE 8. An example of complatsiire penetration of resin-based
sealant andnoligakage score 0.
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FIGURE 9. An example of RMGI-basedlaeticomplete fissure
penetration.
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FIGURE 10. An example of Gl sealaninptete fissure penetration.
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FIGURE 11. An example of Gl seal@tbmplete fissure penetration.



36

FIGURE 12. An example of dye @ation throughout the
RMGI-bassshlant and microleakage score 3.
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FIGURE 13. An example of incomplBssure penetration of Gl
sealant androieakage score 0.
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FIGURE 14. An example of microlea&agore 2 associated with
Gl sealant.
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FIGURE 15. An example of microleakagore 3 of RMGI sealant. The dye
penetratedhe apical third of the fissure.
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FIGURE 16. An example of microlea&agore 3 associated
with resin-bdsealant.
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TABLE |

Experimentl groups*

Group| Sealant Type Conditioning Conditioning
Method Time
A Resin 35-percent 15-20 sec | control
phosphoric acid
B RMGI 25-percent 15 sec RMGI control
polyacrylic acid
C RMGI 35-percent 60 sec
phosphoric acid
D RMGI Low viscosity 35- | 60 sec
percent phosphoric
acid w/ surfactant
E RMGI Self-etch 10 sec
conditioner
F RMGI 35-percent 60 sec
phosphoric acid + | 10 sec
self-etch
conditioner
G Gl 25-percent 15 sec Gl control
polyacrylic acid
H Gl 35-percent 60 sec
phosphoric acid
I Gl Low-viscosity 35- | 60 sec
percent phosphoric
acid w/ surfactant

* Gl: Glass ionomer.

RMGI: Resin modified glass ionomer.
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TABLE I

Numt?er of Minimum Maximum Mean of penetratior]
sections penetration| penetration percentage
Group analyzed percentage| percentage| (Standard Error)

A 49 14.5 100 87.9 (4.2)
B 41 0 100 47.8 (4.4)
C 37 0 100 44.7 (4.7)
D 56 0 100 44.5 (3.9)
E 55 0 100 73.6 (3.9)
F 46 0 100 56.8 (4.2)
G 36 0 100 47.3 (4.7)
H 41 0 100 35.7 (4.4)
| 51 0 100 40.2 (4.0)
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TABLE Il

Microleakage scores*

* Score 0 (no dye penetration).
Score 1 (dye penetration into thelusal third of the enamel-sealant interface).
Score 2 (dye penetration into thddta third of the interface).

Score 3 (dye penetration into thieaghird of the interface).

Microleakage, Number of sections (-percent)
Group Score O Score 1 Score 2 Score|3

31 (63) 3 (6) 1(2) 14 (29)
B 0 (0) 0 (0) 3(7) 38 (93)
C 0 (0) 1(3) 13) 35 (95)
D 1(2) 7 (13) 6 (11) 42 (75)
E 0 (0) 0 (0) 5(9) 50 (91)
F 0 (0) 2 (4) 5 (11) 39 (85)
G 5 (14) 1(3) 4 (11) 26 (72)
H 9 (22) 0 (0) 7 (17) 25 (61)
| 10 (20) 8 (16) 12 (24) 21 (41)
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Table IV

P-values for comparisons between groups

Comparison Microleakage Penetration
A|lvs. | B <.0001 A<B| <0001 A>B
Alvs. | C <.0001 A<C| <0001 A>(C
Alvs. | D <.0001 A<D| <0001 A>D
Alvs | E <.0001 A<E 0.0194 A>E
Alvs. | F <.0001 A<F <.0001]] A>H
Alvs. |G 0.0001 A<G| <000 A>G
A|lvs. | H 0.0029 A<H| <0001 A>H
Alvs. | | 0.0176 A<l <.0001 A>|
B|lvs.|C 0.7592 0.5703
B|vs.|D 0.0631 0.6566

B|vs. | E 0.7911 <.0001] B<E
B|vs. | F 0.3149 0.1568

B|lvs. |G 0.0256 B>G 0.7795
B|vs.|H 0.0057 B>H 0.0263 B>H
B|vs. | | 0.0002 B>l 0.1509

C|vs.| D 0.0176 C>D 0.8634

C|vs. | E 0.5224 <.0001 C<Ek
C|vs. | F 0.1465 0.0514

Clvs. | G 0.0051 C>G 0.7809

C| vs.| H 0.0009 C>H 0.1079

C| vs.| | <.0001 C>lI 0.4208

D|vs. | E 0.0404 D<E <.0001 D<E
D|vs. | F 0.2188 0.0497 D<FH
D|vs. |G 0.6013 0.8952

D|vs.| H 0.1402 0.0531

D|vs. | | 0.0014 D> | 0.2817

E|vs.| F 0.3545 0.0036 E>F
E|vs.| G 0.0095 E>G <.0001 E>G
E|vs.| H 0.0014 E>H <.0001 E>H
E| vs.| | <.0001 E>I <.0001 E>I
F|lvs.| G 0.0699 0.0984

F|vs.| H 0.0112 F>H 0.0003 F>H
F| vs.| | <.0001 F>I 0.0034 F>l
G| vs.| H 0.2705 0.0600

G| vs.| | 0.0040 G>I 0.2723

H|vs. | | 0.2015 0.3630
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DISCUSSION



46

The purpose of this study was to evaluate the eénite of different fissure
conditioning techniques on penetration and micitaga of Gl and RMGI cements used
as sealants. Among all the conditioning technigbheswere evaluated, only self-etch
conditioner significantly enhanced the penetrabbRMGI cement and only etching
with low viscosity 35-percent phosphoric acid wstirfactant (0.1-percent SLS)
significantly reduced microleakage associated @itlsealant.

The self-etch conditioner used in this study wasgteed for placement of RMGI
restorations. It has never been tested for camditg of pits and fissures before using
RMGI as the sealant. On the other hand, thisetel-conditioner had been evaluated for
bond strength in bonding orthodontics bracketshaia and collaboratdfsound that
brackets bonded with RMGI using the new self-coodér had a shear bond strength
comparable to brackets bonded with self-etch aslhdsllowed by composite resin or
bonded with RMGI following etching with 10-percgrdlyacrylic acid. In addition, self-
conditioner has the added benefit of not needirgetansed off and potentially
decreasing technique sensitivity. The results eftesent study showed that the use of
self-etch conditioner increased significantly tlemetration of RMGI-based sealant
compared with the control (25-percent polyacryb@a This finding suggests that the
self-etch conditioner may increase the wettabdityhe enamel in fissure system, which
subsequently increases the penetration of RMGI nenla contrast, etching the enamel
pits and fissures with 35-percent phosphoric aeidogfore using the self-etch

conditioner did not enhance the penetration oRM&GI. While a previousn-vitro
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study® showed that etching with 35-percent low viscopttpsphoric acid with

surfactant significantly increased resin-basedasgadenetration into deep fissures, in the
present study the conditioning with either 35-patg@hosphoric acid gel or 35-percent
low viscosity phosphoric acid with surfactant dat sShow any enhancement in
penetration of RMGI and Gl cements.

The results of thign-vitro study showed that in comparison to RMGI and Gl
cements, resin-based sealant has superior peogatnaitd pits and fissures and penetrated
the whole fissure more frequently. These resutsradisagreement with the findings by
Moore et al®> who found that two types of light-cured glass ioms cements (Fuiji Il LC
and Vitremer) had superior fissure penetration thaesin-based sealant (Concise
White). However, the penetration scoring systegdus Moore’s study was very
different to the one used in this study. They anasured the number of specimens
with complete fissure filling, which could be assted with penetration percentage,
which was measured in our study.

Among all the conditioning techniques that wereleated, only 35-percent low
viscosity phosphoric acid with surfactant signifidlg reduced microleakage associated
with GI sealant only. However, this reduction incnoieakage was not significantly
higher than that obtained by etching with 35-per@dosphoric acid gel. Etching with
35-percent phosphoric acid gel seemed to have @mcahtrend for reduced
microleakage when compared with the polyacrylid aantrol, but the difference was
not statistically significant (p = 0.201). Thessdings are in partial agreement with

findings of a previous study done by Birkenfeld &whulmar® that showed etching pits
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and fissures with 37-percent phosphoric acid gglicantly decreased microleakage
associated with Gl sealants.

When evaluating microleakage in thmsvitro study, resin-based sealants showed
significantly less microleakage than all teethoest with GI- and RMGI-based sealants.
These findings are conflicting with the findingsaprevious study by Pardi et &.jn
which RMGI placed as sealant had sealing abilityilsir to the unfilled, self-cured resin-
based sealant and flowable composite resin. Alluset surfaces were conditioned by
etching with 37-percent phosphoric acid gel, aredtélwas no RMGI control.

Gl and RMGI sealants showed extensive dye leattagaghout the material as
well as at the interface between the material aedehamel (Figure 12). These results
coincide with ann-vivo study using Gl as a sealant. It was found that@dcimens
sealed with Gl had extensive leakage with the dyeefrating throughout the material
including the interface between cement and enabrethe other hand, no leakage was
found in the teeth sealed with composite resiwal$ also found that the leakage was
present even when the Gl was fully retaifed|- and RMGl-based sealants are porous
materials, allowing microleakage through it as veslithrough the interface between the
enamel and the sealaritsGl and RMGI porosity is necessary for easy leagih
fluoride ions to the surrounding tooth struct?re€® In addition, GI cements require
prolonged maturation time and should not be dehigdraithin 6 months of placemettt.
Surface protection of glass ionomer cements dumatgrial setting and after placement
is required to avoid desiccation and early soltbdf the cement® GI- or RMGI-based
sealants used in this investigation were not ptetewith varnish or glaze-resin due to

possible interference with the microleakage tegpiragedure. Preparation of specimens
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for this study may have led to some dehydratiothefsealants, especially during
application, because specimens’ roots were cowgittadcompound wax and nail varnish
that required about 20 minutes under dry conditfonsdequate setting of the materials.
This drying period might have increased the miakége throughout Gl and RMGI
sealants’ material and through the material-tootarface. These findings coincide with
previous findings by Bouschlicher et®athat showed unintentional desiccation of Gl
class 5 restorations prior to dye immersion haceffect of increasing the microleakage
scores.

Attempting to reproduce clinical conditions, we disxtracted human molars in
this study to evaluate sealant penetration andaleiakage. Then-vitro nature of the
study allowed the control of multiple variablestthauld not be controlled under-vivo
conditions. On the other hand, theseitro conditions might exaggerate the level of
penetration and reduce leakage that could be aatailnically.

For the evaluation of microleakage, a ranked stedthod described by Grande et
al® was used. This method has been used in severdbpsin-vitro studies assessing
microleakage of different types of dental seafarft *’ In-vitro microleakage studies
have the advantage of being able to predict thgimarsealing ability of sealants under
controlled conditiong?

Sealant penetration methodology was adapted frampteviously published
methods’? ® The method used allowed the control of severahites such as the
starting measuring point, and the exclusion ofaserirregular fissures. This modified
method was expected to provide a more precise casopeof the penetration of the

different groups.
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In summary, the present findings suggest that ieeofi self-etch conditioner
before placing RMGI-based sealants might enharaie penetration. They also suggest
that the use of low-viscosity 35-percent phosphacid with surfactant before placing
Gl-based sealants might enhance their sealing grepeControlled, randomized clinical

trials are required to confirm these findings.
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SUMMARY AND CONCLUSIONS
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Sealing of pits and fissures is a common clinicatpdure used to prevent
occlusal caries. There are two types of dentabses| resin-based and glass ionomer-
based, the former the most commonly used. In @lrstudies, resin-based sealants have
shown superior retention and less microleakage tasn glass ionomer-based sealants.

However, available evidence does not support erfg@n-based or glass ionomer
sealant material being superior to the other ivgméng dental caries in pits and fissures
over time. Glass ionomer-based sealants might effective at preventing caries as the
resin-based sealants, and Gls more tolerant tormiogsture presence; therefore, they
could be considered ideal materials for some d@irsases.

The retention of glass ionomer-based sealants rigimhproved by enhancing
the penetration of the material into the fissummplete sealant penetration into pits and
fissures reduces the possibility of fissure re-exjpe upon the partial loss of sealant. It
was hypothesized that modifying the conditioninghtéque might improve the
penetration of glass ionomer-based sealants. dtals® hypothesized that microleakage
of glass ionomer-based sealants could be reducetblifying the conditioning
technique. Prevention of microleakage is consienebe an important function of
fissure sealants.

The purpose of this study was to evaluatetro if microleakage associated with
Gl- and RMGI-based sealants can be reduced anainggednetration can be enhanced by

modifying the current conditioning methods. It wasnd that:
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* Enamel conditioning with self-etch conditioner pided better RMGI-based
sealant penetration.

« Enamel conditioning with low viscosity phosphoradwith surfactant
provided better Gl sealant microleakage resistance.

* Resin-based sealant had significantly higher patietr than GI- and RMGI-
based sealants.

* Resin-based sealant had significantly lower miakége than GI- and RMGI-
based sealants.

In summary, the present findings suggest that sieeofi self-etch conditioner
before placing RMGI-based sealants enhances teegtption. The findings suggest that
the use of low-viscosity 35-percent phosphoric agith surfactant before placing Gl-
based sealants enhances their sealing properbesioled, randomized clinical trials are

required to confirm the results of these findings.
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ENAMEL CONDITIONING EFFECT ON PENETRATION
MICROLEAKAGE OF GLASS IONOMER-BASED

SEALANTS

by
Senan Raad Ahmed

Indiana University School of Dentistry
Indianapolis, Indiana

While most sealants available are resin-baseds gla®mer-based cements can be
used as sealants, with the advantage of being tol@mnt to moisture during placement
and of releasing fluoride. The objective of thisdst was to evaluate the influence of
different fissure conditioning techniques on pesigdn and microleakage of glass ionomer
(GI) and resin-modified glass ionomer cements (RMGkEkd as sealants. Clinically sound
extracted human molars were distributed into nkpgeamental groups (n = 15 each).
Group 1 (control) was sealed with resin-based seélzelton) following clinically
accepted techniques. Groups 2 through 6 weredsedtle RMGI (Vitremer) after having
the fissure conditioned with either polyacrylicdh¢RMGI-control), 35-percent 20, low
viscosity 35-percent #P0O, with a surfactant, self-etch conditioner, or 35eeet PO,

followed by self-etch conditioner. Groups 7 thro@ytvere sealed with Gl sealant (Fuji
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Triage) after having the fissures conditioned weitiner polyacrylic acid (Gl-control), 35-
percent HPO, or low viscosity 35-percentdRO, with a surfactant. After aging through
thermocycling (2500 cycles), specimens were inaat methylene blue for four hours
and sectioned at multiple locations. Digital imagese obtained using a digital
stereomicroscope, and microleakage was determiyeddring the dye penetration along
the enamel-sealant interface. The penetrationeofrthterial was determined by calculating
the percentage of the total length of the fiss@metrated by the material. Results: The use
of self etch-conditioner significantly increased BMpenetration, while surface
conditioning with 35-percent phosphoric acid withifactant significantly decreased
microleakage of Gl. The resin-based sealant platted 35-percent phosphoric acid
surface conditioning showed the best penetratiahtiae least level of microleakage. In
conclusion, results from this study suggest thatplacement of glass ionomer-based

sealants can be enhanced by modifying current tondig methods.
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