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[. Introduction

Tooth surfaces with pits and fissures are pderbu vulnerable to caries
development. This can be explained by the morphcdbgcomplexity of
these surfaces, which favours plaque accumulatmnthie extent that the
enamel does not receive the same level of carieteqiion from fluoride as
does smooth surface enamel. The plaque accumulato caries
susceptibility are greatest during the eruption tbk molars, and caries
susceptibility individuals are therefore vulneralte early initiation and fast
progression of caries in these sites.

The need for surface cleaning and the method leaning pits and
fissures prior to sealant placement is controverstme textbook suggested
careful removal of plaque and pellicle by the ugepomice or air-polishing
instruments in order to obtain optimal acid-etchitgga of the enamel. But
Harri€’ maintained that the effect of acid etching alome sufficient for
surface provided obvious soft material has beenovesh The literature was
extensive on the efficiency of different cleaningogedures on bondiﬁ)g
including the use of rotating burs in order to remcsuperficial enamel and
open the fissure to have the resin penetrate intoHbwever, although
cleaning the fissures with a bur has given supenetention in some

studied® there is evidence in other studies that it provideo additional



benefit. Therefore, the search continues for thestnadfective enamel surface
preparation to enhance sealant integrity.

An other important issue in sealant placement igelation. Adequate
isolation is the most critical aspect of sealatiin{j. If the enamel porosity
created by the etching procedure is filled by anydkof liquid, the
formation of resin tags in the enamel is blockedreduced, andhe resin
is poorly retained. The isolation procedure mayqdently be extremely
challenging, particularly in the partially eruptddeth or in those children
with poor cooperation.

The objective of this study was to examine thepdtlgeses that the
conventional etching method in pits and fissuresacgdnent could be
improved and enhanced by vigorous motion etchargntagusing in vitro
experiments. The expectation of this study was itml fa simple procedure
which is suitable for children, but effective thgmumicing conventional
etching technique. An additional purpose was tonema the influence of

environment on the performance of sealant.

The null hypothesis that were tested are:
- the vigorous brushing does not result in perforoeanf sealant.
- the environment (mouth breathing) does not infagethe retention of

sealing material.



II. Materials and methods

Effect of dye-guidance brushing etching technique on the microleakage of
sealant (Fig. 1).

Seventy extracted sound human permanent thirdanmolnd premolars,
which had been stored in saline, were used in shigly. The teeth were
randomly divided into 3 groups. All fissures werentdy cleaned with a
toothbrush under tap water to remove gross del®isclusal fissures were
cleaned with a rotary brush and fluoride-free pgdgkis paste and rinsed
with tap water, except testing group (no prophgaxThe pit and fissure
was treated with different techniques corresponditg the different
experimental groups:

- Conventional group: Occlusal fissures were cotiganlly etched
with 35% phosphoric acid gel (Ultra EfghUltradent Products Inc., USA)
for 30 s and thoroughtly rinsed and dried.

- Enameloplasty group: Occlusal fissures were opemath a fine
grit, thin flame-shaped diamond bur (Dia-Burs TG=11Mani Inc., Japan)
with water-spray coolant, etched with phosphoriad agel for 30 s.

- Modified etching group: The plaque detector (Rumte, Butler
Gum, John O. Butler Company Chicago, IL 60630 US#3s applied on
occlusal surface for 5 s, dried, rinsed to remoweessive dye, and dried

again. Etched with phosphoric acid gel for 30 s.ribp the first 15 s of
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total etched time, the etchant was vigorous brusbedthe stained pit and
fissure surfaces by using a microbrush (InspBalish tip, UltraDent, USA),
rinsed and dried. The brush length in the micrdbrugere standardized at
1.2 mm.

The sealant (Clinpfd, 3M, USA) was carefully applied to all conditioned
fissures (border-filled) and cured with light cuginunit (Ultra Lite 180A
Plasma, Xenon Arc Lamp, Rolence Enterprice Incr) 6os.

After storage in distilled water at room conditiothe restored teeth were
subjected to artificial aging by thermocycling 6@¥les at 5°C and 55°C
with a dwell time of 30 s at each temperature. Hpecimens were then
immersed in 1% methylene blue dye at room conditton 24 h. After
thermocycling, each specimen was mounted with amyliac block and
sectioned with 3-5 parallel cuts in 4 to 5 slicdsl1el.25 mm thickness per
tooth, depending on tooth size, in bucco-lingualection with a low-speed
water-cooler diamond saw (Isomet, Buehler, Lake ffBluL, USA). Four
teeth in which caries were detected during secimnmwere discarded.

All the sections were coded anonymously and rarigomixed before
being examined, scored under a stereo microscoperdiged examiner at
different magnifications from x20 to x40 accorditg the following scale:

- 0: no dye penetration.

- 1: dye penetration restricted to the outer halftloé fissure.

- 2: dye penetration restricted to the inner halftioé fissure.



- 3: dye penetration restricted into underlying bé tfissure.

If there were multiple fissures on the same eeetl side, the worst score
was recorded. In addition, penetration ability,stiee type and voids were
examined. The penetration scores were (the segtemetrated into the
fissure or into the space widen by bur):

- 1: sealant penetration into 1/3 of the fissure.

- 2: sealant penetration into 2/3 of the fissure.

- 3: sealant penetration all of the fissure.

Non parametric Kruskal-Wallis and Mann-Whitneystge were used for

statistical analysis.

Effect of modified etching procedure compared with conventional etching

method which was directly applied on the surface of fissure.

A group of 9 healthy extracted upper premolarsewased. Marking the
entrance of the pit and fissures by scratching e énamel approximate 1-5
um in depth with round diamond bur.

The roots were cut off with a diamond disc undanning water, just
below the cemento-enamel junction, and then a sWas cut from the
cemento-enamel junction towards the fissure. Thewwer was fractured
through the fissure. Only five paired samples witte actual deep fissure
were selected. The fissure surface was washed ungiening water to

remove gross or loosen remnants. On the haft oh gamired surface, the
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etching procedure was done directly. All paired capens were prepared
and examined by a SEM (XL30 Series, Philips Elestrolnstruments Inc.,

USA). The whole of specimens was first examined eundlowest

magnification (x30). The etched pattern was exathiaé the entrance (under
scratched line) and at the bottom of the fissureurFsites was randomly
chosen and captured at x1000 magnification in eada: two lateral sites
and two central ones.

The image collected from the SEM examination vpasted by ASCE 7
software. The surface alterations of the specimevere quantified by
calculating the percentage of porosity present aoheof the image using a
transparent grid overlay. The grid overlay providéd equal cells and was
placed over the printed image and the number ols cebntaining the
defined surface alterations was recorded and ekl (40 cells = 100%).

The surface alterations (etched pattern) werenatfin following way (Fig. 2):
1: (Well defined) outline of individual enamel pris clearly visible (type 1

and type 2 etched pattern).

2: (Poorly defined) spectrum of intermediate suwefaicregularities  (pitted
etched pattern).

3: (Unetched) relatively smooth enamel surface.

4: (Uncleaned) debris or remnant remained.

A paired t-test was applied to the amassed data.



Effect of modified etching technique on the penetration of sealant into pit

and fissure region in replica study.

The material comprised 13 erupted premolars. fidats of each individual
tooth were cut off and scratched mark of the oroerl-5 ym in depth was
made with round diamond bur on the entrance of aitd fissures.

The occlusal surface was divided into two paris dutting line (by a
diamond disc) in bucco-lingual direction and perbeunlar with the occlusal
surface. A half (of occlusal surface of the toothas received one of two
following procedures: the conventional etching teghe and the rest with
the modified technique previous described. Seadgmulying was performed.

The specimens were immersed in concentrated blglinade acid until the
tooth substance was completely removed (48 h). &uently, the obtained
replica was then cleaned in 6% sodium hypochloride 15 min. Rinsed
and dried. Two paired dimensions of pit and fissimeeach replica were
done for each specimen. The longest (depth) ofaseateplica along the
vertical full line (from the marked entrance to thmottom, perpendicular
with occlusal surface) was measured under sterpes@ 2 points of each
half: 1 point was located at the 0.5 mm next to thting line, the other
was at proximal pit. Two damaged specimens werdud&d.

A paired t-test was applied to the amassed data.



Effect of modified etching technique on the bond strength of sealant on the

etched enamel compared with conventional etching method (Fig. 3).

Dental pieces (3 mm x 6mm) which have flat enamsefface were
obtained. They were embedded in plastic tubes 22 mm in diameter
and 30 mm in height with the enamel surfaces pdradi the border of the
tube. Slice of 3 mm in thickness was cut perperdicwsing a slowly
rotating diamond blade under water lavage along ltmg axis of the resin
embedded specimen.

The half of each surface was received one of ®tching procedures
previous described. One thinned layer sealant (ifheste F-1, Kuraray Co.
Ltd. Japan) was performed to provide a uniform amef area to which the
sealant core will be applied onto the etched enarfi@en bonding cores
were taken as 1.5 mm each side to midline paratiethe long axis of the
former tooth.

A micro tygon tubing with an internal diameter 6f8 mm and a height
of 2 mm was mounted osealant-enamel surfacé& sealant was filled into
the cylinder and cured. Then the tygon tube wasovwewmh After storage
under water at room temperature for 24 h, the spmts were tested for
micro-shear bond strength using the Universal ngstmachine (EZ test,
Shimadzu Co., Kyoto, Japan). A shear force wadiegpgo each specimen

at a cross-head speed of 1 mm/min until failureuced.



After testing, all the fractured surfaces weresesbed using a SEM to
determine the mode of fracture according to fractposition. The fractured

specimens were classified into one of six categods follows:

A- Adhesive failure (AF) in more than 95% of bondacca between enamel
and sealant.

B- Cohesive failure (CF) in enamel more than 95%acéa.

C- CF in sealing material more than 95% of area.
D- Mixed failure, AF in more than 50% of area.

E- Mixed failure, CF in enamel more than 50% ofaare

F- Mixed failure, CF in sealing material more th&8% of area.

A paired t-test was applied to the amassed data.

Effect of moisture challenge on the sealant microleakage.

Forty molars and premolars were collected. Thelusal surface was
prepared with modified etching technique as deedribpreviously and
devided into 2 groups.

- Group 1:

* Subgroup 1la:

On the half of each specimen, sealant was apmedhe pit and fissure
in the ambient condition (28°C, 75% relative humydi Light cured.

» Subgroup 1b:



The rest of fissures was obtained in the oralddmm of the healthy
volunteer. The specimen was placed at the siteheffirst mandibular molar
for 15 s before applying sealant. Mouth breathingswenforced by holding
the volunteer's nose.

- Group 2:

» Subgroup 2a:

The sealant was applied on the half of each sammplintraoral condition
similar subgroup 1.

» Subgroup 2b:

On the rest of fissures, after placing in intedoof the volunteer for 15 s,
one layer of Prompt L-PSp (3M, USA) was done following the
manufacturer’'s recommandation. Cured with a lighting unit for 3 s. The
sealant then was applied finally.

All specimens were challenged in thermocyclingenthimmersed in 1%
methylene blue in order to performe microleakagan@ration similar the
procedure previous described as microleakage part 1

Data collected was subjected to nonparametrit f@astwo related samples

in each group and for two independent samples le#twe/o groups.
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II. Results

Effect of dye-guidance brushing etching technique on the microleskage of sedant.

The microleakage scores at the interfaces between Htee tdifferent types
of treatments are listed in the Table 1. Statilficathe conventional
technique was found to show significantly more wleakage than others
(P<.05). But there was no significant difference lmtw the modified

etching technique and the enameloplasty group.

Table 1. Microleakage for different treament ugro(sections)

Number of section (%)

Group 0 1 2 3 Total

Modified technique 111 6 0 9 126
(88.1 %) (4.8%) (0%) (7.1 %) (100%)

Enameloplasty 100 6 6 5 117
(85.5%) (5.1%) (5.1%) (4.3%) (100%)

Conventional technique 74 19 13 27 127
(58.3%)  (15%) (3.5%) (21.3 %) (100%)

- Groups connected by a line are significant diffiéréP<.05).

As shown in Table 2, the enameloplasty was fotmdshow significantly
more penetration behavior than the otheiR<.Q5). But there was no
significant  difference between the modified etchintechnique and

conventional group.
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Table 2. Penetration for different treament grdgections)

Number of section (%)
Group 1 2 3 Total

Modified teChn'quT 7 (5.6%) 25 (19.8 %) 94 (74.6 %) 126 (100%)

Enameloplasty 0 (0% 10 (85 %) 107 (915 %) 117 (100%)
Conventional

0 0, 0 o
technique 4 (3%) 24 (189 %) 99 (78 %) 127 (100%)

- Groups connected by a line are significant diffiéré,<.05).

Effect of modified etching procedure compared with conventional etching
method which was directly applied on the surface of fissure.

There was considerable difference between thé-pdtterns achieved on
the surface of fissure. There was significantlyfestdnce between two groups
at the bottom of fissureP€.05) (Table 3)

The variations in the degree of definition ataminare less significant.
However, some distinct trends were noted. Of paldic note is the high
prevalence of "pitted defined" etch. This is contrao the classical, clearly
defined etch (type 1 and type 2) commonly illugtdatin text book. It
appears that the debris or remnant at the bottoma avas very difficult to

remove even directly vigorous brushing combinatieith acid.
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Table 3: Results of etched pattern on the fissundace

; Qudity*® (%)
Quantity’ (%)
Group 1 2 3 4
Modified Or(n;:cizo?te 100 15.8 84.2 0.0 0.0
technique g tom (n=20)  84.6 575 7888 00  15.3
Conventiona Orifice site 99.75 6.75 93 0.25 0.0
technique (n=20)

Bottom (n=20)  59.12 7.5 51.65] 1.25 39.6

- Groups connected by a line are significant diffiéréP<.05).
- STotal % area affected by etchant in each grouprdice or wall area

(the well and pitted etched areas).
- 5% area occupied by MVell etched enamgl: pitted
3: unetchedenamel(smooth) and 4: uncleaneghamel.

etched ename]

Effect of modified etching technique on the penetration of sealant in replica

study.

Table 4 showed that the length of central site iodifired etching technique

was significantly difference to one of the convenél group P<.05).

Table 4. Dimensions of matched pits and fissurgsica in premolars (mm)

Central point length Lateral point length
Group (Mean = SD) (Mean = SD)
Modified
technique (n=11) 0.6073 + 0.21 0.5564 + 0.28
Conventional
technique(n=11) 0.4536 + 0.24 0.6163 * 0.19

- Groups connected by a line are significant diffiéré,<.05).

_13_



Effect of modified etching technique on the bond strength of sealant on the
etched enamel compared with conventional etching method.

Table 5. Micro-shear bond strengths (mSBS) andirailmodes (n=35/group)

Mean mSBS + SD Failure mode
Group (MPa) a b c d e f  Total
Modified
technique 7.365 + 2.08 0 0 18 1 3 13 35
Conventional l
technique 6.626 + 1.75 0 1 24 0 2 8 35

- Groups connected by a line are significant diffiéréP<.05).
- %a AF >95% bonded area; b: CF in enamel >95%; cinClesin >95%; d: Mixed,
AF >50%:; e: Mixed, CF in enamel >50%:; f: Mixe@F in resin >50%.

The Table 5 presented the mSBS results for the thfferent testing
conditions. The modified etching group was sigaifity difference than the
conventional groupR<.05); however, no difference in failure modes hexw
them. Most of failure sites were cohesive failureresin. The next site was
cohesive failure in enamel. There was no adhesareiré at sealant-enamel

interface (bonding site).

Effect of moisture challenge on the sealant microleakage.

As regard with the microleakage of sealant applie moisture condition,
there was a significant difference among thdre.q5 except sealant applied

in oral condition (subgroup 1b and 2a) in both geu(Table 6). The
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intraoral environment produced more microleakageateder the material was
used. The hydrophilic character of single-bondirgera did not prevent the

microleakage of sealant.

Table 6. Percentage of section that showed midtatga

Group Moisture condition Section (%)
Group 1 Subgroup la (Sealant/ambient) 3 (5.3%)l
(n=38) Subgroup 1b (Sealant/intraoral) 26 (68.5%
Group 2 Subgroup 2a (Sealant/intraoral) 23 (59.8%)
(n=42) Subgroup 2b (Sealant + PLP/intraoral) 11 (26.3%)

- Groups connected by a line are significant défer P<.05).

_15_



IV. Discussion

In an vitro study of the penetration abilities lagfuid and gel-type etching
agent, the results showed that etchants could eoetpte further than the
fissure entrances even if the fissures were freedemosit@. Other studies
reported that both gel and liquid etchants have #@mne patterns in
penetrating the fissures; however, the presencedefiris in the fissures
impeded the complete penetration of etchantSimilar findings related to
insufficient penetration of etching agents and lawk sealant adaptation in
the fissures have been reported by different inyastrs.

The penetration of liquids in narrow capillarigs influenced by the
properties of the liquid, such as viscosity, suefaension and the surface
free energy of the capillary wall Many studies proved that the addition of
surfactant to a etchant lowers its surface tensiod thereby improves the
performance of sealing materidl5”. In this present study, no surfactant was
used. Thus the less microleakage in experimentaupgr(Table 1) could be
explained by the effect of brushing action.

The role of active (or dynamic) appplication mbag seen by observing
the etching patterns of the enamel. From the SEMewations of enamel
surfaces, etched with active application, the serfaebris was removed and

the enamel etching pattern was more evident cordp#wethose of inactive
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application (Table 3). The function of active apption is to achieve
micromechanical interaction with the underlying mmeh

Hydroxyapatite dissolution  during phosphoric dacapplication proceeds
rapidly initially, but is eventually impeded by therecipitation of
monocalcium phosphate monohydrate (G&@®)..H.O) on the enamel
surfacé®. This calcific debris could conceivably interfevath proper sealant
penetration by occluding the enamel micropores.s Tpihenomenon was one
reason for the recommendation of acid applicatiop lrushing. It is
believed that the agitation resulting from the hing action will disrupt the
precipitate and continually expose the underlyintameel to dissolution. In
the micro-shear bond test, the specimens which wespared on enamel
surfaces to which the acid was applied but notaset were showed less
bond strengths than those of specimens preparederamel surfaces to
which the acid was applied by a brushing actionb{@a5). This finding
was supported by a recent study reported that mtchaplication with a
light brushing motion could significantly decrealsécroleakagg).

Agitation may be achieved by stroking, dabbing rabbing. In the study
of Oliver”, a stroking action was used, which implied a ligiction and it
was found that generally this method of agitati@aded to a higher score,
but little change in etch type. In this presentdgiusimilar changes also

15)

were found (Table 3). Bateet al.™ also found that etch type was

indistinguishable between a dabbing action and gwatoon. Rubbing action
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was found by both Bates et ‘. and Hormati et df, to obscure the
prism boundaries and give more uniform etch.

On the other hand, a continuous but gentle dgblin agitation of the
etchant agent on the enamel surface, in contrastrutibing, had been
recommended because it preserves the maximal levfgthe delicate enamel
prism sheatH™® or decreased of microleakdde Although dabbing the
etching solution has been shown to improve the astwpic quality of the
fragile surface topography, further investigatioashfailed to demonstrate a
difference in either tensi® or sheaf bond strengths for the applied
sealants regardless of the application method dedtrmati et at®showed
that the etched pattern created by the rubbingniqak is not as sharp as
the normal etched pattern and that prism peripbefferism sheaths) are
shorter and more blunted. And rubbing the cottoedgét on the enamel
surface during the etching process may disrupt twemal pathway of
etching. However, their results were not found s tpresent study. The
present finding proved that the fragile etched ezlapattern (Table 3) and
micro-shear bond strength (Table 5) were not imibeel in this suggested
manner. These findings could be explained by théengled non-agitated
time after brushing action.

In addtion, Retiéf showed that the rate of etching of enamel by 50%

phosphoric acid became more or less constant afies had elapsed. In the
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first 15 seconds the enamel was etched more slowlyich may involve
removal of a superficial layer different from thederlying enamel.

This present finding was different with result @arcia-Godoy et CI
who used a dental explorer to tease the acid etcimim the fissures. It is
assumed that the different results due to the reifie size of dental explorer
(©=0.2 mm) and the very fine fibreDE€ 0.06 mm) of microbrush.

In this present study, the prophylaxis with pugnigvas not applied in
testing group, only vigorous brushing with etchaagents. However the
result did suggest that the microleakage of sealaas significantly lower
in the samples in the test group compared to thevesdional group (with
prophylaxis) (Table 1).

A lot of studies suggested that a rotating keidtkush with pumice paste
is unlikely to clean pellicle from fissure embrassir because the bristles
sweep across the inaccessible regions and polidip the more exposed
superficial are€6?® In addition, traces of pumice particles may benfb in
the depth of the fissures; these may interfere wattid etching and be
incorporated into the sealant resin. However soseent studies showed that
the pumicing was still high valGt®™

Various other cleaning methods have been testdéd.polishing with the
Prophy-Jet followed by acid etching produced theghest tensile bond
strength of all groups test8 Similarly, air polishing combined with acid

etching resulted in an improved surface for resiettwwg as determined by
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the number of resin tags fornf@d Another study on fissure preparation
prior to sealant application found that the airigfuhg system performed
well. Fissure cleaning with air-polishing unit prméd a statistically
significant increase in depth of penetration ofl@®aresin, and its use as a
standard cleaning method before fissure sealing lwasmmended. In other
report, the air-polishing method showed the leasgrele of microleakage of
the sealants of all prophylaxis methdds Similar results were found by
other authors who used air-abrasion techr?f)dudﬂowever air polishing and
air abrasion prior to etching never really becarhe standard for pit and
fissure sealant application procedures, possiblye do the increase in
equipment cost and complexity of the procedure.

A number of authors have looked at other moreresgive methods of
fissure preparation prior to sealant applicatione tenameloplasty technique.
Despite the positive results of this method, only semall number of
short-term clinical studies with small samples supghis technique as equal
to, but not better than, sealant placement withemameloplasty>?. Feigaf®
stated that universal use of fissure eradicationepmameloplasty with rotary
instruments or air-abrasion is an unnecessary iaddito good sealant
methodology and the enameloplasty procedure itsgHy injure normal
enamel resulting in higher caries susceptibility toft fissure in the future.
In addition, recent study showed that neither drasion nor enameloplasty

followed by acid etching produced significantly desnicroleakage than the
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traditonal pumice prophylaxis with acid etching cheiqué®. They
recommended that the routine removal of healthyndotooth structure (air
abrade or mechanical technique) prior to sealaacgohent does not seem
justified.

In the present study, result showed that the Isinleakage after opening
the fissures with a fine-grit diamond bur followéy acid etching compared
with brushing etching. This finding followed thestdts of other authd?.
They suggested that a bigger volume of sealant rrabtend therefore higher
polymerization shrinkage forces occur that strelss &namel-resin-interface.
In this present study, only one kind of bur wasdysgo this finding cannot
extrapolate to other kinds of bur (very fine-grit carbide bur...).

In addition, the standardized technique in enapiasty depends on the
practician’s experience. Halterman et®Alfound that instrumentation varied
and a large range of depths were used. Accordinghéar results, 50% of
pediatric dentists always used a light "sweep" bé tgrooves (<0.5 mm)
without necessarily removing all staining or "cha#ss" in the grooves.
Similar with their findings, in this present studyemained remnants were
found in the deepest of fissures in the enamelgplgsoup although it was
performed by experience dentist.

On the other hand, many reports have describegstad caries and the
elimination of viable microorganisms under sealamts restorations with

sealed margis®. So, careful cleaning of the enamel surface and th
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fissure followed by effective etching of the fissuwalls will result in a
successful sealant and will halt progression of awristing incipient caries.

Many studies showed that non-etched areas atb#ise of fissures were
commonly found regardless of the type of etchiht In the direct etched
study, debris still remained, specially at the @wottside, although the wall
of the fissure was directly brushed and etched I€TaB). However the
microleakage in the test group was not differentthwione of the
enameloplasty group (Table 1). It suggested that penetration of etchant
agent was not directly proportional to the effettagid, specially at pit and
fissure side. Rip48) considered that as long as the sealant remaintdtt,in
caries should not develop beneath it. At least tuspal inclined planes
across the fissure orifice should be completeliedilwith sealart

An other technique was introduced, vibration prefion. Tadokoro et &P
used vibration-etching for fissure sealant applicat The vibration-etching
mechanically removed the fissure contents of filmd aenlarged the upper
portion of the fissures. However, the sealant faite penetrate the narrowest
spaces, and the fissure contents were sometimesd fancorporated in the
sealant. Their report stated that penetration sdetoebe prevented not only
by presence of the fissure content but also by resufficient wetting effect.
An other previous study showed that there were tatisically significant
differences in microleakage and penetration abilltgtween the etching
procedure with a vibration system (Intralux pregooin head) compared to

that with a light brushing motion. And the autharsncluded that the need
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of the etching with a vibration technique requirig special device might
not be necessary when the practical etching proeeduith a brushing
motion yielded the similar encouraging results iacrgasing the Ieakaﬁé
Of the same result, recent study showed that rsegdanetration was more
influenced by the shape, depth and residual dedfriissures than by use of
a vibration probe (Microvibe unit). And there wene significant differences
between the non-vibration groups and vibration gefﬁ)J

Sealant materials do not simply bond to the ehasueface but actually
penetrate into the microposorities created in thefase enamel during the
etching procedure. Infiltration of the etched enbamesults in formation of
resin tags, which provide the mechanical means dealant retention. But
recent study showed that the depth of resin pdm@itrainto the etched
enamel surfaces is not of prime importdiié8 Nakabayashi et &t
suggested that the resin-enamel bond strength eisrébult of the cumulative
cross-sectional area of resin infiltrating the eehnspace. Recent studies
confirmed the value of enamel hybrid layer. Theypved that no difference
in resin-enamel bond strengths between prismatit a@prismatic enamel after
phosphoric acid etchidy*”. In this present study, although the tag or the
typical etched enamel pattern was rarely found Igal8), the Ilow
microleakage still existed specially in the modifiegroup. This finding
suggested that the pitted etched enamel may playmgortant role in the

performance of sealing material (Fig. 4B, 4C).
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The finding that the cohesive failure in resiraerel interface was not
found can be explained by another reason (TableFi§, 5). It has been
proposed that the methacrylates with hydrophilicd amydrophobic groups
promote the diffusion of monomers due to their goaffinity for tissues.
MDP (10-Methacryloyloxydecyl Dihydrogen) in TeethtmaF-1 was essential
in promoting penetration and bonding by the foromatiof a resin-infiltrated
enamel and resin tags in the subsurface of enalmehddition, self-etching
effect of MDP improved the penetration, and TeettenF-1 appeared to
exceed the subsurface etched d‘égbth

The present finding of increase microleakage @Rlant in intraoral
condition (mouth breathing) whatever materials useere interesting (Table
6). This finding is not in accordance with previousrk showed that the
use of bonding agent (in that study was Optibondtesy) as a sealing
material under moisture contamination exhibited significant increase in
microleakage compared to the use of sealant aldhen(jsejg). In the
present study, although the specimen was placeg foml 15s in simulated
mouth breathing group, the voids were found alohg interface between
the enamel surface and the sealant (Fig. 6B). Timsling could be
explained by the osmotic blistering related wittngé-step bonding agent
that was described in recent stEPély And the relative increasing
microleakage profile in single-step bonding agenbug (Table 6) was

probably due to this osmotic blistering.
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The oral condition may be considered a moist remvnent. However, in
mouth breathing, it is the moisture content of tme Hence the effect of
moisture is not only related to the surface moestaf the etched enamel,
but also the effect it may have on the resinouseri@s as well.

The work by Plasmans et %), showed that air humidity was a
detrimental factor in dentine adhesion. They indidaa large decrease in
bond strength for Scotchbond Multi-Purpose. It iglidved that a relative
humidity over 90% will result in rapid condensatiafi water on the tooth
surface. This is most meaningful to those dentigl® still do not use the
rubber dam during restorative dental procedte®lasmans et &P found
clinically that intraoral conditions are cyclicagnd fluctuate as the patient
inhales and exhales. They noted that a ‘dry’ fieddthe oral cavity cannot
be gained without the application of a rubber dafhe results of the
current study, along with other authtr¥®’, confirmed that conditions of
humidity and temperature could influence on the cess of sealant
placement.

At last, the current study showed that the useplaque detector dye
before pit and fissure etching did not increase rolakage (Table 1, Fig.
4A). This suggested that detector dye can be usafula remnant indicator

to aid the dentist in preparation of pit and figsur
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V. Conclusion

The purpose of this in vitro study was to examittee effects of
dye-guidance brushing etching method on the pedooa of pits and
fissures sealant using microleakage test, diresdufe surface etched pattern
experiment, replica study, and micro-shear bonéngth testing observation.
In addition, the influence of moist challenge ore thmicroleakage of sealant
was examined. The results of present study canubamarized as follows:

- The microleakage of testing group was significatatistically
different with conventional method?€.05) and was not different
with the enameloplasty groug”X.05).

- The quality and quantity of etched pattern wergroned by the
suggested method.

- Micro-shear bond strength of testing group wash&igthan
conventional groupR<.05).

- The environmental condition was influenced on pgeformance of

the sealant.
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Explanation of Figures

Fig. 1. Flow chart of microleakage test.

Fig. 2. Etched pattern score. 1. Well defined; @rly defined (pitted etched
pattern); 3: Unetched; and 4: Uncleaned.

Fig. 3. Micro-shear bond test.

Fig. 4. Adaptation in modified group: (A) Sealas) @dapted well to fissure
wall. Residual debris (d) remained in deepest porif fissure (stained by
plaque detector before etching). e: enamel. (B)MSticrograph of another
demineralized specimen taken from the deep patisstire. A thin hybrid
layer (h) was formed along the superficial aprissm&namel (ap). s: sealant,
p: prismatic enamel. (C). SEM micrograph of the mehsurface of fissure
wall presented pitted etched pattern.

Fig. 5. Most of failure modes were cohesive failfof) in material. ef:
enamel failure .

Fig. 6. Adaptation in moist challenge group: (Aap (g) of sealant. (B).
Osmotic blister (arrows) in single-step adhesiveugr s: sealant, e: enamel.
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Premolars and third molars
(pit and fissure surface)

1/ Conventional 3/ Dye-guidance - plaque detector
preparation with e E_namelqp_lasty brushing etching applied 5 s

e with pumicing " T . .
pumicing without pumicing = etching 30 s. During

the first 15 s the

etchant was vigorous
brushed

. = using a microbrush
Etching 30s 9

= sealant placement
- store in water 24h
= thermocycling 600 cycles

= immersed in 1% methylene
blue 24h

- resin embedded

Multiple section
(3-6 sections per tooth)

v

Score evaluate under stereoscope:
microleakage, penetration

Fig. 1. Flow chart of microleakage test.

Fig. 2. Etched pattern score.
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microbond

test .
apparatus - microshear bond
strength
—————
Tygon tubing - fracture mode
(®= .8 mm) (SEM)

tooth slice
(3x6 mm)

sealant cylinder

modified etching

conventional
atrhina

Fig. 3. Micro-shear bond test.

AoeM “Spotbiagn”. Det WD ——— 20um
g 0510005 SE 7.0 EXP.

Fig. 4. Adaptation in modified group.
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Fig. 5. Failure mode.

Fig. 6. Adaptation in intra-oral group.
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