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EFFECT OF SELF ETCHING ON MICROLEAKAGE OF SEALANTS IN NON-
CONTAMINATED AND SALIVA-CONTAMINATED CONDITIONS
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ABSTRACT

This in vitro study evaluated the marginal microleakage of sealants according
to enamel etched with different self-etch adhesives in both non-contamination and
salivary contamination. Forty human upper bicuspids were randomly assigned to four
conditioning regimens: 1) 35% phosphoric acid; 2) Clearfil SE Bond X; 3) Adper
Prompt pre-cure prior sealant placement; 4) Adper Prompt co-cure with sealant. Each
group was divided into two subgroups: non-contamination and saliva-contamination.
All groups were followed by Concise White Sealant. In contaminated groups, the teeth
were contaminated with 0.02 ml fresh whole saliva for 20 seconds and gently air-dried
afterward. All teeth were thermocycled for 500 cycles and coated with nail varnish to
within 1.0 mm from the sealing margins. The teeth were stained with 2% methylene
blue dye for 24 hours and sectioned in the buccolingual direction. Dye penetration
(microleakage) was examined with a 10x polarizing light microscope and measured by
computerized-calculated method, and then percentage of microleakage was calculated.
Data were analyzed using a Kruskal-Wallis test at p < 0.05 and Mann-Whitney U tests.
Comparisons of different etching methods revealed: 1) phosphoric acid exhibited
significantly less microleakage than other self-etch adhesives groups in both non-
contaminated and saliva-contaminated conditions; 2) Clearfil SE Bond X showed less
microleakage, not significantly compared to Adper Prompt in both non-contamination
and salivary contamination; 3) the leakage of Adper Prompt pre-cure and co-cure
groups was not significantly different. A Mann-Whitney U test at p < 0.05 showed no
significant difference in the leakage of the sealant in non-contaminated and air-dried
saliva-contaminated groups except Adper Prompt pre-cure group that the leakage in
contaminated situation was significantly less than non-contamination. In conclusion,
conventional acid etching showed less microleakage in both non-contamination and
saliva-contamination.

KEY WORDS: MICROLEAKAGE / SEALANT / SELF-ETCH ADHESIVE /
SALIVARY CONTAMINATION
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CHAPTER1
INTRODUCTION

A pit and fissure sealant is an effective caries-preventive measure when it
remains bonded to teeth. It represents an exceptional preventive service when placed
with care and then routinely maintained").

Conventional acid-etch procedure used in sealant technique was developed by
Buonocore in 1955%. Bonding of the sealant to enamel relies on the degree of the
sealant penetration into the enamel micropores produced by acid-etching. Traditional
acid-etching is a sensitive and time-consuming technique. In addition, isolation of the
tooth from moisture contamination is crucial for sealant success.

Proper moisture control is difficult in some areas, such as partially erupted
molars, buccal pits, and lingual grooves of molars®. Furthermore, rinsing the etchant
can be unpleasant and become a source of both contamination and disruptive behavior,
particularly in young children®.

As the development of generational bonding systems continues to evolve with
improvement the adhesion to tooth structure, less time consuming and technique
sensitive, the use of self-etch adhesives may be beneficial when used with sealant,
especially when the condition is less than ideal.

Marginal integrity and microleakage are very important factors in evaluating
the clinical success of resin sealant. In vitro microleakage tests make it possible to
predict the marginal sealing capacity in different materials used®.

A potential improvement of sealant methodology may exist with new self-etch
adhesives, since these products simplify the sealant procedural steps, and minimize
difficulties in moisture control which relatively affect to sealant success. However, not
much information regarding to microleakage of self-etch adhesives used in pits and
fissures sealants; moreover, no previous study about them in saliva-contaminated

condition has been done before.
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The purpose of the present study was to evaluate the differences in marginal
microleakage of a sealant placed on extracted human teeth which were surface
conditioned with a two-step self-etch adhesive, an all-in-one self-etch adhesive, and

phosphoric acid in non-contaminated and saliva-contaminated condition.
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CHAPTER II
OBJECTIVES

The objectives of this study were

1. To compare the microleakage of a sealant placed on enamel etched with a
two-step self-etch adhesive, a one-step self-etch adhesive, and phosphoric acid in non-
contaminated condition.

2. To compare the microleakage of the sealant placed on enamel etched with
the two-step self-etch adhesive, the one-step self-etch adhesive, and phosphoric acid in
saliva-contaminated condition.

3. To compare the microleakage of the sealant in non-contaminated and

saliva-contaminated environment when using same etching methods.

Benefits of the study

1. Be able to choose proper etching method to decrease microleakage of the
sealant placed under uncontrolled moisture condition such as partial eruption teeth,
uncooperative patient.

2. Be able to find suitable etching system for sealants that saving both patient
and clinical chairtime, decreasing application procedures, and achieving less

microleakage.
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CHAPTER III
LITERATURE REVIEW

Dental caries prevention: Pit and fissure sealant

Dental caries is one of the most common diseases'®. Even though there are
major advances in preventive dentistry, occlusal caries remains a dental health
concern. The Thailand oral health survey conducted by the Ministry of Public Health
in 2000-2001 demonstrated that the prevalence of dental caries in permanent dentition
of 12-year-old children was 57.3%, which increased from 45.8% in 1984. The
majority of dental caries involved at the pits and fissures in the first and second
molars, and found higher in mandibular teeth than maxillary teeth'”.

Food particles are easily stuck into these fissures and provide an excellent
habitat for the oral microflora. The presence of a suitable substrate, nutrients and
bacteria are enough to start the caries process. In addition, the fluorides are not as
effective on the occlusal surfaces as they are on the smooth surfaces®. Consequently,
there is the relatively high incidence of occlusal caries in children®.

A pit and fissure sealant, commonly referred to as a sealant, is a resin that acts
as a physical barrier to the entry of oral bacteria and food debris into the pits and
fissures of the teeth. Several studies have showed that sealants are highly effective in
preventing dental caries in occlusal pits and fissures'®'®. In a 15 years study of the
single application of white autopolymerizing pit and fissure sealant on permanent first
molars reported carious or restored surfaces made up 83% in the unsealed group,
whereas 31% was reported in sealed group. The 31% of sealed teeth that became
carious could be reduced if partially missing sealant was replaced at regular

intervals!'?.

A review carried out by Weintraub, showed that following one
application of autopolymerized or visible-light-cured sealant, the median percent
effectiveness declined from 83% after 1 year to 55% after 7 years. In the same way,

the median complete retention reduced from 92% after 1 year to 66% after 7 years.
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Contrastly, the median percent of sealed first molars becoming carious or restored
increased from 4% after 1 year to 31% after 5 years(15 ),

Sealants contain no therapeutic ingredients. Hence, their success key relies on
their ability to remain intact and seal firmly to the enamel surface®™ '> > 117 With
complete retention, sealed surfaces are practically incapable of being penetrated to

1,10, 11,1
decay(l+10:11:13)

Development of sealant and its composition

The development of acid-etch technique to prevent occlusal caries was first
established by Buonocore in 1955%. He reported the acid-etch technique as a means of
bonding self-curing methylmethacrylate resin to the tooth structure. The first sealant
material used in clinical trial in 1965 was based on crynoacrylates, but was not
marketed"®. The first commercial sealant was available in 1970, after Bowen and co-
workers had introduced “Bowen’s Resin” consisting of a difunctional epoxy molecule
(Bis-GMA), which was the chemical reaction product of bisphenol A and glycidyl
methacrylate. This resin is used commonly in most of sealants nowadays"®.
Alternative resins used in sealant materials are urethane dimethacrylate and other
dimethacrylates'"”.

The basic sealant system is a combination of an organic matrix of a polymer
resin and inorganic fillers. The polymer may contain some coloring agents and
fluoride-releasing components may be present in the fillers"®.

The organic matrix of sealant consists of Bis-GMA resin. To obtain a low
viscous sealant, usually three parts of the viscous Bis-GMA are mixed with one part of
methyl methacrylate(MMA) or other low viscous diluents such as triethyleneglycol
dimethacrylate(TEGDMA). The matrix portion may also contain a light sensitive
photoinitiator such as camphoquinone which has peak sensitivity at a wavelength of
approximately 460 nm"'?.

Many sealant materials include inorganic fillers which vary in percentage by
weight or by volume, particle size, and particle shape. The fillers contribute to
increasing strength, better wear resistance, and also decrease polymerization

shrinkage. However, filled sealants penetrate poorly into the fissure system and will

require occlusal adjustment, while unfilled sealant will abrade rapidly within 24 to 48



Narumol Chongthanavanit Literature Review / 6

hours without occlusal adjustment®”. Fillers, frequently used in sealants, are strontium
glass, barium and lithium aluminum silicates, and zirconia. The amount of filler
particle in sealant materials varies from 3% to 60% by weight!'®.

Fluoride containing sealant is also available. Fluoride contains in certain type
of fillers or it is added to resin. The most commonly used additive is sodium
fluoride'®. Although fluoride is released after polymerization, the clinical significance
of this release has yet to be proven'®.

The visible of sealant is important for precise placement and easier evaluation
during recall visits. Tinted or opaque sealant is made by adding a small amount of an

opaque agent such as titanium dioxide"'®.

Classification of sealant

Sealant materials often are classified by various properties, such as mode of
polymerization, addition of filler particles, fluoride releasing, and visibility.

Depending upon mode of polymerization, sealant may be categorized into two
types: autopolymerization, and light activated system'®.

In autopolymerizing system, sealants consist of benzoyl peroxide as an
initiator, and 5% organic amine as an accelerator. The material sets by an exothermic
reaction in one or two minutes''®.

In light activated system, sealants contain an aliphatic amine accelerator and a
photoinitiator that is excited with a high intensity visible blue light in wavelength
range of 450-490 nm. The sealant hardens in about 20 seconds''®.

Concise white sealant (3M ESPE) used in this study is an unfilled, opaque, and
non-fluoride releasing sealant. It is a type Il sealant which is polymerized by visible-
light curing, and has been accepted by the ADA’s Council on Scientific Affairs for the

safety and effectiveness of commercially sealant'.

Acid-etch technique in sealant application
The conventional acid-etching procedure involves utilizing a liquid or gel
etchant for at least 15 to 60 seconds. It creates microscopic retentive areas

2n

approximately 25 microns in depth and 5 microns in diameter”’. The application

process for conventional sealant placement consists of etching material application, a



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Pediatric Dentistry) / 7

waiting time, rinsing, and drying tooth surface. This process is totally approximately
30 seconds. After this treatment, the tooth must be maintained in an isolated, dry
condition so that etched enamel is not contaminated with saliva. Then, the sealant is
applied, and either allowed to self-polymerize or exposed to the curing light. Hence,
there are many different and time-consuming steps; moreover, a precaution for
isolating the tooth from saliva-contamination involved in conventional sealant
placement is very important(zz) .

The placement of sealant is a painless and commonly non-invasive technique,
which avoids unnecessary loss of tooth structure. In contrast, rinsing the tooth after
acid etchant application can be unpleasant and become a source of both contamination
and disruptive behavior, particularly in young children, and children with pronounced

gag reflex”. Placement of the sealant is technique sensitive. Meticulous attention to

each details of procedural steps is very important'®.

Contamination of etched enamel during sealant application

Contamination of the etched enamel surface is one of the sealant failure
factors™ Y. It has been shown that a very short period of saliva, when contacts with
etched enamel can prevent penetration of fluid resins into the enamel micropores
created by acid etching®. The unwashed contaminated enamel leads to significantly
reduced bond strength®®. Therefore, moisture contamination can result in a poor bond,
subsequent microleakage, and sealant loss, which averaging between 5 and 10
percents per year”. Moreover, tooth surface with sealant dislodgement becomes

(12D Several studies

equally susceptible to caries as an unsealed control tooth
reported in failure of sealant in difficult areas; such as, newly erupted molars, and
buccal or lingual sealants. Sealant replacement rate in newly erupted molars with
existed tissue operculum over the distal marginal ridge was 54%, while the teeth with
later stage of eruption found 0% replacement(zg). Furthermore, sealant failure on the
buccal and lingual sides was 30% per year higher than occlusal surface, which failed
10% per year™. The higher failure rates in these clinical situations are most likely due
to inadvertent moisture contamination®.

To date, there are many attempts to search for newer materials in order to

improve sealant qualities, and simplify procedural technique, even in circumstances of
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application that are less than ideal. The use of hydrophilic dentin adhesive between the
etched enamel and the sealant as a way of yielding bond strength on wet
contamination was first reported by Hitt and Feigal in 1992°%. Other studies have
confirmed the advantage of an intermediate bonding layer under sealants on

29

contaminated enamel to increase bond strength®" *?, enhance retention®, reduce

(24, 33) (34)

microleakage , better flow of viscous sealant material into fissures” ", and
improve short-term clinical success®”. The use of a filled hydrophilic dentin adhesive
solely in place of the sealant may decrease microleakage and improve retention when

enamel is contaminated with saliva®?.

Self-etch adhesives

New approaches to bonding enamel and dentin without phosphoric acid
pretreatment have been introduced as self-etch adhesives. Different from the total-etch
(etch-and-rinse) system, self-etch adhesives do not require a separate acid

conditioning™®.

Basically, they comprise aqueous mixtures of acidic functional
monomers, which normally are phosphoric acid estered methacrylate. The pH of self-
etch adhesives is relatively higher than that of phosphoric acid etchants. They do not
require a separate acid-etch step since they condition and prime enamel and dentin
simultaneously, without rinsing, relying on their abilities to partially dissolve
hydroxyapatite to yield a resin-infiltrated zone with incorporated minerals®”. In this
system, the goal is to incorporate the smear layer into the hybrid layer®®.

The uses of self-etch adhesives are attractive in that the number of steps
necessary in the bonding protocol is reduced. The technique sensitive rinsing step to
remove phosphoric acid from enamel and dentin is eradicated®®.

Bonding of self-etch adhesive is described in two main mechanisms as
micromechanical interlocking and chemical bond in molecular level. The
micromechanical interlocking occurs in both enamel and dentin by acidic functional
monomers. These monomers have the capacity to etch and impregnate the tooth hard
substance without the need of prior phosphoric acid conditioning. At enamel, the

acidic monomer demineralizes hydroxyapatite and creates microporosities at enamel

surface. At the same time, it partially dissolves hydroxyapatite in both smear layer and
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dentin surface. After that, the hybrid layers are formed by inward diffusion of
comonomer into etched enamel and dentin by resin tag formation®®”.

Besides, the functional monomers interact with the exposed hydroxyapatite
enamel surface and hydroxyapatite crystals that remain around collagen. This
molecular chemical interaction may help prevent and retard microleakage in long

term®?.

Classification of self-etch adhesives

Self-etch adhesives have been classified as 6™ generation dentin bonding
agents, with two different types; two-step self-etch adhesives, and one-step self-etch
adhesives*”.

First, two-step self-etch adhesives are characterized by separate chemical
formulations for priming and bonding, utilizing a self-etching, hydrophilic primer that
is followed by the application of a comparatively more hydrophobic bonding agent".
Two-step self-etch adhesives; for example, AdheSE (Ivoclar Vivadent), Clearfil SE
Bond (Kuraray), Optibond Solo Plus SE (Kerr) have acid that etch the enamel, while
the primer set. They exclude the rinsing step, make this technique less procedure than
conventional technique.

Second, one-step self-etch adhesives contain two liquids which are applied to
tooth substrates after mixing; for example, Adper Prompt L-Pop (3M ESPE), XenollIl
(Dentsply), and another latest approach which all the adhesive components for
etching, priming and bonding are supplied in a single bottle; as exemplified, iBond
(Heraeus Kulzer).

Moreover, self-etch adhesive have also been subdivided according to their
etching aggressiveness into three categories; mild — having a pH around 2,
intermediary strong — having a pH around 1.5, and strong self-etch adhesives — having

apH of 1 or less (38,42)

Bonding to enamel : Phosphoric acid VS Self-etch adhesives
Sealant contains the same Bis-GMA as composite resins. However, it
comprises of low fillers to help penetration ability into pits and fissures. Another point

is that sealant is only bonded to etched enamel. Therefore, major importance in
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bonding of sealant is the ability of resin tags filling the microporous of enamel surface
to create micromechanical interlocking(21’ ),

Macro- and micro-resin tags are usually formed at phosphoric acid etched
enamel. Bond strength is mainly attributed to the resins ability to penetrate between
enamel crystallines and rods“?, which is typically in the range of 39 — 40 MPa®”.

In case of self-etch adhesives, only microtags or resin-encapsulated crystallines
are found. The bonding is based on an inter- and intra-crystallite hybridization of the
enamel surface rather than resin tag formation as formed in phosphoric acid etching.
This nanoretentive interlocking could clarify the potential of self-etch adhesive
systems in enamel bonding, although the less distinct enamel etching pattern was

observed*”. The enamel bond strengths of self-etch adhesives are about 16 — 30

MPa®?.

Two-step self-etch adhesive: Clearfil SE Bond

Clearfil SE Bond (Kuraray) is a two-step, mild self-etch adhesive (pH=2)"".
The weakest property of some mild self-etch adhesives is their bond strengths to
enamel. Nevertheless, Clearfil SE Bond showed preferable shear bond strength and
tensile bond strength as compared to total-etch adhesives and other two-step self-etch
adhesives on ground enamel surface®™ %43,

Studies on human ground enamel, Brackett and colleagues in 2006 reported
that microtensile bond strength of Clearfil SE Bond (52.2 + 11.3 MPa) was not
significantly different compared to Adper ScotchBond Multipurpose Plus (57.2 + 13.1
MPa)*. These results echo those of Inoue and others in their testing of 11
contemporary adhesives*”.

Furthermore, studies on human intact enamel surfaces, microtensile bond
strength was observed higher for Clearfil SE bond (18.7 = 4.6 MPa) than other two-
step self-etch adhesives (Optibond Solo Plus SE: 7.8 + 1.5 MPa; Tyrian Self Priming
Etching: 10.9 + 3.2 MPa)®. This may indicate that although it only interact
superficially with enamel and, thus, its potential for micromechanical interlocking is

much less than a phosphoric-acid treatment, the additional chemical bonding capacity

to hydroxyapatite may have contributed to the actual favorable bonding
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(39)

effectiveness” ’. Nonetheless, its microtensile and microshear bond strength on

unprepared enamel was less than total-etch system®®*”).

Even though bond strengths and etch pattern were produced weaker on intact
enamel “*>Y, there are many studies in mild self-etch adhesives that they can provide
an effective alternative to total-etch system in bonding to unground enamel surface
and securing a durable bonding and marginal seal of resin restoration®*>*. However,
their efficacies in pits and fissures sealants have not been much investigated. Study of
Clearfil SE Bond in pits and fissures sealants by Stavridakis and co-workers supported
the use of Clearfil SE Bond as effective means as phosphoric acid in prepared enamel

surface by air abrasion prior to sealant application, but this results could not conclude

the efficacy of Clearfil SE Bond on non-prepared intact enamel*”.

One-step self-etch adhesive: Adper Prompt

Adper Prompt (3M ESPE) is a one-step, strong self-etch adhesive. It is a new
adhesive based on the previous Prompt L-Pop all-in-one adhesive. In new formulation,
Bis-GMA is added to increase the viscosity of the mixed solution and Vitrebond
copolymer is included to improve bonding™”. Adper Prompt has a pH similar to the

)(39)

previous Prompt version (pH = 0.4)""”, whereas other all-in-one self-etch adhesive are

less acidic®®.

Due to strong acidity, Adper Prompt created equivalent etching patterns on
intact and ground enamel which resembled that produced by the phosphoric
acid®o-41.57)

Results of Adper Prompt L-Pop adhesive tested against the total-etch adhesive
(Adper Single Bond) indicated that Adper Prompt L-Pop performed comparable
microtensile bond strength (26.8 + 9.5 MPa) as a total-etch adhesive (35.8 = 10.0
MPa) on ground enamel specimens tested. Conversely, on unground enamel in the
same study, the results showed that microtensile bond strength of Adper Prompt L-Pop
(20.9 + 9.9 MPa) was lower than the total-etch adhesive (31.7 + 12.9 MPa)®Y.

Adper Prompt L-Pop achieved a higher level of bond strength on enamel than
on dentin®>**. This may be an indication that the newer self-etch systems have been

enhanced in their bonding ability to enamel. Results from Goracci and co-workers

showed that microtensile bond strength of Adper Prompt L-Pop was 23.90 = 4.13 MPa



Narumol Chongthanavanit Literature Review / 12

on enamel, and 20.16 + 2.07 MPa on dentin, which were significantly lower than total-
etch adhesive (Excite: 42.92 + 4.80 MPa on enamel; 45.80 + 5.79 MPa on dentin)®”.
Although significantly lesser to that of total-etch systems, the bond strength of Adper
Prompt L-Pop tested in these trials exceeded 20 MPa, which is considered to resist
contraction stresses and to attain gap-free margins in resin composite restorations™".

Due to high acidic monomers, enamel etching pattern like phosphoric acid, and
favorable enamel bond strength®> ** °” the use of strong self-etch adhesive may
achieve benefit when used in pits and fissures sealants. Favorable shear bond strengths
of Prompt L-Pop used in pit and fissure sealant were reported by Peutzfeldt and co-
workers. In their study, the results showed that no significant difference was found in
shear bond strengths between phosphoric acid and Prompt L-Pop, nor between the 1
week and 1 year results®".

Previous 2-year clinical pits and fissures sealants study using Prompt L-Pop
concluded that there was no difference in success between the Prompt sealants and
phosphoric acid groups in both occlusal and buccal/lingual surfaces, while Prompt
required less time of sealant placement, averaged 1.8 minutes, which was significantly
different when compared to averaged 3.1 minutes in control group®. However,
previous 1-year follow-up school-based sealant program study found that the retention
of all sealed tooth surfaces treated with phosphoric acid technique (47.9%) was
significantly higher than those sealed with Prompt L-Pop (13.3%)®®. Another in vitro
study showed that acidic primer resin, Prompt L-Pop, demonstrated higher
microleakage than acid etching in pit and fissures sealant*”. However, there is no

previous study in sealing ability of new version, Adper Prompt self-etch adhesive,

used in pit and fissure sealant.

Microleakage test

Microleakage may be define as the passage of bacteria, fluids, molecules or
ions between a cavity wall and the restorative material applied to it®". Many different
techniques have been developed to study marginal permeability at the tooth and
restorative interface. These include the uses of bacteria, compressed air, chemical and
radioactive tracers, electrochemical investigations, scanning electron microscopy and,

most commonly of all, the use of dye penetration®”.
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The use of colored agents allows the production of sections showing leakage in
contrasting colors to both tooth and restoration without the need for further chemical
reaction or exposure to hazardous radiation®”.

Dye materials used in dental research are provided as either solutions or
particle suspension of different particle sizes. They must be color stable under any
conditions expected to arise during examination. In general, their particle sizes must
not greater than 1 — 4 microns which are the diameters of dentinal tubules that bacteria
penetration is being investigation. Moreover, dye materials which show a tendency to
bind tooth structure or restorative material during test should be avoided. Frequently
dye materials used in penetration study are basic fuchsin, methylene blue, crystal

violet, india ink, and eosin®.
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MATERIALS AND METHODS

Three different types of dental adhesives were selected; a total-etch adhesive

(Scotchbond Phosphoric Acid Etchant); a two-step self-etch adhesive (Clearfil SE

Bond X); and an all-in-one self-etch adhesive (Adper Prompt). Light-activated unfilled

sealant (Concise White Sealant) was used in this study. The materials, compositions,

batch numbers, and manufacturers are listed in Table 4-1.

Table 4-1. Materials, corresponding compositions, batch numbers, and their manufacturers

Materials Compositions Batch no. Manufacturer
Concise White Sealant Triethyleneglycol dimethacrylate, 20060728 3M-ESPE,
Bisphenol-A-diglycidylether- MN, USA
dimethacrylate, silica, titanium dioxide
Scotchbond Phosphoric 35% phosphoric acid with silica thickening 4EB 3M-ESPE,
Acid Etchant agent. MN, USA
Clearfil SE Bond X Primer : MDP, HEMA, hydrophilic 00695A  Kuraray,
dimethacrylate, n,n-diethanol-p-toluidine, Osaka, Japan
dl-camphorquinone, water
Bond liquid : MDP, Bis-GMA, HEMA, 00989A
hydrophobic aliphatic dimethacrylate, n,n-
diethanol-p-toluidine, dl-camphorquinone,
silanated colloidal silica
Adper Prompt Liquid A : Methacrylated phosphoric 211256  3M-ESPE,
esters, Bis-GMA, Initiators based on MN, USA
camphorquinone, stabilizers
Liquid B : HEMA, polyalkenoic acid co- 218117

polymer, stabilizers, water

Abbreviations: Bis-GMA: bisphenol-A-glycidylmethacrylate; HEMA: 2-hydroxyethyl methacrylate;

MDP: 10-methacryloyloxydecyl dihydrogen phosphate.
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Samples

Forty non-carious human upper bicuspids which have been extracted for
orthodontic purpose were stored in physiologic saline at 4°C. The occlusal surfaces
were evaluated under a stereoscopic microscope (Nikon, Model Eclipse E400, Nikon,
Japan) to check for the possible enamel defects and caries. If any defects or caries
were detected, the teeth were excluded. Teeth were cleaned with pumice (grade CL
125 fine, Whipmix Corporation, USA) with a prophy cup at a slow-speed handpiece
for ten seconds. After that, thoroughly rinsed and air dried with oil free compressed air

with triple syringe from dental unit.

Treatment procedures
The teeth were randomly assigned into 8 experimental groups of equal number,
and were designated as follows.

Non-contaminated Condition

Group 1 35% Phosphoric acid + Concise
Group 2 Clearfil SE Bond X + Concise
Group 3 Adper Prompt, pre-cure + Concise
Group 4 Adper Prompt, co-cure with Concise

Saliva-contaminated Condition

Group 5 35% Phosphoric acid + Saliva-contamination + Concise

Group 6 Clearfil SE Bond X + Saliva-contamination + Concise

Group 7 Adper Prompt, pre-cure + Saliva-contamination +
Concise

Group 8 Saliva-contamination + Adper Prompt, co-cure with
Concise

Fresh whole saliva was collected from a principle examiner at the same time
that the specimens were made, and at the same period of the day. It was collected after
meal at least 1 hour, and measured pH with universal indicator paper (Panpeha
universal, Schleicher & Schuell) . The pH of each collected saliva was 7.0 which was
in the pH range of normal resting saliva (pH = 6.2 — 7.4)®,

Treatment steps in each experiment group were standardized as shown in Table

4-2.
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Table 4-2. Treatment steps in each experiment group

Group Treatment Procedures

1 1) Etched enamel with a 35% phosphoric acid gel for 15 seconds. The etchants were
gently moved on the occlusal surfaces by using a soft microbrush to enhance the
penetration ability of the etchants into the fissure system.

2) Rinsed for 15 seconds with an airwater syringe.

3) Dried with oil-free compressed air until the enamel displays a white, frosty
appearance.

4) Sealant application (Concise White Sealant): The sealant was gently applied on the
occlusal surfaces by using a soft microbrush, followed by an explorer without loading
to avoid the appearance of bubbles and create the correct spreading of the material
throughout the fissure system.

5) Light activation (Optilux 501, Demetron Research Corporation, Danbury, Conn) for
20 seconds.

2 1) Etched enamel with Clearfil SE Bond X primer and leave for 20 seconds. Dried

with mild air flow.

2) Applied bond and distributed evenly with mild air flow.

3) Light-cured for 10 seconds.

4) The sealant was gently applied on the occlusal surfaces by using a soft microbrush,
followed by an explorer as group 1.

5) Light activation for 20 seconds.

3 1) Mixed Adper Prompt liquid A and B. Brush adhesive onto occlusal surface, and
scrub continuously with moderate pressure for 15 seconds. Thoroughly dried the
adhesive to a thin film with a gentle stream of air.

2) Light-cured for 10 seconds.

3) The sealant was gently applied on the occlusal surfaces by using a soft microbrush,
followed by an explorer as group 1.

4) Light activation for 20 seconds.

4 1) Mixed Adper Prompt liquid A and B. Brushed adhesive onto occlusal surface, and
scrubed continuously with moderate pressure for 15 seconds. Thoroughly dried the
adhesive to a thin film with a gentle stream of air.
2) The sealant was gently applied on the occlusal surfaces by using a soft microbrush,
followed by an explorer as group 1.
3) Light-cured the sealant and adhesive together for 20 seconds.

5 The occlusal surfaces were etched in the same procedure as group 1. After drying the

enamel, the occlusal surfaces were contaminated with 0.02 ml of fresh whole saliva by
using micropipette. Left for 20 seconds, and decontaminated with a gentle air blast for

10 seconds. Then, the sealant was applied as group 1, and light-cured for 20 seconds.
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Table 4-2. Treatment steps in each experiment group (Continued)

Group Treatment Procedures

6 The occlusal surfaces were etched in the same procedure as group 2. After the third
step, the occlusal surfaces were contaminated with 0.02 ml of fresh whole saliva by
using micropipette. Left for 20 seconds, and decontaminated with a gentle air blast for

10 seconds. Then, the sealant was applied as group 1, and light-cured for 20 seconds.

7 The occlusal surfaces were etched in the same procedure as group 3. After the second
step, the occlusal surfaces were contaminated with 0.02 ml of fresh whole saliva by
using micropipette. Left for 20 seconds, and decontaminated with a gentle air blast for

10 seconds. Then, the sealant was applied as group 1, and light-cured for 20 seconds.

8 The occlusal surfaces were contaminated with 0.02 ml of fresh whole saliva by using
micropipette. Left for 20 seconds, and decontaminated with a gentle air blast for 10
seconds. After that, etching and sealing the occlusal surfaces in the same procedures as

group 4.

Assessment of microleakage

All teeth were stored in distilled water at 37 £ 1°C for 24 hours in the
incubator. Then, the teeth were thermocycled in water for 500 cycles between 5 °C +
2°C and 55°C + 2°C with a dwell time of 30 seconds, and a 5-second transfer time
between water-baths. Each tooth was apically sealed with melted utility wax, and then
the entire tooth was covered with two layers of nail varnish up to approximately 1 mm
from the sealing margins. After the nail varnish was completely dried, the tooth was
immersed in 2% methylene blue dye for 24 hours. Following removal from the dye, it
was rinsed thoroughly with tap water and dried.

Each tooth was sectioned into 4 fragments with 3 parallel cuts in the bucco-
lingual direction with a low-speed saw (Accutom-50, Streuers, Denmark). Because the
thickness of diamond saw blade was rather thin (0.3 mm), two adjacent surfaces may
be dependent on each other. Consequently, only one surface in each cut was
evaluated®”, obtaining 3 surfaces per tooth, and 15 surfaces in each experiment group
for analysis. After sectioning, the microleakage between the enamel and the sealant
was evaluated using the polarizing light microscope (Nikon, Model Eclipse E400,
Nikon, Japan) connected with camera (Nikon Coolpix 990, Nikon, Japan), at objective
lens magnification of x10. The pictures of each surface were captured. The distance of

dye penetration (um) and the enamel-sealant interface (um) were measured by
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computerized-calculated method (Image Pro Plus program). Due to the variation of

fissure system, the microleakage was calculated by using percentage of microleakage

(68)

modified following Zyskind and others™" as shown in Fig 4-1.

Left Right

M 4

A+C = Length of dye penetration
B+D = Length of sealant - tooth interface

g:g x100 = Percentage of microleakage

Fig 4-1. Scoring system employed for the evaluation of microleakage

Intra-examination reliability

Twenty four specimens (20% of all specimens) were randomly selected and re-
examined by the same examiner under the same conditions and using the same
equipment. The intra-examination reliability was tested using Spearman rank

correlation coefficients.

Statistical analyses

Since there were several zero data, and a wide range of standard deviations,
non-parametric statistical analyses were used.

Medians and interquartile ranges of the percentage of microleakage were
calculated for each group. To determine statistically significant differences in the
quantity of leakage among different etching groups in non-contaminated and saliva-
contaminated conditions, the data were analyzed using a Kruskal-Wallis test at
p < 0.05, followed by Mann-Whitney U multiple comparison tests corrected for ties

with adjustment of an alpha. An intergroup comparison was performed by Mann-
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Whitney U test evaluating microleakage between uncontamination and saliva-

contamination in each etching method at a 0.05 level of significance.

Copyright by Mahidol University
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CHAPTER V
RESULTS

Intra-examination reliability
Results from the duplicate examination showed that the intra-examination
reliability of the percentage of microleakage as tested by Spearman correlation

coefficient was 0.949, which showed good reliability.

Table 5-1. Medians, interquartile ranges (%), and statistical significances of microleakage for each

experimental condition

4 Non-contaminated condition Saliva -contaminated condition
Etching Intergroup
Interquartile Interquartile .
methods Median Median comparison
range range
Phosphoric acid 4.98" 0-6.97 3.52% 0-9.48 p=0.882
Clearfil SE . g
13.95 5.93 -28.53 11.88 6.56 —30.28 p=0.950
Bond X
Adper Prompt, 8 3
25.43 18.59 - 53.53 19.33 8.17-27.19 p =0.044*
pre-cure
Adper Prompt, ) 9
27.83 12.12 —100.00 19.51 7.46 —34.01 p=0.191
co-cure

Same letters in the same column indicate no significant difference (p > 0.008)

*Statistical difference between non-contaminated and saliva-contaminated groups (p < 0.05)

Microleakage in non-contaminated condition

The results of medians and interquartile ranges of percentage of microleakage
in different etching methods in non-contaminated condition are given in Table 5-1.
Photographs from the polarizing light microscope in each group were shown in

Fig 5-1 — Fig 5-4.
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The results found that medians and interquatile ranges of microleakage of the
sealant in non-contaminated condition were: 4.98% (0 — 6.97%) in the phosphoric acid
group; 13.95% (5.93 — 28.53%) in the Clearfil SE bond X group; 25.43% (18.59 —
53.53%) in the Adper Prompt pre-cure group; and 27.83% (12.12 — 100%) in the
Adper Prompt co-cure group.

The Kruskal-Wallis test revealed a significant difference among the etching
methods in non-contaminated condition (p = 0.00). A multiple comparison of the four
etching groups by Mann-Whitney U tests showed, statistically, two groupings as
follows.

1. The sealant treated with phosphoric acid exhibited significantly less
leakage than the other self-etch adhesives.
2. Among self-etch adhesive groups, no significantly difference in the

microleakage of the sealant was found.

Microleakage in saliva-contaminated condition

The results of medians and interquartile ranges of percentage of microleakage
in different etching methods in saliva-contamination are listed in Table 5-1.
Photographs from the polarizing light microscope in each group were shown in
Fig 5-5 — Fig 5-8.

The results found that medians and interquatile ranges of microleakage of the
sealant in saliva-contaminated condition were: 3.52% (0 — 9.48%) in the phosphoric
acid group; 11.88% (6.56 — 30.28%) in the Clearfil SE bond X group; 19.33% (8.17 —
27.19%) in the Adper Prompt pre-cure group; and 19.51% (7.46 — 34.01%) in the
Adper Prompt co-cure group.

The Kruskal-Wallis test detected the presence of a significance among ranked
percentage of microleakage (p = 0.003). The pair-wise comparison of mean rank sums
(Mann-Whitney U test) indicated, statistically, two groupings as follows.

1. The microleakage of the sealant treated with conventional acid
etching was significant less than the self-etch adhesive groups.
2. Among self-etch adhesive groups, the microleakage of the sealant

was equivalent.
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Comparison between non-contaminated and saliva-contaminated conditions
Statistical analysis of the data was accomplished by a Mann-Whitney U test.
Summary of intergroup statistics is listed in Table 5-1.
The results showed two groupings as follows.
1. The sealant treated with Adper Prompt pre-cure group exhibited
significantly less microleakage in saliva-contamination.
2. There was no significant difference among the phosphoric acid, the
Clearfil SE Bond X, and the Adper Prompt co-cure with sealant groups in air-dried

saliva-contamination compared to non-contamination.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Pediatric Dentistry) / 23

Fig 5-1. Photograph from the polarizing light microscope of non-contaminated phosphoric acid group.

(A = Concise White Sealant; B = Enamel) No dye penetration existed.

Fig 5-2. Photograph from the polarizing light microscope of non-contaminated Clearfil SE Bond X
group. (A = Concise White Sealant; B = Enamel; C = Clearfil SE Bond X; D = Length of dye

penetration)
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Fig 5-3. Photograph from the polarizing light microscope of non-contaminated Adper Prompt pre-cure

group. (A = Concise White Sealant; B = Enamel; C = Adper Prompt; D = Length of dye penetration)

Fig 5-4. Photograph from the polarizing light microscope of non-contaminated Adper Prompt co-cure

group. (A = Concise White Sealant; B = Enamel; D = Length of dye penetration)
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Fig 5-5. Photograph from the polarizinéu hght nucroscopeof saliva-contaminéted phosphoric acid group.
(A = Concise White Sealant; B= Enatﬁe_;l; D = Lerigth of dye penetration)

V4 { Y

Fig 5-6. Photograph from the polarizing light microscope of saliva-contaminated Clearfil SE Bond X
group. (A = Concise White Sealant; B = Enamel; C = Clearfil SE Bond X; D = Length of dye

penetration)

Copyright by Mahidol University
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Fig 5-7. Photograph from the polarizing light microscope of saliva-contaminated Adper Prompt pre-
cure group. (A = Concise White Sealant; B = Enamel; C = Adper Prompt; D = Length of dye

penetration)

Fig 5-8. Photograph from the polarizing light microscope of saliva-contaminated Adper Prompt co-cure

group. (A = Concise White Sealant; B = Enamel; D = Length of dye penetration)

Copyright by Mahidol University
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CHAPTER VI
DISCUSSION

The main objective in protecting fissures is to use the most adaptable sealant in
the clinical situations. Clinicians and researchers use microleakage test as a measure
for assessing the performance of restorative materials in the oral environment®.
Microleakage directly refers to the ingress of oral bacteria, which have an
approximately diameter of 0 to 5 microns. The tracer used to assess microleakage is
many orders of magnitude smaller. Hence, dye penetration tends to be an aggressive
test of microleakage(m).

The sealing of sealant is a mechanical process established by resin tag
formation into microporosity of etched enamel. Even the proper conditions of
application, sealant failures can be expected at 5% to 10% per year'”. Contamination
of etched enamel is considered to be the most common cause of sealant failure®**

This study evaluated the microleakage of a sealant using 4 different adhesives
comparing two-step self-etch, one-step self-etch and total-etch systems in non-
contamination and saliva-contamination. It was anticipated that the use of acidic resin
primer would provide equivalent protection against marginal microleakage as that seen
with conventional acid etching technique. However, the results did not prove this
assumption true.

The results in this study showed that phosphoric acid exhibited less
microleakage of sealant than other self-etch adhesives in both uncontamination and
air-dried salivary contamination. Additionally, when considering among self-etch
adhesives, Clearfil SE Bond X showed lower leakage than Adper Prompt, but yet the
difference was not statistically significant.

As previously mention, only few studies have tested the microleakage of self-
etch adhesive used for sealant. The finding in this study was in agreement with earlier
study reporting significantly lower microleakage of sealant associated with total-etch

system compared to self-etch system (Previous Prompt L-Pop)*?. Moreover, in 6

months follow-up clinical study, the sealant retention rate of Adper Prompt, co-cure
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with sealant was 76.1% which was significant less than phosphoric acid (98.9%)7".

Another study in microleakage of class V restorations showed lack of marginal seal at

enamel margins with Adper Prompt L-Pop compared to phosphoric acid etching’?.

However, some contradictory results have been reported by other researchers® ™.

Study from Perdigao and co-workers showed that Adper Prompt yielded high
microtensile bond strength of sealant that reached of traditional acid etch technique"’”.
These results may be presume that the improvement of self-etch system in more
aggressive self-etch adhesive created etching in aprismatic enamel that approached
that of phosphoric acid etching”™. Hybrid layers formed by Adper Prompt were
almost equivalent in thickness to those produced by phosphoric acid”.

Nevertheless, the application of the self-etch adhesive did not prevent
microleakage along sealant margins. Possible reasons for microleakage of sealant
using self-etch adhesives include: the incomplete etching of the enamel surface by
acidic monomers; the cavity configuration (C-factor) and the effect of polymerization
shrinkage; and the thickness of adhesive layer.

Firstly, resin tag penetrations on ground enamel and on unground enamel of
self-etch adhesives were not as well define as that of total-etch adhesives’® 77
Scanning electron microscopy study has shown that the use of phosphoric acid as an
enamel etchant improves enamel penetration and subsequent attachment of resin
monomers"’®,

Secondly, the occlusal fissures resemble deep, narrow, class I-like cavities. C-
factor of these fissures was found to be vary between 3.2 — 4.1, which should be
considered relative high”>. Thus, it is anticipated that high polymerization contraction
stress can be generated within occlusal fissures during light-activation of bonding
agents and sealants. These stresses can be extremely taxing on the integrity of the
bond made along the sealant-enamel interface'”.

Finally, the thick layer of bonding agent affects the quality of the adhesion.
The shrinkage forces are likely to pull the adhesive from the adherent and,
consequently, endanger adhesion. This emphasizes the importance of air thinning the

adhesive prior to sealant application®®®).
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Salivary contamination of etched enamel surface is the most frequently cited
reason for sealant failure. The formation of an organic film on the etched area will
prevent proper bonding because the micropores become occluded®.

Nonetheless, the findings of this study disclosed that the microleakage of
sealant did not much higher when contaminated by saliva and decontaminated by
stream airflow. A possible explanation for such behavior could be attributed to the fact
that the contaminated etched enamel was previously dried prior to sealant placement.
Air drying may help push glycoprotein which could prevent the necessary intimate
contact between the sealant and enamel micropores’”. Shear bond strength study of
composite resin restoration on saliva-contaminated etched enamel surface by Hormati
and colleagues revealed that no significant difference in shear bond strength between
samples that were dried with air for 15 seconds compared to non-contamination’”.

However, this hypothesis is not clear because several studies have shown that
decontamination by air dried alone does not result in acceptable bonding. This may be
explained that the dried saliva leaves a proteinaceous layer behind as the water
evaporates, and then blocks some of the enamel porositiesm); therefore, it decreases
the number of enamel pores available for material penetration®”. The previous study
from Hitt and co-workes reported that shear bond strength of sealant in
uncontamination (167 + 33.3 kg/cm?) was significantly greater than in which air-dried
saliva-contamination (127.6 + 41.7 kg/cm?)®?. Furthermore, study from Thomson and
others revealed that tensile bond strength of sealant on washed contaminated enamel
(168 + 14 kg/em®) was not significantly different from the bond strength of
uncontaminated enamel (174 + 17 kg/cm®), while dried salivary contamination
provided significant lower bond strength (68 + 11 kg/em®)®®. Moreover, etched
enamel surfaces that were only dried with air after saliva contamination showed
significantly less shear bond strength than that were re-etched for 60 seconds'””.

For this reason, if saliva contamination occurs on etched enamel, that washing,
drying and reapplying the etchant before sealant placement is recommended.

It is interesting that the microleakage of sealant in Adper Prompt groups
decreased dramatically in saliva-contaminated condition. Leakage of sealant in Adper

Prompt, pre-cure prior sealant placement group in salivary contamination was

significant less than in which non-contamination.
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Some reasons may be hypothesized as to the cause for the reduction of
microleakage. First hypothesis is the water participates in the chemical reaction of
self-etch adhesives with enamel surface. This water, present in the composition of self-
etch adhesives, is need for acidic monomers to ionize and trigger demineralization of
dental hard tissues. This made self-etch adhesives less susceptible to variations in the
degree of substrate moisture!™?.

Second hypothesis is the benefit of hydrophilic adhesive layers, which may
probably diffusing through or mixing with the saliva to reach the enamel pores with
evaporation of water and solvent leaving the resin behind to form resin tags’®. In
addition, air drying of the solvent may add help through mixing adhesive or driving
the adhesive into enamel pores’®. A possible reason for the less leakage in saliva-
contaminated Adper Prompt pre-cure group could be contributed to the complete
setting of the adhesive layer prior to sealant placement. The use of intermediate
bonding layers has been proved to increase retention and decrease leakage in
potentially wet areas® ** *¥. The same hypotheses could also explain the result of
Clearfil SE Bond X in salivary contamination.

However, according to the results in this study, the advantage of bonding layer
in self-etch adhesives does not encompass the conventional acid etching under air-
dried salivary contamination.

Consideration with pre-cure and co-cure Adper Prompt adhesives used with
sealant, the findings in this study found that there was not significantly difference
between these subgroups. The result was in agreement with previous study using
Prompt L-Pop version®?.

Because of highly acidic adhesive may destroy some part of tertiary amine
which is the photoinitiator system of resin sealant, it may lead to interfere the bonding
of subsequent applied sealant®”. However, this event does not occur in present study.
Because of the fast rate of free radical generation in photochemical red-ox reaction®”,
it may be presume that no further degradation of bonding to the enamel surface if light
curing of the two materials arises simultaneously®" ®*. The only evident problem was
the great lack of unity of the two resins*?.

Although self-etch adhesive systems are appealing, conventional acid etching

still yields satisfactory result according to the microleakage test in this study.
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CHAPTER VII
CONCLUSIONS

The null hypothesis that different etching systems would not affect the
microleakage of a sealant was rejected.

Within the limitations of this in vitro study, it can be concluded that

1. Conventional acid etching revealed significantly less microleakage of the
sealant compared to the other self-etch adhesives in both non-contaminated and saliva-
contaminated conditions.

2. Among self-etch adhesives used with sealant, Clearfil SE Bond X showed
less microleakage, not significantly when compared to Adper Prompt in both non-
contaminated and saliva-contaminated situations.

3. No significantly difference was found in the microleakage of the sealant in
air-dried saliva-contamination and non-contamination except the Adper Prompt pre-
cure prior sealant placement group that the leakage was significant less in salivary
contamination than uncontamination.

4. The microleakage of the sealant between pre-cure and co-cure Adper

Prompt groups was not significantly different.
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Microleakage data in non-contaminated phosphoric acid group

Specimen Length. of dye Leng.th of sealant- Pe.rcentage of
penetration (um) tooth interface (um) microleakage

1 0 1425.7411 0

2 296.1620 2221.1993 13.3334
3 85.23156 2248.2266 3.7911

4 155.3524 2365.6415 6.5670

5 0 2427.8544 0

6 122.9262 1763.4710 6.9707

7 0 1598.4018 0

8 60.5355 2171.7767 2.7874

9 0 2005.7875 0

10 66.5728 1338.0705 4.9753
11 0 2699.4027 0

12 209.9885 3780.1410 5.5550
13 133.1990 1385.6583 9.6127
14 81.5298 1507.0192 5.4100
15 300.7895 2939.1956 10.2337

Mean 4.6158
SD 4.2601
Median 4.9753
Interquartile range 0-6.9707
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Microleakage data in non-contaminated Clearfil SE Bond X group

Length of dye

Length of sealant-

Percentage of

Specimen penetration (num) tooth interface (um) microleakage
1 281.5349 2072.6479 13.5833
2 846.5261 2424.9139 34.9095
3 0 2229.0780 0
4 175.2518 1255.8851 13.9544
5 814.2434 2853.8819 28.5311
6 247.0943 4169.4069 5.9264
7 0 1006.7827 0
8 673.5777 3352.5191 20.0917
9 588.7382 4060.8090 14.4981
10 512.2228 2397.0470 21.3689
11 759.7852 2236.2036 33.9766
12 185.7707 3350.1793 5.5451
13 1144.3166 3450.6909 33.1620
14 349.6957 3375.7200 10.3591
15 276.9648 4153.2939 6.6686

Mean 16.1716
SD 12.0457
Median 13.9544

Interquartile range

5.9264 —28.5311
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Microleakage data in non-contaminated Adper Prompt pre-cure group

Specimen Length. of dye Leng.th of sealant- Pe.rcentage of
penetration (um) tooth interface (um) microleakage

1 425.0843 1894.0021 22.4437
2 2691.0522 5027.6376 53.5252
3 1213.8544 2315.6140 52.4204
4 476.4340 1668.8868 28.5480
5 224.0703 2137.9992 10.4804

6 308.4538 3088.3907 9.9875
7 1048.9817 4123.7495 25.4376
8 379.3952 2783.2410 13.6314
9 325.2044 1749.5989 18.5874
10 1425.7811 3992.3158 35.7131
11 531.1902 2215.6360 23.9746
12 608.8990 2973.3655 20.4784
13 1549.6409 2279.4796 67.9822
14 2682.1415 2682.1415 100.0000
15 2871.3037 3885.9877 73.8886
Mean 37.1399

SD 26.6989

Median 25.4376

Interquartile range

18.5874 — 53.5252




Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Pediatric Dentistry) / 43

Microleakage data in non-contaminated Adper Prompt co-cure group

Length of dye

Length of sealant-

Percentage of

Specimen penetration (num) tooth interface (um) microleakage
1 157.9149 2408.0236 6.5579
2 673.1143 2418.6120 27.8306
3 389.5969 3214.7792 12.1189
4 1050.5085 2507.0366 41.9024
5 2885.5422 2885.5422 100.0000
6 313.0058 2271.6538 13.7788
7 117.0546 2932.5258 3.9916
8 753.9704 2060.9906 36.5829
9 1280.8391 3130 40.5674
10 710.9319 2654.8201 26.7789
11 124.1997 2691.3236 4.6148
12 761.3529 3626.5945 20.9936
13 2379.8612 2379.8612 100.0000
14 3305.5658 3305.5658 100.0000
15 2860.9825 2860.9825 100.0000

Mean 42.3812
SD 37.9348
Median 27.8306

Interquartile range

12.1189 —100.0000
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Microleakage data in saliva-contaminated phosphoric acid group

Specimen Length. of dye Leng.th of sealant- Pe.rcentage of
penetration (pm) tooth interface (um) microleakage

1 91.9239 2609.8506 3.5222

2 95.8050 2574.4341 3.7214
3 0 1935.3420 0

4 209.5519 3174.7523 6.6006
5 0 2472.8890 0

6 224.0630 2364.1802 9.4774

7 370.2511 3612.3545 10.2496
8 0 2561.9724 0

9 619.7396 3162.1964 19.5984

10 169.8987 3041.0447 5.5869

11 52.0746 2024.5017 2.5722

12 437.3733 2682.9284 16.3021
13 0 2133.6595 0
14 0 2410.2388 0
15 0 2677.0315 0

Mean 5.1754

SD 6.2713

Median 3.5222

Interquartile range 0-9.4774
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Microleakage data in saliva-contaminated Clearfil SE Bond X group

Specimen Length. of dye Leng.th of sealant- Pe.rcentage of
penetration (um) tooth interface (um) microleakage
1 115.6721 3104.2407 3.7263
2 0 2791.9709 0
3 329.0867 2516.3432 13.0780
4 1089.9043 1542.9527 70.6376
5 193.6947 2734.2631 7.0840
6 551.4713 1820.9744 30.2844
7 407.3096 3535.4572 11.5207
8 802.5674 2997.3873 26.7756
9 289.8647 2439.7882 11.8807
10 1069.5150 2751.0511 38.8766
11 141.7100 2160.7184 6.5585
12 254.6623 2328.3772 10.9373
13 1143.3885 2383.0625 47.9798
14 0 2585.9244 0
15 394.0103 2580.6378 15.2679
Mean 19.6405
SD 19.9207
Median 11.8807

Interquartile range

6.5585 —30.2844
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Microleakage data in saliva-contaminated Adper Prompt pre-cure group

Specimen Length. of dye Leng.th of sealant- Pe.rcentage of
penetration (um) tooth interface (um) microleakage
1 1483.3187 2980.9236 49.7604
2 622.4180 1650.6218 37.7081
3 139.8634 2566.1028 5.4504
4 249.8704 3058.3055 8.1702
5 687.6546 3261.2916 21.0853
6 350.0479 1070.4280 32.7017
7 504.0314 2437.4400 20.6787
8 537.0173 2778.1165 27.1914
9 681.1236 25049184 19.3303
10 41.5270 1914.2431 2.1694
11 406.7634 2194.1011 18.5390
12 0 3410.6121 0
13 566.6129 2480.2615 22.8449
14 220.9838 1757.1684 12.5761
15 239.3060 2125.8805 11.2568
Mean 19.2975
SD 13.6757
Median 19.3303

Interquartile range

8.1702 -27.1914
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Microleakage data in saliva-contaminated Adper Prompt co-cure group

Length of dye

Length of sealant-

Percentage of

Specimen penetration (num) tooth interface (um) microleakage
1 1355.7447 2561.1681 52.9346
2 485.0353 1796.9119 26.9927
3 0 2826.9187 0
4 2689.9728 3960.0189 67.9283
5 547.6952 2807.6714 19.5071
6 971.2037 3448.3902 28.1640
7 196.0617 2812.1249 6.9720
8 189.7561 2543.2744 7.4611
9 865.4754 2544.7924 34.0097
10 373.7429 3933.5323 9.5015
11 491.8943 2671.2472 18.4144
12 54.1446 2393.5690 2.2621
13 571.3590 2186.5404 26.1307
14 917.5861 2672.4931 34.3345
15 184.8031 2195.6878 8.4166

Mean 22.8686
SD 19.0900
Median 19.5071

Interquartile range

7.4611 —34.0097
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