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Influence of Different Enamel Substrates on 
Microtensile Bond Strength of Sealants After 
Cariogenic Challenge
Kamila Rosamilia Kantovitza/Fernanda Miori Pasconb/Marcelo Correa Alvesc/
Francisco Humberto Nociti, Jrd/Cinthia P. Machado Tabchourye/Regina Maria Puppin-Rontanif 

Purpose: To evaluate the microtensile bond strength (μTBS) of resin sealer on enamel substrates after cariogenic
challenge.

Materials and Methods: Enamel blocks were obtained from human third molars and randomly divided into 6 groups
(n = 10) according to enamel substrates (S: sound, CL: caries-like lesion, or CLTF: caries-like lesion + topical fluoride
application) and sealant material (F: FluroShield, or H: Helioseal Clear Chroma). Sealants were placed on enamel sur-
faces, stored in 100% humidity (24 h, 37°C), and longitudinally sectioned into hourglass shapes. According to the
groups, pH cycling was applied and the μTBS test was performed. The fracture patterns were assessed by SEM.

Results: Regarding substrates, the highest μTBS values in MPa were observed for CLTF enamel (26.0 ± 7.6), followed
by S (22.0 ± 7.4) and CL (15.5 ± 4.9). A significant interaction was found between material and pH cycling (p =
0.0395). F (23.9 ± 7.6) showed higher μTBS values than H (18.3 ± 7.5) when submitted to pH cycling. The majority of
samples presented mixed failure.

Conclusions: Enamel substrate significantly affected μTBS, with the highest values for remineralized caries-like
enamel lesions. Furthermore, μTBS values were dependent on both materials and pH cycling.

Keywords: preventive therapy, microtensile bond strength, fissure sealing, enamel, caries-like lesion, cariogenic chal-
lenge model.
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Initial enamel caries lesions are usually not treated oper-
atively to avoid the sacrifice of sound hard tissues.11

Thus, preventive action at an early stage is important to

prevent caries development. The maintenance of oral hy-
giene in conjunction with dietary advice, fluoride therapy,
and prudent use of pit-and-fissure sealants has been
shown to be a reliable preventive strategy in these popula-
tions.29 Noninvasive pit-and-fissure sealing has proven to
be effective for caries prevention in several studies.25 In
order to obtain long-term clinical success, the sealant re-
tention and the integrity of sealant-enamel bond are im-
portant criteria for successful prevention of leakage of
bacteria and oral fluids that initiate pit-and-fissure ca-
ries.25

Some factors that can affect the adhesion of sealants to
enamel are the structure and organization of dental enam-
el. With regard to the condition of the substrates, etching
sound enamel with phosphoric acid may form porosities on
the surface, allowing the resinous sealants to penetrate in-
to microdepressions created by the acid and yield high
enamel bond strengths.5,19 White spot lesions are charac-
terized by a loss of mineral in the bulk of enamel, whereas
the surface of the lesion remains relatively intact.27 The tiny
pores within the lesion body may act as diffusion pathways
for acids and minerals.27 In this case, the aim of the sealing
regimen is to occlude these pores with light-curing resins by
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penetration into the lesion body, preventing the dissolution
of enamel at the advancing front of the lesion.8,17 Moreover,
after curing the material, a mechanical support of the frag-
ile enamel framework in the lesion might be achieved.17 In
the remineralized enamel, its crystalline structure is stabi-
lized by the acquisition of fluoride, which competes with and
displaces the hydroxyl groups of the hydroxyapatite molecule
to form fluoridated hydroxypatite.6 Moreover, the formation
of calcium fluoride has been reported to reduce the bond
strength of resin to enamel.14

Considering the structure of the different enamel sub-
strates, such as caries-like lesions or remineralized caries-
like lesions, no study has hitherto focused on sealant appli-
cation on different enamel substrates in an attempt to pre-
vent the development of the initial lesion. In addition, such
treated substrates are constantly submitted to cariogenic
challenge, mainly in high caries-risk children. A dynamic
chemical model, termed pH cycling, has been used in order
to simulate the oral conditions of high caries-risk children in
in vitro studies.2

As such, the aim of this in vitro study was to evaluate the
microtensile bond strength (μTBS) of resinous sealant ma-
terials on different enamel substrates after a cariogenic
challenge (pH cycling). The null hypothesis was that there are
no statistically significant differences in the bond strength
of different resinous sealant materials on different enamel
substrates when submitted to pH cycling or not.

MATERIAL AND METHODS

This study was conducted after approval from the Ethics
Committee of the Piracicaba Dental School, University of
Campinas (protocol #046/2006).

Experimental Design
The factors under study were: enamel conditions (sound,
caries-like lesion, and caries-like lesion + topical fluoride
application) and sealant materials (FluroShield and He-
lioseal Clear Chroma). The experimental samples con-
sisted of 60 enamel blocks, which were randomly
assigned to six treatment groups (n = 10). The response
variables were bond strength values and type of failure
pattern, as assessed by scanning electron microscopy
(SEM).

Preparation of Enamel Blocks
Ninety-seven impacted human third molars were selected
that had been extracted for clinical and orthodontic rea-
sons and were free from apparent caries on the buccal,
palatal, or lingual surfaces. All teeth were examined under
20X magnification (Leica MZ6; Wetzlar, Germany) to ex-
clude those with any enamel defect. The teeth were
cleaned and stored in 0.5% chloramine T solution for up to
2 months after extraction. Their roots were sectioned off 1
mm below the cementoenamel junction using a double-
face diamond saw and discarded (KG Sorensen; São
Paulo, SP, Brazil). Each tooth was longitudinally sectioned
along the fissure orientation (Isomet, Buehler; Lake Bluff,
IL, USA) in order to obtain 194 buccal, palatal or lingual
enamel surfaces. The enamel surfaces were flattened
(4x4 mm) on a water-cooled mechanical grinding machine,
using 400-, 600-, and 1200-grit Al2O3 abrasive paper
(Arotec; São Paulo, Brazil), and cloth polished with 1.0-μm
diamond paste (Buehler Metadi II) (Fig 1). Care was taken
not to expose the underlying dentin. For block selection,
surface microhardness (SMH) determination was accom-
plished using a Future-Tech FM-ARS microhardness tester
(Future-Tech; Tokyo, Japan) with a Knoop diamond under a
50-g load for 5 s.7 Five indentations were made at the cen-
ter of the enamel surface (Fig 1). One hundred twenty-
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Fig 1 Representative scheme of methodology
and experimental design: (1) Root section 1
mm below the cementoenamel junction; (2)
Enamel block preparation (4x4 mm); (3) Sur-
face microhardness determination (KHN); (4)
Experimental group distribution; (5) Sealant
application (4 mm height) (FluroShield or He-
lioseal Clear Chroma); (6) Longitudinal cutting
of the sample into a series of 1-mm-thick
slices; (7) Slice preparation (four slices per
enamel block); (8) Hourglass preparation (ca
1 mm2 cross-sectional area); (9,10) Submis-
sion or not to pH cycling; (11) Microtensile
bond strength test (μTBS).
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three enamel blocks with 341.6 ± 18.0 Knoop Hardness
Number units (KNH) were selected for this study. The re-
jected blocks (71) were those that did not fit into the mean
and standard deviation range, which was considered as
10% above or below the means. Twenty sound enamel
blocks were kept in a humid environment until the experi-
ment (10 enamel blocks were used in the FluroShield
group and 10 in the Helioseal Clear Chroma group), and
103 blocks were used for caries-like lesion induction.

Artificial Caries-like Lesion Formation
One hundred-three enamel block surfaces were isolated
with double coats of acid-resistant nail varnish (Colorama;
São Paulo, Brazil), except for the polished enamel area
(4x4 mm) (Fig 1). Artificial caries-like lesions were pro-
duced by suspending each enamel block in 32 ml of a so-
lution containing 0.05 M acetate buffer 50% saturated
with enamel, pH 5.0, for 16 h at 37°C. To prepare this so-
lution, enamel powder (particles of 74 to 105 μm) was agi-
tated in 0.05 sodium acetate buffer, pH 5.0, for 96 h at
37°C (0.50 g/l).18 The solution was used at a proportion of
2.0 ml per mm2 of exposed enamel area. After caries-like
lesion induction, 63 blocks with known enamel SMH (81.9
± 22.8 KHN) were selected. The rejected blocks (60) were
those that did not fit into the mean and standard deviation
range, which was considered as 10% above or below the
mean. Twenty enamel blocks with artificial caries-like le-
sions were then kept in a humid environment until the ex-
periment (10 enamel blocks were used in the FluroShield
group and 10 in the Helioseal Clear Chroma group) and 43
blocks were used for topical fluoride application on caries-
like lesions using 5% NaF varnish, simulating a remineral-
ization procedure.

Artificial Caries-like Lesion Remineralization
Following caries-like lesion formation, 43 enamel blocks
were submitted to topical fluoride application. The enamel
surfaces of these blocks were coated with 5% NaF varnish
(Duraphat, Colgate-Palmolive; S. Bernardo do Campo, SP,
Brazil), using a microbrush. The varnished blocks were in-
dividually immersed in 20 ml of artificial saliva (1.5 mM
calcium, 0.9 mM phosphate, 150 mM KCl in 0.1 M Tris
buffer, 0.05 μg F/mL, pH 7.0) at 37°C for 1 week. The so-

lution was applied at a proportion of 1.25 ml per mm2 of
exposed enamel area.9 The varnished blocks were then re-
moved from the artificial saliva and rinsed with distilled
deionized water (pH 6.0). After topical fluoride application,
twenty blocks with known enamel SMH (140.4 ± 36.5
KHN units) were selected. Ten enamel blocks were used in
the FluroShield group and ten in the Helioseal Clear
Chroma.The rejected blocks (23) were those that did not
fit into the mean and standard deviation range, which was
considered as 10% above or below the mean.

Experimental Groups
Enamel blocks were then randomly divided into six groups
(n = 10) according to enamel substrates and sealants:
Sound enamel + FluroShield (SF); caries-like lesion +
FluroShield (CF); caries-like lesion + topical fluoride appli-
cation + FluroShield (CFF); sound enamel + Helioseal
Clear Chroma (SH); caries-like lesion + Helioseal Clear
Chroma (CH); caries-like lesion + topical fluoride applica-
tion + Helioseal Clear Chroma (CFH) (Fig 1).

Sample Preparation
After enamel substrate preparation, the polished enamel
surface of the blocks was etched using 37% phosphoric
acid gel for 30 s, rinsed for 10 s with water, and dried. The
sealants were then applied to a flat surface to build up a
bonding surface block of about 4 mm in height, with 2-
mm-thick increments; samples were then light cured for
40 s (FluroShield) or 20 s (Helioseal Clear Chroma) (Fig 1).
The light curing was carried out using the Elipar Tri-light
unit (3M ESPE; Seefeld, Germany) at 800 mW/cm2 light
intensity. The sealed blocks were stored for 24 h at 37°C
and 100% humidity. The brand names, composition, man-
ufacturers, and batch numbers of the sealants are listed
in Table 1.

Afterwards, each sample was longitudinally cut into a se-
ries of 1-mm-thick slices by means of a water-cooled dia-
mond blade (Isomet, Buehler) (Fig 1). Four slices were ob-
tained per block and trimmed to an hourglass shape using
a cylindrical diamond bur (FG 3097, KG Sorensen) mounted
in a high-speed handpiece (Fig 1). Each hourglass was iso-
lated with double coats of acid-resistant nail varnish (Col-
orama), except for the bonding area.
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Table 1  Brand, composition, manufacturers, and batch number of the sealants

Material Composition Manufacturer and batch #

FluroShield Urethane modified bis-GMA dimethacrylate; barium Dentsply DeTrey; Konstanz, 
aluminoborosilicate glass (30%), polymerizable dimetha- Germany
crylate resin, bis-GMA, sodium fluoride, dipentaerythritol # 317131
pentaacrylate phosphate, titanium dioxide, amorphous  
silica.

Helioseal 
Clear Chroma Bis-GMA, triethylene glycol dimethacrylate (>99 wt%). Ivoclar Vivadent; Schaan, 

Additional contents are stabilizers, catalyts and # F54463
pigments (<1 wt%). Liechtenstein
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pH Cycling Model
The hourglass specimens were then submitted to pH cy-
cling or not (Fig 1). Two specimens from each sample were
subjected to 7-day pH cycling, simulating a cariogenic chal-
lenge.2,9 Each cycle consisted of a 3-hour immersion in
demineralizing solution followed by a 21-hour immersion
in remineralizing solution. Hourglass specimens were indi-
vidually immersed in 40 ml of a demineralizing solution (2
mM calcium, 2 mM phosphate in 0.075 M acetate buffer,
0.03 μg F/ml, pH 4.3, 37°C) used at a proportion of 2.5
ml per mm2 of exposed bonding area. Specimens were
then washed in deionized water for 30 s, dried with ab-
sorbent paper and individually immersed in 20 ml of a
remineralizing solution (1.5 mM calcium, 0.9 mM phos-
phate, 150 mM KCl in 0.1 M tris buffer, 0.05 μg fluor-
ide/ml, pH 7.0, 37°C) applied at a proportion of 1.25 ml
per mm2.9 Both solutions contained thymol crystals to pre-
vent microbial growth.

Microtensile Bond Strength Test (μTBS)
The hourglass-shaped specimens were individually mount-
ed using cyanoacrylate glue (Super Bonder; São Paulo,
Brazil) in a metallic port that was attached to the universal

testing machine (4411 Instron; Canton, MA, USA). The
μTBS test was performed at a crosshead speed of 0.5
mm/min. The cross-sectional area at the site of fracture
was measured with a digital caliper (Mitutoyo; Suzano,
Brazil) with an accuracy of 0.01 mm. The load (in Kgf) and
the bonding surface area of each specimen was recorded
on a worksheet. The microtensile bond strengths were cal-
culated in MPa, using the formula: R=F (Kgf)/A (cm). Pre-
test failures were not included in the statistical analysis.

Determination of Failure Pattern
The failure sites were gold-sputter coated (Bal-Tec SCD
050 Sputter Coater, Bal-Tec; Balzers, Liechtenstein) and
observed with SEM (JEOL JSM 5600LV; Tokyo, Japan) at
an accelerating voltage of 15 kV, a working distance of 20
mm, and a magnification of 100X. For each specimen, the
failure pattern was defined into four types: mixed failure;
adhesive failure; cohesive failure in enamel; or cohesive
failure in sealant. A blind calibrated examiner (K.R.K.) eval-
uated the failure pattern. The intra-examiner coincidence
level of failure pattern was analyzed with Spearman’s cor-
relation test and was 95%.
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Fig 3  Means (MPa) and 95% confidence intervals of the μTBS
measured. Different letters represent statistically significant dif-
ference by Tukey test (p<0.05). The data of enamel substrate
groups were combined.

Fig 2 μTBS mean (MPa) and 95% confidence intervals for differ-
ent enamel substrates. Different letters represent statistically sig-
nificant difference by Tukey test (p<0.05). The data of sealant
groups were combined.
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Statistical Analysis
Original data from μTBS test were transformed (x0.5) be-
fore applying 3-way ANOVA and Tukey’s test, because vari-
ances were not homogeneous. A multi-factor ANOVA was
applied to the μTBS data to analyze the interactions
among the factors (enamel substrates, materials and pH
cycling). In order to assess significant differences within
these factors, Tukey’s test was applied. The SAS system
software (version 8.02, SAS Institute; Cary, NC, USA) was
used and the significance level was set at 5% (p < 0.05).

RESULTS

According to 3-way ANOVA statistical analysis, there were
no interactions among: enamel substrates and materials
(p = 0.1347); enamel substrates and pH cycling (p =
0.8126); and enamel substrates, materials and pH cycling
(p = 0.0949). A significant difference was found among

the enamel substrate factors examined (p < 0.001). The
mean values for enamel substrates in the μTBS test (MPa
values) and their 95% confidence intervals are shown in
Fig 2. The data of sealant groups were combined. Signifi-
cant differences were observed between the materials
and an effect of pH cycling when Tukey’s test was applied
(p = 0.0395). The data of substrate enamel groups 
were combined (Fig 3). FluroShield (23.9 ± 7.6) presented
higher μTBS values than Helioseal Clear Chroma (18.3 ±
7.5), when the materials were submitted to pH cycling.
Sealant materials showed no difference in μTBS when not
submitted to pH cycling, as shown in Fig 3.

The percentage of failure pattern for all groups is pre-
sented in Fig 4. Mixed failure (cohesive in the sealant and
cohesive in the enamel, Fig 5) was the most frequently ob-
served failure type for all groups, with the exceptions of SF
and CFF when not submitted to pH cycling.
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Fig 5A  SEM photomicrograph illustrating enamel cohesive fail-
ure (600X). E: enamel.

Fig 5B  SEM photomicrograph illustrating sealant cohesive fail-
ure (100X). S: sealant.

Fig 5C  SEM photomicrograph illustrating mixed failure (600X). E:
enamel; S: sealant.

Fig 5D SEM photomicrograph illustrating adhesive failure. S:
sealant, E: enamel.
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DISCUSSION

Fissure sealants are currently one of the most effective
tools available for protection against caries development
on the occlusal surfaces of high caries-risk children. An im-
portant parameter in the evaluation of the clinical success
of sealing procedures is the ability of the material to ad-
here to the enamel surface.1 The bond strength is an indi-
cator of this ability and the μTBS test was chosen due to
its more accurate assessment of the interfacial bond
strength of material and dental substrates, since it pro-
vides uniform stress distribution over small-sized speci-
mens.21 Another aspect to be considered is the condition
of the enamel, which is of great importance for sealant
performance and efficacy.

The null hypothesis that there are no differences in the
bond strength of the different enamel substrates and
resinous sealant materials was rejected. In this study, dif-
ferences were noted between the μTBS of sound enamel,
enamel with caries-like lesions, and enamel bearing a
caries-like lesion but treated with topical fluoride. The fluo-
ride application of 5% NaF varnish on caries-like lesions of
enamel increased the μTBS values, compared to the values
of sound enamel and caries-like lesions. This could be ex-
plained by the structural,15,16 chemical, and physical prop-
erties of the different substrates, and suggests that the min-
eral status of the underlying dental hard tissue could influ-
ence bond strength.

Little is known about the μTBS of fissure sealants when
applied to different dental substrates. When analyzing re-
mineralized enamel, a study13 found clinically acceptable
tensile bond strength values for sealed, pretreated enamel
surfaces, in accordance with data from the current study.
Conversely, other studies have indicated that topical fluoride
application fills the interprismatic spaces occupied by
Ca5(PO)3 and CaF2 and reduces the bonding capacity of ad-
hesives.15,16 On the other hand, studies have shown that
tensile28 or shear10,12 bond strength is not significantly dif-
ferent in groups with and without fluoride pretreatment. In
these studies, researchers saw globular structures only on
the prism cores of ground enamel surfaces etched with
H3PO4 containing higher fluoride concentrations; they did
not observe adverse effects on the bond strength of bond-
ing resin to etched enamel.

Experimental studies have shown that varnishes supply
fluoride more effectively than do other topical agents.4,24

The use of a varnish as a vehicle for topical fluoride appli-
cation was chosen in this study due to its prolonged period
of contact with the enamel surface, allowing greater uptake
of fluoride ions into the enamel and making it more resistant
to demineralization.3,22 However, in the present in vitro
study, the remineralization procedure used does not repro-
duce the dynamics observed in the in vivo remineralization
events.

For sound enamel substrates, results demonstrated in-
termediate μTBS values (22.0 MPa) when compared with
topical fluoride application and enamel with caries-like le-
sions. Similar results were found in a report that evaluated
the μTBS of different types of materials used as pit-and-fis-
sure sealants for sound ground enamel.20

In the caries-like lesions on enamel, the surface topogra-
phies appear relatively smooth and intact with a slightly larg-
er pore volume than sound enamel.26 With regard to acid
etching of these substrates, it was reported that the surface
morphologies of lesions that were acid etched for 30 s were
rough with loss of prisms; this may provide a more reactive
surface for fluoride treatment and perhaps enhance the
rate of remineralization.26 In this context, it may be appro-
priate to perform the topical fluoride application on the
caries-like lesions before sealant application, instead of ap-
plying sealant directly on the early caries lesions, which pre-
sented the lowest μTBS values in the present study.

In this study, a caries risk situation was simulated by a pH
cycling model. Regardless of the substrate, pH cycling did
not influence the μTBS values for either of the materials.
However, pH cycling resulted in higher μTBS values for
Fluroshield than Helioseal. Under this condition, Helioseal
demonstrated a higher percentage of adhesive failures,
showing a weakening of bonding interface. This finding was
not observed for Fluroshield, possibly due to its composition.
The difference between the sealants tested may occur as a
consequence of the presence of fluoride and fillers (30%
barium aluminoborosilicate) in the Fluroshield composition,
since both materials are resin based. The presence of fillers
in FluoroShield may increase the mechanical resistance of
the material, and the bond strength of resin-based materi-
als may depend on the length, shape, and mechanical prop-
erties of resin tags.23 In addition, the fluoride content of
Fluroshield seems to protect the bonding interface from car-
iogenic challenge, when compared with Helioseal under the
same conditions, showing a higher percentage of mixed and
sealant cohesive failures. Especially the interface below the
infiltrated zone, between demineralized, maybe poorly infil-
trated enamel and the sealant seem to be the weakest link
in bonding.

The microtensile bond strength may represent an indica-
tor of the sealant’s clinical retention ability. Thus, the results
of this in vitro examination may provide information addi-
tional to that gained in clinical practice. However, these find-
ings should not be directly extrapolated to clinical condi-
tions. Further in vitro and in situ studies and clinical evalua-
tions are required to assess the long-term bonding perfor-
mance of these sealants and, thus, predict the quality of the
adhesion obtained as well as the sealant degradation in a
high caries-risk situation, indicating their failures.

CONCLUSION

It can be concluded that the μTBS was significantly influ-
enced by different enamel substrates, where remineral-
ized caries-like enamel lesion substrates demonstrated
the highest μTBS values. The μTBS values are dependent
on both materials and pH cycling.
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Clinical relevance: The success of sealants is depen-
dent upon the material’s retention, and the in vitro mi-
crotensile bond strength may be an indicator of this
clinical ability.
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