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ABSTRACT
Objective: This study aimed to evaluate the impact of extended photoactivation time on ultimate 

tensile strength (UTS), water sorption (WS) and solubility (WSB) of resin-based materials used as 
fissure-sealants.

Methods: A fissure-sealant (Fluroshield) and a flowable composite (Permaflo) polymerized for 
20 and 60 seconds were tested. For UTS, 20 hourglass shaped samples were prepared representing 
two materials and two photoactivation time (n=5). After 24-h dry-storage, samples were tested in 
tension using a universal testing machine at a cross-head speed of 0.5 mm/min (UTS was calculated 
in MPa). For WS and WSB, 20 disks with 5 mm diameter and 1 mm height (n=5) were prepared and 
volumes were calculated (mm3). They were transferred to desiccators until a constant mass was 
obtained (m1) and were subsequently immersed in distilled water until no alteration in mass was 
detected (m2). Samples were reconditioned to constant mass in desiccators (m3). WS and WSB were 
determined using the equations m2-m3/V and m1-m3/V, respectively. Data were subjected to two-
way ANOVA and Tukey’s HSD test (P<.05). 

Results: There was no significant difference between materials or photoactivation times for the 
UTS and WS. Permaflo presented lower but negative WSB compared to Fluroshield. 

Conclusions: Extended photoactivation time did not improve the physical properties tested. Flu-
roshield presented physical properties that were similar to or better than Permaflo. (Eur J Dent 
2012;6:402-407)
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ter solubility.
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The use of pit and fissure sealants have been 
recommended considering the minimally inva-
sive approach.1 Their efficacy for the primary and 
secondary prevention of caries disease, mainly in 
high-caries-risk patients, has been well demon-
strated, so that retention is the main requirement 
for sealant effectiveness.2-4 In view of this, the use 
of application protocols to increase retention of pit 
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and fissure sealants should prolong their benefits 
on caries prevention and/or arrestment.

Light activated resin-based materials, such 
sealants and flowable composites, can be used 
as pit and fissure sealants.5-7 Both of them are 
low-viscosity materials that, nevertheless, pres-
ent differences in chemical components, which 
can influence upon their physical strength.7 Since 
physical strength of resin-based dental materials 
is important for maximizing their clinical perfor-
mance,8,9 obtaining the optimal physical prop-
erties of resin-based fissure sealing materials 
might increase their retention levels after curing.

Ultimate tensile strength (UTS) is a physical 
property which shows the maximum cohesive re-
sistance to tensile force of a material.10 Thus, ex-
amination of cohesive strength of fissure sealer 
materials may predict their resistance to fracture 
in a clinical environment. It was demonstrated 
that increasing light exposition time improves the 
UTS of flowable composites.10 However; informa-
tion is scarce regarding the effect of extending 
light polymerization time on the UTS of the tradi-
tional pit and fissure sealant. Both materials can 
be used to seal pits and fissures, so that clarifying 
their UTS may help to predict whether extended 
photoactivation time would increase the materi-
als’ self-fracture.

Another important physical property of dental 
materials is the water sorption and solubility. The 
phenomena of sorption and solubility may be pre-
cursors to a variety of chemical and physical pro-
cesses that promote biological concerns as well 
as having deleterious effects on the structure 
and function of resin matrixes.11 Polymer struc-
ture quality such as the degree of conversion and 
crosslink density resulting from the photo-acti-
vation mode may lead to differences in sorption 
and solubility.12,13 It has been demonstrated that 
a flowable composite presented better degree of 

conversion and crosslink density than a fissure 
sealant even under conventional or extended 
photoactivation time.7 However, there is no data 
concerning water sorption and solubility of flow-
able composites and traditional fissure sealants 
when an extended photoactivation time is used to 
polymerize the samples.

Thus, the aim of this study was to evaluate the 
effect of extended photoactivation time on ulti-
mate tensile strength, water sorption and solu-
bility of a pit and fissure sealant and a flowable 
composite. The first hypothesis tested is that ex-
tended photoactivation time should improve UTS 
values and decrease water sorption and solubility 
for both materials. Another hypothesis is that the 
flowable composite should present better prop-
erties regardless of the extended photoactivation 
time.

MATERIALS AND METHODS
Experimental design
The factors under study were materials at two 

levels (a pit and fissure sealant and a flowable 
composite) and photoactivation time at two lev-
els (20 s – following manufacturer’s instruction 
and 60 s – extended exposure time). UTS, water 
sorption and solubility tests were performed to 
characterize the effect of extended light exposure 
time. The materials’ composition and batch num-
bers are shown in Table 1.

Specimen preparation
Twenty hourglass samples were prepared 

from two investigated materials using silicon 
molds with a 6 mm length, 1mm2 constriction 
areas for the UTS test, while 20 disks (6 mm di-
ameter, 1 mm thickness) were prepared from 
the sealing materials following the experimen-
tal conditions. Both materials were injected into 
silicon molds using the disposable tip supplied by 

Material Commercial name (manufacturer) Shade Batch Composition by weight

Pit and fissure sealant
FluroShield (Dentsply, Niterói, RJ, 

Brazil)
Opaque 142812B

UED-BisGMAA (<40%); Resins (<10%); PENTA 
Phosphate (<5%); Bis-GMAB (<5%); Glass filler 

(<30%); Silica amorphous (<2%); TiO2 (<3%); 
NaF (<5%)

Flowable composite
Permaflo (Ultradent Products, 

South Jordan, UT, USA)
A2 182017B

Bis-GMAB (8.5%); TEGDMAC (20%); Sodium 
Monoflurophosphate (0.3%); Zirconium filler 

(68%)

Light-curing unit Manufacturer IR at 3 mm distance IR values published by manufacturer 

Bluephase 16i Vivandent, Bürs, Austria 990 1400

Table 1. Composition and batch number of the sealants, and irradiance (IR) (mW/cm2) of the curing-light unit used in the study.
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the manufactured under controlled temperature 
and relative humidity conditions. Materials surfac-
es were covered with a Mylar strip and then pho-
toactivated for 20 s or 60 s with the light-emitting 
diode (LED) unit Bluephase 16i (Vivandent, Bürs, 
Austria) set on 3 mm from the top surface of the 
sample.7 The 8mm-diameter tip of the LED Blue-
phase 16i covered all the samples length during 
photoactivation. The irradiance of 990 mW/cm2 
reached the top surface of the samples. After po-
lymerization, the samples were removed from the 
matrices and dry stored in light-proof containers 
at 37ºC for 24 hours.14 Any specimen with visible 
voids was discarded.

Ultimate Tensile Strength (UTS) test
The hourglasses samples were subjected to 

tension in a universal testing machine (EMIC, São 
José dos Pinhais, PR, Brazil). They were individu-
ally attached to a metallic device with cyanoac-
rylate-based glue (Locite Super Bonder, Henkel 
Ltda., São Paulo, SP, Brazil) and tested at a cross-
head speed of 0.5 mm/min until failure. After fail-
ure, they were removed from the metallic device 
and the cross-sectional area at the site of failure 
was measured with a digital electronic caliper to 
the nearest 0.01 mm (Mitutoyo Corporation, Tokyo, 
Japan). The results were converted into MPa and 
expressed as the UTS.

Water sorption and solubility measurement
This study was performed in compliance with 

ISO 4049:2000 standard specifications (except for 
the specimen dimensions and curing protocol) 
as follows. The disks were stored in desiccators 
containing silica gel at 37ºC. The samples were 
weighted daily in an analytical balance (Tel Marke, 
Bel Quimis, São Paulo, SP, Brazil) accurate to 
0.001 mg, constituting a weighing cycle every 24 

hours. The complete cycle was repeated until a 
constant mass (m1) was obtained (two days of no 
weight change). Thickness (four measurements at 
four equidistant points on the circumference) and 
diameter (two measurements at the right angles) 
of each specimen were measured using a digital 
electronic caliper (Mitutoyo Corporation, Tokyo, 
Japan). Mean values were used to calculate the 
volume (V) of each specimen (in mm3).

Thereafter, the samples were stored in plastic 
containers with distilled water at 37ºC for 7 days. 
The volume of water for immersion was 6 mL per 
specimen. Samples were again weighted daily, af-
ter being carefully wiped with an absorbent paper. 
When constant weight was obtained (two days of 
no weight change), this value was recorded as m2. 
After this weighing, the samples were returned to 
the first desiccators. The entire mass recondition-
ing cycle was repeated and the constant mass (two 
days of no weight change) was recorded as m3. 
The values for water sorption (WS) and solubility 
(WSB), in micrograms per cubic millimeters, were 
calculated using the following equations:

WS = (m2 – m3) / V; WSB = (m1 – m3) / V

Statistical analysis
Exploratory analysis of data indicated that the 

presuppositions of a parametric test were met. 
Two-way ANOVA and a Tukey’s HSD test at a 5% of 
significance were executed to evaluate the impact 
of two factors under study on UTS, WS and WSB of 
the investigated materials.

RESULTS
There was no statistically significant difference 

in UTS and WS values between the materials and 
photoactivation time (P>.05). Means and standard 
deviation of the UTS and WS for each experimental 
group are shown in Table 2 and 3 respectively. Sol-

Materials
Curing times

20 s 60 s

FluroShield 37.19 ± 6.09 Aa 35.99 ± 5.97 Aa

Permaflo 39.47 ± 7.5 Aa 36.98 ±  8.57 Aa

Table 2. Ultimate tensile strength means and standard-deviation in MPa for the materials tested at different curing times.

Table 3. Water sorption means and standard-deviation in µg/mm3 for the materials tested at different curing times.

Different uppercase letters in the rows and lowercase letters in the columns indicate statistically significant differences (P<.05).

Different uppercase letters in the rows and lowercase letters in the columns indicate statistically significant differences (P<.05).

Materials
Curing times

20 s 60 s

FluroShield 24.15 ±  1.45 Aa 31.68 ± 13.18 Aa

Permaflo 30.96 ± 6.63 Aa 27.17 ± 2.42 Aa

   Selected physical properties of sealing materials
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ubility value of flowable composite were negative 
at both times and similar to those presented by 
Fluroshield at 20 s (P>.05) but different from those 
polymerized at 60 s (P<.05), as shown in Table 4.

DISCUSSION
Optimal physical properties of the sealant are 

important for a successful fissure sealing in the 
oral environment. Increased mechanical strength 
of a material placed over pit and fissures can sup-
port occlusal stresses during chewing, protecting 
the adhesive interface and increasing long-term 
retention. It has been shown that long-term reten-
tion of the sealant is a crucial requirement for ef-
fective caries prevention2,3 and for arresting caries 
progression.4 

The first hypothesis tested in this study was re-
jected. It was demonstrated elsewhere10 that the 
degree of conversion is directly related to the UTS 
of resin-based materials. Recently, Borges et al7 
showed that Permaflo presented a higher degree 
of conversion (DC) and crosslink density than Flu-
roshield, and, in addition, that extended photoac-
tivation time increased both physical properties of 
Permaflo following similar experimental condi-
tions to those established in the present investiga-
tion. Thus, it seems to be logical to assume that 
Permaflo would show higher UTS and that extend-
ed light exposure time would increase the UTS of 
Permaflo. Nevertheless, UTS results obtained in 
the present work were similar for both materi-
als and there were no demonstrable benefits to 
extending photoactivation time, thus rejecting the 
second hypothesis tested. This finding may be ex-
plained by the fact that UTS is also influenced by 
the filler/matrix adhesion.15 Possibly, the filler/ma-
trix adhesion in both materials used in this study 
was similar, so that extended photoactivation time 
could not increase it. Although the samples may 
have presented statistically significant differences 
in the DC after both photoactivation times, these 
might not be enough to provide differences in UTS. 

Water sorption in resin-based materials is a 
diffusion-controlled process and occurs mainly 
in the resin matrix.16 Higher TEGDMA content in 

the matrix is responsible for increasing its water 
sorption.17 Permaflo presents a lower monomer 
content than Fluroshield, but a greater percentage 
of water soluble TEGDMA. Thus, the high TEGDMA 
amount present in Permaflo might have compen-
sated the differences in matrix content between 
the materials, generating similar water sorption 
means for Permaflo and Fluroshield.

In this study, although UTS and water sorption 
of the two materials was not different, due to the 
results concerning DC and crosslink density ob-
tained by a previous investigation,7 it can be sug-
gested that using flowable composite and extend-
ed photoactivation time to seal pit and fissures may 
be suitable to decrease some adverse effects.  DC 
of resin-based materials is directly related to the 
growth of certain caries-related bacteria around 
material margins.18 If a large number of microor-
ganisms is able to grow around the sealant/tooth 
interface, the possibility of a caries lesion under 
the sealant increases, leading to a clinical failure.  

Solubility of resin-based materials is directly 
related to their DC.19 In this study, the flowable 
composite Permaflo showed lower solubility than 
the conventional pit and fissure sealant Fluro-
shield, and this may be attributed to the higher 
DC obtained by the flowable composite compared 
to Fluroshield.7 Since solubility is reflected by the 
amount of leachable unreacted monomers, the 
higher DC obtained by Permaflo in comparison 
with Fluroshield previously7 reduced its solubility. 
In this case, the amount of unreacted monomers 
available for leaching out was lower in Permaflo 
due to the high percentage of reacted aliphatic 
C=C bonds from the dimethacrylate monomers.20 
However, negative solubility values obtained by the 
flowable composite indicate that not all the ab-
sorbed water could be removed by the drying pro-
cess, thus increasing the mass of the material.20,21

Water molecules that are firmly bound to polar 
sites along the polymer network after polymeriza-
tion of resin-based materials exhibit a high plas-
ticizing effect, thus causing the reduction of the 
polymers’ mechanical properties by altering the 
mobility of their chain segments.22 From a clinical 

Table 4. Water solubility means and standard-deviation in µg/mm3 for the materials tested at different curing times.
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Materials
Curing times

20 s 60 s

FluroShield 0.0 ± 0.0 Aa 0.01 ± 3.1 Aa

Permaflo -2.27 ± 1.47 Aa -4.18 ± 2.16 Ab
Different uppercase letters in the rows and lowercase letters in the columns indicate statistically significant differences (P<.05).
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standpoint, if a fissure sealer material becomes 
weakened, its long-term retention and conse-
quently its effectiveness can be compromised.

Testing physical properties of materials used 
as pit and fissure sealants must be encouraged in 
pediatric dentistry, since their physical properties 
may predict and justify the clinical performance 
of these materials. Although the results obtained 
from previous investigation7 showed improved 
polymer quality after curing for the low viscos-
ity composite, this study indicates that the con-
ventional pit and fissure sealant Fluroshield may 
present a similar clinical performance to the flow-
able composite Permaflo.

CONCLUSIONS
Extended photoactivation time did not increase 

ultimate tensile strength, nor did it decrease water 
sorption and solubility of Fluroshield and Perma-
flo. Fluroshield presented similar ultimate tensile 
strength and water sorption to Permaflo. However, 
the conventional fissure sealant showed improved 
solubility over the flowable composite, since nega-
tive solubility values were obtained by Permaflo.
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