
JDC DENTAL MATERIALS

Journal of Dentistry for Children-76:1, 2009 Cehreli et al 53Effect of LED unit on sealant microleakage

Effect of LED Curing on Marginal Integrity of an  
Ormocer-based Sealant

Sevi Burcak Cehreli, DDS, PhD       Serdar Arikan, DDS, PhD  
Kamran Gulsahi, DDS, PhD        Neslihan Arhun, Msc, DDS, PhD   

Ayca Arman, DDS, PhD        Mustafa Sargon, DDS, PhD

ABSTRACT
Purpose:  The purpose of this study was  to investigate the microleakage of a light cured, 
ormocer-based fissure sealant when photopolymerized with 2 different light emitting  
diode (LED) curing units and a conventional quartz-tungsten halogen (QTH) light- 
curing unit.
Methods:  Thirty freshly extracted, unerupted human third molars from 9 adolescent were 
randomly assigned into 3 groups (N=10/group). Pits and fissures were acid etched for 30 
seconds, rinsed for 15 seconds with an air-water spray, and air-dried. An ormocer-based 
fissure sealant material (Admira Seal) was applied to all fissures. In group 1, the sealant 
was photopolymerized with a Smart Light LED curing unit (Dentsply) for 10 seconds. 
Another LED curing unit (Elipar II) and a conventional QTH curing unit (Hilux) were 
used in groups 2 and 3 for 10 and 30 seconds, respectively. Specimens were immersed in 
0.5% basic fuchsin for 24 hours, sectioned and examined under a stereomicroscope, and 
scored for marginal microleakage. 
Results:  Statistical analysis of microleakage scores revealed no significant difference among 
the groups tested (P>.05, Kruskal-Wallis test). 
Conclusion:  The tested LED curing units may provide reduction in total application time 
without comprising marginal integrity of the ormocer-based sealant.
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Preventive measures, including improved oral hygiene 
and use of fluoride agents, have proven effective in 
reducing the prevalence of smooth surface caries.1 

Consequently, a decline in dental caries has been reported 
over the last decades.2,3 This decline, however, is not uniform 
for all tooth surfaces.4,5 The high caries susceptibility of pit 

and fissure surfaces of posterior teeth has been recognized 
for many years.6 The complex morphology of the occlusal 
surface hinders the mechanical removal of the bacterial 
plaque and reduces the effects of preventive measures.7 
Studies have shown that pit and fissure caries account for 
85% to 88% of childhood caries in populations with an 
overall low caries risk.8,9 

Introduction of the acid-etch technique and the develop-
ment of resin materials have made fissure sealing an effective 
method for the prevention of occlusal caries.10 The dental 
literature contains a plethora of evidence regarding the ef-
fectiveness of fissure sealants against pit and fissure caries 
when the sealant is retained in situ and has remained intact 
without deterioration or microleakage at the resin/tooth 
interface.11,12 
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Basically, commercially available fissure sealant products 
are classified into 2 broad categories: self-curing materials 
(chemical cure); and light-curing materials.13 The early 
ultraviolet light-initiating systems have been abandoned, 
but the visible light cure-initiated and self-curing types 
have been available since 1970. The self-curing sealants 
have drawbacks, such as short working time and air bubble 
entrapments upon mixing. On the other hand, with light 
cured sealants, it is possible to control the working time, 
the risk of entrapping air bubbles is minimal, and the on-
demand polymerization takes a relatively short amount of 
time.5,14

Conventionally, quartz-tungsten–halogen (QTH) lights, 
which have a power density ranging between 600-800 
mW/cm2, have been used to light cure sealants.13 Recently, 
a variety of light-curing units (LCUs) with much greater 
power output—such as high intensity QTH, plasma arc 
units (PAC), and light emitting diode devices (LEDs)—
have been introduced. LED units generate energy within 
a very narrow spectral range, more closely matching the 
absorption requirements of camphorquinone than do the 
more broadly generating units, QTH and PAC.15 Despite 
marketing claims of adequate polymerization in as fast as 
3 to 5 seconds, PAC units require exposure times similar 
to conventional QTH units to provide adequate polym-
erization and marginal adaptation of fissure sealants.13,16 
By contrast, some high-intensity QTH and LED units 
have demonstrated a significant reduction in clinical expo-
sure duration without impairing the polymerization rate 
(conversion values) of fissure sealants.13 These time-saving 
approaches could have significant clinical implications, pro-
vided that there is no adverse effect on the fissure sealant’s 
marginal integrity.

While one study has been conducted on the effectiveness 
of LEDs to polymerize sealant materials, there is a scarcity 
of published data regarding their effects on the marginal 
integrity of fissure sealants. The aim of the present study 
was, therefore, to assess the microleakage of a light-cured, 
ormocer-based fissure sealant when photopolymerized with 
2 different LED units and a conventional QTH unit. The 
null hypothesis was that the tested photopolymerization 
units had no significant effect on the microleakage of the 
tested fissure sealant.

METHODS
Caries-free, extracted human maxillary and mandibular 
third molars were collected from 9 adolescent in oral and 
maxillofacial surgery clinic in Baskent University Faculty of 
Dentistry, Ankara, Turkey. The extracted teeth were extracted 
from healthy children ages 20-25 who were undergoing 
orthodontic treatment and living in a nonfluoridated area. 
Organic remnants were removed off of teeth, and the occlusal 
surfaces were cleaned with a slow speed bristle brush with a 
continuous irrigation of water coolant. The teeth were then 
examined under a dissecting microscope to discard those with 
caries, any visible hypoplasia, extraction damage, or micro-

cracks. Teeth with irregular occlusal morphology were also 
excluded. Accordingly, 30 teeth were selected and assigned 
randomly into 1 of 3 experimental groups (N=10): 

In group 1 (QTH), pits and fissures were etched with 
37% phosphoric acid (Vococid, Voco, Cuxhaven, Germany) 
for 30 seconds, rinsed with air-water spray for 15 seconds, 
and air-dried for 10 seconds. An unfilled bonding resin 
(Admira Bond, Voco, Cuxhaven, Germany) was applied on 
the fissures according to the manufacturer’s instructions and 
light cured for 20 seconds with a conventional QTH cur-
ing unit (Hilux, Benlioglu, Istanbul, Turkey). A radiometer 
was utilized for detecting the curing unit’s performance. 
Thereafter, an ormocer-based fissure sealant (Admira Seal, 
Voco, Cuxhaven, Germany) was applied to the fissures and 
left undisturbed for 20 seconds. Light curing was performed 
for 30 seconds with the same QTH curing unit.

In group 2 (LED1), the acid-etch and bonding proce-
dures were performed as with group 1, with the exception 
of 10 seconds of light curing using a SmartLite LED curing 
unit (Dentsply, Germany). The ormocer-based sealant was 
applied as with group 1 and light cured with Smartlite for 
10 seconds.

In group 3 (LED2), acid-etch and bonding procedures 
were performed as in groups 1 and 2, with the adhesive resin 
being light cured for 10 seconds with another LED curing 
unit (Elipar Free Light 2, 3M ESPE). The ormocer-based 
sealant was applied as with groups 1 and 2 and light cured 
with the Elipar curing unit for 10 seconds. 

Specimens were stored in deionized water at 37°C for 
24 hours, after which thermal cycling in deionized water 
was performed at 5±2°C to 55±2°C for 500 cycles with a 
dwell time of 30 seconds and a transfer time of 10 seconds. 
Thereafter, the teeth were kept in distilled water at 37°C 
for 4 weeks before dye-penetration procedures. The water 
(pH :7) was changed every week.17 

Prior to dye penetration, the apices were sealed with 
sticky wax and the samples were coated with 2 consecutive 
layers of nail varnish up to 1 mm from the sealant margins. 
Samples were then immersed in 0.5% basic fuchsin solution 
(Wako Pure Chemical Industry, Osaka, Japan) for 24 hours. 
After thoroughly rinsing with distilled water, the samples 
were air-dried and embedded in epoxy resin (Struers, Co-
penhagen, Denmark). Five parallel longitudinal sections 
were made through the occlusal surfaces using a low-speed 
diamond saw (Isomet, Buehler, Lake Bluff, Ill) in the buc-

Table 1.   Distribution of Dye Penetration  
                  Scores in the Experimental Groups

 Dye penetration score

Light curing unit 0 1 2 3

QTH (Hilux) 42 5 0 3

LED1 (SmartLite) 28 15 3 4

LED2 (Elipar Freelight 2) 39 8 2 1
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colingual direction. One calibrated researcher examined all 
sections under a stereomicroscope at X16 magnification 
(Wild Type 308700, Heerbruug, Switzerland). He was 
blind to the groups. 

For each section, the following criteria was used to rate 
dye penetration scores18,19: score 0=no dye penetration; 
1=dye penetration restricted to the outer half of the sealant; 
2=dye penetration into the inner half of the sealant; and 
3=dye penetration into the underlying fissure. The micro-
leakage score of each tooth was obtained by calculating the 
mean score of 5 slices each.19 Statistical evaluation of micro-
leakage scores between the test groups was performed using 
the Kruskal-Wallis test with significance set at P=.05. 

RESULTS
A total of 150 sections were evaluated for dye penetration 
scores. Microleakage was observed in all groups. The extent 
of dye penetration for each experimental group is presented 
in Table 1. Overall, light curing with the Smartlite LED unit 
and the Hilux QTH unit displayed the highest and lowest 
microleakage scores, respectively. The Kruskal-Wallis test, 
however, revealed no significant differences between the 
experimental groups (P=.07). Representative micrographs of 
each group are presented in Figures 1, 2, and 3. 

DISCUSSION
As documented by numerous clinical studies, the use of pit 
and fissure sealants is among the primary prevention strategies 
of the American Academy of Pediatric Dentistry due to their 
significant benefit in the reduction of caries risk.20,21 Neverthe-
less, it is disappointing that, despite their proven benefits, pit 
and fissure sealants are being underused and offered only to 
a small percentage of at-risk populations due to concerns of 
cost-effectiveness.22,23 While this fact might imply that there 
may be little hope for improving sealant adhesion further, 
other considerations such as minimizing the time for sealant 
application may help reduce the real cost of fissure sealants.24 
To achieve this goal without adversely affecting retention, 
studies have been conducted to evaluate the effect of reduced 
etching time on sealant quality.24-26 Another method is the 
reduction in overall application time, which can be achieved 
by shorter polymerization periods. Additional advantages of 
shorter yet effective exposure time would be the reduced risk 
of contamination and the time saved when treating children 
with behavior or compliance problems.27 

In the present study, the light-curing units failed to 
demonstrate any significant effect on the microleakage of 
the tested ormocer-based sealant; necessitating acceptance 
of the null hypothesis. Although not significant, the number 
of specimens with a score of 0 was less in the SmartLite 
group when compared with the QTH and Elipar FreeLight 
2 groups. The samples cured with Elipar Free Light 2 and 
QTH unit were quite similar regarding the number of 
specimens with score of 0. This difference may be explained 
by their different wavelengths and power output and dif-
ferences in the efficiency of the optical delivery systems (ie, 
light guiding tips).28 Information provided by the manufac-
turers, the light intensity produced by the Elipar FreeLight 
2 unit is 1,000 mW/cm2,29 whereas the maximum output of 
the SmartLite Unit is 950 mW/cm2.30 Since double-bond 
conversion correlates with the product of the irradiation 
period and intensity (ie, total energy applied),31,32 a lower-
intensity LED unit may only be expected to perform better 
with longer periods of exposure. 

Figure 1.   Microleakage (score=3) represented by 
section 2 in group 1 (QTH curing, 16X magnification). 

Figure 2.   Microleakage (score=3) associated with  
LED-cured sealant (Smartlite, group 2, 16X magnification).

Figure 3.   Micrograph depicting severe microleakage 
(score=3) in group 3 (Elipar Freelight 2, 16X magnification).
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The different tip designs of the tested LED units may 
be considered another factor contributing to the microle-
akage scores achieved.33 It has been stated that irradiance 
of light-curing units is affected by the angular aperture of 
the light guide.33 Accordingly, the 2 LED units may have 
performed differently, although both units have the same 
tip diameter. Distance, another well-documented factor on 
the performance of all light-curing units34 was ruled out as 
a contributory factor, since irradiation distance was kept 
standard and minimized during specimen preparation.

The applicability of flowable restorative systems in den-
tistry has increased mainly due to their beneficial properties 
such as low modulus of elasticity35,36 and ease of handling.37 
This allows such materials to be successfully placed in ultra-
conservative preparations and as fissure sealants. It has been 
reported that their higher amount of filler particles provides 
lesser porosity38 and better wear resistance.39,40 Filled sealant 
materials have yielded good shear-bond strength in vitro,41 
confirming their clinical retention rates which were found 
to be similar to that of conventional sealants.38,42 On the 
other hand, concern has been raised regarding the penetra-
tion of filled sealants into etched enamel to reach the depth 
of acid etching.43 For the ormocer-based sealant tested, it is 
presumable that the manufacturer stipulates application of 
the adhesive resin prior to the sealant due to the sealant’s 
relatively high viscosity. This may prevent complete penetra-
tion into the etched enamel surfaces, rather than providing 
better adhesion and resistance against microleakage. The 
same material could, therefore, not be used without adhesive 
resin to serve as a control group. Further studies utilizing 
unbonded fissure sealant materials are required to enable 
cross-comparisons. 

Studies conducted on resin-based composite materials 
have shown that LED units are compliant with the ISO 
standard 4049 in terms of curing depth.28,44 This has been 
claimed, however, to be product-dependent with special 
regard to older-generation LED units.45,46 Today, most 
light-cured dental composites contain camphorquinone as 
the photoinitiator. The maximum emission spectrum of a 
LED curing unit is 465 nm, being very close to the absorp-
tion of camphorquinone which is maximum at 468 nm.47 
Resin-based composites that contain other photoinitiators 
(so-called “co-initiators”) that absorb light at shorter wave-
lengths cannot be polymerized with LED curing units.48 
The ormocer-based material tested contains only cam-
phorquinone as a photoinitiator, ruling out the possibility of 
inadequate polymerization due to the photoinitiator. With 
only one published study on the polymerization kinetics 
of a commercially available sealant material,13 the need for 
further studies evaluating a wider range of sealant materials 
cured with LED units is evident. 

CONCLUSION
Within the experimental conditions of the present study, 
photopolymerization of the tested ormocer-based sealant 
using different light sources did not significantly affect post-
cure microleakage values.
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