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The National Health and Nutrition Examination Survey 2011-2012 data indicated 

that, in the United States, about one-fourth of children and more than one-half of 

adolescents experienced dental caries in their permanent teeth.1 Occlusal surfaces, 

particularly those on permanent molars, have grooves called pits and fissures that can trap 

debris and microorganisms, thus increasing the risk of developing dental caries lesions.2 A 

pit and fissure sealant is a relatively low viscosity resin material that is applied to the 

occlusal pits and fissures of caries susceptible teeth and then polymerized, either 

chemically (auto polymerizing) or by exposing it to visible light (light-cured).3 This forms 

a micromechanically bonded protective layer that prevents the penetration of bacterial 

products and cuts off the access of surviving caries producing bacteria from their source of 

nutrients. Pit and fissure sealants were introduced in the 1960s. Buonocore’s publication 

in 1955 was the commencement of the acid-etch technique in dentistry.  Sealing pits and 

fissures with resin to prevent caries was the first clinical application of the acid-etch 

technique.4-6 

Currently, there are two types of pit and fissure sealant materials available: resin-

based and glass ionomer cement. The resin-based sealants are further divided into 

generations according to their mechanism of polymerization or their content. The 

development of sealants has progressed from the first generation sealants that had to be 

activated with ultraviolet light, through the second and third generations of auto 

polymerized and visible light activated sealants, to the fourth generation containing 

fluoride. The first generation sealants are no longer marketed.1,7 Commercially available 

sealants are classified according to the filler loading (free of inert fillers or semi-filled) or 

opacity (clear, tinted or opaque). Light activated resin-based materials with 
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camphorquinone (CQ)–tertiary amine initiating systems are the most commonly used. 

There exist other photoinitiator.8               

Different types of light emitting diode (LED) light-curing units (LCUs) are 

available. The narrow emission spectrum of single emission peak LED LCUs is limited to 

420–490 nm to match the narrow absorption peak of CQ (465 to 470 nm) in the blue 

wavelength range. This may lead to an insufficient capacity of such LCUs, irrespective of 

their light intensity, to cure resin-based materials containing photoinitiators other than CQ.9    

These other photoinitiators have an absorption spectrum within the near ultraviolet 

region that extends to the violet visible light spectrum (380-420 nm) with a narrow 

absorption peak (395-410 nm).10 In an attempt to overcome the problem of emission 

absorption mismatch of alternative photoinitiator containing materials, multiple emission 

peak LED LCUs were introduced with two narrow peaks in the range between 395–510 

nm to match the absorption spectrum of CQ and the alternative photoinitiators. The latest 

generations of LED curing lights have shown better performance when compared to other 

LCUs.11,12 However, the light delivery from the curing tip still has a significant effect on 

the polymerization; there is a significant decrease in irradiance as the distance from the 

curing light tips increases.12 

Radiant exposure (J/cm2), sometimes incorrectly termed "energy density," is the 

total amount of energy delivered to a resin-based materials surface during the entire 

irradiation procedure. It is the product of light irradiance (mW/cm2) and irradiation time 

(s).13 Some studies support the fact that radiant exposure is the primary determining factor 

of the material properties. The researchers assumed that the degree of conversion (DC) of 

a composite is directly proportional to the length of light exposure. Therefore, it is rational 
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to investigate the shortest curing time that provides the highest DC without deleteriously 

affecting the physical properties of the resin-based material.14 

The degree of conversion (DC) is the percentage of double carbon links (C=C) 

present in the monomers that are converted to single links (C-C) to form the polymeric 

chain during the polymerization process. Among several methods to determine DC of 

resin-based materials, the Attenuated Total Reflection-Fourier Transform Infrared 

Spectroscopy (ATR-FTIR) has been demonstrated to be a dependable method as it detects 

the C=C stretching vibrations directly before and after curing of resin-based materials. A 

high percentage of DC is required to achieve good mechanical properties such as 

hardness,15,16 flexural strength and wear resistance.17 Hardness testing is a reliable method 

to test how well a resin is cured by testing the mechanical properties of the material. The 

Knoop microhardness (KHN) test has been shown to be one of the best methods for testing 

the hardness of resin-based materials, and a good correlation between the degree of 

conversion and the Knoop microhardness has been reported.18 Microhardness gives an 

indication of the DC of the material. Measuring the microhardness bottom/top ratio of 

samples may provide information about the polymerization effectiveness where the ratio 

should be no more than 20% difference between the hardness values of top and bottom 

surfaces. However, some researchers disagree with this relationship as a rule because 

factors other than DC, like the degree of crosslinking may affect the microhardness. The 

investigators in previous studies suggest that the microhardness values do not provide 

quantitative information on the actual change in reactive groups. 18  

Although placing a dental sealant is a routine procedure, it is very technique 

sensitive. Attention to placement details, tooth isolation and curing light position may 
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diminish the need to repair/replace the dental sealant. As an example, the SEAL Indiana 

program at IUSD has placed over 35,000 dental sealants (DS) since its inception in 2003. 

However, many of the sealants placed are replacements. For example, during the period 

from 2007-2009, 834 children were evaluated at least twice and 940 DS placed, and 518 

(61%) of these DS were either repaired or replaced. On the other hand, a meta-analysis 

concluded that Light-polymerizing resin-based sealants retention percentage after a 2-year 

observation period, 77.8% of the sealants remained intact and dropped to 73.3% after 5 

years.19 Therefore, besides the requisite of appropriate wavelength to activate the 

photoinitiators in sealant material, previous studies showed that sufficient intensity is also 

required for successful polymerization.83 The fillers, opacity, and thickness of the materials 

affect light penetration. Moreover, the distance of the light curing tip from the surface and 

exposure duration are critical for the degree of conversion and can be influenced or 

controlled by clinicians to some extent. Ensuring sufficient curing is an integral 

requirement for the success and longevity of a pit and fissure sealant.20,21 Insufficient 

polymerization of the polymer matrix may make resin-based fissure sealant material more 

sensitive to the plasticizing effects of exogenous substances which contain a variety of 

chemicals (e.g. acids, bases, salts, alcohols, oxygen, etc.). These substances are entering 

the oral environment during eating and drinking and may have a degrading effect on the 

polymer network and compromise its clinical longevity.21 

The higher surface hardness and DC of a resin-based material, the better its clinical 

performance. Laboratory studies analyze different properties of resin-based fissure sealants 

such as the DC and surface hardness to determine the effectiveness of multiple emission 

peak or single emission peak LED LCUs with various distances and different curing times. 
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However, these laboratory studies are not able to simulate the clinical situation completely. 

More scientific evidence on the monomer to polymer conversion in commercial resin-

based fissure sealants cured with single and multiple emission peak LED LCUs may help 

clinicians decide whether a multiple or single emission peak LED LCUs should be used 

for an efficient and predictable clinical performance for this type of fissure sealant.22-25 

Therefore, the aim of the present study was to assess a multiple emission peak light-

emitting-diode (LED) light-curing unit (LCU) by measuring the polymerization efficiency 

through the degree of conversion (DC) and Knoop microhardness (KHN) of a resin-based 

pit and fissure sealant at various light curing times and two different distances compared 

to a single emission peak LED LCU. 

  HYPOTHESES  

Null Hypotheses 

1. The radiant exposure and irradiance delivered to the top and bottom of a resin-

based pit and fissure sealant sample using a multiple emission peak LED LCU 

will not demonstrate significant differences compared to a single emission peak 

LED LCU at various curing times and multiple distances. 

2. The degree of conversion of a resin-based pit and fissure sealant using a 

multiple emission peak LED LCU will not demonstrate significant differences 

compared to a single emission peak LED LCU at various curing times and 

multiple distances. 

3. The microhardness of a resin-based pit and fissure sealant using a multiple 

emission peak LED LCU will not demonstrate significant differences compared  
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to a single emission peak LED LCU at various curing times and multiple 

distances. 

Alternative Hypotheses  

1. The radiant exposure and irradiance delivered to the top and bottom surfaces of 

a resin-based pit and fissure sealant sample using a multiple emission peak LED 

LCU will significantly increase compared to a single emission peak LED LCU 

with increasing the curing time and decreasing the distance. 

2. The DC of a resin-based pit and fissure sealant using a multiple emission peak 

LED LCU will significantly increase compared to a single emission peak LED 

LCU with increasing the curing time and decreasing the distance. 

3. The microhardness of a resin-based pit and fissure sealant using a multiple 

emission peak LED LCU will significantly increase compared to a single 

emission peak LED LCU with increasing the curing time and decreasing the 

distance. 
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From a primary prevention perspective, anatomic grooves or pits and fissures on 

occlusal surfaces of permanent molars trap food debris and promote the presence of 

bacterial biofilm, thereby increasing the risk of developing caries lesions. Efficiently 

sealing these surfaces with a dental material, for example, pit-and fissure sealants can 

prevent caries lesions. This is part of a comprehensive caries preventive management 

approach.25 From a secondary prevention perspective, there is evidence that sealants also 

can inhibit the progression of noncavitated caries lesions. The use of sealants to prevent 

the progression of caries lesions is critical to the clinician when determining the appropriate 

intervention for noncavitated caries lesions.27 

Pit and fissure sealants are classified into two types of sealant materials: resin-based 

sealants and glass ionomer (GI) cement. Currently, resin-based sealants are the most 

commonly used. Resin-based sealants contain urethane dimethacrylate (UDMA), or 

bisphenol A-glycidyl methacrylate (bis-GMA) monomers polymerized by either a 

chemical activator and initiator or by light of a particular wavelength and intensity. Resin-

based sealants are supplied as unfilled, colorless or tinted transparent materials or as filled, 

opaque, tooth-colored, or white materials.2,26 The resin-based sealants are further divided 

into generations according to their mechanism of polymerization or their content. The 

development of sealants has progressed from the first generation sealants that were 

activated with ultraviolet light, through the second and third generations of auto 

polymerized and visible light activated sealants, to the fourth generation containing 

fluoride. First generation sealants are no longer marketed.1,7,8 Light activated resin-based 

materials with camphorquinone (CQ)–tertiary amine initiating systems are the most 

commonly used.28   
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The first dental curing light was developed in the 1970s. It was the Nuva Light 

(produced by Dentsply/Caulk) and used ultraviolet light (UV). The use of UV light was 

discontinued because of adverse biological effects and poor penetration through tooth 

structure, and was replaced by visible blue light activated systems.26 During the early 1980s 

progress in the area of visible light occurred.  The Quartz–tungsten–halogen (QTH) bulb 

was introduced, which replaced the UV curing light.29 The plasma arc curing light was 

introduced in 1998.30 

When comparing commercially available blue LEDs with conventional QTH 

lamps, the LEDs curing lights have a narrow spectral range, require less operating power, 

generate less heat, cause less gingival/pulpal irritation, have long lasting bulbs and are often 

cordless featuring rechargeable batteries. 31 One study showed that the emission peak of a 

blue LED chip is at 465 nm and that it coincided with the absorption peak of CQ at 467 

nm, although, early generation LED lights sometimes did not perform well compared to 

the QTH when the material contained a photoinitiator that absorbs light at lower 

wavelengths than CQ.32-34 Manufacturers are currently promoting and selling newer 

generation LED lights with high power/high-intensity modes and a wider range of 

wavelengths.35 The narrow emission spectrum of commercially available single emission 

peak LED LCUs is limited to 420–490 nm to match the narrow absorption peak of CQ (465 

to 470 nm) in the blue wavelength range. However, the alternative photoinitiators have an 

absorption spectrum within the near ultraviolet region that extends to the violet visible light 

spectrum (380-420 nm) with a narrow absorption peak (395-410 nm).10 In attempt to 

overcome the problem of emission absorption mismatch of alternative photoinitiator 

containing materials, multiple emission peak LED LCUs have been introduced with two 
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narrow peaks in the range between 395–510 nm to match the absorption spectrum of the 

CQ and the alternative photoinitiators.11,12 

The resin matrix of the resin-based pits and fissures sealant material is usually 

composed of aromatic or aliphatic dimethacrylates monomers. Adequate light activation 

transforms the monomers into a complex polymer structure. Monomer conversion into 

polymers does not attain 100% as some monomer remains unreacted.36 The polymerization 

process starts by absorbing the light at a specific range of wavelength. Once the 

photoinitiator is activated it reacts with the reducer agent (aliphatic amine) to produce free 

radicals. During polymerization, double carbon links (C=C) present in the monomers are 

converted into single links (C-C) to form a polymeric chain. The extent to which monomers 

react to form the polymer during the polymerization reaction has a substantial effect on the 

physical and mechanical properties of composites resins.21,37 

 Conventionally, the extent of polymerization is quantified by comparing the 

amount of remaining double bonds in the polymer structure to the initial amount. This ratio 

is expressed in percentage (%) and termed the DC.38 The DC values vary for a broad range 

of resin-based material types 35–77%.39 Following the initiation of photopolymerization, 

the degree of conversion and cross-linking density increase rapidly resulting in a rapid 

growth of the system viscosity and the first change of state, from a viscous liquid to an 

elastic gel, called gelation.40 At this point, the mobility restriction mostly affects radicals, 

located on large molecules (growing polymer chains), whereas small monomer molecules 

can still diffuse readily. Consequently, bimolecular termination decreases dramatically 

while new growth centers are still created by initiation.38 When the free radical 

concentration increases, this leads to a rapid increase in the rate of polymerization (Rp, a 
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fraction of double bond converted per second, representing the speed of the reaction) called 

auto-acceleration.41 As the reaction proceeds, the viscosity increases limiting diffusion 

even for monomer molecules, resulting in significant decrease of Rp. This effect 

corresponds to the second change of state, from rubbery to glass, or vitrification.42 

Vitrification prevents any further extensive reaction and explains why DC cannot reach 

100%, even with optimum irradiation conditions.43 

Several methodologies can be used to evaluate the photopolymerization efficiency. 

The most common technique used is DC which is significantly correlated to the mechanical 

properties,44,45 volumetric shrinkage,46 wear resistance 47 and monomer elution.48 It is 

measured most commonly by spectroscopic techniques that infer the quantity of remaining 

double bonds, using either an infrared Fourier transform spectroscopy (FTIR) or a Raman 

spectroscopy.49,50 A higher DC in a resin system provides increased mechanical properties 

that, in turn, should improve the restoration’s longevity.50 

The microhardness of a resin-based material has shown to correlate with the degree 

of monomer conversion. The Knoop hardness number (KHN) predicts the relative DC for 

a particular resin under variable conditions. Since the impact of the light source is not well 

known, investigations are needed to examine the relationship using microhardness 

bottom/top ratios (KHN B/T ratio).51 The DC has been indirectly evaluated by 

microhardness measurements (ether Vickers or Knoop microhardness) as a good linear 

correlation was observed between the DC and the microhardness values.52,53 However, 

some researchers disagree with this relationship as a general rule because factors other than 

the DC, such as the degree of crosslinking, may affect microhardness.54 In any case, 

microhardness measurement does not provide quantitative information on the actual 
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change in reactive groups.38 Moreover, other properties like the degree of crosslinking,55 

mechanical properties,56,57 shrinkage and shrinkage stress,44 depth of cure,58 trapped free 

radicals 59 and biocompatibility 16  can be used as indirect evaluation methods.   

Photopolymerization efficiency may be affected by intrinsic or extrinsic factors. 

The type and concentration of the photoinitiator systems have a significant impact on the 

polymerization process and are considered intrinsic factors.60,61 There exist a high 

correlation between the increase in the DC and hardness with increased photoinitiator 

concentration.62,63 When CQ/amine levels are increased beyond optimum value, a 

reduction of DC and hardness was observed. This may be due to more absorption of light 

in the top regions, resulting in less light transmission to the bottom layers.62 Furthermore, 

using the ternary photoinitiator systems, such as combining iodonium salts with CQ/amine, 

results in an increase in DC, degree of cross-linking, mechanical properties and color 

stability.64-66 

Viscosity, monomer and filler type are intrinsic factors affecting the 

photopolymerization efficiency. There is evidence that initial resin viscosity is a significant 

element in the reaction kinetics and final DC of dimethacrylate polymers as it affects the 

mobility of each monomer and its reactivity.42 Variations of monomer molecular structure 

(di- or polymethacrylates, molecular weight, molecule stiffness, etc.) and proportions can 

significantly affect the polymerization efficiency.38 For pure bis-GMA, the maximum 

polymerization is less than 5% of conversion due to the very high viscosity, and the final 

DC is limited to about 30%. In contrast, for pure triethylenglycol dimethacrylate 

(TEGDMA), which is far less viscous, the maximum rate is observed around 22% of 

conversion, with a final DC of over 60%, while the different co-monomer mixtures in the 
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system show intermediate values between these two extremes.67 Moreover, the filler 

content can affect the polymerization process of resin-based material as well .38 One study 

found that the filler volume in the resin formulation in addition to the differences in fillers 

size and geometry resulted in significant differences in DC, from 48 to 61%.68 

Lastly, the optical properties of a resin composite and their photopolymerization 

reaction are interdependent.38 Several factors can limit the light transmission through the 

resin-based material. First, light reflection occurs at the surface.69,70 Second, light is 

absorbed, either by pigments 71,  (which explains the lower depth of cure observed for 

darker and more opaque shades) or by photo-initiators.89 Moreover, the filler particle 

dimensions can affect the light transmission by scattering, which depends on the particle 

size and the incident wavelength of the curing light.68,72  

 Extrinsic factors also effect photopolymerization efficiency. Light curing units and 

their emission spectrum are some extrinsic factors affecting efficiency of photo-

polymerization of the resin. Different types of light curing units have been used in the 

photopolymerization process with different effectiveness as that discussed previously.73-79 

The first generation LED was commercially available by the end of the year 2000.79 This 

technology emitted only blue light with wavelengths between 440-480 nm without 

filtering.26 Many advantages of LED over other light curing units include: low wattage, 

battery powered, no heat generation and no fan noise. The most recent LED generation 

combines two or more LED chip types to increase intensity and to extend the range of the 

wavelengths.26 These LED curing lights have shown outstanding performance when 

compared to other types of curing light units.80 However, light delivery from the curing tip 

still has a significant effect on the polymerization.40 Well-collimated straight light guides 
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have helped in reducing the amount of light wasted by focusing the rays, thus increasing 

the light delivery.81 In addition, there is concern regarding the heterogeneity of the cure 

over the surface which can be produced from the use of an array of several diodes or from 

the way the light is transmitted through the tip.81, 82 The uniformity of the light intensity 

can be improved, for example by using additional optical elements (mixing tube and 

diffusing screen).83 LED lights are more efficient than broad spectrum halogen lights to 

polymerize CQ-based materials because the spectrum of blue LED lights is centered on the 

CQ maximum absorption peak, thus reducing the cure time. However, other photoinitiator 

systems may require broad-spectrum lights.17,84   

Other extrinsic factors such as radiant exposure, irradiance and irradiation time also 

impact photo-polymerization efficiency. Radiant exposure (J/cm2) is the total amount of 

energy delivered to a resin-based materials surface. It is the product of time and light 

irradiance (mW/cm2) which is defined as the power of electromagnetic radiation per unit 

area. The radiant exposure is considered the main determining factor of the material 

properties.85,86 Localized differences in irradiance and wavelength distribution can have a 

significant impact on the relevance of measurements made to describe the properties of 

light-cured resin-based materials.82,83,87-91 Some regions across the light tip may deliver  

high irradiance, and others may provide low irradiance with an entirely different spectral 

emission. Thus, if any inhomogeneity is present in the light beam, the resin-based material 

will not receive the average irradiance or spectral emission from the LCU and may produce 

misleading results. Although it is recognized that there would be some dispersion of the  

light by the resin-based material, somewhat mitigating the effect of beam inhomogeneity, 
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the beam profile has been reported to be mirrored in the microhardness distribution across 

the resin-based light cured material.83, 88, 89  

 Irradiation modes are extrinsic factors that may affect photo-polymerization 

efficiency. Different “soft-start” curing protocols (ramp, step or pulse-delay modes) were 

proposed. Soft start curing modes were introduced to provide a low initial rate of 

polymerization to delay the onset of polymer gelation and thus reducing the polymerization 

shrinkage stresses. However, others observed that a soft-start regimen had the potential to 

reduce shrinkage stress while keeping the DC and the mechanical properties constant.92-95 

Despite a substantial number of publications on this subject, there is still no definitive 

answer as to whether or not soft-start modes are beneficial. Again, this is probably due to 

the differences in the composition of the various resin-composites used in the different 

studies, which probably affect the efficiency of the soft-start curing modes and the resulting 

properties.  

Moreover, temperature plays a significant role in the polymerization reaction. The 

change in temperature from room temperature (22 °C) to the mouth temperature (35 °C 

have shown to increase hardness, polymerization rate, and DC (6–10%).96 The increase in 

temperature allows more monomer mobility hence, more of the reaction occurs before 

vitrification.97  To avoid any error in studies involving resin-based materials, temperature 

stability should be considered.   

Clinically, the orientation and positioning of the LCU may have a dramatic effect 

on both the irradiance and wavelength received by different locations in the restoration.98 

This can be considered as an effective extrinsic factor on photo-polymerization efficiency.  

The position of the guide tip of the LED LCU affects the amount of energy delivered to 
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the resin-based material and significantly influences polymerization efficiency.38 There is 

a decrease in irradiance when the distance increases between the restoration surface and 

the guide tip of the LCU.99,100 Therefore, manufactures recommend placing the tip as close 

as possible to the resin surface being cured. Also, keeping the light guide stable and in a 

perpendicular position to the restoration helps to ensure polymerization depth.101  

In conclusion, factors such as exposure time, monomer composition, and opacity 

of the material have significant effects on the depth of curing of the resin-based material. 

The materials' DC is proportional to the amount of light to which they are exposed. Fissure 

sealants are commercially available in different types regarding the opacity for instance; 

translucent, yellowed, or opaque. Opaque resin-based sealant materials have shown less 

light absorption and transmittance to the bottom surface of the material; therefore, short 

curing times may provide insufficient depth of cure. To ensure optimal polymerization, 

dental professionals have the responsibility to select the type of materials, the LCU that are 

optimally matched and an effective curing time. There are a wide variety of light cured 

resin-based materials and LCUs available in the market. The selection of the LCU is 

intimately connected with the material’s characteristics which are often unknown or 

unclearly identified by clinicians or manufacturers. Even if the exact product composition 

was known, many other factors could affect a given material property, making it impossible 

to predict the resulting polymerization quality. Therefore, there is a critical need for better 

information from manufacturers on their products to be able to adapt and optimize the use 

of resin-based materials in the daily practice. For each new material appearing on the 

market, it would be beneficial if essential information, such as the absorption spectrum,  
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and the impact of various irradiance/time combinations on the principal material properties 

such as, the DC, hardness and material properties, were provided. 
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A laboratory study was conducted using an opaque resin-based pit and fissure 

sealant (Delton, DENTSPLY, York, PA). (Table-1) Two light curing units were evaluated, 

a multiple emission peak LED LCU (VALO, Ultradent, South, Utah) and a single emission 

peak LED LCU (FLASH LITE 1401, Discus Dental, Culver, CA). (Table-1)   

 

SAMPLE PREPARATION 

The light irradiance of the LED LCUs was measured using the 4mm diameter top 

sensor of a Managing Accurate Resin Curing System-Resin Calibrator (MARC-RC) 

system (Blue light Analytics Inc., Halifax, Canada). (Figure-1) Irradiance of the LCUs was 

measured each time before testing, to ensure the irradiance delivered from the LCUs 

remained consistent throughout the study and to simulate the amount of irradiance and 

radiant exposure received on the top surface of the samples. A mechanical arm was used 

to mount both LCUs in the same position and distance during specimen light curing. 

(Figure-2) Reference points on the MARC-RC system, the rims of LCUs and transparent 

guide template were used to standardize the positions of LCUs throughout the measuring 

process.  The LCU light guide tip was placed in perpendicular position and centered on the 

MARC-RC top, bottom sensors and the top surface of the specimens. (Figure-3) Due to the 

shape of the light guide of the multiple emission peak LCU, a custom metal ring was used 

to ensure the guide tip was perpendicular on the sensors. The single emission peak LCU 

guide tip was flat so it was adjusted on the sensors directly. A total of 60-disc samples were 

fabricated using a Delrin mold (Figure-4) (6mm x 1mm) and divided into twelve groups 

identified by light, distance and time (n=5/group). (Table-2) The sealant material was 

injected into the mold sandwiched between Mylar strips and microscope slides to create a 
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smooth surface and avoid air entrapment. (Figure-5) Each sample was placed over the 4mm 

diameter MARC-RC bottom sensor to establish the amount of light irradiance delivered to 

the bottom surface of the specimen. (Figure-6) Equally positioned markings on four corners 

of the mold were created to standardize the location of the sample in the MARC-RC. 

Samples were cured for 10, 20, or 40 seconds at a 2 or 4 mm distance from the tip of the 

light guide to the top of the sample. The samples were not removed from the mold so that 

markings on the mold could be utilized to standardize sample position during DC and 

microhardness measurements. For each group, the samples were fabricated and stored in a 

transparent plastic container with multiple compartments. Each sample was placed in a 

separate compartment with a specific number from one to five.  Next, the samples were 

covered with a moist paper towel and the lid of the container closed to maintain 100% 

relative humidity. The container was wrapped in aluminum foil to keep specimens away 

from the light and stored at 37°C for one hour in the incubator. The DC test was then 

performed followed by the KHN microhardness test. (Chart-I) The test groups were 

randomized for specimen fabrication and testing. Only specimens from one group were 

fabricated and tested each day. (Table 3)  

 

DEGREE OF CONVERSION (DC)   

The DC of a resin-based fissure sealant was measured using an Attenuated Total Reflection 

Fourier Transform Infrared (ATR-FTIR) Spectroscopy (JASCO 4100 International Co., 

Tokyo, Japan) using a 1.8 mm diameter Diamond crystal plate (ATR-FTIR MIRacleTM, 

Pike technologies, Madison, WI, USA). (Figure-7) The absorbance was measured using 64 

scans and 4 cm-1 resolutions. Three uncured resin-based fissure sealant samples were 
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measured. For the cured samples (n=5/group), three non-overlapped standardized 

measurements on the top or bottom surfaces were collected on each sample; one on the 

upper half, lower right and lower left side of each sample. Every cured specimen was 

placed on the diamond crystal plate and secured with a swivel pressure clamp to insure its 

adaptation. (Figure-8) The mid spectral region of infrared was used (MIR – from 400 to 

4,000 cm-1). The DC was determined by measuring the intensity (or area) decrease of the 

methacrylate aliphatic (C=C) stretch absorption band at 1,637 cm-1 as the methacrylate 

monomer was converted to polymer. The present aromatic bands at 1,607 which were used 

as internal standards. The areas under the curves (1607 and 1637 cm-1) of uncured and 

cured resin-based pit and fissure sealant was used to calculate the DC percent according to 

the following equation:   

Degree	of	conversion = 1 −
cured	 area	under	1637 area	under	1607	
uncured	 (area	under	1637 area	under	1607) ×100 

The average DC values were calculated for each surface.  

 

KNOOP MICROHARDNESS (KHN)  

On the same specimens prepared for the DC, the KHN test was performed.   Five 

indentations were made on both the top and bottom surfaces of each specimen. Indentations 

were located in the upper, lower, left, right, and center of each test surface with the 

indentations 1mm from the periphery and 2mm between indentations. (Figure- 9) The 

indentation location was standardized according to the markings placed on the mold. The 

hardness testing was performed using a hardness tester (Leco LM247AT, MI, USA, 

software; Confident V 2.5.2), with a diamond indenter utilizing 25-gram load and 10 

second dwell time. The average KHN values were calculated for each surface. 



			 23	

STATISTICAL ANALYSIS   

The effects of LED LCU type (multiple or single emission peak), curing time (10, 

20 and 40 seconds), distance (2, 4 and 6 mm), and surface (top and bottom) on radiant 

exposure, irradiance, degree of conversion, and microhardness was examined using 

ANOVA. The ANOVA included fixed effects for the 4 factors and their interactions and a 

random effect to correlate the measurements from the top and bottom surfaces of the same 

sample. A standard 3-way ANOVA was performed for the bottom/top ratios. Pair-wise 

comparisons were made using Fisher’s Protected Least Significant Differences to control 

the overall significance level at 5%. The distributions of the measurements were examined 

and a transformation of the data (e.g. logarithm, square root, etc.) may be used to satisfy 

the ANOVA assumptions. 

 

SAMPLE SIZE JUSTIFICATION 

Standard deviations are estimated to be 3.0 for KHN and DC was based on prior 

studies Lucey 2014 and Borges 2011. Calculations assume two-sided tests conducted at a 

5% significance level, and assume no interactions among the factors. With a sample size 

of 5 for each group, for 80% power to detect a KHN or DC difference of 1.8 between LED 

LCU types. 
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IRRADIANCE MEASUREMENTS FROM THE LCUs 

 

On the top MARC-RC sensor:  

ANOVA results in Table-4 reveals that there were statistically significant 

differences detected by the top MARC-RC sensor between both LCUs, among curing times 

and between distances. The irradiance at 2mm curing distance was significantly higher than 

4mm curing distance for both LCUs and curing time combinations. Moreover, the 

irradiance at 10 and 20 seconds curing time was significantly higher than 40 seconds at 

2mm curing distances for the multiple emission peak LED LCU. Furthermore, the 

irradiance of the single emission peak LED LCU was significantly lower than multiple 

emission peak LED LCU for all the curing time and distance combinations. 

 

On the bottom MARC-RC sensor: 

ANOVA results in Table-5 showed that there were statistically significant 

differences in irradiance measurements detected by the bottom MARC-RC sensors cured 

by both LCUs, among curing times and between the curing distances, reflecting the 

irradiance received at the bottom surfaces of the samples. The irradiance at 2mm curing 

distance was significantly higher than 4mm distance for both LCUs and all curing time 

combinations. Moreover, the irradiance at 10 and 20 second curing times were significantly 

lower than 40 second for both LCUs at 2mm distance. The irradiance of single emission 

peak LED LCU was significantly lower than the multiple emission peak LED LCU at all 

curing times and curing distances.   
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DEGREE OF CONVERSION OF THE SEALANT MATERIAL 

 

On the top surfaces of the samples:    

ANOVA results in Table-6 showed that there were significant differences 

in degree of conversion at the top surfaces of the samples among the curing times 

and between the distances. The degree of conversion at 2mm curing distance was 

significantly higher than 4mm curing distance at 10 second curing time with the 

multiple emission peak LED LCU and the single emission peak LED LCU. 

Moreover, the degree of conversion at 10 second curing time was significantly 

lower than 20 and 40 second using both curing units at 4mm curing distance.  

On the bottom surfaces of the samples: 

ANOVA results in Table-7 displayed that there were significant differences 

in degree of conversion at the bottom surfaces of the samples between both LCUs, 

among the curing times and between the distances. The degree of conversion at 

2mm curing distance was significantly higher than 4mm curing distance with both 

LCUs at 10 second and the single emission peak LED LCU at 20 second. In 

addition, the degree of conversion at time 10 second curing time was significantly 

lower than 20 seconds and 40 seconds curing time using both light curing units and 

both curing distances. The degree of conversion at time 20 second curing time was 

significantly lower than 40 second at 4mm curing distance for both light curing 

unit. Furthermore, the degree of conversion with the single emission peak LED 



			 27	

LCU was significantly lower than multiple emission peak LED LCU all curing 

times at 4mm curing distances and 2mm curing distance at 20 second curing time.   

 KNOOP MICROHARDNESS OF SEALANT MATERIAL 

 

On the top surfaces of the samples: 

ANOVA results in Table-8 revealed that there	 were	 significant	

differences	in	the	knoop	hardness	number	at	the	top	surface	of	the	samples	

between	 the	 curing	 units,	 curing	 times,	 and	 curing	 distances. The knoop	

hardness	 number at 2mm distance was significantly higher than 4mm curing 

distance for 10 second curing time for both light curing units. Moreover, the knoop	

hardness	 number at 10 second curing time was significantly lower than 20 

seconds at 4mm curing distance and both curing units. The knoop	 hardness	

number values at 10 seconds curing time were significantly lower than 40 seconds 

for both distances and both light curing units. In addition, the knoop	hardness	

number at 20 second curing time was significantly lower than 40 second for 2mm 

distances with the multiple emission peak LED LCU. The single emission peak 

LED LCU was significantly lower than multiple emission peak LED LCU for all 

curing times and both distances. 

On the bottom surfaces of the samples: 

ANOVA results in Table-9 showed that there	were	significant	differences	

in	the	knoop	hardness	number	at	the	top	surface	of	the	samples	among	the	
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curing	units,	curing	times,	and	curing	distances. The knoop	hardness	number 

at 2mm distance was significantly higher than 4mm distance for all curing times 

with single emission peak LED LCU and with 10 second curing time for multiple 

emission peak LED LCU. Moreover, the knoop	hardness	number values at 10 

second curing time were significantly lower than 20 second and 40 seconds curing 

time. Similarly, at 20 second curing time was significantly lower than 40 seconds 

for both distances and both light curing units. Furthermore, the single emission peak 

LED LCU was significantly lower than the multiple emission peak LED LCU for 

40 second curing time at both distances and for 20 second at 4mm curing distance.  
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TABLE-1 
Details of the composition of resin-based sealant and light-curing units used in the study 

as described by the manufacturers. 
 
 

Material/unit Product name 

(manufacturer) 

Composition 

Pits and fissures 

sealant 

Delton, DENTSPLY, 

York, PA 

Aromatic an alphatic dimethacrylate 

monomers 

Titanium Dioxide (opaque) 

Silicon Dioxide (Opaque) 

Initiators 

Stabilizers 

Light Curing Unit 

 

single emission peak 

LED (FLASH LITE 

1401, Discus Dental, 

Culver, CA) 

Wavelength Range: 460-480 nm 

Light Intensity: ≥1100 mW/cm2 

multiple emission peak 

LED LCU (VALO, 

Ultradent, South, Utah) 

Wavelength Range: 395–480nm 

Light Intensity: 

Irradiance (mW/cm2) 

Standard Power: 1000mW/cm2 

High Power: 1400mW/cm2 

Xtra Power: 3200mW/cm2  
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TABLE-2 
Tested groups identified by light, distance and time. 

 

 

n=5/group                                                                                             * Control groups  

 
 

 
 

TABLE-3 
The randomized sequence of group preparation and testing. 

 

1st day 2nd day 3rd day 4th day 5th day 6th day 

  2mm-V20 2mm-F10 2mm V10 V20-4mm 4mm-F20 4mm-F40 

7th day 8th day 9th day 10th day 11th day 12th day 

 2mm-F20 4mm-V40 2mm-F40 4mm-V10 2mm-V40 4mm-F10 

 
 

LED LCU Multiple emission peak 
LED LCU 

Single emission peak LED 
LCU 

Distance (mm) 

 

Curing time (sec.) 

 

2 

 

4 

  

 

2 

 

4 

  

10  V2-10 V4-10 

  

F2-10 F4-10 

  

20 * V2-20 V4-20 

  

* F2-20 F4-20 

  

40 V2-40 V4-40 

  

F2-40 F4-40 
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TABLE – 4 
Mean (standard deviation) irradiance values (mW/cm2) of the top surface for each light 

curing unit at the different light curing distances and curing times. 

 
Different lowercase letters in each row and uppercase letters in each column indicate 
statistically significant differences in each LCU. *represents significantly different values 
between LCUs at the specific time and distance. 

 
 

TABLE – 5 
Mean (standard deviation) irradiance values (mW/cm2) of the bottom surface for each 

light curing unit at the different light curing distances and curing times. 
 

 
Different lowercase letters in each row and uppercase letters in each column indicate 
statistically significant differences in each LCU. *represents significantly different values 
between LCUs at the specific time and distance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Multiple emission peak LED LCU Single emission peak LED LCU 
2mm  4mm  2mm 4mm 

10 sec 1300.8	(7.6) Aa* 904.9	(2.0) Ab* 768.3	(6.9) Aa 365.2	(1.0) Ab  
20 sec 1312.6 (6.2) Aa* 911.1(7.7) Ab* 763.0	(3.3) Aa 361.3	(1.5) Ab 
40 sec 1225.3	(14.3) Ba* 898.6 (6.8) Ab* 766.0 (5.2) Aa 360.7	(2.0) Ab 

 Multiple emission peak LED LCU Single emission peak LED LCU 
2mm  4mm  2mm 4mm 

10 sec  171.0 (1.2) Ba*   119.1	(1.4) Ab*  93.4	(0.5) Ba   46.3 (0.5) Ab 
20 sec  172.3	(3.2) Ba*  121.9	(1.5) Ab*  93.2	(1.5) Ba   47.3 (1.3) Ab 
40 sec 200.2	(7.7) Aa*   121.4	(2.1) Ab*  97.8	(3.1) Aa  47.2 (1.1) Ab 
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TABLE – 6 
Mean (standard deviation) for the degree of conversion values of the top surface of the 

resin-based sealants cured by each light-curing unit explored at the different curing 
distances and curing times. 

 
Different lowercase letters in each row and uppercase letters in the column indicates 
statistically significant differences in each LCU. 
 
 
 

TABLE – 7 
Mean (standard deviation) for the degree of conversion values on the bottom surface of 
the resin-based sealants cured by each light-curing unit explored at the different curing 

distances and curing times. 

 
Different lowercase letters in each row and uppercase letters in each column indicate 
statistically significant differences in each LCU. *represents significantly different values 
between LCUs at the specific time and distance. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Multiple emission peak LED LCU Single emission peak LED LCU 
2mm 4mm 2mm 4mm 

10 sec 78.6 (7.2) Aa 64.0 (11.3) Bb  77.6 (3.7) Aa 64.6 (11.0) Bb 
20 sec 79.0 (7.9) Aa 83.8 (2.4) Aa 82.3 (2.6) Aa 79.6 (4.6) Aa 
40 sec 84.0 (2.2) Aa 81.8 (5.3) Aa 85.2 (2.3) Aa 76.6 (7.8) Ab 

 Multiple emission peak LED LCU Single emission peak LED LCU 
2mm 4mm 2mm 4mm 

10 sec 45.4 (2.8) Ba 27.7 (4.9) Cb* 45.7 (3.5) Ba 20.4 (2.9) Cb 
20 sec 77.9 (2.6) Aa* 76.4 (3.2) Ba* 71.5 (4.0) Aa 56.5 (6.4) Bb 
40 sec 79.2 (4.2) Aa 81.4 (1.5) Aa* 74.8 (3.7) Aa 73.6 (1.9) Aa 
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TABLE – 8 
Mean (standard deviation) microhardness values (Knoop Hardness Number) on the top 

surface of the resin-based sealants cured by each light-curing unit explored at the 
different curing distances and curing times. 

 
 Multiple emission peak LED LCU Single emission peak LED LCU 

2mm 4mm 2mm 4mm 
10 sec 20.0 (2.1) Ba* 14.9 (3.1) Bb* 17.6 (0.7) Ba 5.9 (1.9) Bb 
20 sec 21.2 (1.0) Ba* 18.4 (2.1) Aa* 19.2 (3.2) Aa 16.6 (2.0) Aa 
40 sec 23.0 (3.9) Aa* 21.5 (1.1) Aa* 19.6 (0.6) Aa 17.6 (2.1) Aa 
 
Different lowercase letters in each row and uppercase letters in each column indicate 
statistically significant differences in each LCU. *represents significantly different values 
between LCUs at the specific time and distance. 
 
 

TABLE – 9 
Mean (standard deviation) microhardness values (Knoop Hardness Number) on the 

bottom surface of the resin-based sealants cured by each light-curing unit explored at the 
different curing distances and curing times. 

 
 Multiple emission peak LED LCU Single emission peak LED LCU 

2mm 4mm 2mm 4mm 
10 sec 4.9 (0.6) Ca 0.0 (0.0) Cb 5.2 (2.4) Ca 0.0 (0.0) Cb 
20 sec 11.8 (1.7) Ba 10.0 (2.1) Ba* 10.0 (1.7) Ba 4.8 ( 3.0) Bb 
40 sec 19.9 (1.4) Aa* 16.5 (2.2) Ab* 16.9 (1.4) Aa 10.3 (1.1) Ab 
 
Different lowercase letters in each row and uppercase letters in each column indicate 
statistically significant differences in each LCU. *represent significantly different values 
between LCUs at the specific distance. 
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TABLE – 10 
Microhardness bottom/top ratio. 

 

 
 
 
 
 

 
TABLE-11 

Mean (standard deviation) Radiant exposure – Top (J/cm2). 
 

 

 
 
 
 

 
TABLE-12 

Mean (standard deviation) Radiant exposure – bottom (J/cm2). 
 

 

 

 
 

        Multiple emission peak LED LCU Single emission peak LED LCU 

2mm  4mm  2mm 4mm 
10 sec 0.24  0.0  0.29  0.0 
20 sec  0.64  0.47  0.52  0.28 
40 sec  0.87  0.76  0.86  0.58 

 Multiple emission peak LED LCU Single emission peak LED LCU 
2mm 4mm 2mm 4mm 

10 sec 13.0 (0.3) 9.1 (0.1) 7.7 (0.5) 2.4 (0.0) 

20 sec 26.3 (0.1) 18.2 (0.1) 15.3 (0.1) 7.2 (0.2) 

40 sec 49.0 (1.0) 36.0 (0.1) 30.6 (0.2) 14.4 (0.1) 

 Multiple emission peak LED LCU Single emission peak LED LCU 
2mm 4mm 2mm 4mm 

10 sec 1.7 (0.0) 1.2 (0.1) 1.0 (0.0) 0.5 (0.0) 

20 sec 3.5 (0.0) 2.4 (0.2) 1.9 (0.1) 1.0 (0.0) 

40 sec 8.0 (0.1) 4.9 (0.9) 4.0 (0.1) 1.9 (0.1) 
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FIGURE-1. Managing Accurate Resin Curing System-Resin Calibrator (MARC-RC) 
system, top (on the right) and bottom (on the left) sensors. 
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FIGURE-2. A mechanical arm used to center The LCU light guide tip on the MARC-RC 
top sensor. 
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FIGURE-3. Reference points on the MARC-RC system, the rims of LCUs and transparent 
guide template were used to standardize the positions of LCUs throughout the measuring 
process. 
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FIGURE-4. Marks on the mold were placed to standardize the location of the sample when 
performing the DC and microhardness experiments. 
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FIGURE-5. Sample mold filed with resin-based pit and fissure sealant after that was placed 
between two glass slabs to avoid air entrapment. 
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FIGURE-6. The LCU guide tip on the MARC-RC bottom sensor. 
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FIGURE-7. Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) 
spectroscopy device. 
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FIGURE-8. The crystal plate and samples secured using a swivel pressure clamp on the 
FTIR-ATR to stabilize the sample on the crystal. 

 

 

 

 



			 44	

                                 

FIGURE-9. Five indentations were located in the upper, lower, left, right, and center of 

each test surface with the indentations 1mm from the periphery and 2mm between 

indentations. 

 

CHART – I. Experiment flow chart. 
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DISCUSSION 
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 This study assessed the performance of a multiple emission peak light emitting diode 

light curing unit (LED LCU) and a single emission peak LED LCU at various light curing 

times and distances. Polymerization efficiency of a resin-based pit and fissure sealant was 

evaluated by means of measuring degree of conversion (DC) and microhardness. The three 

null hypotheses were rejected in the present study. The results showed significant 

differences in the irradiance, DC and KHN values at three curing times and two curing 

distances. The multiple emission peak LED LCU showed significantly higher irradiance, 

microhardness and DC values compared to the single emission peak LED LCU regardless 

of the curing time or curing distance. This may be explained by the differences in the 

emitted wavelengths for each LCU as the multiple emission peak LED LCU had two 

narrow peaks in the range between 395–480 nm while the single emission peak LED LCU 

was limited to 460–490 nm. The results of this study were consistent with other studies that 

reported an increased KHN and DC values when comparing the curing performance of 

single and multiple emission peak LED LCU.17,116,117  

Two regulating bodies specifying requirements for many dental products are the 

American National Standards Institute/American Dental Association (ANSI/ADA) and the 

International Organization for Standardization (ISO). ANSI/ADA specification 39 for pit 

and fissure sealants requires a 0.75-mm depth of cure 111 while ISO specification 6874 

requires a cure twice as deep, 1.5 mm.112 In a clinical situation, pit and fissure sealants 

usually have a thickness of 1-mm or less. The light tip of the curing unit may be placed at 

different distances from the sealant surface.114 This is mostly dictated by the cusp size and 

the morphology of pits and fissures, which may lead to increase in the light dispersion and 

decrease in the irradiance of the light that reaches the material. Therefore, both distance 
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and sample thickness had to be considered in the present study design to simulate clinical 

conditions.102,114 In the present experiment, samples were kept in the dark environment at 

37°C under 100% relative humidity for one hour to approximate clinically relevant 

conditions as heat energy may induce the decomposition of initiators into free radicals or 

direct excitation of monomer molecules.115  

The position of the two LCUs was important during the comparison process in the 

present study. Therefore, an adjustable mechanical arm accessory was used to allow the 

LCU to be clamped into position, enabling the LCU to be positioned over the sensors and 

maintain that orientation. That was to stabilize the LCU guide tip in position to make sure 

the samples received the same amount of energy. Reference points on the MARC-RC 

system, the rims of the LCUs and a transparent guide template were used to standardize 

the positions of LCUs throughout the measuring process.  The LCU light guide tip was 

placed perpendicular to and centered on the MARC-RC sensors and the top surface of the 

specimens. A custom metal ring was used with the multiple emission peak LCU to ensure 

the guide tip was perpendicular to the sensors because the end of the light guide tip is not 

flat. The single emission peak LCU guide tip was flat so it was adjusted on the sensors 

directly within the template marks. 

Using short curing times for the resin-based fissure sealant can be advantageous 

when placing fissure sealants on pediatric patients. In the present study, the resin-based 

sealant was tested at a 10 second curing time for both LCUs to confirm that this short curing 

time would not affect the physical and mechanical properties of the resin based fissure 

sealant.  
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The radiant exposure values were higher at the 40-second exposure time than at 20 

and 10 seconds. (Tables-11, 12) Thus, the increase in exposure time caused an increase in 

radiant exposure, resulting in higher DC and KHN values at the 40- second exposure time 

compared to 10 and 20 second on both the top and bottom surfaces. A previous 2005 study 

by A. Peutzfeldt et al discussed that when the radiant exposure increases, the mechanical 

properties will be higher. Also, A. Catelan et al stated in 2014 that even without changes 

in the irradiance the radiant exposure will be higher if exposure time is longer.128,129 

The test of irradiance, DC and KHN measurements in the present study showed that 

sealant curing times and light curing distances had a direct influence on the conversion of 

monomer units into a polymer matrix.114,134 Moreover, previous studies concluded that 

inhomogeneous irradiance output from the LCU could result in inhomogeneous 

polymerization in some areas of the target restoration.122,98 Increasing the curing distance 

and/or reducing curing time will lead to a decrease in DC and KHN.123, 124 Those 

observations were confirmed in the present experiment. The difference in irradiance 

between the 2 and 4 mm positions is approximately 400 mW/cm2 less at the higher position 

in both LCU. The irradiance, DC and KHN decreased as the distance from the tip of the 

LCU to the resin-based materials’ surface increased because the light intensity was 

reduced.104-107 The 2 and 4 mm curing distances were selected due to variations in 

accessibility, cusp size and shape of posterior teeth, as it may be difficult clinically to place 

the light tip at 0 mm distance over the resin-based materials surface. Therefore, it is 

recommended that the distance should not exceed 3 mm to sufficiently cure a 2 mm layer 

of the composite material.105 Previous studies found a difference when the distance was 

less than 4 mm, Rueggeberg et al 1993,124  or 6 mm, Lindberg A et al. 2004 .125 The distance 
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of the light guide of LCU and the thickness of the resin was reported by  Price et al 2000 

as a factor influencing the energy output.126  Moreover, from the result of the present study 

a simple comparison of the difference in the values of DC and KHN between the 10 second 

and 20 second exposure time showed higher differences than 20 second and 40 second 

exposure time values. This observation might be explained that the efficiency of the 

polymerization reaction is limited or reaches a saturated maximum state above which an 

increase in the irradiance or exposure time no longer leads to a significant increase in 

DC.127,118   

Curing efficacy of resin-based pit and fissure sealant can be measured by direct or 

indirect methods. The direct methods assess the degree of conversion, such as by ATR-

FTIR.118 The indirect method using hardness testing as a parameter for indicating the 

degree of conversion is widely accepted. A KHN B/T ratio is suggested to verify the 

efficiency of the cure in deep surfaces when compared to surfaces located closer to the 

light source.119 If polymerization is effective, the hardness ratio should be 1, as the hardness 

of the bottom surface should be the same as the top surface. The difference in the B/T 

hardness ratio results should not exceed 10% to 20% (KHN B/T ratio ≥0.80) for light 

activated composites to be adequately polymerized.120 Therefore, the hardness ratios 

obtained in this study were less than 0.80 for all irradiation protocols with the Delton 

Opaque except the 40 second at 2mm curing distance group for both curing units. (Table-

10) In the case of a 10 second at 4mm curing time, no microhardness value was obtained 

for the bottom surfaces due to inadequate polymerization. Those findings support a 2011 

study by Duangthip et al.132 Contradictory findings also have been reported.121 According 

to Warnock and Rueggeberg, the second generation LEDs reached a conversion similar to 
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the control in only 10 seconds.121 It should be noted, however, that the sealants were tested 

at only a 0.5-mm-thick layer. This higher conversion could have resulted from less light 

attenuation of the thinner sealant. In the present study, the 1-mm thickness of sealants may 

have compromised the hardness ratio, especially because opaque dental sealants were used.   

The opacity of the opaque white dental sealant that was used in this study is related 

to the opacifying agents present in its composition.  This probably causes substantial 

reflection, scattering, and absorption of the light energy, which may prevent a more 

thorough cure through the sealant. A previous study by Yue et al reported greater depth of 

cure for Delton Clear than Delton Opaque irrespective of the curing time or distance.130, 104 

As a result, the polymerization reaction is attenuated in an opaque sealant and the DC, 

KHN of this material is decreased. This may be associated with the presence of titanium 

oxide fillers in the opaque version of this sealant which may have interfered with light 

penetration through the material. Moreover, Shortall et al 1995 have attributed this type of 

effect in composite materials to changes in refractive index mismatch between filler 

material and resin during the curing time course.131-134  

The present study had some limitations. The type and amount of photoinitiators 

included in resin-based pit and fissure sealant that was used is not clearly mentioned. The 

manufacturers’ information didn’t not mention the type of photoinitiator that was used in 

the material. Therefore, further studies will be needed to determine accurately the 

performance of single and multiple emission peak LED LCUs on resin-based pit and fissure 

sealant formulated with different concentrations and ratios of CQ and alternative 

photoinitiators. 
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Within the bounds of the present study the multiple emission peak LED LCU 

demonstrated significantly higher irradiance, the DC and the KHN than the single emission 

peak LED LCU at specific curing distances and curing times. The differences in the values 

were obvious in the bottom side of the samples. The irradiance, DC and KHN were shown 

to be significantly influenced by the exposure time, exposure distance and type of curing 

unit. Based on these findings an exposure time should be encouraged to be at 40 s and an 

exposure distance should be less than 4 mm, since it can reach the polymerization that 

would lead to higher mechanical and physical properties at least within the same material 

and light curing units that were used in the present study. Furthermore, clinicians should 

be more knowledgeable when they choose these devices and sealant materials that will be 

matched to achieve optimal polymerization and mechanical properties. In addition, it 

should be stressed that the findings of this study are valid only for the specific sealant 

material and LCUs studied; these results cannot be generalized to all sealants and curing 

protocols. Thus, more studies are needed to clarify the relationship between newer light 

curing technology and sealant polymerization. 
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Objective: The objective was to assess a multiple emission peak light-emitting-diode 

(LED) light-curing unit (LCU) by measuring the polymerization efficiency through the 

degree of conversion (DC) and Knoop microhardness (KHN) of a resin-based pit and 

fissure sealant at various light curing times and two distances compared to a single 

emission peak LED LCU.  

Method: Sixty disks of resin-based pit and fissure sealant (Delton, DENTSPLY, York, PA) 

samples (6x1mm) were fabricated (n=5/LCU/group). Prepared samples were polymerized 

using 10, 20 and 40 second curing time at 2 or 4 mm curing distances. The irradiance and 

radiant exposure received on the top/bottom surfaces of the samples were measured using 

the Managing Accurate Resin Curing-Resin Calibrator (MARC-RC) system. The samples 

were stored at 37°C for one hour. Then, the DC (n=3/surface) and KHN (n=5/surface) 

measurements were collected on the top and bottom surfaces using Attenuated Total 

Reflection-Fourier Transform Infrared Spectroscopy (ATR-FTIR) and a microhardness 

tester (Instron) utilizing 25-gm at 10 seconds dwell time, respectively. Multiple-way 

ANOVA was performed followed by Tukey test (α=0.05).  

Result: The irradiance from the multiple emission peak LED LCU was significantly higher 

than the single emission peak LED LCU (1312.6 and 768.3 mW/cm2) respectively. 

Moreover, the multiple emission peak LED LCU displayed significantly higher DC 

(82.5%) and microhardness (26.2 KHN) compared to the single emission peak LED LCU 

(75.5% DC and 21.2 KHN) when curing samples at 2 and 4 mm curing distances assessed 

using 10, 20 and 40-second curing times. The 10 second cure at 4 mm showed significantly 

lower DC and KHN values compared to the other groups. 

Conclusion: The multiple emission peak LED LCU demonstrated significantly higher 

irradiance, DC and KHN compared to the single emission peak LED LCU on a resin-based 

pit and fissure sealant at 2 and 4 mm curing distances and 10, 20 and 40 second curing 

times. Therefore, the multiple emission peak LED LCU performed higher than the single 

emission peak LED LCU.
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