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ABSTRACT 

 

Recent advancements in composite resin have facilitated the development of the sonically 

activated bulk-fill composite system, Sonicfill 2, which its manufacturer claims can be cured to a 5mm 

depth.  The aim of this in vitro study was to test the adequacy of polymerization with the curing light at 

different tip distances from the SonicFill 2 composite resin, in a posterior class I occlusal restoration.  The 

null hypothesis was that adequate polymerization will only occur at the 0mm tip distance, and the 

remaining tip distances will result in inadequate polymerization.  Eighty samples of the SonicFill 2 bulk-

fill composite resin were created using shade A3 at a 5mm depth.  All samples were cured for 20 seconds 

using the Demi Plus curing light at a tip distance of 0mm, 2mm, 4mm, or 6mm.  Each of the curing 

distance groups contained 20 samples.  The hardness of the top and bottom sides were determined and 

compared to assess the polymerization of each group.  None of the curing groups achieved the desired 

threshold of at least an 80% bottom/top KHN ratio.  Data revealed a significant effect of curing distance 

on bottom side hardness, as well as significant differences between each of the curing distances, with the 

hardness significantly decreasing on the bottom side as the tip distance increased.  The results of the 

investigation suggest that adequate polymerization of the Sonicfill 2 system does not occur at a depth of 

5mm when the composite is cured from the occlusal surface only for 20 seconds.         
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INTRODUCTION 

Recent advances in composite resin have propelled its use in dentistry over the last two decades.  

This growth is so significant that in some geographical markets they have replaced amalgam restorations.1   

These advances also created a noticeable shift in the wishes and needs of patients, from immediate 

treatment for pain in emergencies to longer-term necessities such as function and esthetics.2-4   This shift 

in patient desires forced the profession, and thus, the industry to develop more esthetic restorative 

materials, with better physical and mechanical properties.4-5 

The science behind modern composites reveals an organic matrix, an inorganic matrix filler, and 

a coupling agent.  There are numerous functions for the filler, which include enhancing the radiopacity, 

the modulus of elasticity, and the coefficient of thermal expansion.6   This basic structure, through several 

generations of advancements, has unleashed varying composite types into the market, including 

microfilled, hybrid, microhybrid, nanofilled, and low-shrinkage bulk fill composites.  These variations are 

due to specific changes with each composite, such as the type of coupling agent, filler particle size, or 

activation process, all of which affect physical or chemical properties.3,5 

A significant property change in the advancement of composites is the development from self-

curing materials to those that cure by means of Ultraviolet (UV) and Visible Light Curing (VLC) 

methods.  This advancement is based on the concept of photopolymerization of dimethylacrylate 

monomers, which yields a cross-linked polymerizable resin, filler, and the filler-resin interface.6   This 

new capability increased working time, thus facilitating more ease of placement and accommodation 

while manipulating artistic shape and form.  

The resulting outcome of this process depends on multiple factors, including the shade and 

thickness of material, the quality and intensity of the light’s output and duration, the light’s tip diameter 

and the distance from the resin sample.  Changes in these factors result with varying effects on the 

reaction efficiency, thus affecting the polymerization process.7-8   This, in turn, could affect physical and 

mechanical properties, such as the coefficient of thermal expansion, modulous of elasticity, and 

radiopacity.7-10   
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One variable with significant clinical application is the distance of the tip of the Light Curing 

Unit (LCU) to the surface of the composite material.  This measurement is known as tip distance.  The 

majority of studies use an in vitro standard of a 0mm tip distance, with the composite covered with a clear 

mylar strip.11-12  Multiple studies have shown that by increasing tip distance, the light intensity is 

decreased up to 10% per 1mm of air.8, 13-16   Other factors, along with tip distance, have a direct effect on 

energy dispersion to the composite, such as tip angulations, debris on the surface of the tip, and protective 

barriers.17   Each of these factors can decrease the penetration depth of the light into the composite and in 

turn, will decrease its polymerization.   

In addition to the tip distance, the exposure time and light intensity also affect the polymerization 

process.  The degree of conversion will increase with a longer exposure time of the composite resin to the 

light.7-8   The specific wavelength of the light, as well its irradiance and scatter properties within the 

restoration, also determine how deep the light can penetrate into a composite material.18   The physical 

properties of the composite material can be reduced if the material does not polymerize completely. 

In order to determine the level of polymerization, the terms Depth of Cure (DC) and Degree of 

Conversion(DoC) are used.6, 9, 19-21   DC can be assessed indirectly by quantifying the hardness of the 

composite material at a certain depth, which has a direct correlation to the level of polymerization.20   The 

DoC is the concentration of unreacted carbon double bonds in the resin when it is cured, which is 

important in obtaining good mechanical properties and biocompatibility.6   DoC has a direct correlation 

with the total irradiance penetrating the material.  This is dependent on the light curing unit (LCU) and 

the distance between the curing tip and the composite resin.1   The top surface, which is closest to the 

light source, will have a higher DoC, but an acceptable DC is required to the planned depth for adequate 

polymerization.  A low DoC may result in a faster degradation of composite, including marginal 

breakdown, fracture, and ultimately a shorter clinical life.  Other possible effects of inadequate 

polymerization include marginal staining, recurrent decay, postoperative sensitivity, and pulpal irritation 

potentially resulting in necrosis.7-9, 13, 22 
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An unintended consequence of polymerization is volumetric shrinkage, which increases stress at 

the interface of tooth to resin.15, 23  This shrinkage has become one of the most significant problems 

presented by composite materials because the resin pulls away from the tooth wall, creating gaps which 

allow saliva, food, and bacteria to enter.  To reduce this effect, the technique of layering and curing 

composites in 2mm increments has been accepted as the standard technique for placing composite 

restorations.24   This is beneficial because it allows adequate polymerization, improves marginal 

adaptation and physical properties, and it reduces the amount of overall volumetric shrinkage.25     

Further advancements in dentistry have led to more cost-effective and efficient composite 

materials in the form of bulk-fill composites, which reduce the  number of increments for direct 

composite restorations.26   These manufacturers claim these composites provide the option to place and 

cure the material in increments of 4mm, without the degree of polymerization shrinkage or degree of 

conversion seen in conventional composites.27-28   Depending on the type of bulk-fill composite, other 

advantageous characteristics include easier dispensing, more flowability to allow for better adaptation to 

the cavity preparation, minimal handling, and enhanced physical characteristics.29  Some additional 

advantages that have been reported are reduced cup deflection in standardized class II cavities, and 

improved self-leveling ability for low-viscosity materials.30-31  By allowing placement and curing in 

thicker increments, chairside work time decreases by reducing the number of steps to place a composite 

restoration.  The overall result is a quicker and less stressful procedure for both the clinician and the 

patient. 

One of the improvements in bulk-fill composite restorations was the introduction of SonicFill 

from the Kerr Corporation (Orange, CA).  SonicFill’s advantage over traditional bulk-fill composites is 

its ability to provide an on-demand viscosity change for the provider.  By simply pressing a dental 

rheostat, the SonicFill handpiece, with an attached unidose composite tip, can reduce the viscosity of the 

composite.  This allows it to flow into a tooth preparation and adapt well against the preparation walls, 

reducing the need for a separate flowable composite liner.32   In addition, the manufacturer claims a depth 

of cure up to 5mm in depth.  The most recent edition of SonicFill was introduced as SonicFill 2 by the 
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Kerr Corporation.  This newer version of SonicFill features a new filler system designed to enable 

excellent gloss, color-matching, wear resistance, and strength, according to the manufacturer.33 

By allowing for more efficient placement and greater depth of cure, could this new sonically 

activated bulk-fill composite be the solution to replace amalgam?  This answer depends on more research, 

especially in long-term studies.  In the near-term, extensive research is needed to confirm the claims made 

by the Kerr Corporation, which manufactures both the SonicFill 2 system as well as the Demi Plus, a 

common, battery operated LED LCU. 

The manufacturer instructions for Sonicfill 2 state that following a 10 second cure with the Demi 

Plus LCU (or any light with an output > 1000mW/cm2), an additional 10 second cure is recommended on 

the buccal and lingual surfaces of posterior restorations.34  These additional curing angles allow for better 

access to class II interproximal restorations following matrix removal.  What if the restoration does not 

allow access on either the buccal or lingual surfaces, such as a large Class I occlusal restoration or an 

extensive, deep core buildup?    

Regarding LCU tip distance, neither the manufacturer instructions for SonicFill 2 nor the Demi 

Plus LCU provide a maximum tip distance for the LCU from the composite surface.34-35   Therefore, what 

is the maximum tip distance required to adequately cure SonicFill 2 composite?  This is relevant because 

clinically, providers cannot routinely place the tip of the LCU directly on a posterior composite.  Usually 

for posterior teeth, an obstacle exists which prevents an LCU tip from near direct contact with the 

composite.  These obstacles are present in multiple forms, such as a cusp, marginal ridge, matrix band, 

tooth position, tooth orientation, tooth anatomy, or minimal opening.  In addition, some class I 

preparations are deep, especially those requiring a core build-up.  In these situations, some stand-off of 

the LCU tip from the surface of the composite is expected.  Some studies recognize these clinical 

situations, so they incorporate a slightly greater tip distance of 1-2mm into their protocol to simulate 

interferences by cusp tips.36-37   

Specifically for SonicFill, two studies have included greater tip distances.  In one study, the 

claimed depth of cure of 5mm was not achieved with a tip distance of 7mm.38   Another study, using a tip 
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distance of 6mm, showed an increase in SonicFill monomer leaching with the increased tip distance.39   

This is consistent with previous studies concerning conventional resin-based composite.40-42   This may 

imply that in order to achieve a clinically acceptable restoration, an additional curing time, a reduction of 

the composite increment depth, or a decrease of tip distance may be needed. 

The aim of this in vitro study was to test the adequacy of polymerization with the curing light 

(Kerr Demi Plus) at different tip distances from the sonically activated bulk fill composite (Kerr SonicFill 

2), in a posterior class I occlusal restoration.  The null hypothesis was that adequate polymerization will 

only occur at the 0mm tip distance, and the remaining tip distances will result in inadequate 

polymerization.  For the purpose of this investigation, only posterior class I restorations were simulated 

due to their limited occlusal access for curing, as compared with class II posterior restorations, which can 

be cured additionally from the buccal and lingual.  This investigation assumed that more time was needed 

to cure occlusal restorations due to limited access; therefore, the recommended occlusal curing time for 

the Kerr Demi Plus LCU was doubled from 10 to 20 seconds.   

MATERIALS AND METHODS 

Eighty samples of Kerr’s SonicFill 2 bulk-fill resin composite were broken down into four groups 

of 20 samples, with each group representing curing distances of 0mm, 2mm, 4mm, or 6mm.  All samples 

were shade A3 and 5mm in bulk thickness.  This was accomplished by making a 5mm high, stainless 

steel mold using 1mm stock washers glued together.  The diameter of the mold was 5mm.   

For each iteration, the composite was extruded into the stainless steel mold with the Sonicfill 

handpiece.  A mylar strip was placed over the top and bottom of the composite sample.  A standard 

mixing spatula was then pressed against the top mylar strip.  Any excess was removed so the top and 

bottom surfaces of composite remained flush with the top of the mold to ensure a sample of 5mm 

thickness.   To assess the adequacy of the manufacturer’s guidelines, samples were cured using the Kerr 

Demi Plus curing light for 20 seconds at a tip distance of 0mm, 2mm, 4mm, or 6mm.  These distances 

were kept constant using spacers fabricated from the same 1mm stock washers, glued together for the 
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proper distance.  The tip distance of 0mm did not require a spacer.  The light tip was placed firmly against 

the open end of the spacer to ensure a 900 surface angle contact.   

Prior to starting any cycle of curing, the Kerr Demi Plus curing light was fully charged per the 

manufacturer’s recommendations.  In addition, a radiometer (LED Radiometer, SDS/Kerr, Orange, CA) 

was used to measure the intensity and output of the LCU prior to every curing cycle.  This was 

accomplished by placing the curing light tip over the photon reader and acquiring the number of photons 

per unit area over a unit of time.43      

The Leco LM300 series microindentation hardness testing system was then used to assess each 

sample using the Knoop Hardness Test, which utilizes the Knoop Hardness Number (KHN).  Eight KHNs 

(four from the top and four from the bottom) were obtained from each of the 80 samples yielding a total 

of 640 KHNs (160 per curing distance).  Bottom/top KHN ratios were compared to the industry standard 

of 80% hardness to verify a clinically adequate depth of cure in relation to manufacturer’s recommended 

guidelines. 

Exploratory data analyses were conducted on the KHNs and the Shapiro-Wilk test was used to 

assess the normality of the data distribution.  Means and standard deviations are reported for continuous 

data.  An analyses of variance (ANOVAs) were conducted to check for differences in mean surface KHN 

between the top and bottom sides of samples as well as to examine the effect of curing distance on mean 

surface KHN.  Statistical significance for all statistical tests was declared at P < 0.05.  Data were analyzed 

using SPSS 25 (IBM, Armonk, NY, USA). 

RESULTS 

None of the curing groups achieved the desired threshold of at least an 80% bottom/top KHN 

ratio.  The bottom/top KHN ratio for the 0mm group was 53.4%; the 2mm group was 35.6%; the 4mm 

group was 28.1%; and the 6mm group was 7.8%.  An ANOVA was performed to compare the mean 

surface KHN of the top and bottom sides of samples.  The top side of samples was found to have a 

significantly higher KHN compared to the bottom side, P < 0.001.  The mean surface KHN for the top 



10 
 

side of samples was 43.1 (SD = 9.2) and the bottom side was 13.3 (SD = 8.0).  Due to the difference in 

hardness, ANOVAs were conducted to assess the effect of curing distance on each side separately.   

Table 1 shows the mean KHN values by curing distance and side.  Among the top side of 

samples, there was no significant main effect of curing distance (P = 0.10).  The mean KHN for the top 

side varied between a minimum of 41.6 (SD=6.8) and a maximum of 45.0 (SD=7.0).  Figure 1 shows the 

mean KHN values by distance. 

In contrast, data revealed a significant effect of curing distance on bottom side hardness, P < 

0.001.  Post-hoc comparisons using Tukey’s HSD reveal significant differences between each of the 

curing distances.  The 0mm distance had the highest KHN with a mean of 22.1 (SD = 5.3).  Each 

subsequent increase in distance (2mm, 4mm, and 6mm) yielded a significantly lower KHN (all P < 

0.001).  The 6mm curing distance produced the lowest mean KHN (M = 13.3, SD = 8.0).  Figure 2 shows 

the mean KHN values by distance.   

DISCUSSION 

The variable for the study is the tip distance to the resin surface.  This was decided upon due to 

the lack of any guideline provided by the Kerr Corporation for either SonicFill 2 or the SDS Demi Plus 

LCU.  This factor is very important, because as previously discussed, every 1mm of air can decrease 

output by 10%.8, 13-16   Because of the numerous variations in clinical dentistry, to include tooth 

orientation, cusp height, marginal ridges, matrix band placement, and overall access, a clinician will 

rarely have the ability to routinely place the tip of the LCU almost directly on the composite. Therefore, 

variation in tip distances is expected in restorative dentistry.  This raises the concern of the ability of a 

common LED LCU to adequately polymerize a 5mm deep increment of Sonicfill 2 bulk-fill composite.  If 

the LCU cannot adequately cure to the bottom of the composite increment, then the polymerization 

process will not thoroughly complete.  This ultimately reduces the physical and mechanical properties, 

and lowers the bond strength to the tooth.44-45 

In order to determine this degree of polymerization, this study used the Knoop Hardness Test, 

which created values for comparing the top vs. bottom sides of each resin composite sample using a ratio.  
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Adequate polymerization can only be achieved if a bottom/top ratio of >80% HR is produced.9, 20-21   A 

minimum of 80% HR is required because anything less could result in a reduction of mechanical 

properties and an  increase in clinical failures. 

The results of the experiment did not support the null hypothesis that the 0mm tip distance would 

achieve adequate polymerization.  Instead, none of the curing groups achieved the desired threshold of at 

least an 80% bottom/top KHN ratio, and it decreased significantly as the tip distance increased from the 

top surface of each sample.  This indicates that the polymerization process overall was not adequate, even 

with a tip distance of 0mm.  Despite doubling the recommended curing time on the occlusal surface, 

adequate polymerization still did not occur with any of the curing tip distances.  

 How do these results affect dental restorative techniques when using the Sonicfill 2 system?    

First, more near-term studies are needed to confirm the claims of the Kerr Corporation.  These studies 

could address the minimal depth of Sonicfill 2 composite that can be adequately cured from the occlusal 

surface, or the recommended occlusal curing time to achieve adequate polymerization at a 5mm depth.  

At this point, if a clinician uses the Sonicfill system for a deep occlusal class I restoration, or for a deep 

core buildup following endodontic treatment, it is recommended to make increments less than 5mm, and 

even less if the clinician cannot place the LCU tip directly over the composite (near 0mm).  Any increase 

in tip distance from the composite surface significantly affects the degree of polymerization.   

CONCLUSION 

 The results of the current investigation suggest that adequate polymerization of the Sonicfill 2 

bulk-fill composite system does not occur at a depth of 5mm when the composite is cured from the 

occlusal surface only for 20 seconds.  Further testing to determine minimal composite depths and curing 

time are needed.   
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Table 1.Mean Surface KHN 

Side Distance (mm) N M SD 

Top 

0 80 41.6 6.8 

2 80 45.0 7.0 

4 80 43.3 10.1 

6 80 42.4 11.6 

Total 320 43.1 9.2 

Bottom 

0 80 22.1 5.3 

2 80 15.9 4.7 

4 80 11.9 3.9 

6 80 3.4 1.8 

Total 320 13.3 8.0 

 

 

 

 

Figure 1: Top Side Mean KHN by Curing Distance 

Error bars represent 95% Confidence Intervals 
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Figure 2: Bottom Side Mean KHN by Curing Distance 

Error bars represent 95% Confidence Intervals 

 

 

 

 

Figure 3: SonicFill handpiece with SonicFill 2 composite 
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Figure 4: 5mm deep well consisting of 1mm stock washers glued together.  The number 2 at the 12 

o’clock position indicates a sample with a 2mm tip distance.  The number 7 at the 3 o’clock position 

indicates it is the 7th sample of the group.  The letter T at the 6 o’clock position indicates the top side of 

the sample, which is closest to the curing light. 

 

 

 

Figure 5: Spacers used to keep the curing light tip distance constant for each group.  Starting from left to 

right, 2mm spacer, 4mm spacer, and 6mm spacer.  The 0mm group did not require a spacer. 
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Figure 6: LED Radiometer (Demetron, SDS/Kerr, Orange, CA) 

 
 
 
 
 
 

 
 

Figure 7:Leco 300AT Knoop Hardness Tester 
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Figure 8: Knoop Hardness Tip Utilizing 100 gram load for 15 sec 

 

 

 

 

 

 

 

Figure 9:  Sequence of Sample Collection Top/Bottom  
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