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Abstract 

 

  

SonicFill™ is a new composite resin and delivery system designed to provide rapid filling of 

cavity preparations by decreasing viscosity through application of sonic energy. However, it 

may produce unwanted air voids in the final restoration due to the short filling time. Air voids 

compromise long-term performance by providing weak foci, discontinuity at cavosurface 

margins and at internal cavity walls, and potential crack propagation. This study assessed the 

locations, sizes, and numbers of voids in SonicFill restorations compared with traditional 

composite resin restorations in a set of extracted molars with mesio-occlusal-distal (MOD) 

cavity preparations. Fifty noncarious intact extracted third molars were collected randomly 

from a large collection of discarded anonymous tooth specimens. Standardized MOD cavity 

preparations were cut, and teeth were assigned randomly to one of two groups (n = 25). The 

first group was restored with SonicFill composite in two steps. The second group was restored 

with Herculite Ultra™ using an multiple increment layering technique (1–2 mm per layer). 

Cross-sectional images of the filling were taken by digital microscope. A total of 196 voids 

were found in the 50 specimens: 97 in SonicFill restorations and 99 in conventional 

restorations. Mean number of voids in SonicFill restorations was 3.88 versus 3.96 for 

conventional restorations. Mean percentage of void area in SonicFill restorations was 0.588% 

versus 0.508% for conventional restorations. Unpaired t tests for these differences indicated no 

statistically significant differences (p =.931 and p =.629, respectively). One-way ANOVA tests 

for mean void count and mean void area percentage differences by three location zones for 

conventional and SonicFill restorations also indicated no significant differences among the 

groups. The bulk-fill SonicFill system does not result in increased or decreased numbers or 
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area of voids within Class II MOD restorations compared with a conventional composite resin 

layering system. 
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Chapter 1.0 Introduction 

 

Science is continuously looking for improvements in the quality of life. 

Appearance is an important element of humans’ self-esteem. Esthetically pleasing tooth-

colored restorations help to boost self-esteem and are a frequent demanded by consumers 

of dental care. Consumers and clinicians find composite restorations esthetically 

desirable because of the close color match to natural tooth materials. However these 

restorations may also have complications such as recurrent tooth decay, fractures, 

discoloration, and surface defects or shape abnormalities. Manufacturers continue to 

improve the properties of composites to achieve long-lasting and functional restorations 

in the oral cavity environment. 

 Voids in composite restorations are one of the most common problems that can 

compromise the long-term performance of the composite filling material (Sarrett, 2005). 

Light curing composites and elimination of the mixing process prevent a considerable 

amount of voids (Sarrett, 2005). However, other factors, such as the dentist’s skills and 

technique of application, have the potential to affect the occurrence of voids in composite 

restorations (Chuang, Liu, Chao, Liao, & Chen, 2001). 

 Factors contributing to composite restoration failure are diverse. Demarco, 

Corrêa, Cenci, Moraes, & Opdam (2012) reported that the yearly failure rate of posterior 

composite restorations was 1–3%. Factors associated with composite failures were 

recurrent caries, fractures, changes in the anatomical form, patient’s caries index, the 

presence of a liner, factors related to material physical properties, esthetic failure, 

endodontic pain or sensitivity, and habitual factors such as bruxism. The main reasons for 

failure were fracture and recurrent caries (Demarco et al., 2012). In a study reporting 
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results after 17 years of follow-up, the failure rate was 34.8%, a rate of 2.4% annually. 

The main reason for failure was restoration fracture. In this study, researchers did not find 

a significant difference in failure due to materials; however, failure rates among class II 

restorations and larger restorations were higher (da Rosa Rodolpho, Cenci, Donassollo, 

Loguércio, & Demarco, 2006). 

 Voids do not contribute to the strength of composite restoration, and they can be a 

weak point in the restoration. For example, if voids are present on the superficial surface 

of a restoration, they cause pitting and a rough area. Also, if voids are present at the 

tooth/restoration interface and are close enough to the cavosurface area, they can cause an 

open margin and a difficult-to-clean trap that results in debris and plaque collection. The 

presence of voids in the bulk of the restoration has the potential to contribute to the crack 

propagation process that occurs in resin materials. This process eventually may lead to 

fracture, hence the importance of voids in the research of composite materials. 

Sonic energy has many uses in dentistry, such as sonic scalers and endodontic 

instrument devices. A product from Kerr Company (Orange, CA) called SonicFill™ was 

recently introduced for operative dentistry. It uses the sonic energy created by a special 

handpiece with a new kind of bulk-fill composite material to increase the flowability of 

this composite to obtain better adaptation, fewer voids, easier manipulation, and shorter 

operative time without compromising the restorative material physical properties. 

Although decreasing operative time is desirable, this should not be accomplished at the 

expense of performance.  
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Chapter 2.0 Review of Literature 

2.1 Brief History of Composites 

The change from traditional amalgam and gold restorations in posterior 

composites could be attributed to the perception of health concerns and desire for more 

esthetically pleasing materials with adequate durability (Basavanna, Garg, & Kapur, 

2012; Sadeghi & Lynch, 2009). In 1955, significant advances in adhesive dentistry 

included treating the enamel surface with a solution of 85% phosphoric acid solution to 

form a porous surface, which has a larger surface area that increase the micro mechanical 

bond between resin and the enamel surface (Buonocore, 1955). Composites were 

introduced in the 1960s and became an important issue for researchers as more dentists 

used these to restore class II preparations instead of using amalgams (Radhika, Sajjan, 

Kumaraswamy, & Mittal, 2010). Buonocore, Matsui, and Gwinnett (1968) suggested that 

resin tags in what they called “interprismatic area” were responsible for adhesion. 

Hydrophobic resins were incompatible with dentine. This problem was resolved 

by Nakabayashi, Kojima, and Masuhara in 1982 when they identified a hybrid or 

interdiffusion zone layer—which is an organic component of dentine—that had been 

permeated by resin. In 1998, the American Dental Association (ADA) considered 

composites as an acceptable filling material to be used in posterior teeth restorations 

(Chuang et al., 2001). 

Earlier composite materials showed a rapid loss of anatomic form because of wear 

when they were placed in stress-bearing areas. They also showed marginal staining and 

bulk discoloration. These problems were associated with the properties of the materials. 

Dentists also reported that earlier composite materials were difficult to work with and 

http://www.researchgate.net/researcher/59156469_Ravi_Kapur/
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required rotary burs to shape the restoration (Sarrett, 2005). Creating correct anatomic 

contour and polishing the final surface of posterior composite restorations were more 

expensive and time-consuming, had moisture control problems, and were technique 

sensitive (Sarrett, 2005).  

2.2 Properties of Composites 

Composite restorations must survive in oral environments that vary from person 

to person. Variations include for example, masticatory forces, occlusal habits, abrasive 

food, temperature fluctuations, bacterial by-products, salivary enzymes, and chemically 

active foods and liquids. Historically, composite materials have had numerous 

disadvantages that resulted in challenges to clinicians and ultimately consumers. These 

challenges included rapid loss of anatomical form due to wear, marginal stains, bulk 

discoloration, and the use of large particles with a high hardness value, which resulted in 

rough surfaces (Sarrett, 2005). According to Sarrett, current hybrid composites contain 

smaller diameter fillers, which enhance the surface texture, strength, and wear resistance 

of composites. These properties allow composites to have an increased tolerance of the 

restoration to wear in the stress-bearing areas and make the polished surfaces of the 

composite smoother (Sarrett, 2005). One of the most important properties of composite 

fillings is conservation of the tooth structure, something current composites materials 

allow, because there is no need to completely remove the enamel that is not supported by 

dentin. This is because composite restoration materials adhere to and support enamel 

surfaces (Opdam, Roeters, Joosten, & Veeke, 2002).  

Tanno, Hiraishi, Otsuki, and Tagami (2011) reported that the quality of the 

marginal seal affects postrestoration sensitivity, leakage, marginal staining, and 



5 

 

eventually the longevity of the restoration. The authors also indicated that multiple 

factors influence the composite bonding, for example, the cleanliness of the surface, 

surface texture, and flowability of the composite (Tanno et al., 2011). 

Current composite restorations consist of a matrix, fillers, and coupling agents. 

The matrix is an organic component that consists mainly of bisphenol a-glycidyl 

methacrylate (bis-GMA). Other monomers, such as triethylene glycol dimethacrylate 

(TEGDMA), are used to reduce the viscosity of bis-GMA. The fillers are the inorganic 

part of the composite filling material such as quartz, silica, or ceramic (Zimmerli & 

Stadler, 2010). Fillers affect the mechanical properties, toughness, and wear resistance of 

composite restorations (Chuang et al., 2001). 

Polymerization shrinkage remains a challenge in composite restoration materials. 

Shrinkage has the potential to put the marginal seal at risk and may contribute to 

recurrent tooth decay, hypersensitivity, restoration debonding, and cusp fracture (Ilie & 

Hickel, 2011). To address shrinkage issues and reduce their consequences, researchers 

suggest increasing the filler percentage within the material bulk; however, this would 

increase the restoration stiffness (Yamamoto, Kubota, Momoi, & Ferracane, 2012). 

Conversely, reducing the filler content to enhance the composite wettability or decrease 

its viscosity (as in flowable composites) results in higher polymerization shrinkage 

(Chuang et al., 2001; Opdam et al., 2002). Other factors, such as the nature of the matrix, 

can affect net shrinkage. For example, in a matrix consisting of bis-GMA and TEGDMA, 

reducing the Bis-GMA amount usually results in more polymerization shrinkage 

(Zimmerli & Stadler, 2010).  
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Bulk discoloration was a classical disadvantage in earlier composite filling 

materials. Chemically activated composites used to contain amines, which can change the 

color of the restoration with time in the oral environment. Also, because of the mixing 

procedure of the old resin material, air and organic substances get entrapped in pores 

within the filling, which in turn can cause further staining when exposed on the surface 

(Sarrett, 2005). 

Resin filling materials with no bubbles have better mechanical properties. 

Porosity within the composite filling material weakens restorations, and air trapped in 

porosities inhibits polymerization. Porosities are also the main reason for bulk 

discoloration, because they facilitate the collection of organic matter. Current light-cured 

composites address the issue of bulk discoloration in resin restorations due to the 

elimination of the amide content and the elimination of the mixing process. The 

manufacturing process that reduces or eliminates voids in dispensing tubes or syringes 

also decreases the number of voids in restorations (Sarrett, 2005). 

2.3 Voids in Composites 

Reduction or elimination of voids is advocated to ensure optimal composite 

restorations. The literature is not rich with studies that focused on the quantity of the 

bubbles within restorations or the total area they occupy within direct composite fillings. 

Opdam and colleagues (2002) detected significantly large-sized voids, some with a 

diameter exceeding 1 mm. The prevalence of voids in composite materials ranges from 

85–100% (Samet, Kwon, Good, & Weber, 2006). Sarrett (2005) suggested that restoring 

teeth without porosities in the bulk of the composite restoration plays an important role in 

durability and clinical success of restorations. The lack of debris collection in porosities 
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contributes to this desirable effect (Sarrett, 2005). Voids are more likely to cause 

restoration failure due to fatigue between layer increments over a period of time, 

especially in stress-bearing areas, such as cusp replacement (Opdam et al., 2002). One 

goal of manufacturers and researchers is to find methods that minimize or eliminate 

porosities. One approach has been to create flowable composites, which may decrease the 

formation of voids by allowing the lower viscosity restorative material to flow within the 

cavity preparation with little or no manipulation compared with nonflowable composites. 

However this kind of restorative material is not ideal to restore posterior teeth, and some 

researchers suggest these should be used only as liners under a conventional composite 

(Samet et al., 2006). According to Chuang et al. (2001), when flowable composites are 

correctly used, the occurrence of porosities may be reduced if these are used as a liner 

with a hybrid composite. Some voids already exist within some prepackaged, light-cured 

composite tubes (Fano, Ortalli, & Pozela, 1995). Larger bubbles on the cavosurface area 

of a tooth preparation result in massive leakage, recurrent caries, and restoration failure 

(Opdam et al., 2002). The current understanding of restoration failure and the resulting 

recurrent caries emphasizes a biological breakdown and not just material failure (Sarrett, 

2005). 

2.4 Flowable Composites 

Flowable composites first became available in 1996 (Ikeda, Otsuki, Sadr, 

Nomura, Kishikawa, & Tagami, 2009). The filler size was not different from hybrid 

composites; rather, the filler percentage within the resin was less. This allowed the 

material to flow and at the same time have lower mechanical properties than conventional 

composite filling materials (Chuang et al., 2001). Unfortunately, flowable composite 
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polymerization shrinkage is significantly higher than conventional composite because it 

is less filled  (Malik, Liang-LIN, Rahman, & JamaLudin, 2013). It purported to offer 

higher flow, better adaptation to the inter cavity wall, easier insertion, and greater 

elasticity. However, the mechanical properties of the hybrid composites are still superior, 

and hybrid composites are recommended in stress-bearing areas (Attar, Tam, & McComb, 

2003). Attar et al. did not recommend the use of flowable composite resins in regions 

subjected to high masticatory forces is not recommended. Instead, these should be limited 

to lower occlusal-loading areas where rapid wear could be avoided (Attar et al., 2003). 

According to Kwon, Kim, & Park (2010), using flowable composites as a liner under 

higher-viscosity composites has been recommended, since these could work as a stress-

absorbing layer. As a liner, flowable composites also have the potential to decrease the 

curing shrinkage stress, reduce porosities, and seal the margins more adequately (Kwon 

et al., 2010). However, the advantage of this technique is controversial, and other 

researchers indicated that the presence of this layer had no effect on the adaptation of the 

composite on the tooth walls. (Korkmaz, Ozel, & Attar, 2007; Kwon et al., 2010; Opdam 

et al., 2002; Stefanski & van Dijken, 2012).  

Due to its low viscosity and the small diameter dispensing tips, flowable 

composites are best used to restore small or micro preparations (Opdam et al., 2002). 

They could also be used to seal pits and fissures (Tanno et al., 2011). Flowable 

composites are easier to handle and may save chair-side time. However, these composites 

do experience more volumetric polymerization shrinkage (Chuang et al., 2001; Malik et 

al., 2013). Jafarzadeh, Malekafzali, Tadayon, & Fallahi (2010) suggested that flowable 

composites are preferentially indicated to seal pits and fissures instead of regular fissure 

http://www.researchgate.net/researcher/48464784_Nuray_Attar/
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sealant material. The authors cited flowable composite’s superior physical properties and 

potential longer durability as benefits for this use. Results from the Kwon et al. study 

(2010) of flowable composites (Filtek Flow, Tetric Flow, Charmfil Flow) and a filled 

sealant (Ultraseal XT Plus) disagreed with Jafarzadeh and colleague’s conclusions. In 

Kwon’s study, the use of filled sealants was more effective in sealing mechanically 

prepared occlusal fissures compared with flowable composites (Kwon & Park, 2006). 

2.5 Prewarmed Composites 

Researchers and manufactures continue to strive for methods that can ease the 

application, increase flowability, and decrease defects within the composite material bulk 

without affecting the physical properties. Warming composite before application is one 

method that has been tested to decrease material viscosity by energizing composites with 

heat. Heat energy activates the molecules and increases their movement, which increases 

flow and wetting ability (Deb, Di Silvio, Mackler, & Millar, 2011). Researchers also 

expected that heating composites could improve their adaptation and reduce porosities 

during placement (da Costa, Hilton, & Swift, 2011). Sabatini, Blunck, Denehy, & Munoz 

(2010) did not find a significant improvement of marginal sealing of different preheated 

materials compared with room-temperature, light-cured composite. 

There are still some concerns and questions regarding the use of preheated 

composites. The effects of the technique in the handling, adaptation, degree of 

flowability, biocompatibility, marginal sealing, polymerization process, and effect of 

different temperature are some examples of concerns (da Costa et al., 2011). Rueggeberg, 

Daronch, Browning, and Goes (2010) concluded that prewarmed composites have fewer 

free residual monomers than polymerization process in a room-temperature cured 
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technique environment. It was believed that a higher the conversion reaction could lead to 

higher physical characteristics (Deb et al., 2011). Rueggeberg et al. (2010) also suggested 

that as the heated composite is delivered to the preparation, the temperature decreases 

quickly, and this supports the pulp biocompatibility. However, this also suggests that the 

clinician needs to work faster due to a shorter warm working time. Other researchers 

indicated that prewarmed composites should be cured immediately after placement and 

that a working time in the tooth of 15 seconds does increase micro leakage (Wagner et al., 

2008). Preheated composites suffer from higher net contraction than room temperature 

composite but not as much as flowable resin filling material (Deb et al., 2011). 

2.6 Techniques and Methods of Application  

Handling of composite filling material is challenging. Different factors can 

potentially significantly decrease or increase the amount of voids when delivering 

composite filling restoration to the tooth structure. The tip size, the material consistency, 

the presence of flowable resin lining, the size of the preparation, the size if the 

preparation, and the method of application can affect the filling homogeneity (Opdam et 

al., 2002). Frequent manipulations of the resin inside the tooth structure may cause gaps 

between the tooth surface and the restoration or may trap air within the filling material 

bulk (Opdam et al., 2002). In highly viscous composite restoration material, the injecting 

technique could contribute to more voids, because the filling material could stick to the 

syringe tip as the tip is removed from the preparation and cause gaps on the gingival 

margin or between the increments. Conversely, injecting less viscous resins could 

provide better quality restorations and fewer voids compared with packing technique 

(Opdam, Roeters, de Boer, Pesschier, & Bronkhorst, 2003) 
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According to Opdam and others (2003), it is extremely hard to fill smaller cavities 

with narrow occlusal width and without any resulting porosity. The author indicated that 

it is easier to fill wider preparations, because the tip could be near the preparation floor. 

Filling class I cavities is easier than filling class II cavities and without any resulting 

voids. The tip diameter plays an important role, since the clinician gets more access to the 

bottom of the cavity or the proximal box. It is difficult to inject highly viscous material 

using a narrow tip, so a relatively larger diameter tip is needed (Opdam et al., 2003) 

2.7 Clinicians’ Experience and Skills 

Brunthaler, König, Lucas, Sperr, & Schedle (2003) did not find significant 

differences in adhesive restoration failure among dentists. However, in a study addressing 

dental providers’ skills and their relation to contamination of the cavity preparation, 

(Sarrett, 2005) indicated that posterior composite fillings are affected by techniques 

needed to keep the cavity dry and free of contamination. Regarding application methods 

and techniques, Chuang et al. (2001) recommended that to decrease the likelihood of 

having air trapped inside the syringe, dentists should release the flowable composite 

material slowly (especially in the gingival cavosurface angle) and avoid dispensing the 

material in a violent injection manner. The authors also indicated that a restoration 

performed by a skilled, expert dentist had fewer voids than restorations done by dentists 

with limited or marginal skills or experience (Chuang et al., 2001). 

2.8 SonicFill 

One recent innovation to help dentists enhance the quality of the restoration, 

simplify technique, and decrease chair time for composite resin restorations is the use of 

sonic energy. SonicFill is a system composed of a new composite material delivered with 

http://rd.springer.com/search?facet-author=%22A.+Schedle%22
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a special handpiece that produces sonic energy (audible sound). According to the 

manufacturer, energy from the SonicFill instrument reduces the composite’s viscosity in a 

way that makes it easier for the provider to inject into the tooth’s preparation and adapt to 

the tooth surface. Kachalia, Geissberger, and Gupta (2011) filled 48 teeth with SonicFill 

as class I and class II restorations and performed a follow-up at 6 months. Examination of 

these teeth at the end of 6 months showed no significant discoloration, marginal caries, 

loss of proximal contacts, or changes of the restoration anatomy. The restorative 

procedure may actually be shortened somewhat by incorporating a sonically activated 

composite resin. The mean application time of composite material with the SonicFill 

system was 39 seconds, versus 3:34 minutes with conventional composite (e.g., 

Premise™, Kerr, Orange, CA; Kachalia et al., 2011). According to Luu and Drechsler 

(2011), the sonic energy temporarily reduces the viscosity of this SonicFill new 

composite material by 87%. The same sonic energy reduced viscosity of a conventional 

composite material such as Premise by 36% (Luu & Drechsler, 2011).  

SonicFill restorations showed marginal adaptation comparable to conventional 

composites using self-etch or etch-and-rinse bonding systems (Blunck, 2012; 

Frankenberger, Schulz, & Roggendorf, 2012; Muñoz-Viveros & Campillo-Funollet, 

2011). 

The SonicFill manufacturer claims the maximum amount of bulk fill in the 

preparation can be as great as 5 mm. Researchers indicated that SonicFill exceeded the 

80% benchmark of success when curing the material between the bottom and the top of 

increments layers (Rueggeberg, 2011; Thompson, 2011; Yapp, 2011). SonicFill showed 

good physical properties compared with other composite filling materials currently 
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available. In addition, SonicFill had better flexure strength than other commercial resins, 

which may explain how this type of filling material maintains its form and resists wear, 

especially in areas of high occluding forces such as the posterior teeth (Nguyen, & 

Drechsler, 2011; Thompson, 2011). Frankenberger and others (2012) in a private practice 

setting reported that 6 months after placement, there were no significant changes in 

SonicFill and Herculite™ (conventional composite) in clinical performance of both 

restorations. SonicFill exhibited a low polymerization shrinkage rate, which decreased 

the chance of the marginal micro leakage that is responsible for the material pulling away 

from the walls during curing. Low polymerization shrinkage is also beneficial for bulk 

filling procedures (Nguyen & Drechsler, 2011; Thompson, 2011). A recent study by 

Cannavo, Magnuson, Harsono, and Perry (2012) concluded that the percentage of the 

total area of voids in SonicFill is significantly less than conventional composites. 

However, only the abstract of their study was published. In this study, which was 

partially funded by Kerr (the manufacturer of SonicFill) the count of voids was not 

known, and their groups had small samples (10 per group). In 2013, researchers 

concluded that sonic energy eases the composite application; however, there was no 

significant difference in results testing the quality between different kinds of composites, 

including conventional and SonicFill composite (Arroyo-Bote, Arroyo, Osorio & 

Aguade, 2013). For this study, there were no authors’ disclosures, their sample size was 

small, and it was not clear what was tested.  
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Chapter 3.0 Aims of the Investigation 

3.1 Purpose 

The purpose of this study was to assess the locations, size, and numbers of voids 

in SonicFill restorations compared with traditional incrementally filled restorations in a 

set of extracted third molars with mesio-occlusal-distal (MOD) cavity preparations. 

3.2 Specific Aims 

Aim 1. Determine the difference in the mean number of voids seen in cross-sections of 

conventional versus sonic-filled MOD composite resin restorations 

 

NULL: There is no difference in the mean number of voids seen in cross-sections 

of conventional versus sonic-filled MOD composite resin restorations 

 

Aim 2. Determine the difference in the mean total percentage area of voids seen in cross-

sections of conventional versus sonic-filled MOD composite resin restorations 

 

NULL: There is no difference in the mean total percentage area of voids seen in 

cross-sections of conventional versus sonic-filled MOD composite resin 

restorations 

 

Aim 3. Determine the differences among the mean number of voids in three specified 

regions seen in cross-sections of conventional versus sonic-filled MOD composite resin 

restorations 

 

NULL: There are no differences among the mean number of voids in three 

specified regions seen in cross-sections of conventional versus sonic-filled MOD 

composite resin restorations 

 

Aim 4. Determine the differences among the mean total percentage areas of voids in three 

specified regions seen in cross-sections of conventional versus sonic-filled MOD 

composite resin restorations 

 

NULL: There are no differences among the total percentage areas of voids in 

three specified regions seen in cross-sections of conventional versus Sonic-filled 

MOD composite resin restorations 
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Chapter 4.0 Materials and Methods 

4.1 Methods 

Sample size calculations were done prior to specimen collection. Based on the 

largest standard deviation reported in another study (Cannavo et al., 2012) of SonicFill 

void areas (SD = .59 mm
2
), to detect a standardized effect size (effect size divided by 

expected standard deviation) of 1.0 with a power of 0.8 (β = 0.2) and 2-sided α of 0.05, 

17 samples were needed in each group. Similarly, for a standardized effect size of 0.8, 26 

samples were needed in each group; therefore, a sample size of 25 samples per group was 

chosen (Hulley, Cummings, & Browner, 2001) .  

Inclusion criteria for sample teeth included the following: (a) intact third molars, 

(b) caries free, (c) not previously restored, (d) no visible occlusal wear, and (e) no 

external anatomic anomalies. Fifty human extracted third molars were collected 

randomly from a large collection of discarded anonymous tooth specimens, classified 

“exempt” by the institutional review board. Teeth were stored in sterile distilled water 

and mounted in stone approximately 3 mm below the cemento-enamel junction (CEJ) to 

ease manipulation. Using magnification loops (×2.5) and #557 carbide burs with a high-

speed handpiece (air and water cooled), MOD cavity preparations were prepared with a 

depth and width of 3–4 mm. The cavity floors on the mesial and distal boxes were 

extended 1 mm below the CEJ and axial walls to approximately 2 mm in depth axially. 

The teeth were flushed with an air/water syringe. After cavity preparation, teeth were 

stored in 100% humidity. Sample teeth were numbered from 1–50 and randomly assigned 

into two groups using QuickCalcs web-based calculator (GraphPad Software, Inc., La 

Jolla, CA).  
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In both conventional and SonicFill groups, bonding was done with OptiBond 

XTR (Kerr, Orange, CA), a two-component, self-etch universal adhesive, following 

manufacturer’s instructions. For the matrix, OMNI-MATRIX™ (Ultradent Products, Inc., 

Jordon, UT), 002/.05 mm Mylar band was used. A Maxima LED LT curing light (Henry 

Schein, Melville, NY, USA) was used for curing all restorations. Preparations from one 

group of 25 sample teeth (Group S) were filled with SonicFill composite following 

manufacture’s guidelines. The SonicFill composite tip was attached to a SonicFill 

handpiece that was connected to the dental unit for air power to provide the sonic energy. 

A tip narrower than the conventional composite tip was inserted near the box floor. After 

activating the foot pedal, the SonicFill composite began to flow from the tip. The tip was 

withdrawn slowly as the box in the tooth preparation was being filled. The mesial and 

distal areas were bulk filled to the pulpal floor level, then cured for 20 seconds, after 

which the rest of the filling was bulk filled and cured for 20 seconds. The filling was then 

cured for 10 seconds on each mesial and distal side. For the second group of 25 samples 

(Group C), preparations were filled with a conventional composite, Herculite Ultra (Kerr, 

Orange, CA). For Group C, the composite was introduced to the cavity incrementally. 

Every increment of composite material was less than 2 mm thick (8 to 12 increments in 

total) and curing was done for 20 seconds after every application. All 50 samples were 

then stored in 100% humidity. 

The samples were cut from the stone 1–2 mm below the restoration margin. 

Samples were mounted in a plastic embedding mold cup size 1-inch diameter (EMS, 

Hatfield, PA) with sticky wax on their buccal side to stabilize them. They were mounted 

in clear epoxy (Epofix™, EMS, Hatfield, PA) and left for more than 8 hours to give the 
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epoxy time to set. The samples were removed from the embedding mold cup and trimmed 

close to the restoration; approximately 1–2 mm. The clear Epofix permitted visual 

assessment of proximity to the filling. The samples were then reduced and polished using 

the EMS rotary polisher on discs 1800–600 grit with water in varying depths within the 

restoration. To provide a flat focal plane, the epoxy blocks were cut to produce two 

parallel surfaces, one of them being the restoration surface. An Olympus DP11/Optem 

Zoom 100 microscope (Tokyo, Japan) was used to take digital photographs for the slices 

under (×5) magnification. Settings included Fostec ring light illumination combined with 

oblique lighting from 190 fiberoptic illuminator (model 190, Dolan Jenner, Lawrence, 

MA) and a white balance of 4000 K, ISO 200, and 1712 × 1368 HQ resolution (high 

quality). The entire section of each sample was captured on one image. The images were 

stored as JPEG files. To analyze the count, location, and area of the voids, ImageJ version 

1.46 release software provided by National Institutes of Health (NIH) was used. The 

software was calibrated by imaging a glass reticle ruler divided into 0.1-mm increments. 

A 12.0-mm length was used for calibration. The voids were divided into three areas based 

on their location in the tooth: (a) box area, (b) marginal ridge, (c) center occlusal area. 

The voids were analyzed, counted, and divided into the area groups without knowing 

which sample type was being examined (SonicFill or conventional composites). 

Statistical analysis was done with SPSS v 21 (IBM, Armonk, NY, USA) and included 

mean number of voids and unpaired T test (α = 0.05) to compare the total percentage of 

voids in each of the two groups of composites. One-way analysis of variance (ANOVA) 

was done to compare the mean number of voids in each location area (i.e., box, marginal 
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ridge, occlusal area; see Figure 1). Similarly, one-way ANOVA was done to compare the 

mean percentage area of voids in each of these locations. 

 

 

Figure 1. Sample tooth preparation areas: Box, marginal ridge and occlusal. 
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4.2 Materials 

 

Material  Manufacture Lot/SN. 

#557 Carbide bur SS white Burs, Inc 

Lakewood, NJ 

1021544 

SonicFill handpiece Kerr Corporation 

Orange, CA 

4667906 

Herculite composite Kerr Corporation 

Orange, CA 

4923683 

SonicFill composite Kerr Corporation 

Orange, CA 

4651814 

Optibond XTR unidose Kerr Corporation 

Orange, CA 

LE02987 

Omni Matrix™ matrix band  

.002"/. 05mm Mylar Band 

Ultradend Products, Inc  

LED Curing light 8mm tip Henry Schein 

Melville, NY 

11B00243 

Plastic Instrument Woodson, Hu-Friedy, 

Chicago IL 

 

Williams probex perio probe Woodson, Hu-Friedy, 

Chicago IL 

 

Epo-Fix Embedding Epoxy EMS  

Hatfield, PA 

 

Silicon Carbide Discs 600-1800 

grit PSA Backed 8” 

EMS 

Hatfield, PA 

 

Rotary Specimen Polish Model 

900  

EMS 

Hatfield, PA 

 

Olympus DP11 / Optem Digital 

Microscope 

Olympus Optical 

Tokyo, Japan 

 

Ring Illumination (Model EKE) Fostec – Schott 

Southbridge, Ma 

 

Fiber Optic point illumination 

Model 190 

Dolan Jenner Co. 

Lawrence, MA 

 

SPSS statistical software version 

21 

IBM Inc. 

Armonk, NY 

 

QuickCalcs web-based calculator GraphPad Software, Inc. 

La Jolla, CA 

 

ImageJ version 1.46  National Institutes of 

Health (NIH) 

 

Orascoptic (x2.5) loops  Orascoptic 

Middleton, WI 
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Chapter 5.0 Results 

Table 1 presents the following: (a) number of voids in each sample, (b) total 

restoration area, (c) total void area, and, (d) the percentage of the total surface area of the 

voids to the total surface area of the filling of each sample. Type S is the SonicFill 

composite, and type C is the conventional composite.  

The total number of voids in SonicFill composite restorations was 97 (Table 2). 

Conventional composite restorations had 99 voids (Table 2). Table 2 shows the 

distribution of voids among the three location areas: (1) box area, (2) marginal ridge, and 

(3) occlusal area (see Figure 1). Table 3 shows some details about the voids found in all 

tested samples. Voids were distributed throughout the three areas for both conventional 

and SonicFill restorations (Table 4). Unpaired t test results indicated that the difference in 

the mean number of voids from the two groups of composites was not statistically 

significant (p = .931). Unpaired t test results (p = .629) also indicated that the mean 

percentages of the total surface area of all voids to the total cross-sectional surface area of 

the fillings in SonicFill samples (0.588) was not statistically significantly different than 

the conventional composite restorations (0.508; Table 5). The mean number of voids in 

conventional composite restorations was 3.96. SonicFill composite restorations have a 

mean number of voids of 3.88 (Table 6). Table 6 summarizes the results of the voids 

count in both groups’ samples: (means, minimum, maximum, SD) of each group count of 

voids (see Figure 2). 

Despite the fact that the differences of means between SonicFill and the 

conventional filled samples were comparable, the SonicFill samples showed a wider 

range in both the size of the voids and their number. The largest void was in a SonicFill 
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sample (0.547 mm
2
). Conversely, no voids were found in some samples. The range of 

voids area was between 0.005 and 0.477 mm
2
. Also, the range of the total percentage 

surface area of the voids to the total cross-sectional area of the restoration sample was 

larger among SonicFill samples (range 0–1.169%) than the conventional composite 

samples (range 0.012–1.097 mm
2
). When comparing the total count of voids in both 

groups, SonicFill had a wider range of voids (e.g., from no voids in three tested samples 

to 16 voids in one sample. The range in the number of voids in conventional composite 

was 1–9 voids in all the samples. These results indicate SonicFill composite’s range was 

almost twice `that of the conventional composite. Table 7 shows a results summary of the 

total percentage of void areas to the total cross-sectional areas in both groups’ samples 

(mean, minimum, maximum, SD; see Figure 3). 

Results of one-way ANOVA tests to compare the mean number of voids found 

among the three different location areas in both types of restorations indicated no 

significant differences (p = .704; Table 8, Figure 4). One-way ANOVA test results also 

showed no significant difference in the mean total percentage areas of voids among the 

three specified regions (p = .743; Table 9, Figure 5).  
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5.1 Restorative Voids by Type, Location, Area, and Percentage  

Area of Each Sample  

Table 1. Total Size of the Restoration, Number of Voids, the Total Restoration Area, the 

Total Void Area, and the Size Percentage to the Restoration Percentage 

ID 

Number Type 

Number 

of Voids 

(a) 

Total 

Restoration 

Area in mm
2 

(b) 

Total Void 

Area in mm
2
 

(c) Void % (d) 

1 S 12 44.433 0.847 1.906240857 

2 S 4 38.025 0.144 0.378698225 

3 S 7 34.967 0.224 0.640603998 

4 C 3 37.837 0.083 0.219362 

5 S 8 40.757 0.718 1.761660574 

6 S 2 34.305 0.093 0.271097508 

7 C 7 45.307 0.394 0.869622796 

8 C 8 41.308 0.165 0.399438365 

9 C 9 35.749 0.163 0.45595681 

10 C 5 38.14 0.23 0.603041426 

11 S 1 29.822 0.028 0.093890416 

12 C 2 42.563 0.104 0.244343679 

13 S 0 43.669 0 0 

14 C 1 50.128 0.021 0.041892755 

15 S 4 47.888 0.37 0.772636151 

16 C 7 40.297 0.312 0.774251185 

17 S 4 49.743 0.412 0.828257242 

18 C 2 46.204 0.171 0.370097827 

19 C 4 43.548 0.75 1.722237531 

20 C 3 40.718 0.097 0.238223881 

21 S 7 40.287 0.424 1.052448681 

22 C 5 38.67 0.159 0.411171451 

23 S 3 43.307 0.096 0.221673171 

24 S 0 39.799 0 0 

25 C 2 38.322 0.078 0.203538437 

26 C 8 36.514 0.724 1.982801117 

27 S 2 46.824 0.661 1.411669229 

28 S 16 46.439 1.162 2.502207197 

29 S 3 43.781 0.102 0.232977776 

30 C 7 34.734 0.215 0.618990039 

31 S 7 57.146 0.363 0.635215063 

32 S 1 52.578 0.319 0.606717639 

33 C 3 30.581 0.105 0.343350446 

34 S 4 45.636 0.235 0.514944342 

35 S 4 37.044 0.065 0.175467012 

36 S 1 51.356 0.006 0.011683153 
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ID 

Number Type 

Number 

of Voids 

(a) 

Total 

Restoration 

Area in mm
2 

(b) 

Total Void 

Area in mm
2
 

(c) Void % (d) 

37 C 2 44.963 0.106 0.235749394 

38 S 1 43.355 0.042 0.09687464 

39 C 4 49.743 0.102 0.205053977 

40 S 3 36.534 0.041 0.112224229 

41 C 2 32.198 0.064 0.19877011 

42 S 2 30.042 0.083 0.276279875 

43 S 1 36.75 0.074 0.201360544 

44 C 3 38.205 0.096 0.251276011 

45 C 5 58.216 0.716 1.229902432 

46 S 0 39.134 0 0 

47 C 2 36.491 0.139 0.380915842 

48 C 2 42.266 0.053 0.1253963 

49 C 2 37.713 0.116 0.307586243 

50 C 1 36.273 0.099 0.272930279 

 

5.2 Distribution of the Voids Among the Three Specified Regions in All Samples 

Table 2. Location of the Voids by (1) Box Area, (2) Marginal Ridge, and (3) Occlusal 

Area (Figure 1) 

 
Box 

Area 

Marginal 

Ridge 

Occlusal 

Area 
Totals 

S (SonicFill) 23 37 37 97 

C (Conventional Composite) 39 32 28 99 

Totals 62 69 65 196 

 

5.3 Voids in All Samples 

Table 3. Void Size, Area, Location, and Sample Number by Restoration Type 

Void Number Sample 

Number 

Type Area  

(mm
2
) 

Location 

1 1 S 0.055 3 

2 1 S 0.054 3 

3 1 S 0.062 3 

4 1 S 0.314 3 

5 1 S 0.049 1 

6 1 S 0.034 3 

7 1 S 0.011 3 

8 1 S 0.02 3 

9 1 S 0.007 3 
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Void Number Sample 

Number 

Type Area  

(mm
2
) 

Location 

10 1 S 0.004 3 

11 1 S 0.000824 3 

12 1 S 0.237 2 

13 2 S 0.019 1 

14 2 S 0.039 2 

15 2 S 0.065 2 

16 2 S 0.021 3 

17 3 S 0.093 1 

18 3 S 0.064 3 

19 3 S 0.013 2 

20 3 S 0.014 3 

21 3 S 0.014 3 

22 3 S 0.008 3 

23 3 S 0.018 1 

24 4 C 0.038 2 

25 4 C 0.007 2 

26 4 C 0.038 1 

27 5 S 0.295 2 

28 5 S 0.055 3 

29 5 S 0.025 3 

30 5 S 0.095 3 

31 5 S 0.159 2 

32 5 S 0.03 2 

33 5 S 0.043 1 

34 5 S 0.016 2 

35 6 S 0.072 3 

36 6 S 0.021 3 

37 7 C 0.201 1 

38 7 C 0.032 2 

39 7 C 0.058 2 

40 7 C 0.02 3 

41 7 C 0.07 3 

42 7 C 0.007 2 

43 7 C 0.006 2 

44 8 C 0.052 2 

45 8 C 0.024 3 

46 8 C 0.032 1 

47 8 C 0.014 3 

48 8 C 0.014 1 

49 8 C 0.005 1 

50 8 C 0.014 1 
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Void Number Sample 

Number 

Type Area  

(mm
2
) 

Location 

51 8 C 0.01 3 

52 9 C 0.063 1 

53 9 C 0.016 3 

54 9 C 0.014 3 

55 9 C 0.009 2 

56 9 C 0.035 3 

57 9 C 0.006 1 

58 9 C 0.006 3 

59 9 C 0.009 2 

60 9 C 0.005 2 

61 10 C 0.074 3 

62 10 C 0.065 1 

63 10 C 0.011 1 

64 10 C 0.057 1 

65 10 C 0.023 1 

66 11 S 0.028 2 

67 12 C 0.022 1 

68 12 C 0.082 2 

69 14 C 0.021 3 

70 15 S 0.021 3 

71 15 S 0.196 1 

72 15 S 0.01 2 

73 15 S 0.143 2 

74 16 C 0.006 1 

75 16 C 0.012 1 

76 16 C 0.072 3 

77 16 C 0.034 1 

78 16 C 0.071 3 

79 16 C 0.007 1 

80 16 C 0.11 2 

81 17 S 0.097 1 

82 17 S 0.17 1 

83 17 S 0.103 1 

84 17 S 0.042 1 

85 18 C 0.151 1 

86 18 C 0.02 3 

87 19 C 0.22 2 

88 19 C 0.477 2 

89 19 C 0.017 1 

90 19 C 0.036 2 

91 20 C 0.046 2 
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Void Number Sample 

Number 

Type Area  

(mm
2
) 

Location 

92 20 C 0.036 1 

93 20 C 0.015 1 

94 21 S 0.04 3 

95 21 S 0.254 1 

96 21 S 0.019 2 

97 21 S 0.068 3 

98 21 S 0.007 3 

99 21 S 0.016 3 

100 21 S 0.02 3 

101 22 C 0.014 1 

102 22 C 0.009 3 

103 22 C 0.018 3 

104 22 C 0.067 3 

105 22 C 0.051 1 

106 23 S 0.019 2 

107 23 S 0.032 2 

108 23 S 0.045 2 

109 25 C 0.032 2 

110 25 C 0.046 1 

111 26 C 0.044 1 

112 26 C 0.237 1 

113 26 C 0.095 1 

114 26 C 0.238 2 

115 26 C 0.065 3 

116 26 C 0.023 2 

117 26 C 0.01 2 

118 26 C 0.012 3 

119 27 S 0.114 1 

120 27 S 0.547 3 

121 28 S 0.399 2 

122 28 S 0.06 1 

123 28 S 0.011 1 

124 28 S 0.021 3 

125 28 S 0.067 3 

126 28 S 0.113 2 

127 28 S 0.063 2 

128 28 S 0.277 1 

129 28 S 0.023 1 

130 28 S 0.013 2 

131 28 S 0.021 2 

132 28 S 0.005 2 
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Void Number Sample 

Number 

Type Area  

(mm
2
) 

Location 

133 28 S 0.034 2 

134 28 S 0.008 2 

135 28 S 0.012 3 

136 28 S 0.035 2 

137 29 S 0.017 3 

138 29 S 0.041 3 

139 29 S 0.044 1 

140 30 C 0.028 1 

141 30 C 0.076 1 

142 30 C 0.052 3 

143 30 C 0.032 2 

144 30 C 0.016 3 

145 30 C 0.007 3 

146 30 C 0.004 1 

147 31 S 0.035 2 

148 31 S 0.025 2 

149 31 S 0.055 3 

150 31 S 0.104 3 

151 31 S 0.059 2 

152 31 S 0.037 2 

153 31 S 0.048 1 

154 32 S 0.319 3 

155 33 C 0.069 2 

156 33 C 0.013 3 

157 33 C 0.023 3 

158 34 S 0.081 3 

159 34 S 0.041 2 

160 34 S 0.1 3 

161 34 S 0.013 2 

162 35 S 0.048 2 

163 35 S 0.009 1 

164 35 S 0.006 1 

165 35 S 0.002 1 

166 36 S 0.006 2 

167 37 C 0.034 1 

168 37 C 0.072 1 

169 38 S 0.042 1 

170 39 C 0.031 1 

171 39 C 0.03 3 

172 39 C 0.017 3 

173 39 C 0.024 1 
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Void Number Sample 

Number 

Type Area  

(mm
2
) 

Location 

174 40 S 0.017 1 

175 40 S 0.017 2 

176 40 S 0.007 2 

177 41 C 0.058 3 

178 41 C 0.006 2 

179 42 S 0.078 2 

180 42 S 0.005 2 

181 43 S 0.074 2 

182 44 C 0.039 2 

183 44 C 0.034 1 

184 44 C 0.023 2 

185 45 C 0.068 2 

186 45 C 0.015 2 

187 45 C 0.276 2 

188 45 C 0.305 2 

189 45 C 0.052 2 

190 47 C 0.011 1 

191 47 C 0.128 1 

192 48 C 0.013 3 

193 48 C 0.04 1 

194 49 C 0.106 2 

195 49 C 0.01 2 

196 50 C 0.099 1 

 

5.4 Descriptive Statistics: Mean Percentage Area by the Three Specified Locational 

Areas and Restorative Type 

Table 4. Number of Voids in Every Locational Area, Mean Sizes, Range of Sizes in 

Each Group, Standard Deviation, the 95% Confident Bounds 

 

Number 

of Voids 

Mean 

(area) 

% 

Range of 

Sizes 

95% 

Confidence 

Interval for 

Upper Bound 

95% 

Confidence 

Interval for 

Lower Bound SD Max Min 

C1 39 0.04864 0.233 0.0657 0.03159 0.052611 0.237 0.004 

C2 32 0.07806 0.472 0.11725 0.03887 0.108699 0.477 0.005 

C3 28 0.03096 0.068 0.04019 0.02174 0.023784 0.074 0.006 

S1 23 0.07552 0.275 0.10957 0.04147 0.078742 0.277 0.002 

S2 37 0.06178 0.394 0.09019 0.03338 0.085187 0.399 0.005 

S3 37 0.06721 0.546 0.10288 0.03154 0.106986 0.547 0.001 
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5.5 Voids Areas Ranges and Percentages in Herculite vs SonicFill 

Table 5. Total Void Area in All the Samples in Each Group Compared with the Total 

Restoration Area All the Samples in Each Group  

 

Total Void Area 

(mm
2
) 

Total Restoration 

Area (mm
2
) Void % in Sample Range (mm

2
) 

C 5.262 1016.688 0.508 0.005–0.477 

S 6.509 1053.621 0.588 0–0.547 

 

5.6 Both Groups Means, Minimum, Maximum, SD, and N Count of Voids 

Table 6. Results of the Void Count in Both Groups’ Samples (Mean, Minimum, 

Maximum, SD) of Each Group Count of Voids 

 

 

 

 

 

Figure 2. The mean count of voids in conventional composite (C) vs SonicFill (S). 

 

 

C S

Mean Count 3.96 3.88

3.4

3.55

3.7

3.85

4

4.15

Mean Count 

 Herculite (C) SonicFill (S) 

Mean 3.96 3.88 

Min 1 0 

Max 9 16 

SD 2.42 3.87 

N 25 25 
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5.7 Both Groups Means, Minimum, Maximum, SD, and N Areas Percentages Voids 

Table 7. Results of the Total Percentage Voids Areas to the Total Cross-Sectional Areas 

in Both Groups’ Samples (Mean, Minimum, Maximum, SD) 

 Herculite (C)  SonicFill (S) 

Mean % 0.508 0.588 

SD 0.482 0.667 

Min % 0.012 0 

Max % 1.097 1.169 

N 25 25 

 

Figure 3. The means of total percentage voids areas to the total cross-sectional areas in 

conventional composite (C) vs SonicFill (S). 

 

 

0
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5.8 Mean, Minimum, Maximum, and SD of Each Specified Region in Both Groups  

Table 8. Results Summery of Each Location Area Voids Count Among the Restorations 

in the Specified Locations Areas (Mean, Minimum, Maximum, SD) 

 
Sample 

No. 
Count Mean SD Min Max 

C1  

 25 

39 1.56 1.26 0 4 

C2 32 1.28 1.40 0 5 

C3 28 1.12 1.24 0 4 

S1  

 25 

23 0.98 1.19 0 4 

S2 37 1.48 1.98 0 9 

S3 37 1.48 2.28 0 10 

 

Figure 4. Whisker plot for the void counts among the restorations. 
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5.9 Mean Total Percentage Areas, SD, Minimum, and Maximum Percentage of 

Voids Among Three Specified Regions, and Their Counts 

Table 9. Results Summery of the Mean Total Percentage Areas of Voids Among the 

Three Different Specified Locations Areas 

 

Sample 

No. 

Mean area  

% of voids SD Count Min Max 

C1  

 25 

0.123 0.134 39 0 0.649 

C2 0.157 0.221 32 0 1.097 

C3 0.097 0.124 28 0 0.652 

S1  

 25 

0.168 0.176 23 0 0.630 

S2 0.144 0.194 37 0 0.860 

S3 0.149 0.226 37 0 1.169 

 

Figure 5. Whisker plot for the total percentage area of voids among the restorations. 

 

 

 

 

1c = Box area in Herculite 

2c = Marginal ridge area in Herculite 

3c = Central area in Herculite 

1s = Box area in SonicFill 

2s = Marginal ridge area in SonicFill 

3s = Occlusal area in SonicFill 
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Chapter 6.0 Discussion  

There were no significant differences between the two composite materials in 

terms of the number or area percentage of voids. Results of this study should be taken 

with caution, especially when applying them to clinical scenarios. The study has several 

limitations. For example, the study was not done with patients and in the same 

environment as a typical human oral cavity. A wedge that is usually used in the oral 

cavity when filling cavity preparation interproximally (between adjacent teeth) was not 

used. Composite has the ability to contain voids in the tubes or the syringes coming from 

the manufacturing process, and this factor was not tested in this study. The study did not 

address a comparison of other properties of the two composite materials. It is possible 

that the composite materials’ mechanical properties are more critical than voids when 

restorations’ structural integrity and function are examined. These properties of materials 

may include their compressive, tensile, and sheer strength; tendency to discolor; stability 

over time; coefficient of thermal expansion; seal adaptation to tooth structure; and 

chemical reactions due to the effects of foods or bacteria. This study did address the 

possible combined effect of material properties and composite voids.  

Composite materials used in our study have advantages and disadvantages. The 

filling procedure with the SonicFill took less time due to its bulk fill technique. 

Conversely, the conventional composite needed more cycles for curing and may require 

more time for adaptation. The SonicFill tip was smaller than the conventional composite 

tip, which makes the accessibility to the narrower or deeper boxes easier. The 

conventional composite was easier to control and handle. This may be advantageous for 

the less-skilled dentist, because these composites are applied in small layers, which 
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allows for a more controlled adaptation of the material and could result in fewer or 

smaller voids. This is different from the SonicFill composite, in which the practitioner 

quickly fills the cavity up to 5 mm in thickness, and curing is done in one step. The 

conventional composite is also less expensive and does not need a special handpiece like 

the SonicFill system. Conventional composites have been in use for a long time and, their 

quality and results had been widely studied.  

The study results presented here differed in some aspects from Cannavo et al. 

(2012), where researchers compared voids in SonicFill composite to voids in Filtek 

Supreme Ultra (3M ESPE), a bulk fill composite. Their results with SonicFill using two 

operators were similar but slightly less than the SonicFill results presented here. In 

Cannavo and colleagues’ study, the mean percentages of voids for SonicFill with two 

operators were 0.42% and 0.34%. By comparison, the study presented here had a mean 

percentage of SonicFill voids of 0.588% with one operator. However, the results in the 

control groups for the two studies differed more. The mean percentage of voids in the 

current study control group was 0.508% using the conventional composite Herculite 

(Kerr Co., Orange, CA) and a layering technique. This result was not significantly 

different from the SonicFill mean of the percentage of voids (0.588%). In the Cannavo et 

al. control group using Filtek Supreme Ultra (3M ESPE, St. Paul, Minnesota) and an 

unspecified filling technique, the means of the percentage of voids for the two operators 

were 0.93% and 0.97%, almost twice as high as in the current study, although using a 

different composite. In the Cannavo et al. study, this contributed to a significant 

difference in mean void percentage between the control group and the SonicFill group, 
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unlike the current study. Both the choice of composite and the filling technique used in 

each study could explain these differences. 

Voids were present in both materials studied. It may be that the presence of voids 

in the conventional composite is the result of the incremental application procedure, 

where air is trapped between the layers, whereas voids in the SonicFill composite may 

have occurred as a result of how it was applied (i.e., quick rapid continuous flow at once 

into the cavity preparation). This rapid application may also be responsible for a larger 

range in the numbers of voids. In the current study, three tooth samples were filled with 

SonicFill composite without any voids and two sample teeth filled with SonicFill 

composite contained a high number of voids (12 and 16 voids in samples 1 and 28). By 

comparison, the range for conventional composite samples voids was 1–9. The location 

of the composite in the tooth (box area, marginal ridge, and occlusal area) did not 

significantly affect the numbers of voids or size of the area. The voids were well 

distributed in both samples groups. 

The current study does not include all possible areas of comparison between these 

two different materials and techniques. Future studies should address the comparison 

between voids in the tubes or syringes and in the same condition as these materials are 

delivered from the manufacturer. The time factor also needs to be studied, for example, to 

compare the mean time of SonicFill application to that of a conventional composite. 

Some studies pay particular attention to conventional composites’ longevity and clinical 

performance. However, these factors have not yet been well studied because SonicFill 

composite is a relatively new product. In the current study, data on void areas and 

numbers were collected. Future studies may explore how voids affect properties of each 
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of the different composite materials. Studies about physical properties of materials could 

be tested in controlled environments (e.g., fatigue, flexibility, hardness, coefficient of 

thermal expansion, compressive, tensile, and shear strengths). These studies could help 

determine the role of voids and how best to select the optimum restorative material. More 

high-level evidence about SonicFill composite performance could be obtained from 

multiple, long-term randomized clinical trials.  
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Chapter 7.0 Conclusion 

Within the limitations of the study, null hypothesis was not rejected for the following: 

Aim 1: There is no difference in the mean number of voids seen in cross-sections of 

conventional versus sonic-filled MOD composite resin restorations 

 

Aim 2: There is no difference in the mean total percentage area of voids seen in cross-

sections of conventional versus sonic-filled MOD composite resin restorations 

 

Aim 3: There are no differences among the mean number of voids in three specified 

regions seen in cross-sections of conventional versus sonic-filled MOD composite resin 

restorations 

 

Aim 4: There are no differences among the total percentage areas of voids in three 

specified regions seen in cross-sections of conventional versus Sonic-filled MOD 

composite resin restorations 

 

 Based on these findings, it appears that the bulk fill SonicFill system does not result in 

increase or decrease, numbers or area of voids within class II (MOD) restorations 

compared with a conventional composite and layering system.  
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