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ABSTRACT
Objective: To investigate the presence of voids in bulk fill 

flowable composites.

Methods: This study investigated two well-known bulk-fill 

flowable composites, Smart Dentin Replacement (SDR) 

(Dentsply/Caulk, Milford, Germany) and Filtek bulk fill flow-

able (FBF) (3M ESPE, Minnesota, USA). Three ampules 

of each material were randomly selected. The ampules 

were subjected to 3D Micro-CT (General Electric Phoe-

nix V|Tome|X L240) reconstruction in order to assess the 

presence of any voids within the ampules.

Results: Voids were present in all the ampules.  The to-

tal void percentage for each group of three ampules was 

found to be SDR : 1.147 % and FBF : 0.0424 %. There was 

a significant difference between the volume of voids for 

SDR and FBF, p-value=0.003924. 

Conclusion: Voids were found in the randomly selected 

samples of bulk-fill flowable composites. This is undesir-

able and manufacturers should be urged to ensure that no 

voids are present, or at least are minimized in the ampules 

of material. 

Keywords: Voids, bulk fill flowable composite, 3D Micro-

CT reconstruction, Displacement vector fields.

INTRODUCTION
The presence of voids between incremental layers of 

composite material has an adverse effect on the flexural 

strength of the restoration.1 Manufacturers of bulk fill flow-

able composites advocate that these materials be placed 

in a single layer of a thickness of 4mm. This technique 

appeals to many clinicians, as not only is the restoration 

being placed faster compared with incremental packing, 

but the risks for the entrapment of impurities and voids are 

also reduced.2

The manufacturers’ instructions for both composite and 

traditional flowable composites recommend that when an 

incremental layering technique is used, the layers should 

be of 2mm thickness. Investigations on the volumetric 

change of bulk fill flowable composites (Smart Dentin 

Replacement (SDR), Filtek bulk fill flowable (FBF), Venus 

bulk fill (VBF) compared with universal composites have 

resulted in similar percentages of volumetric shrinkage.3,4

Voids can be included inadvertently in the material by 

the manufacturer or by the clinician during restoration 

placement,5,6 and have been a concern  since the 

hand-mixed chemically cured composites.7 At that 

stage,  voids were assessed by visualisation of sections 

of  300μm. thickness under a stereomicroscope. The 

limitation of that study was that only twenty-five percent 

of the surface could be assessed as this was all that 

was visible. A mathematical equation was then used 

to estimate the total number and percentage of voids 

in the sample as a whole, which suggested that void 

sizes ranged between 10 and 175μm. The conclusion 

was that the number of small voids, between 10 and 

40μm, increased during the spatulation of chemically 

cured composites7 Contemporary studies reported the 

percentage of voids in paste systems as ranging from less 

than 1% to 2-3%.
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ACRONYMS
FBF:  Filtek bulk fill flowable      

SDR:  Smart Dentin Replacement      

DEFINITIONS
Void:  Bubble / porosity that is present in a dental material.      

Void volume:  Total volume (in mm3) of voids present in the 

sample of dental material.

Void percentage:  Total void fraction present in the sample 

expressed as a percentage in relation to the total volume of the 

dental material.

Displacement vector fields:  The direction of volumetric 

shrinkage that takes place within a tooth that was restored 

with a resin composite..
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Voids in glass ionomers were assessed using only one 

sample of each material and visualisation of 40μm thick 

sections under a stereomicroscope.9 Three randomly se-

lected areas (64.75mm2) were assessed in each sample, 

under 117.6 magnification.9

 

A limitation of the methodologies of these studies was that 

the whole sample was not assessed and thereafter, the “total 

assessment of voids” had to be mathematically predicted.7,9

With the development of the 3D Micro-CT (high-resolution 

micro-computed tomography) the whole sample could 

be assessed, thereby overcoming the limitations of the 

mathematic estimation of other techniques. The effec-

tiveness and accuracy of the 3D reconstruction has been 

established as a non-destructive and accurate visuali-

sation technique for marginal adaptation and volumetric 

change.10 3D Micro-CT reconstruction has also previously 

been applied successfully in the assessment of voids in 

glass ionomer.11

 

The incorporation of voids into a restoration may be due 

to the technique of condensing and smearing the material 

into the cavity by the clinician.12 It has been shown that the 

higher the viscosity of the composites the more difficult it 

becomes to condense it into the prepared cavity. This is 

mainly due to the physical properties of the material i.e. it 

may be too thick, sticky or dry and thus be more resistant 

to accurate adaption to the prepared cavity.13

The clinician may attempt to reduce the incorporation 

of voids through careful condensation and by avoiding 

smearing of the composite against the walls of a cavity 

preparation.12

The short- and long-term effects of the presence of voids 

in materials are varied and depend on the volume, num-

ber and location of the voids. Voids present in the mate-

rial as produced by the manufacturer have been shown 

reduce load-bearing capacity in the oral environment.14 

The compressive strength of single paste composites has 

been reduced with a resultant lower compressive fatigue 

limit. This is directly due to internal stresses, which are 

concentrated around the voids.15,16 Earlier two-paste and 

single-paste composites were shown in the long term to 

demonstrate a decreased resistance to wear if the void 

were to be exposed to the occlusal surface.17 A decreased 

micro-tensile bond strength and marginal discoloration 

with microleakage has been observed,12,18 irrespective of 

whether the voids were within the adhesive layer19 or with-

in the composite.20 Voids located at the tooth-restoration 

interface could be mistaken as secondary caries due to 

the radiolucency of the defect.21 An in vitro study showed 

that bacteria accumulate in voids22 and an SEM analysis 

of three-year-old resin restorations indicated bacterial col-

lection in the exposed surface pores of the restorations.23

It was postulated by McCabe (1987) that if the manufacturers 

were to provide void-free two paste- and single-paste 

composites the longevity of the restoration exposed to 

continuous compressive fatigue will be increased.15 The 

prevention of void inclusion by the clinician is equally 

as important as receiving a void-free material from the 

manufacturer.15 The high viscosity and stickiness of the 

packable composites can pose a risk for void inclusion 

into the restoration by the manufacturer or by the clinician 

during 2mm incremental layering condensation.23,24 The 

advent of bulk-fill flowable composites offers a potential 

solution as many clinicians place these materials in 4mm 

increments as recommended by the manufacturer.

The present study aimed to provide an assessment of the 

presence of voids in bulk-fill flowable composites and an 

overview of the literature on voids in dental composites.

MATERIALS AND METHODS

Materials:

This investigation evaluated two bulk-fill flowable composites 

and compared the volumes of voids present in three ampules 

of the materials. The SDR and FBF material ampules were 

selected due to their popularity on the local dental market.

Material test groups:

1. Filtek bulk fill flowable (FBF) (Universal Shade) (3M 

ESPE, Minnesota, USA, Lot 4861U).

2. Smart Dentin Replacement (SDR) (Universal Shade) 

(Dentsply/Caulk, Milford, Germany, Lot 0625).

3D Micro-CT scan and reconstruction:

3D Micro-CT scans were completed with a General 

Electric VTomex L240 system.25 The ampule scans were 

done using 120kV and 160μA for X-ray generation at 

20μm voxel size. Data analysis was performed in Volume 

Graphics VGStudioMax 3.0. The procedure applied 

to scan the ampules was devised specifically for this 

application according to the requirements, which involved 

measuring the volumetric porosity in the ampules and the 

total volume of dental material in the ampules.

The voids within the unused ampules were detected by 

the algorithm “VGDefX”, as a defect analysis function with 

a relative deviation value of -2.

Statistical analysis.

In order to perform the statistical analysis for the differences 

of the means on a relatively small 

sample size of three ampules 

per material group, it was 

essential to produce a variance 

stabilising transformation of the 

variables. For the purpose of 

this investigation an “arcsine 

transformation” was applied to 

the Volume of the voids / Volume 

of the ampule to produce the 

Y-values, calculated with the 

formula: Y = 2arcsin√p, where p 

is a proportion (Table 1). 

Table 1: Arcsine transformation values (Y-values) of SDR and FBF

Material
Total volume of 
material in the 
ampule (mm3)

Total volume 
of voids in the 
ampule (mm3)

Percentage of 
voids per volume 

of ampule (%)
Y-value

FBF 1 145.2551 0.011359995 0.007821 0.017687

FBF 2 145.4908 0.050192015 0.034498 0.037150

FBF 3 144.0886 0.000144004 0.000100 0.001999

SDR 1 173.6663 0.503001008 0.289637 0.107688

SDR 2 173.7022 0.977768001 0.562899 0.150194

SDR 3 170.9816 0.506905 0.296468 0.108952
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RESULTS
The 3D Micro-CT reconstruction was used as a non-

destructive method for the investigation of the material within 

the bulk-fill flowable composite ampules. The 3D Micro-CT 

could accurately determine the volume of individual voids 

and the sum of all the voids in mm3 (Figure 1. Table 1, 2).
 

Each of the randomly selected ampules had varying vol-

umes of material. The percentage of the voids per volume 

of material in the ampules was calculated mathematically, 

using the formula: Volume Percent = 100 x Volume of 

voids / Volume of ampule.

The spread and the differences in location of the Y-values for 

the SDR and the FBF ampules of the arcsine transformation 

values (Y-values) are represented in Figure 2. The t-test 

of significance of differences of the means indicated a 

significant difference: t=-5.9827, df=4, p-value=0.003924 

between the material groups SDR and FBF.

The advantage of the transformed variables was that the 

confidence limits could be calculated with the samples 

pooled within the SDR and FBF groups for variance calcu-

lations based on df=4. The confidence limits represented 

in Table 2 were obtained using the transformed variables 

and mean values of the percentage of voids within the 

ampule at a 95% confidence limit.

The randomly selected samples from SDR and FBF re-

viewed in this study showed that there were fewer voids 

in total for the SDR (34 voids) test group compared with 

the FBF (46 voids) test group. The total volume of voids in 

percentage for the three ampules from each manufacturer 

were however greater for SDR (1.147 %) in relation to FBF 

(0.0424 %). The smallest, largest and total volume of voids 

per ampule was represented in relation to the volume of 

the material inside the ampule Table 3, Figure 3.

DISCUSSION
The clinical relevance of the voids in relation to the longevity 

of the restoration and the post-operative complications are 

the most important considerations that the clinician should 

take into account. Early single-paste systems that were light-

cured had a mean void size of >0.8μm where water sorption 

occurred into the void.26 Voids in the final restoration affected 

the solubility as well as the colour of the dental restoration 

due to the water sorption.26 Inherently, single-paste light 

activated composites were shown 

to contain voids that were close to 

the percentage found in the SDR 

and FBF ampules. The single-

paste light activated composites 

had voids present to a percentage 

of 0.05-1.5% per volume.7

The presence of voids within 

composites result in differences 

in internal stress development. 

The stress development varies 

according to the location of the 

void in the restoration. In the event 

Figure 1: SDR and FBF 3D Micro-CT reconstruction

Figure 2: Spread and location differences of the Y-values.

Figure 3: Graph indicating the distribution of voids in SDR and FBF.

Table 2: 95% confidence interval of SDR and FBF.

Material Mean 95% confidence interval

FBF 0.01414 (0.00000, 0.06981)

SDR 0.38300 (0.19513, 0.60857)

Table 3: Void distribution of the individual ampules for SDr and FBF.

Material
Total number 
of voids in the 

ampule

Total volume of 
voids mm3

Void distribution 
in mm3 smallest 

void

Void distribu-
tion in mm3 
largest void

FBF 1 9 0.011359995 0.0000719 0.0000880

FBF 2 36 0.050192015 0.0000639 0.044224

FBF 3 1 0.000144004 0.000144004

SDR 1 9 0.503001008 0.000288 0.497201

SDR 2 9 0.977768001 0.000344001 0.001312

SDR 3 16 0.506905 0.000184 0.495569
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that the void is located at the restoration/tooth interface, 

the volumetric shrinkage will have a negative effect in the 

immediate area of the void due to the stress development16 

around it, resulting in an increased susceptibility for adhesive 

failure of the restoration.19 This stress development is due 

to the force distribution within the material as a result of the 

volumetric shrinkage of the material on the void.16

Besides the stresses generated within the materials, 

by volumetric shrinkage and voids, the restorations are 

subjected to occlusal forces that could lead to the formation 

of cracks during loading. The crack formation has been 

found to be initiated and potentiated at areas where the 

voids are incorporated into the composite restorations.14,20 

In addition, the voids incorporated in the ampules during 

manufacturing pose a threat to the longevity andshelf 

life of the material. Voids can cause oxygen inhibition on 

the surrounding material in the ampule.27,28 The risk of 

inhibition is subject to the volume of voids present. In the 

case of SDR and FBF, the percentage of voids to material 

was small. However, due to the void inducing oxygen 

inhibition27,28 and the fact that resin in replaced by air, a 

slower volumetric shrinkage could occur. The combination 

of the voids and oxygen exposure during restoration 

placement has been found to be a contributing factor to a 

decreased strain on the adhesive layer.27 It was postulated 

that in the cement used for inlays, where only thin layers 

of up to 200μm are used, t there might be positive effects 

to having voids. The rationale was that voids reduce the 

adhesive and cohesive failure significantly as they may 

serve as a free surface of 1mm2/mm3.27 Post-operative 

dentine sensitivity and micro-leakage at the marginal 

interface of the cement if voids were present was not 

considered when the that conclusion was reached. 

An in vitro study on pre-molars with GV Black Class 

II preparations, reached the conclusion that 16 of the 

35 restorations had voids in the gingival wall within the 

adhesive or within the composite, compared with no voids 

at the axial walls.19 The location of the void incorporation 

is important since a review of the literature has shown 

that, especially for composite restorations,, the presence 

of voids at the tooth/restoration interface and within the 

material itself poses problems. A micro-leakage study with 

SDR indicated that most of the prepared specimens were 

shown  under stereomicroscope evaluation to have voids 

in the material.29 There is scope for extensive research on 

voids in composites, in particular bulk-fill composites that 

are packed in 4mm increments. 

CONCLUSION
Based on the negative clinical effects that could ensue due 

to void inclusions in composite materials, the manufacturers 

should investigate filling the syringes of bulk fill flowable 

composites under vacuum. This technique has proven to 

be successful in eliminating void inclusion in composites.5
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