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Abstract 
Resin based composite is the most accepted material for the restoration of decayed tooth. To improve the composite material  in physical, 
clinical, as well as to facilitate manipulation technique various modifications have been done in its structure. 

Polymerization shrinkage stress, being its major drawback which affects the core of the filling and its bonding with tooth structure. This 
polymerization shrinkage would lead to numerous clinical consequences such as poor marginal adaptation, resulting into microleakage, 
development of secondary caries and subsequent pulpal inflammation. Another drawback being reduction in degree of conversion which 
affects the physical properties and increases the monomer proportion, which could lead to post operative sensitivity and early failure of 
composite filling. 
Bulk fill composite is recently introduced as an advancement in resin based restoration which claims to overcome the drawback of 
conventional composite. 
Therefore the review of this literature could be a helpful for dentists to use these new promising restorative materials with long term 

clinical outcome. 
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Introduction 
Composite resin has gained a high degree of success in 

the restoration of decayed and stained teeth. Nowadays, 

composites have became the material of choice for direct 

restorations on posterior and anterior teeth, due mainly to 

their good esthetic properties, appropriate mechanical 
properties, and low cytotoxicity.1,2 But polymerization 

shrinkage stress which affects the integrity of the 

tooth/restoration interface, being its major drawback.3,4 

 Several alternatives have been proposed to reduce 

polymerization stress like modulating the light curing 

mechanism such as the use of alternative photoactivation 

methods like pulse-delay or low irradiance,5 low-modulus 

liners,6 and the use of incremental filling techniques.7 The 

use of incremental filling is recommended for conventional 

light-activated composites, with the insertion and 

photoactivation of increments no thicker than 2 mm. This 
protocol serves two purposes- reduces polymerization stress 

and providing homogeneous degree of conversion 

throughout the material thickness.8 The other factor which 

affects physical properties of composite, is its degree of 

conversion which in turn increases monomer proportion.9 

This could lead to postoperative sensitivity resulting to early 

failure of the composite filling.10  

Bulk-fill composite is recently introduced resin based 

material. It is considered as an advancement in the resin 

based restorations with claims to cure till 4 mm thickness. It 

could reduce the working time to approximately half of that 

in the conventional composite. Bulk-fill composite can be 
divided into flowable bulk-fill composite and non-flowable 

(paste-like) bulkfill composite. Flowable bulk-fill composite 

was initially used as injectable material.11 

Various modifications have been introduced in the 

material to overcome the above mentioned drawbacks of 

composite and to allow for bulk placement of material, 

including: 

1. Lower filler content in flowable materials; 

2. To improve light transmission in depth, modification in 
type of filler; 

3. More efficient photoinitiators with high quantum yield; 

4. Modifications in the chemistry of monomer system to 

allow for stress relief during curing. 

 

The rationale in using lower filler content is that it 

would decrease the light scattering through material and 

provide a better degree of conversion depth. More efficient 

photoinitiators are used that is germanium based 

photoinitiator, which present a much higher quantum yield 

than camphorquinone amine system and also forms 2 factive 
radicals, which facilitate propagation of reactive species, 

even at depths where intensity of light is diminished. The 

technology allied with other high molecular weight 

monomers in their chemistry have been shown to reduce 

polymerization stress than conventional composite.The first 

products of flowable composite had more resin matrix and 

less filler content in comparison to paste-like bulkfill 

composite, so it was used as a lining layer. The last products 

of flowable bulk-fill composite such as Venus Bulk fill 

(VBF; Heraeus Kulzer GmbH, Hanau, Germany) and 

Surefil SDR Flow (SDR; Dentsply Caulk, Milford, DE, 

USA) have higher filler content and improved physical 
properties (Ikeda et al., 2009). In other hand, the recently 

introduced, bulkfill Paste-like composite such as Tetric N-

Ceram Bulkfill (TBF; Ivoclar Vivadent, Schaan, 

Liechtenstein) doesnot need a capping layer required for 

their flowable counterparts.12 
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Properties  

The properties of different bulk fill composite have been 

discussed under the following headings. 

 

Depth of cure 

Various studies were conducted to assess the depth of 
cure for flowable bulk fill composite. The mean depth of 

cure of flowable bulk fill composite ranged from 2.76 mm 

to 10.05 mm13,14 Overall the depth of cure for flowable bulk 

fill composite was found higher than that for conventional 

composite. 

The depth of cure for paste like bulk fill composite was 

also assessed in different studies and it was found that mean 

depth of cure ranged between 2.90 - 3.82 mm, while in other 

study it was found that the mean depth of cure ranged from 

3.14 in light beam cure to 4.19 mm in middle beam 

cure.The depth of cure was comparable to that of 

conventional composite in one study while found a higher 
depth of cure in paste-like composite than that of 

conventional composite in other.13,14 

 

Degree of conversion (DC) 

The degree of conversion for flowable bulk fill 

composite was assessed in different studies. Degree of 

conversion was found high, where they were dependent on 

the studied thicknesses and time after curing. When based 

on thickness mean % of DC ranged from 56.53 to 73.46 in 0 

mm thickness, from 43.69(5.92) to 76.32(1.27) in 2 mm 

thickness, and from 52.04(12.45) to 80.07(2.76) in 4 mm 
thickness. When based on time after curing, mean 

%,immediately after curing ranged from 49.5 to 62.0, while 

at 24 hours after curing, mean % ranged from 50.9 to 79.2 
15,16 So, as per first study % DC of flowable bulk fill 

composite was comparable with that of conventional 

flowable composite and higher than that of conventional 

condensable composite, while other study found lower 

means % of DC in flowable bulk fill composite than that of 

conventional composite.15,16 Also, one more study found a 

high range of mean % DC of (77.3 - 80.0),14 while other 

studies found lower mean % DC with range from 43.6 to 

71.2.17,18,19 For paste-like bulk fill composite, the mean % of 
DC when dependent on studied thicknesses was as follows: 

67.45(6.58) in 0 mm, 63.00(3.88) in 2 mm, and 63.40(4.37) 

in 4 mm. Therefore it was concluded that the mean % of DC 

in paste like bulk fill composite was lower than that of 

conventional flowable composite at 0mm, higher than that 

of conventional flowable at 2 mm and lower than 

conventional flowable at 4mm.Although, the percentages of 

DC of paste-like bulk fill composite at all studied 

thicknesses was higher than those found in condensable 

conventional composite. Also,in few more studies in regard 

to paste-like bulk fill composite found a range of mean % of 
DC from 56.7 to 76.5, while I some other found a lower 

mean % of DC of 48.4.18,20,21 

 

Polymerization shrinkage 

The polymerization shrinkage of flowable bulk fill 

composite as assessed by various studies, no considerable 

variation was observed between the findings of these 

studies. For flowable bulk fill composite the mean 

percentage of polymerization shrinkage was found ranging 

from 2.76 to 4.4. A higher mean percentage of 

polymerization shrinkage in flowable bulk fill composite 

was observed than that of the conventional composite,13,22 
while polymerization shrinkage of flowable bulk fill 

composite was comparable to that of conventional flowable 

composite in some other study but higher than that of 

conventional condensable composite.15 

 The polymerization shrinkage of paste-like bulk fill 

composite as assessed by five studies, there also no 

significant variation was observed between the findings of 

these studies. The mean percentage of polymerization 

shrinkage in paste-like bulk fill composite was observed to 

be ranging from 90 to 2.63. A higher mean percentage of 

polymerization shrinkage in paste-like bulk fill composite 

than that in the conventional composite was reported 23,13 
while lower to that of conventional flowable composite and 

comparable with that of conventional condensable 

composite.15 

 

Polymerization stresses  

The polymerization stress of flowable bulk fill 

composite was assessed in various studies. A high level of 

polymerization stress, where mean stress (MPa) of flowable 

bulk fill composite ranging from 1.68 to 2.24 was 

observed22 while mean of polymerization stress ranging 

from 1.07 to 1.65 was reported. All these studies obtained 
the polymerization stress of flowable bulk fill composite to 

be lower than that of conventional composite.15,24 

A high level of polymerization stress for paste-like bulk 

fill composite, was observed where mean stress (MPa) 

ranging from 2.36 to 2.42 while the mean (sd) of 

polymerization stress from 1.07 to 2.135 was reported in 

some other studies but was observed to be lower than that of 

conventional composite.15,24 

 

Surface hardness 

 In many of the studies surface hardness was assesed at 

different depths-top surface and at the bottom surface, few 
studies assessed surface hardness after ethanol storage of 

fillings, and few study assessed it at enamel and dentine 

levels.12,15,16,18,19,20,24-27,29-31 

The mean of top surface hardness of flowable bulk fill 

composite that measured in (N/mm2) at surface, 2 mm, 

4mm, and 6 mm depths were assessed. They were as 

follows: from 34.3 to 82.3 at top surface, from 21.6 to 64.6 

at 2 mm depth, from 23.5 to 61.0 at 4 mm depth, and from 

25.7 to 58.9 at 6 mm depth. After storage in ethanol, the top 

hardness of flowable bulk fill composite was noticed to 

diminish to a range of 6.3 to 22.8 due to softening effect of 
ethanol.16 The maximum mean top hardness of flowable 

bulk fill composite was 120.4.27 Lower top hardness of 

flowable bulk fill composite in comparison to conventional 

composite was reported in most of the studies.
12,15,16,18,24-

26,30,31 According to the depth of assessment,in regards to 

paste-like composite, the mean of top surface hardness for 
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paste-like bulk fill composite that measured in (N/mm2) at 

surface, 2 mm, 4mm and 6 mm depths were reported. They 

were as follows: from 64.52(2.45), to 144.7(18.2) at top 

surface, from 60.55(3.53) to 126.8(7.6) at 2 mm depth, from 

41.92(4.46) to 144.3(6.2) at 4 mm depth, and from 57.7(5.4) 

to 129.8(3.6) at 6 mm depth.12,15,16,18,24-26,30,31 Lower levels of 
top hardness ranging from 48.54 to 91.15,19,20,30,31  

A high levels of top surface hardness was found 128.4 

and 133.5.19,20,27 The findings of included studies were 

contradicting in comparison with the conventional 

composite. In some studies lower top surface hardness of 

paste-like bulk fill composite was reported in comparison to 

conventional composite 16,21while the top surface hardness 

was reported comparable in paste like bulk fill and 

conventional composite in some studies.15,24,26,30 Top 

hardness higher than conventional at 6 mm depth only,while 

in other study it is higher in paste-like in all studied 

depths.12,31 

The top hardness higher in paste-like bulk fill 

composite in comparison to conventional flowable 

composite in all studied depths, but lower than conventional 

condensable composite in all depths.15  

 

Surface hardness (bottom surface) 

The bottom surface hardness of flowable bulk 

fillcomposite was also assessed by different 

studies.19,20,12,31,24 The mean bottom surface hardness of 80.6 

was observed in HV (N/mm2) at 40 seconds of curing and 0 

distance of light tip.19,20 The mean of bottom surface 
hardness ranging from17.0 to 21.5 at 2 mm, from 16.6 to 

21.1 at 3 mm, from 15.6 to 19.8 at 4 mm, and from 13.5 to 

19.4 at 5 mm.31 A higher range of mean bottom surface 

hardness of 34.31 -44.27 that was comparable with bottom 

surface hardness in conventional composite.24 Flury et al. 

reported the bottom hardness of flowable bulk fill composite 

lower than that of conventional composite,12 while lower 

bottom hardness in flowable bulk fill composite than that in 

conventional composite at 2 mm depth and comparable with 

conventional at 3 mm depth.31 

The bottom surface hardness of paste-like bulk fill 

composite, was also assessed by different studies.The 
highest level of mean bottom surface hardness of 73.3 in 

HV (N/mm2) at 40 seconds of curing and 0 distance of light 

tip.19,20 A high range of mean bottom hardness of 63.61 to 

68.66 was reported in one study21 while the lowest mean of 

bottom surface hardness reached 23.75.26 In comparison to 

conventional composite, the findings were also 

contradicting. A higher bottom surface hardness in paste-

like bulk fill composite than that in conventional composite, 

was reported in some studies.24,31, lower and comparable 

bottom hardness in paste-like composite rather that in 

conventional composite.21,26  
 

Flexure (transverse) strength 

The flexure (transverse) strength of flowable bulk fill 

composite,as assessed by different studies.
29,24,19,20,18

 In most 

of these studies, high flexural strength (in MPa) were 

reported ranging from 76.0 18 to 139.4 19,20 A lower levels of 

flexural strength in flowable bulk fill composite was found 

when compared to conventional.18,24 The flexural strength of 

paste-like bulk fill composite was found to be (94.5 - 140.3) 

of which mean flexural strength was comparable with 

conventional composite.
18

  

 

Compressive strength  

The compressive strength of flowable bulk fill 

composite ranged from 182.3 to 245.1 of which mean 

compressive strength was lower than that in conventional 

composite. 

The compressive strength of paste-like bulk fill where 

mean of compressive strength was reported to be 213.3 

which was lower than that in conventional composite.25 

 

Tensile strength  

The tensile strength of flowable bulk fill composite that 

ranged from 38.6 to 43.5 of which mean tensile strength was 
found lower than that in conventional composite.  

The tensile strength of paste-like bulk fill composite of 

which mean of tensile strength was found to be 37.8 (7.7) 

Mps, and it was lower than that in conventional composite.25 

 

Bond strength to dentine 

The bond strength to dentine in flowable bulk fill 

composite. at different depths was assessed (2, 4, and 6 

mm)12 

The median bond strength to dentine measured in Mpa 

was ranging from 21.4 to 24.6 at 2 mm, from 20.3 to 22.7 at 
4 mm and from 22.0 to 23.4 at 6 mm.The bond strength in 

flowable bulk fill composite was observed comparable at 2 

mm and higher than conventional composite at 4 and 6 

mm.12 

 

Marginal adaptation 

The marginal adaptation of flowable bulk fill composite 

in which median of marginal gap in micrometer was ranging 

from 6.1 to 10.2. For paste- like composite, gap ranged from 

6.6–7.1 micrometer. Conventional composite was not 

compared in the study.13 

 

Micro-leakage 

For assessment of the micro-leakage generally the 

following scores are there, score 0 = no micro-leakage, 

score 1 = Leakage involving 1/2 length of occlusal/gingival 

walls, score 2= Leakage in more than 1/2 length of 

occlusal/gingival walls, score3 = Leakage that covers entire 

length of occlusal/gingival walls and also involves the axial 

wall. The micro-leakage of flowable bulk fill composite, 

using these scores was reported 86.7% - 93.3% of studied 

specimens showing no micro-leakage while 3.3% was in 

score 1, 3.3% - 6.7% in score 2 and 0.0% - 3.3% in score 3, 
while studying micro-leakage in enamel and dentine with 

clearfil bonding agent, observed,higher levels of micro-

leakage than those found by previous study.32,33 56% of 

enamel specimen and 75% of dentinal specimens,reported 

no micro-leakage while 25% of both enamel and dentinal 

specimens reported score 1 microleakage, 19% of enamel 
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specimens only reported Score 2 micro-leakage and no 

specimen reported score 3 micro-leakage.The enamel micro-

leakage in flowable bulk fill composite was found 

comparable to conventional at score 0, lower than 

conventional at score 1, higher than conventional in score 2 

and equal at score 3. Although, the dentine micro-leakage 
was higher than conventional at score 0, equal at score 1 and 

3, lower than conventional at score 2. 

The microleakage for paste-like, using dye penetration 

and found73% - 90% of studied specimens showed no 

micro-leakage which was lower than flowable bulk fill 

composite. 3.3%23.3% of studied samples showed score 1 

micro-leakage while only 0.0%-6.6% of studied samples 

showed score 2 and 3. Conventional composite was not 

compared in these studies.33 

 

Conclusion 
In comparison to conventional composite the curing 

depth of flowable and paste-like composite was observed 

higher while degree of conversion of flowable was 
contradicting when compared to conventional, although 

paste like bulk fill was higher than condensable 

conventional composite. Polymerization shrinkage is higher 

or comparable in flowable bulk fill composite in comparison 

to that in the conventional composite, while in paste like 

composite the results was contradicting. Flowable and 

paste-like bulk fill reported lower polymerization stress than 

that of conventional composite.  

In most of studies, top hardness was observed lower in 

flowable bulk fill composite in comparison to conventional 

composite, but the result was contradicting in paste like 
composite. In case of flowable bulk fill composite, the 

bottom surface hardness was comparable or lower than that 

in conventional composite, but the result was contradicting 

in case of paste like composite. 

The flexure (transverse) strength of flowable bulk fill 

composite was reported lower than conventional composite, 

while in paste like composite it was comparable with 

conventional composite. The tensile strength and 

compressive strength of both flowable and paste like bulk 

fill composite was lower than that of conventional 

composite. The bond strength with dentine in case of 

flowable bulk fill composite was reported comparable or 
higher than conventional depending upon increase in 

thickness, while the bond strength of paste-like composite 

has not been assessed. No comparison was made to the 

conventional composite for assessing marginal adaptation. 

The flowable bulk fill composite was comparable to the 

conventional composite in terms of enamel micro leakage, 

but lower than conventional in dentine. No comparison 

made between paste like composite and conventional 

composite.  

Therefore, the bulk fill composite (either flowable or 

paste-like) presented superior chemical curing properties 
than the conventional composite but was inferior in terms of 

mechanical properties (flowable bulk fill),while the results 

were contradicting for paste-like bulk fill composite. The 

clinical studies with these materials are still very scarce and 

more studies are still required to elaborate this area. 
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