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Abstract 

Objective: The aim of this study was to evaluate the fracture strength of 

bulk-fill restorations compared to conventional composite resins with and without 

intermediate bases in teeth with extensive cusp-weakening Class I preparations. 

Materials and methods: Sixty sound extracted human third molars were prepared 

with extended Class I cavities and  restored with different techniques resulting in 

the following groups: FS-F, flowable bulk-fill resin composite (Filtek bulk-fill flow, 

3M) as a base and a 1mm-thick conventional nanofilled composite layer (Filtek 

Supreme Ultra, 3M); FB, restored with bulk-fill resin composite (Filtek Bulk-Fill, 

3M); FS, restored incrementally with conventional nanofilled composite (Filtek 

Supreme Ultra, 3M); GR-F, flowable bulk-fill resin composite (X-tra base, VOCO) 

as a base and a 1mm-thick conventional composite layer (GrandioSO, VOCO); 

AF, restored with bulk-fill resin composite (Admira Fusion X-tra, VOCO); GR, 

restored incrementally with conventional resin composite (GrandioSO, VOCO). 

Sound extracted teeth (n=10) were used as a control group (CTL). All teeth were 

subjected to thermocycling (20,000 cycles, 5°C and 55°C) and mechanical loading 

(500,000 cycles, 50N load 2.5 Hz frequency). The specimens were subjected to a 

compressive axial load in a universal testing machine at 1 mm/min. Data was 

submitted to statistical analysis at a significance level of 5%. Results: The mean 

(standard deviation) fracture strength in N were: CTL: 1,871.88 (339.48); FS-F: 

1,428.23 (326.10); FB: 1,494.85 (386.81); FS: 1,183.33 (334.99); GR-F: 1,615.70 

(188.82); AF: 1,138.38 (286.94) and GR: 1,340.66 (97.50). Groups CTL and GR-F 

demonstrated significantly higher mean fracture strength when compared to FS, 

AF and GR (p<0.05). The most common type of failure among the groups was 

restoration and enamel/dentin fracture (Type IV). Conclusions: Restorations with a 

nanofilled bulk-fill composite or with a conventional resin composite associated 

with a flowable bulk-fill base reestablished the fracture strength of weakened teeth 

to that of sound teeth. 

Clinical Relevance: The use of a conventional composite in extended class 

I preparations should be associated with a flowable bulk-fill composite base or 

restored with a nanofilled bulk-fill composite. 

 

Keywords: Bulk-Fill, Composite, Class I Restoration, Fracture strength. 
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Introduction 

For many decades, resin-based composites have been widely used in 

restorative dentistry, this material is considered to be the first choice for esthetic 

posterior restorations.1,2 More than 500 million direct dental restorations are 

placed each year all over the world, which makes direct restorations the most 

prevalent medical intervention in the human body. In about 55% of the cases, 

resin composites or compomers are used.3  

Posterior direct composite restorations have their limitations. The annual 

failure rate varies around 2.2%.4 The polymerization of resin composite produces 

internal tensions that may lead to loss of adhesion between teeth and restoration, 

cuspal deflection and formation of enamel crack, being all of these, primary 

factors in potential failure.5 

In order to reduce polymerization shrinkage stress, it has been prescribed 

the use of the incremental technique when using direct composite, as it results in 

lower shrinkage stress due to reduced cavity configuration factor, as well as 

improved light penetration, allowing a higher degree of conversion of the 

material.6 Nevertheless, this technique takes more time and can elevate the risk of 

saliva contamination between the increments, which may lead to less strength 

and premature failures.7 In this matter, the chance to fill the dental cavity with one 

single increment seems to have countless benefits. For instance, the less working 

time and the reduction of the so-called window of opportunity for technical 

mistakes, such as incorporations of voids and contamination among increments.8 

Therefore, it has been developed new restorative material that can be used 

in one increment of 4 to 5 mm, known as bulk-fill resin composites.9 This new type 

of composite reduces the working time, although it presents some limitations in 

mechanical properties when compared to conventional composites.10 

Bulk-fill resin composite is available in two kinds of viscosity: flowable and 

high-viscosity. The latter can be applied in a single increment without the need for 

coverage as it contains high inorganic filler content and therefore can be used in 

areas with a higher incidence of masticatory load.2 Flowable bulk-fill resin 

composite is a low viscosity composite and therefore has a lower inorganic filler 

content and is used as liner or base, capped with a conventional composite 

resin.11 Studies have shown that flowable bulk-fill composite resins have lower 
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hardness, modulus of elasticity, cusp deformation, and shrinkage stress.12-14 All of 

these mechanical characteristics make flowable bulk-fill composite resins act as a 

stress absorbing layer generated by the high modulus of elasticity of conventional 

composite resin.15 

The restorative material named ORMOCER®, developed in the ‘90s, 

originally derived from the term "organically modified ceramic", is characterized by 

a hybrid molecular structure that combines organic and inorganic components in 

the matrix at nanoscopic scale.16 ORMOCER®s consists of an organic portion, an 

inorganic portion and polysiloxanes in proportions that can affect the mechanical, 

thermal and optical qualities of the material: the organic polymers influence the 

polarity and optical behavior, the inorganic constituents are responsible of 

chemical stability and the polysiloxanes influence the elasticity and interface 

properties.17 

Traditionally, the choice between direct and indirect composite restorations 

for posterior teeth is based on the size of the cavity to be restored. Small and 

medium cavities are usually restored with direct composite resin restorations. 

Conversely, in large cavities, where the width of the isthmus reaches or exceeds 

two-thirds of the intercuspal distance, indirect restorations are better indicated.18-20 

However, this decision must be based on an individual clinical assessment, taking 

into consideration patient requests, cost-benefit, and other risk factors such as 

high caries risk or bruxism.21,22 Furthermore, earlier systematic reviews and meta-

analysis have concluded that there is no significant difference in terms of clinical 

longevity between direct and indirect technique for posterior restorations.23-25 

Restoration of extensively destroyed tooth aims to reestablish both function 

and aesthetics. Earlier studies have shown that fracture strength is inversely 

proportional to the loss of dental tissue due to either caries lesion or cavity 

preparations.26-28 One study showed that class II preparations for direct 

restorations removed an average of 11.40% of the tooth structure, based on one-

half, one-third, or one-quarter boccolingual widths in both maxillary and 

mandibular molars. On the other hand, preparations for indirect restorations 

removed on average of 16.79% of tooth structure.29 Moreover, it has been 

demonstrated that direct composite preparations have higher resistance to 

occlusal load fracture than indirect preparations.30 
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Previous studies investigating fracture strength of restorations with bulk-fill 

resins use Class II preparations, usually MOD type. However, studies with 

extensive Class I preparations with cusp-weakening are scarce.31 

Therefore, the aim of this study is to evaluate the fracture strength of bulk-

fill restorations compared to conventional composite resins with and without 

intermediate bases in teeth with extensive cusp-weakening Class I preparations. 

The null hypothesis to be tested is that there will be no difference in 

fracture strength of teeth restored with different composite resins. 

 

Material and Methods 

Seventy sound extracted human third molars were randomly assigned to 

seven groups (n=10) from teeth obtained from the institution's Tooth Bank after 

approval by the Ethics Committee (No. 2.824.728). Soft tissues and possible 

calculus were removed using periodontal curettes and the teeth were stored in 

0.5% chloramine at 4ºC for a maximum of 3 months. The criteria for tooth 

selection involved the absence of caries or fractures and similar crown size. 

 

3.1. Restorative Procedures: 

The teeth were randomly divided into 7 groups with 10 teeth each. Ten 

teeth were used as a control group (CTL) and the other sixty teeth were prepared 

with Class I cavities. In the first step a cavity of 4 mm depth perpendicular to the 

occlusal surface was ground using cylindrical diamond burs (#3146, KG 

Sorensen, Cotia, SP, Brazil) with water spray, the buccolingual width was ¾ of the 

intercuspal distance. A pear-shaped diamond bur (#3168, KG Sorensen, Cotia, 

SP, Brazil) was placed with its shaft perpendicular to the cavity floor at the cavity 

margin and a circular undercut was prepared. The burs were replaced every five 

preparations and were used under high-speed and constant irrigation.  
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Table 1. Distribution of experimental groups (n=10). 

 

 

The adhesive system chosen for each group was the universal type 

corresponding to the composites’ manufacturers. In all teeth, the adhesive 

procedure was performed using the selective enamel conditioning technique, in 

which the enamel was conditioned with 37% phosphoric acid for 30 seconds, 

followed by rinsing for 15 seconds and drying for 5 seconds and finally active 

application of adhesive in enamel and dentin for 20 seconds, and light-curing for 

10 seconds. 

Table 1 shows the codes and distribution of study groups with their 

materials and Table 2 contains the compositions of the materials that were used 

in the study. 

In the FS-F and GR-F groups, the restorations were made by inserting the 

bulk-fill flow resin in a single increment of 3 mm, followed by light curing for 20 

seconds. A 1mm thick layer of conventional composite resin was placed using the 

incremental technique and light-cured for 20 seconds by increment with the same 

light-curing unit. 

In the FB and AF groups, the body bulk-fill resins were inserted in a single 

increment and light-cured for 40 seconds. In the FS and GR groups, restorations 

were made with conventional composite resins using the incremental technique, 

with at least 5 polymerized oblique increments for 20 seconds each with the same 

light-curing unit. 

 

 

 

 

Group Adhesive System Base Restoration Manufacturer 

CTL - - - - 

FS 
Single Bond 

Universal 

- Filtek Supreme Ultra 
3M/ESPE 

(St. Paul, MN, USA) 
FB - Filtek Bulk Fill 

FS-F Filtek Bulk Fill Flow Filtek Supreme Ultra 

GR  

Futurabond U 

- GrandioSO 
VOCO 

(Cuxhaven, Alemanha) 
AF - Admira Fusion X-tra 

GR-F X-tra Base GrandioSO 
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Table 2. Manufacturer-Specific Information of the materials used in the study. 

 

Commercial Brand Type Resin matrix Filler 
% of filler 
weight 
volume 

 
Filtek Bulk-Fill Flow 
(3M ESPE) 
 

Bulk-fill 
flowable 
composite 

Bis-GMA, UDMA, Bis-
EMA, Procrylat 

Zirconia/sílica, Ytterbium 
trifluoride 

64.5% / 42.5% 

 
Filtek Bulk-Fill 
(3M ESPE) 

Bulk-fill 
composite 

AUDMA, AFM 
dimethacrylate, 
UDMA, Dodecane 
dimethacrylate 
 

Zirconia/sílica nanofillers, 
nanocluster Ytterbium trifluoride 

76,5% / 58,4% 

 
Filtek Supreme 
Ultra 
(3M ESPE) 
 

Nanofilled 
composite 

Bis-GMA, UDMA, 
TEGDMA, PEGDMA, 
Bis-EMA 

Zirconia/sílica nanofillers, 
nanocluster Ytterbium trifluoride 

72.5% / 55.6% 

 
X-tra Base 
(VOCO) 
 

Bulk-fill 
flowable 
composite 

Bis-GMA, Bis-EMA, 
UDMA 

Barium glass, Ytteribium 
trifluoride, fumed silica 

75% / 58% 

 
Admira Fusion X-
tra 
(VOCO) 
 

Bulk-fill 
composite 

ORMOCER® 
Glass ceramic and silicone 
dioxide 

84% / n.i. 

 
GrandioSO 
(VOCO) 
 

Nanohybrid 
composite 

Bis-GMA, Bis-EMA, 
TEGDMA 

Glass ceramic and silicone 
dioxide  

 
89% / 73% 

 
Single Bond 
Universal 
(3M ESPE) 
 

Universal 
adhesive 
system 
 

MDP phosphate monomer, dimethacrylate resins, HEMA, 
polyalkenoic acid copolymer, filler, ethanol, water, 
initiators, silane 

- 

 
Futurabond U 
(VOCO) 
 

Universal 
adhesive 
system 
 

HEMA, Bis-GMA, HEDMA, acidic adhesive monomer, 
UDMA, catalyst, silica nanoparticles, ethanol 

- 

Abbreviations: BisGMA—bisphenol-A-diglycidyl-dimethacrylate; UDMA—urethane dimethacrylate; BisEMA—ethoxylated bisphenol A 
dimethacrylate; DDDMA—1,12-dodecane dimethycrylate; TEGDMA—triethyleneglycol dimethacrylate; HEMA—2-hydroxyethyl 
methacrylate; PEGDMA—polyethylene glycol dimethacrylate; AUDMA—aromatic urethane dimethacrylate ; ORMOCER®— inorganic-
organic hybrid polymers. 

 

 

3.2. Periodontal Ligament Simulation 

For the simulation of the periodontal ligament, the roots were covered with 

wax heated to 90ºC, by an immersion wax heater (ImerCera, Curitiba, PR, Brazil). 

Each specimen was embedded in self-curing acrylic resin within polyvinyl chloride 

tubes (25 mm diameter and 35 mm height). 

The teeth were positioned in the center of the base of each tube leaving the 

root portion inside and the crown outside. The tubes were kept in an inverted 
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position and a self-curing acrylic resin was poured in to fill the tube. The 

exothermic reaction of the resin polymerization allowed the teeth to be displaced 

so that the wax surrounding the root was easily removed with a gauze. After that, 

each tooth was repositioned in the formed acrylic slot. After cooling and final 

polymerization of the self-curing acrylic resin, the teeth were removed and a light 

polyvinyl siloxane (PRESIDENT light body, Coltène/Whaledent AG, Altstätten, 

Switzerland) was dispensed inside the slot, and the teeth were positioned inside. 

Excess material was removed with a scalpel blade. 

 

3.3. Aging and mechanical load tests 

After a 24-hour storage in distilled water at 37°C, the specimens from all 

groups were subjected to 20,000 cycles thermal cycles (OMC 300, Odeme, 

Lucerna, SC, Brazil) of 5°C and 55°C in distilled water with a dwell time of 15 

seconds. 

The specimens were also subjected to 500,000 cycles of mechanical 

loading (Biocycle, Biopidi, São Carlos, SP, Brazil) with a 50N load at a 2.5-Hz 

frequency. The load was applied by a metal ball axially to the center of the 

occlusal surface and the specimens were immerged in distilled water at 37ºC 

throughout the experiment. The test was considered complete until reaching the 

maximum number of cycles or until the specimen fracture.  

 

3.4. Fracture strength test 

The fracture strength test was performed in a universal testing machine (DL 

2000, EMIC, São José dos Pinhais, PR, Brazil). The specimens were subjected to 

a compression force applied perpendicular to the occlusal surface by a steel 

cylinder with a 6-mm diameter round tip (axial loading) with a crosshead speed of 

1 mm/min. The maximum force to generate fracture was recorded in N (Newtons).  

 

3.5. Failure mode analysis  

Fractured specimens were analyzed for failure mode using a 

stereomicroscope at 40 X magnification (SteREO Discovery V12, Zeiss, 

Germany). The mode of failure was classified as: (I) Cohesive failure in the 

restoration; (II) Cohesive failure in the tooth; (III) Failure of the restoration and 

enamel; (IV) Failure of the restoration and enamel/dentin; (V) Failure of the 
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restoration and enamel/dentin below the cemento-enamel junction (CEJ); (VI) 

Axial failure of the restoration and tooth structure.32 

 

3.6. Scanning Electron Microscopy  

Two representative samples from each group were selected for analysis 

under scanning electron microscopy (SEM), as shown in Figures 2-7. The 

fractured specimens were cleaned in an ultrasonic bath with distilled water for 15 

minutes and kept in a vacuum desiccator with silica for seven days. They were 

then coated with Au-Pd alloy and examined under SEM. (Vega 3, Tescan Orsay 

Holding, Brno, Czech Republic). 

 

3.7. Statistical analysis 

Normality distribution of the data was analyzed by Shapiro-Wilk and 

homogeneity of variance with Lèvene test. One-way ANOVA and Games-Howell 

test were performed to detect significant differences between the groups. A 

significance level of 5% was used for all the tests. The data were analyzed in 

SPSS 24.0 (IBM Software, New York, NY, USA). 

 

Results 

The mean fracture strength values for each group are shown in Table 1. 

Groups CTL and GR-F demonstrated significantly higher mean fracture strength 

when compared to FS, AF and GR (p<0.05). Groups FS-F and FB were not 

statistically different from all the other groups (p>0.05). 

Among the groups restored with conventional composites, FS and FS-F 

showed no statistically significant differences (p>0.05). Conversely, GR-F showed 

higher mean fracture strength compared to that of GR (p<0.05). 

Teeth restored with a single increment of bulk-fill composite (groups AF 

and FB) were not statistically different from groups restored with the incremental 

technique (p>0.05). When bulk-fill composites were compared with conventional 

composites associated to flowable base, the results were distinct. Group FB did 

not show significant difference from group FS-F (p>0.05), but contrarily, group AF 

showed significantly lower fracture strength compared to group GR-F (p<0.05). 
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Table 3. Mean fracture strength (N) and standard deviation of the evaluated groups. 

 

 

 

Figure 1. 95% Confidence Interval for Mean  

 

The frequency distribution of the failure modes for each group expressed 

as the total number of specimens in the group are shown in Figure 1. The most 

common type of failure among the groups was type IV: failure of the restoration 

and enamel/dentin. It was noticed that the groups restored with nanohybrid and 

ORMOCER® composites achieved a more heterogeneous type of fracture. 

 

Group Restoration Technique n Fracture Strength 
Mean  

Minimum Maximum Sig. 

CTL Control 10 1,871.88  1456.49 2568.51 A 

FS Conventional composite on incremental 

technique 

10 1,183.33  1002.97 1935.86 B 

FB Single increment of bulk-fill composite 10 1,494.85 1116.92 2259.36 AB 

FS-F Conventional composite associated with 

flowable base 

10 1,428.23  836.68 1665.58 AB 

GR Conventional composite on incremental 

technique 

10 1,340.66  1356.25 1867.06 B 

AF Single increment  of bulk-fill composite 10 1,138.38  732.97 1736.23 B 

GR-F Conventional composite associated with 

flowable base 

10 1,615.70  1198.90 1454.43 A 

CTL

11

1 

FS

11

1 

FB

11

1 

11

1 

FS-F GR

11

1 

AF

11

1 

GR-F 
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Figure 2. Frequency distribution of the failure modes.  

 

 

 

 

  
Figure 3. Specimen from group GR-F showing 
cohesive failure in the restoration (R).  

Figure 4. Specimen from group FS-F showing 
cohesive failure in the tooth with exposure of 
enamel (E) and dentin (D). 
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Figure 5. Specimen from group GR-F showing failure 
of the restoration (R) and enamel (E). 
 

Figure 6. Specimen from group FS-F showing failure 
of the restoration (R) and enamel (E) / dentin (D).  

  
Figure 7. Specimen from group GR showing failure 
of the restoration (R) and enamel (E) / dentin (D) 
below the cemento-enamel junction (CEJ).  

Figure 8. Specimen from group GR showing axial 
failure of the restoration (R) and tooth structure 
with exposure of enamel (E) and dentin (D). 

 
 

 

Discussion 

In this study, bulk-fill composite resins and conventional composite resins 

with and without intermediate flowable bases were compared to evaluate the 

fracture strength of restored teeth with extensive cusp-weakening Class I 

preparations. The null hypothesis was rejected since there were found differences 

in fracture strength of teeth restored with different restorative protocols.  

In the present study, restorations made with both nanofilled composites, 

bulk-fill and conventional, with or without a flowable base resulted in similar 

fracture strength. Other studies demonstrated similar fracture strength when the 

same nanofilled bulk-fill composite was placed in a single increment compared 

5 6 

7 8 

R 

D 

E 

R 
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with restorations placed with the layering technique.1,33-35 One of these studies 

also showed that this composite achieved higher fracture strength values, 

regardless of covering with a conventional composite or using extended light-

curing.35  

Typically, composites with higher filler loading have been associated with 

higher mechanical properties.36,37 In the present study, despite the different 

composition and filler content of the bulk-fill composites, the fracture strength of 

both groups restored with bulk-fill was similar. Thus, other aspects, such as size, 

shape, and type of filler particles must be responsible for the mechanical behavior 

of composite resins. In the case of the nanofilled composites, this could be related 

to the presence of the zirconia/silica filler particles and nanoclusters.38-40 

Spheroidal fillers present in the nanofilled composite resin have been associated 

with reduced stress concentration compared with the sharp edges of irregular-

shaped filler particles.41 A recent study demonstrated that silica nanoclusters have 

better stress distribution during a compression test, probably due to their 

doughnut-shape morphology.42   

In our results, the nanohybrid conventional composite associated with the 

flowable bulk-fill composite as an intermediate base exhibited higher fracture 

strength in comparison with the ORMOCER® and the conventional composite 

without a base. A recent study showed that flowable bulk-fill composite developed 

significantly lower linear shrinkage than a conventional composite,43 as well as 

higher flexural strength and Weibull modulus than bulk-fill composites.44 Likewise, 

it was shown that the use of this flowable bulk-fill composite as a base 

significantly reduced cuspal deflection in standardized Class II cavities when 

compared to nanohybrid conventional composite restorations using an oblique 

incremental filling technique.45  

In this study, the ORMOCER® composite resulted in the lowest fracture 

strength mean among all the materials tested, although not different from the 

nanofilled composites and the nanohybrid conventional composite using the 

incremental technique. In a recent study evaluating cuspal deflection of teeth 

restored with different resin composites, ORMOCER®s obtained the lowest 

volumetric cuspal deflection compared to other bulk-fill composites.46 Additionally, 

ORMOCER®-based bulk-fill composites showed a reduced polymerization 

shrinkage when compared with other high and low-viscosity bulk-fill composites 
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and hybrid composites, which was attributed to its resin matrix consisting of 

inorganic–organic copolymers instead of classic monomers and its reduced 

amount of organic resin compared with dimethacrylate-based composites.43,47   

Fracture analysis in this study indicated that the group restored with 

nanocomposite, with the incremental technique, obtained a higher frequency of 

failures with root fractures. Nanohybrid composite with and without flowable base 

exhibited some catastrophic failures, with axial fracture of teeth. When a fracture 

occurs, it is always desirable to deal with a reparable fracture rather than an 

unfavorable condition. Fractures involving the root are usually difficult to restore 

and surgical procedures may be needed, prolonging the treatment and making it 

more complex.48   

Due to the presence of an organic matrix, the mechanical properties and 

clinical longevity of resin-based composite materials subjected to aging can 

decrease.49 Based on the literature reviewed, there is no clear statement of a 

standardized aging protocol, with varied a number of cycles, frequency and load 

being applied to the specimens. Thus, the choice between thermocycling,35,50 

mechanical load cycling,1 both, or none,31,33,34,51 is rather arbitrary. The present 

study used both protocols, thermocycling and mechanical load cycling, with 

20,000 and 500,000 cycles, respectively. It has been previously reported that 

10,000 cycles of thermocycling correspond to a service year,52 and that 2 x 106 

cycles correspond to approximately 4 years of normal occlusal and masticatory 

activity.53  

Although in vitro studies provide information about the general 

characteristics of the materials, their interpretations should consider aspects 

regarding the intraoral environment. Hence, further in vivo studies are required for 

bulk-filled composites to replace the gold standard incremental placement 

technique in case of weakened cusp preparations. 

 

Conclusion 

Considering the limitations of this study, it was possible to conclude that: 

- Restorations made with a nanofilled bulk-fill composite or with a 

conventional resin composite associated with a flowable bulk-fill base 

reestablished the fracture strength of weakened teeth to that of sound teeth; 
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- The nanohybrid composite used in this study improved its behavior by the 

presence of a flowable base;  

- Both bulk-fill composites demonstrated similar fracture resistance to that 

of conventional composites using the incremental technique. 
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