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Abstract 

Resin based dental composites are widely used for both 

anterior and posterior restorations. They have comparable 

mechanical properties to dentin, ability to bond to tooth 

tissues and superior aesthetics make them more favourable 

than other restorative materials. However, failures of 

dental restorations occur in clinical service. One of the 

reasons for failure is the small repeated masticatory forces 

(cyclic loads) that form an initial crack and accelerate the 

crack growth which may eventually fracture the material. 

Fatigue failure of resin composites is also induced by 

water attack (oral environment) over a period of time. The 

aim of the study is to determine the effects of cyclic 

loading (dry and wet conditions) on the longevity of the 

dental composites. A total number of 60 cylindrical 

specimens were prepared  from three different types of 

composites (microhybrid, nanohybrid and bulkfill. half of 

the specimens were stored in distilled water for 4weeks 

and the rest specimens were stored dry. The specimens 

were subjected to cyclic loading at 150N at 2Hz frequency 

until failure. the number of cycles were recorded and 

subjected to statistical analysis. It was concluded that the 

cyclic loading significantly (p<0.05) reduced the longevity 

of the composite under wet conditions. The bulkfill 

composites showed significantly (p<0.05) higher number 

of cycles when compared with other types of composites 

depicting longer clinical service.  

Keywords:   Bulkfill composites, Cyclic loading,   

Fatigue failure.   

Introduction 

In the past few decades, several new dental composites for 

aesthetic posterior restorations have emerged. Overcoming 
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few drawbacks like reduced strength, increased 

polymerisation shrinkage, these materials have been 

improved over time to meet the critical needs of 

reliability, durability, and longevity.
1 

Manufacturers have 

made the improvements by modifying the composite resin 

composition by incorporating higher filler loading with 

glass fibers, porous filler particles, irregular filler 

particles, glass filler particles, and viscosity modifiers.2    

These material properties in turn provide useful guidelines 

for designing and selecting materials with a higher 

likelihood of clinical success. With the introduction of 

nanohybrid technology, the composites are suitable for 

both anterior and posterior restorations as they provide 

adequate resistance in high stress bearing areas and 

superior esthetics than microhybrids. Nowadays, bulkfill 

composites are most commonly used in posterior 

restorations and have to provide lower cusp strain, 

shrinkage stress and higher fracture resistance. 3 

However, the resin based composites over a period of time 

fail in their clinical service and requires replacement. The 

replacement of failed restorations consumes the majority 

of a dentist’s daily activities. In fact, replacing failed 

restorations accounts for 50–70% of all clinical work 

performed. 4 

The two major reasons for restored tooth failure are 

recurrent caries and fractures.5 Restorative materials are 

subjected to cyclic loading (fatigue) during mastication, 

and evidence exists pointing to fatigue being responsible 

for the wear, chipping, and generalized failure of dental 

restorative materials. 6 

Fatigue is regarded as the reduction in load-carrying 

capacity of a material subjected to cyclic stresses and 

results from an accumulation and growth of damage. As 

such, conditions that involve repetitive loads warrant 

consideration of fatigue-related material failures. The 

cyclic nature of mastication, and the delayed failure of 

restorations after a period of oral function, clearly suggest 

that an understanding of fatigue is relevant to the success 

of restorative dentistry. 2 The naturally occurring loading 

of a filling was estimated at between 5 and 20MPa.7  

Fatigue failure in dental composites is induced by 

corrosive water attack and cyclic masticatory forces. The 

presence of water exposure brings about a host of 

weakening effects on resin composites that serve to 

accelerate slow crack growth: degradation of filler-matrix 

interface, elution, and swelling or viscoelastic effect on 

the matrix.8 The failure of structural materials that are 

designed to withstand mechanical loading can result from 

a variety of causes. While failures associated with 

overloads are generally considered first, fatigue is more 

often the primary mode of failure of load-bearing 

structures 9 

Fracture mechanics provides a basis for estimating 

component lifetime clinical service. Most of the studies 

perform testing by subjecting the material to static loading 

and thereby determining the compressive strength. In oral 

environment or in vivo conditions, there is an ongoing 

cyclic loading by masticatory forces which can determine 

the clinical success of the restoration. 

Thus, the aim of the study was to determine the effects of 

cyclic fatigue loading on three different types of 

commonly used resin composite materials under dry and 

wet conditions simulating the clinical situations 

Materials and Methods 

For the study, three light cured composites were chosen 

based on different filler size and distribution namely, 

microhybrid, nanohybrid and bulkfill composites. Table 1 

list the three types of commercially available dental 

composites used in this study together with their 

compositions. For this study, a total of 60 cylindrical 

specimens (n=20 per group) measuring 8mm diameter and 
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4mm height were fabricated using a polyethylene mould 

(Fig 1).  

The materials were packed incrementally for micro and 

nanohybrid whereas for bulkfill a direct 4mm material was 

placed. Each increment was cured for 20 seconds with 

LED lamp (LEDition, Ivoclar Vivadent; wavelength 430 – 

490 nm, energy source 600 mW/cm2). The last increment 

of composite was covered with a mylar strip and a glass 

slab to provide a flat, smooth surface and to extrude 

excess material.  

Table 1: Characteristics of dental composite materials 

used in this study  

 

 
Figure 1:  Cylindrical specimen of composite for testing 

Following polymerization, the specimens were removed 

from the mould and were polished with Super Snap 

(Shofu, Inc. Kyoto, Japan) to remove any surface defects 

Fig 2: Digital caliper was used to check the specimen 

dimensions.  

 
Figure 2: Finishing and polishing of the composites 

The specimens with voids, defects or incorrect dimensions 

were discarded. From each group 10 samples were stored 

in distilled water at room temperature (37ºC) for 4weeks to 

simulate oral environment and rest 10 were stored dry. The 

lifetime tests were carried out by submitting the samples to 

a sinusoidal cyclic load and recording the time required for 

specimen failure. 

Cyclic loading was applied with a metallic sphere with 4-

mm diameter in an alternating mode at a frequency of 

Figure 3 (a):  Servo-hydraulic fatigue testing machine 
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Figure 3 (b):  Metallic sphere contacting the specimen 

surface for cyclic loading 

 
Figure 4: Graph depicting number of cycles until failure  

Results 

Table 2 represents the descriptive analysis of all the three 

groups showing the mean number of cycles until fracture. 

It was observed that the number of cycles was highest for 

group C i.e bulkfill composites both under wet and dry 

conditions. The cyclic loading under wet conditions 

significantly (p<0.05) reduced the lifecycle 2 Hz, keeping 

a constant maximum/minimum stress of 150N on the 

specimen surface.The samples were subjected under 

cyclic loading in a servo-hydraulic fatigue testing machine 

(Instron 8874, Instron Corp, Canton, MA, USA) (Fig 3. 

a,b). The time required to fracture the specimen 

determines the clinical service and longevity of the 

restoration under different conditions (Fig 4). of the all the 

three composites when compared with dry environment as 

described in Table 3.  

On inter group comparison using post Hoc Tukey’s test  it 

was observed that Group C was significantly (p<0.05) 

superior in terms number of cycles until fracture when 

compared with both group A and B under  both conditions 

(Table 4). 

The amount of cycles determines the clinical service of 

the material. The cyclic loading under wet conditions 

simulate the clinical masticatory condition. The number of 

cycles for 1 year of clinical service is approximately 2.5 x 

105 cycles and the tested materials showed no failure 

under 2.5 x 105 cycles.  

Discussion 

The composite resin materials undergo frequent loading 

and unloading during mastication in a hostile oral 

environment and result in posterior restorations 

undergoing fatigue and eventually fracture. The success of 

such materials will, therefore, depend partly on the ability 

of the resin matrix, the ceramic filler, and the 

effectiveness of the silanation to resist stress corrosion and 

fatigue. 10  

This study used a more clinically relevant approach, 

which investigated the effect of cyclic loading in 

determining the number of cycles until failure. An 

excellent review of fatigue of restorative materials has 

been done by Baran et al listing the different 

methodologies and response of the numerous dental 

restorative materials.
 11

    

Table 2: Data Descriptive Statistics, Mean & S.D analysis 

of the specimens   
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Table 3: One Way ANOVA analysis  

 
Table 4:  Post Hoc Tukey test analysis 

 
*. The mean difference is significant at the 0.05 level. 

One method is the establishment of fatigue limits for 

resin- composite materials and has been completed by 

many authors. This technique commonly uses the staircase 

approach where a number of cycles to be completed is 

predetermined and the load is varied depending on 

whether the sample fails or does not fail before the 

number of cycles are completed.
12 A second method is the 

fatigue behaviour of a material with respect to stress 

amplitude or stress mean and the number of cycles to 

failure.13 McCool et al. investigated the differences 

between cyclic and dynamic fatigue (which uses a range 

of constant stressing rates) and concluded that cyclic 

fatigue was a more conservative means of predicting 

lifetimes of resin-based composites. 14   

Other studies used different devices with only a vertical 

movement to perform a static fatigue test on the 

specimens. Moreover, the fatigue process used in most of 

these studies was based on performing 40% to 60% of the 

initial static compressive force of a given material (ranges 

from 1000 to 2000 N roughly). For instance, the 50% 

fatigue force for a composite will be on average about 

1200 N, which is far higher than the mean physiological 

chewing force (49-150 N). 15   Thus, cyclic loading uses a 

repeated constant stress on a surface of a material rather 

than continuous load. In this study the cyclic load was 

provided with the help of servo-hydraulic fatigue testing 

machine. Other methods to determine the cyclic fatigue 

include computerized masticatory simulator (chewing 

simulator), biaxial flexural test with a ball-on-ring jig, 

three-point bend test.  

Another parameter which was taken into consideration 

was the effect of wet conditions on composites. Moisture 

can assist in failure of a material in several ways: (i) 

corrosion of the surface which leads to surface flaws; (ii) 

condensation into a crack tip exerting considerable 

capillary pressure acting to open the flaw; (iii) enbrittling 

the material around the crack tip; and (iv) reduction of the 

surface energy necessary to form the new surfaces 

(Bascom, 1974). Stress corrosion by water occurs in three 

general areas: (i) the oxide surface of the filler; (ii) the 

resin immediately adjacent to the filler; and (iii) the bulk 

resin distant from the interface. Moisture-induced failure 

of the composites requires a distinction between the effect 

water can have on the resin alone, and the water attack on 

the resin-filler interface. 10 

The attack of water on composites has been shown to be 

enhanced when fatigue occurs through cycling rather than 

static loading. This observation was in accordance to the 

above results, depicting a significant reduction in the 
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number of cycles of the specimen in wet conditions when 

compared with dry conditions. 16 

The number of cycles were significantly higher (p<0.05) 

for bulkfill composites when compared with micro-hybrid 

and nanohybrid composites. Bulkfill composites have 

higher filler loading and can be cured to greater depths. 

Since, they can be cured in a single increment, there is 

reduction in number of voids during packing of the 

restoration. The mode of fracture for dental composites 

with low filler content has been suggested to be that of a 

crack front which intersects the random particles and is 

required to move between them.17 As the filler content 

increases, or correspondingly the interparticle distance 

decreases, a point is reached where the energy required to 

pass around the particles is equal to the energy required to 

pass through the particles. Once such a point is reached, 

then particle shearing or decohesion of the particles at or 

ahead of the crack tip occurs due to the high localized 

stress in this region. This point will be dependent on the 

fracture toughness of the matrix in combination with the 

filler fracture toughness and the volume percentage 

packing and size of the filler particles. 10 

Yu et al stated that the mean shrinkage of bulk-fill 

composite resins ranges from 1.5% to 3.4%, while this 

range is 2.1% to 4.3% for conventional composites. 18 The 

lower polymerisation shrinkage causes less water sorption 

and elution of resin in the oral environment thereby 

increasing the mechanical integrity and clinical longevity 

of the restoration.  

The sinusoidal cyclic loading was at 150 N which is the 

average force required in chewing. The frequency was 

2Hz which corresponds to the duration of masticatory 

cycle (repetition frequency per second), thus stimulating 

masticatory conditions. All the specimens exceeded 

2.5x105 cycles (i.e) one-year chewing cycle or one year of 

clinical service.   

One of the limitation of this study was the specimens were 

not subjected in a chewing simulator where the specimens 

can be stored in wet conditions while cyclic loading. In 

the present study, radiometer was not used which may 

have influenced the results as there might be variation in 

the polymerization among different specimens. 

Conclusions 

Within the limitations of the present in-vitro study, it was 

concluded that the longevity of the composites were 

affected under wet  and dry conditions with decrease in 

the number of cycles in wet conditions. The highest 

number of cycles were observed in bulkfill composites 

describing increased longevity of the restoration in clinical 

service. 

Abbreviations 

UDMA- Urethane Dimethacrylate  

Bis-GMA- Bisphenol A Glycol Dimethacrylate  

Ethoxylated Bis-EMA- Ethoxylated Bisphenol A Glycol 

Dimethacrylate  

TEGDMA- Triethylene Glycol Dimethacrylate  

LED- Light Emitting Diode 
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