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An in vitro evaluation of microleakage of a bulk fill 

composite resin in class V cavities cured by two pulse 
modes 
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Abstract 
Aim: To evaluate the effect of two curing modes on the microleakage of a bulk-fill flowable composite 
resin, Surefil SDR Flow. 
Methodology: Extracted maxillary premolars were used for this study. Standardized class V cavities 
were prepared on buccal and palatal surfaces of each tooth and restored with the flowable composite, 
Surefil SDR Flow. Based on the curing protocol the teeth were divided into two groups. Restoration on 
the buccal surface of the teeth were subjected to low power polymerization, were grouped as the group I 
and the restorations on the palatal surfaces were subjected to soft start polymerization and were grouped 
as group II. All the samples were immersed in 0.5% basic fuchsin solution and was subjected to 
microleakage assessment. The samples were then sectioned, evaluated under a stereomicroscope and 
scored for microleakage. Analysis of variance (ANOVA) has been used to find the significance of study 
parameters between the groups. 
Results: Light curing with a Bluephase curing unit in the soft start mode showed significantly less 
microleakage (p<.019) as compared to the low power mode polymerization. 
Conclusion: Within the limitations of this study it was concluded that the soft start polymerization mode 
offered a distinctive advantage over the low power curing protocol using Bluephase curing unit 
 
Keywords: Microleakage, polymerization shrinkage, soft start polymerization, low power 
polymerization, Blue phase curing unit 
 
1. Introduction 
The direct cosmetic restoration has become a vital and important part of the dental profession 
and one of the fastest growing areas of dentistry. Developments in filler technology and 
initiator systems have considerably improved physical properties of composite systems and 
expanded their clinical applications [2]. 

One major drawback of resin composite restorative materials is the polymerization shrinkage, 
caused by the dimensional rearrangement of monomers into polymer chains during 
polymerization reaction [3]. Numerous approaches have been proposed to minimize the 
shrinkage stress by manipulation of curing protocols and placement techniques. Some of the 
techniques to decrease polymerization shrinkage are: 1. Altered light curing cycles, 2.Three 
sited light curing techniques, 3. Incremental curing of composites-layering techniques, 4. 
Intermediate elastic bonding concept, 5. Stress breaking liners under composites [7]. Altering 
the light curing cycle by initial polymerization with low intensity light followed by final cure 
with high intensity light may result in improved marginal integrity without losing the material 
properties. The aim of the technique using low light curing intensity is to prolong the time span 
before gel point is reached and to increase the material flow capability. Afterwards, high light 
intensity is necessary to achieve complete polymerization and optimal mechanical properties 
[8]. 

Flowable restorative resins with a low viscosity are recommended as the material of choice for 
restoring Class V cavities. However, due to its lower filler content, they demonstrate higher 
polymerization shrinkage and have inferior mechanical properties [9]. The manufacturers claim 
that SureFil® SDR® flow is the very first self-leveling, bulk fill flowable composite and has 
excellent cavity adaptation to completely fill all the crevices.  
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Bluephase 20i the battery-Operated Polywave LED with 
halogen-like broadband spectrum from 385 to 515nm.  

To the best of our knowledge, there is no reported study 
assessing the degree of microleakage of flowable resin, Surefil 
SDR on both enamel and dentin. The aim of the present study 
was to evaluate the effect of two curing modes on the 
microleakage of a bulk fill composite resin, Surefil SDR Flow. 
 
2. Materials and Methods 
 

 
 

Fig 1: Materials and equipments 
Fig 2: The tooth samples 
Fig 3: Class V cavities dimension 
Fig 4: The samples after immersion in 0.5% basic fuchsin dye 
Fig 5: The specimens after buccolingual sectioning 
 
2.1 Selection of teeth 
Ten premolars, free of caries, cervical wear, cracks and of 
comparable dimension, extracted for orthodontic reasons, from 
subjects between the age group 15-24years were selected for 
the study.  
Class V cavities were prepared on both the buccal and lingual 
surfaces, located 1mm coronal to the CEJ with all the 
preparation margins in enamel. 
 
 

Standardised box shaped class V cavities with a uniform 
mesiodistal extension of 4mm, occluso cervical length of 2mm 
and depth of 2mm were prepared with a tungsten carbide bur 
(# 245 Mani Inc, Japan) in a high speed handpiece with air/ 
water spray. All the dimensions were evaluated using a digital 
sliding caliper and a periodontal probe. The cavosurface walls 
were finished to butt joint. 
 
2.2 Restorative procedure 
After cavity preparation, the cavity walls were etched with 
37% phosphoric acid (3M-ESPE Scotchbond Multi-Purpose 
Etchant) for 15 seconds and rinsed with air/water spray for 15 
seconds. This was followed by application and light curing of 
the bonding agent (Adper™ Single Bond Total-Etch 
Adhesive). The samples were then divided into groups based 
upon the curing method: Group 1: the buccal surface which 
received low power curing (650 mW/cm2) and  
Group 2: the palatal surface which received the soft start mode 
of curing (650mW/cm2-1200mW/cm2) using the Bluephase 
curing unit. Each preparation  
was then restored with the flowable composite (SureFil SDR 
Flow) and cured according to the aforementioned protocol. All 
restorations were finished (FG 7612, Gold finishing bur, Prima 
Dental Group, Gloucester, UK) and subsequently polished 
(Sof-lex, 3M ESPE, St Paul, MN) 
 
2.3 Microleakage testing 
The root apices were sealed with composite resin, and the teeth 
were coated with two layers of nail varnish except for a 
window including the restoration and 1mm area around it. 
Samples were then immersed in a solution of 0.5% basic 
fuchsin dye and stored in an incubator for 24 hours. 
Then each tooth was sectioned longitudinally in a bucco-
lingual plane through the center of the restoration with a water 
cooled, slow speed diamond disk to obtain two sections of 
each tooth, having buccal and lingual restorations in each 
section. 
The marginal sealing ability, as indicated by the depth of dye 
penetration around the enamel or dentin margins, was 
evaluated under a stereomicroscope (SZTP, Olympus, Japan) 
at 10x22 magnification and were photographed. 
The dye penetration along the tooth restoration interface were 
scored by two investigators using a four point scale as17 

0: no leakage; 
1. leakage extending to one-third of the depth of the 

restoration; 
2. leakage extending to two-thirds of the depth of the 

restoration; 
3. leakage extending to the floor of the restoration; 
4. leakage extending beyond the floor of the restoration.  
 
2.4 Statistical Analysis 
Analysis of variance (ANOVA) has been used to find the 
significance of study parameters between the groups. Chi-
square/ Fisher Exact test has been used to find the significance 
of study parameters on categorical scale between two or more 
groups. 
 
3. Results 
Fischer Exact test showed a statistically significant difference 
between the groups. Light curing with the Bluephase unit in 
the soft start mode showed the least leakage compared to the 
low power mode of curing. The low power mode of curing 
showed significant leakage when compared to the soft start 
mode of curing. (Graph 1) 



 

~ 21 ~ 

International Journal of Applied Dental Sciences

 
 

Graph 1: Graphical representation of the dye leakage scores 
 
4. Discussion 
Polymerization stresses developed at the adhesive interface 
play an important role on the marginal adaptation of resin 
composite restorations, and it is still a major concern in 
restorative dentistry. One way to minimize polymerization 
shrinkage is to allow the flow of resin composite during setting 
by means of controlled polymerization. The rate at which 
polymerization occurs is the main factor related to the tensile 
forces along the tooth-restoration interface. This can be done 
by pre-polymerization at low power density followed by final 
cure at high power density [12]. It has been claimed that slower 
polymerization causes an improved flow of molecules in the 
material, decreasing the polymerization shrinkage stress in a 
restoration. It has been shown that soft start polymerization 
may result in lesser marginal gap, increased marginal integrity 
and reduced shrinkage [12, 18-21] 
Microleakage evaluation is the most common method of 
assessing the sealing efficiency of a restorative system. The 
current in vitro study was carried out to further investigate the 
role of curing mode on the polymerization shrinkage of a 
flowable bulk fill composite resin. Cavity configuration factor 
(C factor) plays an important role in the polymerization 
shrinkage of composite resins. The class V cavities prepared in 
this study, with a C factor of 5, were associated with high 
internal contraction stresses. 
All the cavities were prepared and restored by one operator to 
standardize the methodology. The composite material and the 
bonding agent were standardized in the study to truly evaluate 
the effects of variable intensity cycles on polymerization 
shrinkage. Fifth generation bonding systems are good 
alternatives to total etch three step adhesive systems, and 
superior to single step sixth generation adhesive systems, with 
respect to microleakage [13]. Higher bond strength values have 
also been confirmed with the wet bonding technique [14]. 

Hence, the fifth generation bonding agent, Adper Single Bond 
2 based on total etch, wet bonding concept was employed in 
the study. Using one adhesive system and one resin composite 
restorative material reduced the confounding variables in the 
study. 
Recently extracted, intact premolars, for orthodontic reasons 
were used to avoid variability. The above factors, viz. the 
combination of resin composite associated with high 
polymerization shrinkage and a cavity with a high C factor, 
posed a great challenge to the tooth restoration interface. As all 
of the factors were standardized, any reduction in the 
polymerization shrinkage could be attributed to the light 
curing regimen.  
Friedl. K.H et al. investigated the adaptation of class V 
restorations under SEM and infrared and concluded that the 
correct diagnosis of gap formations at the resin-tooth interface 
may get obscured due to marginal swelling of the material, 
resulting in incorrect observations under SEM and commented 

that dye penetration is an important tool in assessing the 
marginal adaptation [15]. Various tracer dyes are available for 
microleakage studies and there appears to be no significant 
difference in tracer penetration among fuchsin, silver nitrate 
and methylene blue. In the current study of 0.5% basic fuchsin 
dye has been used to evaluate the microleakage. 
Light intensity and polymerization time can modify polymer 
structure formation (Asmussen et al., 2003). Altering the 
curing mode will provide an initial low rate of polymerization 
thereby extending the time available for stress relaxation 
before reaching the gel point. A low intensity light prolongs 
the flow time of the composite, decreasing the stress during 
polymerization, however a high light intensity is needed for 
complete polymerization and optimal mechanical properties. 
In the current study which aims at comparing the different 
curing modes, the soft start technique presented lower leakage 
means compared to the low power polymerization. This can be 
explained by considering the chemistry of polymerization. The 
polymerization shrinkage has three didactical phases: The pre 
gel phase, the gel point and the post gel phase [16]. During the 
initial phase of polymerization, the early polymer is still in a 
fluid and flexible stage. As curing begins, the polymer flows 
from unbound surfaces to accommodate for shrinkage. The 
stress developed from shrinkage can thus be relieved by 
composite flow, and no stresses are developed at the tooth-
restoration interface. 
The gel point is the phase where resin changes from a viscous 
paste to an elastic solid. After gelation, flow ceases and cannot 
compensate for the shrinkage stresss. In this stage, stress is 
transferred to the tooth. Thus, post- gel polymerization results 
in significant stresses in the surrounding tooth structure and 
composite-tooth bond [17]. 

During the soft start polymerization, the intensity of the initial 
irradiation is not to promote a thorough cure of the composite. 
However, the intensity must have sufficient penetration 
capacity so that the initiators of deeper material are activated, 
leading to a slow but homogeneous cure [17, 18]. This allows 
most of the polymerization contraction to occur during the 
flowable stage of material, permitting the resin to flow within 
itself, and preventing it from pulling away from the cavity 
walls [20]. 

The above was clearly reflected in the study where the soft 
start mode showed distinctive less microleakage. 
 
5. Conclusion 
Within the limitations of this study it was concluded that  
 The soft start polymerization mode offered a distinctive 

advantage over the standard curing protocol using 
Bluephase curing unit for the bulk fill composite resin, 
Surefil SDR Flow. 

 The low intensity mode of curing resulted in significantly 
more leakage compared to the soft start method. 
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