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Adhesive bond strength and polymerization shrinkage are influenced by many different 

factors, including etching mode and light properties of a curing source. Different etching and 
curing techniques have been developed in an attempt to reduce polymerization shrinkage and 
stress development, thereby increasing the bond strength at the composite/dentine interface. 
The purpose of this study was to evaluate the influence of total-etch and self-etch mode as well 
as continuous and soft-start light curing mode on micro-tensile bond strength of bulkfill 
composite to dentine using universal adhesive. According to the etching and lightcuring mode 
applied, teeth were randomly divided into four different groups (n = 15): TC (total-etch, 
continuous mode), TS (total-etch, soft-start), SC (soft-start, continuous mode) and SS (self-
etch, soft-start). Cylindric composite build-ups were made with 3M FiltekBulkfill Posterior. 
Specimens were subjected to micro tensile bond strength test in a universal testing machine at 
a crosshead speed of 0.5 mm/min. The failure force was recorded in Newton (N) and calculated 
in MPa as a ratio of Newton to the surface of the bonded area. Data were analyzed using two-
way ANOVA and Students t-test.Micro tensile bond strength was not affected by the lightcuring 
mode since no significant statistical difference was determined between the continuous and 
soft-start groups, irrespective of the etching mode used. On the other hand, micro tensile bond 
strength was highly influenced by the etching mode since significant statistical difference was 
determined between the total-etch and self-etch groups, irrespective of the lightcuring mode. 
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Introduction 
 
Strong adhesive bond between the filling and 

cavity walls is mandatory for long-lasting composite 
restorations. To achieve a strong adhesive bond, 
proper clinical technique and tooth surface prepara-
tion is required (1). The quality of adhesive bond is 

usually determined by measuring micro tensile or 
shear bond strength to enamel or dentine. Achieving 
optimal adhesive bond to dentine is more compli-
cated when compared to enamel, due to the 

presence of smear layer and histological differences 
between the two substrates (2).  

In order to improve their clinical efficacy, the 
composition of dental adhesive systems is under 
constant development and new products are con-
tinuously introduced to the market. As a result, 
several generations of bonding agents are now 

available in the dental market with different number 
of bottles and their application technique (3). Multi-
step total-etch adhesives are still considered to be 
the gold standard in achieving a strong bond despite 
of their time-consuming and technique-sensitive ap-

plication. On the other hand, self-etch adhesives 

have greatly simplified the adhesive application pro-
cess since they do not require a separate acid 
etching step, rinsing and drying. These systems 
have gained a lot of popularity in the last few years 
because they are extremely easy to use and time-
saving (4). 

The most recently introduced adhesive sys-

tem to the dental market is "universal" or "multi-
mode" adhesive which can be applied in total-etch, 
self-etch, or selective-etch mode, as well as on dif-
ferent materials. The goal of this new adhesive 
system is to further simplify the bonding procedure 
and clinicians’ decision making when considering 
bonding agents and adhesive techniques (5). 
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However, universal adhesives have raised a lot of 

controversy regarding their bond strength and cli-

nical performance. Manufacturers claim that optimal 
bond strength can be achieved regardless of the 
chosen application technique. The exact composition 
of new adhesives is never fully disclosed and infor-
mation about the rate of shrinkage and hardness of 

adhesives after polymerization is very limited (6). 
The purpose of this study was to evaluate the 

influence of different etching and light curing modes 
on the micro-tensile bond strength of universal ad-
hesive to dentine. The following null hypotheses 
were tested in this study:  

(1) etching mode will have no significant im-

pact on micro tensile bond strength and there would 
be no significant difference between the total-etch 
and self-etch mode;  

(2) light curing mode will have no significant 
impact on micro tensile bond strength and there 
would be no significant difference between the con-
tinuous and soft-start mode;  

(3) etching and light curing mode interaction 
will have no significant impact on micro tensile bond 
strength. 

 
Materials and methods 
 

Sixty non-carious human teeth, extracted for 
periodontal, prosthetic and orthodontic purposes, 
were used in order to achieve the goal of this study. 
After extraction, the teeth were purified from blood 
and periodontal tissue detritus with a hard brush and 
stored in physiological saline at room temperature. 

In order to expose a flat dentine surface, teeth were 

sectioned in mesio-distal direction, parallel to their 
longitudinal axis, using low-speed diamond saw with 
water cooling. The exposed areas of dentine were 
then polished with silicone discs of different fineness 
(coarse, medium, fine). The smear layer from the 
exposed surface of dentine was removed by brush-

ing with a soft brush under running water for 60s. 

Samples were then transferred to an ultrasonic bath 

at 25 OC for 45 minutes. In order to mimic the hu-
mid environment in the oral cavity, prepared samp-
les were stored in distilled water at room tempe-
rature, before use. The obtained dentine plates were 
then deposited into cylindric molds and fixed with 

super-hard stone, class IV (Zhermack Elite Stone).  
The teeth were randomly divided into four  

different groups (n = 15) based on the etching and 
light curing mode applied: TC (total-etch, continuous 
mode), TS (total-etch, soft-start mode), SC (self-
etch, continuous mode) and SS (self-etch, soft-start 
mode). In groups TC and TS, the exposed surface of 

dentine was etched according to the manufacturer's 
instructions with 37% phosphoric acid for 15s. The 
acid was thoroughly rinsed with water-spray for 10s 

and air-dried for 5s. 3M Universal Single Bond was 
then applied by micro brush for 5s and mildly air-
dried for 5s until a uniform glass-like dentine surface 
was obtained. The adhesive was then light cured for 

10s in the continuous or soft-start mode according 
to their respective groups, using Woodpecker Led-G 
lightcuring device. In groups SC and SS, the etching 
step was excluded, so the 3M Universal Single Bond 
was applied directly to the prepared dentine surface 
the same way as before. Cylindric composite build-

ups were made with3M FiltekBulkfill Posterior, using 
a plastic mold, 4mm in diameter and 4mm in height. 
Bulkfill composite was carefully packed in one layer 
and light cured in either continuous (1200 mW/cm2 
for 40s) or soft-start mode (400 mW/cm2 for 10s + 
1200 mW/cm2 for 30s) according to their respective 

groups. The distance between the tip of the light 

curing device and the surface of the specimens was 
minimal.Plastic molds were then removed and sam-
ples were stored in a water bath at 37 OC before 
use. The materials used in this study are shown in 
Table 1. 

 

 
 

Table 1. List of products used 

 

Product Manufacturer Description 

3M Universal Single Bond 3M ESPE (USA) Universal adhesive 

3M Etchant Gel 3M ESPE (USA) 37% Phosphoric acid 

3M FiltekBulkfill Posterior 3M ESPE (USA) Composite material 

Zhermack Elite Stone Zhermack (Germany) Class IV stone 

 
 
 

After 24 hours, specimens were subjected to 
micro tensile bond strength test in a universal test-

ing machine (Wagezelle Load Cell, Hottinger Baldwin 
Messtechnik, Germany), at a crosshead speed of 0.5 
mm/min. Specimens were secured in a metal base 
so that the bonded cylinder base was parallel to the 
shear force direction. The failure force was recorded 
in Newton (N) and calculated in MPa as a ratio of 
Newton to surface of the bonded area. 

Statistical analysis was performed with SPSS 
soft-ware (version 23.0). Descriptive statistics, in-

cluding the mean, standard deviation, minimum and 
maximum values were calculated for all groups.  

Kolmogorov–Smirnov test was applied to con-
firm the normal distribution of the results. Two-way 
ANOVA (etching and light curing mode) and 
Students t-test were applied to determine whether 
significant differences in debond values existed 
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among the groups. Significance for all statistical 

tests was predetermined at p < 0.05. 

 
Results 
 
Descriptive statistics of the microtensile bond 

strength of different groups is illustrated in Table 2. 

The highest average bond strength value was re-
lated to TC group and the lowest bond strength 
value was recorded in the SS group. Kolmogorov-
Smirnov test found normal data distributions (p > 
0.05). Two-way ANOVA (Table 3) indicated that 
there were statistically significant differences for the 
variable etching mode (p = 0.003), but failed to 

identify statistically significant differences for the va-

riable light curing mode (p = 0.406) and any in-

teraction between variables (p = 0.829). Students t-
test identified significant statistical difference be-
tween the groups that have been conditioned with 
acid and the untreated groups, in general (Table 4). 
Higher bond strength was obtained in groups TC and 

TS compared to SC and SS (p < 0.05). No signifi-
cant statistical difference was determined between 
the continuous and soft-start groups, in general 
(Table 5). Higher bond strength was obtained in 
groups TC and SC compared to TS and SS (p < 
0.05). 

 

 
 
 

 
Table 2. Descriptive statistics (in MPa) of microtensile bond strengths of the 4 subgroups tested 

 

 Mean ± SD Min Max 

TC 28.2 ± 7.2 18.3 41 

TS 26.6 ± 6.6 17.9 37.9 

SC 23.1 ± 4 18.7 31 

SS 22.2 ± 5.1 14.2 30.5 

TC (total-etch,continuous); SC (self-etch,continuous); 
TS (total-etch,soft-start); SS (self-etch,soft-start) 

 
 
 

 
Table 3. Two-way analysis of variance 

 

 Sum of Squares Df Mean Squares F Sig 

Etching mode 332.762 1 332.762 9.644 0.003* 

Curing mode 24.193 1 24.193 0.701 0.406 

Interaction 1.633 1 1.633 0.047 0.829 

*Statistical significance at the level of 5%.     Df-degrees of freedom. 

 
 
 
 

Table 4. Statistical comparison between the total-etch and self-etch groups 

 

 Mean ± SD t p 

TC & TS 27.4 ± 6.8 
0.009* 0.05 

SC & SS 22.7 ± 4.5 

*Statistical significance at the level of 5%. 
 
 
 
 

Table 5. Statistical comparison between the continuous and soft-start groups 
 

 Mean ± SD t p 

TC & SC 25.7 ± 6.3 
0.955 0.05 

TS & SS 24.4 ± 6.2 
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Discussion 

 
Bond strength depends on a number of dif-

ferent factors, such as etching mode, light curing 
mode, composite resin type, filling technique, cavity 
shape and size. Previous research suggest that 
etching mode has the greatest impact on micro 
tensile bond strength (7). Curing mode may also 
significantly affect bond strength by regulating the 
degree of polymerization shrinkage which can be 
transferred to the bonding interface in the form of 
debonding tensile forces. Soft-start is a modified, 
two-step light curing mode which uses an initial low-
light intensity to minimize the stress generated du-
ring polymerization, followed by a higher light in-
tensity to provide proper mechanical properties (8). 
It has been previously reported that by slowing 
down the conversion in initial phase, negative effects 
of polymerization shrinkage and stress development 
on adhesive bond strength can be reduced at least 
to some extent (9).Thus light intensity and soft-start 
mode also affect the resin monomer penetrating the 
dentin collagen fiber network in forming the hybrid 
layer, thereby influencing the dentin bond perfor-
mance (10). 

The first null hypothesis of this study was 
rejected. Two-way ANOVA showed that the micro 
tensile bond strength is highly technique-dependent. 
Student’s t-test also confirmed that there was a 
significant difference between the total-etch and 
self-etch groups, irrespective of the curing mode. 
Significantly higher bond strength was determined in 
TC and TS groups probably due to the formation of 
porosities in the dentine surface and penetration of 
resin into the porosities. Our findings are in line with 
those of previous studies conducted by Pouyanfaret 
al. which indicate that cavity treatment with phos-
phoric acid significantly increases the microretential 
surface and enables the formation of a thick hybrid 
layer (5-50μm) (11). On the other hand, self-etch 
adhesive systems cause partial and superficial demi-
neralization of the smear layer and dentin because 
of the presence of weaker acidic primers. Since de-
mineralization depth depends on the pH of the acid 
monomer, hybrid layer formed in self-etch mode is 
much thinner (5-8μm)(12). In a study conducted by 
Manfroi et al. SEM analysis revealed apparent mor-
phological differences in the bond interface between 
the total-etch and self-etch adhesive systems. It can 
be concluded that although eliminating the etch and 
rinse step may simplify the process of adhesive 

application, it does not necessarily result in higher 
clinical success rate (13). 

The second null hypothesis of this study was 
accepted. Two-way ANOVA showed that the micro 
tensile bond strength is not light-dependent. 
Student’s t-test confirmed there was no significant 
difference between the continuous and soft-start 
groups, irrespective of the etching mode. Results of 
previous studies researching modified light curing 
protocols are contradictory, so opinions of the scien-
tific community on the matter are divided (14). Also, 
there is still no agreement about the ideal light 
intensity in the initial phase of soft-start mode (15). 
Too high or too low initial intensity cannot achieve a 
good curing effect, so we used initial light intensity 
of 400mW/cm2 in our experiment. In theory, soft-
start should provide significant benefits to bond 
strength by reducing the degree of polymerization 
shrinkage and stress development (16). However, 
the results of our in vitro study revealed no signifi-
cant influence of soft-start mode on bond strength. 
Moreover, higher values of micro tensile bond 
strength were determined when continuous mode 
was used. Thus, the benefits of soft-start light curing 
still remain questionable and further research is 
required to determine the relationship between light 
transmission and adhesive bond strength (17).  

The third null hypothesis of this study was 
accepted. Interaction between the etching and 
curing mode had no significant impact on micro 
tensile bond strength. Important limitation of this 
study was that no thermal cycling or artificial aging 
was performed to better simulate clinical conditions. 

 
Conclusion 
 
According to the methodology employed and 

based on the obtained results, it can be concluded 
that micro tensile bond strength of universal ad-

hesive to dentine was significantly affected by the 
etching mode. Higher bond strength was determined 
in total-etch mode, irrespective of the curing mode 
applied. Micro tensile bond strength of universal 
adhesive was not affected by the curing mode. 
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Na jačinu adhezivne veze i polimerizacionu kontrakciju utiču mnogi različiti faktori, 

uključujući tehniku nagrizanja i svetlosna svojstva izvora za polimerizaciju. Vremenom su 
razvijene različite tehnike adhezije i svetlosne polimerizcije, u cilju redukcije polimerizacione 

kontrakcije i razvoja stresa, čime se povećava jačina adhezivne veze na spoju kompozit — 

dentin.  
Cilj ove studije bila je procena uticaja totalnonagrizajuće i samonagrizajuće tehnike, 

kao i kontinuiranog i rastućeg svetlosnopolimerizujućeg režima na jačinu adhezivne veze 
kompozita za dentin, primenom univerzalnog adhezivnog sistema.  

Na osnovu primenjene tehnike nagrizanja i svetlosnopolimerizujućeg režima, uzorci su 
nasumično podeljeni u 4 grupe (n = 15): TC (totalnonagrizanje, kontinuirani režim), TS 
(totalnonagrizanje, rastući režim), SC (samonagrizanje, kontinuirani režim) i SS (samona-
grizanje, rastući režim).  

Cilindrične kompozitne nadogradnje napravljene su od 3M FiltekBulkfill Posterior. Uzorci 
su podvrgnuti testiranju jačine adhezivne veze mikrozatezanjem u univerzalnoj mašini za 
testiranje, pri brzini pomeranja od 0,5 mm/min. Sila pucanja detektovana je u Njutnima (N) i 
preračunata u megapaskale (MPa), kao odnos Njutna prema površini bonding regije. Podaci 
su analizirani testom Two-way ANOVA i Studentovim t-testom. Režim svetlosne polimerizacije 
nije uticao na jačinu adhezivne veze, pošto nije utvrđena statistički značajna razlika između 
kontinuiranih i rastućih grupa, nezavisno od primenjene tehnike nagrizanja. Sa druge strane, 
jačina adhezivne veze u velikoj meri zavisi od tehnike nagrizanja, pošto je utvrđena statistički 
značajna razlika između totalnonagrizajućih i samonagrizajućih grupa, nezavisno od režima 
svetlosne polimerizacije. 
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