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Do the origins of primary teeth affect the 
bond strength of a self-etching adhesive 
system to dentin?

Abstract: The aim of this in vitro study was to evaluate the tensile bond 
strength of a self-etching adhesive system to three different dentinal sub-
strates. Primary molar teeth that had been recently exfoliated (RE), with 
unknown time of exfoliation (UT), and extracted due to prolonged reten-
tion (PR) were used for this investigation. Ten primary molar teeth of each 
group were cut in the middle following the mesio-distal direction, creat-
ing a total of twenty specimens per group. The specimens were included 
in acrylic resin and had a flat dentin surface exposed. The self-etching 
adhesive system was applied to this surface and a 3-millimeter high cone 
with diameter of 2 mm in the adhesion area was constructed using com-
posite resin. The specimens were stored in distilled water at 37°C for 24 
hours. Fifteen specimens of each substrate were used for the tensile bond 
test (n = 15) and 5 had the interface analyzed by scanning electron mi-
croscopy (SEM). The data was examined by one-way ANOVA and pre-
sented no significant differences between groups (p = 0.5787). The mean 
values obtained for RE, UT and PR were 18.39 ± 9.70, 19.41 ± 7.80, and 
23.30 ± 9.37 MPa, respectively. Any dentinal substrates of primary teeth 
studied are safe for tensile bond strength tests with adhesive systems.

Descriptors: Adhesives; Tensile strength; Dental materials; Dentin; 
Tooth, deciduous.

Introduction
In vitro tests, such as bond strength measurement, microleakage eval-

uation and marginal gap calculation are vital screening tests that serve 
to predict the clinical behavior of new bonding systems.1 In any attempt 
to have more accurate knowledge of the retention capability of bonding 
systems in the clinical situation, the evaluation of bond strength to hard 
dental tissue is usually required.2,3,4

In these laboratory studies, the most suitable substrate is freshly ex-
tracted teeth. However, freshly extracted teeth are of limited availabil-
ity. To meet the target of number of tooth specimens required for an in 
vitro study, freshly extracted teeth are either typically stored in differ-
ent solutions or maintained in a dry state during the collection period. 
Since dentin is a hydrated biological composite structure composed of 
dentinal tubules, intertubular and peritubular matrices, the manner and 
time of storage could cause some changes in the microstructure of this 
substrate.5,6
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Another condition that can cause alterations in 
dentin substrate is related to age change. Older teeth 
experience gradual enlargement of peritubular den-
tin and intratubular mineral deposits, which often 
result in narrowed or completely occluded tubules. 
In human primary teeth, root resorption is a physi-
ological process which occurs at the end of that life 
span. During this phase, some morphological and 
functional modifications occur to the pulp cells and 
consequently to the tissues involved in the process.7 
These modifications may occur because, during this 
period, dentin and pulp are eliminated by odonto-
clasts. This condition may suggest that primary 
teeth in different phases of their vital cycle could 
have different dentin characteristics.8,9,10

The formation of the hybrid layer, by the impreg-
nation of resin ingredients into the demineralized 
intertubular dentin with subsequent polymeriza-
tion, is thought to create an adequate bond between 
resin and dentin. Resin infiltration into the dentinal 
tubules or resin tags also contribute to bonding.11 
Thus, bonding mechanism of resin to dentin is de-
pendent on the microstructure of the substrate at 
the point of bonding.12,13

Although the number of studies regarding labo-
ratory tests of the adhesive force of restorative mate-
rials (tensile, microtensile, shear, and microshear) in 
primary teeth has increased,3,14,15,16,17,18 only a few of 
these report the quality of dentin used in the tests. 
The substrate has an important role in hybrid layer 
formation. Due to this, substrate standardization of 
dentin which is used in bond strength is necessary. 
The purpose of this study was to investigate the in-
fluence of storage and exfoliation modes of primary 
teeth, on the tensile bond strength of a self etch ad-
hesive system to primary dentin. In addition, the ad-
hesive interfaces were analyzed by SEM to observe 
differences in hybrid layer formation among groups.

Material and Methods
Thirty sound primary extracted molars were 

used. The teeth were obtained according to proto-
cols (82/06) approved by the appropriate institution-
al review board of the School of Dentistry – Univer-
sity of São Paulo, and with the formal consent of 
the Human Tooth Bank of the School of Dentistry 

– University of São Paulo. The teeth were cleaned of 
debris with pumice paste via a slow-speed handpiece 
and stored in distilled water until they were used. 
The teeth were manipulated with individual protec-
tion equipment throughout the experiment and only 
one operator carried out all procedures.

The teeth were divided into three groups accord-
ing to the exfoliation and storing characteristics. 
Group 1: recently exfoliated primary molar teeth 
(RE), obtained and used on the same day of exfolia-
tion. Group 2: primary molar teeth, which were sur-
gically extracted due to prolonged retention (RP), 
used on the same day of extraction. Group 3: pri-
mary molar teeth that were collected with unknown 
time of exfoliation. This final group of teeth were 
kept dry for 2 months in an ambient temperature, 
and then rehydrated in distilled water over a period 
of 7 days at 4°C (UT).

The crowns of the thirty teeth were sectioned 
parallel to the long axis of the tooth, using a low-
speed diamond saw under water cooling condi-
tions (Buehler Ltd., Lake Bluff, IL, USA). As a re-
sult, twenty specimens per group were obtained. 
Each dental fragment was included in acrylic resin. 
Enamel surfaces were flattened with 120-, 240-, 
400-, and 600- grit silicon carbide papers on a pol-
isher machine (Ecomet 3, Buehler Ltd., Lake Bluff, 
IL, USA), in order to expose the surface dentin, and 
standardize the smear layer.

The dentin surfaces were bonded with the self-
etching adhesive system, AdheSE (Ivoclar Viva-
dent AG, Schaan, the Principality of Liechtenstein) 
according to the manufacturer’s instructions. A 
silicone mold a with cone-shaped perforation mea-
suring 2 mm in diameter at the base, and 3 mm 
in diameter at the top (3 mm in height), adhesion 
area = 0.0314 cm², was adjusted on this surface. A 
composite resin was used to fill the mold. Two in-
crements were applied, each one photoactivated for 
40 s using a light unit with 450 mW/cm² (3M Curing 
Light, 3M ESPE, St. Paul, MN, USA). All specimens 
were stored in distilled water at 37°C for 24 hours.

Following this, fifteen specimens of each sub-
strate (n = 15) were performed in a universal testing 
machine (Model 4442, Instron Co., Canton, MA, 
USA), at a crosshead speed of 0.5 mm/min, for ten-
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sile tests. The failure load divided by the cross-sec-
tional area at the point of fracture for each specimen 
was used to calculate the tensile bond strength in 
MPa. After confirmation that the values had normal 
and homogeneous distribution, the data was statisti-
cally analyzed by one-way ANOVA. The SPSS Sta-
tistics for the Windows program, version 17.0 (SPSS 
Inc., Chicago, IL, USA) was utilized and statistical 
significance was established at α = 0.05.

After testing, the fracture modes of each speci-
men were determined by examination in a dissect-
ing microscope at 25 x magnification (Olympus 
Co., Tokyo, Kanto, Japan). The fracture mode was 
classified as an adhesive/mixed failure if debond-
ing occurred between the resin and dentin, and as 
a cohesive failure if it occurred in composite resin 
or dentin.

The other five specimens of each group were se-
lected for SEM analysis of adhesive interface (model 
Jeol 2800, Jeol Co., Tokyo, Kanto, Japan). They 
were partly decalcified in phosphoric acid (36% solu-
tion, 10 s), deproteinized with sodium hypochlorite 
(2% solution, 60 s), and washed in tap water. There-
after, the specimens were dehydrated in increasing 
concentrations of ethanol, immersed (10 min) in 
hexamethyldisilazane (HMDS), and completely air-
dried. These specimens were covered with a gold-
palladium layer (20 nm) for visualization in SEM. 
Complete extension of the union zone between 
dentin and resin was analyzed. Electromicrographs 
(1,500 x and 3,000 x magnifications) were obtained 
for descriptive analysis of the region. 

Results
The one-way ANOVA revealed no statistically 

significant difference in the tensile bond strength 
to dentin among the three groups (p = 0.5787 and 
f = 0.8895). The mean tensile bond strength values 
and standard deviations for each experimental con-
dition are shown in Table 1.

The failure modes of tested specimens are repre-
sented in Graph 1. Adhesive/mixed failure was pre-
dominant in all groups, independent of the exfolia-
tion mode or storing conditions.

The SEM observation of adhesive interfaces in-
dicated that the hybrid layer was not uniform in 
complete extension of the union zone, with values 
in the range of 1-3 µm. In addition, a high number 
of resinous tags, homogeneously distributed, were 
observed in this area. Differences between the three 
groups were not detected (Figure 1). 

Discussion
The microstructure of dentin at the site of bond-

ing is extremely important in the formation of the 
bonding mechanism of resin to dentin.19 Since den-
tin is a dynamic substrate,20 this research proposed 
analyzing the quality of bonding in three differ-
ent situations. Studies have shown that the tensile 
bond strength of adhesive systems can be influenced 
by dentin age and time of storage in permanent 
teeth.21,22

Data from literature demonstrates that adhesion 
force of composite resin systems, as applied to pri-
mary dentin, ranges from 5.53 to 70.1 MPa.3,23 This 

Table 1 - Mean bond strength (MPa) and standard devia-
tion of the adhesive system to the different dentin substrates 
(n = 15).

Groups Bond Strength (MPa) ANOVA

Recently exfoliated 18.39 ± 9.70 A

Prolonged retention 23.30 ± 9.37 A

Unknown time 19.41 ± 7.80 A

Mean values followed by the same letter were not significantly different 
(p > 0.05).
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Graph 1 - The failure modes of tested specimens per sub-
strate.
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wide variation is explained by differences between 
the methods employed, as well as factors related to 
the tooth and material used. In a small number of 
such studies, the origin of the primary teeth was re-
ported. Due to the lack of studies in the literature 
concerning different conditions with primary den-
tin, results from studies with permanent teeth were 
taken as reference, and our results are in agreement 
with them. 

Considering time and storage conditions of the 
teeth after the extraction, some questions concern 
how changes within dentin after extraction may in-
fluence adhesion in vitro dentin bond studies. Titley 
et al.5 stated that post-mortem changes could occur 
in dentin, with the potential to affect the outcome 
of bond strength tests. However, in another study 

that compares shear bond strength of dentin to re-
storative material, no significant differences were 
observed between the group stored in distilled water 
for eight days and the other stored for six months.22 
Research about utilization of dry and rehydrated 
tooth in tensile bond strength showed that the dif-
ferences between the dentin substrates do not ap-
pear to be critical for the tensile bond strength test, 
observing that the dentinal substrates showed simi-
lar performances with three adhesive systems.24 In 
this study, these observations may be illustrated by 
electromicrographs of hybrid layers formed in the 
groups of recently-extracted teeth and those of un-
known time of extraction, which present long resin-
ous extensions and similar thickness (Figure 1).

A reduction in the tensile bond strength values 

Figure 1 - Hybrid layer and tags in (A) recently exfoliated dentin substrate, (B) dentin substrate with unknown exfoliation time, 
and (C) dentin substrate with prolonged retention (1,500 x magnification); (D) higher tag magnification (3,000 x).

A B

C D
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could be expected for the group of teeth with pro-
longed retention, because they present substrate 
alterations, such as sclerotic dentin and dentinal 
tubules with smaller diameter, density, and perme-
ability due to the aging process and enlarged vital 
cycle.9,10 Since this physiological process occurs at 
different speeds and in different ways in teeth with 
prolonged retention, some differences in dentin mi-
crostructure, when compared to exfoliated primary 
teeth, are expected to be found. 

Some studies that used self-etching adhesive sys-
tems such as the ones employed in this study ob-
served smaller adhesion, formation of hybrid layer, 
and tags in sclerotic dentin.25,26 However, the self-
conditioning adhesive utilized was able to efficient-
ly improve the mineralized parts in that surface,27 
forming a hybrid layer similar to that observed in 
the group of recently-extracted teeth (Figure 1), with 
similar tensile bond strength results (Table 1).

In this study, a group formed by rehydrated 
primary molar teeth, with unknown time of exfo-
liation, was tested. Although this group can cause 
some doubt about the variability of what is being 
analyzed, that is, storage or exfoliation mode, it did 
not demonstrate any statistical difference compared 
to the other groups. Additionally, because of the dif-
ficulty in the collection of specimens, most studies 
on bond strength using primary teeth are formed by 
teeth with unknown time of exfoliation and storing, 
representative of this group. 

There is a tendency for large bonded surface ar-
eas to produce cohesive failures in dentin at relative-
ly low bond strength.17 In this study, primary mo-
lar teeth were used, which have a small flat dentin 
surface area. The manipulation of thin specimens in 
conventional microtensile bond strength tests is ex-
tremely critical. A smaller diameter matrix (2.0 mm 
diameter hole) for tensile bond strength was used to 
prepare the specimens with reduced bonding area 
(0.0314 cm²).28 The tensile bond strength test ap-
plied with a reduced bonding area permitted high 
bond values and eliminated the occurrence of cohe-
sive failures (Graph 1) in dentin without difficulties 
in specimen manipulation.

Scanning electron microscopy (SEM) is a meth-

od that allows efficient evaluation of adhesive in-
terfaces. In addition, it permits careful observation 
and analysis of structural characteristics (thickness, 
porosity, length, penetration and interaction) of the 
dental adhesive system set, namely composite resin, 
adhesive system, hybrid layer, tags, gaps, and dentin 
tubules.1,2,3,4

Presence of a small number of structural defects 
(microcracks and gaps) was observed in electromi-
crographs of all groups studied. However, in the 
majority of occasions such defects were located in 
peripheral parts of the specimens, suggesting that 
they could have been inserted during preparation. 
Soares et al.3 and Uekusa et al.4 studied adhesion 
of self-conditioning systems in primary dentin by 
the microtensile bond strength test and SEM, and 
observed that the hybrid layer formed had optimal, 
uniform, and continuous adaptation. In our findings 
with the self-etching adhesive system, ADheSe, the 
hybrid layer observed in the three substrates were 
not uniform, with differences in thickness being 
detected throughout the analyzed areas. However, 
they are well adapted, continuous, with long res-
inous tags, and distributed homogeneously, result-
ing in a good-quality adhesive layer (Figure 1). It is 
known that the variations observed in the thickness 
of the hybrid layer of primary teeth has not been as-
sociated with adhesion values.29

Many factors can interfere in the bonding qual-
ity of resin to dentin substrate. The results of this 
study can contribute to the reduction in preoccupa-
tion with dentin substrates in future studies using 
deciduous tooth dentin for bonding tests with self 
etch adhesive systems.

Conclusion
Any of the three dentin substrates of primary 

teeth (recently exfoliated, with unknown time of 
exfoliation or extracted due to prolonged retention) 
can safely be used in tensile bond strength tests with 
resinous systems in future studies. The quality of 
the hybrid layer formed with the adhesive ADheSe 
and the adhesion values show that this adhesive is 
effective for utilization in primary dentin. 
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