Effects of One Versus Two-layer Applications
of a Self-etching Adhesive to Dentin
of Primary Teeth: A SEM Study

Abstract
Resin composite is increasingly the material of choice for the restoration of primary teeth, and new materials with simplified procedures are increasingly being offered. Self-etching primers have been developed to
simplify the bonding procedures. Some manufacturers recommend the application of these materials in two
layers. However little is known about the application times. Therefore, this study evaluated the quality of the
interfacial seal and the micromorphology of the hybrid layer in composite restorations bonded with one or two
layer applications of a self-etching adhesive to the dentin of the primary teeth.
The superfacial dentin (within 1-2 mm of dentinoenamel junction (DEJ)) on the occlusal surfaces of fourteen
primary molars was exposed by a flat cut perpendicular to the long axis of the tooth. The occlusal surfaces
were divided into two halves by a 1 mm deep groove in the labial-lingual orientation. The teeth were randomly divided into two groups: Group 1: Single Bond (control group) was applied according to the manufacturer’s instructions on one half of the surface. On the other half of the same tooth, one layer of Prompt-L-Pop
(experimental group) was applied according to the manufacturer’s instructions. Group 2: the teeth received
the same bonding regimes as group 1, but the experimental group had two layer application of Prompt-LPop. All samples were analyzed in SEM. Student’s t-test was used to compare the width of the gap and
hybrid layer thickness generated by experimental groups and control.
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There was a statistically significant difference between control (Single Bond) and the experimental groups
(one or two layer application of Prompt-L-Pop) (p<0.05). Single Bond showed the best results. Two layer
application of Prompt-L-Pop showed better sealing ability than one layer application of it (p<0.05). Only
Single Bond presented a visible hybrid layer that had an average thickness of 3.7 µm.
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Citation: Öztas¸ N, Ölmez A. Effects of One versus Two-layer Applications of a Self-etching Adhesive to
Dentin of Primary Teeth: A SEM Study. J Contemp Dent Pract 2005 February; (6)1: 018-025.

Introduction
Resin composite is becoming the material of
choice for the restoration of primary teeth, and
new materials with simplified procedures are
now being marketed. The majority of the newer
total etch bonding agents are hydrophilic and
capable of forming a hybrid layer between resin
and dentin. As a further development to the
concept of self-etching primers, the self etching
adhesives or self etching primer adhesives were
introduced.1 The recently introduced self-etching
primer adhesives further combined three bonding
procedures (acidic conditioner, hydrophilic primer,
and hydrophobic adhesive resin) into a single
step application. Irrespective of their packing
designs, these systems are supplied as two component kits to maintain adequate shelf-life. They
are mixed together immediately before use, and
the mixture of hydrophobic resin components is
then applied to the tooth substrate.2

an application of at least two layers of adhesive
to ensure that etched dentin is adequately
covered. The oxygen inhibition of a thin, unfilled
adhesive layer can result in the formation of
a defective bond. Thicker unfilled adhesive
layers also contribute to greater reduction in
polymerization shrinkage stress and the degree
of microleakage in cavities that are subsequently
restored with resin composites.10-11
This study was designed to evaluate the quality
of the interfacial seal and micromorphology of
the hybrid layer in composite resin restorations
bonded with one and two layer applications of
a new version of Prompt-L-Pop to the dentin of
primary teeth.
Methods and Materials
Fourteen primary caries-free molars were used
in the study. All teeth were thoroughly cleaned
immediately after extraction and stored in an
aqueous solution of 0.2 % thymol for up to one
month. The crowns were separated from the
roots 2-3 mm apical from the cementoenamel
junction (CEJ), and the pulp tissue was removed
with a dental explorer. The superfacial dentin
(within 1-2 mm of the dentinoenamel junction
(DEJ) at the central groove) of the occlusal
surfaces was exposed by a flat cut perpendicular to the long axis of the tooth with a # 331L
carbide bur in high speed with a copious water
spray. The occlusal surfaces were then divided
in two halves by a 1 mm deep groove in the
labial-lingual orientation to allow for evaluation
of the experimental adhesive system (3M/ESPE,
St. Paul, MN) and a control system (Single Bond,
3 M, ESPE) in the same specimen (Figure 1) as
described by Nör et al.12

Self-etching primers have been developed in
an attempt to simplify bonding procedures and
to prevent discrepancies between the depth of
dentin demineralized by the acid and the ability
of the primer to penetrate this demineralized
layer. They utilize weaker acids that have been
shown to partially remove the smear layer,
maintain the smear plugs, and to create thin
hybrid layers.3, 4 ESPE™ originally introduced
this concept with Prompt-L-Pop, which was
initially developed for use with compomers.57
The manufacturer has recently expanded the
indications of Prompt- L-Pop suggesting its use
for bonding composite resin restorations too.8,
9
However, little is known about the mechanism
of dentin bonding as well as the quality of the
interfacial seal between esthetic restorative
materials and the primary dentin substrate. Manu
facturers of unfilled dentin adhesives recommend
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to avoid separation of the resin composite from
the dentin caused by mechanical stresses generated during fracturing procedures. Care was
taken to keep the previously prepared groove
exposed. Fracture was performed with a singleedged blade oriented away from the dentin side
toward the resin composite. After irrigation, all
teeth were air-dried for 15 s.
All samples were mounted in stubs and coated
with gold as a routine preparation for scanning
electron microscopy (SEM). Each sample was
then analyzed using SEM (JEOL, JSM-840 A),
with an accelerating voltage of 15.0 Kv. Two calibrated examiners analyzed the interfaces and a
consensus was reached for each measurement.

Figure 1. Photomicrograph illustration of an
occlusal surface divided by a 1 mm deep groove
(G) in the labio-lingual orientation.

The examiners were blinded for group
assignment at the time of microscopic
evaluation. The thickness of the hybrid layer
and the width of interfacial gaps were measured
in 5 sites of 7 independent teeth. The first
measurement of the interfacial gap was made
at about 300 µm from the center of the crown,
and the remaining measurements were made at
intervals of approximately 100 µm from the initial
measurement. The qualitative assessment of the
interfaces was performed in the same sites that
were analyzed for measurement of the gap width
and hybrid layer thickness.

The teeth were randomly divided into two
groups. In group I, one half of the occlusal surface was conditioned with 35% phosphoric acid
(3M) for 15 s, thoroughly washed for 20 s, and
air dried for 5 s. One layer of Single Bond was
applied with a microbrush and polymerized for
10 s. Then, a second layer of Single Bond was
applied and polymerized. On the other half of
the same occlusal surface, Prompt-L-Pop (one
layer) was brushed for 15 s to the other half of
the occlusal surface and polymerized for 10 s. In
group II teeth received the same bonding regimes
as group I, but one layer of Prompt-L-Pop was
applied, then a second layer of Prompt-L-Pop
(two layer) was applied and polymerized for 10
s. In all teeth resin composite build-ups were
performed using a light-cured hybrid composite
(Filtek Z 250,3M, St Paul, MN, USA) in 2x2 mm
increments and polymerized for 40 s per increment until all occlusal surfaces were restored with
a flat, 4 mm thick layer of composite resin. A
groove was prepared on both sides of the sample
(resin composite and dentin), at the center of the
crown, in a mesio-distal orientation. Each sample
was then embedded in orthodontic acrylic resin

Statistical Analysis
The Student’s t-test was used to compare the
width of the gap and hybrid layer thickness generated by Prompt-L-Pop (one layer or two layer)
and control bonding system. The significance of
the data was determined at p<0.05.
Results
Statistical analysis of the width of the interfacial
gaps (Table 1) revealed a significant difference
among all the groups (p<0.05). The average gap
observed with Prompt-L-Pop (one or two layers)

Table 1. The width of the interfacial gap measured under SEM (at 1500x) in 35 fields.

PO: Prompt-L-Pop (one layer); PT: Prompt-L-Pop (two layer); SB1: Single Bond (control 1);
SB2: Single Bond (control 2)
Note: There was a statistically significant difference between PO/SB1, PT/SB2, PO/PT (p<0.05).
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was larger (p<0.05) than with the adhesive
system Single Bond. It was determined a twolayer application of Prompt-L-Pop showed a
statistically significant difference than a single
layer application (p<0.05). Figure 2 shows
the interfacial gap in a specimen bonded with
Prompt-L-Pop with a two-layer application.
Figure 3 shows a wider interfacial gap in a
specimen bonded with Prompt-L-Pop in one
layer application.
Although the hybrid layer could not be observed
after the application of two layers of Prompt-LPop, the obliteration of dentin tubules and good
interlocking were observed. Prompt-L-Pop (one
layer and two layers) did not create a visible
hybrid layer in all specimens. Only Single Bond
presented a visible hybrid layer that had an
average thickness of 3.7 µm. Figure 4 shows the
hybrid layer formation in a specimen bonded with
Single Bond.

Figure 2. Micromorphology of representative dentin
(D) interfaces bonded with Prompt-L-Pop in two layer
application (PT). Interfacial gap (G) with 3.8 µm.

Discussion
This in vitro
o study was designed to examine
interfacial micromorphology of resin restorations
bonded with Prompt-L-Pop (one layer and
two layer applications) to primary dentin
substrates. This study revealed composite
resin restorations with Prompt-L-Pop (one or
two layer) presented larger and more frequent
interfacial gaps than control restorations bonded
with conventional adhesive system Single
Bond. Single Bond generated significantly better
sealed interfaces than Prompt-L- Pop (one layer
and two layers). In each tooth the half of the
interface that was bonded with Single Bond was
completely sealed. When we
evaluated the opposite half of
the same teeth bonded with
Prompt-L-Pop (one layer), we
found the interface was opened
in the majority of the teeth
evaluated. A similar trend was
not observed with Prompt-LPop in a two layer application.

Figure 3. Micromorphology of representative dentin
(D) interfaces bonded with Prompt-L-Pop in one layer
application (PO). A wide interfacial gap (G) 7.8 µm.

Prompt-L-Pop (two-layer) generated significantly
better sealed interfaces than Prompt-L-Pop
(one layer). The average size of the gap in the
interfaces bonded with one layer application
of Prompt-L-Pop was 9.14 µm and two layer

Figure 4. Micromorphology of representative
dentin (D) interface bonded with Single Bond (SB).
Well-diffused hybrid layer (HL) could be observed
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procedures.18, 19 This might be beneficial for
bonding teeth that cannot be adequately isolated,
for pediatric dentistry cases, and it is certainly
appealing to the busy practitioner. In theory the
combination of the demineralizing agent with the
hydrophilic primers should allow for a completely
diffused hybrid layer that provides a strong and
stable bonding to dentin. Prompt-L-Pop did not
perform as well as the control adhesive system
(Single Bond) in this study. We observed the
interfaces between the composite resins bonded
with Prompt-L-Pop did not present a hybrid
layer under SEM and reasoned this might be a
potential explanation for the frequent presence
of gaps in these interfaces. These findings
suggest Prompt-L-Pop will have a poorer clinical
outcome compared to bonding systems that have
the etchant and the primer/bonding solutions in
two separate vials. Agostini et al.9 reported a
failure of bond strength to the dentin of primary
teeth after the application of Prompt-L-Pop. They
also stated the role of the structure of primary
dentin in the bonding process is unclear. Further
investigations are necessary for primary teeth to
conclude this hypothesis.

application of Prompt-L-Pop was 3.84 µm though
Single Bond presented lower size of the gap
formation as being 0.98 or 0.70. The increased
gap formation may affect the long-term stability of
the restoration. That result is in agreement with
other investivators.13-14 While the absolute number
obtained for these gaps may be exacerbated and
not reflect the in vivo
o situation, the comparative
analysis of both materials placed in the same
tooth and seen at the same time under SEM
allows us to conclude that Prompt-L-Pop
generates poorer seal of composite resin-bonded
interfaces than Single Bond.
The development of hybrid layer, an intermixture
of dentin collagen and diffusible components
of the adhesive system, is a determinant of the
clinical outcome of restorations bonded to dentin.15, 16 Therefore, we examined the presence
and thickness of the hybrid layer in an attempt
to understand the reasons for the poor results
obtained with Prompt-L-Pop. We found all teeth
restored with composite resin had a visible hybrid
layer in the area bonded with Single Bond and
no hybrid layer in the area bonded with PromptL-Pop (one or two layer). It is unclear why
hybrid layers were not observed in most teeth
restored with Prompt-L-Pop. The intrinsic nature
of a self-etching primer adhesive system, where
resin monomers are expected to be completely
polymerized in an acidic environment17, may have
contributed to these findings. We speculate the
low pH of Prompt-L-Pop, which is required for the
etching of tooth structure, may have impaired the
polymerization of the resin monomers and, therefore, not allowed for the development of a strong
and stable hybrid layer to prevent the opening of
interfacial gaps.

Conclusions
1. There was a statistically significant difference between control (Single Bond) and the
experimental groups (one or two layer application of Prompt-L-Pop) (p<0.05). Single
Bond showed the best interfacial seal and the
micromorphology in dentin of primary teeth.
2. Two layer application of Prompt-L-Pop
showed better sealing ability than one layer
application. (p<0.05).
3. Only Single Bond presented a visible
hybrid layer that had an average thickness of
3.7 µm. Hybrid layer thickness could not be
measured in the experimental groups.
4. Although the hybrid layer could not be
observed after the application of two layer
application of Prompt-L-Pop, the obliteration
of dentin tubules and good interlocking
were observed.

Prompt-L-Pop is a ground breaking material
that incorporated all elements of contemporary
adhesive systems in one solution, resulting in the
first true “one-step” agent for enamel and dentin
bonding. Its formulation resulted in a considerable
decrease in the time necessary for bonding
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