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Background. 

 

Dentine affected by amelogenesis imper-
fecta (AI) is histologically altered following loss of
the hypoplastic enamel and becomes hyperminer-
alized, which would make bonding less predictable.

 

Aim. 

 

This study examined the effect of etching time
on the microtensile bond strength (

 

μ

 

TBS) to AI-
affected primary dentine.

 

Design. 

 

Flat coronal dentine surface was obtained
from extracted AI-affected and noncarious primary
molars. Teeth were etched either for 15 or for 30 s
using 34% phosphoric acid. Prime & Bond®
NT™ (Dentsply De Trey), an etch-and-rinse
adhesive, was applied to dentine surfaces, air-

dried and light-cured, followed by composite
build-ups. The bonded teeth were sectioned into
beams of 0.8 mm

 

2

 

 and stressed to failure under
tension. Representative fractured beams from
each group were examined under scanning electron
microscopy.

 

Results. 

 

The extended etching time had an adverse
effect on the 

 

μ

 

TBS for the normal dentine, while
no significant difference was found for AI-affected
dentine. When the AI-affected dentine was etched
for 30 s, the fracture occurred in the demineralized
dentine at the base of the hybrid layer.

 

Conclusion. 

 

Bonding to AI-affected dentine com-
promised the bonding of the etch-and-rinse adhesive.
The bonding could not be improved by increasing
etching time.

 

Introduction

 

Amelogenesis imperfecta (AI) affects the
deposition, mineralization and maturation
of enamel in both the primary and the per-
manent dentitions, as a result of specific genetic
defects

 

1

 

. The diagnosis of AI frequently presents
with sensitive and discoloured teeth. Poor dental
aesthetics is the result of surface roughness,
staining and abnormal crown shapes from
enamel loss. Clinical management is considered
to improve the poor appearance and function
of the affected teeth using bonded restorations

 

2,3

 

.
Histochemical study of dentine affected by

hypocaclified AI demonstrated high calcium
levels in response to the enamel disorder

 

4

 

. The
morphological pattern of the affected dentine
is similar to sclerotic dentine in terms of

hypermineralization

 

4

 

. Dentine exposed to
the oral environment undergoes compositional
and morphological transformations, resulting
in thickening of the peritubular dentine and
partial obliteration of the dentine tubules

 

5

 

.
These previous studies have shown a hyper-
mineralized layer on the surface of etched scle-
rotic dentine, along with occlusion of dentinal
tubules by mineral salts

 

5

 

. This layer was
thought to be highly acid resistant, impairing or
even preventing resin tag formation into the
tubules. The high mineral content in sclerotic
dentine compromises the formation of hybrid
layer and results in a low bond strength

 

6,7

 

. Pre-
viously, it has been reported that the compro-
mised bond strength to sclerotic dentine could
be improved by extending the etching time

 

8,9

 

.
It is questionable, however, whether the
extended etching time would be effective to
primary dentine that was affected by AI.

In general, the bond strength of the primary
teeth was lower than that of the permanent
teeth

 

10–13

 

. The primary teeth have different
micromechanical

 

14

 

 and histological

 

15

 

 characteristics
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from permanent teeth. The differences in the
amount of mineral components, morphology
and structure between primary and perma-
nent are thought to be responsible for such
low bond strengths. Greater tubular diameter
and density have been reported for primary
teeth, resulting in a reduced area of inter-
tubular dentine for bonding

 

16

 

. The concen-
tration of calcium and phosphate in
peritubular and intertubular dentine is lower
in primary teeth than that in permanent teeth

 

17

 

.
The dentine of primary teeth is more reactive
to acidic conditioners

 

18,19

 

, due to the lower
degree of mineralization

 

14

 

. A scanning electron
microscopic study has demonstrated that hybrid
layers formed in dentine of primary teeth were
nearly 25–30% thicker than those of permanent
dentine using identical acid etching times

 

18

 

.
Consequently, shortening of the acid etching
time has been recommended to prevent over-
etching of dentine in primary teeth

 

19

 

.
A few studies have reported high failure rates

in resin–dentin bonding to AI-affected teeth

 

2,3,20

 

.
Deproteinization using sodium hypochlorite
(NaOCl) was reported as an effective treatment
in enhancing the enamel bonding in hypo-
calcified AI enamel, while it showed adverse
effect on AI dentine

 

20

 

. Chemical and morpho-
logical differences between sound and AI-
altered teeth accounted for this failure

 

2,3

 

. Thus,
bonding to morphologically altered tooth structure
is challenging and complicated.

The aim of this study was to evaluate the
microtensile bond strengths of an etch-and-rinse
adhesive system to dentine from primary teeth
with AI using different etching times (15 vs. 30 s).
The null hypotheses to be tested were that the
bond strength to exposed AI-affected dentine
would not differ from that of normal primary
dentine, and that the extended etching time would
increase the bond strength on altered dentine.

 

Materials and methods

 

Specimen preparation

 

Six primary molars were collected from two
boys, aged 9 and 10 years, with AI. Patients
with AI were diagnosed by clinical examination

 

21

 

.
Examination of these primary molars showed
that most of the enamel had been chipped away

or worn off, exposing large areas of dentine
with yellowish-brown discolouration. Compa-
rable six extracted noncarious teeth were obtained
from apparently healthy 9- and 10-year-old
children and served as control. The teeth used
in this research were exfoliated and collected
after the patients’ informed consent was obtained
under a protocol approved by the Ethics Com-
mittee, Faculty of Dentistry, The University of
Hong Kong. The extracted teeth were stored
in 0.5% chloramine T at 4 

 

°

 

C, and were used
within 1 month following extraction.

For the preparation of normal teeth, a flat mid-
coronal dentine surface was created perpen-
dicular to the tooth’s longitudinal axis using
a slow-speed diamond saw (Isomet, Buehler Ltd,
Lake Bluff, IL, USA) to remove root, occlusal
enamel, and superficial dentine under water
lubrication. The surface was ground with 180-grit
silicon carbide paper under running water for
30 s to create a smear layer of clinically relevant
thickness that is produced with a coarse-grained
diamond bur

 

22

 

. The teeth with AI was prepared
without instrumentation, thus, the bonded
surface was devoid of smear layer formation.

 

Bonding procedure

 

The teeth with AI and the normal teeth were
divided into two groups depending the etching
time. Caulk® Tooth Conditioner Gel (Dentsply
De Trey, York, PA,USA), 34% phosphoric acid,
was applied for 15 or 30 s, followed by water
rinsing for 15 s and blot-drying. A two-step
etch-and-rinse adhesive, Prime & Bond® NT™
(Dentsply De Trey, York, PA, USA), was applied
to the dentine surfaces, air-dried, and light-cured
using a quartz-tungsten-halogen light-curing
unit (Optilux 500, Demetron Research Corp.,
Danbury, CT, USA) operated at 600 mW/cm

 

2

 

.
Resin composite build-ups were performed
on the bonded specimens using a light-cured
microhybrid composite (Filtek Z250, 3M ESPE,
St Paul, MN, USA) in five 1-mm increments
that were light-activated separately.

 

Microtensile bond strength testing

 

After storage in distilled water at 37 

 

°

 

C for 24 h,
the bonded teeth were sectioned occluso-
gingivally into serial slabs, and further sectioned
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into 0.9 

 

×

 

 0.9 mm composite-dentine beams,
according to the ‘nontrimming’ technique of
the microtensile test reported by Shono 

 

et al

 

.

 

23

 

.
The bonded interfacial line was carefully
observed on the beams from sample with AI
using a stereomicroscope (Nikon SMZ10, Tokyo,
Japan) at 

 

×

 

30 magnification to examine whether
the interfacial line ran homogeneously per-
pendicular to the longitudinal axis of the beam.
Since 

 

μ

 

TBS testing requires bonded surface to
be homogeneously flat and stressed perpendic-
ularly to the surface, the samples with appar-
ently nonhomogeneous interfacial lines were
discarded. The six to nine beams, randomly
selected from one bonded normal teeth, were
subjected to the bond strength testing. The
exact dimension of each beam was measured
using a pair of digital caliper (Model CD-6BS;
Mitutoyo, Tokyo, Japan). Each beam was
attached to the test apparatus with a cyanoacr-
ylate adhesive (Zapit, Dental Ventures of America,
Corona, CA, USA) and stressed to failure using
a universal testing machine Model 4440 (Instron,
Inc., Canton, MA, USA) at a crosshead speed
of 1 mm per min. The data obtained were
analysed using a statistical software package
(SigmaStat version 2.03, SPSS, Chicago, IL, USA).
A two-way 

 

ANOVA

 

 test has been performed to see
if any interaction between etching time and
dentine (with AI-affected dentine or normal
dentine), followed by Tukey’s multiple com-
parison test at significant level of 0.05.

 

Fracture pattern analysis and microscopic 
observation on fractured beams

 

The failure modes of all specimens were exam-
ined using the stereomicroscope at 

 

×

 

30 for
normal dentine. For AI-affected dentine, which
was not polished with SiC paper and exhibited
no streaks, higher magnification up to 

 

×

 

100
to distinguish the failure patterns was used.
The questionable fractured surface was further

confirmed under scanning electron microscopy
(SEM) examination. They were classified as
cohesive failure within the resin composite
and/or resin adhesive (1), adhesive failure at
resin–dentine interface (2), cohesive failure
within dentine (3), mixed failure with 1 and
2 (4), and mixed failure with 2 and 3 (5). Each
type of failure mode was expressed as a per-
centage of the total number of specimens in
that group. Representative fractured beams
from each group with tensile bond strengths
that were close to the mean bond strength of
that group were examined with SEM. The
fractured surface was air-dried, sputter-coated
with gold/palladium 200 s at 30 mA using a
sputter coater (BAL-TEC SCD 005, BAL-TEC
Limited. Liechtenstein), and examined using a
SEM (Cambridge Stereoscan 440, Cambridge,
UK) operating at 12 kV.

 

Results

 

The means 

 

μ

 

TBS and standard deviations for
each dentine type and etching time are listed
in Table 1. No specimens failed prematurely
during sectioning and microtensile bond strength
testing. The results of two-way 

 

ANOVA

 

 showed
that main factors, dentine type (

 

P < 

 

0.001) and
acid etching time (

 

P < 

 

0.001), had significant
effect on bond strength. The interaction between
dentine type and etching time was statistically
significant (

 

P = 

 

0.002), indicating that the
effect of etching time on 

 

μ

 

TBS was different
for normal dentine and AI-affected dentine.
Extending the etching time to 30 s had an
adverse effect on the 

 

μ

 

TBS for the normal
dentine and resulted in significantly lower
bond strength for 30 s (24.9 ± 5.1 MPa) when
compared to 15 s (31.8 ± 4.8 MPa). For AI dentine
samples, the mean 

 

μ

 

TBS has no significant
difference between 15  and 30 s (

 

P = 

 

0.881).
The failure mode distribution (%) was shown

in Table 2. Extending the etching time to 30 s

Table 1. Microtensile bond strengths of etch-and-rinse adhesive to dentine after different etching times.

Microtensile bond strength (MPa ± SD)
Normal dentine

(n = the number of sample)
AI-altered dentine

15 s etching 31.8 ± 4.8a (n = 25) 19.8 ± 6.6c (n = 24)
30 s etching 24.9 ± 5.1b (n = 25) 21.1 ± 7.7bc (n = 23)

Groups identified by the same letter are not significantly different (P > 0.05) by Tukey test. AI, amelogenesis imperfecta.
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on normal dentine resulted in an increase in
mixed failure pattern at the interface and
within dentine when compared to that of 15 s
etching time. With AI-affected dentine, the
majority of the fracture patterns were mixed
failure within the adhesive resin and at the
bonded interface as well as adhesive failure at
the bonded interface regardless to etching
time. This is followed by mixed failure at the
bonded interface and within dentine.

Figures 1–3 show SEM micrographs of the
dentine sides of representative fractured beams
from normal dentine that was etched for 30 s,
AI-affected dentine etched for 15 s, and AI-
affected dentine etched for 30 s, respectively.
Fractured dentine in Fig. 1 was categorized
into a mixed failure with cohesive failure within
resin adhesive and adhesive failure at resin–
dentine interface. Fractured dentine in Figs 2
and 3 were categorized into a mixed failure
with cohesive failure within dentine and adhe-
sive failure at resin–dentine interface. Dentinal
tubules were slightly identified, indicating that
the fracture occurred at resin–dentine interface.

 

Discussion

 

Since the primary teeth used for this study were
collected following exfoliation, the quality of
dentine structure might be different from
those which had been extracted for caries. As
the size of primary teeth is considerably smaller
than that of permanent teeth, the prepared
coronal dentine surface might become very
close to the pulpal chamber. The pulp chamber
of exfoliating teeth, however, had been exposed
to the environment, and pulpal fluid had not
exuded on dentine surfaces. This implies that

Table 2. Failure mode distribution (%).

Etching 
time

Failure mode

1 2 3 4 5

Normal teeth 15 s 40.0 0.0 8.0 48.0 4.0
30 s 28.0 12.0 8.0 28.0 24.0

AI-altered teeth 15 s 4.2 33.3 0 41.7 20.8
30 s 0.0 26.1 4.3 47.8 21.7

Failure modes: 1, cohesive failure within the resin composite or
resin adhesive; 2, adhesive failure at resin–dentine interface; 3,
cohesive failure within dentine; 4, mixed failure with 1 and 2; 5,
mixed failure with 2 and 3. AI, amelogenesis imperfecta.

Fig. 1. SEM micrograph of the dentine side of 
a representative fractured beam from normal dentine 
that was acid-etched for 30 s. A mixed failure occurred 
within resin adhesive (asterisks) and at resin-dentine 
interface. Fracture at resin-detine interface was identified 
with streaks that were produced by polishing with 
a silicon carbide paper.

Fig. 2.  SEM micrograph of the dentine side of a 
representative fractured beam from AI dentine that 
was acid-etched for 15 s. A mixed failure occurred within 
dentine (asterisk) and at resin-dentine interface. 
Note: since AI affected specimens were not prepared 
with a silicon carbide paper, no streaks were shown.
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the influence of fluid contamination from the
pulp chamber on the bonding procedure would
have been insignificant for the bond strengths
in our study

 

10

 

.
During tooth germ development, amelogenins,

which are secreted on the predentine surface,
can interact with odontoblasts or with products
secreted from the processes on the dentine–
enamel surface

 

24,25

 

. Thus, enamel proteins and
dentine matrix proteins are involved in the
process of dental development, causing the
histological variation in dentine formation.
The dentinal structure in AI teeth would be
altered not only in developmental stage but
also in the oral environment when the dentine
surface is exposed following the loss of the
overlying hypocalcified enamel.

In the previous study, scanning electron
micrographs of dentine affected by hypocalcified
AI revealed a thickening of the peritubular
dentine, narrowing, and partial obliteration of
the dentine tubules

 

4

 

. The borderline between
intertubular and peritubular dentine could not
be easily distinguished in many tubules

 

4

 

. A
higher level of calcium was also reported for
dentine with AI, when compared to normal

dentine

 

4

 

. The structural changes and increased
mineralization in dentine affected by hypocalcified
AI are interpreted as mechanisms of response
to the defective, friable enamel that is frequently
lost

 

4

 

. These features should be comprehensively
considered when planning to bond restorations
to AI-affected dentine.

The concept of dentine adhesion is based on
the formation of a hybrid layer; acid etching
demineralizes superficial dentine and exposes
collagen network, followed by resin monomers
infiltration, facilitating micromechanical retention
with the formation of resin tag

 

26

 

. TEM observation
on cervical sclerotic dentine indicated insufficient
resin tag and thin hybrid layer formation, which
occurred as a result of inadequate intratubular
and intertubular resin infiltration in acid-
conditioned sclerotic dentine

 

27

 

.
In our result, the bond strength of an etch-

and-rinse adhesive to AI-affected dentine was
significantly lower than that of normal dentine,
thus the first hypothesis was rejected. The low

 

μ

 

TBS, especially in AI-affected dentine that
was etched for 15 s, may be directly attributed
to the inadequate demineralization of the surface
hypermineralized layer. This is consistent with
previous studies on sclerotic dentine from
permanent teeth

 

6,8,9

 

. Hypermineralized sclerotic
tissue is probably more resistant to deminer-
alization by acid etching

 

6

 

. It has been demon-
strated that tubule obliteration in sclerotic dentine
remained even after acid etching, thereby
impairing or preventing resin infiltration into
the tubules

 

6,28

 

. The resin–dentine interdiffusion
zone is narrower in sclerotic substrate than
that of normal dentine

 

29

 

. Increasing the acid
etching time has been suggested as a way to
improve bonding to sclerotic dentine

 

8,9

 

. On the
other hand, it was reported that longer etching
time produces excessive demineralization of
normal dentine, hence hindering adequate
resin impregnation

 

30

 

. The thick hybrid layers
and incomplete resin infiltration into deminer-
alized dentine compromised bond strength

 

30,31

 

.
It must be noted that primary dentine dem-
ineralized more easily than permanent dentine
when exposed to acid etching due to lesser
mineralized structure than permanent dentine

 

18

 

.
The etching time influences the depth of
demineralization and the thickness of hybrid
layer

 

32,33

 

, although it was indicated that the

Fig. 3.  SEM micrograph of the dentine side of a 
representative fractured beam from AI dentine that was 
acid-etched for 30 s. A mixed failure occurred within dentine 
(asterisks) and at resin-dentine interface.
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thickness of the hybrid layer is not related to
the bond strength

 

32,34

 

.
Our study revealed that the 

 

μ

 

TBS of AI-
affected dentine was only slightly increased by
extending the etching time to 30 s; however,
no significant difference was found between
15 and 30 s. Thus, the second hypothesis was
accepted. We speculate that extending the acid
etching time to 30 s produced more aggressive
demineralization of the surface hypermineral-
ized layer. Once the hypermineralized layer was
dissolved by acid, over-etching of the underlying
mineralized dentine might occur. The unsup-
ported exposed collagen fibrils at the base of
the hybrid layer might collapse following air
drying of the dentine

 

35

 

 and prevent resin infil-
tration due to a decreasing gradient of resin
monomer diffusion within this matrix

 

36

 

. Hence,
the non- or lesser-resin impregnated deminer-
alized dentine at the base of the hybrid layer
became the weakest zone within the bonded
interface; consequently, bond failure was more
likely to initiate from this zone

 

30

 

. The low bond
strength observed in the over-etched AI-affected
dentine may be due to the presence of this
weak interface.

Based on the results of low 

 

μ

 

TBS for AI-
affected dentine, it should be pointed out that
distinct altered structure of AI-affected dentine
may be responsible for the difficulty in achieving
optimal adhesive bonding. Hypermineralization
of the exposed dentine surface has been reported
on teeth affected with AI

 

4; however, the nature
of this hypermineralized layer is unknown.
These particular chemical, mechanical, and
microstructural characteristics of AI-altered
dentine make it difficult to produce adequate
bond strength. Although extending the etching
time may dissolve the surface hyperminelarized
layer, it may eventually cause over-etching of
the underlying mineralized dentine. If the dentin
surface is over-etched, there is a risk that the
resin monomers would not penetrate to the
full depth of the demineralized dentin, causing
a porous, nonresin infiltrated zone. In addition
to etching time, there are other factors that may
influence the formation of the hybrid layer
and consequently, the bond strength, such as
the type of acid agent37,38 and the adhesive
materials10,39. Within the limits of this study,
we conclude that the bond strength of etch-

and-rinse adhesive to AI-affected dentine could
not be improved by extending the etching
time. Further investigations are required to
find other means to improve bonding to these
morphologically altered tooth structures.
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