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Hypomineralized first permanent molars are at risk 
of posteruptive enamel breakdown (PEB) after 
erupting into the oral environment, where masti-

catory forces and dietary challenges lead to enamel chipping, 
dentin exposure, and early dental caries.1 The restorative 
management usually depends on the defect’s severity and 
the child’s cooperation and age.2,3 In restoring such molars 
with resin composite, cavosurface margins can be difficult 
to place due to the surface’s uncertain bonding capability.

Literature on bonding to hypomineralized enamel is 
limited. Case reports describing bonding to the hypomin-
eralized enamel of amelogenesis imperfecta ascribe bonding 
difficulties to decreased mineral content and increased 
protein content.4-6 Some authors recommend pretreating 
the enamel with 5% sodium hypochlorite to de-protein-
ate the hydroxyapatite,6,7 and others remove defective 
hypomineralized enamel prior to bonding resin composite 
restorations.8-11

Limited laboratory studies may reflect the scarcity of 
extracted hypomineralized teeth with suitable surface areas 
for bonding where the enamel is free of PEB and caries. 
One abstract reported that bond strength of a sealant to 
normal enamel (19.9±5.39 MPa) significantly exceeded 
that of sealant to noncarious defective enamel (9.06±5.39 
MPa).12 Laboratory tests can conveniently screen new 
materials and techniques. Results to date suggest that the 
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higher the bond strength of an adhesive, the better it will 
withstand oral stresses.13 Care must be taken when com-
paring data from different laboratories due to differences 
in storage media, testing apparatus, specimen preparation, 
bonded surface area, strain rate to debond specimens, and 
operator skills.14

A method for testing microtensile bond strengths of 
dental adhesives to small rectangular surface areas (1.6-1.8 
mm2) of enamel and dentin was developed by Sano et al.15 
Early problems of enamel separating from the dentin and 
technically demanding specimen production16 were over-
come with the development of a microshear bond strength 
test by McDonough et al17 and Shimada et al.18 This simpler 
test is less technically demanding, reducing the incorpora-
tion of defects in the bonded assembly during specimen 
production. The small specimen size permits many tests 
to be performed on the same substrate/tooth, conserving 
extracted teeth and reducing variability.17 Higher mean 
bond strengths have been obtained using smaller bonded 
surface areas. This is attributed to fewer interfacial defects 
and variations within the tooth.15,19

Several adhesives are available for bonding resin compos-
ite to enamel; the 2-step single-bottle adhesive and 2-step 
self-etching primer adhesive have shown consistent and 
successful bonding to ground enamel.20-29 The reasons for 
the high failure rate of resin composites to hypomineral-
ized enamel are unclear. With the advent of the microshear 
bond strength test, however, bonding to hypomineralized 
enamel can be evaluated, allowing evidence-based decisions 
regarding cavity preparation and material choice.

The purpose of this study was to investigate the adhesion 
of a resin composite bonded to control and hypomineralized 
enamel with an all-etch single-bottle adhesive (3M ESPE 
Single Bond, 3M ESPE, St. Paul, Minn) or a self-etching 
primer adhesive (Clearfil SE Bond, Kuraray Medical Inc, 
Tokyo, Japan), with 3 objectives:
 1. investigate the microshear bond strengths of a resin 

composite bonded with 3M ESPE Single Bond or 
Clearfil SE Bond;

 2. examine under scanning electron microscopy (SEM) 
the enamel etch patterns produced by 2 different ad-
hesive systems:

  a.  35% phosphoric acid etch from Scotchbond 
etchant; or

  b. self-etching primer from Clearfil SE Bond; and
 3. examine under SEM the enamel-adhesive interface 

following the use of these adhesives on control enamel 
or hypomineralized enamel.

Methods

Study sample

A total of 120 extracted, erupted first permanent molars 
(FPMs) from children under age 18 years were obtained 
from the Royal Dental Hospital of Melbourne, Australia, 
the Dental Department of the Royal Children’s Hospital, 
Melbourne, Australia, and from patients in private pediatric 

dental practices. The study was approved by the Human 
Ethics Committee of each hospital, and informed consent 
was obtained from all parents/guardians for the use of their 
child’s teeth in research. The FPMs were extracted due to 
caries or for orthodontic purposes in children with molar-
incisor hypomineralization (MIH); frequently more than 
one FPM was extracted per child. Molars were collected 
over a 10-month period and stored in 10% neutral buffered 
formalin at room temperature.

Typical molars used in this study are shown:
 1. a yellow-brown demarcated opacity from which speci-

mens were prepared (Figure 1a); and
 2. posteruption breakdown (PEB) of enamel and a failed 

restoration, common in MIH (Figure 1b).

Specimen preparation

Molar roots were removed perpendicular to the long 
axis with a 0.3-mm thick diamond blade (Struers A/S, 
Copenhagen, Denmark). The crowns were washed under 
running water and inspected visually when wet and air-
dried to delineate areas of hypomineralized enamel and 
normal enamel. Hypomineralized enamel was defined as 
a visible enamel defect with a demarcated opacity.30 The 
surface was smooth, cream or yellow-brown in color with 
a distinct boundary from adjacent normal enamel, and of 
apparently normal thickness31,32 (Figure 1a). Normal enamel 
(hereafter termed control enamel) was defined as free from 
discoloration, caries, diffuse enamel opacities (eg, fluorosis), 
and hypoplasia. 

Only teeth with at least a 2- to 3-mm diameter of control 
enamel or hypomineralized enamel were used. The 120 
FPMs were utilized as follows:
 1. microshear bond strength testing (55);
 2. study of etch patterns (5);
 3. study of enamel-adhesive interfaces; 
 4. study of enamel-adhesive interfaces (4); and
 5. discarded due to insufficient enamel for study (56).

Enamel preparation for microshear bond strength test

Molar crowns were sectioned mesiodistally, perpendicular to 
the occlusal plane with a diamond blade, providing buccal 
or lingual sections. The sections were cut buccolingually, 
providing up to 4 specimens per tooth (control enamel 
total=44 and hypomineralized enamel total=56). Specimens 
were stored in 0.5% Chloramine-T (Sigma-Aldrich Co, St. 
Louis, Mo).

Specimens were ground with wet 600-grit silicon carbide 
paper (Struers A/S, Copenhagen, Denmark), to produce flat 
enamel surfaces 2 to 3 mm in diameter with a standardized 
surface roughness. This surface was oriented perpendicular 
to the enamel rods, placed in contact with a glass slab, and 
stabilized with sticky wax (Associated Dental Products Ltd, 
Wiltshire, UK). A plastic ring of 15-mm internal diameter 
was placed over each specimen and filled with Type III 
dental stone (Yellowstone, Gibling Stone, Thomastown, 
Victoria, Australia), to embed the specimen. Once the stone 
had set, the enamel surfaces were inspected and washed to 
ensure a clean, stone-free surface.



Figure 1a. Yellow-brown hypomineralized first permanent molars. 
Buccal view of a hypomineralized enamel defect (black arrow).

Figure 1b. Yellow-brown hypomineralized first permanent 
molars. Occlusal view with evidence of posteruptive enamel 
breakdown (white arrow) and a failed restoration (black arrow).
Figure 1c. Yellow-brown hypomineralized first permanent molars, 
sectioned parallel to the enamel rods.
Figure 1d. Yellow-brown hypomineralized first permanent mo-
lars, sectioned perpendicular to the enamel rods.
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Bonding procedure

Two adhesives were used for bonding, following manufac-
turers’ instructions:
 1. 3M ESPE Single Bond (SB; batch no. 2GP, 3M ESPE, 

St. Paul, Minn) was applied to 22 control enamel speci-
mens and 29 specimens of hypomineralized enamel; 
and

 2. Clearfil SE Bond (SE; batch no. 309, Kuraray Medi-
cal Inc, Tokyo, Japan) was applied to 22 specimens of 
control enamel and 27 specimens of hypomineralized 
enamel.

After adhesive placement, a tube 1 mm high and of 0.975 
mm internal diameter (Microtube Extensions, North Rocks, 
NSW, Australia) was placed on the enamel. The adhesive 
and tube were light cured together (XL3000 Curing Light, 
3M ESPE). The tube was filled with resin composite (Filtek 
Supreme Universal Restorative; A3.5 Body Shade, batch no. 
2AP, 3M ESPE) and light cured for 40 seconds. The tube was 
carefully removed with a scalpel blade, leaving a bonded resin 
composite rod perpendicular to the enamel. Specimens were 
stored in tap water at 370 C for 12 hours before testing.

Microshear bond strength test  
and failure modes

Each bonded interface was subjected to a microshear bond 
(µSB) test in an Instron testing machine (Model 5544 series, 
Instron Corp, Canton, Mass) using a blade to deliver a force 

parallel to the bonded surface, loaded at a crosshead speed 
of 1 mm/minute until failure. Group mean values were 
calculated. Fractured surfaces were examined under light 
microscopy at X20 magnification, and digital images were 
obtained. Failures were classified as:
 1. adhesive failure at the enamel-adhesive interface;
 2. cohesive failure in enamel;
 3. cohesive failure in the adhesive; or
 4. mixed failure (partial cohesive and partial adhesive 

failures).33

Preparation for SEM

The digital images were studied, and 11 representative 
specimens were prepared for SEM. Each specimen was:
 1. retrieved from the ring;
 2. air-dried for 2 days on filter paper;
 3. mounted on an aluminum stub with conductive silver 

liquid (Pro Sci Tech, QLD, Brisbane, Australia);
 4. gold sputter-coated (Gold Sputter Coater S150B, 

Edwards, London, UK); and
 5. examined under SEM (Philips XL30 FEG, Eindhoven, 

The Netherlands).

Examination of etch patterns

Five teeth were sectioned mesiodistally, and buccolingually 
to provide 16 specimens (8 control; 8 hypomineralized) 
which were allocated for either Scotchbond etching (35% 
phosphoric acid) or SE Primer, embedded in epoxy resin 
(Epofix Resin, Struers A/S, Copenhagen, Denmark), and 
serially polished with silicon carbide papers (600, 1200, 
2400 and 4000-grit; Struers A/S, Copenhagen, Denmark) 
to create a 2-3 mm flat surface either parallel or perpendicu-
lar to the enamel rods (Figures 1c and 1d). After applying 
SE Primer, specimens were placed in an ultrasonic bath 
for 1 minute in 70% acetone, then for 1 minute in 100% 
acetone, to remove the resin from the SE Primer. Specimens 
treated with Scotchbond etchant were washed with water 
from a triplex syringe and then immersed in acetone. Speci-
mens were air-dried and prepared for observation under 
SEM as above.

Examination of enamel-adhesive interface

Four teeth were sectioned mesiodistally and areas of control 
and hypomineralized enamel were sectioned buccolingually 
to provide specimens free of PEB or caries. Four buccal 
specimens (2 control; 2 hypomineralized) were abraded  
with a diamond bur (100-µm grit, ISO 806314107524, 
Komet, Lemgo, Germany) to remove surface enamel. Either 
SB or SE was used to bond a 0.5-mm thick layer of resin 
composite to the cut surface, which was polymerized for 
40 seconds, placed in tap water at 37º C for 12 hours, and 
embedded in epoxy resin. Specimens were sectioned bucco-
lingually and serially polished with wet silicon carbide papers 
(600-, 1,200-, 2,400-, and 4,000-grit), demineralized in 6M  
HCl for 30 seconds, rinsed under running tap water for 60 
seconds, dried, and prepared for SEM observation.



Figure 2a. Scanning electron microscope image of enamel etched 
with Scotchbond etchant. Control enamel sectioned perpendicu-
lar to the enamel rods, illustrating preferential inter-rod enamel 
dissolution (white arrow); and intercrystal porosity (white aster-
isk); scale=10µm.
Figure 2b. Scanning electron microscope image of enamel etched 
with Scotchbond etchant. Hypomineralized enamel sectioned 
perpendicular to the enamel rods, illustrating preferential in-
ter-rod dissolution (white arrow) and poor intercrystal porosity 
(white asterisk); scale=20µm.
Figure 2c. Scanning electron microscope image of enamel etched 
with Scotchbond etchant. Control enamel sectioned parallel to 
enamel rods, illustrating preferential inter-rod enamel dissolution 
(white arrow); scale=20µm.
Figure 2d. Scanning electron microscope image of enamel etched 
with Scotchbond etchant. Hypomineralized enamel sectioned 
parallel to enamel rods, illustrating poor enamel etching with 
little preferential removal of inter-rod enamel (black arrow); 
scale=10µm.
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Statistical analysis

Due to unequal variances, an analysis of variance (ANOVA) 
test was inappropriate and the Student’s t test was used to 
compare µSB values. The critical level for ∝ was 0.01 (incorpo-
rating Bonferroni’s correction for multiple statistical testing of 
the same data). Associations between failure modes, adhesive 
types, and enamel types were examined using the chi-square  
nonparametric statistic (∝=0.05). Adhesive strength was  
assessed by examining adhesive failures and mixed  
failures.

Results

Specimen failure during preparation for the  
microshear bond strength test

Four of the 27 specimens in group 3 (SE=hypomineralized 
enamel) failed due to rod fractures on tube removal. To 
maintain similar group numbers, these specimens were 
not resurfaced or rebonded. Thirteen of the 29 group 4 
specimens (SB=hypomineralized enamel) also failed and 
were resurfaced and rebonded. Seven of these specimens 
failed again, leaving 22 specimens. More preparation failures 
occurred with SB than SE (24% vs 15%; Table 1); these 
were all on hypomineralized enamel.

Microshear bond strength test
The mean bond strengths for both adhesives were greater for 
control enamel than hypomineralized enamel (Table 1). The 
bond strengths of both adhesives to control enamel did not differ 
significantly (SB=16.27±10.04 MPa vs SE=19.63±7.42 MPa; 
P=.216), and the bond strengths of both adhesives to hypo-
mineralized enamel did not differ significantly (SB=7.08±4.90 

Table 1. Microshear Bond Strength and Failure Modes of Resin  
Composite Bonded to Control Enamel or Hypomineralized Enamel*

Control enamel Hypomineralized enamel

Measure
3M Single Bond 

(n=22)
Clearfil SE Bond 

(n=22)
3M Single Bond 

(n=29)
Clearfil SE Bond 

(n=27)

No. of specimens failed during specimen  
preparation (%) 0 (0%) 0 (0%) 7 (24%) 4 (15%)

No. of specimens tested 22 22 22 23

Mean microshear bond strength (MPa) (±SD)† 16.27±10.04‡ 19.63±7.42§ 7.08±4.90‡ 10.39±7.56§

Adhesive failure (%) 10 (45)a 16 (73)a 3 (14)b 5 (22)b

Cohesive failure in enamel (%) 0 (0)a 0 (0)a 11 (50)b 12 (52)b

Cohesive failure in resin adhesive (%) 3 (14)a 1 (4)a 5 (23)b 3 (13)b

Mixed failure (%) 9 (41)a 5 (23)a 3 (14)b 3 (13)b

*Same letter superscripts denote columns with no association between failure mode and adhesive type (chi-square=4.0; df=3; P=.26). Dif-
ferent letter superscripts denote columns where the distribution of failure modes between control and hypomineralized enamel differed 
significantly (chi-square=37.1; df=3; P<.001).
†SD=standard deviation.
‡Significant difference (P=.001) between the microshear bond strength of composite bonded to control enamel vs hypomineralized enamel 
using SB adhesive.
§Significant difference (P<.001) between the microshear bond strength of composite bonded to control enamel vs hypomineralized enamel 
using SE Bond adhesive.



Figure 3a. Scanning electron microscope image of enamel etched 
with Clearfil SE Bond Primer. Control enamel sectioned perpen-
dicular to enamel rods, illustrating minimal interaction with the 
enamel. Evidence of scratch marks associated with the 600-grit 
silicon carbide paper (white arrow); scale=20µm.
Figure 3b. Scanning electron microscope image of enamel etched 
with Clearfil SE Bond Primer. Hypomineralized enamel sec-
tioned perpendicular to enamel rods, illustrating uneven, mild 
dissolution of inter-rod enamel (white arrow) and a precipitate 
on the surface (black asterisk); scale=20 µm.
Figure 3c. Scanning electron microscope image of enamel etched 
with Clearfil SE Bond Primer. Control enamel sectioned parallel 
to enamel rods, illustrating minimal interaction with the enamel; 
scale=20µm.
Figure 3d. Scanning electron microscope image of enamel 
etched with Clearfil SE Bond Primer. Hypomineralized enamel 
sectioned parallel to enamel rods, illustrating uneven, mild disso-
lution of inter-rod enamel (white arrow); scale=20µm.
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MPa vs SE=10.39±7.56 MPa; P=.088). The bond strengths 
differed significantly between enamel substrates for SB (con-
trol=16.27±10.04 MPa vs hypomineralized=7.08±4.90 MPa; 
P=.001), and for SE (control=19.63±7.42 MPa vs hypomin-
eralized=10.39±7.56 MPa; P<.001).

Failure modes

Failures in control enamel were predominantly adhe-
sive (SB=46%; SE=73%) or mixed (SB=41%; SE=23%;  
Table 1). No enamel cohesive failures were seen in either 
group. Failures in hypomineralized enamel were pre-
dominantly cohesive in enamel (SB=50%; SE=52%). All 
failure types, however, were noted in both hypomineral-
ized groups. The distribution of failure modes between 
control and hypomineralized enamel differed significantly  
(chi-square=37.06; df=3; P<.001). There was no association 
between failure modes and adhesive type (chi-square=4.048; 
df=3; P=.256).

Adhesive strength of Clearfil SE Bond vs  
3M Single Bond

Cohesive failures in enamel or adhesive reflect the direction 
of crack propagation and not the “true” adhesive strength. 
Therefore, the µSB values were re-examined, excluding 
specimens that failed cohesively. The mean bond strength 

values for both adhesives were then greater for control 
enamel than hypomineralized enamel. The mean values 
for resin composite bonded to control enamel did not dif-
fer significantly between SE and SB (20.07±7.31 MPa vs 
17.31±10.45 MPa; P=.30). When bonded to hypomineral-
ized enamel, the strength of SE adhesive was approximately 
double that of SB adhesive (10.65±4.01 MPa vs 5.23±3.77 
MPa; P=.025). Although sample sizes were small (SE: N=8; 
SB: N=6) and the bond strengths did not differ significantly; 
SB’s lower adhesive strength than SE corroborated the 
higher failure rate in specimen preparation (SB=13/29, 
45% vs SE=4/27, 15%).

Etch pattern examination

Control enamel sectioned perpendicular to the enamel rods 
and etched with SB etchant showed uniform preferential 
dissolution of rod peripheries, intrarod etching, and in-
creased intercrystal porosity (Figure 2a). Hypomineralized 
enamel prepared similarly showed preferential dissolution 
of rod peripheries and loss of inter-rod enamel resulting 
in enlarged inter-rod spaces; intercrystal porosity was 
minimal, possibly reducing the surface area available for 
bonding (Figure 2b). Control enamel sectioned parallel 
to the enamel rods and etched with SB etchant showed  
preferential dissolution of inter-rod enamel (Figure 2c), 
whereas hypomineralized enamel prepared similarly showed 
little preferential removal of inter-rod enamel and little 
increase in surface area (Figure 2d).

Figures 3a and 3b represent control and hypomineral-
ized enamel, respectively, sectioned perpendicular to the 
enamel rods and etched with SE Primer. Control enamel 
showed little surface etching; the slight surface roughness 
and scratches were attributed to the silicon carbide paper 
(Figure 3a). Hypomineralized enamel showed uneven, pref-
erential dissolution of peripheral inter-rod areas, increasing 
the surface area available for bonding; some enamel crystals 
showed an adherent precipitate (Figure 3b). Figures 3c and 
3d show control and hypomineralized enamel, respectively, 
sectioned parallel to the enamel rods and etched with SE 
Primer. The etch patterns were similar to those in Figures 
3a and 3b; the hypomineralized enamel appeared to have 
greater surface area than the control enamel, which showed 
only a rough surface.

Enamel-adhesive interfaces
The enamel-adhesive interfaces of hypomineralized  
enamel bonded with SB differed markedly from control 
enamel. The hypomineralized enamel was porous with 
cracks, whereas control enamel showed a uniformly thick 
hybrid layer (Figures 4a and 4b). Unlike control enamel, 
selective dissolution of inter-rod hypomineralized enamel 
was absent. Control enamel bonded with SE showed 
preferential inter-rod dissolution (Figure 4c), while hy-
pomineralized enamel also showed porosity and enamel 
cracks (Figure 4d).



Figure 4a. SEM of bonded enamel using Single Bond or Clearfil 
SE Bond illustrating composite (C) and the adhesive interface 
(white asterisk). Control enamel bonded with Single Bond, dem-
onstrating preferential inter-rod dissolution of the enamel (white 
arrow) and a uniform hybrid layer (white asterisk); scale=50µm.
Figure 4b. SEM of bonded enamel using Single Bond or Clearfil 
SE Bond illustrating composite (C) and the adhesive interface 
(white asterisk). Hypomineralized enamel bonded with Single 
Bond, demonstrating lack of preferential dissolution of the enam-
el (white arrow) and enamel cracks extending from the adhesive 
interface (black arrow); scale=50µm.
Figure 4c. SEM of bonded enamel using Single Bond or Clearfil 
SE Bond illustrating composite (C) and the adhesive interface 
(white asterisk). Control enamel bonded with Clearfil SE Bond, 
demonstrating preferential inter-rod dissolution of the enamel 
(black arrow); scale=20µm.
Figure 4d. SEM of bonded enamel using Single Bond or Clearfil 
SE Bond illustrating composite (C) and the adhesive interface 
(white asterisk). Hypomineralized enamel bonded with Clearfil 
SE Bond, demonstrating minimal preferential dissolution of the 
enamel (white arrow) and enamel cracks extending from the ad-
hesive interface (black arrow); scale=20µm.
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Discussion

Microshear bond strength test

The microshear bond strength test measures the bond 
strength of resin composite to ground enamel surfaces using 
adhesive systems. A recent abstract reported a mean bond 
strength (16.90±5.39 MPa) for fissure sealant to normal 
enamel, significantly exceeding that of the sealant to non-
carious but defective enamel (9.06±5.39 MPa).12 Although 
sealant type, specimen preparation, and bond test were not 
given, these values approximate the values obtained in the 
current study.

The microshear bond strength values of the 2  
adhesives did not differ significantly on control enam-
el, confirming other reports.22,23,29,34 Lopes et al29 
demonstrated similar bond strengths for SE (17.6±4.5 MPa)  
and SB (17.9±4.4 MPa) for resin composite bonded 
to bovine enamel. Although approximating the present  
values, data from different laboratories should be  
compared cautiously due to differences in specimens, 

substrates, storage media, specimen preparation, and tech-
niques used.14

Studies by Shimada et al22,23 and Wang et al34 also found 
the microshear bond strengths of SE and SB to be similar 
when bonded to enamel, noting higher values (35-43 MPa). 
The differences from the present values may reflect enamel 
surface preparation with:
 1. coarser silicon carbide paper (280-grit vs 600-grit);
 2. smaller diameter rods (0.80 mm vs 0.975 mm); and
 3. different shear test method (wire loop vs blade).

The present bond test was conducted at 12 hours (vs 24 
hours), when a “maximum” bond strength may not have 
been achieved. Past studies, however, have shown little 
change in bond strength after about 10 minutes for most 
adhesives.35,36 The lower microshear bond strength values 
noted may also reflect tooth storage (up to 10 months in 
10% neutral-buffered formalin) and the mineral content of 
control enamel from MIH-affected molars. These molars 
may have 5% less mineral and lower calcium/phosphorous 
ratios than enamel from unaffected patients.37,38 To reduce 
variation in the present study, the same molars were used 
for both control and hypomineralized specimens.

The wide standard deviations noted may reflect enamel 
differences within specimens and between teeth. Hypomin-
eralized areas can vary within a tooth, and color differences 
have been associated with variations in porosity and hard-
ness. For example, calcium:phosphorous ratios decrease as 
the hypomineralization worsens in appearance,38 and white 
defects are harder and less porous than yellow defects.39,40 In 
selecting enamel for the present study, no color distinctions 
were made due to the subjectivity of color classifications 
and the few molars available. The wide standard deviations 
may also reflect bonding to microscopic interfacial defects 
in hypomineralized enamel, and difficulty in applying only 
a shear stress to the bonded interface.

The present study assumed that the hypomineraliza-
tion defects involved the full enamel thickness; this may 
not always occur.30,31,34 One very high value (33.92 MPa) 
was noted for resin composite bonded to hypomineralized 
enamel with SE Bond. It is suggested that the rod was 
bonded to superficial, fully mineralized enamel overlying 
deeper hypomineralized enamel located closer to the denti-
noenamel junction.

Failure modes
The failure modes of control enamel bonded with either 
SB or SE adhesive were predominantly adhesive and mixed 
failures, supporting other reports.22,23,34 In contrast, the domi-
nant failure mode for bonded hypomineralized enamel was 
cohesive failure within enamel. Although no other studies 
appear to have examined failures of bonded hypomineralized 
enamel, such cohesive failures have been observed in enamel 
bonded parallel to enamel rods.41-43 The overall structure of 
hypomineralized enamel is not as well organized as normal 
enamel. The high frequency of cohesive failure in hypomin-
eralized enamel indicates its inherent weakness.
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Adhesive strength of Clearfil SE Bond vs  
3M Single Bond

When examining the bond strengths of specimens that failed 
either adhesively or by mixed failure, SE appeared to bond 
to hypomineralized enamel better than SB (10.65±4.01MPa 
vs 5.23±3.77 MPa; P=.025), consistent with the distribution 
of preparation failures where 45% (13/29) of hypomineral-
ized specimens bonded with SB failed, and 15% (4/27) of 
those bonded with SE failed. Extrapolating from studies 
on bonding to deep dentin—where self-etching adhesives 
exhibited higher bond strengths than all-etch single-bottle 
adhesives44,45—it is suggested that lower bond strengths of 
the latter adhesives reflect intrinsic moisture within the po-
rous enamel lattice and extrinsic moisture from rinsing. This 
results in overwet conditions that inhibit resin infiltration 
and dilute the water-soluble primer, thus lowering the bond 
strength. For the self-etching primer adhesive, 2 factors may 
promote its bonding to hypomineralized enamel:
 1. rinsing is omitted, thus eliminating the interference 

of residual water on the bond; and
 2. SE bonds both micromechanically and chemically 

to hydroxyapatite,46 whereas the all-etch adhesive SB 
relies primarily on micromechanical retention, which 
may be limited as shown in Figures 2b and 2d.

Etch patterns

Enamel bonding relies on resin tag formation, where micro-
mechanical retention is a function of the surface area and 
surface energy of the etched enamel.47 The characteristic 
features of phosphoric acid-etched enamel are spicular enamel 
rods with inter-rod and intercrystal porosity, which increase 
surface area.48 Following resin infiltration and polymerization, 
macro-tags form circumferentially around the enamel prisms 
and micro-tags form within the prism cores between the 
crystals, contributing most to total bond strength.20,49,50 In the 
present study of control enamel, the etch patterns produced 
by phosphoric acid on perpendicularly sectioned enamel rods 
showed preferential dissolution of interprismatic enamel and 
prismatic etching, creating intercrystal porosities. In contrast, 
intercrystal porosity and micro-tag formation were minimal 
after etching hypomineralized enamel, perhaps explaining 
the lower adhesion of SB. The larger interprismatic spaces 
in hypomineralized enamel may promote moisture retention 
and structural weaknesses, allowing crack propagation.

Phosphoric acid etching of control enamel sectioned 
parallel to the enamel rods showed preferential inter-rod 
dissolution and prism etching, demonstrated by a coarse 
prism appearance. The increase in surface area appeared 
less than for enamel sectioned perpendicular to the enamel 
rods. Phosphoric acid etching of hypomineralized enamel 
did not preferentially dissolve inter-rod enamel and increase 
surface area, perhaps explaining the limited ability of the 
all-etch adhesive SB to bond to hypomineralized enamel 
sectioned parallel to the rods. Although not studied, others 
have found that the bond strength of phosphoric acid-etched 
enamel sectioned parallel to enamel rods is lower than for 

perpendicularly-sectioned rods. Hence, it is recommended 
to bevel enamel margins in cavities prepared for resin com-
posite.41-43

Although the surface area on hypomineralized enamel 
appeared to increase more than on control enamel, irregular 
etch patterns were created by SE Primer. This minimal in-
teraction was attributed to insufficient resin removal. These 
surface differences, however, did not affect bond strength 
values, where significantly higher strengths were achieved 
for control enamel than hypomineralized enamel. In ad-
dition to micromechanical retention, SE’s adhesion may 
depend on the hydration and surface energy of porous hy-
pomineralized enamel, the wetting ability of the primer and 
adhesive, and the enamel’s chemical composition. A recent 
study noted that the 10-methacryloyloxydecyldihydrogen 
phosphate (MDP) in SE Primer forms a stable calcium 
salt within the hydroxyapatite lattice.46 Hypomineralized 
enamel is lower in calcium content than control enamel,38 
perhaps reducing chemical adhesion and bond strengths.

Enamel-adhesive interfaces

Studying the enamel-adhesive interfaces highlighted the 
fragile nature of the bond to hypomineralized enamel. The 
interfacial porosities and enamel cracks may explain the 
many enamel cohesive failures (SE=52%; SB=50%), which 
were not evident in bonded control enamel. The cracks were 
observed following drying of the protein in hypomineralized 
enamel during SEM preparation.

The present findings indicate that bonding to hypomin-
eralized enamel is less effective than bonding to “normal” 
enamel. Although both adhesives showed low microshear 
bond strength values, the all-etch technique may be more 
detrimental to bonding clinically, since moisture incorpo-
ration in porous hypomineralized enamel during rinsing 
may limit resin infiltration. This study stands as the first 
to explore the effect of self-etching adhesives on hypomin-
eralized enamel. Since different self-etch adhesives may 
vary in acidity (pH), other self-etch adhesives need to be 
investigated. It is recommended that the clinical success of 
a resin composite restoration in a hypomineralized molar 
may be improved by:
 1. removing all discolored hypomineralized enamel;
 2. placing the cavity margins on apparently normal 

enamel; and
 3. bonding with a self-etching primer adhesive.

Conclusions
Based on the results of this laboratory study of the adhesion 
of resin composite bonded to control and hypomineralized 
enamel with an all-etch single- bottle adhesive or a self-etching 
primer adhesive, the following conclusions can be made:
 1. The microshear bond strength of resin composite 

bonded to hypomineralized enamel was significantly 
lower than control enamel.

 2. The all-etch single-bottle adhesive and the self-etching 
primer adhesive did not differ significantly in their 
ability to bond to either enamel substrate.
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 3. The limited bonding to hypomineralized enamel of 
the all-etch single-bottle adhesive was attributed to 
inadequate micro-tag formation, consequential to the 
formation of little intercrystal porosity.

 4. Although the self-etching primer adhesive etched hy-
pomineralized enamel deeper than control enamel, the 
low microshear bond strength values suggest that factors 
other than micromechanical are involved in adhesion.

 5. A high frequency of cohesive failures occurred when 
resin composite was bonded to hypomineralized 
enamel, reflecting the weakened structure of this form 
of enamel.
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