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Effects of Surface Pretreatments on Bond Strength and 

Morphology of Aprismatic Enamel

Allegra Combaa / Andrea Baldib / Martina Garavellic / Tatjana Maravicd / Lorenzo Breschie / 
Annalisa Mazzonif / Claudia Mazzitellig / Nicola Scottih

Purpose: To evaluate the effect of different pretreatment protocols and adhesives on the shear bond strength and 
surface morphology of aprismatic enamel.

Materials and Methods: Human maxillary incisors (N = 120) were assigned to five different groups according to 
pretreatment: 1) no treatment; 2) glycine; 3) sodium bicarbonate; 4) Al2O3 and 5) extra-fine bur. Then the teeth 
were divided into three subgroups, according to the adhesive applied: 3-step etch-and-rinse adhesive (ER), univer-
sal adhesive in ER mode, and universal adhesive in self-etch (SE) mode. Shear bond strength (SBS) testing was 
performed with a universal testing machine. For SEM observation, fifteen human molars were collected and ana-
lyzed after pretreatment with/without etching with 37% H3PO4 for 30s. 

Results: Al2O3 showed higher SBS than all other groups considered. Comparable SBS was obtained for other pre-
treatments. Universal adhesive in E&R mode performed better than did 3-step E&R and universal adhesive in SE 
mode. SEM images showed visible differences in enamel surface roughness.

Conclusions: Airborne-particle abrasion with Al2O3 followed by etching with H3PO4 increased SBS on aprismatic 
enamel. The combination of airborne-particle abrasion with alumina powder followed by 15 s of H3PO4 etching and 
application of a universal adhesive in E&R mode proved to be the most effective adhesive protocol.
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Over the past few decades, the development of new ma-
terials and different operative protocols has increased 

interest in adhesive and minimally invasive dentistry, which 
have influenced modern dental practices considerably.11,34 
Indeed, the new approach is more conservative and funda-
mentally relies on the effectiveness of the chemomechani-
cal connection between resin materials, enamel-dentin ad-
hesives, and dental tissue.37 It is employed not only to treat 
early-stage dental pathologies, but also to obtain and modify 
smile esthetics (“no-prep” or “prepless” approach) without 
compromising the mechanical structure of the tooth.22,39

The formation of a durable interface between adhesives 
and dental substrates is achieved using the etch-and-rinse 
(ER) or the self-etch (SE) bonding approach.10,35 The ER 
approach requires conditioning the dental substrate and 
removing the smear layer with an acid (usually 37% ortho-
phosphoric acid [H3PO4]), followed by rinsing with water. 
Meanwhile, the SE technique, also known as the etch-and-
dry technique, is employed for the maintenance and resin 
infiltration of the smear layer, which slightly demineralizes 
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thanks to the acidity of the adhesive itself.7 Recently, a new 
category of adhesives – universal adhesives – was intro-
duced. Single-bottle universal adhesives can be used with 
either the ER or SE approach; moreover, they contain addi-
tional functional monomers that allow their application on 
several other substrates and are considered to be less sub-
ject to operator experience.7 

Both the ER and SE approaches have been widely inves-
tigated. Studies agree that while adhesion to enamel is pre-
dictable and strong (especially when applied using the ER 
approach), due to the characteristics of substrates, adhe-
sion to dentin is more sensitive to operator experience and 
dentin moisture.24,28 Furthermore, the ability of resin to in-
filtrate enamel and dentin is correlated with surface wetta-
bility and the substrate’s surface free energy, which are di-
rectly proportional to the degree of mineralization. This 
correlation explains the higher predictability of adhesion to 
enamel than to dentin.36

From a histological point of view, two different types of 
enamel are treated with adhesive materials: aprismatic and 
prismatic enamel. Aprismatic enamel is the superficial, irregu-
lar layer of enamel, averaging approximately 30 μm in thick-
ness, without individual enamel rods or prisms due to the 
parallel arrangements of the crystallites. It is mostly found in 
deciduous teeth, but it has also been observed in different 
regions of permanent teeth.21 This tissue is made of inor-
ganic substance and contains a form of hydroxyapatite that is 
no longer organized in prisms.42 Conversely, prismatic tissue 
is a deeper layer of enamel, comprised of 97% inorganic sub-
stance and hydroxyapatite and 3% water and organic compo-
nents. Hydroxyapatite makes up almost the entire internal 
structure of this tissue, and it generates the enamel prisms 
which are surrounded by interprismatic enamel; this is what 
the literature refers to when discussing bond strength.4

Although bonding to prismatic enamel is considered pre-
dictable, easily reproducible and durable, several authors 

have expressed their concerns regarding the possibility of 
bonding to non-prepared and superficial enamel, a non-homo-
geneous layer consisting of areas that are not easily or 
evenly etchable.1,33,38 To overcome this problem, especially 
in the orthodontic field where bonding to intact enamel is an 
everyday occurrence, airborne-particle abrasion of the surface 
prior to bracket placement has been suggested.26 Moreover, 
in restorative dentistry, certain clinical protocols suggest ap-
plying prophylactic polishing powder (eg, glycine, bicarbonate, 
erythritol) and an extra-fine bur before the adhesive proce-
dure to remove superficial biofilm and prepare the aprismatic 
enamel for additive reconstructions. However, no comparative 
studies exist about the influence of various aprismatic 
enamel pretreatment procedures in association with different 
adhesives on bond strength and surface morphology. Hence, 
precise clinical recommendations are lacking. 

Accordingly, the aims of the present in-vitro research 
were 1. to evaluate the effects of different micro-abrasive 
powders and adhesives on the shear bond strength (SBS) 
of intact aprismatic enamel and 2. to evaluate the effects of 
different pretreatments on the superficial enamel surface. 
The null hypotheses tested were that 1. the type of surface 
pretreatment produced no differences in bond strength and 
morphological characteristics of the enamel; 2 the adhesive 
employed did not influence the final adhesive outcomes. 

MATERIALS AND METHODS

Shear Bond Strength Test (SBS)

Sample size calculation was determined using G*Power 
3.1.9.7 for Windows.12 Accordingly, 120 intact human per-
manent maxillary incisors, extracted for periodontal reasons 
and without carious lesions, demineralization, abrasions, 
cracks, or signs of wear of the enamel, were collected. The 
study was approved by the local ethics committee of the 

Fig 1  Schematic presentation of 
specimen preparation for the shear 
bond strength test. a) Specimens were 
embedded in acrylic resin and, after 
surface pretreatments and adhesive 
applications, resin composite cylinders 
were built up. b) After 24 h, the speci-
mens were submitted to shear forces 
with a universal testing machine. 
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Dental School, University of Turin (DS_2019_016). The 
roots were removed at the dentin-enamel junction using a 
low-speed diamond saw under water cooling (Micromet, 
Remet; Bologna, Italy). Then, the tooth crowns were embed-
ded in acrylic resin, with the flat buccal surface exposed, 
and stored in distilled water at 37°C until use.

The embedded specimens were randomly assigned to 
the following groups according to aprismatic enamel sur-
face pretreatment (N = 24):
 Group 1 (G1): surface cleaning with a soft rotary brush 

under water cooling followed by no pretreatment (control);
 Group 2 (G2): air polishing with glycine powder (Air Flow 

Powder Soft 65 μm, pH: 6, EMS; Nyon, Switzerland). Gly-
cine powder was applied with a designated handpiece 
(Handy2+, EMS) for 10 s on aprismatic enamel with a 
standardized pressure of ~3.5 bar and a distance of 
~10 mm from the surface; 

 Group 3 (G3): air polishing with sodium bicarbonate (Air 
Flow Classic Comfort 40 μm, pH: 8.1, EMS): the powder 
was applied with a designated handpiece (Handy2+) with 
the same parameters used in G2 (10 s on aprismatic 
enamel with a standardized pressure of ~3.5 bar and a 
distance of ~ 10 mm from the surface); 

 Group 4 (G4): airborne-particle abrasion with 50-μm alu-
minum oxide (aluminum oxide powder (Al2O3), Kavo; Bi-
berach, Germany). Al2O3 powder was applied with a des-
ignated handpiece (RondoFlex plus 360, Kavo) for 5 s on 
aprismatic enamel with a standardized pressure of ~2.8 
bar and a distance of ~10 mm from the surface;

 Group 5 (G5): extra-fine diamond bur (cod. 862EF.314.010, 
Komet, Gebr. Brasseler; Lemgo, Germany), mounted on a 
1:5 red contra-angle handpiece (RPM: 200,000 working 
with firm pressure) applied to the superficial surface for 
5 s under water irrigation.

Table 1  SBS means ± standard deviations (expressed in MPa) obtained in the different groups 

Pretreatments

Adhesives

3-steps E&R 
Universal adhesive  

(E&R)
Universal adhesive  

(SE)

G1 32.9 ± 7.8A,b 38.3 ± 5.5A,b 25.2 ± 5.0B,b

G2 34.3 ± 5.0B,b 41.4 ± 5.9A,b 20.7 ± 2.2C,c

G3 29.3 ± 2.4B,b 43.1 ± 4.0A,b 28.1 ± 4.8B,ab

G4 42.0 ± 9.1B,a 54.2 ± 8.2A,a 34.0 ± 3.3C, a

G5 30.4 ± 4.9B,b 39.3 ± 8.2A,b 26.1 ± 6.9C,b

Groups with the same superscript letters are not statistically significantly different (p > 0.05). Superscript capital letters indicate differences within the rows; 
lowercase letters indicate differences within the columns. G1: no pretreatment (control); G2: glycine air polishing; G3: sodium bicarbonate air polishing; G4: 
sandblasting with Al2O3; G5: extra-fine bur. SGA: 3-step E&R adhesive (Optibond FL, Kerr); SGB: universal adhesive used in the E&R mode (Scotchbond Univer-
sal, 3M Oral Care); SGC: the same universal adhesive used in the SE mode.

Table 2  Percentages of failure mode among the different groups

Pretreatment

Adhesives

3-step E&R Universal adhesive (E&R) Universal adhesive (SE)

C A M C A M C A M

G1 4% 86% 10% 9% 79% 12% 1% 97% 2%

G2 2% 91% 7% 5% 92% 3% 5% 71% 24%

G3 12% 85% 3% 10% 77% 13% 7% 93% 0%

G4 6% 88% 6% 0% 82% 18% 11% 81% 8%

G5 6% 80% 8% 7% 82% 11% 9% 91% 0%

Percentages of failure mode among the different groups (G1: no pre-treatment; G2: glycine air polishing; G3: sodium-bicarbonate air polishing; G4: sandblast-
ing with Al2O3; G5: extra-fine bur) and subgroups (3-step E&R adhesive [Optibond FL, Kerr]; universal adhesive used in the E&R mode [Scotchbond Universal, 
3M Oral Care] and universal adhesive used in the SE mode [Scotchbond Universal, 3M Oral Care]) tested. C: cohesive failure; A: adhesive failure; M: mixed 
failure. Adhesive failures were predominant in all groups, irrespective of the surface pre-treatments and adhesives.
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All materials were handled strictly following manufacturers’ 
instructions. 

After adhesive polymerization for 20 s with an LED lamp 
(Valo, Ultradent; South Jordan, UT, USA), a Teflon ring mold (Ø 
2.34 mm, 4 mm height, Tesafilm, Tesa SE; Hamburg, Germany) 
was used to produce resin composite cylinders (Filtek Z 250 
XT, 3M Oral Care) over the bonded enamel surface. The mold 
was filled with 2-mm-thick increments of the nanohybrid com-
posite, and each layer was light cured for 20 s with the same 
lamp. Excess composite was carefully removed from the ma-
trix with an explorer before final curing. The specimens were 
stored in distilled water at 37°C before testing (Fig 1).

After 24 h, shear bond strength was measured in a uni-
versal testing machine (Instron I model 10/D, Sintech, 

After pretreatment, the enamel surfaces were cleaned with 
air-water spray for 20 s to remove residues. Three subgroups 
were formed, according to the adhesive procedure (N = 8):
 Subgroup A (SGA): 3-step E&R adhesive (Optibond FL, 

Kerr; Orange, CA, USA). Application of 37% orthophos-
phoric acid (Kerr) for 30 s on the enamel surface, fol-
lowed by adhesive application;

 Subgroup B (SGB): Universal adhesive (Scotchbond Uni-
versal, 3M Oral Care; St Paul, MN, USA) in the ER mode. 
Application of 37% orthophosphoric acid (Kerr) for 15 s 
on the enamel surface, followed by adhesive application;

 Subgroup C (SGC): Universal adhesive (Scotchbond Uni-
versal, 3M Oral Care) in the SE mode. Adhesive applica-
tion on enamel.

Fig 2  SEM images (5000X) 
of aprismatic enamel (G1, con-
trol) (a) and G1 after condition-
ing with 37% H3PO4 for 30 s 
(b). Wavelike formations typical 
of aprismatic enamel were ob-
served (a) and they were less 
consistent after H3PO4 etching 
(b).

Fig 3  SEM images (5000X) of 
aprismatic enamel pretreated 
with glycine air polishing (G2) 
(a) and G2 after conditioning 
with 37% H3PO4 for 30 s (b). 
Scratches and cracks (white 
asterisks) were observed after 
etching (b).

Fig 4  SEM images (5000X) of 
aprismatic enamel air polished 
with sodium bicarbonate (G3) 
(a) and G3 after conditioning 
with 37% H3PO4 for 30 s (b).
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MTS; Eden Prairie, MN, USA) at a crosshead speed of 
0.5 mm/min. In order to measure bond strength, the ma-
chine’s chisel-shaped blade was placed at the enamel-com-
posite interface. Bond strengths were recorded in Newtons 
(N) and converted into MPa. Failure modes were evaluated 
under an optical microscope at 50X magnification (Discov-
ery V12, Zeiss; Oberkochen, Germany) and classified as 
adhesive (A), cohesive (C), or mixed (M). 

After testing the normality (Shapiro-Wilk test) and ho-
moscedastic (modified Levene’s test) assumptions of the 
data sets, the bond strength data were analyzed using two-
way ANOVA followed by Tukey’s post-hoc test. Fracture modes 
were statistically evaluated using a chi-squared test. For all 
statistical tests, the significance level was set at p≤0.05.

Scanning Electron Microscopy (SEM) 

Fifteen sound human molars, extracted for periodontal rea-
sons and stored in saline solution, were selected, cleaned, 
and inspected for exclusion criteria (cracks, hypoplasia, or 
white spot lesions). 

The teeth were cut into halves. Each half was covered with 
nail varnish, leaving a 3 x 3-mm area of exposed central 
enamel. Surface pretreatments were performed on the apris-
matic enamel (N of teeth = 3, N of halves = 6 per group), as 
described for the SBS test.

After pretreatment, half of the specimens were rinsed with 
water for 20 s and prepared for SEM observation. The second 
half of the specimens was etched with 37% H3PO4 for 30 s, 
rinsed with water for 20 s, and prepared for SEM analysis. 

All specimens were ultrasonically cleaned for 2 min. 
Then, each half was mounted on a metal stub, sputter-
coated with gold, and observed under a scanning electron 
microscope (NovaNanoSEM 450, FEI; Hillsboro, OR, USA) at 
5–10 kV and 5000X magnification to qualitatively evaluate 
the effects of surface treatments on the enamel morphology.

RESULTS

Shear Bond Strength Test (SBS)

Means and standard deviations (MPa) of the SBS test for 
the different groups and subgroups are reported in Table 1. 

The statistical analysis showed a significant difference in 
SBS for both the variables “pretreatment” (p = 0.01) and “ad-
hesive” (p ≥ 0.003) and for their interaction (p = 0.027). 

In terms of pretreatment, Tukey’s post-hoc analysis 
showed that, irrespective of the adhesive and bonding strat-
egy used, G4 obtained significantly higher SBS compared to 
the other experimental groups. No differences in bond 
strength were found between G1, G2, G3, and G5 which at-
tained comparable results (p > 0.05). 

In the control group, no differences were found between 
the 3-step E&R adhesive and the universal adhesive used 
in E&R mode. However, after enamel surface conditioning, 
the universal adhesive in E&R mode performed significantly 
better than did the 3-step E&R and the universal adhesive 
in SE mode, regardless of the pretreatment method. Addi-
tionally, the multistep adhesive achieved higher SBS than 

did the SE universal adhesive, except in G3, where the two 
adhesives exhibited comparable results. 

Fracture patterns collected for each group and subgroup 
are reported in Table 2. The chi-squared test showed a sig-
nificant predominance of adhesive fractures, followed by 
mixed and cohesive fractures, for all tested groups (p < 0.05).

SEM Observations

Representative SEM images for each group with/out 
enamel conditioning with H3PO4 are presented in Figs 2–6. 

Regarding the non-etched sample, the SEM images 
showed notable differences in enamel surface morphology 
between the groups. Characteristic depressions with a wave-
like appearance in addition to pits and scratches sparsely 
distributed over the entire surface were present on untreated 
aprismatic enamel (Fig 2a). The enamel surfaces air pol-
ished with glycine and sodium bicarbonate were smoother 
than the untreated specimens (Figs 3a and 4a, respectively), 
although the 40-μm sodium bicarbonate grains created more 
depressions spread along the enamel surface. The analysis 
of sandblasted specimens revealed the presence of a rough 
and irregular surface with several elevations of varying 
heights and rounded edges (Fig 5a). Specimens treated with 
the extra-fine bur showed several consistent scratches with 
deep grooves in the direction of the bur’s movement (Fig 6a). 

SEM images of the etched control group specimens 
showed a foamy and inhomogeneous enamel surface. Char-
acteristics of intact enamel, such as pits and scratches, 
were still detectable on the enamel surfaces (Fig 2b). Pits 
with slightly rough scratches and several crack lines charac-
terized the glycine air-polished enamel (Fig 3b), while 
enamel prism boundaries and dissolved core structures 
were observed in samples treated with sodium bicarbonate 
(Fig 4b). Airborne-particle abrasion and acid etching pro-
duced deep or sharp enamel prism boundaries and dis-
solved core formations, typical of the type-I etching pattern 
(Fig 5b). Similar to the sandblasted group, drilling and etch-
ing the enamel surface promoted irregularities with a 
rougher appearance (Fig 6b). 

DISCUSSION

The superficial layer of enamel, best defined as prismless 
or aprismatic enamel, is a substrate that has the primary 
characteristic of preventing acid attacks and consequent 
formation of carious lesions on the tooth. However, resis-
tance to acids also occurs when the aprismatic enamel sur-
face is etched with H3PO4 or conditioned with an adhesive 
resin containing acidic monomers, needed for the success 
of adhesive restorations.20

The present in-vitro study aimed at evaluating the effects 
of different enamel surface pretreatments and bonding 
strategies on the shear bond strength (SBS) and morpho-
logical characteristics of aprismatic enamel. The present 
results showed a variation in SBS data and enamel texture 
morphology between the different pretreatments, thus lead-
ing to the rejection of the first null hypothesis.
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In contrast to deeply and/or diamond-bur prepared 
enamel substrates, adhesion to superficial enamel has al-
ways been more problematic.1,15 Indeed, orthodontists are 
well aware of the problem, as they often use this substrate 
for cementation of brackets. Furthermore, the high esthetic 
demands in conservative dentistry today, as well as the 
minimum-intervention dentistry concept,11,22 have empha-
sized the necessity to find the most efficient protocol for 
adhesion to aprismatic enamel. At present, only a few stud-
ies have been performed on the outcome of bonding to 
aprismatic enamel pretreated with powders of different 
compositions and grain sizes, and most of them investi-
gated the clinical outcome of “orthodontic bonding”.5,17,29

Several authors have suggested that airborne-particle 
abrasion produces a homogeneously rough substrate that 
increases the surface area available for adhesion and the 
wettability of the enamel.29,32 Roughness, resulting from 
kinetic abrasion, is influenced by the characteristics of the 
powder: the irregularities are more evident with increasing 
powder-grain size, as well greater sharpness and hardness 
of the particles.26 This is in accordance with the results 
obtained in the present study, where the use of 50-μm 
Al2O3 before the adhesive procedures resulted in signifi-
cantly higher bond strength to the aprismatic surface com-
pared to less abrasive powders (such as glycine, sodium 
bicarbonate, or 25-μm extra-fine bur) or no treatment. 

A potential explanation for the lower effectiveness of the 
softer powders employed in this laboratory study could be 

their intrinsic composition, which prevents them from modi-
fying and eliminating the non-homogeneous superficial hard 
and resistant layer of protective enamel from the surface, 
thus affecting the subsequent application of the adhe-
sive.23 Actually, the main indications for use of these pro-
phylaxis powders are the removal of superficial soft biofilm, 
plaque, and stains, without damaging the enamel surface.30 
As a matter of fact, different in-vitro studies have evaluated 
the micromorphological surface characteristics of human 
dentin and enamel after the application of glycine powder, 
and they emphasized that it did not produce substantial al-
teration of human dentin.13,15 Also, sodium bicarbonate 
powders have been proven safe and effective for removing 
supragingival plaque and stains from intact enamel sur-
faces without clinically significant surface alterations or 
substance loss.23

Concerning extra-fine bur pretreatment, the data ob-
tained in the present study are lower than those mentioned 
in the literature for enamel.7 However, unlike in the majority 
of studies testing adhesion to enamel, the diamond bur 
employed to conduct the present research was an extra-fine 
bur, which is usually utilized for finishing and polishing of a 
final restoration, not for the removal of the dental sub-
strate, thus explaining the lack of effectiveness in the mod-
ification of aprismatic enamel. 

SEM observations confirmed the present findings. In-
deed, aluminum oxide seemed to modify the aprismatic sur-
face in a more aggressive and homogeneous way than gly-

Fig 5  SEM images (5000X) of 
aprismatic enamel sandblasted 
with Al2O3 (G4) (a) and G4 
after conditioning with 37% 
H3PO4 for 30 s (b). Surfaces 
appeared rough with protruded 
edges, interspersed with voids 
created by the grains of pow-
der (white arrows).

Fig 6  SEM images (5000X) of 
aprismatic enamel pretreated 
with an extra-fine bur (G5) (a) 
and G5 after conditioning with 
37% H3PO4 for 30 s (b). Paral-
lel grooves in the direction of 
the bur’s movements were ob-
served in both groups (white 
arrows). 
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cine, bicarbonate, or extra-fine burs, rendering it more 
similar to the underlying prismatic substrate, thus corrobo-
rating the results of the SBS data. 

In addition, as opposed to no treatment, airborne-particle 
abrasion, and the use of an extra-fine bur, the pretreatment 
with bicarbonate and glycine seemed to have a somewhat 
deleterious effect on H3PO4 etching effectiveness, as only 
small portions of prism perimeters were exposed. Alterna-
tively, when alumina powder and an extra-fine bur were used, 
more aprismatic enamel was removed, and the etching gel 
was able to expose prisms homogeneously and predictably. 

However, the roughness and homogeneity of the substrate 
are not the only factors influencing bond strength. The me-
chanical and physical properties of the adhesive resin (eg, 
wettability and the molecules included in the formulation) 
and the bonding protocol used are of high importance.16,41

To investigate the potential effects of various adhesives 
on aprismatic enamel, the present study evaluated bond 
strengths of samples treated with different adhesive sys-
tems and protocols. The universal adhesive in ER mode 
performed better than the same adhesive applied in SE 
mode, independent of the pretreatment performed. In addi-
tion, the 3-step ER adhesive also yielded higher SBS than 
the universal adhesive in SE mode, leading to the rejection 
of the second null hypothesis.

These findings are in accordance with numerous reports 
in the literature that claim the superiority of phosphoric acid 
application before adhesion on enamel, independently of 
the characteristics of the substrate.7,10 Indeed, the demin-
eralization of the highly mineralized enamel with a strong 
acid is considered the “gold standard” for the achievement 
of an ideal substrate for adhesion.10

Acid etching promotes demineralization, selectively dis-
solves the enamel rods, and creates microporosities, which 
are penetrated by bonding agents via capillary attraction.16 
Micromechanical interlocking of tiny resin tags within the 
acid-etched enamel surface provides the best achievable 
bond to the dental substrate.41

In the present study, the 3-step ER adhesive was shown 
to be less effective than the universal adhesive employed in 
ER mode, especially after air polishing with sodium bicarbon-
ate, even though this category of adhesives is considered 
the “gold standard”.4 The present findings may be due to 
the chemical and mechanical changes to the dental sub-
strate caused by air abrasion with polishing powders (glycine 
or sodium bicarbonate), which could prevent the penetration 
of the adhesive resin.19,30,40 Sodium bicarbonate (pH 8.3) 
and glycine (pH 6.0) may have buffered the conditioning gel 
reducing its demineralizing potential, consequently reducing 
the bonding performance.27 The buffering effect of the pol-
ishing powder could be limited when adhesion is performed 
with a universal adhesive in ER mode, in which a double 
application of acidic molecules on the enamel surface is 
performed. Firstly, phosphoric acid is applied and rinsed 
away with water after 15 s; secondly, adhesive resin contain-
ing acidic monomers is applied to the surface, counteracting 
the buffering potential of the polishing powders. Further-
more, the universal adhesive employed in this study is less 

viscous than the 3-step ER adhesive, and this characteristic 
increases the surface wettability and improves the ability of 
the adhesive resin to infiltrate enamel.3 It should also be 
emphasized that several clinical approaches have been pro-
posed to further enhance the enamel bond strength, inde-
pendent of the viscosity of the material, such as increasing 
the adhesive application time and actively scrubbing the 
adhesive on the dental surface.8,9 These methods have 
been previously reported to facilitate the diffusion of the 
acidic monomers of bonding systems, thus producing a 
more retentive pattern on enamel. 

Regarding SE mode, the results of the present study con-
firm previous findings.6,18,31 The adhesion to enamel with-
out the phosphoric acid etching step is considered less ef-
fective and unable to fully demineralize and impregnate the 
enamel surface.6,18,31 The universal adhesive employed in 
SE mode proved to be less effective than the same adhe-
sive in ER mode or the classic 3-step ER adhesive. Indeed, 
it has been reported that enamel etching with phosphoric 
acid yields approximately 33% more surface free energy 
than without pre-etching, thus providing a possible explana-
tion for the data reported here.25 

Further studies are necessary to evaluate the effects of 
the different enamel surface treatments on the longevity of 
the bond.

CONCLUSIONS

Shear bond strength to aprismatic enamel is increased by 
surface airborne-particle abrasion with aluminum oxide fol-
lowed by phosphoric acid application, particularly in combi-
nation with a universal adhesive in the etch-and-rinse mode. 

Therefore, a more effective surface pretreatment and 
etching should be performed when preparing the tooth sur-
face for the non-prep esthetic restorations. Furthermore, 
glycine and sodium bicarbonate air-polishing powders were 
unable to modify the aprismatic enamel surface. 
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