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Effect of conditioning on microtensile
bond strength of universal adhesives to

primary enamel

Effekt der Phosphorsiurekonditionierung auf die Mikrozugfestigkeit
von Universaladhisiven am Milchzahnschmelz
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OBJECTIVES

The present in vitro study aimed to (1)
test the effect of selective acid etching of
primary enamel prior to the application
of universal adhesives on the microtensi-
le bond strength (uT'BS) and (2) measure
the effect of acid etching time of the pri-
mary enamel prior to the application of
universal adhesives on the uTBS.

MATERIALS AND METHODS

Approval was granted by the ethical com-
mittee of the Faculty of Medicine (Depart-
ment 11), Justus Liebig University, Gieflen
(number—AZ: 143/09). A total of 80 cari-
es-free freshly extracted human primary
molars were collected. Roots were remo-
ved and teeth were mesiodistally sec-
tioned (IsoMet 1000 precision saw, Bueh-

Table 1 Summary of microtensile bond strength (uTBS) values after 24 h storage in distilled water
Tabelle 1 Zusammenfassung der Mikrozugfestigkeitswerte (uTBS) nach 24-stiindiger Lagerung in destilliertem Wasser

Groups Number of sticks
SU-SG1 57
SU-5G2 62
SU-5G3 56
CU-5G1 58
CU-5G2 61
(U-5G3 62
iBU-SG1 67
iBU-SG2 62
iBU-SG3 62

Mean pTBS (MPa) Standard Error
11,982 136
34.93b¢ 179
29.15° 1.60
9.324 1.09
30.40° 1.61
25.51b¢ 136
16.914 1.70
28.90° 147
28.24° 143

ler, ITW Test & Measurement, Leinfelden-
Echterdingen, Germany) to increase the
sample size. Fifty-four teeth halves were
randomized into three groups based on
the adhesive type: (1) 3M™ Scotchbond™
Universal adhesive (SU; 3M™ Oral Care,
Seefeld, Germany); (2) Clearfil™ Universal
Bond Quick (CU; Kuraray Noritake Den-
tal, Okayama, Japan); (3) iBond® Universal

Confidence interval

Lower limit Upper limit
9.20 14.75
31.34 38.51
25.91 32.38
6.96 11.69
2715 33.65
22.72 28.30
13.50 20.32
2593 31.86
2532 31.16

a,b Different superscript letters indicate significant differences within the same adhesive, ¢,d Different superscript letters indicate significant differences between the different adhesives. Linear mixed

effects model (REML), Sidak (p<0.05)

SU-5G1 Scotchbond Universal applied passively in self-etch mode, SU-5G2 Scotchbond Universal applied passively preceded by 15 s phosphoric acid etching, SU-SG3 Scotchbond Universal applied passi-
vely preceded by 30 s phosphoric acid etching, (U-5G7 Clearfil Universal Bond Quick applied passively in self-etch mode, (U-5G2 Clearfil Universal Bond Quick applied passively preceded by 15 s phos-
phoric acid etching, CU-SG3 Clearfil Univeral Bond Quick applied passively preceded by 30 s phosphoric acid etching, iBU-5G7 iBond Universal applied passively in self-etch mode, iBU-SG2 iBond
Universal applied passively preceded by 15 s phosphoric acid etching, iBU-5G3 iBond Universal applied passively preceded by 30 s phosphoric acid etching
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Mag: 4000x
HV: 10kV  WD: 15 mm
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Figure 1 Exemplary scanning electron microscope (SEM) image of the adhesive
zone of a specimen treated with Scotchbond™ Universal adhesive (3M™ Oral Care,
Seefeld, Germany) preceded with enamel conditioning for 30 s at 4000 magpnifica-
tion. To prepare samples for SEM images, the enamel of all specimens was demineral-
ized with 36% phosphoric acid, dried and sputtered with gold. The adhesive layer is
clearly visible without noticeable damage, and numerous well-formed resin tags can
be seen. C composite, £ enamel, asterisk resin tag, arrow adhesive joint

Abbildung 1 Exemplarische Darstellung der Adhdsivschicht einer mit Scotch-
bond™ Universal (3M™ Deutschland GmbH, Seefeld, Germany) behandelten Probe im
Etch-and-Rinse-Verfahren (Orthophosphorsdurekonditionierung fiir 30 5) mit dem
Rasterelektronenmikroskop (REM) bei 4000facher VergroBerung. Zur Probenvorberei-
tung wurde der Milchzahnschmelz mit 36 %iger Orthophosphorsaure konditioniert,
getrocknet und mit Gold besputtert. Die Adhdsivschicht ist deutlich sichtbar, frei von

Mag: 4000x

10.11.2022 SE HV: 11 kv WD: 10 mm

Abbildung 2 Exemplary scanning electron microscope (SEM) image of the
adhesive zone of a specimen treated with Scotchbond™ Universal adhesive (3M™
Oral Care, Seefeld, Germany) without enamel conditioning at 4000x magnifica-
tion. The adhesive layer shows several cracks and bubbles, and the resin tags are
rudimentary. C composite, £ enamel, asterisk rudimentary resin tag, arrow
adhesive joint

Figure 2 Exemplarische Rasterelektronenmikroskop(REM)-Darstellung der
Adhdsivschicht einer mit Scotchbond™ Universal (3M™ Deutschland GmbH, See-
feld, Germany) behandelten Probe im Self-Etch-Verfahren bei 4000facher Ver-
groBerung. Die Adhdsivschicht weist einige Risse und Blasen auf bei gleichzeitig
rudimentdr ausgeformten Kunststofftags. C Komposit, £ Milchzahnschmelz,
Stern rudimentér ausgeformter Kunststofftag, Pfeil Adhdsivschicht

Defekten, und es sind zahlreiche, qut ausgeformte Kunststofftags zu erkennen. C
Komposit, £ Milchzahnschmelz, Stern Kunststofftag, Pfeil Adhdsivschicht

adhesive (iBU; Heraeus Kulzer, Hanau,
Germany). Aprismatic enamel was remo-
ved, and the enamel surface was flattened
using a yellow ring stone (Diamant
FG878EF, 012G, Busch, Engelskirchen,
Germany) followed by sandpaper in two
sizes P1200 and P4000 (Buehler, ITW Test
& Measurement) respectively. Then,
groups were subdivided according to
phosphoric acid etching time (DeTrey®
Conditioner 36, Dentsply DeTrey, Kons-
tanz, Germany) into three subgroups
(SG): SG1 (control group): 0 s; SG2: 15 s;
SG3: 30 s. Afterwards, adhesives were ap-
plied passively and a composite resin build
up using Filtek™ Z250 Universal Restora-
tive System (shade: A3; 3M™ Oral Care) in
aheight of 7 mm was added. Samples were
incubated in distilled water at 37°C for
24h. Furthermore, samples were dissected
(0.7x0.7 mm, IsoMet high speed pro pre-
cision cutter, Buehler, ITW Test & Measu-
rement) and each stick was tested separa-
tely (uIBS, TC-550, Syndicad, Munich,

Germany). The maximum force in which
the sticks fractured was recorded in new-
ton (N) and was converted to megapascal
(MPa).

Failure patterns were evaluated under
light microscope (AZ100M, Nikon, To-
kyo, Japan) and intact sticks, not loaded
for uTBS testing, were examined under
scanning electron microscope (SEM;
Amray 1810, Amray, Bedford, MA, USA)
to evaluate the enamel-resin interface.

Data were statistically analyzed using
software SPSS 26.0 (Statistical Packages
for Social Sciences, IBM Statistics, Ar-
monk, NY, USA). Statistical evaluation of
uTBS data was performed using linear
mixed models (LMM) and the restricted
maximum likelihood (REML) method
with a level of significance set at p < 0.05.
Pairwise comparisons of data were cor-
rected by Sidak adjustment for multiple
testing. And, percentages of fracture mo-
des were calculated and were presented
descriptively.

RESULTS

Our results showed that phosphoric acid
etching enhanced the bond strength of
universal adhesives to primary enamel in
all the tested groups significantly
(p<0.001). uTBS values between sub-
groups etched for 15 s and 30 s did not
show significant differences (p>0.05). Si-
gnificant differences were only found
between the estimated marginal means
of groups CU (9.3 MPa; 95% confidence
interval [CI] 6.9-11.7) and iBU (16.9
MPa; 95%CI 13.5-20.3) in SG1 (p<0.029)
and between the groups SU in SG2 (34.9
MPa; 95%CI 31.3-38.5) and CU in SG3
(25.5 MPa; 95%CI 22.7-28.3; p<0.005;
Tab. 1).

The most common total fracture mode
of all subgroups was the adhesive fracture
(74.8 %), followed by mixed fracture in
both adhesive and enamel (14.1 %). SEM
images showed cracks and voids in the
adhesive layer of all adhesives used in the
self-etch mode, while groups treated with
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phosphoric acid showed a clearly visible
adhesive layer without noticeable dama-
ge, and numerous resin tags (Figs.1and 2).

CONCLUSION

Etching with phosphoric acid remains
the gold standard for bonding universal
adhesives to primary enamel. Moreover,
the applied phosphoric acid etching time
(15 vs. 30 s) showed no significant effect
on the initial microtensile bond strength
(uTBS) of universal adhesives to primary
enamel.
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