
Please cite this article in press as: Fujita (Nakajima) K, et al. Demineralization capacity of commercial 10-methacryloyloxydecyl dihydrogen
phosphate-based all-in-one adhesive. Dent Mater (2018), https://doi.org/10.1016/j.dental.2018.06.027

ARTICLE IN PRESSDENTAL-3198; No. of Pages 11

d e n t a l m a t e r i a l s x x x ( 2 0 1 8 ) xxx–xxx

Available  online  at  www.sciencedirect.com

ScienceDirect

journa l homepage: www. int l .e lsev ierhea l th .com/ journa ls /dema

Demineralization  capacity  of  commercial
10-methacryloyloxydecyl dihydrogen
phosphate-based all-in-one  adhesive

Kou Fujita (Nakajima)a,b, Toru Nikaidoc, Akishi Aritad,
Satoshi Hirayamaa,b, Norihiro Nishiyamab,e,∗

a Department of Operative dentistry, Nihon University School of Dentistry at Matsudo, 870-1 Sakaecho, Nishi 2,
Matsudo, Chiba 271-8587, Japan
b Research Institute of Oral Science, Nihon University School of Dentistry at Matsudo, 870-1 Sakaecho, Nishi 2,
Matsudo, Chiba 271-8587, Japan
c Department of Cariology and Operative Dentistry, Division of Oral Health Sciences, Graduate School of Medical and
Dental Sciences, Tokyo Medical and Dental University (TMDU), 1-5-45, Yushima, Bunkyo-ku, Tokyo 113-8549, Japan
d Reasearch & Development Department, GC Corporation, 76-1 Hasunuma-cho, Itabashi-ku, Tokyo, 174-8585, Japan
e Department of Dental Biomaterials, Nihon University School of Dentistry at Matsudo, 870-1 Sakaecho, Nishi 2,
Matsudo, Chiba 271-8587, Japan

a  r  t  i  c  l  e  i  n  f  o

Article history:

Received 16 February 2018

Received in revised form 8 June 2018

Accepted 25 June 2018

Available online xxx

Keywords:

All-in-one adhesive

MDP

Calcium salt of MDP

NMR

X-ray diffraction

a  b  s  t  r  a  c  t

Objective. We  determined the amounts of calcium salt of 10-methacryloyloxydecyl dihydro-

gen phosphate (MDP-Ca salt) and dicalcium phosphate dihydride (DCPD) with an amorphous

phase developed during the application of commercial MDP-based all-in-one adhesives to

enamel and dentin. This is because the demineralization by MDP and following calcium salt

formation of MDP may be limited by an ionic bond formation of MDP to hydroxyapaptite

in  the enamel and dentin and following intermediary layer formation of MDP, since MDP

forms  a chemically-stable adsorption layer.

Methods. Scotchbond Universal Adhesive, Clearfil Tri–S Bond ND, Clearfil Tri–S Bond ND

Quick, G–Bond Plus and our designed MDP-based all-in-one adhesive were used. Enamel

and dentin reactant residues of each adhesive were prepared by varying the adhesive appli-

cation periods: 1, 30 and 60 min, and were analyzed using phosphorous-31 nuclear magnetic

resonance and X-ray diffraction.

Results. Increasing the adhesive application period to enamel and dentin led to the increased

amount of MDP-Ca salt in contrast to amorphous DCPD. In the dentin, each adhesive showed

a  saturated value on the production amount of MDP-Ca salt when the adhesive was applied

more than 30 min. In contrast, in the enamel, each adhesive showed an intermediate value

on  the saturated production amount of MDP-Ca salt that the respective adhesive exhib-

ited.  This is due to MDP employed demineralizes the enamel and dentin until MDP  was

completely consumed yielding MDP-Ca salt.
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Conclusion. Commercial MDP-based all-in-one adhesives would not form an intermediary

layer of MDP on hydroxyapatite throughout their application period to enamel and dentin.

Clinical relevance. The rate of MDP-Ca salt produced by the demineralization of enamel and

dentin depends on the components that constitute commercial adhesive more strongly

than on the concentrations of MDP and water in the respective adhesive. This is because

HEMA-containing adhesive shows a slower production rate of MDP-Ca salt than HEMA-free

adhesive in the enamel and dentin samples.

© 2018 The Academy of Dental Materials. Published by Elsevier Inc. All rights reserved.

1.  Introduction

Studies have been performed to understand the adhe-
sion mechanism of two-step self-etch adhesives to the
enamel and dentin through acidic monomers, such as
10-methacryloyloxydecyl dihydrogen phosphate (MDP), 2-
methacryloyloxyethyl phenyl hydrogen phosphate (Phenyl-P)
or 4-methacryloyloxyethyl trimellitic acid (4-MET), [1–12].

Van Meerbeek et al. [1–4,6,8,9] have focused on an inter-
action of an acidic monomer with calcium of hydroxyapatite
constituted the enamel and dentin structure. The MDP ion-
ically bonded to calcium of hydroxyapatite is accompanied
by the formation of an intermediary layer of MDP, since MDP
forms an ionic bond to calcium of hydroxyapatite more  sta-
ble than Phenyl-P and 4-MET. They have concluded that the
intermediary layer formation of MDP  on the MDP  ionically
bonded to hydroxyapatite in the enamel and dentin and its
thickness directly contributes higher bonding performance of
MDP-based two-step self-etch adhesive.

On the other hand, Nishiyama et al. [13–24] have so far
quantitatively evaluated the efficacies of acidic monomers
employed in two- and one-step self-etch adhesives to dem-
ineralize the enamel and dentin using carbon-13 (13C) and
phosphorous-31 (31P) nuclear magnetic resonance (NMR) tech-
niques. This is because the NMR  analysis results give us
information on the type of the molecular species of calcium
salts of acidic monomer and their amounts, which have been
produced during the application period of self-etch adhesives
to the enamel and dentin. They concluded that the NMR analy-
sis result is very useful to understand the mechanism by which
self-etch adhesive demineralizes the enamel and dentin sur-
faces and the mechanism by which self-etch adhesive adheres
to the enamel and dentin. This is due to the amount of calcium
salts of acidic monomer being a useful indicator for predicting
not only the degree of demineralization of enamel and dentin
by the adhesive but also the enamel and dentin bonding per-
formance of the adhesive.

In this study, to gain an insight on whether commercial
MDP-based 2-hydroxyethyle methacrylate (HEMA)-containing
and HEMA-free one-step self-etch (all-in-one) adhesive forms
an intermediary layer of MDP  on hydroxyapatite in the enamel
and dentin or not, the amount of MDP-Ca salt and DCPD with
an amorphous phase produced were determined by varying
the application period of commercial MDP-based all-in-one
adhesives to the enamel and dentin surfaces. This is because
the ionic bond formation of MDP  to hydroxyapatite in the
enamel and dentin structure and/or following intermediary

layer formation of MDP may limit further demineralization of
the enamel and dentin by MDP and thus production of MDP-Ca
salt, since MDP forms a chemically-stable adsorption layer.

The null hypotheses were that (1) commercial HEMA-
containing and HEMA-free all-in-one adhesives form an
intermediary layer of MDP on hydroxyapatite during their
application periods to the enamel and dentin, and (2) com-
mercial HEMA-containing all-in-one adhesive shows faster
production rate of MDP-Ca salt produced during their applica-
tion period to the enamel and dentin sample than commercial
HEMA-free all-in-one adhesives.

2.  Materials  and  methods

In this study, we  used three types of commercial MDP-based
HEMA-containing all-in-one adhesives, Scotchbond Univer-
sal adhesive (SUA), Clearfil Tri–S Bond ND (ND) and Clearfil
Tri–S Bond ND Quick (ND Quick), and a commercial MDP-
based HEMA-free, thus 4-methacryloyloxyethyl trimellitic acid
(4-MET)-containing all-in-one adhesive, G–Bond Plus (GBP) as
shown in Supplemental Table 1. Here, we used a previously
deigned MDP-based HEMA-free all-in-one adhesive for verify-
ing the analysis results on the MDP and water concentrations
included in commercial adhesives. This is because we  have
known the components and their compositions that consti-
tute our designed adhesive.

Other chemical reagents were purchased from Wako Pure
Chemical Industries (Osaka, Japan) unless otherwise indi-
cated.

2.1.  Preparation  of  deigned  MDP-based  HEMA-free
all-in-one  adhesive

The components and compositions of deigned MDP-
based HEMA-free all-in-one adhesive (DA) were described
in previous studies [19–21,23,24]. In brief, 6.0 g MDP
(purity = 97.0%) was mixed with the base monomer, which
consists of 10.0 g urethane dimethacrylate (Negamikogyo,
Ishikawa, Japan), 10.0 g triethylene glycol dimethacrylate
(Shin–Nakamura Chemical Co, Wakayama, Japan) and 9.4 g
4-methacryloyloxyethyl trimellitic anhydride (purity = 97.0%).
One mass% of camphorquinone and dimethylamino benzoic
acid ethyl ester, and 2000 ppm of hydroquinone monomethyl
ether were then dissolved in the mixed monomer, respec-
tively. Colloidal silica (4.26 g, R-972, Nihon Aerosil, Tokyo,
Japan) was then added to the 35.4 g mixed monomer. The DA
was then prepared by diluting 39.66 g of the filled resin with
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