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Introduction

Dental universal adhesive, also known
as universal dental adhesive or all-in—one
adhesive, is a type of dental adhesive used in
restorative dentistry which are named as they
are formulated to be compatible with both
etch—and—rinse and self—etch techniques (1),
Many of dental universal adhesives contain
10—MDP (10—methacryloyloxydecyl dihydrogen
phosphate) as the main functional monomer (2).
It is a phosphate—containing monomer that
helps to create a strong chemical bond between
the adhesive and the tooth structure as well as
materials such as resin and zirconia (3).

10—MDP works by forming a stable chemical
bond with the calcium ions present in the
tooth structure, This creates a strong adhesion
by forming nano—layering in adhesive layer
that is resistant to degradation and allows for
the long—term stability of the restoration (4).
However, when phosphate containing monomer
such as 10—MDP is reacted with water (solvent
contains water), the resultant hydrogen ions
may lead to acidic pH (5). Previous study
showed that pH below 3.0 may result in
incompatibility issue when used with self—
cure composite, while lower pH may also leads
decalcification of hydroxyapatite (6).

A lower pH of universal adhesive is
advantageous for etching dentin and enamel,
However, excessively low pH can lead to

compatibility issues with self—cure composite
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that involves peroxide and amine reaction
mechanisms (7). This issue arises from the
acidic monomers remaining in the oxygen—
inhibited layer of the bonding, which transform
the self—cure composite's 3—valent amines into
4—valent ones. Previous research has shown
that the acidity of the bonding must be above
3.0 to resolve this, Therefore, it is necessary
to appropriately control the hydrogen ions in
phosphate—based monomers like 10—MDP used
in universal (8).

Hence, this study aimed to investigate the
physical properties of dental universal adhesive
according to the proportions of 10—MDP,
Optimal amount of 10—MDP in dental universal
adhesive was considered by considering
shear bond strength using direct composite
resins and bovine teeth, Also, changes in pH
with varying proportions of 10—MDP were
considered in relation to compatibility with
self—cure composite in universal adhesives for

use in restorative dentistry.

Materials and Methods

1. Preparations of experimental dental
universal adhesives

The materials that were used to fabricate
experimental dental universal adhesives in this
study were listed in Table 1, Through various

previous experiments, adhesive ingredients



Table 1. Materials used to fabricate experimental dental universal adhesives in this study.

Name

Manufacturer

Bis-GMA (Bisphenol A diglycidyl methacrylate)
Bis-EMA (Bisphenol A glycol dimethacrylate)
DPPA (Dipentaerythritol pentaacrylate)
TEGDMA (Triethylene glycol dimethacrylate)
HEMA (2-Hydroxyethyl methacrylate)
10-MDP (10-methacryloyloxydecyl dihydrogen phosphate)
Ethanol
Distilled water
CQ (Camphorquinone)

EDMAB (Ethyl-4(dimethylamino)benzoate)
Oxybenzone (2-Hydroxy-4-methoxybenzophenone)
BHT (2,6-di-(tert-butyl)-4-methylphenol)

Sunfine Global, Cheongju-si, Chungcheongbuk-do, Korea
Sunfine Global, Cheongju-si, Chungcheongbuk-do, Korea
Sigma-Aldrich, St. Louis, MO,USA
Sunfine Global, Cheongju-si, Chungcheongbuk-do, Korea
Samjeon chemical, Seoul, Korea
J.M. Trade, Namyangju-si, Gyeongi-do, Korea
Samjeon chemical, Seoul, Korea
Samijeon chemical, Seoul, Korea
J.M. Trade, Namyangju-si, Gyeongi-do, Korea
Sunfine Global, Cheongju-si, Chungcheongbuk-do, Korea
Sunfine Global, Cheongju-si, Chungcheongbuk-do, Korea
Sunfine Global, Cheongju-si, Chungcheongbuk-do, Korea

Table 2. Composition of final experimental dental universal adhesives

(Unit: wt%)

MDP-1 MDP-2 MDP-3 MDP-4 MDP-5

BisGMA 21.996 21.898 21.801 21.706 21.611
BisEMA 8.645 8.607 8.569 8.531 8.494
TEGDMA 1.265 1.259 1.253 1.248 1.242
10-MDP 8.906 9.310 9.710 10.107 10.500
Ethanol 38.334 38.164 37.996 37.829 37.663
HEMA 4.453 4433 4414 4394 4375
Distilled water 0.891 0.887 0.883 0.879 0.875
cQ 0.534 0.532 0.530 0.527 0.525
EDMAB 1.603 1.596 1.589 1.582 1.575
Oxybenzophenone 0.013 0.013 0.013 0.013 0.013
BHT 0.002 0.002 0.002 0.002 0.002
DPPA 13.359 13.300 13.241 13.183 13.125

Total 100 100 100 100 100

such as Bis—GMA, HEMA, TEGDMA, Ethanol,
Water, CQ, EDMAB, and DPPA were undergone
sensitivity tests and set up the optimize volume
to maximize bonding reliability,

Based on these preliminary experiments,
which showed the highest adhesive strength,
the amount of 10—MDP ranging from 9 g to 12
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g were incorporated into experimental dental
universal adhesives, which resulted in final
composition with 10—MDP from 8,906 wt% to
10.500 wt% (Table 2). The experimental groups
were named MDP—1, MDP—2, MDP-3, MDP-4
and MDP-5,



2. Shear bond strength test

Shear bond strength test was tested by
applying experimental dental universal
adhesive between the bovine teeth and the
composite resin specimens, For bovine teeth,
sound and intact maxillary incisors were
selected from slaughtered cattle and cut with
a low—speed diamond saw (DIAMO-1008S,
MTDI Co., Daejeon, Korea) to obtain tooth
specimens without any caries, The tooth
surface debris and pulp tissue were removed,
and the specimens were stored in distilled
water, The ivory—exposed tooth specimens
were stored at 4 T in distilled water until
use. The prepared tooths were then embedded

in resin (Vertex Self—Curing, Vertex Dental,

Soesterberg, Netherland), and polished with
#320 and #600 SiC paper until the surface was
uniform, The adhesives were applied on the
the prepared specimen surface which is dentin,
twice for 10 seconds each, with moisture
present. The solvents were evaporated using
an air blower for 10 seconds, and the adhesives
were polymerized for 10 seconds using light
curing unit (NOBLESSE, Max Dental Co., Ltd,
Bucheon, Gyeongi—do, Korea). The composite
resins (TESCERA—-Direct, Amco, Seoul,
Korea) were then placed onto the polymerized
adhesive using a round mold (2.37 mm in
diameter and 2.5 mm in thickness) and a
bonding mold insert (BOND MOLD A INSERT,
Ultradent, South Jordan, UT, USA). Composite

resins were polymerized for 40 seconds by

Shear bond strength tester

Loading force

Specimen

Composite

— Adhesive

—— Bovine teeth

Figure 1. Schematic diagram of shear bond strength test carried out in this study.



light curing unit, pulled out by hands after
curing and stored in distilled water at room
temperature for 24 hours,

The shear bond strength was then measured
using a Shear Bond Tester (T—-63010k,
Bisco Inc, Schaumburg, IL, USA) with the
configurations of the test equipment and the
specimen represented as Figure 1, The shear
bond strength was then calculated with the

equation below,

Maximum load (N)

Shear bond strength (MPa) = Bonded ares (mm?)

Following the fracture from the shear bond
strength test, the occurrence of cohesive and

adhesive fracture was observed.,

3. pH measurements of experimental
dental universal adhesives

pH meter (Milwaukee MW101 PRO pH Meter,
Milwaukee Tool, Brookfield, WI, USA) was used
to measure the acidity of liquid adhesive after
calibration with buffer solution with pH 4.0
and 7.0 at room temperature, Measurements
were carried out 3 times and same number

showed in each experimental adhesive,

4, Statistical analysis

The statistical significances of the resulting

data were analyzed using one—way ANOVA,
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The statistical significance was accepted at
confidence level of 95 % (p < 0.05) by Tukey’s
test for a multiple comparison procedure. The
SPSS program (IBM, Amonk, NY, USA) was

used for the statistical analysis,

Results

1. Shear bond strength

The results of shear bond strength test are
summarized in Table 3, The experimental
results showed that there was a significant
difference between all groups (p < 0.05) except
between MDP—4 and MDP—5 (p » 0.05). As the
amount of 10—MDP increased, the shear bond
strength initially increased and then decreased.

The results of fracture modes are also
indicated in Table 3 as cohesive fractured
specimens were marked, Additionally,
the results are summarized in Figure 2.
Observation of the de—bonded adhesive
interface revealed that MDP—3, which had the
highest bond strength, had the highest number
of specimens exhibiting cohesive fracture with
residual resin remaining on the tooth surface,
This indicates a positive correlation between
the number of specimens exhibiting cohesive

fracture and the bond strength.,

Different superscript lower case letters for
average values indicate significant differences

(p<0.05).



Table 3. Results of shear bond strength with indication with cohesive fractured specimen

(Unit: MPa)

MDP—1 MDP-2 MDP-3 MDP—4 MDP-5

1 9.949 24.750* 18.747 4.705 12.693*
2 24.211* 31.048 28.818 22.275* 16.487*
3 17.791* 16.713* 29.014 9.312* 16.884
4 18.428 25.388* 20.339 22.814* 19.411
5 17.031 17.252* 34.283* 24.848* 17.641*
6 19.825* 23.770 21.638* 18.624 14.551
7 21.957* 12.326 24.750 13.821 15.149
8 13.600* 20.339 17.889* 13.600* 15.293
9 28.696 18.305* 14.997 15.316 14.357*
10 18.526 25.388 33.621 21.957* 13.154*
11 18.469 19.816* 25.977 15.537 12.761*
12 19.577* 20.143 23.449 18.613* 14.542
13 20.491 18.439 21.003 21.857 14.774
14 17.449 22.507 25.248 19.399 15.294
15 16.248 19.034* 26.471* 15.512 13.546
16 18.019 23.227 24.309 14.143 14.286
17 23.258 22.496 28.166 15.706 16.246
18 21.548* 23.409 27.291* 13.846 17.256
19 18.214 24.579* 22.044 14.629 14.214
20 16.741 21.637 20.148 18.024* 15.010*
Average 18.966" 21.511° 24.385° 16.944° 15.080°
Standard deviation 3.819 3.950 4.882 4.725 1.677

The symbol '*' indicates cohesive fractured specimens, Different superscript lower case letters for average values indicate

significant differences between the group (p<0.05).

Fracture Mode

= Bonding Surface Fracture Cohesive Fracture
MDP-1 MDP-2 MDP-3 MDP-4 MDP-5

Figure 2. Fracture mode examined after shear bond strength test.
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Figure 3. pH of experimental universal adhesives.

2. pH measurements

The pH of the experimental universal
adhesive tended to decrease as the amount
of 10—MDP increased (Figure 3). The highest
value was pH 2.9 for MDP—1 and the lowest
value was pH 2.76 for MDP—5,

Discussion

This study examined immediate bonding
strength depend on proportion of the 10—MDP
in the experimental universal adhesive, 10—MDP
is well known as a bifunctional monomer, as
with its ability to form nano layers to different
material characteristics such as hydrophilic
tooth structure and hydrophobic restorative
material (9). The result of shear bond strength
test demonstrated that increasing 10—MDP
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first increased the bonding strength., However,
further increase in 10—MDP had limited
effect on the bonding strength and resulted
in decrease in value for MDP—4 and MDP—
5g groups. This may be due to the fact that
while an increase in the amount of functional
monomer may be beneficial for the reaction
with the hydroxyapatite of the tooth surface
(9), its effect on the durability of the bonding
layer would be limited as measurement is
carried out for immediate bonding strength,
Increaseing proportion of 10—MDP result
in lower pH of adhesives, This is presumed
to occur because the hydrogen ions in MDP
become activated upon contact with water
and the solvent, ethanol, thereby lowering the
pH of the experimental adhesives, During the
process of adhesion, pH is an important factor
in the adhesion compatibility between dental

materials, including universal adhesives and



aromatic tertiary amine—containing cements,
The pH of a universal adhesive is typically
acidic, which is lower than pH 3.0, Phosphate—
containing monomers such as 10—MDP mixed
with ethanol as a solvent result in activation of
H+ ions in the monomer, leading to increase
acidity in the mixture (10) . This low pH helps
with the etching and bonding process by
demineralizing the tooth surface and creating
micromechanical retention, However, aromatic
tertiary amine—containing cements cannot be
cured at the interface to bonding layer when
its pH is under 3.0, Universal adhesives are
commonly used in restorative dentistry to
bond composite materials to tooth structures,
Aromatic tertiary amine—containing cements,
on the other hand, are dental cements that
contain chemicals such as benzoyl peroxide
and tertiary amines, which are used for
cementation purposes,

Universal adhesive refers to an adhesive
that can be used with various materials,
regardless of the etching method, type of
restorative material including zirconia, or type
of cement, It is designed to be versatile and
compatible with a wide range of applications
(11) . However, depends on the characteristics
of substrates as a restorative and luting
materials, there are some points to discuss,
Universal adhesives containing 10—MDP, when
diluted in a solvent, can maintain sufficient
hydrophilicity to penetrate dentin tubules and

form a hybrid layer. However, after application
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to the tooth and complete evaporation of
the solvent followed by polymerization, the
hydrophobic nature of 10—MDP, due to its
high partition coefficient, allows for the
implementation of a hydrophobic adhesive
layer (12). In our experiment, we conducted
contact angle tests on the experimental
adhesive, but we didn't find any significant
differences between the experimental groups.
As the angles measured were consistently
30 degrees or higher, indicating hydrophobic
characteristics, we concluded without further
measurements (13).

Universal adhesive has limitations when
it comes to bonding with ceramics without
the addition of silane and compatibility with
cements that contain benzoyl peroxide (BPO)
and three—component amines in self—curing
function due to its fundamental properties.
Silane (3—Methacryloxyproyltrimethoxysilane)
is activated through pure acidity and exposure
to H,0O. In its activated state, it renders the
ceramic surface hydrophobic and prepares it
for bonding with the adhesive resin. Silane
is crucial for enabling chemical bonding with
ceramics (14). However, universal adhesives
rely on phosphate—based monomers that have
been validated for bonding with zirconia,
These monomers, upon contact with water—
containing solvents, increase the concentration
of hydrogen ions, resulting in acidification,
Therefore, if silane is added to universal

adhesive, it reacts prematurely in an already



activated state before activating the ceramic
surface (15). Research has shown that once
silane is activated prematurely, it undergoes a
self—curing reaction, transforming into silanol,
and cannot interact with the ceramic surface,
Pure silane has to use on ceramic surface for
the bonding to the resin or sodium sulfinate
accelerate generating free radical in acidic
condition, Hence, the claim that a single bottle
of universal adhesive can be used for all types
of teeth and restorative materials is debatable,
and improvements are needed to achieve such
capabilities in the future,

The 10—MDP used in this study is a
phosphate—based monomer, Previous research
has shown that phosphate—based monomers
exhibit higher bonding affinity to zirconia
compared to carboxyl—-based monomers,
Zirconia surfaces do not etch with hydrofluoric
acid, unlike traditional ceramics, and they
are not affected by silane coupling agents.
This is because zirconia surfaces lack silica.
The possible reaction pathway of phosphate
monomer with zirconia is, two hydrogen
groups (from phosphoric acid group) will
react slowly with one oxygen group (from
zirconia), liberating a water molecule to
from a stable Zr—O-P covalent bond (16).
Based on this theoretical background, several
previous studies have investigated adhesion to
zirconia surfaces using phosphate monomers,
This has been indirectly demonstrated

through techniques such as contact angle
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measurements and SIMS (Secondary Ion Mass
Spectrometer). Therefore, inferring from the
use of phosphate monomers like 10—-MDP as
functional monomers, it can be deduced that
universal adhesives can achieve bonding to
zirconia surfaces as well (17).

10—MDP, which exhibits excellent bonding
properties with zirconia and enamel,
possesses an OH group at one end, which,
upon encountering H,O, activates hydrogen
ions, acidifying the entire adhesive solution,
Previous studies have indicated that single—
bottle, one—layer adhesives with a pH below
3.0 are incompatible with cements that have
a reaction structure consisting of benzoyl
peroxide (BPO) and aromatic tertiary amines
(8). The theoretical background behind this
research suggests that when the adhesive layer
has a pH below 3.0, acidic monomers with a pH
below 3.0 remaining in the oxygen—inhibited
layer hinder the interaction between the amine
component of the cement and BPO, preventing
their bonding. Consequently, polymerization
of the cement does not occur at the interface
between the adhesive layer and the cement,
preventing chemical bonding between the
two layers (19). Considering two fact, such as
mixing silane with 1 bottle universal adhesive
and incompatibility with self—cure cement, it
is evident that more research is required for
single—bottle universal adhesives, to ensure
compatibility with all restorative materials

including ceramic and self—cure cements,



One of limitation of the study and related
possible future study may be the measurement
of hydrophilicity or surface energy. As
stated earlier, our earlier results showed no
significant differences among the experimental
adhesive materials with contact angles.
The results closely approximated those of
commercially available products (30 degrees or
more), indicating that the overall experimental
materials met the necessary and sufficient
conditions (20). Therefore, a comparative
analysis for the contact angle study were not
included in this study. Still, calculation of
surface energy may be useful for hydrophobic

materials in the future,

Conclusion

The results of this study concluded that as
the amount of 10—MDP in the experimental
dental universal adhesive increased, the pH
decreased, In addition, when the experimental
dental universal adhesive was applied to the
tooth specimen and resin was bonded, the
shear bond strength increased gradually with
increasing amounts of 10—MDP, but showed a
tendency to decrease gradually after a certain
amount was exceeded,

Through this study, the universal adhesive
used in the experiment showed the highest
adhesive strength at 9.710 wt% of 10—
MDP content, with a pH of 2.86 for that
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experimental adhesive group. Based on the
results of this study, this composition of
10—MDP can be considered the most ideal
for clinical application, though additional
experiments would be warranted as the future
studies such as biological evaluation and

clinical studies.
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Original Article

Changes in adhesive strength and pH of dental universal
adhesive in accordance with varying proportions of 10—MDP
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This study investigated the physical properties of dental universal adhesive according to the varying proportions of
10—MDP, a functional monomer that is a representative component of universal adhesives,

Experimental dental universal adhesives were made with 5 different proportions of 10—MDP (from 8.906 wt% to
10,500 wt%). Shear bond strength between bovine teeth and composite resin blocks were measured by applying each
experimental adhesive between them, Following the shear bond strength test, fractured surfaces were observed
for measurement of the fracture modes, Finally, the pH of the liquid experimental adhesives were measured, to
understand results from shear bond strength,

As the results, bonding strength of the experimental dental universal adhesive increased gradually with increasing
amounts of 10—MDP, but showed a tendency to decrease gradually after a certain amount was exceeded, The highest
adhesive strength was observed when 9,710 wt% of 10—MDP was added, In terms of pH, results showed that as the
amount of 10—MDP in the experimental dental universal adhesive increased, the pH decreased from pH 2.9 to pH
2.76.,

Based on the results of this study, it was evident that the proportions of 10—MDP resulted in changes in adhesive

strength and pH, though the optimal amount of 10—MDP would need a further investigations in the future,

Keywords : 10—MDP, Universal adhesive, Shear bond strength, pH, Dentin adhesive
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