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Observation of calcium phosphate powder mixed with an adhesive monomer
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In this study, morphological shape, elemental distribution and elution properties of Ca, P, Mg in four types of calcium phosphate
powder were investigated using SEM, EPMA and ICP-AES. Calcium phosphate powder: OHAp, DCPD, -TCP and OCP were observed
in the white powder form and in the photopolymerized adhesive monomer they scattered like dispersed fillers in resin composite. In
elemental analysis, CaKa showed a relatively high concentration in relation to PKa. In elution analysis, each calcium phosphate
showed different elution of Ca and P. But Mg was almost equal to the detection limit of ICP-AES. Namely it was suggested that
reparative dentin formation was effectively promoted under the following conditions: a calcification promoting effect by direct contact
of the calcium phosphate powder, an ionic effect of Ca and P eluted from the powder located in the vicinity of the exposed pulp and

environmental pH change of the surface in exposed pulp.
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INTRODUCTION

Vital pulp preservation is an important factor for the
longevity of teeth. Many devoted investigators have
focused on alternative materials for direct pulp capping
agents. Adhesive resins have been reported to be one of
the good alternatives to calcium hydroxide or its
preparations because they require only simplified
procedures, bond well and have a good sealing ability
to the cavity. Our laboratory has conducted several
studies by using human, monkey and rat teeth to
investigate the pulpal response to adhesive resins'2Y.
Some investigators including ourselves have found that
several adhesive resins were able to elicit a favorable
pulpal response after direct capping of the exposed
pulp'2??. The results of several long-term studies have
suggested that adhesive resins were almost equal to
calcium hydroxide or its preparations with regard to
wound healing of exposed pulp*?. However, dentin
bridge formation was usually initiated earlier when
using calcium hydroxide and its preparations in direct
capping groups! 35911151721 There have also been some
reports which suggested negative biocompatibility of
adhesive resins to pulp?*%. Currently, there is no
widely accepted technique or consensus on the use of
adhesive resins as direct pulp capping agents.
Nevertheless, we have developed experimental
adhesive resin direct pulp capping and as a bonding
agents containing reparative dentin-promoting agents
and direct pulp capping effects have been examined
histopathologically and immunohistochemically on
exposed rat pulp!®'™?Y, As reparative dentin-promoting
agents, four types of calcium phosphate: hydroxyl-
calcium phosphate (hydroxyapatite: OHAp), dicalcium

Received Apr 2, 2009: Accepted Sep 3, 2009

phosphate dihydrate (brushite: DCPD), beta-tricalcium
phosphate (whitrokite: S-TCP) and octacalcium
phosphate (OCT), were mixed with an experimental
adhesive monomer to create materials for direct resin
pulp capping and as a bonding agents of dental
substrates. The four types of calcium phosphate were
selected for the following reasons. In general, calcium
phosphate itself is a chief component of dental hard
tissue. In addition, crystallized deposition of the four
types of calcium phosphate frequently appears at the
area of remineralized caries lesions and sclerotic dental
hard tissue®®. It was considered that the four types of
calcium phosphate mixed with an experimental
adhesive monomer may play an active role to promote
reparative dentin formation.

In this study, the shapes and elemental
distributions of Ca, P and Mg in four types of calcium
phosphate powder were investigated using scanning
electron microscope (SEM) and electron probe
microanalyser (EPMA). In addition, dispersion phases
of calcium phosphate powder, elemental distribution
and elution properties of Ca, P, Mg from
photopolymerized samples of calcium phosphate powder
and an experimental resin monomer were also
investigated using EPMA and inductively coupled
plasma atomic emission spectrometry (ICP-AES).
Elemental analysis of Ca, P and Mg were selected for
the following reasons. Namely, they are the chief
components of dental hard tissue and Ca and P are
present in the chemical formula of the calcium
phosphate powder used. On the other hand, Mg is not
present in the chemical formula, but traces of elemental
Mg as an impurity in hydration cells of calcium
phosphate are present. In addition, the Mg
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concentration shows an interesting decrease and
increase in specimens of developing, erupted and
carious dental hard tissue®”.

The background of the reparative dentin-promoting
effect in experimentally developed adhesive resin direct
capping and as a bonding agents was carefully
examined to discover the major points for wound
healing effects of exposed pulp.

MATERIALS AND METHODS

Approval of the Ethics Committee
This study was approved by the Ethics Committee of
the Nippon Dental University, School of Life Dentistry

at Niigata (Receipt number: 24, July 5th, 2006)

Materials
The four types of calcium phosphate and the
experimental adhesive monomer used in this

experiment are listed in Tables 1 and 2. One type of
calcium phosphate powder was mixed with an
experimental adhesive monomer at the ratio of 5 wt%
to create experimentally developed resin direct pulp
capping and as a bonding agents for dental substrates.
In total four kinds of experimentally developed direct
pulp capping and as a bonding agents (MB1, MBS3,
MB5 and MB7) were prepared and the detailed
specifications are listed in Table 3.

Table 1 Four types of calcium phosphate powder used in the experiment
Materials Abbr.  Chemical Structures Molcaar /R; tio Lot # Manufacturers Remarks
Hydroxyl-calcium OHAp Caio(PO4)s(OH), 1.67 030606 Ube Materials Experimental
phosphate Industries Ltd Product
(Hydroxyapatite) (Ube-City, Japan) (Sintering at 1200 °C
Dicalcium phosphate DCPD  CaHPO,:2H,0 1.00 M7H6575 Nacalai Tesque Inc  The First Class
dihydrate (Kyoto, Japan) Reagent
(Brushite)
Beta-tricalcium p-TCP Caz(PO,): 1.50 04080401  Taihei Chemical Experimental
phosphate Industrial Co Ltd Product
(Whitlockite) (Osaka, Japan)
Octacalcium OCP CasH2(PO,)s* 5H,0 1.33 SA3131 Taihei Chemical Experimental
phosphate Industrial Co Ltd Product
(Osaka, Japan)
Table 2  Composition of the experimental adhesive monomer used in the experiment
Composition Lot # Manufacturer
Bisphenol A Diglycidylmethacrylate
2-Hydroxyethyl Methacrylate
Hydrophobic Aliphatic Dimethacrylate 041110 Kuraray Medical Inc

10-Methacryloyloxydecyl Dihydrogen Phosphate (MDP)
Amine
dl-Camphorquinone

(Tokyo, Japan)

Table 3  Composition of each group experimentally developed for adhesive resin direct pulp capping and as a bonding
agents containing calcium phosphate powder
. Composition (wt%)
Experimental Groups
MB1 MB3 MB5 MB7
Experimental adhesive monomer 100 100 100 100
. OHAPL D
e DCPD CE
,,,,,,,,,,,,,,,,,,,,,,,,,,, B D
oCPp 5
Lot # 21008 21008 41006 41006

(n=5)
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Sample preparation and characterization

Sample forms used for SEM, EPMA and ICP-AES
observations are shown in Fig. 1. Calcium phosphate
powder was spread on carbon double-sided tape (Nissin
EM Co., Ltd., Tokyo, Japan) which was fixed onto
aluminum stabs and then sputter coated with
platinum/palladium using a vacuum coater (Hitachi
E101, Hitachi Co, Tokyo, dJapan). First, the
morphological shapes of calcium phosphate powder
were observed using SEM (Hitachi S-800, Hitachi Co,
Tokyo, Japan) at an accelerating voltage of 15 kV.
Second, other morphological shapes and elemental
distributions of CaKa, PKo and MgKa of calcium
phosphate powder were also observed using EPMA
(EPMA-8705, Shimadzu, Kyoto, Japan) at an
accelerating voltage of 20 kV, and a specimen current
of 10 nA, to obtain back scattered electron (BSE)
images and characteristic X-ray images, as well as
secondary electron (SE) images using specimen current
0.5 nA.

Elemental distributions of CaKa, PKa, MgKo and
dispersion phases of calcium phosphate powder in
photopolymerized samples were observed using EPMA
under the same observational conditions. The sample

Powder sample for SEM, EPMA observation

Calcium phosphate powder

Carbon double-sided tape

<—+— Aluminum stab

was finished and polished by dry grinding with 1000-
grit waterproof abrasive paper (Kovax Corp, Tokyo,
Japan). After that the specimens were fixed on to
aluminum stabs using electroconductive paste
(Graphite Paste, Okenshoji Co., Ltd., Tokyo, Japan),
the specimens were treated with carbon vacuum
evaporation using a carbon coater (Carbon Coating
System CC-40F, Meiwafosis, Osaka, dJapan). First
surface analysis of CaKa, PKo and MgKa were made.
Secondary an approximate distance of 500 um of the
line profile of the SE and BSE images was undertaken
with a sample speed of 50 ym/min and chart speed of
20 mm/min, to investigate CaKo, PKoa and MgKa
concentrations.

Elution properties of Ca, P and Mg from
photopolymerized disk plate were measured using ICP-
AES (ICP-AES-IRIS AP, Thermo Fisher Scientific KK,
Franklin, MA, USA). Experimental apparatus for ICP-
AES measurement were fabricated as follows. Namely,
a mixture of adhesive monomer and 5 wt% calcium
phosphate powder of OHAp, DCPD, -TCP or OCP was
poured into the polyester plate which was first covered
with polyestel film and secondary covered with micro
slide glass (Matsunami Glass Ind., Ltd., Osaka, Japan)

Photopolymerized sample for EPMA observation

Photopolymerized mixture of
experimental adhesive monomer and
calcium phosphate powder

(Direct pulp capping and as a bonding agent)

Plastic ring

Electroconductive paste

— Aluminum stab

Disk plate sample and apparatus for ICP-AES measurement

Distilled water

Fig. 1

Photopolymerized disk plate of experimental

adhesive monomer and calcium phosphate powder

(Direct Pulp capping and as a bonding agent)

Disk plate size and weight: 15mm in diameter x 1mm in thickness with a weight of 2.2-2.5g
Immersion period: 2 weeks at 37 = 1°C in 22-25ml of distilled water adjusted to pH6.0

(Elution solution (22-25ml) was ten times in weight of disk plate (2.2-2.5g)

Three kinds of sample forms used for the experiment,

upper left: powder sample for SEM, EPMA observation
upper right: photopolymerized sample for EPMA observation
lower left: disk plate sample and apparatus for ICP-AES measurement
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and pressed gently by hand. The mixture was then
photopolymerized. The sample was finished and
polished with 1000-grit waterproof abrasive paper to
remove the unphotopolymerized surface or low
photopolymerized layer of the specimen. Finally, a disk
plate 15 mm in diameter X 1 mm in thickness with a
weight of 2.2-2.5 g was made. The disk plate was stored
at 37 = 1°C in 22-25 ml of distilled water adjusted to
pH6.0 for 2 weeks. Elution amounts of Ca, P and Mg
measured in ug/g in distilled water were evaluated
using ICP-AES. Measuring conditions were as follows:
RF forward power: 1150 W, auxilliary flow (Argon gas):
0.5 L/min, pump rate: 130 rpm, analysis limit: 0.01 ug/
ml and measurement wavelength: Ca: 396.847 nm, P:
185.943 nm and Mg: 285.213 nm.

RESULTS

Morphological shapes of calcium phosphate powder
Representative SEM morphological images observed in
four kinds of calcium phosphate powder are presented
in Fig. 2.

The findings observed are summarized as follows:
Four kinds of calcium phosphate powder were observed
to be of a white powder form to the naked eye. OHAp
showed spherical particles in many different sizes and
their surfaces were comparatively smooth. DCPD
showed cylindrical shapes in small gatherings and their
surfaces were comparatively smooth. S-TCP showed
small granular and uniform shapes and their surfaces
were comparatively smooth. OCP showed needle-like
shapes in small gatherings of cotton-like structures.

Elemental analysis of calcium phosphate powder and
photopolymerized samples by EPMA

Representative EPMA morphological images and
characteristic X-ray images of CaKa, PKa, MgKa

observed in four kinds of calcium phosphate powder are
presented in Fig. 3. In addition, representative EPMA
surface images and line profiles of elemental
distributions of CaKa, PKa, MgKa and dispersion
phases of  calcium phosphate powder in
photopolymerized samples are presented in Fig. 4.

The findings observed are summarized as follows:
CaKa showed a relatively high concentration in
relation to PKa, but MgKo was found only in a trace
amounts and was detected only when wusing line
profiles. The calcium phosphate powder in the
photopolymerized adhesive monomer scattered like
dispersed fillers in resin composite.

Elution property analysis of Ca, P and Mg from
photopolymerized samples by ICP-AES
Elution amount of Ca, P and Mg from photopolymerized
solid mixture are presented in Table 4.

The results observed are summarized as follows:
The elution amount of Ca increased in the following
order: MB1, MB5, MB(C)1, MB7 and MB3. On the
other hand, the elution amount of P increased in the
following order: MB(C)1, MB1, MB5, MB7 and MB3. It
was found that the elution amount of Mg was almost
equal to the detection limit of ICP-AES.

DISCUSSION

The four types of calcium phosphate powder were
composed of elements such as Ca, P and Mg. The
dispersion phases of calcium phosphate powder in the
photopolymerized adhesive monomer, direct pulp
capping and as a bonding agents, were highly
influenced by vibration and trituration effects during
the hand mixing of the materials. In well-mixed
sample, the calcium phosphate powder in the adhesive
monomer scattered uniformly in the photopolymerized

DCPD

Fig. 2 Representative SEM morphological images observed in four kinds of calcium phosphate powder

OHAp

B3-TCP OCP
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Fig. 3 Representative EPMA morphological images and characteristic X-ray images of CaKa, PKa and MgKa observed
in four kinds of calcium phosphate powder

Table 4  Elution amount of Ca, P and Mg from photopolymerized disk plate evaluated using ICP-AES measurement
Weight of Elution

Exlgg?;e:tal Sample Plate Solution Ca P Mg
P [¢] [m1] wgmll  [uglel  [ug/mll  [ugldl  [ughml]  [ugle]
[MB1] 2.38 23.8 2.48 24.8 2.60 26.0 0.01 0.1
[MB(C)1] 2.32 23.2 4.41 44.1 1.92 19.2 0.01 0.1
[MB3] 2.23 22.3 17.4 174 19.0 190 0.01 0.1
[MB5] 2.20 22.0 2.60 26.0 3.31 33.1 0.01 0.1
[MBT7] 2.47 24.7 4.97 49.7 4.64 46.4 0.02 0.2

(Detection limit; 0.01 xg/ml)

MB1: 5 wt% OHAp, MB3: 5 wt% DCPD, MB5: 5 wt% S-TCP, MB7: 5 wt% OCP
MB (C)1: The group which acidic monomer MDP was eliminated from the composition of the MB1 group.
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[Surface image] [Line profile]

Fig. 4 Representative EPMA surface images and line profiles of CaKa, PKa and MgKa during the dispersion
phases of calcium phosphate powder in photopolymerized samples,
(a): MB1: 5 wt% OHAp, (b): MB3: 5 wt% DCPD, (c): MB5: 5 wt% £-TCP, (d): MB7: 5 wt% OCP
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sample. But due to deficiency of the mixing resulted in
the calcium phosphate powder was inhomogeneous in
the photopolymerized sample.

The elution amount of Ca increased in the
following order: MB1, MB5, MB(C)1, MB7 and MBS3.
On the other hand, the elution amount of P increased
in the following order: MB(C)1, MB1, MB5, MB7 and
MB3. Each calcium phosphate showed different elution
of Ca and P. The amount of elution was affected by the
solubility product (Ksp) of each type of calcium
phosphate. The solubility product (Ksp)***® of each
calcium phosphate powder at 37°C distilled water
adjusted pH6.0 was reported as follows: DCPD;
1.87x107, OCP; 1.25x10*7, B-TCP; 1.37x102° and
OHAp; 9.18x10°%. The elution amount of P totally
included the following: P from the calcium phosphate,
the unpolymerized MDP monomer and the
photopolymerized sample. MB(C)1, the group which
contained no acidic monomer MDP, had a tendency to
increase the elution amount of Ca while the elution
amount of P decreased. This result was caused by the
effect of MDP absorption with calcium phosphate which
resulted in the elution amount of P from the

photopolymerized sample to decrease. It was found that
the elution amount of Mg was almost equal to the
detection limit of ICP-AES. Fundamentally, Mg was
not present in the chemical formula in the calcium
phosphate powder used, but traces of elemental Mg as
an impurity in hydration cells of the calcium phosphate

was detected when line profiles were investigated.
Suzuki M et al.® studied the wound healing
process of rat pulp directly capped with experimentally
developed adhesive resin systems including Clearfil
Megabond®. In total twelve types of bonding agents
were prepared at fixed amounts of calcium phosphate.
The exposed pulp of rats were directly capped with
combined use of experimental primers and twelve types
of bonding agents which were as follows: MB1: 5 wt%
OHAp, MB2: 10 wt% OHAp, MB3: 5 wt% DCPD, MB4:
3 wt% DCPD, MB5: 5 wt% S-TCP, MB6: 10 wt% S-TCP,
MBT7: 5 wt% OCP, MB8: 5 wt% OHAp + 5 wt% DCPD,
MB9: 5 wt% OHAp + 5 wt% S-TCP, MB10: 5 wt%
DCPD + 5 wt% p-TCP, MB11: 4 wt% OHAp + 3 wt%
DCPD + 3 wt% S-TCP and MB12: 4 wt% OHAp + 2
wt% DCPD + 2 wt% S-TCP + 2 wt% OCP. The control
group was capped with Dycal® the preparations of
calcium hydroxide and MBP and MBB: Clearfil
Megabond® primer and bonding agent. After direct
capping and bonding procedures of the exposed pulp,
all the cavities were restored with a resin composite.
The rats were sacrificed at the experimental periods of
1, 3, 7, 14 and 28 days and then pulp tissue were
examined histopathologically and immunohistochemically.
Representative results obtained on the 14th day and
the 28th day are shown Figs. 5 and 6. In the groups
which used calcium phosphate powder, reparative
dentin formation was already recognized on the 14th
day (Fig. 5-a and b) and increased over time up to the

Fig. 5 Representative histological micrographs on the 14th day after direct pulp capping and restoration (H-E Stain,

x100),

C: Cavity, DB: Dentin bridge, TB: Tubular dentin, OD: Osteodentin, OB: Odontblast-like cells, ID: Irritation

dentin, T: Tunneling, NC: Necrosis and DY: Dycal®
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Fig. 6 Representative histological micrographs on the 28th day after direct pulp capping and restoration (H-E Stain,

x100),

C: Cavity, DB: Dentin bridge, TB: Tubular dentin, OD: Osteodentin, OB: Odontblast-like cells, ID: Irritation

dentin, T: Tunneling, NC: Necrosis and DY: Dycal®

28th day (Fig. 6-g and h). Reparative dentin formation
was clearly promoted by the types and concentrations
of calcium phosphate powder.

This experiment employed 4 kinds of groups: MBI,
MB3, MB5 and MB7 for SEM and EPMA observations.
ICP-AES measurement employed 5 kinds of groups:
MB1, MB3, MB5, MB7 and MB(C)1. These groups
except MB(C)1 contained the same amount of calcium
phosphate in wt% which was employed in the study
conducted with Suzuki M et al. MB(C)1 was the group
which acidic monomer MDP was eliminated from MB1
and the other compositions were identical to MB1.

To summarize the results of this experiment, it
was suggested that reparative dentin formation was
effectively promoted under the following conditions: a
calcification promoting effect by direct contact of
calcium phosphate powder or that found in the vicinity
of exposed pulp, an ionic effect of Ca and P eluted from
calcium phosphate powder and environmental change
of the surface of the exposed pulp through the effect of
pH change.

Also it was suggested that reparative dentin
formation was particularly promoted and was confirmed
the effectiveness of wound healing in the early stage
after direct capping of exposed pulp.

CONCLUSIONS

Four types of calcium phosphate: OHAp, DCPD, g-TCP
and OCP were observed in white powder form, but
their morphological shapes differed as could be seen in
SEM and EPMA images. The calcium phosphate
powder in photopolymerized samples were scattered
like the fillers in resin composite.

1. In elemental analysis of EPMA, CaKa showed a
relatively high concentration in relation to PKa in both
surface analysis and line profile. But MgKo was
recognized in a trace amount and was detected only in
the line profile.

2. In elution properties analysis by ICP-AES, Ca
increased in the following order: MB1, MB5, MB(C)1,
MB7 and MB3 and P increased in the following order:
MB(C)1, MB1, MB5, MB7 and MB3. But as Mg was
almost equal to the detection limit of the measuring
apparatus. The amount of elution was affected by the
solubility product (Ksp) of each calcium phosphate
powder.

3. It was suggested that when the experimental
developed adhesive resin materials containing calcium
phosphate powder were used as direct pulp capping
and as a bonding agents, this led to reparative dentin
formation and promoted the reliability of wound
healing, especially improvement of wound healing in
the early stage after direct capping of exposed pulp.



Dent Mater J 2010, 29(1): 15-24 23

ACKNOWLEDGMENTS

The authors thank Kuraray Medical Inc. for the
experimental adhesive resin systems and other
materials they generously provided.

SOURCE OF FUNDING

This study was supported in part by grants-in-aid for
Scientific Research (A)(1): project numbers: 14207082,
14207083 and (B)(2), project number: 15390578 from
the Japan Society for the Promotion of Science.

REFERENCES

1) Katoh Y. Clinico-pathological study on pulp-irritation of

2

~

3)

4)

5)

6)

7

8)

9)

10

11

12

)

)

-

adhesive resinous material (Report 1) Histopathological
change of the pulp tissue in direct capping. Adhes Dent
1993; 11: 199-211.

Ebihara T, Katoh Y. Histopathological study on development
of adhesive resinous material containing calcium hydroxide
as direct pulp capping agent. Jpn J Conserv Dent 1996; 39:
1288-1315.

Suzaki T, Katoh Y. Histopathological study on 4-META/
MMA-TBB resin containing calcium hydroxide as a direct
pulp capping agent. Jpn J Conserv Dent 1997; 40: 49-77.
Katoh Y, Kimura T, Inaba T. Clinicopathological study on
pulp-irritation of adhesive resinous materials (Report 2)
Clinical prognosis of the pulp tissue directly capped with
resinous materials. Jpn J Conserv Dent 1997; 40: 153-162.
Katoh Y, Yamaguchi R, Shinkai K, Hasegawa K, Kimura T,
Ebihara T, Suzaki T, Ohara A, Kitamura Y, Tanaka N, Jin
C. Clinicopathological study on pulp-irritation of adhesive
resinous materials (Report 3) Direct capping effects on
exposed pulp of Macaca Fascicularis. Jpn J Conserv Dent
1997; 40: 163-176.

Katoh Y. Microscopic observation of the wound healing
process of pulp directly capped with adhesive resins. Adhes
Dent 1997; 15: 229-239.

Jin C, Shinkai K, Kimura T, Ebihara T, Suzaki T, Ohara A,
Kitamura Y, Tanaka N, Katoh Y. Pulp response to adhesive
composite resin systems -Histopathological evaluation in
Macaca Fascicularis-. Jpn J Conserv Dent 1998; 41: 643-
654.

Ohara A, Katoh Y. Histopathological study on healing
properties of exposed pulp alternately treated by different
chemical cleansing and direct capping agents. Jpn J Conserv
Dent 1999; 42: 435-458.

Kitamura Y, Katoh Y. Histopathological study on healing
properties of exposed pulp irradiated by laser and capped
directly with adhesive resin. Jpn J Conserv Dent 1999; 42:
461-4717.

Katoh Y, Kimura T, Inaba T. Clinicopathological study on
pulp-irritation of adhesive resinous materials (Report 4)
Long-term clinical prognosis of the pulp tissue directly
capped with resinous materials. Jpn J Conserv Dent 1999;
42: 989-995.

Jin C, Shinkai K, Katoh Y. New development in
histopathological studies on adhesive resinous materials
provided a calcification promoting function as direct pulp
capping agent -The effect of Ca(OH), on direct capping with
self-etching primer and the wound healing process over
time-. Jpn J Conserv Dent 2000; 43: 85-108.

Medina IIT VO, Shinkai K, Shirono M, Tanaka N, Katoh Y.
Histopathological study on pulp response to single-bottle
and self-etching adhesive systems. Oper Dent 2002; 27: 330-
342.

13) Katoh Y. Hybridized capping effect of two step bonding
system and Ca(OH); to exposed pulp, Ishikawa T, Takahashi
K, Maeda T, Suda H, Shimono M, Inoue T. Proceeding of
international conference on dentin/pulp complex 2001, Quint
Pub Co Ltd, Tokyo, 2002, pp. 95-101.

14) Shirono M, Ebihara T, Katoh Y. Effect of CO, laser
irradiation and direct capping with two-step bonding system
on exposed pulp of Macaca fascicularis. Jpn J Conserv Dent
2003; 46: 761-781.

15) Suzuki M, Katsumi A, Watanabe R, Shirono M, Katoh Y.
Effect of an experimentally developed adhesive resin system
and CO. laser irradiation on direct pulp capping. Oper Dent
2005; 30: 702-718.

16) Katoh Y. Cariology and Operative Dentistry —Modern
composite resin restoration: Minimal intervention and metal
free restoration in esthetic dentistry-, 1st ed, Oral Health
Association of Japan, Tokyo, 2005, pp. 36-42.

17) Suzuki M, Ogisu T, Kato C, Shinkai K, Katoh Y.
Histopathological study on effect of direct pulp capping with
an experimentally developed adhesive resin system
containing reparative dentin-promoting function and CO,
laser irradiation Jpn J Conserv Dent 2006; 49: 104.

18) Kato C, Suzuki M, Shinkai K, Katoh Y. Histopathological
and immunohistochemical study on effect of direct pulp
capping with an experimentally developed adhesive resin.
Jpn J Conserv Dent 2006; 49: 60.

19) Suzuki M, Ogisu T, Kato C, Shinkai K, Yamauchi J, Katoh
Y. Effect of direct pulp capping experimentally developed
adhesive resin systems containing calcium phosphate on
healing of exposed pulp. Jpn J Conserv Dent 2007; 50: 27.

20) Suzuki M, Taira Y, Kato C, Shinkai K, Katoh Y.

Clinicopathological study on direct pulp capping effect with

CO. laser irradiation. Jpn J Conserv Dent 2008; 51: 134.

Ogisu T, Suzuki M, Shinkai K, Katoh Y. Effect on pulp

healing of CO, laser irradiation and direct pulp capping

with experimentally developed adhesive resin systems
containing reparative dentin-promoting agents, J Oral Laser

Appl 2008; 8: 257-273.

22) Cox CF. Biocompatibility of dental materials in the absence
of bacterial infection. Oper Dent 1987; 12: 146-152.

23) Kashiwada T, Takagi M. New restoration and direct pulp
capping systems using adhesive composite resin. Bull Tokyo
Med Dent Univ 1991; 38: 45-52.

24) Akimoto N, Momoi Y, Kohno A, Suzuki SH, Otsuki M,
Suzuki S, Cox CF. Biocompatibility of Cleafil Liner Bond 2
Clearfil AP-X system on non-exposed and exposed primate
teeth. Quintessence Int 1998; 29: 177-188.

25) Cox CF, Hafez AA, Akimoto N, Otsuki M, Suzuki S, Tarim
B. Biocompatibility of primer, adhesive and resin composite
systems on non-exposed and exposed pulps of non-human
primate teeth. Am J Dent 1998; 10: S55-S63.

26) Kitasako Y, Inokoshi S, Fujitani M, Otsuki M, Tagami J.

Short-term reaction of exposed monkey pulp beneath

adhesive resins. Oper Dent 1998; 23: 308-317.

Kitasako Y, Inokoshi S, Tagami J. Effects of direct resin

pulp capping techniques on short-term response of

mechanically exposed pulps. J Dent 1999; 27: 257-263.

28) Stanley AR. Criteria for standardizing and increasing
credibility of direct pulp capping studies. Am J Dent 1998;
11: S17-S34.

29) Hebling J, Giro EM, Costa CA. Biocompatibility of an

adhesive system applied to exposed human dental pulp. J

Endod 1999; 25: 676-682.

Costa CAS, Nascimento ABL, Teixeira HM, Fontana UF.

Response of human pulps capped with a self-etching

adhesive system. Dent Mater 2001; 17: 230-240.

Pereira JC, Segala AD, Costa CAS. Human pulpal response

to direct pulp capping with an adhesive system. Am J Dent

2000; 13: 139-147.

21

~

27

-

30

=

31

—



24

Dent Mater J 2010; 29(1): 15-24

32)

33)

34)

35)

Horsted-Bindslev P, Vilkinis V, Sidlauskas A. Direct
capping of human pulps with a dentin bonding system or
with calcium hydroxide cement. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2003; 96: 591-600.

Silva GAB, Lanza LD, Lopes-Junior N, Moreira A, Alves JB.
Direct pulp capping with a dentin bonding system in human
teeth: A clinical and histological evaluation. Oper Dent
2006; 31: 297-307.

Sakae T, Hayakawa T, Maruyama F, Nemoto K, Kozawa Y.
Crystallo-chemical analyses of calcium phosphates. Nihon
Univ J Oral Sci 1997; 23: 371-380.

Baron JP. Chapter 2 The role of hydroxyapatite in biological
systems, Anghileri LJ, Tuffet-Anghileri AM. The role of
calcium in biological systems Volume 1, CRC Press Inc,
Boca Raton, Florida, 1982, pp. 27-40.

36)

37)

38)

39)

Williams RAD, Elliott JC. Basic and applied dental
biochemistry, 1st ed, Churchill Livingstone, London and
New York, 1979, pp. 184-201.

Takuma S. Dental caries, Takuma S. Illustrated oral
pathology, 3rd ed, Ishiyaku Pub Inc, Tokyo, 1985; pp. 138-
249.

Suga S. Dental caries, Hisada T, Suga S. Illustrated oral
pathology, 1st ed, Gakken-Shoin Ltd, Tokyo, 1989, pp. 55-
84.

Suga S, Soejima H, Tanaka Y. 2. Electron probe X-ray
microanalysis of developing, erupted and carious dental
hard tissues, Onisi M. International association for dental
research abstracts of papers presented at the fourteenth
annual meeting of the Japanese division. J Dent Res 1967;
46 Supplement to No.6: 1251-1252.



