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—ABSTRACT

CONFOCAL LASER SCANNING MICROSCOPIC MORPHOLOGY OF
DENTIN-RESIN INTERFACE AND ITS RELATIONSHIP WITH SHEAR BOND STRENGTH

Nak-Won Choi, D.D.S., Byeong-Hoon Cho, D.D.S., M.S.D., Ph.D.,
Ho-Hyun Son, D.D.S., M.S.D., Ph.D .
Department of Conservative Dentistry, College of Dentistry, Seoul National University

In this in vitro study, confocal laser scanning microscopic morphology of dentin-resin interface and its
relationship to shear bond strength were investigated after the exposed dentin surfaces were treated with 3
different kinds of dentin adhesive systems(three-step: Scotchbond Multi-Purpose Plus(SMPP), self-priming
bonding resin: Single Bond(SB), self-etching primer: Clearfil Liner Bond 2(LB2)). 52 extracted human
molar teeth without caries and/or restorations. The experimental teeth were randomly divided into three
groups of seventeen teeth each. In five teeth of each group, class V cavities(depth: 1.5mm) with 90°cavo-
surface angles were prepared at the cementoenamel junction on buccal and lingual surfaces. Bonding resins
of each dentin adhesive system were mixed with rhodamine B. Primer of SMPP was mixed with fluorescein.
In group 1, the exposed dentin was conditioned with etchant, applied with above primer and bonding resin
of SMPP. In group 2, with etchant and self-priming bonding agent of SB. In group 3, with self-etching
primer and bonding agent of LB2. After treatment with dentin adhesive systems, composite resin were
applied and photocured. The experimental teeth were cut longitudinally through the center line of restora-
tion and grounded so that about 90um-thick wafers of buccolingually orientated dentin were obtained. And,
10~80un-thick wafers sectioned horizontally, thus presenting a dentinal tubules at 90° to the cut surface of
a remaining tooth, were obtained. Primer of SMPP mixed with rhodamine B was applied to these wafers.
Confocal laser scanning microscopic investigations of these wafers were done within of 24 hours after treat-
ment.

To measure shear bond strength, the remaining twelve teeth of each group were grounded horizontally
below the dentinoenamel junction, so that no enamel remained. After applying dentin adhesive systems on
the dentin surface, composite was applied in the shape of cylinder. The cylinder was 5mm in diameter, and

2mm in thickness. Shear bond strength was measured using Instron with a cross-head speed of
0.5mm/min.

It was concluded as follows :
1. Hybrid layer of SMPP(mean: 4.56m) was thicker than that of any other groups. This value was not sta-
tistically significant thicker than that of SB(mean: 3.41um, p)0.05), and significant thicker than that of
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LB2(mean: 1.56um, p{0.05). There was a statistical difference between SB and LB2(p<0.05).
2. Although there were variations in the length of resin tag even in a sample, and in a group, most samples
in SMPP and SB showed resin tags extending above 20un. But samples in LB2 showed resin tags of 10un

at best.

3. Besides primer s infiltration into demineralized peritubular dentin and dentinal tubules, fluorophore of
primer was detected in the lateral branches of dentinal tubules.

4. All groups demonstrated statistically significant differences from one another(p<0.05), with shear bond
strengths given in descending order as follows: SMPP(18.3MPa), SB(16.0MPa) and LB2 (12.4MPa).

5. LB2 having thinnest hybrid layer(1.56um) showed the lowest shear bond strength(12.4MPa).

Key Words : Confocal Laser Scanning Microscope, hybrid layer, resin tag, Shear bond strength
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Multi-Purpose Plus(SMPP), self-priming &2} A] A=
¢l Single Bond(SB) Z2]3, self-etching primer Al
2l Clearfil Liner Bond 2 (LB2)& AMg-3tith. Ade) A}
S8 ok HAA 9 gAY 1YL 9 FHE AR
AL 9 A E WEE Table 19] EAlIGTH S84 By
Z1-& SMPP$} SB9| 4% Z-100(Batch No.:7JM, 3M
Co. Dental Products., St. Paul, MN, USA)& A}&31%
1, LB2Y 7 %4 Clearfil AP-X(Batch No.:0460,
Kuraray, Osaka, Japan)& AM&-3lit}.

ir] dhesiye systems used in this study

CO CthI’ld -

Components

Etchant 35% phosphoric acid 5BY ‘ 3M Dental
Multi-Purpose Primer HEMA, polyalkenoic acid 5JT Products Division,
Plus(SMPP) Bonding resin MDP, Bis-GMA, HEMA 5CH St. Paul, MN, USA
Etchant 35% phosphoric acid TRH 3M Dental
. Bis-GMA, HEMA, copolymer Products Division,
Single Bond(SB) Bonding resin of polyalkenoic acid, TAH St. Paul, MN,
GDMA, ethanol USA
Pri phenyl-P, HEMA, A 026
Clearfil Liner rimer 5-NMSA B: 034 Kuraray Co. Ltd,
Bond 2(LB2) Bonding resin MDP, HEMA, 0040 Osaka, Japan

Bis-GMA, microfiller

HEMA = 2-Hydroxyethylmethacrylate
Bis-GMA = bisphenol-A glycidyl methycrylate
5-NMSA = N-Methacryloyl-5-aminosalicylic acid

pheny-P = 2-Methacryloyloxyethyl phenyl hydrogen phosphate

MDP = 10-Methacryloyloxydecyl dihydrogen phosphate
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G B dal el dobilBel 2 0 44 AN m35] F2ARIS
Table 2. Application steps of each dentin adhesive system
Application steps SMPP 5B 1.B2
apply etchant 15 sec. 15 sec. -
rinse 10 sec. 10 sec. -

blot-dry with

air/cotton pellet leave surface wet

apply with small

apply primer brush/sponge

dry gently until

blot-dry with air
surface appears glossy

apply with small

apply twice, dry with

leave surface wet -

apply with small
- brush/sponge and wait
for 30 sec.

dry gently until
surface appears glossy

make the bonding resin film

apply bonding resin air for 2-5 sec. (surface as uniform as posssible using
brush/sponge .
appears glossy) a gentle air stream
light cure 10 sec. 10 sec. 20 sec.
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frol g 2] 7k JATHp<0.05).

Fig. 1. Shear Bond Strength of the Dentin Adhesive
Systems tested. * indicates statistically significant
differences(p<0.05}.

Mean = SD(m) 456 = 1.55

1.56 + 0.62

341 + 0.83

* indicates statistically significant differences(p{0.05)

Table 4. Sh ar:bond strength(MPa) of Dentin Adhesive Systems tested(n=12)

Mean + SD(MPa) 18.3 + 2.19

160 +277

* indicates statistically significant differences(p{0.05)
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Explanation of figures

“C" and D’ in all of the figures denote composite resin, dentin respectively.
Fig. 2a. Transmitted image of interface between Scotchbond Multipurpose Plus(SMPP) and dentin.
Fig. 2b Fluorescent image of interface between SMPP and dentin.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

2c.

2d.

3a.
3b.

3c.

4a.

4b.

4c.

The primer, mixed with fluorescein, has infiltrated the surface zone. The deep penetration of primer into
the widened tubules is observed.

Fluorescent image of interface between SMPP and dentin.

The bonding resin, mixed with rhodamine B, has infiltrated the dentinal tubules, forming a hybrid layer
and resin tags.

Overlay image of 2a, 2b, 2c.

Long resin tags(T) and a well defined hybrid layer(H) are visible.

The thickness of the hybrid layer can be measured where the boundary of the hybrid layer is parallel to
the dentin—composite junction.

Transmitted image of the interface between Single Bond(SB) and dentin.

Fluorescent image of the interface between SB and dentin.

The deep infiltration through the dentinal tubules of the bonding resin, mixed with rhodamine B, is visi~
ble. Well-defined hybrid layer is also visible(white arrows)

Overlay image of 3a, 3b.

Hybrid layer and resin tags(white arrow) as visualized in Fig. 2d are observed clearly.

Transmitted image of interface between Clearfil Liner Bond 2(LB2) and dentin.

Fluorescent image of interface between LB2 and dentin.

It is hard to distinguish from hybrid layer and composite, dentin due to extremely thin thickness of
hybrid layer(3%).

Overlay image of 4a, 4b.

Very short(¢{10un) resin tags are observed.

CLSM image from optical sections recorded in a plane parallel to the dentinal surface at a depth below
the surface of 2um(Fig. 5a), 4um(Fig. 5b) and 6un(Fig. 5c), respectively. Note the decreased diameter of
dentinal tubules and resin tags(T). The peritubular dentin(P) is visible clearly in Fig. 5c.

CLSM view of a projection of 16 optical sections with 0.5um interval demonstrating resin tags and side
branches(S). This view shows the typical features of funnel shaped resin tags.
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Fig. 2a Fig. 2b

Fig. 2¢
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Fig. 4a Fig. 4b

Fig. 4c Fig. ba

Fig. b Fig. bc

Fig. 6
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