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Acid Resistance Effect of Simultaneous Use of Carbon Dioxide Laser and
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CO,, Nd-YAG, and Er-YAG laser devices have
been developed for dental applications. These
laser devices improve the acid resistance of the
enamel surface layer, however, a great deal of
energy is required to improve the acid resistance of
the enamel surface when using laser irradiation
alone. To investigate efficient methods for im-
proving the acid resistance of enamel, an experi-
mental fluorine-containing paste was produced by
dissolving ammonium fluoride in a water soluble
polymer and this paste was used in conjunction with
super-pulse irradiation of CO,-laser. A colorimeter
was used to evaluate the acquisition of acid resis-
tance of the enamel surface based on the difference
of reflected light (4Y). Morphological changes in
the enamel surface layer were observed by SEM.
The ratio of fluorine atoms on the enamel surface
was examined with element analyzer. The sam-
ples of this experiment were prepared as follows :
without treatment (control 1), paste application
without fluoride {(control 2), laser irradiation alone
(L), fluoride application alone (F), fluoride applica-
tion after laser irradiation (LF), and laser irradia-

tion after LF (LFL).

The results were as follows :

1. 4Y was not significantly different bhetween
the control group 1 and the L group. Under the
conditions of this experiment, the super-pulse irradi-
ation of CO,-laser alone did not improve the acid
resistance of the enamel surface.

2. 4Y was not significantly different between
the F and LF groups, but the LF group showed
greater improvement in acid resistance than the F
group.

3. The LFL group showed a significantly low
4Y compared with the other groups, indicating that
the group acquired greater acid resistance than the
other groups.

4. The super-pulse irradiation of energy density
20.6 J/cm?® did not dissolve or coagulate apatite
crystals in the enamel surface layer. However,
SEM images showed that smear substances had
been removed from the enamel surface.

5. When the experimental fluorine-containing
paste was applied, SEM images showed a substance
like calcium fluoride deposited on the enamel sur-
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face. The deposit was more dense on the enamel
surface of the LFL group than on that of any other
group.

6. SEM images of the LFL group showed a
dense substance similar to calcium fluoride on the
enamel surface even after lactic acid treatment.

7. Inthe F, LF, and LFL groups, fluorine atoms
were detected on the enamel surface before and
after lactic acid treatment, however, fluorine atoms

of all groups were decreased by acid treatment.

ERRE I =

8. The F-atomic values (%) of the LFL group
before and after lactic acid treatment were the
highest among those of all groups.

The results suggested that the simultaneous use of
experimental fluorine-containing paste and CO,-
laser in super-pulse mode could improve the acid
resistance of the enamel surface more effectively
and safely than the independent use of the fluoride
or CO,-laser.

{Request original article reprints to Dr. Fukazawa)
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sound enamel of bovine incisor teeth

polishing (#2,000) and sonication (15 min)

| I
paste without NH,F |aser irradiation
application (20.6 J/cm?)
{4 min)

[control 1] [control 2] [L]

NH,F application

L4447 I
treated 3 times at interval of 24 hrs

[ t \

lager irradiation laser irradiation

F 10,000 ppm (20.6 J/cm?) (20.6 J/cm?)
(4 min) | ‘
NH,F application NH,F application
F 10,000 ppm F 10,000 ppm
(4 min) (4 min)
E
laser irradiation
(20.6 J/cm?)
[F] [LF] [LFL]

sonication (15 min) and preserve in water (72 hrs)

measured the reflected light with colorimeter
SEM observation

determining F-atomic(%) with element analyzer

acid resistance test with 1.0 M lactic acid

measured the reflected light with colorimeter
SEM observation
determining F-atomic (%) with element analyzer

Fig. 1 Experimental procedure

sample

. fiber for light sensor
= ¢ fiber for light projection

<—— ! light
e reflected light

Fig. 2 Structural schema of colorimeter
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Table 1 Acid resistance test with colorimeter

groups the difference of reflected light (4Y)
control 1 4.83(£0.65) —
control 2 4.72(+0.85)
% |

L 4.60(=x0.51) *—

*
F 3.10(£0.68) — —|
LF 2.76(£0.59) — *—

J *

LFL 1.69(+0,45) — =

mean+SD n=12 % p<0.05(Scheffé’s F)

D O NW R Oy N

-

control 1 control 2 L F LF LFL
. 3 Acid resistance test based on the difference
of reflected light (4Y) on the bovine
enamel. The bars show standard deviation.
(n=12)

Difference of reflected light(AY)

=
1)
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2 upm 100 nm
Fig. 4 SEM of the enamel surface after each Fig. 5
treatment
A, a :control 1 A,
B, b :Icontrol 2 B,
C, ¢ :laser (L) C,
D, d : fluoride (F) D,
E, e :laser+fluoride (LF) E,
F, f :laser+fluoride-+laser (LFL) F,

a
b

[ R I = N o]

RERA A L —¥— & 7 o bW X 2 BT R R o87

2 um 100 nm
SEM of the enamel surface after acid
resistance test

s control 1

 control 2

> laser (L)

: fluoride (F)

> laser +fluoride (LF)

: laser +fluoride+laser (LFL)



588 H &£ &8 B & # % ¥ &

Table 2 Determining F-atomic(%) with element

analyzer

groups  after treatment after acid resistance test
control 1 — ==

control 2 = —

L — [Fr——,

F 4.87(+0.56) 1.18(£0.84)

LF 5.54(£1.73) 3.25(£1.72)

LFL 8.01(£1.71) 6.48(+1.26)

mean+5D n=5
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D, 83¥K(Fig. 5-A, B)Tld =+ A VD EFH
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12,
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Acid Resistance of Enamel Surface after Vital Bleaching

Masataka Fukazawa, Toshikazu UcHIYAaMA, Michinori SUGIYAMA,

Motomori OHMURA, Tsuyoshi Tacawa, Akira OGINO,

Yoshiharu Kono and Takuwji [KEMI

Department of Operative Dentistry, Nihon University School of Dentistry at Matsudo
(Chief: Prof. Takuji IKEMI)
870-1, Sakaecho, Nishi-2, Matsudo, Chiba 271-8587, Japan
(Received for Publication: August 1, 2000)

Bleaching of vital teeth is currently being perfor-
med in response to the growing aesthetic demands
of patients. Products that contain 35% hydrogen
peroxide solution as the main constituent are being
marketed in Japan for in-office bleaching. This
bleaching method does not require tooth grinding,
and it has become the preferred initial choice for
patients who want to improve the color of their
teeth. Some reports have described dissolution of
organic substances in the enamel surface and
changes in surface properties due to the oxidative
effect of the 359 hydrogen peroxide solution used in
this bleaching. However, the enamel surface is
only temporarily roughened, since the action of
minerals and organic substances contained in saliva
is thought to promote gradual smoothening of these
irregularities.

Some studies have reported that the use of fluo-

ride improves the acid resistance of enamel that has
been artificially demineralized or caries. How-
ever, the effect of fluoride after vital bleaching in
the enamel layer remains to be elucidated. There-
fore, we investigated the changes in the surface
properties of enamel immediately after bleaching, in
the present study, by determining if the use of fluo-
ride directly after bleaching improved the acid resis-
tance of the enamel. Furthermore, we investigated
if fluoride effectively accomplished the principal
objective of bleaching, and if it contributed to the
prevention of dental caries.

Results indicated that the use of acidulated phos-
phate fluoride solution and sodium fluoride after
bleaching improved enamel acid resistance more
than ammonium fluoride.

(Request original article reprints to Dr. FUKAZAWA)
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Bond Strength of Resin Composite to Dentin Irradiated with an Er-YAG Laser

—Components of Primer and Power of the Laser—

Norihiro YAMAMOTO

Department of Operative Dentistry, Nihon University School of Dentistry at Matsudo

(Director: Prof. Takuji IKEMI)
70-1, Sakaecho, Nishi-2, Matsudo, Chiba 271-8587, Japan
(Received for Publication: July 10, 2000)

Several types of laser devices for dental use have
An Er-YAG laser is better for
resin cavity preparation than a CO, laser or an
Nd-YAG laser, which are both used mainly for

been developed.

conservation and restoration. According to some
reports, however, if a resin is applied to a dentin
surface irradiated with an Er-YAG laser using the
conventional resin composite adhesion system, the
resin adhesiveness decreases remarkably. This
decrease in resin adhesiveness is contrary to the

recent concept of restoration using an adhesive.

Therefore, in order to improve the adhesiveness of
a resin composite to a dentin surface irradiated with
an Er-YAG laser, the author created experimental
primers and investigated the Er-YAG laser irradia-
tion power.

Consequently, acetone solutions based on MDP
and HEMA improved the adhesiveness of a resin
composite to dentin irradiated with a 220m] Er-
YAG laser beam.

(Request original article reprints to Dr. YAMA-
MOTO)
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The Amount of Generated Hydroxyl Radicals by Lights
or Lasers Irradiation of Hydrogen Peroxide
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Masaru Kimura®* Muneyoshi Yamazaki, Takuji Ikemi*
Department of Endodontics and *Operative Dentistry, Nihon University School of Dentistry at Matsudo

KEBEOHMIL, H20: Bl 5T FOF Y I VA NI T L —F =S5 W hESTEIH- L A
WRIZODWTHRT LAd D TH L, A2, HEERICB W CHOERICH0: B H s T b, #
DI, BEL-e FOF TPV mIdE0EHENEEFELTWwE EEZ SRLH, FRO T AHE
FEEAEM, 22T, FELIFE FOF LI I ANIIO0T HaQ2 %5 & L —H— 2 2 W (3B SRS
EORREIEL T A7 Il ERTIT o7,

FOEER., DLToOmECR,

1)H:0: 3885 - OHA%384 35 Z & % ESR  spin-trapping 2 THEET A Z 5T & 72,

2 H0: i B 5T A - OHald He0 B E IRE L T/,

3gnosrymEE, b P TUTY -, RERA AL - —BEEITH 28T, - OHDI
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The aim of this study was to examine the effect of laser and composite curing light irradiation on
the generated hydroxyl radicals from H:0: solution. In generally, H:0: solution is used for tooth
bleaching in dental practice. It is considered that the amount of generated hydroxyl radicals is related
to the capability of tooth bleaching. However, there are few report concerming about the matter.
Therefore, we attempted to clarify the relation between the concentration of H202 and the lasers or
composite curing lights irradiation with respect to generation of hydroxyl radicals.

The following results were obtained

1 )Hydroxyl radicals generated from H20: solution were detected in all samples by ESR spin-trapping
technique.

2 JHydroxyl radicals generated from H.0: was dependent on the concentration manner of Hz0:
solution.

3 ) The amount of hydroxyl radical increased with Halogen, Xenon, Argon laser or Carbon dioxide
laser irradiation. Especially, the greatest generation of hydroxyl radical was observed by the
irradiation of Xenon.

Key Words : Tooth bleaching ./ Hydroxylradicals ./ Laser irradiation ./ Light irradiation
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Acid Resistance Effect of Simultaneous Use of Carbon Dioxide Laser and

Fluoride on Bleached Enamel Surface

UcHiyAMA Toshikazu

Nihon University Graduate School of Dentistry at Matsudo, Major in Operative Dentistry
(Director: Prof. IkEm1 Takuji)
870-1, Sakaecho, Nishi-2, Matsudo, Chiba 271-8587, Japan
(Received for Publication: October 31, 2001}

The purpose of this study was to find the best way
of improving the acid resistance of the enamel
surface. Nowadays, office bleaching products,
containing a 35% hydrogen peroxide solution and
powder, are commercially available. However,
this hydrogen peroxide dissolves organic com-
pounds due to its potent oxidizing action, and some
studies reported that this solution changed the char-
acteristics of enamel surfaces and made them rough
in appearance. We previously reported that the
acid resistance of tooth enamel decreased after
bleaching, and that the acid resistance of tooth
enamels could be acquired with the use of fluoride.
However, a greater level of acid resistance could
not be achieved. It has been reported that the acid
resistance of sound enamel can be improved hy
combining the application of fluoride with carbon-
dioxide laser irradiation.

Improved acid resistance leads to better preven-
tion of dental cavities, and the above findings sug-
gest that the hest time to acquire acid resistance is
immediately after bleaching. As a result, fluoride

application and laser irradiation were combined
after bleaching and changes in the properties of
enamel surfaces and surface layers were ascer-
tained, leading to improved acid resistance in tooth
enamel. Then five types of specimens were stud-
ied: sound (C); bleaching (B); fluoride application
(F); fluoride application after bleaching (B/F);
and carbon-dioxide laser irradiation after B/F
treatment (B/F/L}.

A differential colorimeter was used to assess the
acquisition of the acid resistance of enamel sur-
faces. Morphological changes in enamel surfaces
were examined by scanning electron microscopy.
The elemental analysis of enamel surface layers
after fluoride application and laser irradiation was
carried out by ESCA. In addition, contact micro-
radiograms were prepared to assess the acid resis-
tance of enamel surfaces on longitudinal sections.

The following results were obtained.

1. Differential colorimetry revealed that the AY
value was the highest for B and the lowest for B/F/
L.
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2. SEM images prior to lactic acid treatment
demonstrated calcium fluoride-like products on
enamel surface layers in the fluoride-treated sam-
ples, and these products were most prevalent for B/
F/L.

3. For SEM images after lactic acid treatment,
demineralization was most advanced and the mor-
phology of enamel prisms was not clear for B.
While, more dense enamel crystals were ohserved
on the surfaces of B/F/L.

4. ESCA analysis revealed that the peak area of
F,. was largest for B/F/L. By comparison of the

Al 2y

peak area of Na (KLL), while defining F,, as 1, the
amount of fluoride found on the enamel surface
after B/F/L was 1.5-fold that after F or B/F.

5. CMR ohservations following ART demon-
strated that about 50 zm of the enamel surface was
dissolved for B. The depth of B, demineralization
involving the dissolution of enamel, was deepest,
followed by C, B/F, F, B/F/L. For F, B/F and B/
F/L, a radio-opaque layer was seen in the enamel
surface.

(Request original article reprints to Dr. UCHIYAMA)
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Bond strength of resin composite to dentin irradiated with an Er-
YAG Laser

— Effect of additional laser irradiation —

Sunara Hideki

Department of Operative Dentistry, Nihon University School of Dentistry at Matsudo

AL, TAETLAY L —F - LARFECHTE2I R Yy PLYrOESENE
MERHEZZEERZERELTIT-. ZAEYAY L —F B CHllR S NW-HaoL ¥
BREIZHEOR Y T4 VPV AT ATUAT 2L, RTFEIZBWTZOESINRITLIL
PEEENTVE, TIC, BERRETFEERK L L2512, Kofbhic7E b 2EE
LEZRE7 A~V —%2 VT, V—F—nElFoRI A -2 B3 ¢BEoHEE Il
WU Lz, v OWOSTEmICN LT, 220m]OBH I ANV F—-CTL—¥F—MEL,
0%, 30, 60, 90 HAHWIXIS0m] THRE L. BRLA-FRFEEICEETIA - K
FAYIMEEHFL TRy LY rERRL. BN EEM S 23— LB
ZTHE L.

FOFER, 220m] OB T F L F— CHIE L 2255 2 1230~90m] DB R % v, 10%10-
AF¥ Va4 LT FHhAFLY) B (MDP) /35%2-L FOF sy F vy L—}
(HEMA) /55% 7t b ¥ (Ac) DRETSA~—%TAHZ L TEENIN LY. F08E
ELT, L—¥—DBREIZL VHEEBOESIRML LARTEIZ, 754 v—507 L}
VAR T —DRELHEMEL-DOEELZ LN S,

F¥—7—F Er-YAGL —¥—, IS, RIHAESE, 7314 <—

This experiment was conducted in order to improve the adhesiveness of a resin
composite to Er-YAG laser irradiated dentin. According to some reports if a resin was
applied to a dentin surface irradiated with the Er-YAG laser using the conventional resin
composite adhesion system, the resin adhesiveness decreased remarkably. The author
examined experimental primers containing some concentrations of acetone instead of water,
s0 as not to decalcify the dentin, and conducted a comparative study by changing the
energy of additional laser irradiation. Er-YAG laser irradiation was applied to the surfaces of
bovine teeth at an output power of 220m], followed by 30, 60, 90, or 150m]J, to form
concavities in the dentin. The experimental primer and bonding material were then placed
onto the laser irradiated dentin, and the concavities were filled with composite resin. The
tensile adhesion strength was measured by universal tester. Consequently, 10wt%
MDP/35wt% HEMA/55wt% Acetone primer improved adhesion of a composite resin to
irradiated dentin with a 220m] Er-YAG laser followed by additional 30 to 90m]. Probably,
the acetone solution primers were improved both monomer penetration and infiltration, that
decreased thermally - modified layer with additional laser irradiation.

Key words . Er-YAG Laser, additional irradiation, dentin adhesion, primer
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