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Fig. 1. Schematic diagram of mold

Table 1. Number of samples at various conditions of visible light and argon ion laser in

this study.
light source Visilux 2 Argon ion laser
amplitude 300 mW 500 mW 1,000 mW
irradiation 30x 10& 20 303 | 10&% 20% 30% | 5% 10& 20&% 30=x
time(sec)
comp. strength 10 10 10 10 10 10 10 10 10 10 10
dia. tensile 10 10 10 10 10 10 10 10 10 10 10
strength
curing depth 10 10 10 10 10 10 10 10 10 10 10
hardness 8 8 8 8 8 8 8 8 8 8 8
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Fig. 3. Design of cavity preparation
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Table 2. Compressive strength, Diametral tensile strength, and curing depth of P—50 cured
by Visilux 2% and Argon ion laser at variable conditions.

light source Visilux 2 Argon ion laser
(Control) (experimental)
amplitude (mW) 300 500 1000
irradiation 30 10 20 30| 10 20 305 10 20 30
time(sec)
comp. strength 419.6 442.2 467.7 4689 (456.7 4729 449.9|449.6 483.9 480.8 466.1
+ + + + + + + + + + *
(mean=+S.D.) 325 247 187 215| 235 219 17.7| 459 307 176 174
Diametral 495 625 651 684] 633 632 654 606 664 672 64.6
tensile str. + + + s * * + + =+ + +
(mean+S.D.) 47 56 70 53] 26 38 66/ 58 51 34 46
curing depth 3.01 364 419 452| 411 455 4.85| 412 441 497 503
+ + o+ x|+ £ %[ * *x =
(mean+S.D.) 0.08 0.11 083 0.14] 0.14 013 0.16] 0.12 011 007 0.03
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Table 3. Vicker’s Hardness Number at Various depth of specimen

light amp. | time Depth of specimen(mm)
Source (mW) | (sec) 0.5 10 15 20 30
Visilux 2
(Control) 30 | 9075+160 86.06+211 76364206 58.91+2.89 -
10 | 9228+313 87.66+337 - 7156+ 430 34.65+282
300 20 | 95.04+208 90.65+ 394 - 81.10+358 5741+ 3.58
30 | 9948+138 97.31+298 - 90.34+239 70.50+298
10 | 96.64+3.10 89.94+215 - 7860+2.12 5890+ 7.28
Argon ion 500 20 | 98.86+4.82 95.264 2.37 - 9091+ 356 7009+ 2.62
Laser 30 | 95.69+4.84 97.73+4.33 - 9396+ 347 7859+ 342
(experi- 5 | 85.69+312 81.56%1.33 - 7145+ 358  40.60+ 340
mental) 1000 10 | 92.95+289 92.79+312 - 9218+ 154 6539+ 5.60
20 | 95.44+345 96.29+2.30 - 94.05+230 79.89+6.81
30 | 94.69+126 100.79+5.16 - 101.58+455 89.10+4.18
5. FAF X} so|ZE A olv] F¥E FFHE & VMo EN 93
A. 7HAF BE =AM (30sec) AR FFAIE °Pﬂ w &3 delol 9l
T WARe] HFAME NEFG o] H t}. old] @olAd o3l A3B F e MEL
oA A3A FA2H o 9.l°‘+ u A FEo] A AA e dAe FEAY BEE oY *}%QF’- RNE
H9cHFig. 9). A& HARAME HIHAL BP0 o ZEg $FEE M HolAR
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A2+ ¥4 (DTA Differential Thermal Analysis),
A A; 54 9 241 (DSC Differential Scanning Calo-
rimetry), € ¥A #4(TGA Thermogravimetric
Analysis) ¥ & 9—1—1 24 (TMA Thermomecha-
nical Analysis) 5ol Stk o]|ZFolA AlAF FAF &
BA7E Sl F 2 @29 8} LF
=245 golAd o8 A3e €zl €44 HsE
|2 2439 H(Fig. 13). B3 27 280C ¥
ZAA AFHE TS BNt o R 345
= 94 d3E Holn Y AL 2 Ho} laserdt
7WNF A28 2A3le AEA N 2 A2 (A8 B,
C,D)¢9 €4 #WagHE AR ez Asdy
(Fig. 13 FZ). = 180T ®IZo\A A& DE €4
Wyt glev Al§ B, C ofte] ¥ Wed
Hgon oA mukg o] wkstAA LE
Mee Yozl Aeg FEHY olgT AL F
%% wre Ao A Aei FRA(AE A9 DSC
B A 172CAA A LE peakE B Ao
ZRE o] XA wgo] dojue AL & F
ARt

&3+ TGA(Thermogravimetric Analysis, Dupont

19

Instruments 950 Thermogravimetric Analyzer) ¥4
A7 v #2A(TGA A& A, Fig. 14)2 34
247 A ZAE BRIow 124~224Coll M= i
Lo 9] 14} 7, 340C AFEZ 2%}, 33 FF)
Uebde & 5 vk o] 2721 E DSCEA A
&9ly 280C FZHE AR EE &4 yhgo] 2310
24 golun] 340CE HAZ ¢FHe A ukg,
Hz2e Biutgo] dojue g & F Utk 7t
A% AZLE 302 RAE AE(TGA, A8 BE
230C7HA oF 0.27%9] #HEFE Holx
Hol miykg o] EHE ¢ F UUX 330c
g AT
uuk-g 7o °o‘f°] Ee7e] AE
A7} obdrt BE T BE ¥R BE L 600C
olaldl A &A EIHEIL acrylic resin 300~400

T, ¥ o AHgE FEF dd(P-50)°]
500CNA 86%S] Aol At AL TV =

AA (filler) ol 71 A2 2 EDS(AN 10000 Ene-
rgy Dispersive X - ray Spestrometer, Link System)
B4 Ay} o] AL FIEFH AER TAH o



11

cat Flow (wigh DSC Heat Flew sa/el DSC

‘ )
0.9 17199 °C { 00
{ 39622 "C 03 389.58 °C
A 0.2 1 176.85 °C
— /,A, P e ) N C
0 T & B e wo / D
i 393,89 °C
309.55 ©
. 221.69°C -0.4
281.63°C ;
0 i 0.6
0 100 200 300 400 500 0 100 200 300 400 500
Temperaure {70 Temperature (°C)
Fig. 13. DSC of each tested sample
A resin not cured by visible light C  resin cured by Argon ion laser(300mW, 10sec)
B ! resin cured by visible light(30sec) D ! resin cured by Argon ion laser(1000mW, 10sec)

weighi(w) A - resin not cured by visible light TGA

B resin cured by visible hght(BO:,ec) TCA

100 100
—— 2217 G
90 90
’ \-___,___“—A
8018 7C
20 8O i
0 200 400 600 500 1000 0 200 400 6 s ao

Temperature &)

Fig. 14. TGA of each tested sample

Temperature (£

e Aoz BANY, DIE 2THE Ao, B8 Asa wass

2 ARAN 4 29 AW 7 HEAE B0 R0l o HE Bashierte] oa) HataA
A& A% gEn 30z ZAE A4 sl dS2 4 olol Atk B3 o]y 2] w0
NG 1022 DHAA dolqz 2 49w AU AR 2] o e
AHE O WA AR D YRR GHOGAE o) 1 A% ARLoiol s ol24g 2R L
5 240 PRl BT By do | #4e Ay 3402 5 e
2 Argon o) Hol A7t BES 0] 83 B AN WS AL A7) 8
N4 E WuE BelFe Ayold A7 EY. o 4 H8 5% obd FAle 7
A7} 7N Wzl ws BY Rgo] ki ¥ h 20] A slo] Mo vs
g TIAR oY G e B 4o %ﬂ;ﬁ.%l S ok viAge Foo) Bg




Fe o] M2 FAFE FHAANZAN 4384 €

Aolg} Atz €t
v.d B

32 AR P—50) 0 74xF F=(Visilux 2)F
Argon & FolA ZAte] whE EAMSIE B
7] 93t AR FIZE 02 BAR IE
WZFOo & 33 Argon °l& #olAd] SlojAE
300mw, 500mW, 1000mW<e] &3 103, 20,
30%2] ZAMZLEZ o] ¥F Bk, 7?%:3 Q%
A, Aol & ZolE A AEE 223397},

w5 HAR 27H 2079 FE Ee AW A5
G52 FAs P-502 24, 7 WX (30%)
¢} Argon °T% Aol AW, 5sec) & 4zt A3
AFAN7 H Hd IS FA AR @B
FAsle e Ze AES U

4,

1. 92 2xE dzed M g 2ATA
H)# Argon ©]2 dojA 2 ZAR} BE TN
o ¥e AEE Jeor (P<0.05) 1000mW
10220 7H E3kvh

9. 24HAAREE gz ¥8] Argon °1&
o]A Aol o ¥h(P<0.001).

3. AT HERTY /HANZ FZ 2ARZ B
gt Argon °l& oA FAE EFAA U
274 Vet (P<0.001) 1000mW, 30sec
A 7P =34,

4. Zod uAARE Wz HlEl Argon ©|&
glo|A zATAA o A Jegen (P<0.
005) laser ZAFZAAE ARIGHE F=7F
aA ga=EA &g

5. FAF AA @w|F3H #F

H gk ol A 2 Wﬂ%é%*é% 275 gojA
ZAFE RFoA S5 dEiey dotd
dAE HAFFHe] HEHA

6. 7HA% Azz FFF AL AN B
woh gdubge] 2ol oAz AP BE-
A 2gEe) o ¥}, $FAE, THY
#7735, A% QAME ¥ A UEHeER
Argon °l& #HolAd &g FFIol M
Yo o FTWPRYG o $FIHAT

£
=

v

10.

11.

78

REFERENCES

. Adrian, J. C, Bernier, J. L., and Spraque, W. G.

. Laser and the dental pulp, J.A.D. A, 83
113—117, 1971

. Amer, O.M,, Combe, E.C,, and Watts, D.C.

: Visible light - activated composites.
1. Assessment of depth of cure
2. Factors influence depth of cure
J. Dent. Res,, 62 : 418, 1983.

. Bassiouny, M. A, and Grant A. A.: Physical

properties of a visible light cured composite
resin, J. Prosthet. Dent., 43 : 536—541, 1980.
Birdsell, D. C., Bannon, D.J., and Webb, R.B.
* Harmful effects of near ultraviolet radiation
of sealant and composite resin, J. Am. Dent.
Assoc., 94 © 311, 1979.

. Blankenau, R.J., Kelsey, L. W.P., and Calvel,

W.T. : A direct posterior restorative resin in-
lay technigue, Quint. Int,, 5 515—516, 1984.

. Boehm, R.F., Chen, M. J., and Blair, C. K. * Te-

mperatures in human teeth due to laser hea-
ting, A. S. M. E. paper, 75— WA/Bio—8, pp. 10
—17, 1975.
Burne, D. : Interaction of pulsed carbon dio-
xide laser beams with teeth in vitro. Scan. J.

Dent. Res., 88 : 301, 1990.

. Burtscher, P.: Curing of composites with an

Argon laser. J. Dent. Res. 70 : 526 special issue
Abstr. No. 2080, 1971

Cook, W.D. : Factors affecting the Depth of
Cure of UN— polymerized Composites. J. Dent.
Res. : 59 1 800, 1980.

Davidson, C.L., De Gel, A.]., and Feilser, A
! The competition between the composite -
dentin bond strength and the polymerization
contraction stress, J. Dent. Res. 63 : 1396—
1399, 1984.

De Backer, J., Dermant, L., and Bruynooghe,
W. . The depth of polymerization of visible li-
ght - cured composite resins, Quint. Int. 10 :
693— 701, 1985.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

De Lange, C., Bausch, J. B., and Davidscn, C. L.
. The curing pattern of photo - initiated dental
composites, J. Oral Rehabil, 7 369—377, 19
80.

Dennison, J. B., and Craig, R. G. . Physical pro-
perties and finished surface texture of compo-
sites restorative resins, J. Am. Dent. Assoc.,
85 ¢ 101—108, 1972.

Einstein, A. © Zur Quanten Theorie der Sirah-
lung, Phys. Zeit.,, 18 © 121, 1917.

Fan, P. L., Stanford, W. B, Lenug, R., and Stan-
ford, J. W.  Effects of Backing Reflectar.ce and
mold size on polymerization of photo - active
composite resin, J. Dent. Res., 63 © 12451247,
1934.

Frentzen, M. et al. © Caries removal and condi-
tioning of tooth surface in adhesive dentistry
by using 193nm Excimer laser, Presentation
the 1st Int'l Congress of Laser in Dentistry,
Tokyo, 5—6/8, 1988.

Friedman, J. and Hassen, R.: Comparison
study of visible curing lights and hardness of
light - cured restorative material, J. Prosthet.
Dent. 52  504—506, 1984.

Goldman, L. and Horney, P.: Impact of the
laser on dental caries, Nature, 203 © 417, 1964.
Goodman, B.D. and Kaufman, H. W. ! Effect
of an Argon laser on the crystalline properties
and Rate of Dissolusion in Acid of Tooth Ena-
mel in the Presence of Sodium Fluoride, J.
Dent. Res., 56 : 1201—1207, 1977.

Gordon, T.E. Jr. © Some effects of laser impa-
cts on extracted teeth. J. Dent. Res.,, 45 1 372—
375, 1966.

Hashimoto, K. © Clinical Application of Various
Lasers in Oral Surgery - COz Laser, Nd © YAG
Laser, Diode Laser and Argon laser. Presenta-
tion at the 1st Int'l Congress of Laser in Denti-
stry, Tokyo, 15, 1988.

Hooks, T. W., and Adrian, J. C. © Use of the CO:
laser in sterilization of endodontic reamers,
Oral Surg., 49 263, 1980.

79

23.

24.

26.

27.

28.

29.

30.

32.

James, D.F. - An esthetic inlay technique for
posterior teeth, Quint. Int,, 7 - 725— 731, 1983.
Kato, K., Nagasawa, A, Nishikawa, K., Hiras-
tuka, Y., Kawahara, T., and Atsmi, K. . Basic
study on change of temperature of a tooth after
CO. Laser irradiation, J. Japan Society for La-
ser Medicine, 1 294, 1980.

. Killian, R.]J. . Visible light - cured composites

- Dependence of cure on light intensity, IADR,
Progr. & Abstr. 58, No. 603, 1979.

Kinersly, T, Jarabak, J.P., Phatak, N. M., and
DeMeat, J. © Laser induced microperforations
in teeth sections. J. Dent. Res., 45 © 199, 1966.
Kiuchi, M. ©
by the light through the tooth substance and

Studies on hardening depth cured

clinical use of visible light cured resins, Japan

J. Conservative Dent. 25 © 279—293, 1982.

Kumazaki, M. et al: Clinical evaluation of
(aAlAs - semiconductor - laser in treatment of
hypersensitivity tooth, Japan. J. Conservative
Dent. D911, 1990.

Kumazaki, M., Toyoda, K., Zennyu, K., Fujii,

29
Oy

B., and Sasano, S. ! Studies on Laser Polyme-
rized Composite Resin(Part 1), Japan J. Con-
servative Dent. 28 7 202209, 1985.
Kumazaki, M., Toyoda, K, Zennyu, K, Fujii,
B., and Sasano, S * Studies on Laser Polymeri-
ze¢ Composite Resin Part 2, Reduction of Irra-
diation Energy Japan J. Conservative Dent. 19
D Z89— 296, 1986.

. Lenrz, D, Pyttel, U.J,, and Glide, M. : Morpho-

logische unter suchungen zur wirkung der la-
strahlung aus pulpa und mundeschei-
mhaute, Dtsch. Zahnarztl, 7., 32 : 508, 1977.
Lobene, R.R,, Bhussary, B.R., and Fine, S. :
Interaction of carbon dioside laser radiation
with Enamel & Dentin, J. Dent. Res., 47 © 311—
317, 1968.

Ser

33. Maunap, T.H. ' Stimulated optical radiation

m rubby, Nature, 187 I 493, 1960.

. Mecer, J, Chaumette, M. T, Melcer, F. et

al - Treatment of dental decay by CO. Laser



35.

36.

37.

39.

40.

41.

42.

43.

beam, Lasers Surg. Med. 4  311—315, 1984.
Melcer, ], Melcer, F.,, Zeboulon, S., Hasson,
R., Merard, R., Pinaudeau, Y., Dejardin, J., and
Weil, R. : Preliminary report on the effect of
the CO: laser beam on the dental pulp of the
Mecaca Mulatta primate and beagle dog, J.
Endo., 111, 1985.

Morioka, T. et al. : Effect on dental deposits
and intrinsic stains with the impact on Nd :
YAG laser, The J. Japan Society for laser Medi-
cine, 1: 183—188, 1980.

Morioka, T. and Matuda, N.: Effect of laser
irradiation on an increament of sealant adhe-
sion and acid resistibility. The Journal of Japan
Society for Laser Medicine, 1 327, 1980.
Phillips, R. W. : Past, present, and future com-
posite resin systems. D. C. N, A. 25 : 209—218,
1981.

Powell, G.L. and Whisenant, B. K. : Compari-
sion of lasers for dental instrument steriliza-
tion. J. Dent. Res., 66(secial issue. Abstr. No.
334), 1987.

Powell, G. L., Kelsey, W.P., Blanknenau, R.J.,
and Barkmeier, W.W. : The use of an Argon
laser for polymerization of composite resin. J.
Esthet. Dent., 1 34—37, 1990.

Scheinin, A. and Kantola, S.: Laser induced
effect on tooth structure. I Crater production
with a CO: laser. Acta. Odontol. Scand., 27 -
173, 1968.

Severin, C., Maquin, M. : Argon laser beam
as composite resin photocuring agent . Pro-
posd clinical solution & results. Presentation
at the 1st Int’l Congress of laser in dentistry,
Tokyo, 6—3/51, 1988.

Shoji, S., Nakamura, M., and Horuchi, H. : His-
tological changes in dental pulps irradiated by
CO: laser, A preliminary report in laser pulpo-
tomy, J. Endo., 11 379, 1985.

. Shoji, S. and Horiuchi, H. : Historical changes

of dental pulp of rats after irradiation by argon.
Presentation at the 1st Int’l Congress of Laser

80

45.

46.

47.

48.

49.

50.

51.

52.

53.

55.

in dentistry, 6—5/53, 1988.

Shoji, S.: dolA S} FHE WM. oA A
Fgxe] A8 1 7]&. Tokyo Quintes-
sence, 213—218, 1989.

Stern, R. H,, and Sognnaes, R, F. . Laser beam
effect on dental hard tissues. J. Dent. Res. 43 ¢

873, 1964.

Stern, R. H. and Sognnaes, R. F. © Laser effect
on resistance of human dental enamel to demi-
neralization in vitro. J. Sol Calif. Dent. Assoc.
331328, 1965.

Stewart, L., Powell, G. L., and Wright, S. - Hyd-
roxiapatite attached by laser . A potential sea-
lant for pits and fissures. Oper. Dent. 10 : 2,
1985.

Suzuki, J., Kayano, T., and Yamamoto, H. : In-
vitro study of the melanin depigmentation by
irradiation with Argonion laser. Presentation
at the 1st Int’s Congress of laser in dentistry.
1—8/28, 1988.

Suzuki, S. © Studies on the visible light cured
of the
sphere of activator light and the cured region

resins. — measurement wavelength
and the surface hardness of materials polyme-
rized. Japan J. Conservative Dent. 24 . 109—
123, 1981.

Takahara, M. et al. . Fobd AZanFe] A
Ao <83 A&y dolAe AF FAW.
XA A%, 73—485, 1989.

Taylor, R. et al. © The effects of laser radiation
on teeth, dental pulp, and oral mucosa of expe-
rimental animals, O.S., 0. M., and O.P. 19

786— 795, 1965.

Tirtha, R., Fan, P. L., Dennison, J. B. and Po-
wers, J. M. . Invitro depth of cure of photo - ac-
tivated composites, J. Dent. Res. 61 : 1184,
1982.

. Weichman, J.A.,, and Johnson, F.M.: Laser

use in endodontics. Oral. Surg,, 31 : 416, 1971.
Weichman, J. A, Johnson, F. M., and Nitta, L. K.
: Laser use in endodontics, Oral. Surg, 34 -

828, 1972.



56. Yamamoto, M., and QOoya, K. : Potential of ytt-
rium - aluminium - garnet laser in caries pre-
vention. J. Oral Path, 3: 7, 1974.

57. Yamamoto, H. and Sato, K. - Prevention of de-
ntal caries by acousto - optically Q - switched
Nd : YAG laser irradiation. J. Dent. Res., 59 :
137, 1980.

58. Yoshida, K., Kakami, K., and Fukaya, M. : Nd:
YAG ol A9 7 g ere §-8(3), A
A%, 73 1 1551, 1989.

59. AW : HolAYE AHRFRE MAGTS T
of mAE G B APA AT gEx)
T A B A, 22 1 781, 1984

60. AAS D AFHE R AXG FA g
7] 28t 8] ], 16 - 33, 1989.

61. HcF 1 CO: dlojA ZAL WA Wity
wgtel] MA =GP B HEH ¢, o
FaobxFetE A, 1219, 1985.

62. AN EXAE A2 BA Bl vz
T A A AT A, 17 1169, 1990.

63. 3% 1 CO: laser A} A 4ol v &
FF B AEH A7, WA AR EEE

81

65.

66.

67.

68.

69.

70.

3.7, 1988.
HEF I TARE B A g 293
42 Wizte] #3 YA A7 xR
834, 14 : 41—54, 1989.

1% - A9g By g9 *éoﬂ a3
A A, X FRESI A, 15117, 19

CAARA Y XE BERE 23 oA
NAe Gl i A7, vsRFRr
5], 12 : 85—93, 1986.

DEEE Y Ax 24 Be A7,
TE SR, 14 1 179— 187, 1989,
CCO: dolA zAbY] mE A7
ﬁl o #¥ J¥A JdF RIxHpRE
6} X 1 10 43, 1984.

ol L ZkARA Y B Fert $EEY
i e Al vlAE 9 gt gr
437, 14 1 149159, 1989.

AIE 7] B e Agle] ux
= At T A7, EAFREEIH, 10
D145, 1984,

2 rrN o
oF & i

)
r-l uvﬁ r¢4 R,
fy

,&O}Nﬁ

o o
"E

r&



— Abstract—

AN INVESTIGATION ON THE CHARACTERIZATION OF COMPOSITE
RESIN POLYMERIZED BY THE USE OF AN ARGON ION LASER

Hyung - Kyung Cho, D.D.S., M.S.D., Chung-Suck Lee, D.D.S., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Yonsei University

An experimental investigation of the physical properties of light curing composite resin P— 50 was
performed, in which an argon ion laser beam was irradiated. The physical and mechanical properties
of laser polymerized composite resin were determined by measuring the compressive strength, diamet-
ral tensile strength, curing depth and microhardness depending upon the experimental conditions
such as the laser irradiation time(10sec, 20sec, 30sec) and laser power(300mW, 500mW, 1000mW).

These observations were compared with a conventional visible light curing technique. In addition,
to evaluate the marginal adaptation, Class V cavity was prepared on the buccal or lingual surface
of the extracted prermolar and filled with P—50 light curing resin. The test samples were irradiated
with both light sources so that the interface between the restoration and the tooth structure were
observed under scanning electron microscope.

The most of physical and mechanical properties of the laser cured resin showed a remarkable
improvement than those treated with the conventional light source, while the observations with the
scanning electron microscope provided no significant difference for two polymerized sources. From
the results in the experiment it appears that the potential of an argon ion laser is of important

value of the use in the polymerization of composite resin.
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