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A STUDY FOR THERMAL CONDUCTIVITY OF IRRADIATED CAVITY

Byeong-Ju Baik, D.D.S.,Ph.D.Jae-Gon Kim, D.D.S.,Ph.D.,
Sun Hur,D.D.S., Du-Cheol Lee, D.D.S., Hyun-Du Yun, D.D.S.

Department of Pediatric Dentistry and Institute of Dental Science,
School of Dentistry, Chonbuk National University

The purpose of this study was to evaluate temperature change occurred in enamel, dentin
and pulp due to the heat from cavity prepration with laser. A

We made three models had different cavity depth : cavity depth of model A was 352
mm, model B was 2.32mm, model C was 1.16mm. We irradiated cavity base with thermal
capacity of 30J,100J,300)/cts during few seconds and studied the change of temperature in
tooth during 10 seconds, and estimated change of thermal capacity by different irradiated
site and exposure time.

At 300J/cs irradiation for 2 seconds, the temperature of irradiated surface was elevat-
ed fast according to irradiated thermal energy during 1 second. In proportion to continu-
ous exposure time, temperature elevated slowly. The surface temperature was 1370C.

After discontinue of thermal irradiation, the heat of irradiated surface was diffused in dentin
and pulp and the greatest temperature was made, The greatest temperature was disappeared
within 10 seconds

The greatest temperature of the inner part of model brought about very severe change
by different depth.,

Temperature in pulp was raised by the greater irradiated energy density and exposure time.
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Fig. 4. Composed Cell Structure



J Korean Acad Pediatr Dent 25(3) 1998
I 47 MH

249 A9 9F /1A
300J/ crfs 2 2&@ pale
I} AR 05%, 2%, 4%, 63, 10271 9] &1
W3S ZAIETHFig, 5-1, 2, 3, 4, 5). ZAF Az

23l ZAF ZAHY 257t 343 278ty
Ho) 1201C7HA L2301 (Fig, 5-1), Aold =
go] BtEo] obF AW ZRE 069mm 9]
oM 27] LLEHT 4C Z718 ey gos
FE FASYTh ZAF A7k A&EHMA BH L&
=T MM Frteke, AL A2 22 FolE AL
B FHU 257} 1370C 7R Z27)etd ©217)
o £§4257} 1500CY S 7etd w o= FA

d Sl
o7 ¥4¢

9 ST ASE UEd, 99tE A%
AARANA) Heysiol ez, 7149 s 1L4mm

oﬂH SEAE 52CE 27 9 oH(Fig. 5-2).
FAL AIZH AR & & AP F99E 2% T
= 714" JFHAE Fo] HolA 2 Huly o]
YT glen, H 2% 71C7} *PO}X‘IHOH X

Aol slou A4 YR2 d93E7 g
& oH, g 7IAHOZRE 135mm o}%
A4 UEe 257} 64CE 288C e LA
B th(Fig. 5-3).

ZAF AR 62 ol AUl 257} X9t Ao}
AR T, dg3R9 F717} g
Jom A L2} LCE 128CY L5 Ak
HRoW 4% ¥ HoE 2571 34 Ay
BoFT Jdoh(Fig. 5-4).

ZAF AR 102 ol A4 SRR HY)

=7F B4 oy Hu exE iy

39CE 38CY &5 A=g B

1

tlo mlo R X

o

AL

Zol] #Aase AUth(Fig. 5-5).
2d F, 99 HEE YFos A o)
S A2 By, FH L2(200)d 93
7] LE(H2C)E FE 4= ok

Fig. 6& 2474t obae] AAA 9 259 4]
o2 W3S vERd Figoelth Aolds x4
99 AARANAN EZAF AHA] 12 o= 27
L& 40C °)3t2A EWY AEdd o3 dJgt
o] A9 WA I oy} 2% Fol= 64 Cr}
A 743 F718Me Adold 9] 455mm7bA] &

L2 2 r

6

]

K
z

)
&

Temperature (°C)

586

# 05mm o] W3lo] sl A 135°C 74| 71°C 9
LE50] o]FoiX L St} T gl A
TG (yB8mm) A& S0ColFEA 27| E
o}o] 2 Ato|7} 10T ©f8h wHH, AAH F4
38mm<y<40mm&] 02mm ©]4Zo]e] M3l 15
Cold9 2x/5o] et ot
412 39 SULEE FHZY Yol 93t 71
C7HA] dolA}, €98 = A+d WERE A%
5] 34mmdy<40mmall A 50°C- ez ¢l
o, 620]Fol & FHWLET} 50Co|3t2A EF
ATeHA AEHY ASE & 5 Aok
29 B9 95 7AW $9} 2 ZHeE £
ARBEE 1R, 2%, 4%, 6%, 10271A)¢] &5 W3}
£ AR THFig. 7-1, 2, 3, 4, 5, 6)
ZAE AZkel A& gl wE ¥R A §
WEY AFRo g olFHEd, ZANF 42 F
of Ao TS A7) AFES, AFUY Sk
7} 38CE 28CY 2EA45S EAA(Fig 7-3), £
A} A& 62 FollE 42CE 68CY L5 AL
o w(Fig. 7-4), ZAF A& 8% Foll& G93F
C

=
=

?sl:o]

of SAlol A vig Sl YA} LEE 40
26 2ol Hjs) 7] AR tHFg. 7-5). &
o

AR AZE 1025 ) 257} BCE 28CY
T A4S HEtH(Fig 7-6).

24 Co o5 7AW gA] 72 2HeE F
AFIRE 7ol vERd E8AReltH(Fg. 81, 2,
3, 4,5 6). ZAF AR T 4Fe0 A

L

827HA A5

Y (mm)

Fig. 6. Temperature Distributions at the Centerline
of the Pulp & Dentin



o] LE7FTCE 18CY 2% A4S XA 7 (Fig,
8-3, 4, 5), 10% Fol|= 36CE 7+AFH0] 249
S5 A5l 3A &S & F UrhFig 8-6).

A AAS AEE Bdyle vwsjEd 2
AR A 2 Folle ob 71ARe) 27} 1370C
2 AY RS & 4 Ark(Fig 9-1).

Fole Aol 227171 - 75C BAWAA
ot A=l o, Hork WeFF n)
MBA S7FIAL Sl Alet etde] AAH
Me B9 A7F6CE 298C AsEo] A, 2

X

Bt 41CE 58C AsHo] o, ¥y C= 352
CTE W37t ATHFig. 9-2).
A A ZHE 2RO A 4%, 622 2/ AL )

A5y 2= W3E v ws) B9 (Fig 10-1, 2, 3)
Al Al Los BE A 2AE Buka
AFo 7P mokom 427 ZAA Ay ex:
BCR 227+ ZAEHE ALHET 30C E9oH
(Fig. 10-2), 627+ ZAME A 571 110CE
427 Hh 15C £, 227 B} 45C 9ok Fig,
10-3). 8 AUl 25E 7t2F0 8 A H
A FAFAM MY 250t Bo & ¢
F08 245 27t gAadly FASS FH0
2 2 dAL o)F 1 gthFig 10-1, 2, 3).
A Z7]d e ey 25 s AFa}
7] 93 29 A9 ebF 7AW ZAMES 30],
100J, 300J/cm’s& ztzb 227+ ZAHe & x|o} U
Ho 2 W3 2% 4% 6271 ZAVEYoHFig.

1400 e T
] ——— Model-A
Il ~— Modet-B8
1200 1 T Modeic
1000 [
£
@ 800 +
2
&
@
2 eoo
2
400
200
0 i -
0 1 2 3 4 5 [ 7 8
Y {mm)
{a) t = Zsec

Fig9. 1. The Effect of Cavity Depth on the
Temperature of the Model

o87

11-1, 23)
ZEE Hop R S44E we AaE &n
4 g ol 54mmE 2FE¢] 7|AHe)

T o5 71XE HY &
7} 30]/cm’@ o 158 C, 100)/cm’sY #j&= 470°C,
300)/cm’sd W& 1370CEA 7| -] 57} Z
Al 2] u}at oﬂ GskA AshE 4 4 Atk(Fig.
11-1), ZAF A& 45 X9} Aol o] AA
ANA L7} 30J/em?*e 3B2CE Zol7t glony,
100J/cm’® A19] S LEE M4CE 88C A5HU
o, 300J/cm’ A9 S &= 71C(y=45mm),
Ao} Aot AAFANAE 65CE YeERN L )
UHFigl1-2). A A% 6% Tl FLE7 &2
T Aezd WM FAEHT gloy W7ty of
48°Colste] A& A& Ve Yot (Fig.
11-3).

A5zE F9e 459 7IAAT ZHF 3l
A obE A @ 2Ad Eo) ATE Hfol
Agd o B2 25 A OlcﬂffL T Atk o]
E Agsr] 9 H 2d A 959 & v'““ﬂ
300J/cm'2 2% AR H 1%, 2%
8%, 102 =9
3,4, 5). 2%
A 2] FHh
39 AL
o WEA X2

ilit4 o[ﬂ
l‘—w

EEE &}o}awmg 121, 2,

1,377(:; Z*‘-‘ﬂrcﬂw Z/\}%
Ao, 7IAHAAM ZAS=ER B
2ot AR FAES ¢

0,
S e

—.~ rlo ol 2
¢

u,l_,l—‘

22 o)

_!
3.

Temperature (°C)

¥ {mem)
(b} t = 4sec
Fig9. 2. The Effect of Cavity Depth
Temperature of the Model

on the



J Korean Acad Pediatr Dent 25(3) 1998

Tempetature {°C)

Fig.

Tempetature (°C)

Fig.

Temperature {°C)

Fig.

P PR Y

w0 faisodany ol fiiaata 1 la 3
4 3 2 4 0 1 2 3 &
X {mm}
10-1, Temperature Propagations through the
Surface of Pulp(y =4.05mm, 2s)
120 '. T T T YTy T YT ™
_——1& -~
-—20s S
100 1~ — 408 R )
----- 6.0s AR
—a80s ST\
80 - -—— 10.0s " A\ ,
'/ \4 1
T \\
wf I ]
r (R
VRN
4+ s ‘ <A\ E
2 b ]
g tas l L addsiasd ad oty al
4 3 2 414 b 1 2 3 4
X {mm)
10-3. Temperature Propagations through the
Surface of Pulp(y=4.05mm, 6s)
80 N e = e B
T Q= WW/em'
70 [ 7T g=100W/em® N ]
= = g"=WOW/cm® /’ \
o | / ! :
\
4 v
! \
50 ’ \ 7
/
0 s .
ol Lo \‘ ]
-
\
i \ 1
20 i L | S 1 L
b) 1 2 3 4 5 -]
Y {mm}
(b) t = 4sec
11-2. The Effect of Thermal Load on the

Centerline Temperature of the Model A

100 B AR
g
£
K
o WY SUWER] 1 e ol 1
4 3 2 e 4 2 3
X {mm)
Fig. 10-2. Temperauture Propagations through the
Surface of Pulp(y =4.05mm, 4s)
T I
MO - mwhem® .
1200 b| T O"=100W/cm® ;3
- =g"=300W/cm’ '
§ Yo ,‘ 7
= ;
2 80k T
g i
(=% [ l -‘
g r
400 + /J / *
7! ]
200 7 ’/ 3
o —d
0 L ) Y XL 1 PO
4] 1 2 3 4 & 8
Y (mm)
(a) t = 2sec
Fig. 11-1, The Effect of Thermal Load on the
Centerline Temperature of the Model A
S ———
o b = W' i 3
1200 f| T 9mI00W/en® 3
- = q*=X0W /e’ 1
5 oo f .
5 1 !
§ 300 i .
g i
a F ] 3
g% '
i N
40 [ (]
- F +
200 | / ’/ .
e
0 b 1 k # i i a4
o 1 2 3 4 5 -]
Y {mm)
(a) 1 = 2sec
Fig. 11-13. The Effect of Thermal Load on the

588

Centerline Temperature of the Model A



Temperature (°C)

140 |- .

2 b .

2 PRSP SO ER SIS TIPS E PO |
0 2 4 ] 8 10

Time {sec)
Temperature Variations at the Point of

Convex Pulpo-Dentinal Juction

Fig. 13.

tHFig. 12-2). ZAF N3 42 FoE HY) &

A7F et HAHY glov} A57R] 7.8 91
257t ARHY x4 EZH =25 227} 67-
100C7H4 458 = $¥5 e Ach(Fig
12-3), A7k0] AGRA Ao SEE 2aEA
B ok Faloll 2AVE ALHT 25} ) Wol A
FH2 & F ) A7k w2 ex qu]r“ Fig.

1308 7]%‘6}323}. FAF AZ 22 ¥
dsd

T kA WztE o 62 o 60T, 102
Foll 37CY 2= =¥ AtHFig. 13).

v, &2 % T
Eﬂ O]Xi{—- 0}-7|-‘- @"Lo—_‘ 17—]'7‘]'9,] ;(JZ]J]_]_]_% %%5—]_
A #AEE ANZA 4T W& 93 F==
o2 FA AU AZ AR A, 9% = we B

Ofo A} o] & ¥ 7 P, :
IR B HolAst AEgon, oe
S8 FH|, Ar, Nd:YAG, CO: #lo]A7t Bl A}

AR 249 BB HolAe) e 2 g,
R S, B W, WU W20z BE
¢ on YRRy s By weg o
ST AT, YolA o] 2o ZAHAE 1)
F4 AR, WAl 22 P Ees aRE o
SAEAY, obrt Aol Exatal Yol By
92, ol 92 s WFPol oy 5] A

589

iml
=
@

2OFR| 248E3| K| 25(3) 1998

HH, o] o] Jotd 9 X§ 2RO T Ardrh

A28 Fofel M oA o] &L 1964\
Goldman%-°]? $2] X&& A A7) $)s) &4
olAE ARES olgf B AFEC] dsieH, &
dol= 922 AR AA, 4 AgEe 27,
Azt AZF9 A 55 B Fopoll A Aeh AR
o] Z7kata Slth.

glolAe] 23 nAE &3 HolAe 3
3 B9 ZAR oA F 2FY F AT
of el EA vehie, 8 ZAME oy=]
2 power(watts), ZAF A1ZF pulsed vs continu-
ous wave, energy density (J/cm’)oll 93] gepzit)
)

A BE X F5 AHEHI = buZ 35S
Ak AR HolAE oA Bzl FE
I TEe Y F UM 2 7R aga & ¢
Atk HolAE o] &M d5S FAsHE AT
LPHTH UAEH Goldman™= FH| o]
AZ 9000)/crt 2. ZAM] 20mm AL olEo] &
AE oM, 13000J/cm’E RAFA] 25mm A Lo
Shgol FAHATT 3kt Bume™& CO: do]
A 10J/cm’ ZAMA 2mm, 100J/cm’3 RAA]
imm AT ool FAHATT BRIt
Peck® & 2] #o| 4T 600/artS ZAle) ¥
87 Gule) SH5o) FAHATT e Stert
T 10-25J/cm’®] COFolAE HHAe dem-
ineralization (caries-like lesion)S WA &AL 7HA
A7, FXE W3l7] A E 10909) densi-
ty7h otk Basiglh

Gordon™-& FH] oA E
ZAbEt 1w, 15, Vi 9455 FA38e,
bu® FA4ste AAE Al g kit
X E oEs FAdsket E8d oyx|e] A
712 dolA FHuich, 7+ Aguitt tE2A Vet
wot meba, B AEE o5 PAsed Do
gt e Iosle 84 300J/cm’ o2 2
ZAFEte) B HW 257} 1370Ce) o2
Atk o] 2EE= 2] £§ L7} 1500
ColBE Wgdo] Fobx ofFo] FAE 70w
AtEE

#olA & At oS
g9 A7t a3kt o)A

—

L
T

12,000-15,000)/cm’2

Z7F

=



J Korean Acad Pediatr Dent 25(3) 1998

g A5 gol AF A ARFHA X5 AR
dod 5 oiA °l°ﬂ Hak A7t % st
Zach & Cohen” fd50] X ol €& 713+%

242 Wil }.Zlf—f}z—igi A48 @zﬁoﬂﬁ |
FUY 2E7F £°F(22C) o]3tZ F7tEW A4
«1 A3 A gle A" ey, 2571 10

"F(G5C)E S7HEH BE Aok9] 15% oA A
T IJAE oy, 227t 20°F(11C) 2 7t
o FE R ole] 60% oA, 227} 30°F(16C)E
Z71EH BB x)oke] 100% oA x4 FHrt o
ojdtiy stTh

B Ag9 AHAY Zache] A7} vlus B,
2d A = AFY HY 257 ZA AR 42 &
o] 68CE 288°C €% A2 HA 2o} 100%
A A HAE op7|E 4 9lew, Y B & A
FU 1 257t ZAL A1 62 Tl 42C2 68
CY & 45S Bo X9 15% FE7t A
A o8 F X, BE C & Agd 22 A
ol 18CE X+l W37t A9 gle Aeolth
24 A9 5zt B0 FHo)AE ZAMA] oA
ZA} a;%a L7t 875CE 523CY &%

3, o]F 10271 Ad H71x] 68CY
i@l z]oke] 100%7F X4 HAME o
02 A AR, ZAMA| Tl uheh

AL, AEE Lx9) 2
TS HolAe] Fol X
x| A o] xﬂﬂ o AARE AP W
Arehd 9o A9}
%1—— RO AlEHE,
Grossman”2 A7F Aoz Ad £ 9
= 2&7t 16Tl 55CY) ¥9aty sgch &
A ZF9 nws) B 7Y AE 259 B
7F9AQA &L oWNE F JE BFEA T A}
£9] A E YehlZ, 29 BS} Cx= W ESHO

2 Qe TR AMRo] 7HEE ROE A}
g9

NEE X5 NE7} L5 AT A3Adol 7
dta] 50°CAl A 1087k, 60°Col A 3037}, 80°C ol A
527 ¥ 4 U0 3t B A 7Y
Av HY LE7} 68CoH, 82 Fof HAF 2E2
so} JEdHog Ad 4 Jon, vy B C:

A7t AR A F e 25 A

590

Fao] A2 @S ALE BGHY, A5 B
S| M= 80C oL 2 53 ol ALEHEZ X
7 RAERHOE AY F fl ACE gddd

Miserendino®™ -2 continuous wave CO: & ©]A]
& Aol ZARI AU 2% WH3LE FE 4
oA high energy level(30-250])& FAA] A5
U 2271 55-32C W9l A W= o8
T AAF AAE oPIE F Jom, 10] ol 32
o|HE FAR] 55COl3tZ L& W3I7F YojubA,
A7t AY & e BE QPHIA HoAE AH-
317] HaiAe 10 W Tre g ARg-sfok HH, 15%
AE FAALE F37] Y= 01S 2IAE
gty ?‘5}351‘:}

HZEBEIISE 1FE 3H 229 EHAEY
ZolE 2T @4 Giant pulsed Nd: YAG g o]
AE 140J/ch o2 ZAIA] BH 25 = 14X10°C
o) @AY €& EHrt ujRE ZolE 01Zm=E
A AFeE 43S AR geod EeH, &
HE<Y duA dxrt 48 A5 2%7}
o @o] AEgR o™, 731)/af ZAM | 642C 9
QE )\1-_/‘:__0_ H?&E}E’_ _12‘._37_3]-‘3113}'

oPE CO: Ho|AE WE Al ZALE A%
16320 X F7hN o] L5751 172C7HA ASErge
o, A& ZARBLE AR 0524 £8 XA}
e A 2 Aol o Hgy B

Boehm™& CO: Ho|H & X o}l RA3I A=Z
7 o] B9 2kt A}e] LEE S48}
12J/ct ZARA] AFW RE7F 16C A5 H A,

737l
3}

2I/AC. 2 FAA] 3C ALES Hysigon,
Kato®'& CO: #lo)A 10WE 1X27F FAM] XU
L% 7} 67C, 20WE 127} FAA 118Ce &

7 AS5EE Bk T8y, B2 AgEe] §
A3t 270 ohojA] ol tist HolA e kA
A QRes =gl HI o

Ho|HE ZAM] Aol @ 448 A 7] ¥
A= FES Hotde FA YojoF FHh
White52 Nd:YAG #0]A ZAIAJo) 2 Ao}
2o FA7} Imm ©|3tY Afolle A Fo &4
< YRdy BY I A¥5L 20W Pulsed
Nd:YAG # o)A & o9 T4 10mm, 15mm,
20mmZ W3l3te] ZARIE A3} 20WA] 05mm
FA 2ol 2 18-21C7HA] & Apol& Hyow,



ANAR7F F4E 05mm Alole] L% zfo]7} Wt
OX BEAasiny B AYda @E Aol o)
24 B Aol Hgh 12mm T o9l X4 H
W 2ie Td Ad "8 22Cr) Ygtod my
Ce Adl Bl 236mm7} B Wolgle] x4 &
0 2 29 Adl vls] 27CrF WA yehgok
T3 FolA ZALE 4x0] YLt RE AL
AM olaZel AH O Holrt Yesg u)
M8l Z71stgiTh ol AoldZ R Welax
r e} AT} 2F B BE 0|87} o} A
248 53] X5z BE A= ol e T4
7b 29 Ao Wg 055mm 1 Hed Ay &%
= TICE A Yepyth ol & Aold T4
of met Az Add= 99 Ao YLs B

o FI on, ZE Aotde) T st

‘gt e} mM|E A Ajolo] o8] &

o] 9_:]01143].—! Figa) 9tk 1311:1& A&
o Fol AL AT 4 Aokl g o=
AHESIA S ohE oo, Yo|AE AL Ao= %
AbAUAIE Folal, BAE A 7AAZ Wzt

-, -

[e]
EER

= Wb} g

o

Wol S¥HETT & 90

#olA AR A SEr} HEHE A71e
24 Mz} tha Zolr) gled, BY A go)
A AN 4R F, 2Y BY CE A} 2% F, A%

2 9% doln 24 A5 A L5} A
B ¢ 5 AN @, FolA 2AF A
LE7L A7) A B G A &
£ 4%0 42 J0z AR,

V.84 2

HolAE ol4d 4TI HAlst= P
g Ao e £ REE yrlsigh AL
F Aot B2 djok A 1 Y2 Hard, A
obd, A9 39goz FAFPOH, Ui
FAS TS 239 dARA S deEaAL
T2 “FLUENT V43"& A a3l 1 g2
T g9 AolE WA Y A By
B 529 CE AT 95 7xdd 484 300,
100J, 300J/cm’® 2% <t MFE A8 & 1027
Aok YHE AgsE 3AE A7k wal A3}
AL, 2 G 37, AF 2AREY] 99X ws)

591

L 51 201%) 23t 8 K| 25(3) 1998

>
r\l
o
rE
o
QL
2
M
1z
3‘_14
4t

om 1 @R o

o kN

o=
s
kY

300)/em’sE ZAME E oldA]e] 2)3)
2LE 12 oo ety ow 37
ool ]-,_oix]ui 5 ZAAZho)
] Qulgl Al=o b‘]—\:]— o]

=

@
13

g
re

. AE
]

rle
b1
r4> >

o
=)
> B

DY il
|o
it
O
°]>‘ u:

& 9493 ) 2

WPE’Jr WzhE o) 10

A 300)/cm’s o] Hol ¥
8 ACE AdHY, 9% Zo)rt 232mme
2dlo N s A5 nRe 9FEALS
FAE F Jouh T o)A Qo9 ok FAA]
F95 23T}

3. 529 iR A & 43
g Zlo] Wstel] wel v 43
o7tk & Zoj 352mm9]
cm’s®] E2 ZAMHESH X} Ao g

AAANA AFetaAZo) 05mm Ze] Wl tisl

U

hu
=

oz oA
o WaE o
‘0

T 3 0J/

0

A

o
o

] u}sk
A

A 71CY &% A%, el 02mm v
o]9] Wsl|A] 15C9] & A5g veh)
=3

4 FLS A 2 ZAL A2 gy E 5
7t BAe g A AR X7 2H9 )
oA ¢ 2 AT DFH HAE o F
VO ER o] R go]HE AFEA] 47
S8 Fasojor it}

5 AU 2xE A} AUAITT S5

L L % —%—}\}' /\]
7to] 242 o ol A5HT

o

P

MO
ro

—_

. Melcer J, Chaumette MT, Hasson R, et al :
Preliminary report on the effect of the COp laser
beam on the dental pulp of the macaca mulatta
primate and the beagle dog. J Endo 11:1-5,
1935,

2. Weine FS : Endodontic Therapy. 4th ed,



J Korean Acad Pediatr Dent 25(3) 1998

10.

11,

12,

13,

14,

15.

16,

Mosby, Toronto, P 74 - 153, 1989,

. Lief T : Clinical Endodontics. 1st ed. Thieme,

New York, P 1 - 31, 1991,

QA AATRAR 1o ed A AL P

373 - 397, 1994,

. Grossman LI Oliet S, Delrio CE : Endodontic

Practice, 11 th ed. Lea & Febiger, Philadelphia,
P 59 - 77, 1988,

R R RIRRE. (1), B

M B, (cited from #55), 1978.

. Zach L, Cohen G : Pulp response to external-

ly applied heat. Oral Surg Oral Med Oral
Pathol 19 : 515 - 530, 1965,

. Adrian JC, Berner JL, Spraque WG : Laser

and the dental pulp. J. Am. Dent Assoc, 83 :
113, 1971.

. Stem RH : The laser in dentistry @ A review

of the literature, JDent Assoc S Am, 29 : 173,
1974,

Pick RM, Pecaro BC : The use of the COr
laser in soft tissue dental surgery. Lasers Surg
Med, 7 © 202-13, 1987.

Fisher SE, Frame JW : The effects of COe
laser on oral tissues. Br J Oral Maxillofac
Surg, 22 @ 414 - 25, 1984,

Taylor R, Shklar G, Roeber F : The effects of
laser radiation on teeth, dental pulp and oral
mucosa of experimental animals, J Oral Surg, 19
1786 - 95, 1965.

Yamamoto H, Ohabe H, Ooya K, et al : Laser
effect on vital oral tissues : a preliminary in-
vestigation. J Oral Pathol, 1 : 256 - 64, 1972,
Shoji S, Nakamura M, Horiunchi H.
Histopathological changes in dental pulps irra-
diated by CO: laser : a preliminary report on
laser pulpotomy, J Endo, 11 : 379 - 83, 1985.
Adrian JC, : Pulp effects of neodymium laser.
A preliminary report. J Oral Surg, 44 : 301 - 5,
1977.

JHP.de Vree, Th AM. Spierings, A.JM,
Plasschaert © A Simulation Model for Transient
Thermal Analysis of Restored Teeth. J Dent

592

17,

18.
19,

20,

2l

22.

24.

25.

26.

27.

29,

Res Vol. 62 No6, 756 - 759, 1983.

Th.AM. Spierings, JHP.de Vree, M\CRB.
Feters, et al : The Influence of Restorative
Dental Materials on Heat Transmission in
Human Teeth, J. Dent. Res. Vol. 63 No8, 1096
-1100, 1984.

o AES HolA &8 HEA 1984
ol o9 (CarolJM. €A]) @ #o]A olef7],
A 93} ehat, F ol #3HIA. No, 56, 1976.
ol : YT FHAAY olA F
& ystel sty o)3)x], 27 125 - 130, 1986,
Jeffrey WM, Lawrenson B, Longbottom C, et
al ¢ COr laser application to the mineralized den-
tal tissues - The possibility of iatrogenic sequelae,
J Dent, 18 : 24 - 30, 1990.

Goldman,L. Hornby,P. GoldmanB, : Impact of
the laser on dental caries, Nature, 203 @ 417,
1964,

. Miserendino L, Neiburger E, Pick R. : Current

status of lasers in dentistry. Minois Dent J, 56(4)
1254 - 257, 1987,

Bumne, O, : Interaction of pulsed carbon diox-
ide laser beams with teeth in vitro. Scand. J.
Dent. Res. 83 : 301, 1980.

Peck,S. Peck,H.
speciffic dental effects and an evaluation of its
pontential dentistry, J. Prosthet. Dent, 17 : 195,
1967,

Stern RH, Sognnaes RF, : Laser inhibition of
dental caries suggested by first tests in vivo, J
Am Dent Assoc, 85 : 1087 - 90, 1972.

Stem RH, Vahl J, Sognnaes RF,. Laser enam-
el: Ultra-structural observations of pulsed car-
bon dioxide laser effects. J Dent Res, 51 : 455-
60, 1972,

. Laser radiation : Some

. Gordon, J.E., Jr. : Some effects of laser impacts

on extracted teeth. J. Dent. Res, 45 : 372, 1966,
Miserendino L, Neillburger EJ, Waria H, et al :
Thermal effects of continuous wave CO2 laser
exposure on human teeth, J Endo 15 : 302 -
305, 1989,

. AREIRK, AN - AlolAe Aole] Y



S8 3 7NZ dojut, 1988,

FHFEAINd: YAG-# o] A &) ZAM] 2470

of 25 Fol @ WA HAL HREY,

63:629, 1984,

o]F T, HHER, o1, 1 COr oA XAt

mE g7y 2xste] #3483 A,

WA ABEGS A Vol 10, No. 1, 43 -53,

1984.

. Boehm, R, et al : Temperatures in human teeth
due to laser heating. ASME 75 - WA/Bio-8,
1975.

34. Kato, K, Nagasawa, A :

3L

32,

Basic study on

593

35.

36.

CHBHAO}X| T48H5| K| 25(3) 1998

change of temperature of a tooth after COr laser
irradiation, The Journal of Japan Society for
Laser, Medicine 1 @ 294, 1980.

White JM, Neev J, Goodis HE, et al : Surface
temperature and thermal penetration depth of
Nd:YAG laser applied to enamel and dentin. In
: Anderson RR, ed. Laser Surgery : III. Proc
SPIE, 1643 : 423 - 436, 1992.

AYY, geld, 295 ¢ Pulsed Nd:YAG ¥
oA Aol olgt Aot el &= Wstel] gk
AT, WA HAEESA] Vol 21, No, 1, 218
-226, 1996.



J Korean Acad Pediatr Dent 25(3) 1998

1.47e+03

T.860+02

6.480+02

5.290+02

4116402

2.93e+02

(a)t=05sec

1.640+03

1.5te+03

1.37640%

{a)t=02sec

Fig, 5-1. Contours of Temperature for model(A)

Fig. 5-2. Contours of Temperature for model(A)

(2)t=4.0sec

331eW02
3190402
3160402
T 2100002
3.10e402
3070502
3048402
3020102

2.99e+02

(a)t=6.0sec

Fig. 5-3. Contours of Temperature for model(A)

Fig. 5-4. Contours of Temperature for model(A)

3046402
300002
3016202
2990102
2976402
2950402

283402

(a)t: IOOec

1.596+03
1.460+03
1.330+03
‘ 1.20e+03
1.07e+03
- 0410402
8.12e+02
8.82e+02
5.520+02
4.230402

2932402

(Time =1.000e+00) B

Fig. 5-5. Contours of Temperature for model(A)

594

Fig. 7-1. Contours of Static Temperature(k)




1648403

1.51e403

1.37e+03

6.98e+02

5.83a+02

4.28e+02

2.93e+02

(Time = 2.0000e+00)

Fig. 7-2. Contours of Static Temperature(k)

CHSHAOFR| THatE| K| 25(3)

1998

(Time = 4.0000e+00)
(-

Fig. 7-3. Contours of Static Temperature(k)

_

3220402
2180402
3960402
i 3.130+02
3108402
3.086+02
3050402
| 3.020402
2990402

2.960+02 |

(Time = 6.0000e+00)

283e+02

3.060+02

3040402

O2e02

008402

| 2 oTason

2.958+02

(Time =8.0000e+00)

283e+02

Fig. 7-4. Contours of Static Temperature(k)

3.11e+02
3.09¢+02
3.080+02

" s06ee02
3.040402

. 3020402
3.000402
2.89e+02
2876402
2950402

2830402

(Tirme =6.0000e+01)

Fig. 7-6. Contours of Static Temperature(k)

595

Fig. 7-5. Contours of Static Temperature(k)

1.60040%
| 1.478+03

1.34e4+03

1.218+03

1.08e+03

8.45+02

8.15e+02
‘ 8846402
5540402
A4.24e+02

2930402

(Time =1.0000e+00)

Fig. 8-1. Contours of Static Temperature(k)



—

Korean Acad Pediatr Dent 25(3) 1998

MEFER

1.650+03 '
1.520403
1.38e+03

B 1250403

1.11e+03

gr
s 9736402
8.37e+02
7.01e+02
5.65e+02
4280402
2.930+02

(Time = 2.0000e+00)

3.48e+02

3420402

3.376+02

% 3318402

e

(Time =4.0000e+00)

Fig. 8-2. Contours of Static Temperature(k)

Fig. 8-3. Contours of Static Temperature(k)

3.238+02
3.20e402
3.179+02
3.14e402

3.11ex02

' 3.08e+02
3.05e402
3.02e+02
2990402
2.96e+02
2938402

b
(Time=6.0000e+

00)

2976402

2.956+02

( Time = 8.0000e+00)

2.93e+02

Fig. 8-4. Contours of Static Temperature(k)

Fig. 8-5. Contours of Static Temperature(k)

{(Time =1.0000e+01)

1.54e+03

1.41e+03

1.280+03

2 1170503

(Time =1.0000e+01)

Fig. 8-6. Contours of Static Temperature(k)

596

Fig. 12-1. Contours of Static Temperature(k)




X

FE®

2830402

(Time =2.0000e+00)

3.888+02

3.78e4012

3.59%+02

12 a50es02

(Time =4.0000e+00)

Fig. 12-2. Contours of Static Temperature(k)

3378402

3.33es02

3.29e+02

(Tirme =6.0000e+00)

Fig. 12-3. Contours of Static Temperature(k)

i

(Time =8,0000e+00)

Fig. 12-4. Contours of Static Temperature(k)

315402

3.13e+02

3.10e+02

(Time =1.0000e+01)

Fig. 12-6. Contours of Static Temperature(k)

597

Fig. 12-5. Contours of Static Temperature(k)




