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Az Aol AFLxd vlAE o
2 AR 47
Agdiga sl s nAT A
A= A & 4 zZ5)
7 y 7]
AAA DA = Dol A% dEEYe] FE ALY &
—%x - slAelstn ddoxl, Huysenz}t Gurley{1939)® &
AA9 £d ALZ 13996 52 YAt T4
1.4 = of WA F Ag wkg2 #AT vh 9lvt. Henschel
I. A9A4=z 2 44 (1944)®> 2 steel burZ x| o} A=A A 3ol % what
m. 4944 Qo] 2ol vl A & 4, Vaughnst Peyton(1951)*”
N. 2% % 3ot < ALdAg 4% A £x9 AEHE burs T
) " of W} WSz del W], Peyton(1955, 1958)
V. 7_5‘__ u'% 202 0. 2 &% AZLo] burd] FHd =} vh2w],
u—‘l.“‘:?ﬂ W 74 2= water air spray 9} water streame] &3}
FExF Aolz} ssich
Schuchard®} Watkins (1960, 1961)%26 = oz 9] 3]
A£we) Wzl BE A5 X 42, = 459 F
.4 Fow oA wa e Aolel g LE Hee xgkod
9 Brannstrém(1962)5>2 9} 5of ofHal 985 7139
30 3 AT wAAdE A

]X] b —f;/\] oﬂqu of] Aa 7} % 21_ S, ol okl ZAFoba] 2 8] o] %o 9l d}e], Bhaskars: Lilly (1965)%

T gl Y = o 2 o 'u o
AdAE AR, B8d, ead 9 gggae 43 £ LA FEA Aol 4RA ARG HA HE A%
o Aaa Qe AN A2k AR AAAAE g TEE Aplin(DDE AN 2T z]hA ognt
- © o A A4 2x%, Nyborget Brannstrom(1968)'® -2 2t

qle] == ¥+
Aok AzxA, 1 FolAE Aobdd

A Al 7k
to

o]% BAAA zitor AEEAY Ador AT
A EDY ol F-0z A5 AL FFE 012
o}, o] oo} zAYHH ATE ge wAEd
gate] ol Felgos, A& mE Addoz HotE
AR o 47 (coolant) & AR A ¥ FFH 27

AR Aoz dHA ek WA 139 Aoba
&R o2 AL AT AL
Aelske 7ol olAH ol A Sl

Bronner (1932)®% -4 Zo] glo] WA Aote 7
Z=7}e constantan-copper thermocoupled 43] kel
WA W Alopal & AR E Y AFexe o shE W
# 319 3, Bodecker(1939)4+= v Fi 8§ 98 A

£

L

=5 A594 Agsk Afd WA 9FE, Van
Hasselz} Brown(1969)292 .%o} wald] & 4=
otul o] W 8-, Marslandet Shovelton(1970)'>-2 2}
X 4=2] A Ao} @ehe], Grajower(1974)7
22 ozt FAE dArlAg A Lxe st Bu

% '63}“—5

@ o ek
AfE AU G944 FRA BAA Y A
& %ol =t A st gy APl Baked B

@ 90 olel T8 vhelh,

I. d3ds o Uy

10kgo] 48] AA Trielell A AFstel A 2848 A

*H =Rl gx]i 1976 109 159 Al 193] kA e AT solA HEag-S.
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Al zeotz ARtk AHE Aot JaHom
Agle] g Aoz shyg on], A% kgw 30mge} nem-
butald Ao Fatgted whzsgich. wpai Aol &
x99 T7 %5 thermometer (Y.S. Inst. Co. )2
ZAsg o, vhElAlEe dad w2t 374 Fo3

Al Azl &9 217 Bof thermocouple(Y.S.
Inst. Co.)& 44l & Fn & No. 35 inverted cone
burd AH4ste] P43, thermocoupled #4734 ¢
Aral gt 2 7F5-3ksk 48] dycal(L. D. Caulk Co. )& A%
3l 1A}, olF thermistor bridge(Narco Co.)
ol oA ste] carrier preamplifier(Narco Co.)ol A
E-3}o] physiograph(PMP 4A, Narca Co. )4l Al %]

% 258 A4 /1% g L3z).

Subject —|Thermistor Bridge

"l Thermocouple

——[ Physiograph

a2 1. A3 EE3} physiograph7tx| 9] =8 =,
Physiograph & zz}=4lel} thermometer®] probe

I Carrier Preamplifier

2 AgEtd du gle x5 gFFEA AA g8
F Y=E stgrl
Hael wzlA thermocoupled thermometers)

d7sted AA AF ¢xF Fasrl=E st

Thermocouple?] 4}q] =zte] B F, A4+ &x7)
g3 Az zgdsgd s A9 2 g A5 A 2%
2 &g

AA AR P& Aoz
¢} air coolantE 77 AF&st4,
water coolant ¥ no coolant® }5-9f
A8 gt

A 2 EA A AR YA A e ol
£ 74shd A burg Aot FEEA, A&
82 =55 Agsdeh

34=q)l 71 (200, 000rpm) A+8-41¢] buri No. D-11
diamond point (G.C.Co.), A 4<lA (10,000 rpm) A}
22 No. 557 burs AHA| sk g ).

#4917l (water coolant)o & AHa|A]e] E2&
5 Agstgen AvexE 23°CE A sta .

Ae 229 i]“ﬁ Az P Aeds] A4 A
2 Zxj3tq4.0r], L=t 4 X6 HEo} &
= 7kx] 7] vhe] A D}" A8 AYE AFsge. A4
AAL AR AL AF o571t Hd 2 Wl g

2] o] 7 9 air-water coolant

AEdxad A%

A A4AE

1 #aq ¢4
oz AHAF

Ae
s

A AR dd 7AW
uﬂv}zu .mxu ilm%i}ﬂ?&

AAEER illi’r%}%tﬂ A A28 E AE HE A
o2 d4grh
I. d8dH

Zetzabel] behd A LEE o)n] 535 dgoen
2 AR 4% & Y AdasiAziat JE5A21e 28
z8 £x0b dAsng 44 AdL & ek 2849
AR ok E AFA el AF 104 & A sgch

Thermocoupled A9ldled A Abelo) =2q 25
£x & 31.0°Cal A 34.5°Ce] Ex:zA HF 33.07°C
deon, rizlde FELEE HF 38°C, TALEL
%3 37°C 7hefelgiel.

w3 3o BpeEe ¥ Wbt ¢lgleh

1. I R (air-water coolant)

27 2. A st 7o) AbAA) 2te) FAle) x BB F
Aslr HHexwile 14.5°ColA] 25.3°CaH 13
21.03°C2 Aaex nr} 12.04°CY 7S 3 gk

A8 el Yol AopA g Fale] &7ke]
bt a H w32 Al 172404 A 953 24
S} 53.327F g8 gk. FHEADE 3 Fy) 1382
dlA HA 425224 T 287.127 £ gis (2

E1 144702 S¥RE a4 AckaAA
W3
43 | Aee= [JUER AT | 2z
o cC) °C)+ (2)# (B)#
1 31.0 22.1 39 304
2 34.5 14.5 17 138
3 34.0 18.2 86 338
4 32.2 2.8 57 245
5 33.5 22.4 77 295
6 33.0 2.5 35 425
7 32.0 25.3 95 300
8 32.0 2.0 59 398
9 34.0 22.0 51 290
10 34.5 14.5 17 138
2 A ( 330.7 | 210.3 ] 533 2871
5 7 [ 33.07 ] 21,03 | 53.3 ] 2871
+3| 9 A4 xast
hE Sy & sk 3 sl

AN A
palilec Eaad
2R AT A7

Lxst BAoR
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— A 22 A 3 7]

—-105°C

ag 2. l%oﬂzl(air-water coolant).

2. A% ZI(air eoolant)

2% 3.0 A 8f 7Fo] x| otabal ek F-Ael A -’F—9—£-4 8t
72 gl o1} air-water coolant AlEA v FpEE

7b gukghe B & glow, Adizw st 23.2°C 4
29.4°C A}—Oloﬂ Hzstn 37 25.9°C24  AHA2XEe)
wlaled 7.1°C9 &7k¢ 2gd-

HAW A7k At 38zl A AR M43z2H4 HE
73,427 A£459 0w, air-water coolant A}Hg-A] wr}
7l Azte Hez= dach. HEAZE Fd 663004
A 336x9] £XE yolv], 3 189.02 2 air-water
coolant AM-&Alel] ¥]aled 3 EA ko] HE AL &+
daaek(zd 3., 32,3 2).

40,0%—

W

1200°C . -
’ FOISE 1 Jmedsec

air coolant).

A obaA Al (371 7h) 9 w8

4y |Ase= | PHex ﬂ* Rl EEP
s O O+ &) ()4
1 31.0 23.3 63 242
2 34.5 24.0 47 66
3 34,0 23.2 38 169
4 32.2 29.4 76 175
5 33.5 25.7 65 225
6 33.0 26.2 50 336
7 32.0 27.5 125 267
8 32.0 26.0 143 147
9 34.0 29.2 76 195
10 34.5 2.5 51 68
% 4 , 330.7 , 259.0 | 734 1890
3 v":] 33.07 [ 26.9 ’ 73.4 | 189.0
e CIE A
#lor AR H % g2 A3k A4 A A
#ilo} HAE FARVF A% 2% JHoz Ho
7tA 8] 7 2A 7k

:Vol. 14, No. 1, 1976—

. L3R ol A4 ANA I S5
7] Sukshal ol olnked, W5l 25, 0°Cell A 29.6°C2

A S3F 27.53°Coln, AAexel ulsle] 5.54°Ce] &
e % 5 A4+

Bl 8142k 2wl Ak 102004 117224 57
50. 9z )41},

ol 4ol A (air-water coolant)A]¢] FHdjulz}
743 fAME Zheldh

I EAZEL 462 A 11929 Sx2x 3 F 86.9%

€ 88929 4., % 3.3 =),

ZO0ISE 10 smm/soe

a2 4. #4421 (water coolant).

VA Aok A A

W 3}
a9 [ Ase=s [ FVEE| 5N Jagan
o 0 | O+ (iH+ () #
] 31.0 27.7 17 84
2 34.5 28.0 55 19
3 34.0 25.0 30 78
4 32.2 29.6 65 75
5 33.5 27.8 52 13
6 33.0 2.5 54 75
7 32.0 26.3 38 46
8 32.0 28.0 45 96
9 34.0 27.4 43 85
10 34.5 29.0 10 | 98
A | w7 | ws3 ] s09 | 89
5 if[ 3.07 | 27.53 | 509 [ 869
T3S A+ £E U
H2job AA AFREH A4 25 Qs Hdldd 7R
9 Az

#7 ot AAE FAF F AF LxsF Aoz A 7
A9 AAE

pRad]

4, X&YZE(no coolant)

o] Afell UojAE BE dolA 2% Ao o 4s
ot 10 5 3ol A vk 2kzEY Abgol gl puA]
£ T4t el gl

% 5,63 E 4.6]A g ol Al ex WiE 35.5°C



oA 29.0°Cm4] 533 31.81°Celw], AALexsel |4
71 st HF 1.26°Ce) g navh

g A e 5204 4322 FF 201224 A
ol TAlA M F2 3hE 2w

% 4w BRFAste] 19 6.olA5 ol Ade
=9 d7e] gle & sele] 2% Aol o] v A
A5 dx £ & A%k

| FA 72 30264 892 Abole] FE X, FE
52.9224 713 W SBALE el FYch(2d
5.6., E 4. Fx). '

40.0°C—
W—
30.0°C—
EOIBZ & 1mm/sec
200°C—
100°C-

8] 5. A <lAl(no coolant), =7} dpskE 7 .

40.4’.‘}»'(:— )
ECIHT D 1mm/sec
20.0°C—
22 6. A% (no coolant), X7 FHFF 44
e A
H 4. Aozl o oA Ay Wt
43 | Ares | JIEE ) AN guqz
°F &%) CO+ ) @ | @
1 31.0 32.5 26 40
2 34,5 29.5 17 80
3 34.0 35.5 20 30
4 32.2 33.8 40 40
5 33.5 31.4 43 89
6 33.0 30 2 34 68
7 32.0 29.4 32 37
8 32.0 29.0 27 43
9 34.0 33.6 27 47
10 34.5 33.2 5 55
= A ! 330.7 [ 318.1 l 271 J 529
53 v‘r‘ 33.07 ] 31.81 l 7.1 | 529

+# 09 AFexys
HA ot A AR 24 £x Wyt Fdal«]
7219 A1z
-zl o} AHAlE FAR T
2

o AR AFHA

A4 exrt Ao d

AdA AAA A% L2 Aste FHeD =9
g AR, ol A4 E AN FRE AA&E,
AHE5 = bure] 38 9 .

32 z%aA 2 Aolch

of X Wast ojx AANE 25T A4 A% A
We zdsto] 2l FAal wA Agel Asjz Fo}

7t F7F A=k
olu] AEeA 71T vheh o] AF 3 U3l F
ER

§ 24 we Axsk AL, 1%
A e A A AR
+A A% A A T

k3L 9}, 2

A T A7l 100pe] W
Fgo g o] glon, ojEL A

Matthews (1957)1 %2 28] AA A
& b Afeld) A e F2E B
ARt 3 582 $x 5

Taylor(1950)?® %= vital microscopy & AHgsted 3
49 AR 4225 24 & A4 WAy W, AF 2
AAR AN E AAA oz AT # (rat)d A8 A
Zol A dFe Fast dddtm kg,  Photost
Scheinin(1962)?»-& adrenaline&<| & slotFo] H-4&
sgdd A4 Ryl AaslE o vob AT
2 26} adrenalineZ*4 £477F EATLE 2
@ o ek

Ogilvic (1966)5¢ ZAAZ & A5« 2ol
o) A4 F3o] dojrt, xFH A5 adre-
nalined H&3geld A% B $5¢ AR
21 gk

Bhaskars} Lilly(1965)5-2 A9 A4 A4 L£x7}
32.2°Cel i st vl ol = Ak 33.07°CeF FARE &
o]t}

A &da oz water coolant®E A&AY AF X
sh7ro] 5.3°C2A A2k 5.54°Ceh AL el A
2, TaolA (air coolant) AR&AlAl 2.54°Cer2E A
Aty wastged, ol Ak 7.17°Cel ¥ g A
<
=

¥ u
djo
o

ol ol WAAER AgdE ¥ EES

& e stelzAx o gL AR Aele VE
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12.04°Cxel 2L ghol
o] atol ALY FEitst WAAA R AEH
8 2x7k Je& vlAl Aoz Azd
A 4ol 2 (no coolant) AFEAlE 5.4°Ce £x 4454
2gEd AR AE 1064 % 3l Agt AsSag
i AsEE L5°Crtse s A AL Fheldd:, HE
e Wile o3l9 1.26°CY 2% 373 5+ '«s}-ﬁ\:},
49 =, A4 AAA burd F5F, A uby
A A A 2ol E xR0 AFc(E 5.
).

ES5 44979 dz

e

o] o

of]

D o[ﬂ
f

AEE | A | awan

&) () (2)
24 Bam 12,04 53.3 287.1
Z & F v 7.17 73.4 189.0
PR 2 5.54 50,9 86.9
# ES 1.26 27.1 52,9

o] A4 ¥z LEEFL Al A 7 A o-E emer-
gency situationel]l FolA] sl:2 =2 adrenergic dischar-
gest 1% Aoli, rwHEGe] W kY wolxql 4=
o] fAdle] =Hx| ¢} A},

olef AL A AAE AYetnl vle] o] A S
AAE 5o Aeg 42 sl A4
|EE 4L AFe & 4% A 2 Aol

Schuchards} Watkins(1961)2¢> = 2] %9l 21 (1, 800~
10, 000rpm) o 2 A7l ¢lo] A A Ay 22.0°

o)
¥e Aoz,

Fol exA£5, #4413l (air coolant) AH&-4] 1.0°F
7t A% stEetn 23 g e ole Az A
} Abelsb Zieh
& A (290 000 rpm) o 2 air coolant?t A}-&3)
o ZNAE FAste A5 49FY x84 E, air-
water coolanti Agste] 289 3% SFE HAA

8.6°FY 2% 7He uAd+]
& Zrelgieh

A S Aol A ARAE AAEA H5E FARA
A &=, Aotel sl b=, A4 & burd] HE
HAA o] d B FFE FoA AFNY xE A
A5A RS geh OB

A2 &7 mAd A% 2mmset Fol 2mme 9

ol& A zhuv 4

14, No. 1, 1976—
& FAeko 125~600°F) & 5z6l4] 1§74 F
28 72 3~91°F9 A4 &% A48 wokelm &g
t}, 18

g exe) WEe Add gEAsE sdedn
S, Aplin(1967)0%5& A9 SAAEEs} 2,700
A 4,700 rpmo2 Frbebd A4 st 4 v
% #oh.

A A4 A water coolantAH-E-o] air coolantAb&
Bk Ao A st FaDEa s, Heit-
man (1969)® % Aote] £x¢ 94 3¢, F7F22.8
°Cel e=3t7E vebdl e, A2k Aol 2L Al

T

(air-water coolant) AH&4] & &% 72 12.04°C
£ Uehlch old AME sob ASLEY A%A7
o] AR ol 4 Y& Faprb 2A A& A
o0R, m Al FA e, A AAme =
Ak FAL4E L2 Ashh AL w%% e,

R e ARoztE W d AAE 4527 A

A3 10°CY 2= A%o] siglel, "J°Pﬂ—4 GAl e 7
2 Azl 15°CY X Argo] 9givka &b
Vaughns} Peyton(1951)30 52 Al gelzloe A
A4AE 42 102 olile] AGex WFt vtw
FF e ole AALY gruch w}E Alzkel it

® 252 A2 bur, straight bur, carbide bur®
= AEA, X A%l Agdoa @} Lisantist
Zander (1951)5-& %59 £ Z74L XA 7}
T exe FHe EE A o} 5} Abe] Q] AFobd
FA A, dotd e 2o gdAy 938 gt
z 3ok

Peyton(1955)%-2 burg] &
%2 ulxv diamond points} 7}#
o] 10,000 rpm o}Aole] & A&
Zo] ola= ol i sk ek

A4 <lx (no coolant) A}-£-A
straight burg A1-&8b 2 5ol AsiA = Al
A7 4 glomd, coolant®¥& air water coolant =
= water coolanty} 7}& &z}l H AR ety Ay s
o}, 21

AA AAd olA, FAA G A Byl w2} A
Tl go]l daF& edl, ol HotE e e WH
Ao A4 vgre]l F7F e Fa ] & Fold, A
Hato] 2% Wsle] wE Fgol ) 5] djuy] o
_E__o] D}-. 2)23)27)
A5E AARYE, F
& 3 A SR A

KX
=

o}

1O
E

W A

E.
=

27 A2
air coolant,

FATF

SRR

no coolant7}

°]
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—AA A FAeo] AFerel ulAE Goo] g AP dF—
air-water coolant @ water coolant AF&A] wt} 3 4 AR AAS FAF F AL A5 v HEsE
HoA7e] B AL B & gk g £493E A7 3442 (air-water coolant)
Kim (1974)®2 723 el o] 22 AAe A48 & Ap4sr o] 287.12, T4ozl(air coolant)S
F3 218, Ae4E 2RRE A4 ATEFYY Abgsk o 189.0%, M4l (water coolant)$
J-»iﬁzﬁ,ﬂﬂaa@%%#AMg A& W Agst v 86.9% @ A4alxl(no coolant) & At
AL, AL EE de FRFe] A F 43 o 52.9%°]4 ¢}
7P sl ebn B s,
i . 2 =58 HA4 P Yot AF Az =g ZX
Kim (1976)' 2 5o epinephrined o3t 729 ( - o et A 1% waste T_
o A mpdaA el A=A, Aelgnd o FE
AF kgd lpgrtA e o Soksk o Eo] A FHeF o
24ds wAs 24 Lol FA=H UL )

747}, acetylcholinefoj A= dgte 7= E5F-aF

7t&7t ol ule

¢!

=
o

ki3

] ofol

ne §4% {33 74

.t
)
&

rlo

LR

=
=

3oy 1}elt o], Photos} Scheinin
£ 42°Cz 7Hded &« d/E=7t

£ dR4EE A2AZHL

958)* 52 ATE
7]"31'-]’—-9 i]‘l" <= 7{;’
D}-_ 18>

AT

BEE3L, of 7] epinephri-

= 1000
5 S¥eidel A4 e Fazt
i, Jdae A5 29 £ dA Adsiit
et ston, o 79 80°CelA ¥ dAal 4
£ % 5 gdled, 2% £271 i 2%, 24
FEH 9, 244 Fell B P4 HE
I 9)\];}_' 13)24)

ol el Ak o] 2= A4Fo] FAFEHE
2% A3t Aol

i

04_9_71

a

tle

vV.#2 E

IOkg o]x]-_oq
Aotz s, A7

o}
=

A7 el e skt A4 8AE A4

¥ £ud thermocouples 4ka] .4

&}1. thermistor bridge® 7|4 carrier preamplifier

2 FEs, 79 x5t

o]

no coolant&

%3}5l physiographit

A ez WikE AA 7 &g

AAAA = 24 9 AfAloezm, —]'% coolants}

AR-g-3le] oo e HEE ddgith

1. A8 A4 FF L=+ 33 07°C°]9,ib}.

2. A4Lx Asle 2491 (air-water coolant)$-
ARSE W) S F 12,04°C, 14
Abg-st o i 7.17°C,

(el

A} 49 7l (water coolant)
& A48 o] 5.54°C & A <491A (no coolant) g
st W 1.26°Ce % st7hg vebd el
. AFexl Fd Wt e At
(air-water coolant)S AF§-% = 53.3%,
A A 73.4%,
(water coolant)& A}£% = 50.9% 3 A<
(no coolant)& A}£3 o 27.1x0]4 ¢k

ol A (air coolant)2-

L. &

7l (air coolant) &
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Pulpal temperature is changed in response for various conditions which were
mechanical, thermal, chemical and biological stimuli.

This study was performed to determine the pulpal temperature changes which
were using air turbine with air-water coolant, water coolant, and conventional
dental engine with water coolant and no coolant on 28 canine of dogs.

In order to record pulpal temperature, pulp chamber was opened on the
labiocervical area of canine.

Thermocouple was inserted into pulp chamber and was fixed with filling mate-
rial(dycal).

Changes of pulpal temperature were recorded on ths physiograph, which had
been standardized temperature degree, through thermocouple to thermistor bridge
and carrier preamplifier.

The amount of experimental temperature change to that of control was interp-
reted in the pulpal cavity.

The obtained results were as followings:

1. The mean normal temperature was 33.07 centigrade.

2. The temperature was decreased than normal pulpal temperature. It was
12,04 centigrade in reduction by air turbine with air-water coolant, 7.17
centigrade in reduction by air turbine with air coolant, 5.54 centigrade in
reduction by conventional engine with water coolant, and 1.26 centigrade in
reduction by conventional engine with no coolant.

3. The time for maximal temperature change was 53.3 seconds in reduction by
air turbine with air-water coolant, 73.4 seconds in reduction by air
turbine with air coolant, 50.9 seconds in reduction by conventional engine
with water coolant, and 27.1 seconds in reductioa by conventional engine
with no coolant.

4. After reduction was ceased, the recovery time to normal pulp temperature was
287.1 seconds in air turbine with air-water coolant, 189.0 seconds in air
turbine with air coolant, 86.9 seconds in conventional engine with water
coolant, and 52.9 seconds in conventional engine with no coolant respe-

ctively.



