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— ABSTRACT

INFRARED THERMOGRAPHIC ANALYSIS OF TEMPERATURE RISE ON
THE SURFACE OF BUCHANAN PLUGGER

Sung-A Choi, Sun-Ho Kim, Yun-Chan Hwang, Chang Youn, Byung-Ju Oh,
Bo-Young Choi*, Woo-Nam Juhng*, Sun-Wa Jeong**, In-Nam Hwang, Won-Mann Oh
Dept. of Conservative Dentistry, College of Dentistry, DSR,
School of Mechani cal Systens Engineering Col | ege of Engineering® Chonnam Nat!l. Uni.
Dept. of Dentistry, College of Medicine, Seonam University™**

This study was performed to evaluate the temperature rise on various position of the Buchanan plugger, the
peak temperature of plugger s type and the temperature change by its touching time of heat control spring.
The heat carrier system ‘System B (Model 1005, Analytic Technologies, USA) and the Buchanan' s plug-
gers of F, FM, M and ML sizes are used for this study. The temperature was set to 200C which Dr.
Buchanan' s “continuous wave of condensation” technique recommended on digital display and the power
level on it was set to 10. In order to apply heat on the Buchanan' s pluggers, the heat control spring was
touched for 1, 2, 3, 4 and 5 seconds respectively. The temperature rise on the surface of the pluggers were
measured at 0.5 mm intervals from tip to 20 mm length of shank using the infrared thermography
(Radiation Thermometer-IR Temper, NEC San-ei Instruments, Ltd, Japan) and TH31-702 Data capture
software program (NEC San-ei Instruments, Ltd, Japan). Data were analyzed using a one way ANOVA
followed by Duncan’ s multiple range test and linear regression test.

The results as follows.

1. The position at which temperature peaked was approximately at 0.5 mm to 1.5 mm far from the tip of
Buchanan' s pluggers (p¢0.001). The temperature was constantly decreased toward the shank from the
tip of it (p<0.001).

2. When the pluggers were heated over 5 seconds, the peak temperature by time of measurement
revealed from 253.3+10.5C to 192.1£3.3C in a touch for 1 sec, from 218.6+5.0TC to 179.5£4.2C in
a touch for 2 sec, from 197.5£3.0C to 167.6+£3.7C in a touch for 3 sec, from 183.7+2.5T to 159.8
+3.6C in a touch for 4 sec and from 164.9+2.0C to 158.4+1.8T in a touch for 5 sec. A touch for 1
sec showed the highest peak temperature, followed by, in descending order, 2 sec, 3 sec, 4 sec. A touch
for 5 sec showed the lowest peak temperature (p<0.001).

3. A each type of pluggers showed different peak temperatures. The peak temperature was the highest in
F type and followed by, in descending order, M type, ML type. FM type revealed the lowest peak tem-
perature (p<0.001).

The results of this study indicated that pluggers are designed to concentrate heat at around its tip, its

actual temperature does not correlate well with the temperature which Buchanan s “continuous wave of

condensation” technique recommend, and finally a quick touch of heat control spring for 1sec reveals the
highest temperature rise.
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Fig. 1. Infrared thermal imaging system.

371



CHSHX| L2 Z5}3]X] :Vol, 27, No. 4, 2002

W mi

Fig. 2. Schematic illustration of Buchanan

plugger.

Fig. 4. Schematic illustration of the whole system.
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Fig. 3. The fixation device of heat carrier of
System B HeatSource and System B Heat
Source.
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Table 1. The position at which the temperature peaked on the surface of Buchanan plugger (mm)

Plugger Type

F FM M ML
) L) L)
1sec D (mm) 1.5 1 0.5 0.5
T (C) 253.3+10.5 196.4+4 .4 213.1£3.2 192.1+3.3**
2sec D (mm) 1.5 1 1 1
T (¢C) 218.6+5.0 179.5+4.2 193.7+2.1 187.6+£3.0**
3sec D (mm) 1.5 1 1 1
T (T) 197.5+3.0 167.6+3.7 179.7+1.9 174.4+£2.2**
4sec D (mm) 1.5 1 1 1
T (T) 183.7+2.5 159.8+3.6 171.6+3.1 164.9+1.4*
5sec D (mm) 1.5 1.5 1 1
T (T) 162.1+8.1 158.4+1.8 164.9+2.0 159.3+2.8**

D : Distance from tip of plugger(mm), T: Maximum temperature(mean+SD) (C)

*%

- represents significant difference by plugger type(p<0.001).
&

represents significant difference by time of measurement(p<0.001).
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Fig. 5. Maximum temperature at time of measur-

ement.

Time(sec) : heating time of heat control spring

** . represents significant difference by plugger type
(p€0.001).

& represents significant difference by time of

measurement(p<0.001).
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Fig. 6. Temperature changes on the surface of Buch-
anan plugger (F).

(setting temperature: 200C, power level: 10)

0 @ Tip of plugger, 20 : Shank of plugger
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Fig. 7. Temperature changes on the surface of
Buchanan plugger(FM).

(setting temperature: 200°C, power level: 10)

0 @ Tip of plugger, 20 : Shank of plugger

Fig. 9. Temperature changes on the surface of
Buchanan plugger(ML).

(setting temperature: 2007, power level: 10)

0 : Tip of plugger , 20 : Shank of plugger
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2 28t (Fig. 9, Fig. 28, Y=-6.91X+157.60,
R=-0.96, p(0.01). 5% 7}4A| pluggers] EH %E“ A
o 9 elM = 152.0£2.7C, H12EE Yehje At
Z2H 1.0 mm FHolME 159.3£2.8CE L}E]rkﬂg”%
Mg gojdas 2rr) vop Adto 278 20 mm

*<_|

=-T. 58

376

i

Fig. 8. Temperature changes on the surface of
Buchanan plugger(M).

(setting temperature: 200C, power level: 10)

0 @ Tip of plugger, 20 : Shank of plugger
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E RHeEe 9 A3y oz et (Fig. 9, Fig. 29,
Y=-6.53X+155.37, R=-0.97, p<0.01).
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& e HOHH Aol A E
Atk A9 Qéﬂ*o’é} 9] AEdE A 74 24
o o& AW 53] AE A5 EAMS (emissivity) & &
il of g, U}E}H . oA+ Buchanan plug-
ger«] AR 9AsH sh7] AsiA JAREol AeiA Sl
= WEE5(e=0.93, Asahipen corp.)= 4 me FAZ
T35t 4 un A2 Buchanan pluggerdl] =¥% U
HEE5(e=0.93, Asahipen corp.)= ##¢ Buchanan
plugger?] & A= &7l A & wX|A| kot A gt
248 7158 skt Ao AR E o] falo] &
5 3T ve 79 S| 3 Fasith A3 ZHE T
A dFU 7FL, =2k EA50] pluggers] &

Xol| FgFE vt wehr] Jde] 249 st 7&?9}‘?}
Ago] g HEYG. B AFdqAe 49 Ao 23
Buchanan plugger®] 24 2=8¥7} 935 w9l
7] Wil heat control springe AFEUE o]-&3fe] =
ZatHa 2 Ao A AR8-g TH31-702 Data capture
software programe| ¢ ¥l tigt B4 7|53 714
I Qo] thE B o SHARY = x| tig
e =Y F A HATE B AFolA ARES Aol d g3t
472 (Radiation Thermometer-IR Temper, NEC
San-ei Instruments, Ltd, Japan)& %3+ 7|AIAA €] ¢
A7 £1CE A9 H et 2eghs YEIT

# o &70E System B HeatSource(Model 1005,
Analytic Technologies, USA)& A28 ejo] A7]2 9]

71471424 digital temperature display<t T
resistor control& 7FA 1 o AFEA) Uil &
22 U FHo AT, e Al Z3] AR A A g
o AAl AAsiA AHEshe 2E%e YAIEHA] geth
Hao] ok,

Buchanan©] 4718 Continuous wave of condensa-
tion technique’& #7142 2 & pluggers ©|-&35}]
HE FHse PHeZ System B HeatSource
(Model 1005, Analytic Technologies, USA)$} Al A
&3t s 55 faRIETt. Continuous wave of
condensation technique”l4 System B9 A 2Ew
200CZE 3} power level 109 ET}. o] &4]o|A
pluggere 1.5%0lA 2253 B ¥ pluggerd AFHE
T} 3-4 mm &S 27 ¥ & touch spring= ® AH
dA AZEFoR S ThetHA FEHA Eoj¥n
At k] WZA] BAshE 5 BAde] 9l 102%
Qb A2k kS A & 123 vl ZHE st S
A pluggerE wlAt}. Backfill ZHg Al System B A%

EE 100CE Ex AMSgt} & Aoa e AEA 4%

5 200CE Aot AA| A=<} pluggers E5t]
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& r}o il pot
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X Q| MASIMAIRIE 0|25} Buchanan plugger EP19| 2 Ak
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SHH e Lo Aols vuws) Huzk sl EI
pluggers bxold 7tdste] 1%, 2%, 3%, 4% 4 5%
A 7¥zhe] Lmgke Aol A ouloﬂzq AHeEE= A7k
HlS2oH Sl pluggere] 7l whe SEREE 54
pitas

B AgoA Adet 43} System BY A2z AA
Buchanan pluggerdlX 3% & 2=+ X}O] Ho

7¥7¥e] pluggerd] Ff/oll mE AIZPE RS LEEXA 1
%, 2%, 3%, 4% 9 hxdA < E% ‘—C‘ luggerJ E3
Foll gHglol 4 %01]*1 Hojdes b A2l F

pluggerst M plugger?] 1z]44 fi =33 F plugger
o] 2%of|M A& ezkE AYslae EF System BY
A7 2%01 200Ced = EulA . o]+ plugger 2 35
HE 93 Yo 255 200CE FAISH s Ui
of o3t a2 <3 plugger HHE 2=/ ojA]= AL
2 FHEY, Em3 LrE Adox "HolALE 7Hadle
Fe Holu AtellA Ha L& Kol Aol ofygt A
oA 0.5 mmolA 1.5 mm EojZ FHoM Hu s
eIt} ol2fet A2 o] pluggerd] Al e
Rol o}t kel ezt "ol Felef] ol AoE A
ZHEth, A E REREEES v E48 A 124
T Huezd W] Pt AH R £ LEEXE
FA Y el Bl 2%0l4] 5R=

S IR AR L3l W AT
& LEREE Mot RRE WA Uedg ReiFn.

ol& %‘_Q"L(thermal dlffu31on)°ﬂ o AT g3z 7}
7to] 7 = pluggertiol| A /\E‘Cﬂééoi 4
o] A% 01 iﬂﬂ%E 7“’ HolZ| 1 HuLE9 A=
guon olFshs Aoz ARFUY. ol éali
System B GAAA7L AEH 08 FHE = o] ofd S

_8_7-6‘]- 2= Oh;].

247y9] plugger 9 LEFEE Hlw £43F A3} Foj
A MLE 253 2& QAN 527} o 23}
E HAFIT o[4S A5 ez dife] #yiso] 2

E
AAY A5 Aol 255 AUAE Bol FF3iF]
dohs 2o B2 glong 2 AfdA A3 Ay
o} dAF2 BT, AR & oA = Akl AL
FM pluggercllA M, ML plugger®t} £=8¥7} 52 7
s HolFo] o]z A7t o B8 Ao g AlRHT
B A8S 2AR System B A w9} AoA d3}
FRAAE o] &3A pluggerdl X FHH= =& Aozt
s & F o AA ¥ 22 ¥ = Buchanan®
“continuous wave condensation” ¥l FH3 29}
oA FHRBATE QA sk}, gk FFAIRe] s
EFE SRS Hole Zlo] oflgte A% & 4 AN wht
A System BE AR&-ate] 72427 Al Buchanan
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pluggerd|Al Yeites 2222
ST AR QA AHEA] T " aEsol & A
o7 A7tEn} 53] AA Aots RdE st AZH
HE B3l vee g9 &S SHTeEA F o 4l 7}
7HE 23S e Aol st A

V.24 B

AN AR E o]438le] Buchanan pluggerd
. heat control spring® 7}€A17F 2 System B
HeatSource®] A% &%=l whet duprte] xrs} 2jo|7}
‘JrE]r‘erX] ZAste] Hrkgk & vl EAste] o 2

o ZAz2S 0-]041;]._

=T 2 T A

1. Buchanan plugger?] Ado @458 < 0.5 mmeolA]
1.5 mmFHollA 71 & 28 HYom e A

choll A "ol A= wob Tk (p<0.001).

2. Heat control springs hxol/ 71dsle] A& 23k
oA v vt} 1 L=& 1%94 253.3£10.5C

oA 192.1£3.3¢C, 2%°A 218.6x5.0CA
179.5+4.2C, 3z14 197.5+3.0ColA 167.6+£3.7C,
4% A 183.7£2.5ClA 159.8+3.6C, HZxA
164.9+2.0CNA 158.4+1.8CE YeER 1x904 5
22 255 HueEe #ide A4S B
(p€0.001).

3. Plugger &7l W&l A2 g2 H 125 HoF9t}
H1LEE F typedlld 7HF Ekom M, ML % FM
To 2 SropxtH(P(0.001).

ol’e] A¥= pluggerd] AT A Ho| HFHEE
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Fig. 10. Representative thermographic image of F type (1 sec)
Fig. 11. Representative thermographic image of F type (2 sec)
Fig. 12. Representative thermographic image of F type (3 sec)
Fig. 13. Representative thermographic image of F type (4 sec)
Fig. 14. Representative thermographic image of F type (5 sec)
Fig. 15. Representativ thermographic image of FM type (1 sec)
Fig. 16. Representative thermographic image of FM type (2 sec)
Fig. 17. Representative thermographic image of FM type (3 sec)
Fig. 18. Representative thermographic image of FM type (4 sec)
Fig. 19. Representative thermographic image of FM type (5 sec)
Fig. 20. Representative thermographic image of M type (1 sec)
Fig. 21. Representative thermographic image of M type (2 sec)
Fig. 22. Representative thermographic image of M type (3 sec)
Fig. 23. Representative thermographic image of M type (4 sec)
Fig. 24. Representative thermographic image of M type (5 sec)
Fig. 25. Representative thermographic image of ML type (1 sec
Fig. 26. Representative thermographic image of ML type
Fig. 27. Representative thermographic image of ML type
Fig. 28. Representative thermographic image of ML type
Fig. 29. Representative thermographic image of ML type
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