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Fig 1. Plasma arc light.
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Fig 2. Halogen light.
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Light Direction : Vertical
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* Light Direction : Oblique

N

Fig 5. Curing light direction a. Vertical: b. Oblique.

Figure 8. Shear bond strength test with universal testing
machine.
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Table 1. Descriptive statistics of shear bond strength of 16 groups tested after 5 min and 24 hours (ANOVA. Ducan's multiple
range test)

After 5 mln (MPa) - o

Grouﬁ i : e e e

i N Mean * S.D. - +Grouping - - N *Grouping
[AY 15 449 + 102 15 1224 = 1857
P20 15 513 + 1.03 15 1224 + 240
P4V 15 541 + 116 15 1508 + 298"
P40 15 622 + 0.80 15 14.88 + 274"
P6V 15 672 = 153 15 1537 + 4007
P60 15 716 + 148 15 1500 + 2027
Hv 15 735 + 097 15 15.39 + 351
HO 15 79 + 153 15 1534 + 275"

Items with a vertical bar are homogeneous subsets at p<0.05; *+*Independent t-test between bmin and 24hour groups significant
at p<0.01; P: plasma light, H: halogen light, V: Vertical O: Oblique.

Table 2. Comparison of the shear bond strength depending on the light direction (Independent t-test)

: nght dlrectz@n :
‘  Vertical ) Mean + 8D, Obhqu , -
Plasma 2 449 + 102 513 ¢ 103 0.146

Testing time nght unit Exposure,time,

. Plasma 4s 541 + 116 622 + 0.80 0.119

o min Plasma 0s 6.72 + 153 716 + 1.48 0.540

Halogen 20s 735 + 097 796 + 153 0.394

Plasma 25 1224 + 1.8 12.24 + 240 0.99

ot Plasma 4s 1508 + 291 1488 + 274 0.775

Plasma 6s 1537 + 400 1500 + 202 0.724

Halogen 20s 1539 + 153 1534 + 275 0.964
oh A 5F o] A AFAEE P2VTo] 4423 + wokom (p<0.06), P20 T} PAVY] AE AT EE
10202 7V w1 H o] 796 + 153z 7HE = HOZ Bt $oh(p<0.05). 24717 3o A==
row| 24X ZF Fol= P2VEo] 1224 + 1.85HRE 7} P2V, P20(12.24 + 1.85MP, 12.24 + 2.40MP)E2) At
23 PeVEe] 1537 + 400MkE 7P Ekth 58 A7} E7F PAV, P40, P6V, P60, HV, HO(15.08 +
To] ARATE T D42 F7Fska, Obli- 208P, 14.83 + 2740k, 15.37 + 40M 150 + 2,02,
que ko) %.‘% o] Vertical Wit ARAa4E 1539 = 351, 1534 + 275 ERT WTHp<
7b 2 7ol glot BAA fodt Aol HolA| 005) 23 3 A7 Ao w2 AR HwA B
et Duncan X A3} Plasma arc light®] % Ao A 2447 F7} 58 THUF #3THp<0.01).
AlZbaE AP gk w2 A A YT vlmoal P2V ’* Ab R mE Z2FAE v]a(Table 2)A &

G A~
(442 3= 1.02) T AT 2= P60, HV, HO & 270l Vertical 33 Oblique 83 3tel] 2%
(7.16 + 1.48MP, 7.35 = 0.97MP, 7.96 + 1.53\) 5 R o} 7= Aol 7h GIATHpP>0.05).
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Table 3. Frequency and percentage distribution of Adhesive Remnant Index(ARI) score of testing after 5 minutes

P2v 6 (40) 9 ©0) - - 15
P20 8 (53.3) 6 (40) - 1 6.7 15
P4v 9 (60) 6 (40) - - 15
P40 6 (40) 9 (60) - - 15
pP6v 6 (40) 9 (60) - - 15
P60 4 (26.7) 11 (733 - - 15
HV 6 (40) 6 (40) 3 @0 - 15
HO 6 (40) 8 (53.7) 167 - 15
Total 51 64 4 1 120

X*=5.833, d=7, p=0.559

Table 4. Frequency and percentage distribution of Adhesive Remnant Index(ARI) score of testing after 24 hours

pP2v 167 9 (60) 3 Q0 2 (133 15

P20 2 (133 10 (66.7) 2 (133) 167 15
Pav 2 (133 6 (40) 4 (267 3 Qo 15
P40 167 9 (60) 2 (133 3 Q0 15
P6v 167 7 467 2 (133 5 (333 15
P60 - 8 (83.3) 4 (267 3 (20) 15
HV 2 (133) 6 (40) 4 (267 3 (20) 15
HO - 9 (60) 2 (13.3) 4 (267 15
Total 9 64 23 24 ' 120

X*=1051, d=7, p=0.161

SRTEAUNO| HID 1 &

§-2 58 ¥ A=l H (Table 3) ARI scoret 0, Bl 93 HeAle Fae Haple FE%
1749 Wiyl Egkon FE 7t Aol gt} 2 Eoll AN F glov}, BEE FHo2 Qe 2
Z+ 2477 & AZ7r w0 X (Table 4) ARI score: 5 #7745 A E ok vt EuF St King
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o] zol= AT vl BAA g nc ke ARUEE

Bl s Rusda, Greenlaw 59 2% & 304]

434



Vol. 34, No. 6, 2004. Korean J Orthod

b ol #2F FAA e AAAGBEI} HEFH
Fol vl HA ety Rugion, oe v
& BaAel e 223 wRolgda st

2o Haplle] AdAd} Afore B3 A&
Ao Az Bl FAA F2AL W A
st Qo F2AL Wk 2 AFRAEE dotd
o A4BAF w5 Bl %‘%ﬁ‘%A] =, D4l A
Tete AT A BepAe BN SEthe
Tzl ARARAES] 2 \ 7} ikt Table
2). ol #& 2ae] FEFA AANEHAD 71E 8
ol aAdye thE Aot gl #FEde
o] &3t F& BHiple FAY A% light guide
tipe &, 94 &L aFH, AeHos AT
Ae WAz 4% e Yolth Lovius 570 B
ghAle] 2§ A AR FE #2273 F-9fol
A Bl Fte] oy W AU EE Heplo
o] wuha & AAH, 53] FA FolA dalolvt
22O 7 light guide tipg HXAI7]IE 92 ol
& Yolth wEka] B Ao Ao o3 FFEE
o] &3 F& B FAA =z Bl AelA
n 3

o, /\}ELU}W‘ light guide tip% %, %*31 o2 93
Al71E H m2E oee2 HAag A ﬁlf%‘jr.
o] & A3+ light guide tipe] 37]9} o] 9l
Roz A7tE =Y, 2 ATNAM AHEE RS AA ‘:’J
Aol A 2ol 8 HEHolglom HeA 7 A Fe]
gHA 2 991mm’i light guide tipS B4 Aol A
Ax AAE W 2L FE] AT A=A
Greenlaw %16 & B A o] 2AME ¥ Het
A MANA free radicale] WA 8t radicale] Bt
7 spre g ket Fol Frtetta silE,
B Aqda BepAle 2, 943} Ao FEAA
T4 Bep 99 Yo =3 WAL v =81 o
2 23] A H free radical oF E& vjSate] A7
Z9 A7t gAY Aoz AzdEch v light
guide tipe] A7|7} £ Ado|M Ahg€ RAET EAH
AL Ao F2AL B o Qo] =& W
o] tharng AT ;2}017} 9\}\% P_E oﬂ/\]-
"ot ohgt B AddN F
A AA F2AR FE0] ’%“Joﬂ/ﬂ 5—’\}@ TE
Hop AQARR=s 2 AT AR=A(p>0.00),
olA o7 HxAl wWeko] A Fof| 7A = FEge
% 274 9 B2 A2 A4 E 7 O]‘:}
Plasma arc hght— ’)f%fé} H/\] A9l camphoroqu-
inone® A &4 3 G4Q 470me] 7HABAE

1

=

Plasma arc light2 0|88t 3% 22179 24|
LYTAL B SEIAZI0] MOEEIEN OIR= 9F

<

AEA 7\% "é‘ﬂ = 7k 3 gle] 4wt Halogen light
Brh o $ 7 2g 2AEH "tk B A AR
2 Plasma arc lights <F 1900mW/cr FE9] Yoz
Halogen light®] 400mW/crt e} oF 4700 743k W&
23t} Yap? Seneviratne” = light energy density
= BexFaAto|n BTt 2&TE A2 TR
= AR T3S & 4 dvkx FGrh £33,

Rueggeberg &

ZHA I G To} AFRE FEANNT
Fxo] 4g& St %

Yy 13 = 3’3’%@{ 101 Plasma arc hght o]
- 3 2Ae FTA | M=
=] B V/} Sfondrini ¥} 9} £9& 2% Az}
L 3% %% 4] Halogen light<} wh& FER AR ]
o 2 o}y stH oy}, Oesterle "€ 6% ol %
& A] Halogen lightet Ztha &% 3, Cacciafesta &
Bo 9% 283 7% Halogen light® £33t 455
o} B ARAEE Holxgk d4H 0B A The
sthbn Bt B AFo)a 47 T AREIA S
v)wo| A Plasma arc light® 2% 3 A+=
Halogen lightZ °©]-&3F 2%

(Table 1) 4% °o]% & A% FAHIATh o=l &
ALY Aol 5 F ATAFAE vwiM =
S A}sk o™ Plasma arc light® 4% A 3

3} 702 Halogen lightE o] &3to] & gHoE &
gk TETh won, ol Hapls Hiﬁ AlF171 9

g o|A&el AFAEE Reynolds 573 McCourt
=o] g 73 6T 10MRLTH 2 ghol itk ol A
2 N E nFzo|A Fe FEATOE Halogen
lightol] ¥l BEA Q) F§o] 7] F83] o}
7] 237) YRR AtEc vl & UM F AdZ
%7“3 H) ol A Halogen light$} A3 237028
ol Al Plasma arc light¥ 4% o]/4e] F-3AIte
2387 229 FEAIZE & 12.24 ©] /3]
2 2o} F3 Aoyt ¥ e 7}°¥7\1
A 229 SN GFH R A T
Azttt

Plasma arc light®] AF&A] 1352 g
2% o] A=Y Zachet Cohen®™ &
2Tt 25T o4 Zerbd n7bd A A5
of71dtta sttt o2 d & e HRe ¥l
A3 Wel 9% A 4 2 Oesterle 5

i)

0.
_H-]

ok
rﬂa

>i &2 ihs
o rlr =%
I JRSORS

N

r

¢

¢

Sty

ox Iy &
2 L o

435



o

Plasma arc light AH&-Al X 59] &% A4S 7] 9
e TS BA St FRALE o8 Wk
A HolA e Ag AAEATE @, Loneyst
Price™ = Plasma arc light-3%, Halogen standard
tipZ} Turbo tip-4022 X L& A4S vwat A
oA Plasma arc light-3%7¢ X|F €% Algo]
]- ARow, 1me dentin F7H &% A<o] 33
7l/\o}§a\:}5r_ Hust) oo £ AFdM Bat

oA Ttel Bt ME X5 2x A5e Z,
4‘: FEA Hle] BT 2 gote] A F7 &
H )

ﬂllﬂl ox

_v_}im

=

S B3l FxARRIER BEtgd o3 Yo
AgEE Q8 £A7 57 & Aoz YZE
g FFY JAAY 2FAEY = e
ddHer Fagd oujE AYed Bape 73
g T AA & bk A E g E Read%)
© Bl e HAE 27] F2AL 3 FEI F

7t s "da 392w, Oes-
b AIZE At uie Aer)
o v g 58 T archwire &

E AL A3 9o, Greenlaw £%9¢ 7] Bz
Aol e 8] Tl dojuA] gol we A
TE Holmg YN | archwireE ¥ & A& =
APt E ARelA $3 F 587 2417 Fo] At

AYRAE o|7} 29 o= BFE o] 27 F=
AL Z AZAA FEEY] dEez Addy. g,
Plasma arc lightE ©]&3te] 2%} 427t £33
BEAR Y, T8 58 79 2PA =} s
AAShE Ha AR T 1A RIER, 2]
783 3] Aol a3 XL 4% o] Z, AAlAA
ol BRANE AU 24A17E Fo] 3L A gt
Aol £2 Ao AZ4H)

2 Aol BRAF B w2 HaA H 3

Ao Aol AFERA &t} Sfondrini Ve
FEE7e wt gdRtol dada sgoy B
AT M E Zol7h gllen o] Qesterle 77 1}
T Avsl 2okth T whe HE P E
& Sfondrini $¥7} Lalani £ ¥t £99¢] Antx2
17} i) ost S5 27)d e BaAs H 24
19] spdo] giREoIoY Fio] Agds=
kel gt viwst Ft St ol BEF P
Ao Fdol 27w AW HEAFYAA o] F
AAH, Hak Beplatel AR 7A GiE )
2oz e,

2 A7y 48 242 AA FARAHE

l‘

]_
]_
]

436

CHRILIEAI 8474 65, 20044

P

2 olo] gt A7} Basty F5 Bl H 7|
9] light guide tip§hs AF8-dto] FZAF Whak

stR o Algtlolu Rl B et o2 A7)
9] light guide tipoll M= A7 Fojof & Aoz Az}
grh =g, A o AHEE 9@ Plasma arc
lighto] 7t Wo| dzzoi} @xte] Fo v ¥4
ol alF T FF A7 B Ao Qg

R i
ot

HJ m]o

2 £
Plasma arc lightE o]-&38td F2Al whaka} =3t
"] ol F& BEple ARAFAE ] v = 9
< olEy] Y8 Hagd gHo) 24 B s 7&
3 & Instrons E-?‘SH AGAFWEE =43 A3 o}

=7 22 485 4t

1. 5% 2o 353 A 3379 7, 5
Azt FAGlol WL AH AT AT
e 71X A Skt

2. Plasma arc lightE ©] &3 & B2
Halogen light®} FA AR EE Y4 4% o
4o FFAIZo] E g3t

3. Plasma arc light$} Halogen light®] Z7] #3%At
T BFH AFAAY 2 55 2 shelA
A&t

4. ARI score 87} 23 353719 79 &
FTEANE FHA T Gl S 712

Lot

&
32 of

olAe] A3E Plasma arc lighte] AF&3dle] F4
BapAY] BAA] gzl BEke Aad T o
g 71X A ¢ow Halogen lighte} FAMS A7}
TE Y3l 4% o] 4o STl oS AlALG
t}.

i)

D28

H[]

1. Buonocore M. Adhesive sealing of pits and fissures for caries preven-
tion, with use of ultraviolet light. ] Am Dent Assoc 1970;80:324-30.

2. Buonocore MG, Davila J. Restoration of fractured anterior teeth with

ultraviolet-light-polymerized bonding materialsia new technique. ]

Am Dent Assoc 1973;86:1349-54.

Silverman E, Cohen M, Gianelly AA, Dietz VS. A universal direct

bonding system for both metal and plastic brackets. Am J Orthod

1972;62(3):236-44.

4. Wang WN, Meng CL. A study of bond strength between light~ and
self-cured orthodontic resin, Am J Orthod Dentofacial Orthop 1992;101
:350-4.

w



Vol. 34, No. 5, 2004. Korean J Orthod

5. Birdsell DC, Bannon PJ, Webb RB. Harmful effects of near—ultraviolet
radiation used for polymerization of a sealant and a composite resin.
J Am Dent Assoc 1977,94:311-4.

Tirtha R, Fan PL, Dennison B, Powers JM. In vitro depth of cure of

photo-activated composites. J Dent Res 1982;61:1184-7.

Oesterle L], Newman SM, Shellhart WC. Rapid curing of bonding

composite with a xenon plasma arc light. Am ] Orthod Dentofacial

Orthop 2001;119:610-6.

. Sfondrini MF, Cacciafesta V, Pistorio A, Sfondrini G. Effects of con-

ventional and high—intensity light-curing on enamel shear bond stren-

gth of composite resin and resin-modified glass-ionomer. Am J

Orthod Dentofacial Orthop 2001;119:30-5.

Lalani N, Foley TF, Voth R, Banting D, Mamandras A. Polymerization

with the argon laser! curing time and shear bond strength. Angle

Orthod 2000;70:28-33.

10. Talbot TQ, Blankenau RJ, Zobitz ME, Weaver AL, Lohse CM, Rebe-
llato J. Effect of argon laser irradiation on shear bond strength of
orthodontic brackets: an in vitro study. Am ] Orthod Dentofacial
Orthop 2000:118:274-9.

. Blankenau R], Kelsey WP, Powell GL, Shearer GO, Barkmeier WW,
Cavel WT. Degree of composite resin polymerization with visible light
and argon laser. Am J Dent 1991;4:40~2.

12. Sfondrini MF, Cacclafesta V, Klersy C. Halogen versus high-intensity
light-curing of uncoated and pre-coated brackets: a shear bond stren—
gth study. J Orthod 2002:29:45-50.

13. Cacciafesta V, Sfondrini MF, Sfondrini G. A Xenon arc light-curing
unit for bonding and bleaching, J Clin Orthod 2000;34:94-96.

14. Tshikawa H, Komori A, Kojima I, Ando F. Orthodontic bracket bon-
ding with a plasma-arc light and resin-reinforced glass ionomer cem-
ent, Am J Orthod Dentofacial Orthop 2001;120:58-63.

15, 94§84 94T, o}, Plasma arc light® 043+ bracket $2
Aol AGB P =S} srgddel £, dlA wAA 2001:31:261-70.
16. Greenlaw R, Way DC, Galil KA. An in vitro evaluation of a visible
light-cured resin as an alternative to conventional resin bonding sys-

tems. Am J Orthod Dentofacial Orthop 1989;96:214-20.

17. Tavas MA, Watts DC. Bonding of orthodontic brackets by transillu-
mination of a light activated composite: an in vitro study. Br J Orthod
1979;6:207-8.

18. King L, Smith RT, Wendt SL Jr, Behrents RG. Bond strengths of lin-
gual orthodontic brackets bonded with light-cured composite resins
cured by transillumination. Am J Orthod Dentofacial Orthop 1987;91
3125,

19. Oesterle L], Shellhart WC. Bracket bond strength with transillumina-
tion of a light-activated orthodontic adhesive. Angle Orthod 2001;71:
307-11.

=2}

=~

oc

©

—_
—

20.

21.

22.

23.

24.

[o)
ol

2.

21.

28.

2.

30.

3

=

3

33.

36.

3]

Plasma arc lights 08T =% Eajile| &
LRA} gFa) E8HA|Z10] MOHEBHAE o 0)%=

i}

Jacohy H. Semi~indirect bonded lingual retainer, J Clin Orthod 1989;23
:171-5.

Behrents RG, Wendt SL, Fox DM, Smith RT, King L. A transillumi-
nation technique for lingual bonding. J Clin Orthod 1987,21:324-5.
Evans L], Peters C, Flickinger C, Taloumis L, Dunn W. A comparison
of shear bond strengths of orthodontic brackets using various light
sources, light guides, and cure times. Am ] Orthod Dentofacial Orthop
2002,121:510-5.

@degaard J, Segner D. The use of visible light-curing composites in
bonding ceramic brackets. Am J Orthod Dentofacial Orthop 1990;,97:
183-93.

.
399, o4

<.

A3 A7 WA ZAA 199222:289-9%.

B A2 1R 34 nole) ATH YR

o=

. Oesterle L], Messersmith ML, Devine SM, Ness CF. Light and setting

times of visible-light-cured orthodontic adhesives. J Clin Orthod 1995;
29:31-6.

A2, 437 23 & vl JARe] J2EA
o & WA 1995,25:55-72.

Artun J, Bergland S. Clinical trials with crystal growth conditioning
as an alternative to acid-etch enamel pretreatment. Am ] Orthod
1984;85:333-40.

Harris AM, Joseph VP, Rossouw E. Comparison of shear bond stren—
gths of orthodontic resins to ceramnic and metal brackets. J Clin
Orthod 1990;24:725-8.

Lovius BB, Pender N, Hewage S, O'Dowling I, Tomkins A, A clinical
trial of a light activated bonding material over an 18 month period. Br
J Orthod 1987,14:11-20.

Yap AU, Seneviratne C. Influence of light energy density on effecti-
veness of composite cure. Oper Dent 2001;26:460-6.

]
ST

1‘
>

84 9,

e,

. Rueggeberg FA, Caughman WF, Curtis JW Jr., Effect of light intensity

and exposure duration on cure of resin composite. Oper Dent 1994;19
26-32.

Reynolds IR, von Fraunhofer JA, Direct bonding of orthodontic atta-
chments to teeth'the relation of adhesive bond strength to gauze mesh
size. Br J Orthod 1976;3:91-5.

McCourt JW, Cooley RL, Barnwell S, Bond strength of light-cure
fluoride-releasing base-liners as orthodontic bracket adhesives. Am J
Orthod Dentofacial Orthop 1991;100:47-52.

Zach L, Cohen G. Pulp response to externally applied heat. Oral Surg
Oral Med Oral Pathol 1965;19:515-30.

Loney RW, Price RB. Temperature transmission of high-output light
-curing units through dentin. Oper Dent 2001;26:516-20.

Read MJ.The bonding of orthodontic attachments using a visible light
cured adhesive. Br J Orthod 1984;11:16-20.

437



H—
0z
0
o
rﬂ
0
[l
R
=
oy
0%
al

CHRILAK 344 65, 20044
- ORIGINAL ARTICLE -

Effects of light direction and exposure times of plasma arc light
on shear bond strength of metal brackets

~ Sang-Jeong Roh”, Hyun-Jung Lee"”, Young-Mi Jeon?, Jong-Ghee Kim®

The purpose of this study was to compare the effects of different light direction, exposure times
and setting times when using plasma arc light on shear bond strength of metal brackets. 240
extracted human premolars were randomly assigned to one of 16 groups. Standardized brackets
were bonded to enamel using different light curing units (Plasma arc light and Halogen light),
exposure times (Plasma arc light 2. 4, 6 seconds and Halogen light 20 seconds), and light
directions (Vertical direction (V) and Oblique direction [O)). 8 groups were tested after 5 minutes
and the remaining 8 groups after 24 hours. The metal brackets were bonded with Transbond XT.
Shear bond strength was measured by a universal testing machine.

The results were as follows:

There were no differences between the shear bond strengths of the Vertical groups (V) and
Obligue groups (0O), regardless of exposure times and types of light curing units (p)0.058).

The shear bond- strength of the group with 2 seconds of plasma light were significantly lower than -
“other exposure time groups (p{0.05). ' ‘ ; V

The shear bond strength tested after 5 minutes was lower than after 24 hours (0{0.05).
The Adhesive Remment Index (ARI) score showed no statistically significant difference among the
different groups.

The results of this study suggested that the light direction of plasma arc light had no influence

on the shear bond strength of metal brackets to enamel, and exposure times more than 4 seconds
produced shear bond strengths similar to those produced with a conventional halogen curing light.

Korean J Orthod 2004:34(5):429-38

% Key words: Plasma arc light, Light direction, Exposure time, Shear bond strength

V' DDS, MSD, Graduate Student, Department of Orthodontics, School of Dentistry, Chonbuk National University.

2 DDS, MSD, PhD. Assistant professor, Department of Orthodontics, School of Dentistry, Institute of Oral
Bioscience Chonbuk National University.

¥ DDS, MSD, PHD. Professor, Department of Orthodontics, School of Dentistry, Institute of Oral Bioscience
Chonbuk National University.

Reprint requests . Jong-Ghee Kim

Department of Orthodontics, School of Dentistry, Institute of Oral Bioscience Chonbuk National University, 664-14, Chonju,

Chonbuk, 560-756, Korea / +82 63 250 2124

cbuortho@chonbuk.ac. kr

Received March 8, 2004. Last Revision April 20, 2004, Accepted April 20, 2004

438



