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Pre—drillingA] laserZAF Z4Ad] &

nYAIF AHEIY B3 AT

o ATE L ool Bk ofygy A& Fofol M ARGl 51 Sl
Er,Cr:YSGG laser (Waterlase MD)E ©]£3}9] laser pre—drilling?] &-£/3¢l
el olr kvt Ao stotms e R laser TAMAZL tipe] AA =
2] 3o W pre—drilling hole? A %S micro CT &F9S £l dolH T,
pre—drilling hole A % WXTCF laser pre—drillingS 3% &-& 3749
Y23 FE AYsidle™ 0.4 mm tip¥ 0.6 mm tipe AFESte] @3S pre—
drilling hole <olA laser ZARAZFe] uwel FFRYZ A3t = 18719
nUAIFE Ao r Afeglon AP AYEIAES A5t e 2

AiE L3

1. LaserE ©o]&ste] AT hole> o Soldss  FopA=

dEgEE Bt

3. Pre—drilling hole®] Ht] AAL laser £AMA| o] AojA wat Z7}st=
S-S Holuy ®Wsle] Qlo] folAt= flle™, 0.6 mm tips AFEHS wrt
0.4 mm tipS AHEFS wrmo Fo4d A ZA YeERLTH(P < 0.05).



4. Pre—drilling hole?] Zlo]= laser ZARAIZEo] ZAojH o ulz} zlojH o,
laser ZAAIZFO] #AIGlO] 0.6 mm tipS AFE3S w7} 0.4 mm tip=

AR e R Y oAl A A e EH(P < 0.05).

5. Laser pre—drillingA] 0.4 mm tipZ AFEFS ul= laser FAMAZFO]
7 el mel AHEAZF FAs o (P < 0.05), 0.6 mm tip& AFEES

W= laser ZARAZEO] WhE Foabe BolA] Rkt

ol Az wyxafF AFAl Er,CriYSGG laserE o] €3 pre—drilling&
AlEe wE= gdze] FAe wet AEd A7 tip A laser ZARAZE
Aol FQastH, B AT Ay o] T HAE lasers ©] &3 pre—drilling
9ol corticotomy & ozl AFARQI AgA L 7|2 A5EAWET ofel, AA|

@4 A laserg Agsh=d dE FuEst D 5 9L Roloh

[

A3 He= @ vy AAF, Er,CriYSGG laser, pre—drilling, 2 HEA



Pre—drillingA] laser A} ZZA9 0}&
nUAIF APEF A AT

A 2 3
. A=
g e Ay wARCd M Fod 24 T shdolth HZ

wggdels nHde] ®BAE flst] wWol ARREH= vyiaRs #4H9
PdxL glo] A &= FHES HAisteldA sk Aololws Thset
et PlUAaFE BEE dEGEY PYEHCE T oUE =4 1
Hlal A3 A A7 sk, 2717 Z7] wigel] AY F-919] Aoyt £kate
EHgol A, vlgo] AA == FHE 7ML Atk

v A7) AREo]l FrtslHAl P el didk At wol da] Red AHY
F9 =8 An oF AFH FHY dxF AH, 23w "ARIEAE, WA,
LA 9] Aol o} &), 215 W (self—tapping, self—drilling), A HA] FZ 2 o

gt &4 AR, sEA@Y A8 A, 49 27D, AN S0

nE Qe Te% a4ol o= A sERSl el nysawe] $eE
oifstel =AM MEL e =& g V] "ot (Huja &, 2005). =7
Fg/do] FFHehd viyAAR{/E AWM wiAlEert dEFES 295
=9 gy Fohz bgAdol ¥ Askd & vk wbdel] 27|bAEAY gRE



el vy aaw/z Aol sk Shibs 8ok dRAel] 9 sEAd =AY
dlew A F AT 5, 2008).

YA gF= AYHA] pre—drillings Al83%t=  self—-tapping 7YX F9
pre—drillinge] Z& §lo] 2ol kA3t AlZke] ©@% = pre—drillingl
WA g 5ol Aol A2 self-drilling PIUAARE YiE F 9low,
yAaFe] AyES EolVl flall AR olu vkl tid A+-rh wol
o] Fo] Ftt.

Chen % (2008)2 Self—drilling vYyA3ZFoA Self—tapping "|YAIF
Hr} & Ho 27 4 A AEA, bone/implant contactS HYUS H1E o
Heidemann %(2001)< self—drilling ©"JYXA37F7} self—tapping "Y AT F

Bt} & screw/bone contactS HAUSS H3H} 71 5(2005)&

[e]
o
obliquedt Z3xwel| 2go] offth= wWilo] glom o] F(2008)°] <jstd

EEel g% A F SHSES A7zt wEh Frbske FdolARt
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55 F UERE AWAAY 5T E AET F AUty Bt gt
Self—tapping "IUA=A7] ¢ AFA pre—drillings Al33st7]  wjZel
YA FRzel TteiAE e =Y+ Aew  obliquedt =3
AP s dAgs APuEE fAeE 3o Jhsetthe Aol sk &
pre—drillingA] XZ&A 7FsA ol drill®) 4, overdrilling, @eoll 23 F3 AL
ol dojd F e dHE Utk (Chen &, 2008).

olgfst AFAFEe wEW =] X7} Q7= sHA|TE  self—tapping
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vyA3gFo] HE] self—-drilling vYA3FrF %7
Hojd RS & F 3o I ARERIE T FUbska Sl Aotk shA|TE
self—drilling "lY23%F9 A$ ety o] A

o ool YA By PO g Fe| Folup vy
]

57, AY 4R A% vy so] wAT £ 9y dx Ag] ks
FAE7] FE7] wEo X &4ou 9 e wgo g 28] Fo] dojd &
Q). o]8 3t A$ H|E self—drilling "|U232FE A¥HsEEtE pre—drillings

Aldek=zlo] Aad o+ Stk

H: ogtoHEnt ofyel A9 Fope A= #o]A L A ALl
Eojvta ot 11 FolAE Er,CriYSGG laseri= 2.78 umo 34 7HA 23],
o] Fol F¥ Ao tist A& 29 ©@IE HAs)
BxAE mag&dow, AgsA AE F Ak (Wang &,
2005). wEbA AHAAEI ZAIER7 St laser® FHEshohd, AA Aol A
YA A A &

ek B AT ' ATS Fote] laserg ©f
ZARARE, tipel A7) & 2ol wWE pre—drilling hole®] A Fd=
SlolH 31 A wyAIF 2AHALY AYEIE EA3}Y laser pre—drilling2]
w87l thalf dolr izt g

Y
o

Z pre—drilling= A¥E + & Folt,
&

5t pre—drillingA] laser



2 Aqe 1270€E o @ {3 A A (Beagle dog)S "o
stelom AT 10 ~ 13 kgoldth. A& <, A9, #e 2 A8 <24

ol
rlo

AAd =

o

A s L3 FEAY 4 gAsISATE Pre—drilling
hole?) A& Waterlase MD (Biolase® Technology, Inc. SanClemente, CA,
USA)E o] &3} tt. Waterlase MDi= Er,Cr:YSGG laser® 2.78 pm9Y

37 (wavelength) S 7FA™, B2 A& A|ZF(pulse duration), WHEE (repetition
rate), power, = ¥7]9 FAMF &S ThFSE A S Adstel wep A

AT (Fig. 1).

Fig. 1. Waterlase MD

Ao A}LE AL vYAIFE self—drilling typel 2 A7 1.5 mm, 40|
7 mme 948 vyxr3aF (OAS-1507C, Biomaterials Korea Inc., Seoul,

Korea) & AAstlon F 21705 A ¥l



7}, Laser? Ag =74 A

(1) Pre—drilling hole®] 34

BE AYE gAdzo] FAY AA YoM % pre—drillinge] Qe A7t
o slelE s dge s Aldgedth AdEsES YA slotag 2l

% o]
| 3 &7Ae0M A 1 hFAS EFSHE oF 4 em 2719 FTAS BEYOM,

¥ol pre—drilling holes 3¥A3F3th. Waterlase MDE  ©]83}9] 1b

2

i

mode (power 5.25 W, water 60%, air 656%)2 3 mm (FH S =2 pre—drilling
holes ®/s3lth. Laserv= &3del| w0z XA o™ ZxHA 0.5
mm FE ol A= 29 FEAE 3R TH(Fig. 2). Hole d4 Al
power= @A FASFL laser ZAMAZH(S, 7,9, 11, 13%) 3 tip9] A71(0.4,
0.6 mm=E ggste] = 10719 Tz YAtk ZAAHE stopwatchS
o] g3to] o tipe Zolx 9 mmE FY 33tk 7k 7+ 5719 pre—drilling

holes &4 sk3ith

Fig. 2. Laser pre—drilling with Waterlase MD



(2) FEisrd Al
Pre—drilling hole® ¥A3% Z¥HE Micro computed tomography (Skyscan
micro CT 1076, Skyscan, Kontich, Belgium)& ©o|&3slo] #AS A5
(Resolution : 18 uym, Filter : Al 0.5 mm, 100 kV, 100 pA). &9 *
DataViewer Version 1.3.2(Skyscan, Kontich, Belgium) X2 135S o] £3}o]
T Ho 24 4 FHo ZolE um 949 E SAP O FE ASX= 234
S & FA3s TSl
U AHEZS 54
(1) »3§ vy2a72 A4
ZF O 2 laser pre—drillingS 34 &2 3719 vyA23FE A¥Hs% o
0.4 mm tip¥} 0.6 mm tip2 AFE3le] 5%, 9%, 13% 7 lasers XA}SE pre—
drilling hole ZeolA F&AL=Z 3IMAS AAsted F 18719 wYAaAR/E
Ao r AT vYAARzE e d5 kel Y & g§HS o] 835k
ARAbo] X el k3] ot AE It HF AFH Ao EA
A (Mark—10, MGT50, CA, USA)E o]&3te] Hd AHEIE N cm @9 =

=435t



3. B4 &4

Al

e

Sl

AF7ES SPSS 12.0 T2 13 (SPSS Inc., lllinois, USA)< ©]&3}
EAAE sk

7} Tipel A7 3} laser FARA|ZFe| wE pre—drilling hole?] #tj

4% 9
Qol, wuxAR AGA AgEel oelel Fwd wrAAE
Fahele,

L}, Laser XAMAIZre] W&

47

pre—drilling hole?] Htj 2 Zlo],
AHEF HwE Ydl 0.4 mm tipw¥ 0.6 mm tipr= YT one
way ANOVA test & AFEAH O % Tukey testE Al W sFA T}

Tipel A7l w& pre—drilling hole® Hu] 27 9 zlo], A E=9

B ZE g 0.4 mm tipw¥ 0.6 mm tipi*e Independent t—test=
Al kgl



. A+ 234

1. LaserS ©| €3 pre—drilling hole®] &Ej

Laserg ©o]&3}o] A3k hole

B (Fig. 3).

A

= —

Fig. 3. Computed tomography image of pre—drilling hole produced by laser.

(Scale bar = 200 pym)

(A) Tip : 0.6mm, Irradiation time : 9 second.

(B) Tip : 0.4mm, Irradiation time : 9 second.

2. LasersS ©| g3l pre—drilling hole?] g4 A=

Laser ZAMAIZFO]l ZA4E, tipe Aol AHAHFE pre—drilling holed FHuj

A7 zlo|7F AA = FE Bt (Fig. 4, Fig. 5).
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Fig. 4. Pre—drilling hole diameter for laser irradiation time and tip diameter.
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B
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Fig. 5. Pre—drilling hole depth for laser irradiation time and tip diameter.



7}. Laser ZAMAIZFe W& pre—drilling hole®] o A A3} Zlo]

e AAY tips AFHERS u laser ZARAIZFo] Aol wEl pre—drilling
holed Hu AAL FT7leks S HolZle sty AT Foate St

Pre—drilling hole® Zlo]% laser FAMA|ZFo] F71gte]| uwleg}l Zlojx|&= kAtS

wolom, apzte] dojel uhel f-218 ko]t Igith(Table 1).

Table 1. Comparison of diameter and depth of the pre—drilling hole by laser

irradiation time at each tip diameter

diarlrr‘ligter Time Diameter (um) Depth (um)
(mm) (sec) Mean SD Mean SD
5 489.9 58.3 539.6° 84.8
7 489.9 88.4 610.5% 104.8
9 624.8 95.9 674.5% 132.8
04 11 653.2 99.1 759.7% 119.3
13 692.3 169.2 781.0° 166.5
Sig. NS #
5 752.5 46.3 866.1° 143.4
7 788.1 95.3 979.7" 134.1
9 809.4 58.3 1057.9° 77.0
08 11 813.7 97.5 1143.1% 46.3
13 830.7 19.4 1249.7° 68.2
Sig. NS *

SD, standard deviation; Sig., significance; NS, not significant.
The significant difference was defined by Tukey test.

ab¢ The same superscripts indicate no stability significant difference between
the indicated group (P> 0.05).

* 1 <0.05

10



. Tipe AAe| & pre—drilling hole?] Hu] & Az zlo]

Tip9] 27| W& pre—drilling hole?] Ht) A4 13%5 A|9stae laser
ZAAIZE] #AIGle] 0.6 mm tipe AFEES wW7F 0.4 mm tipS AMEH S wroh
T4 A AA YERI, pre—drilling hole?] ol laser ZARAZEROl
#AA%e] 0.6 mm tipg AHEFS Wyt 0.4 mm tipe AHERS wrTh o4

A ZAA YEFS T (Table 2).

Table 2. Comparison of diameter and depth of the pre—drilling hole by tip

diameter at each laser irradiation time

Tip diameter (mm)

Time Variables 0.4 0.6

(sec) Mean SD Mean SD Sig.
5 Diameter (um) 489.9 58.3 752.5 46.3 *
Depth (um) 539.6 84.8 866.1 143.4 *

Diameter (um) 489.9 88.4 788.1 95.3 *

! Depth (um) 610.5 104.8 979.7 134.1 *
9 Diameter (um) 624.8 95.9 809.4 58.3 *
Depth (pm) 674.5 132.8 1057.9 77 *

1 Diameter (um) 653.2 99.1 813.7 97.5 *
Depth (um) 759.7 119.3 1143.1 46.3 *

Diameter (um) 692.3 169.2 830.7 19.4 NS

1 Depth (pm) 781.0 166.5 1249.7 68.2 *

SD, standard deviation; Sig., significance; NS, not significant.
The significant difference was defined by Tukey test.
* 1 P<0.05

11



3. AYEY 57
Pre—drillings& Al8Y3sA] & st =73 pre—drilling hole Zo]ofA

.
o9 o2 moFE 52, 9%, 132 ATIA 3ANL elw HFF =

=
18709 Adre] AHEAS S tadt 22 d3E A (Fig. 6, 7).

Fig. 6. Computed tomography image of miniscrew with

i

laser pre—drilling. (Scale bar = 200 um)

Tip diameter {(mm)

[ 28 —@— 040
120 = \\\\ —&— 030
'g \\
© 204
<
g \
E“_n- /-‘-\
[=] T—
c
(=]
:E 100 -
<3}
(1)
£
a0 -

5 9 13

Time (sec)

Fig. 7. Insertion torque for laser irradiation time and tip diameter.
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7}, Laser ZARAZFo] w2 wjuAg s A1 Eg

E ¥ FoA] laser pre—drillings Al¥EFA L AHI )29

o 7kS yEyith(Table 3). 0.4 mm tipe AFE IS W& laser

0.05) laser ZAMAZbef] WE Fo)xt= Ho| x| Qkottt,

Table 3. Comparison of insertion torque by laser irradiation time at each tip

diameter
Insertion torque (N cm)
Tip diameter (mm) Time (sec)
Mean SD
No drilling 15.5° 1.44
13.4™ 0.52
12.8% 0.49
0.4 )
13 11.2° 0.33
Sig. *
5 10.6 0.63
9 11.2 0.44
0.6
13 10.4 0.4
Sig. NS

SD, standard deviation; Sig., significance; NS, not significant.
The significant difference was defined by Tukey test.

ab¢ The same superscripts indicate no stability significant difference between
the indicated group (P> 0.05).

* 1 <0.05

13



U Tip9] A7Ael W nusaF AHEA

Laser FAMAI 7o #AAIR©] 0.6 mm tip= AFE3FS W 0.4 mm tip= AFE TS
S|

b ®Buh o w9 AREIS HQou 13xdAME 7 It A%

Fo)xk= %l tH(Table 4).

Table 4. Comparison of insertion torque by tip diameter at each laser

irradiation time

Tip diameter (mm)

Time . 0.4 0.6
Variable i
(sec) Mean SD Mean SD Sig.
5 Insertion torque 13.4 0.52 10.6 0.63 *
(N cm)
9 Insertion torque 12.8 0.49 11.2 0.44 *
(N cm)
13 Insertion torque 11.2 0.33 10.4 0.4 NS
(N cm)

SD, standard deviation; Sig., significance; NS, not significant.

The significant difference was defined by Tukey test.

* 1 <0.05

14



. uz

E Afo = laserE ©] €3t pre—drillingA] laser ZAMAIZE, tipe] 37 55
gdElgte] wE pre—drilling holed ¥4 IS dotHa AA HAPAY
tetzel musaws AY §F AYEAES £4%t] pre—drillinge] Q3
Yol Al lasere] ARgo]l mUAIFE AHEIS oud JFS wA=A
dotr 2 skt

AA Ao ARG laserel Wisl] dobE FAo7F Utk 1960dde] A5o=
ruby laser®] ZAP} Ho} HZZo| uw|Xi= Yol HuE T oy FF{O
laser= (CO,, ND:YAG, ArF:Excimer lasers) ol oj st A7}
o] Fo] H o} (Goldman &, 1964, Wigdor 5, 1995). Lasert= Light Amplification
by Stimulated Emission of Radiation(*AFAe FE¥Zo] oot F53) 9
FAtE laserel e AR HlE w@Now 54 sps AW #HAA g

de7kA dgdr. laser WA AAE= 5% WA (active  medium),

o il
o

X

Oil

o

F 3¢ (external power supply), 3% F%7](optical resonator), JZt
A=A (cooling  system),  AoJ&A (control  system), HE%X (delivery
system) 2 FHY % wjdo] Fdel g3 duAE wA HE 57
7HA = @A o] "l o %] (monochromatic light energy) 7} W& 11
o& A A HdEEr) Lasere & WA (1A = 1A o FRel wek
BE5d 4 Qo X1 godoi] o]E= laseros= CO, laser, Argon laser,
Helium—neon laser(¢]”% 7}~ laser), Nd:YAG laser, Holmium:YAG laser,
Erbium:YAG laser, Er,Cr:YSGG laser, Dye laser, Diode laser (¢]% A laser)
Fol Stk Laserg Il wet 7/ F% Qled UV laser (Ultraviolet
laser) 2} IR laser(Infrared laser)® Y& 4 At} IR laser’} & &-FofofA
Wol A& e, I olfFY shhe tiFEe 2AeA Fad AN
el =o] 294
AnbAQl laser?] Aoz At El e 14 (Ando and Aoki, 1996), &4 3
EZ=9] 7FA (Pogrel, 1989, White %, 1998), Adst Awlk 3rix 7|72 %
uet AR A S Gt AUl A" § o2l 7 anE yehER V9Tt

xol-

1=

o

%
i
o

FA)

=

Ol

rJJ
O
e}
O
o~
T
8
Ao
&
o
ol
o,
X
mlop
_o|Lr
R
S
o
aw)
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oM HE FHol He gla AL NES e A & 5 T OUTh
Ivanenko % (2000) ¢l wW=w laser® ©o]&3s ZdAE AP FHow
ZIAARD Fol o =AM AR HEF glo] AAZE sbsete Hd
Pl AHA7E Zhssivta skglon AY, At ave ®Baugak gl

E o] AFEF Waterlase MDD+ Er,Cr:YSGG laser® erbium, chromium,
yttrium, scandium, gallium, garnet(Z1A)S "jZA = 312 2.78 uym< IS
7t =l & S EHed B
A e wo] AFEH I Qo T2 AA 7S B xHxzA e lasers
A ZAFelE ®Ao] oyl sapphireY zirconium tip FYE EALEE Fe
2ol laser energy’b SFHW 2 EHe]| Y VAA FE oprlsh=
7] A #FH (microexplosion) ©] oJUAl H=d o] & o]&ste] 2AS wE
MREHA AAT 5 ot Lasers T2 o A %
I HbE ool wlg 27 wiie] A A Aol wet Add 9o
laserg A"ats Aol Fasith =9 A9 A= =E FAH e
714 (organic matrix) ¥ ¥7]¢ (inorganic salts)S ¥3&3st3 Jtl. G714 9
A9 95%%7F collageno®  FAES glow  F7]
phosphate®] @HEE o]F1 SQlth ol F71Hy FU|dE =3 v7HAR

2.9-3.3 yme| WL 2 Faoln 2RAG e A AgHUr). wA

g
2
o
o
N
2
(o]
SR !
o
5
o
off
o
=
38
|
=)
Hd
2

rg
1o
o
%
o
rO
oX,
(R
R=}
L)
>

Jal*d

2 F2  calcium

2.78 ym9% IS 71A &= Er,CriYSGG laseri= 1064 ym® 10.6 yme 3-73-S
7= Nd:iYAGY CO, laser HUtp =of ojgt FF8&°] Y %& Zoth
Er,Cr:YSGG laser& Er:YAG laser®t 3(2.94 um)S Alstilie JEHEH
2= "ellA AL vl%8ttt (Kimura 5, 2001).
olg1dt JAE 7FA+= Er,CriYSGG lasers o]g3lo] A9 dfetZof laser
AARS G5t holes AP Micro CTAS RoksS
By stlo g A4E FolXle= HEHE How tipe AAHol F4F, laser
ZARAIZEOl A5 holed] zlolgl AAo] U AA= AEFE B Holed
zlo]= laser ZARAIRFO]l Hojxlol] whe} Folxb QA zlojA = e B ow

1.0 mm A& zl°]9 holed FAsh=tl HA 9% o9 Agte] A QS

16



Wilmes 5(2006) 2 vIUA=F 27| vAl= ads dotrr] s
country pigel =Rhme] AA 3 zlolE dlste] pre—drillings Aldst & =3,
UEZHE YAQl, pre—drilling hole®] A7 Zlojo] W& AHEAE H] W3S},
o] AFollA pre—drilling hole®] 733} zlo7} Frtdss W AYHEAE
BHolvk B3 Ao AR sd=o FAE Ao 2 mmP e 2 mm o]/
Aol = APEIS digh Fgh g¥Fo] gleas HisM  self-tapping
nUAISEE A YA pre—drilling JAZFS

Bok= Zlo] Fom self—drilling PIHAAF A RAlols I4=
A AERE RS AMEAS H2 AE F

s 9S Aojgta siGith A Ee] FAE AR weEl, 9ol meEr
thefstel 71 S(2006) 0] oEhd, d=cle] Aetx 237/EF didoE AR
, 7P FAR B9 FSOA A 1, 2
A Abe]l B2 CEJ 3% 2 mm A Fol9le™ 1.55 mmE Rtk stk
Deguchi 5 (2006)° 2J&td, 10%H9 3$AE gitoe=z Aot} sfete x5
4= FAE 3D CTE ol&sto] AFAor FAsk A, Aot HS5oA
| 2 &A1 A1 WA Ate] A2 s 3~4 mm A HelA 1.8+0.6
mm, shetE> PS5l Al 1 dlFA ek Al 2017 Abo] A 2WA & 3~4 mm
AeA 2.0+£0.6 mmE 7P FAA GEbRTh TS vyAaf[ Ay e
et = g@dze] TV gy SAHAEE Hop el A 300 AR
S Ao Aot HZoA= 2.0£0.8 mm, TSN E 2.2+20.4 mm, skt
HS5olME 2.610.8 mmE 4 9 45 Axz FFAUS W B F e
Bk olgd AyAdES T B oo Al A FJdE FAE 3

otk ¥ Aol ALgE serEe] Fe

r o
BN
i
i)
H
i,
i
1o
4

-
i
e
in}
o

2

mmE Y7 ¥=sve AS &
gAdFZol 7bF FAL FEY FAE 2.0 mmgorn AAE HAIFxAgqAE

AdTE A5 AFATIAE FPou Aol AREH vUAAFE self-

ald

drilling type°©]®Z 0.6 mm tipC®E 13%7F ZAMAY dAHE 1.2 mm AR
pre—drilling hole?] Zo]&= AHPA 7lejAE #E3E stressE 9ol FEE
Aoz AztHE)

Laser ZAFAIZF] mE holed A2 Foa7F §le Ao® Yeldsd o)+



tipe] 7ol g o laser A FAE = holeo] YBFEHE KoY
wjZolth, mysafie] AYEAE pre—drilling hole? A 7Hd & JFS
wom T A7]E wmyAdw SAFe AAET Aofop dhrh(Oktenoglu w,
2001). Heidemann $(1998)& wYyA3a% AlFHA] critical pilot hole
size (CPHS, 2®Al IAsk= S9o] FHAistHm d& A% 2379 AHE
of7]8t= pilot hole®] A7DE ¥etr7] 913l €74 1.5 mm$ 2 mm, Aeo] 7
mme "YA23IHFE 224 1.0 mme 1.4 mm, 1.4 mm& 1.9 mm Z A9 drill&
o]g3}o] pilot drilling & AFsle] ztzbe] AHEZ =74 9 pull-out testE

A&kt 1 A3 pilot holed AAF 91749 85%FE7HA Eust= o]
FAHE TRAZIA e WY ddA FAdse AA ddEE Ade

drillingA| 8] && oz ola AA| drille] AAXRT AA holeo] A
24357 A 80% HEZA Fdlste Aol ¥ skglth. o] Gantous
5 (1995)°] Rk 80 ~ 85%% LAIFH. & AFelM FAE pre—drilling
hole & 7V& & A4& 7+ Z¢7F 1.0 mm A==, AHEE PyAT 7
A7 67% HAEZATE ol A AFE 80%lE wIAA K £
ol tipe] AtolZ=7F 0.6 mm=E A|stE ]9l o FALE = laser? spot sizeZ} 1
mm ‘g E=o]7] wZo|tt.

Laser pre—drilling*l 845+ holed] Aoy Zol& o F71417]7] Y8l
T laser ZAM ANE=F1E AdFPOoZ FH oA holed] o7} zlojxlel uie}

TEW FOE WSIUAE FHolE Wil U F Ytk B ATIAE A=

(o
!

Evae fIAE w0l A2 AFAGo] oA oS FhsAdol v s w

dojA7 = ndd AE FAIE oA FHzAe] tE A&
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Wang 5 (2002)2 49 stet=e) Er,CriYSGG lasers A43S o dojip=
B4 WstE #F skt 4 W HOo® 17t laserg XA CH tip2
A F7, tip ol el wet A¥TE Wrddeh A3 A tips & F oA
0.49 mm)o] ¥HFHT(2.81 + 0.33 mm) el
HI3lA hole®] zlol7F zZIla FFAleli= holed &% 1/3 FiEolA w3t
ol #FE Heoy WAHFTAAME 10 pm olule] HawHe] &S
Acha ok B AFolM s laser ZAMAIZEO] ¥ ko w tipS FHE WA
ol AHE fAEGerg Fuzxde stz G
AZrEY, #HE BHEE JEHE AFYHE S pre—drillingAlel %= laser”}
2 Wol AkgH 1 Q. 1 o559 FYE burE A3 drilling Aol
WSk Aol o3t ¥ EE = T AT REAS 93t E4E HAa3s s
AaAE IR burg: AREE P AR drilling, W3 irrigation©]
FHE7)E AT (Adell &, 1985, Beningto &, 2002) & <o <lstd
drillo] ofgf Wl whEso] ARgHY 2% F7HE 92 4 g @k (Chacon %,
2006). A9k Er,Cr:YSGG lasertt Er:YAG laser= ¥ % Z o] tdl d&AS

A28 & 5 9o o wgo] At Yo

&, 1987). Er:YAG lasere= 2940 nm9% 3I4E& 7HAY Z3 FHEA &
d&AF 9ol agFor FE2 AT 4 Yri(Kesler 5, 1999, Lewandrowski

5, 1996). Sasaki 5 (2002)°l &3H 9 parietal bone®l| ZAMA] EH ] Ho]

(]
rlo

Aste 3 7o 9 @ LS For TAHE 30 um AR FA &

d&o] YERS Y (Sasaki 5, 2002). Eriksson 5 (1983) ¢l 23td &% A5l
AT AAE= 47 CollA 1722 Yergth F, Al2eA
10" C A% s Aol 183h2 Fod whgh d&do] vehbA g s
olulgttt, Kimura % (2001)2 Er,Cr:YSGG lasers ZAMAZES  2E5o]
mongrel dog®l sfetzel AHEAl dojuh= 2EWEE A=Y, 10230

5

ZARAlA] 47 CY 2% S7HE, 30x AR el Hd 157 Co =& A

-

o
=
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Efg B AFoA 30% o]|stE laser A -gA]71o)
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=
% R

b
b
o
rlo
29,
32
e
>,\(

oz AZEr zASH BA L N

S 1o

=
gk F7EAQl A7 Ao Floth. % laser ZARAIHE
AL F7He A7 olFo] v AHA

Aol A laserEs pre—drillingAlell B &3 JHE 45 F oz A4d
oAt Y & ANE EUE laserZAFE FAE pre—drilling holeol] AAZE 1
Uaawms AP AHEAE S48 292 hole ZloloA #F4g zho]
5 HoF 5%, 9%, 13x ZAMOIA 38 S o= A3t T 1871E AE
o2 ARl on pre—drilling 1] AT 3719 vl AHEAES Bl
aholvh. wAA Gl vy AaFe Abgo] FrkebEA 1 A tiE ATE

o @Wol ANFH=H dHEE Frhehe WHERE & Aol AR AHE

il

39 =4 9lolE %% =7A, resonance frequency test 5= = F Ut}
Cheng 5(2004)2 AHEAZF w4 E vyYAa7Fo 27|38 H71E + 3l
= WS AN L XHE AZHEANME AHEIL =7o] AdxpF el o

2

EZUE WA BAAE AEE F 9on YBIE VAN YRS wY st

i 3klth(Homolka &, 2002). AHEAZL 24 27] b HelAe £& F
Qo Zo e Wy W Ego] PSS oujshy FAWA e &d3 ¥
A, myAm3 79 ydo]l dojd 4= Qlth(Meredith, 1998, Ueda &, 1991). &

AT-ollA laserE ©]&3t] pre—drillings Al&deta A w79} pre—
driliing §lo]l A9 § wUAa7{e AHEAES vlus] Bs o JdHE pre—
drillinge A3 A3F9 AHEAT} 67.1 ~ 86.5% L= 0 A S
th 0.6 mm tipe AHEHE Wl AR AojHel wet AYHEAT} s
SHAIRE BAISHA fo)abs QT ol A A wbel o] AYEA 7}
} 2 oS wA= holed Aol laser A wel AA F7bskA] 947
o] o]t} Motoyosi =(2006) & self—tapping® w3 g vlyUAIFO AA3 2
H EJE 5 ~ 10 N cm® AA[HE gl 0.6 mm tipe AHEFSlS W 10 N
cm FES AHEIE B, webs FE pre—drilling hole®] Hdf 274 42
o], AYED T& FHE Bu, 2 AT AMEE myAIRFE AP d=

rlr

o>~1



0.6 mm tip& AR&3to] HAF 13% ©]49 pre—drillings A&slof & ZlojH
nUAIFE] T, AA=Y 7 ol wel A tips] FF9) laser ZARAZE
= A8t Zlo] Qs

Lewandrowski & (1996)° <&t Er:YAG lasergs F ¢ 3ttt 3k
ZAEle W bur® drilling & wel vlstAY @35 o wE XSG
BTG st} Schwarz 5(2006)2 Er:YAG laserE ©o]&3}o] drillings
AN&ge 3 burs AMEERO]  drillingdt o] FH2F FAdel dis] wlwsdl
A% A7 ErYAG laserg XA oAl HE 2FAcle= burg o] &3t
drillingdt wHt JEFES ZAfo]e] 1HAo] Flou 12F Feols AMER =4
HAJ o7 BIC(Bone—implant contact) oA 23k =po|7F yepux] 4kt
sttt Kesler 5 (1999) el &t F 9 tibiaol Er:YAG laserg °©| &3S 45
AR EFE FA ko 359 1254 burg o] &3 drillingw R T}
238 ¢ %2 BIC#= B3tk oldd A5+ FTH & W EriYAG lasere}
Er,CriYSGG laser= =AY X293 dEdES] ZF2ed Fald dd=
n 22 k=t & 4 Qi)

B AFE £ laser pre—drillingS AlBAS w laser ZAMAZE H tipQ
21730 wet @AW= holed] ¥ P AHEZC ois] dolEtow Laser
pre—drillings Alsk=  Zlo] I Azo] FrE  sletEelAd AHEAES
AaA7le AE #FE T 5 ATt sHARE o AFeA = laser F7H
rsgro® Q% exbrk e g o AYE wyAAFe b AV el
laser pre—drilling®] &¥E H71s7]d= A7 ok &5 AA ) AHS
&sko] laser pre—drillingel] wigh =24 W& dob & dark 3lom 9
B o vyAaRE Adste] AYEA ¥R oy AAEA, 8%

ANH IYE AR F YE FRE O FEe A7) AL

=

14
o
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V. d&

LaserE ©]&%3t pre—drillinge] wUAAFE] P omst Fa&Fs nAE=A
dotr 7] fl8ll laser FARAZE, tipe] 7] S ZEldel wE pre—drilling
holed] &4 & ot HA vUyraws AY F Ad EIs
Sttt 49 skt laser A tipe] AR AR @Eldto] pre—
drilling holes A $ micro CT FHS Al o JAE holed] 273}
Zols 543kt Pre—drilling hole ¥4 ¥
kA oF> 3719 mYAARE AYs o
ARgsle] 5%, 9%, 13% 7 laser® FAFSH pre—drilling hole ZoA Tz =
MRS AFst] F 18709 myAaFE AdFoR AFsgion] AHA
d

AYMEAS S48 s 22 d9E

X+ O 7 laser pre—drillingS
0.4

mm tip¥} 0.6 mm tip=

1. Laser® ©]&3}9 &A% holed sl o E Eo44E Folx= AdEIHE

B

2. F71 1 mm AE9 JAIFES HFAZI=d 0.6 mm tipe AFEAl HA
o

Hom Gt sk Hd A4S 0.8 mm J=

3. Pre—drilling hole®] Hdl AL laser ZARAIZEo] ZojHe] uje}
S7hehe S Holy wWstel Qo] foA= gl/ler, 0.6 mm tips
AHEES W7F 0.4 mm tipS AFERE WRT £ A AA e
(P<0.05).

4. Pre—drilling hole? Zlo]l= laser ZAMAI7Fo] ZAojHeof wha} ZlojH o,

laser FARAI 7RO #AIGlO] 0.6 mm tip2 AFEF S W7l 0.4 mm tip=

AR HET FAA A A A e (P < 0.05).
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5. Laser pre—drillingA] 0.4 mm tip2 AFEIFS W= laser FAMAZFO]
T4l whet AP EAZL AR om (P < 0.05), 0.6 mm tipe AHERS

ol = laser ZAMA|IZH] WE F-Y 2= HolA| 9kt

o]Aol Az wyAaF 21YAl Er,Cr:YSGG laserE ©]-&3t pre—drillings
Alge di= vdze FA wet AAst AA9 tip AE I laser AL

Hgol BaFe & F Atk ¥ AT Ao o]F ADY laser: o] &

-

pre—drilling 2]l corticotomy & o8] AFZA AFAIS 7|z Az ZA R
ofvgl, HA wA A=A lasers ALet=d dd FuxAsrt 2 F S

o]t}
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Abstract

Effect of laser pre—drilling on insertion torque of

orthodontic miniscrews

Geun Hwa Kim

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Chung Ju Hwang, D.D.S., Ph.D.)

The aim of this study is to evaluate the clinical usefulness of laser pre—
drilling by using Er,Cr:YSGG laser (Waterlase MD). Laser pre—drilling holes
were made on the mandibular bone of a beagle dog with different laser
irradiation time and tip diameter. Micro CT was taken to measure the
maximum diameter and the depth of the pre—drilling holes. After pre—drilling,
3 miniscrews were placed without pre—drilling as a control group. Among the
holes drilled with 0.4 mm, 0.6 mm diameter tip, total 18 miniscrews were
placed as experimental groups which were randomly selected from each
group. Maximum insertion torque was measured during installation and

following results were obtained.

1. Laser pre—drilling holes showed conical shape.

2. To perforate 1 mm thickness cortical bone, it takes at least 9
seconds with 0.6 mm diameter tip and the diameter of the hole was

0.8 mm at that time.
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3. The maximum diameter of pre—drilling hole increased with longer
laser irradiation time but there were no significant differences. With
0.6 mm diameter tip, it showed larger maximum pre—drilling hole

diameter than with 0.4 mm diameter tip (P < 0.05).

4. 'The depth of pre—drilling hole increased with longer laser irradiation

time and larger tip diameter (< 0.05).

5.  When laser pre—drilling with 0.4 mm diameter tip, insertion torque
decreased with longer laser irradiation time (P < 0.05), but when
using 0.6 mm diameter tip, there was no significant difference by

irradiation time.

When miniscrews are inserted by laser pre—drilling with Er,Cr:YSGG laser,
it is important to select proper tip diameter and laser irradiation time
according to the thickness of cortical bone. The results of this study could
be used as reference not only for preliminary data in further research such
as laser pre—drilling and corticotomy, but also for the clinical use of laser in

orthodontic treatment.

Key words : Miniscrew, Er,Cr:YSGG laser, pre—drilling, insertion torque
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