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Abstract

Sliding a tooth along an archwire is a very common orthodontic
procedure, especially during closure of spaces in the extraction case. A
frictional force generated at bracket/archwire interface tends to resist the
desired movement, thus reduce the efficiency of orthodontic treatment.
Therefore, understanding the frictional force between brackets and
archwires is one of the important issues. The objectives of this in vitro
study were to evaluate the frictional mechanism between different sets of
the orthodontic brackets and archwires during sliding, and surface
characteristics of the archwires including hardness, surface topography

and surface roughness.

Three types of preadjusted maxillary canine brackets were selected in
this study: metal brackets, plastic brackets with metal slot, and
self-ligating brackets. Four types of archwires were also used: stainless
steel wires, Sentalloy nickel-titanium (Ni-Ti) alloy wires, low-stress
hysteresis (LH) wires, and Beta-titanium wires (TMA). The experiment
were divided into two parts: (1) frictional force testing: each
bracket-archwire combination was subjected to 10 independent
evaluations, giving a total of 120 trials in this study. Testing was
performed on a material testing machine with a 10-N load cell. The static
frictional friction, peak point of friction, was used as the evaluation index.
(2) measurement of the surface characteristics of archwires: surface
hardness, surface roughness, and surface topography obtained from

metallographic microscope and scanning electron microscope (SEM).

I



The results of the study showed that the significant differences were
observed in the frictional forces among the different combinations of
brackets and archwires. Basically, Self-ligating brackets showed the
lowest frictional forces in all type of archwires. Furthermore, except to
the stainless steel wires group, no significant difference between metal
brackets and plastic brackets. For the three types of brackets, TMA wires
showed the highest frictional force and stainless steel wires showed the
lowest. In addition, no significant difference between LH wires and
Sentally Ni-Ti alloy wires were observed. Compared to the new archwire,
from the SEM image at 1000 magnitude, the surface topography of the
tested wires were quite different: LH wires and Sentally Ni-Ti alloy wires
appeared full continuous lines due to the obvious difference of surface
hardness of both wires and stainless steel wires. TMA wires showed
irregular rough surface that are attributed to the phenomenon of adhesion
and abrasion. Comparing the results from four types of archwires in this
study, no correlation was found between the increase surface roughness

and frictional force.

Key words: Orthodontic; Bracket; LH wire; Frictional force; Surface

topography.
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Bl 1-12 Active archwire : (= )%t % 5 (%)L S(FH Kk - ¢ E‘vﬂ—?

FLARFRT P ATRL P

N

BORFREE R LETEF B AP ITRE
¢ > f2 % basic archwire » & T & E MALAR & — B 4% i & chgag o

PUPE o B EE F N2 BB FET A R (4R 1-13) o
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Bl 1-13 Basic archwire : (= )5 & % 5 (%)L * (TR Kk 7 lﬁ]%%@

CEHRFRT FRFRD )

for B ] PHERS T SR T & R R - BT B A

B9 AR HuE R > 1 Fet A Ll R B REE B

B enBEgefe 4 o L pF s R ﬂ\;gr} Y N FaE A AT # b oend
BoBG -3 e AL BRI EH e m T R RBEREF T E

B0 5@ 3 Pt Akl o § o2 pdp 0 T R BB iERY o 4
WETREED B g > ¢ RS chgr 4 £ 12%

HI 52 60%7 Fend BRI de 2 H1,68]-Fr FId 2R
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FEPE > doie F MG BEGT A2 B BERIES > R FR TN

W
\\E‘_

Mg (T o M L s E R ST E[1,9,10] A H Y o Ed T SR

WA B R BB RN S BB B AL e B g
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1-4-1 B ez

DB A R 0 LS FREN S TR

i 0 S RS R E R S e A E (] 1-14)

lmﬁﬂ

I E A

—

B 1-14 B4 7 L

Bpt ¢ gafaA N o - LERERS - TR BERS o F B
(f)Edpf4d F1L FIFpEdm > Zffa Ford 2 s [ a g
AT Ae 2 hA AR - L PR EF L E@d g R ¢
A B RIS FEES (Do~ FAES - e d
Bobd X ipE S G e dpE S RS ()R AL TP AER P AT

SR B REEY Lo R B HRLE R 22

E-

B (4o ] 1-15 #7572 ) o
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ﬁﬁﬂ@ﬁﬂ

o S *
|
|
|

mmg—— — EF 7

Bl 1-15 £ 2 B4 B2

182 % o # R LE FUL G H M B RS T R

HMBETE  Akipd ks #FEES (2330 BHFHT I a5k

R w4 N A A b e At &M T F=uN > L

ER SR -5 1t TPt QUEERLE P2 SRRy RO N

*ehlilo fod P d G TR R T v Ry B o
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S EIEE S N F S P S T AR

HERAP T AL T 4G TE DPRE BT Bp s § o

S0 EeH R AR AT S S B SR A R
F| 4 ¢ o A et 58 Ak el R 210 4 AT A g 4 B (T

T d ) FRE MRS DLRTF TEF AP SFR R T

=

Cope oy AT SRR R 7 Fimraue g 2 voipd

=g

5 3

AR Y AR HP DT R RF L SR LR 5

. T S S
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1-5 é}gi&wéﬁ

1-5-1 & A& FHE B4 2 P

FLERFE D FHS0E N eE AR FED A S R
AL AME BRI RS o d A Mk S A A T B 7 Mgk o
AR AR AT P AR LE Y ST L BAEE o B¢ AISI(American
Iron and Steel Institute)type 316L % 4&4% F] 7 3 48 (molybdenum) ==

N IS AL aix o R LIRS & TR - E L

* AT PR B 04 0 1 & 1 AISI type 304 e% 4k 5 A [14] -

G ENERP P S FARD M Gt ot B ERwE
(spring back)* i~ > E > RER IR 7 > LI 8T ¥ B
$ 43 [15] -

1770 ER FRFEEIFFHRT Y AAFNE G Ak RE
AZEIE 4d 4 8 £ ¥ 4 80 & > d Dr. George Andreasen 7 /& #-

e 8 EmaliEHT Ko7 d Unitek 2 @ 12 Nitinol (¢ nickel-titanium

-

Naval Ordnance Laboratory tHf§ f)f & & & o 2. {8735 < ;;;L e
Nitinol —,El ﬁ‘% TAE %ﬁ- NPERUR =3 SR %‘ S ﬁ ©9 &
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TR D T P LR S R [16] o ST IR
3 B 5i4d 45 & £ S (4 Sentalloy) % 4548 & £ R (TMA) » 2+ 5 fa s 1
TR AR - ARR FSTT A Rehi B0 7 AR & & S
PeF 5 o EFTH > X 5 e AN AQEP A4S £ A(LH FHr )
P REFLRDEFL SR FRFETUEHEE
Fero Py o EHEF OFERREFT ISR o Flt RET FHLD

M BRI S L - €8 AL

2003 % Mendes et al.[17]# 7 £33 5k @ * e it Biof L 4
TREF Aok BB TR AR G MBS B e (T RALTRAE ¥
2w AT RS g R(F 72 A ) B ik
TR Sy D S L s N R S VI
IR ™ 7 hAk ST M AERIE 4 ] o Krishnan et al.[18]8] ¢ $i2
S D AU(F AR A S 4540 £ £ 40 A~ TiMolium) A
R4 s 2 p SHNE eI PL R REFREME EH I RNAEL

BEEES E B RS NG B BRI WA S ] (B
1-16) o e $e e B % % > %Cha et al.[19]f-Garner et al.[20]:%" F »

HE A4 L £ AU A M R R BER S X
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B Stardess Steel
H |8 TiMolum™
OTMA™

KFS0 SF100 KF100

B1-16 () B RIEEIE? RE S (L)=/A7% F £ BHT ReanAfxpe 4

#c 8 (Krishnan et al., Angle Orthodontist, 74(6):825-831, 2004)

Cacciafesta et al.[21]4"$t= f& 7 I o 0% & & (Victory, Damon
SLII, Osyter) £ = 6 7 Fe 4 H ensf & (7 bk B0 A ~ 4545 8 £50
40 5 A R)fr= 487 b ¢ hF D 4(0.016, 0.017x0.025, 0.019 x
0.025 #ed)ie (7 BRle 4 cRleE » Bk dpdi D R RS DT ARG
FORF BRI AL A MG BB DRI > 2 B ST A

B L B RBERE 4 B 7 R AP L B () 1-17) -

Wirn aloys. Wire ssctions.

200 1 208 « S - S -
180 { 189

180 { 180 |

wo | | 140 |
gm- " jorooi
?!m- I gwo- 1
L - i | 1 | —‘

wl [T} | | - | |

ol |1 [ | | l | |

»l| i | | - |

o1 | | | ol

Sate tten Kinate rcten [T — St bcton - Kinetc Ficion [ ——— L — State icton Kanatic ison

Bl 1-17 B4 Rl () R=E73 FHIR; (L) Rz 7

fe & <t en%f i A (Cacciafesta et al, American Journal of Orthodontics

and Dentofacial Orthopedics, 124(4):395-402, 2003)
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F¥t B A d R T L RGOS (7, 20,22,23]
LT BAREHINLTEER AP APk g E BAH
E ARl S e REEE VI RT 0 A E AR E G R MPBERE
A HIHBEEER A EERDEERIES EE L HETER

FERYBIAPT LG RRETF L 000 R G R RARR AL
T & oA 4 5 TR B o Kusy etal.[24]41 * § &4+ G pREchE T
EE e o BLBRE F R4 a42 & (Laser spectroscopy) @ ik
HEREG TR BEFRI B E 2 REA G BRI L 4

T2~ B4 E &A% BqE (Rl 1-18) -

§

e

r B-Ti
Alloy Type

Bl 1-18 (Z)BLRIF S48t iR R 2 K% 5 (L)e fa7 b & & ehip$ta
¥ (58 E % 7+ % » fekE R ) (Kusy et al., Angle Orthodontist,
58(1):33-45, 1988)

L & {4 > Bourauel et al.[25]™ & + 4 % jic 4 (Atomic force
microscopy) ~ laser specular reflectance % # & & & iP|:# % (profilometry)
27 RIS Mk Gk R - TR S % (B 1-19) -
PRV S A R e fag)- 2 SR NY Sh SRR A - B (84
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B P e BEgRre 4 5% ¥ A 4 3 £ F| Bourauel et al 38 3% 5 1 A4

GoARRER oY M R RY 2 P R .

B
#1

;g 1 - —
Su [_l ‘t\l" TL:’[\‘ 'V} L
T

scan distan m[mm]

Bl 1-19 ()Lt REe A FEREE S (v)RF 4 BB L RIZF

IS4 5 g Hde k& 3 if(Bourauel et al.,European Journal of
Orthodontics, 20:79-92, 1998)

ﬁﬁi%lﬂﬁﬁb M~ ALAR S At dp B A2 et
2 3% 47 3 |4 48 4% £ & A (improved superelastic nickel-titanium alloy
wires with low-stress hysteresis: ISW » 7 #£ 5 low-stress hysteresis wire,
LH wire)i¢ * F» Axk4x¥ 2 - LH FrmIdp *F= Lx ke k
~ & (National Tokyo medical and dental university)#4#= % chiT— £ 5
LA AR E B S £ R - R E G R RE AN
fFM o TP R ER T g e IR B

LR W 2 SIREE Le AR SRR E SV B S i S E gLl



e 4 e0R® 3 o Iramaneerat et al.[26]] * F *L 7~ & 2 3 LV AEE
MUBKEERNETEHEEIN LEFFIFHI AR FORAS &

PR TR R It AN A A A L AR R 4 e

N

R % fer i (damping capacity) » F PF i 59 @R R 4 £ 1) T % W

#7 ¥ (periodontal ligament, PDL)( 5] 1-20) -

4 Displacement () ISW
10060
a Buccal view
Wire applied model Wireless model
Wire
Mesial Distal  Mesial
" 3 —5on
5
Bracket R liliu]
o 25 S0 5 100
mig)
\ \\ b Displacement ( irm ) SSW
Periodontal ligament Periodontal ligament {alel
= { Alveolar bone Alveolar bone

S00

b Bracket Lateral view o

Wire
Bt
L ) Joint C element
00K
C ks 0 25 50 TE 100
Spring element \ Dashpot element #(ms)

Bl 1-20 (=)7 *T~Z B3R 5 ()RS S AT e LA 4 45 £
& RJeF 4dh FH T R DR & e 4 (Iramaneerat et al.
Journal of Medical and Dental Sciences, 51:59-65, 2004)

2007 &> SHREHBP A EF RE LG M LH S SRR o
AP BEAT 7 [10]0 2 & 444418 2048 45 & £ 5 (Sentalloy) % = 2 3V A7 3|4 45
& & £ R(LH) > ez 258 = 8E%% 0 22 5% (a modified 3-point bending test)
KPR B BPRA T (TEF BT R RSk (stress hysteresis and stiffness

measurement) k BLR|SH A, % £ (B 1-21) > S % F WA F ¥ i3 Tk
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W2 FEHend B0 0 R MBS hA R(E ¢ LH hBHrE 4 ]
*t Sentalloy) > 7 BY3tecd 7 PG B2 B A2 T OB

’EEO

- P NN
2 250 // T
=
3 & / -
Load cell F ) / P
g_ 0/l 2 200+
27 s s 2
§ 2 =
- 150 P
2
-

ST 00 o | T
i * "-@ | =
Dirt:]c[tion @ m ]

deflection Digital extension meter

2 3 4 5
Deflection (mm)

-

300gf] 0

Bl 1-21 (2)re s = ghf e B plEd B 2 F5%7 LB (%)

Sentalloy 2 LH & S48 Pl B d .2 4 foi=# M % B

(Yu-Cheng Liaw et al., Am J Orthod Dentofacial Orthop
2007;131:578.€12-578.e18)
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1-52 40 BHEFAHD BEEL S 2 P58

P B EH AR L2 AN AR £ EH L (F

i

1-22) B8 8 d £ BB BR 4 a SEEFH TR £ B0 Bep
B JEE AR N A B TIL B R B B & =3, o Vaugha.et

al.[27]12 3 F87F Fo R T BB B 52 & BT B Kapali chid
MERFL BVRFR U HE L SR BRI A

G0 E BT R L IRBEI Y B (F 123) -

o |
ta x4
£t .
¢ ]

s, a:‘ﬂ"
P8y % ;
¢ at

Bl 1-23 & BEgeie 4 7 % % % (Vaugha et al., American Journal of

Orthodontics and Dentofacial Orthopedics, 107(1):20-27, 1995)[27]

26



MHFLE 3G TR EH IS 4 o Smithaet al [23] 44 3% T + ik
GEREZFI R NA o R B RIAEGHFL EL 0 LRI
#p =t 2. o o P¥ Smitha et al.[23]+ dp 81> At AT F i (slot) e & AL
7 sk H TP B R B R A JL(sintering) s ddn A vt A dEg

FedZ (casting) e & { & ki o
B RPH ORI OF T BHAEEES LR SEFELY
Redlich et al.[9]:E * 7 = 7 & + ¥ * * S RF 2 L8 7 M AHERmE

PHLF LA R HERT I R 4 g R

R
ol
R
= »
o
=%
\
!

PO PR S B P AR RS dp o BERE S <] Bk

FHI B s 1R R dc(friction coefficient)!” 2 (4 4 £ (L w
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050 100 150 200 150 300 350 400 450 500 550

Displacement (mm)

Bl 1-24 ()R RI BRI 2 FRAE 5 (F)EHFES Bl - k< FR
B4 LG :ff;] 1% (Redlich et al, American Journal of Orthodontics and
Dentofacial Orthopedics, 124(1):69-73,2003)[9]

A K o d 3T p 45N 5 T (self-ligating bracket)( ] 1-25) 3¢ &
H XPRP F 5 ?—ﬁ:};’il’/%:‘ B4 N EE T Bt 77 7 o Taylor et al.[28]

PR AN SNEE R BAo— A F A andE 1 EAp il (] 1-26) 0 £ BB % 7 5

R

fo | enEEERfE 4 o

4o

o S R AR P AR B A F
Boendg Bt o o) enBgRe 4 £ R[29-31]; v AT 4 )
[9]> BAfdsp® % enp 4N B9 > p 4% BenBsped 4

T T B RA T B k] & o
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Figure 1A Figure 1B Figure 1C

B 1-26 Tayloretal ## 3 ¥ £ * 2 = f8 7% fo ingg i+ B (= I + : Standard,

Activa, Speed)(Taylor et al., Angle Orthodontist, 66(3):215-222,
1996)[28]
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1-5-3 Sk = S 4 FH 0 RIS 2 B

SHRFIE T ER G HE FRFEE L pE Y - T
R ZIEsich REPHHI FF e 11" B2k (oring) e £ £
% S (ligature wire) k #-F ME X3 HT Bd ¢ o Fp o
ERGFHE G REA T TS A2 S R AR g

oo
F

Edwards et al.[32]+* $aw faink 3 ;N $h Bk 4 cnfi 8 & 45—
S TR (2 AL EREROE P RTS8 FAEMER

MBS GRS G AR e R RS PR

frt
8
é_&;
[
p.
¥
~
\z
‘p
s
TE
«“@-‘
®
Rt
W3
_H>.
’ﬁ‘
“H-

B et H g dege 4

pls
e

A EFERFALR o Hainetal[I2]R) faw fhent = 54 @
3% 1T 2 3V 58 TR (sick modules by TP Orthodontics) ~ — 4k 5844 3% ~ %
i E R EAME pANED B b F RS LR EEHT
G B Bl BRI A ARG R B PRGN Y o B

VLR i & R RURBLE € B AR 4 (] 1-27) -
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Instron 5544 Machine

€ € € € € € £ € € < pp W o o0 OO0 =T = = =
o g Z G A BB S TG AT BT T WA P D BTGB
Weighted base block o o 2 @ @ b @ g
resting on listron 2 £TE5z28¢c = = 280z =200¢5z

B 127 ()& R B4 2 R G (L)20EF s g B
IR 2 N2 Egxe 4§ P 4 (Hain et al.,American Journal
of Orthodontics and Dentofacial Orthopedics,123:416-22,2003)[12]

%1 RORRIE A S R SR T R s S e
L B2 o A4 AR SR RS 4 § a7 0 Kusyetal[33] =

- BF IR A F i (B -28) R EE s AR 4 i o

&

e
-3
>

Drawing N=800cN - Human Saliva
Force
Transducer

Saliva \ At T

Injector

@
-1
5

Drawing Force, P (cN)
&
(=]

g

.............................

Normal Force
Transducer

i 8
Distance, & (mm)
L

T
|
)
| N ¥ Kinetic
L

: anao.

: !

H Lo A i
: ! 5 good N Static
i . -

: i

3 . e

. . (=] r

+  Bracket i H 10

: re T

H Ligature - \ : g 2004

H Y =

. . w

X Controlled HY <l

. Temperature Chamber h i X * v v
................................ X 0 200 400 600 8OO 1000

— — — —s=Normal Force, N (cN)

Bl 128 () BRI g Bt 4 § o agepd P skkly

(£) a4 g2 Brgeye 4§ pl i % 2 B (% B](Kusy et al., Seminars

in Orthodontics, 9(4):281-289, 2003)[33]
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Kusy et al# 3 & %3 ) » Wtk £ BB A AF bl S

Ik

A BRIF| g 4 4 AR (B 1-28 4) -

Iwasaki et al.[34]14 5 =4 & 2 FfF 2 5 = G F f7 K GATRA R
WOORE i R e b R AR RIS ] R AN %
FROAFZFRLIHFLRL > PP BRI TR BIXERE

P P F R b4 T A BRSSP S R EA G it

v fE e 4§ (B 1-29) 0

3000
O Tight SS
2500
= M Loose SS
T 2000 -] —|
B
o= 1500 {f]—— —
§ 1000 1
=
500 - ;M—[h—
0

1 2 3 4 5 6 7 8 9 10
Orthodontists (1-5), Residents (6-10)

Bl 129 (2)r  BRIBERILY 2 R AR (F)S BHEBHFFE S

e S %5 TR 2 ¥tk 4 F P F 2 % (Iwasaki et al., American

Journal of Orthodontics and Dentofacial Orthopedics,123:408-15,
2003)[34]
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1-6 3% p

WEHED - R T R T EMP R - FE

+ o o distal drive B4 0 B oan §fk P e jE s X Al (L AT
B WP R R SR BN Dl o frE KER HAp

B RRREE BRI A BB AR R § P g F
BHT AT RS LERPEFFL - B ANEI FE LM
2B K GRFT RSP DBE - E AP B IR S

LI RARE HAom AT LA EE T [ 3T E k> F Bfepl M

-

WA S BT R HE A AR TSR E G MR o

i dort AN AREM A4 L £ A(LH IR @ T e e

R
%

TEEET e ST S SR o Fpt s dei T fER s il B2

BHo R TR AR R REFEFFLTRERSBE KT

[

3
o

FOoORPFLRTESI I oHPITGFER[LI FRE - H

i B Al BER VG S kg o

AT LB HF Y LG B/ED M s o kiEFAEE
[ R 2R BRI R S F - AR H gL B2

Hi ﬁ&#??&/ﬁﬁvfﬁﬁﬁ»"‘%;@%%FE* LR X 2LHSD
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Mg LB o F - > FPIF RHERDL G BT 01 RBE R

ER e LR = S ER gl
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2-1 4 Bk A28

SR EE e

Bt 4 F i A2 Bl4cT (B 2-1) ¢

%A R i 48
(i fi2: 0.018x0.025 5% 0% ) (#,42: 0.016x0.022 )
1. A& 5 1.7 5 40 45 I &
2. GRS A5 R 2LHSGESR
J.BASES 3.Sentalloy 4 4 4 4 42
4.4k48 5 2 #(TMA)

[ 9% |

j24t 17 (O-rng)

}

FIH ) 4 (MTS) 20 4L (TSV-H1000
#- 52 HANDY FORCE GAUGE(HF-10)
AT O R AR R Ry R,

T s B B

=)

l

LA L.[1|LJ i E QC Force
LR l’" EEW S ]

!

-i *[[’-ti”'lu_?l\..wf'f

'\-Ii'
EHEAZ ER

B 2-1 Agefe 4 2 247 B

35




HrREeHEF(ARARE 2w T

(B 2-2)

45 T
[(é;f-, §2:0.016x0.022 ¥:=4?)

kIR 42

1. 7R &5 58 55
2.1H:
3. Sentalloy i 44 4 452
4.5k 434 4 42 (TMA)

ﬁLt,:

oo B BB A B 4o

EXEIT S
vAEE AE A4 (Y R MXT7T0,

Matasuzawa) & 4] 45 5 57 22
i 1 8 4 ok R (K A

|

[ﬁ@ﬂﬁmmﬂ

4 # L (WAL OLYMPUS BXA40

+ 130 AR LR AT 2
i F g A AR

'.ﬁJL

Fl22 BrsdoBF(RoAR 457

(R@nEmn2)

"iw(SELILJ'W
18 2

7l HE

COR

i gl 7 |.j|] _I.-% ";”'

L= S

IV

[

[{'{ &4 A a4 ]

Easaka) & l’"J T H A=

55 E 4% R @ -l(RMl_)

YA A R R )

e RBP4 B

TR

N
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2-2 F SR

2-2-1 %1 B2 fE

AETEY LG BAURS- L0 A4 I E D EAA

£ 7% %0018 x 0.025 #vd 2 (B 2-3)-

0.025

Bl 2-3 Bt BARKEET LW

i S R B SRR M A s A R S ) T
HERERZ pHNHEE - 24845 £ 5% L F | Preadjusted metal
brackets,Micro-arch, Roth type (Tomy company, Tokyo, Japan)( ] 2-4) »
AP g BEE £ BAEH - Esther II, Roth type (Tomy company,
Tokyo, Japan)(®] 2-5) > p 4¢ ;% £ 5 mini Clippy (Tomy company,

Tokyo, Japan)( ] 2-6) °
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B 2-4 % 44k £ % F(Tomy company, Tokyo, Japan)

B 2-6 p 4 ;"% % mini Clippy(Tomy company, Tokyo, Japan)
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2-2-2 1 M2 FEEE

AT E* BT R RS- 5 0.016x0.022 Fed 223 Ao
- REF e RBLIR A GBEBLRETET E AP 0 &
A o 5 (B 2-7) ~ LH % = % (Tokyo Medical and Dental University,
Japan)(B] 2-8) ~ Sentalloy 4% 4% & £ 4 Medium(Yellow) (Tomy company,
Tokyo,Japan)([] 2-9) % 4%4p & & 4 Beta-Titanium wire(TMA)(SDS

Ormco,Inc.,Orange,CA)([&] 2-10) o
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B 2-10 4%4p & £ s (TMA)(SDS Ormco,Inc.,Orange,CA)
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203 KmAk S 3N

T eIV EDESE VY S R T
TR EnAk 2 U g - 1 sE M T (O-ring)A-1,Alastik(3M Unitek,USA)( ]

2-11)i® 5 B =5 p 4 ;8% % mini Clippy P& Jf &8 o

Bt 2

s e
emliEaEI
III.IIK-B.lIIIg' cw\r("'o“
B CE
HE 405‘—4‘1?“‘ o003

lLOT]s7780 o000

(BLIMESZEUPS2IS | LOmM NI LTS

B] 2-11 #E %k (o-ring)

41



23 Bt 2 FHER X P %N H

2-3-1 F%T 5

AP R A - BERGE BEH AT BEEL XY (R
2-12) » P g #ri e RIES 5 P & ld 2 35 JSV-H1000 = 5
p ¥ B3 & (Japan Instrumentation System Co., Nara, Japan) > $fz 4 &
§ 77 ¥ < (Load cell)3] % 5 HANDY FORCE GAUGE(HF-10) » # % *
FEZFE 5 ION (IKgf) » & f247 R E 3] 1/1000 © Fe Prfie & 7 o dic i
QC Force i T #icdp » 17 adL > 7 [ W e B4 < | 2 i (%] 5
F &% <=8 8 P4 558 "displacement control » T =B EF B & d

PR )

Load cell
Ek A
QC Force
JSV-H1000 i
3z XA kR

B 2-12 A3 29%T 5
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2'3'2?»%}5}3—,&1‘
RHAFELLFR O PFERF UL FOAE - LA A B
AL R AR SRS hE A e Rt ) s

BEFFEA THPMNEE - B 100 LS kPP B

3K & Bl & (ball-

socket joint)

Bl 2-13 *F 3 BlR <

O RERTIF AL ARBRGES LKA BT R

Ao T s BotiE (F 2-14)0 AEENF A48k &R
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friml 2 5T F % o

¥R 4T

HHREEZRBEMEZFH#H

B2-14 MFAen 2 FPRATKE UAERE & R B2
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2-3-3 Hr B m R

B AFTEY ) Z %D E

BLELHERENE AHSFL B S WA TR LR AL
PR e rTE SR HRFL 0 F T = B B L E(R 2-15

T 2-17) > AERR i o 4

=L

Tk i 0 T £AF R e

7 5% 58
451 3

Bl 2-15 % B -B(3 &bk £ BT B)
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B 8K
WGIER

F2-17 $2 BB HAHL F)

2_tEEH % é]:s ﬁﬁ’xﬁn%‘% PP EFAhE b0 2 o L #-4uH 12
PE A A F RPN T UE B LT > 5T G- R R

2-18) URERE BAHT FR P AU OL R AT &R
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C=S - ot

BAREZFH ¥R 4T

B 2-18 Fr BHREZXMNFULHLELE2Z7 R E
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2-3-4 B %A B

AFPTARIVRG P HT PG BEFL R L bFL Beh
EWBEFE St T FHRERF R FREES DR RELR
TR F AT BT A - LH % A - Sentalloy 444x & £ 5
2 454p L & R(TMA)» £/ % <} % % 0.016 x 0.022 Fwd > 2> 4 ;
PRE* AT B A5+ XS e R BHFLE SEP Y
BETEBEHLBENZ p AN FH L B mini Clippy 88 % ~F 5i- 5
0.018 x 0.025 #ed >+ & 2 e le — F85E Tk (O-ring) (¥ 5 ¥4 =

Foo Al 25 12 2(R2-19) Fee 7 10 B A 0 83T 120

it ~8c o

Stainless steel bracket: Metal inserted plastic

Preadjusted Brackets, bracket: Esther Il, Self-ligating bracket :
Micro-arch, Roth type Roth type mini Clippy

(Temy company.Tekye.Japan) (Tomy ompany,Tokyo Japan) (;I':’my company,Too,Japan)

Stainless steel wire LH Titan Sentalloy Ni-Ti alloy wire Beta-Titanium wire(TMA)
{Straight) {Archform,Upper) {Archfoerm,Upper) {Archferm,Upper)
{Sin-yean ., {Tomy company,Tokyo.,Japan) Medium(Yellow) {Ormco.Inc.,Orange.CA}
Taipei,Taiwan) {Tomy company,Tokyo.Japan)

B 2-19 Ergere 4 %2 $8e L7 3B
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BT M AGER > I B P HP B 6.6 28 EhE RE
5 RIGER A B RS AR > BT B3 Rl RFITTE R0
Ao ISR R/ R T A ”%ﬁm%Lﬁ4ﬁﬁTﬂq%
2-20) e L B AEGR > & AP ARG BIRFEF L LR
FEFEHIAINFALEBE AL aEE o §pREEE 00— 210 @
FAGFRR FRBEEL- BHRAFIRE FE B A7
PIRFR AL E PR A 0 T A E PR AL 95%ahe fig

Beip BRI 2 R e e P

5 I &%
EFRE

5 IE 8%

B 2-20 F LB/ R R 2 25 F

AL MPIEAR A BN UHT BT RFRESD

RANEHL ML T A GoRC @ FUOGI BLCE A

PP
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Bl BAR S E IR FEAPT T 7o LA Rk TR aRE

HARES A G LT § EFIBHE S L R ZPan 5 2

AT.

i k]

FER I XeE: SRR I AL N R P 53 LI EICE Sl e
f2.¢ load cell #Tip| 1@ e+ £ 4 4246 10 3o pF > PlRRe Bl NEHL E
ARA LT Fapk 2T o 53 BRI S BT R AHERIeHD
BRENIT A3 TF ERGAREFRAL o FIP & T PlELZT > ¥

i kAR F MR Bl RE T URERT (7 M

o

2

1,."3‘ = I?Jpé‘ﬁ’?‘ ‘&pﬂ" ’ /F' i%—]“ﬁ%i ?é&%‘

Wi
e
ﬂ

i'a
o),

-\-}\,
—
=

FLRGEE R g R A 12 SR/ A REE B PIRARE
CEFHEBARFE DT AL BRI £

2. PR 4F & (sampling rate) 5 * 5 B~ 40 L T AL B PR T Sa 08 QC
Force ¥ fo ) 3o 4P [ ~ BRIE4 < | 2 Bxe 4 B25(F 2-21) > *

i {7 By A 7 L o
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WER GND RAD RO WHD el IRD W@
Ll Ho. 1

0~

00

1000 b-—— ) ﬁg;&jj_‘_____r"_.
. RABRES

|
1000

4800
o

Mumaer 0

MEARS 0 000
570 ».000
UL #1000
Lea =1 000
CA w000
CPK <0000
0 o w0000

weees A UCLEO 10O
M=l 003
LELmoo00l

For Buly, yn FI
e

B 2-21 T *a#c%8 QC Force #Tiedr2 PFRF ~ BgRfe 4 % ] 3 Bgere

i
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yRE Y EX WX S B

2-4-1 %1 RE: GoA B2 B E

Ay M EAH R 5% (Knoop Hardness Test) & i £ B gxfe 4 jp
Bo g IRt e AR BEMHK @) Ay #* P BRI
%‘5 g 4P 293 2 P A 3 (Matsuzawa) B i 0 3150 MXT70

2 fio| AT R RS 1 () 2-22) -

& frEE i

- -5 3k TR B B
A - e
R 5 8y e b
AR A % e Ao BB

Bl 2-22 AF7 5 2 A B 5 (15 > MXT70 4))

tETE R
LR D AR RN

DAEIIH B R 2 K Tk R o
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3HBFERRILL -

440010 By ERERE > AR 28 o
SAFEFERE ERFLI0 0t  RTRETHEM > #
TREw AR L 2 Mg o RIS ) -

6.7 £ 8 b 1L 40 B4 BLRERA > TR FRART ¢ HRAY
bR E L o ST WAL AR v ARk AT
g

TREIALEEA [ 5 R T A A F B o AR AT Y T
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2-4-2 it A4 oo A i 2 LR

AFEE S ERE KR BRI 4 PR BRI e R4

B B ARMMKE B 0 Fh

Eid
.
=H
4y
S
2
=

S E -~ AP K HCE

AL R Y A AR T FF A R e L % F
B3 ficdr, OLYMPUS 4 55 BX40 4o b+ 3%k Rz & 4p B e (] 2-23) &
BURIBEEEIE 4 PR T R AT T M end s A I PR & B Gk

% MCCamera (Moticam 2000,Motic China Group Co.,Ltd) ' &g 3]

A X
BA &

N R R

a4 ¥E W A7

E 2R

> {6

. RREE
84 B B

B 2-23 ~F 7 2. & 4p B 4L (OLYMPUS BX40 +F 385k k)
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R

PR LR T AR R B ek CRNNL I - 2 I R
PARERIZ e A XRTFERE 2 FET SN PFEY
CERFEF R RFAAERY FR 10 s FinER L

1

P ER VR B RIS Mo Bl MRS ABFRIBD AR

WP B & A0 B LRI (] 2-24) -

PAAR R R M LA R A R LA 448 BA S SR
A AT R B4R R FCHG SR 5B &R

—

Bl 2-24 & Ap B SUBLR] I AR

LT E
L#Y ] R e B o o
2AKRP 5 F AR -
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3ETRTRBELE -

44'."*9&{\71'&1 FhaE R E o

o

5. BL iR R R
HBPERS T EATHE o

TAERT AR E o B F R IR k%L MCCamera

(Moticam 2000,Motic China Group Co.,Ltd) & &=#7#Lip| | 32

T o

Y
%

2 =~ #id 3 * F B Acs(scanning electron microscope, SEM)

AEE R TR adh Ry 553 5 B akcs E_p 4 JEOL 355 ISM-7000F
2 3 A HF 4 N %2 4 (TF Field Emission Scanning Electron
Microscope, TF-SEM)([] 2-25) > & &2 P 3 ~ & 4454 F % 31 48487 7 97
FREUEEF & v, d SRR b4 dy 38 T F B AcE H R TR 5 HiE
i T ARG A et o A RBP4 RIET B RIRR LS

g A Ehd 5 A AR o BUBIR % 5 100 222 1000 & o

AP ZUEH BRI EEL R L e BHL RE Y
PR T A P X E T2 (B 2-26) 0 £~ ioi s o SR (A

BB o
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Bl 2-25 P ~ 85 % & A F & 3% 2 + 8 fic 4 (TF-SEM,JEOL
JSM-7000F)

L

B 2-26 Fr FET AR 27 & B
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2-4-3 FrME G e R 2P E

AFE G A o e Bp R KPR BRI 4 R AT T M
Gk m AR R ATy Arid * iR E 5 P A~ Kasaka A %L SE-1200 (Kasaka

Laboratory , Ltd. Japan)z. %  f& & | T B (8] 2-27) >  PFfie & 7 it

)
ol

2
—
3
g
"

8 roughnessfile & f el

Bappgag  LCD&RRI

A5 &t 5

SurFcorder
SE1200

4B 4t R BT 6

B 2-27 *F % 20 % o e B P T
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2-5 FoL A 45 szt

AT RFHS P o R E TA BINA D E - D Bk

12 %2~ 120 B4k A Bicen g PR (5 0 B 408 7 TR e 47 fosiit o 97
s> E A - 2% R Hics 7 One-way ANOVA (Analysis of
Variance) » +“ fiz b 12 T o i B § FE A FKE > p<0.05
REFEFNLB(IAFA Y BEFAT) oo HEFLR B~
#E* “F {3 ¥ T (Post Hoc)”2. Duncan’s multiple range test > — — +* fia #7
AR BT L B KPR ERS BB BT TN

FoRME o v ok 120 B raw datac f1% - AF R #A 47 Two-way

ANOVA i {7 447 0 - i B~ L g1 2 3 (5% = 0 e

b2 ARARBL AL G HREELF RSN R Skl
7O BIRNEIARE FIRLIGREE FPRARY - A¥ R K
£ 7 One-way ANOVA e/ 455 i » 1ot it + B & dodeeny B3¢
AP E P EFETIEEFLE <005 A A G HEEFDLE (UFLT)

bod BEE LB 5 Bl - # 1% (54 2 (Post Hoc)”# £ Tukey HSD
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test> Ri''fue BHFIRNZ A HAAREZ AR AEZFS BF LR
AFEPEFRE RS T RAPEE N Lz ToEaEg s g4

>~ Bl % o

AR A * gtk 5 SAS 13.0 for Windows® (SAS, Cary, NC,

USA) »
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P RBATIREE ZFRE RV L RAfcREmi APy
i 2 FORIBT B EI AF AEES Ky > 1 & F SR Redlich
et al.[9]*% 2003 +# % % ** American Journal of Orthodontics and
Dentofacial Orthopedics #f ¥] 574 ~ In vitro study of frictional forces
during sliding mechanics of “reduced-friction brackets” s 2% % % - &
HHE BT BB 3-1)2 PREL S(R 3-2) ZERE2FY Pk

HE R HIAKRTPIE S FREES o
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B 3-1. RedlichM etal * % %=1 B> 4p{rdp ¥t % 2 2.4k M

Redlich,et al, American Journal of Orthodontics and Dentofacial
Orthopedics, 124(1):69-73, 2003)

Load
cell

X 8%

Ehk i

Bl 3-2 Redlich M etal & B|f 1 B2t S A4 2 F5%T 5

(Redlich,et al, American Journal of Orthodontics and Dentofacial
Orthopedics, 124(1):69-73, 2003)
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SR P ATIER chip i BL L PP P A2 RBD
o E AT L 0.022x0.028 Fed P DAL AT 0.018 Fed chh
AT FIA o T A% BTk (o-ring)iE TR E o DR R P g P
o - X ER 10 2o ERFE S F RS iE HTHEL
T L L 116.1420.3 gf (7 1.16£0.20N)(# 3-1)» &2~ 2 ¢ g Pl %
1.18+0.2IN(# 3-2)F 4piT#ci® 5 b PF > aipl3R % B A)% F 49 iueh
5 (B 3-3) c F] o d PR 742 5 (Preliminary study) > %2 7 AT Y

R AR OV LR

o 3-1. AFEFFL 225~ A PR

Specimen number  Static Friction (g)

1.0 159.2
20 91.0
3.0 94.2
4.0 1101
5.0 136.3
6.0 100.6
7.0 1228
8.0 111.6
9.0 116.3
10.0 118.9
Average 116.1
sSD 20.3
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# 3-2.Redlich et al 2_ & = # A $xfe 4 PR % (M Redlich,et al,

American Journal of Orthodontics and Dentofacial Orthopedics,
124(1):69-73, 2003)

Friction force (in newtons) of different brackets for each wire size and wire—bracket angulation

Bracket
Wire—bracket
angulation Wire size (in) Nu-Edge A Discovery B Svnergy C Friction Free D TIME E Omni Arch F
0° 018 0.90 = 0.07 198 = 0.04 1.40 £ 0.0 0.01 £ 0.0 2,30 £ 0.0 I 1.18 £ 0.21 I
018 = 025 1.04 + 0.09 2.10 = 0.07 1.40 = 0.0 0.01 = 0.0 3.10 0.0 144 * 0.18
019 = 025 1.18 + 0.04 2.16 = 0.11 1.50 = 0.0 0.10 = 0.0 3.10 0.0 1.78 £ 027
5 018 096 = 0.10 2.20 = 0.09 1.58 = 0.04 0.46 = 0.08 2.55 = 0.05 2,03+ 017
018 = 025 132 x0.14 227+ 0.05 1.88 = 0.10 0.65 = 0.05 3.13 £ 0.07 1.81 £ 0.21
019 = 025 20302 2.63 = 0.05 275 £0.23 0.96 = 0.17 372+ 0.06 228+ 013
10 018 1.77 £ 0.26 247+ 0.12 209 £ 0.12 0.85 = 0.05 2.88 = 0.04 223+ 0.18
018 x .025 1.87 £ 0.17 290+ 0.15 237x0.10 0.99 = 0.14 3.50 = 0.08 2.08 = 0.06
019 x .025 243+ 038 317012 3.27+0.23 1.54 £ 0.10 427+ 047 272022
Friction force data presented as mean * SD.
=1 S K
R AFEES
2008 - 03 HE of
=] &
140
2 o
‘5 ‘l &0 rm A T
et = 0 W
= s ~ FEd
100E-03 | Il ﬁ 40 IJ{
20
0
i [(H] 1 k) 2 o)
i )

Preliminary experimental results

050 100 150 200 250 300 AS0 400 450 500 550

Displacement (mm)
Bl 3-3 (%) Redlich M et al & ]2 $ * £ B ie 4 7

(M Redlich,et al, American Journal of Orthodontics and Dentofacial
Orthopedics, 124(1): 69-73,2003) ; (+)*#F T/ F TPl B~ # A

R4 RIA(d R B E AT PR E T U R FR

¥y
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3-2 AExpe 4 PR %

AT G-

\4

RA B % AR 4 iRl £ %+ 0.016 x 0.022
Fed P2 v BT R £ 32 A D R (ss1622) ~ LH H 1 @
(LH1622) -~ Sentalloy 4% 4% & £ % (Sentl622) 2 4% 490 & £ &
(TMA1622) » e # 4=t <+ 0.018 x 0.025 #vf 22 = 1 B> ¢
FEH AT B(sSIQ)~EP X RFE BEE ERHEN ISR p 4

# v % mini Clippy (cl18) -tk Adik— £ ¥ 12 % 5 ¢ 7 10 B A >

B2 120 B AdKk o
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Ze 3-3 BEor 0 A AR R T M(ss1622) e AT B 7 Ak
HEB(SI - BEPERHT REE EHEHQIEZ p I FT E
mini Clippy (cl18)i & ernfEgxfe 4 Pl % o 42 & % 550 1 7 4hdn
A (ss1622)22 p 4F S E mini Clippy (cl18)2 & F | ehd <
AR 4 (86412996 £ F); @ A 4l M (ss1622) 25 P H W

TELHEBEREUS)ELE T BB chB X AL 4 (131.20+12.47

3033 A4 HDE A(sIO2)E = BEDT B A MM EDL E

(ss1®) ~FEM ¥ FEr BLEH & B AREISZE p 455 F mini

H >

-

Clippy (cl18)i & cg ~ # Bgxie 4 § PS5 (T HEHEE L

E)

$s188s1622  pl18ss1622  cll18ss1622

specimenl 111.6 142.9 78.9
specimen?2 103.8 148.5 103.9
specimen3 121.1 122.6 92.1
specimen4 103.1 143.9 74.5
specimen?s 105.7 116.3 70.4
speciment 106.8 131.2 83.1
specimen’? 111.6 139.8 94.2
specimens 103.9 133.3 92
specimen9 106.6 114.4 89.1
specimenl0 113 119.1 86.2
T34 108.72 131.20 86.41
wEE 5.622336 12.474240 0.958854

8918881622 7 4/
5 F 2 cl18s81622:

pl18s:1622:i% v % T % R Eh 4
H 40
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%3487 > 2 LH %0 S(LHI622) 45 o= be B © + s

-_—\
<

T EGSI®FEP A RETELEE £ HAWCIB)ZE p 4N FHE F mini
Clippy (cl18) i & e~ # B 4 B Rl % o4~ B % T LH

* A(LH1622)2 p 4 385+ % mini Clippy (cl18) 2 & F &/ g < #
Brpere 4 (98.49+7.72 5o E) ;@ LH i 5 (LH1622)& 5 4 W 4 1
BLEEBENOUS) L F BB ok < AEE 4 (145.55£15.77 %

£)e

% 3-4LH %0 5(LH1622)% = f65% 10 B 1 4 &k %1 F(ss18)~ &

PR BEE L BENEIEZE p 48 F 1 E mini Clippy (cl18)

Eebg A S RS (TOEHEEL B L E)

ss18LH1622  pl1SLH1622 cl18LH1622
specimenl 111.6 142.9 78.9
specimen?2 103.8 148.5 103.9
specimen3 121.1 122.6 92.1
specumen4 103.1 143.9 74.5
specimenS 105.7 116.3 70.4
specimenG 106.8 131.2 83.1
specimen’ 111.6 139.8 94.2
specimend 103.9 133.3 92
specimen9 106.6 114.4 39.1
specimenl0 113 119.1 86.2
34 134.33 145.55 98.49
R E 16 %9191 15. 772990 7.7 19449
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% 3-5 B¢ 7 o 12 Sentalloy 44 4% & £ R (Sentl622)4pfe = G+ X
e H L EB(ssI®) - FP EH L BEE & BHENPIS)E p 44
& % mini Clippy (cl18) & & e~ FEEE 4 E PR E - 4 H S5 F
Fr:Sentalloy 4% 4% & & #(Sent1622)22 p 4% ;X % i+ ¥ mini Clippy (cl18)
e Bl B K AR 4 (111.18£14.93 5. £) ; @ Sentalloy 4% 4%
& £ S (Sentl622)& 7 ik FH 1 F(ssl8) e & 3 BB ok~ #F AL

4 (142.15£16.93 5. &) o

# 3-5 Sentalloy 44 4x & £ A (Sentl622)E = fAF T B | 7 ik F 1 F
(ss1@) ~ ZE P MF T BEE £ FBEW(II8)Z p 48 F 1 % mini

Clippy (cl18)je & ek ~ 32 A gxfe 4 §F R|E 5 (THE+ER L > H =

|

ss18Sent1622  pl18Sentl622 cll8Sent1622

specimenl 162.8 170.8 91.2
specimen? 155.5 150.4 119.5
specimen3 145.5 122.1 122.2
specimend 172.0 114.0 123.1
specimens 140.2 158.5 89.0
specimen6 139.4 123.0 127.5
specimen’? 123.9 156.2 121.3
specimens 131.1 132.9 113.5
specimen9 120.3 137.4 113.4
specimen1( 130.8 104.6 91.1
FI391E 142.15 136.99 111.18

wEE 16.930134 21.516477 14.930119

s5188ent1 622: 4
Sentalloyii 4k & 2

B OE Senhllm 5% i* &
cll‘(%entl()ll 7§45 A ASF

2, pll8Sent1 622::
it Sentalloyf 4k & 4
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7 3-6 B > 1u4v4p & £ SU(TMALG22)pfe = faG 0 B © 7 4hdw
H: ESI®) - FEP A RHE BLE EHAEREUSE p N Hr B
mini Clippy (cl18)i & crig % # A 4 Rl % o 4~ % T
4x4p & £ R(TMAL622) p 4 54 %+ F mini Clippy (cll18)3 & 5 & |
g & B EERIE 4 (144.49+12.60 5o E); ™ 4540 & £ R (TMA1622)%2
EWLRET BLEH EBEREUS) L F BB k< B A

(219.08+36.74 5. £ ) o

% 3-6 454n & & S (TMA1622)¢7 = fa4g 1t B : 7 dhdw B0 B(ss18) -
Pl BAH &K ENODIS)ZE f 4% ® mini Clippy (cl18)

ELE X F AR FRER(THEHEEL  HxE)

ss18TMA1622  plISTMAL1622  cl18TMA1622

specimenl 185.4 187.9 133.0
specimen2 181.5 197.1 122.1
specimen3 199.4 271.5 128.7
specimend 171.4 187.4 154.5
specimens 226.9 239.7 145.4
specimeno 218.4 249.5 145.6
specimen? 259.0 184.8 160.3
specimens8 208.3 266.2 151.8
specimen9 228.6 232.5 147.5
specimenl( 235.8 174.2 156.0
-3 1E 211.47 219.08 144.49
E £ 27.426226 36.737925 12.604481

ss18TMAL622: 7R 4549 45 IF % 914k 40 4 442, pllSTMAL 622:3% A % Fi 45 £ % 014540 2 442,
clISTMALG22: & &5 4% iF. 55 i 4k 40 & 44 -
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12 BERESF T HEKSD - A% P &AL 1T One-way
ANOVA .35 A 4% B 40(4 3-7) 0 p B % 12 0.05 0 54 )b 12 & ehd
g asn g ¥ AR - & ¥FE&- % 2 Duncan’s multiple range
test kKT E@d BB LR > BEHETEINEFLR WREF

% 3-7 %971 o

%37 2Rl Bl BEFIRNE B FAEEES LR
(+ : one-way ANOVA ; * : Duncan’s multiple range test ;

Bere 4 Hix @ 5 E)

Bracket
SS PL SL

mean 1+ SD mean 1+ SD mean 1+ SD Pt Duncan's*
Archwire
SS 1087 * 56 1312 + 125 864 * 100 =0.0001 PL = 88> SL
LH 1343 + 170 1456 + 158 985 + 7.7 0.0001 PL,SS=SL
NiTi 1422 + 169 1370 * 215 1112 £ 149 0.0014 S8, PL=SL
TMA 211. + 274 219.1 367 1445 + 126 0.0001 PL,SS=SL
Pt =0.0001 =0.0001 =0.0001

Duncan's TMA = NiTr, LH> S5 TMA>LH, NiTi,SS TMA > NiTi1>LH > 8S

1 : one-way ANOVA %k : Duncan's multiple range test

T OAEd R T AR ST B RF AR g

Bl 0 AR A e 4 R




4v4p & £ 3> Sentalloy 4345 & £ 5= LH % B> 7 &dpFHo

L2
éE! o

QAP R T REEEHERY 0 B FAEEES J LT
G 4k4p £ £ &> Sentalloy 44454 £ M= LH&SD B s

LR

3.0 p 4 5% 1 F mini Clippy ® » B X # A4 d £ 3] i
X 5 4k4p & £ 4> Sentalloy 4545 & £ > LH 51 5> 7 4%

TETY

TSR R IR T (B 3-4)#F R4 & £ R(TMA) &R & fp
g B s > & 5 7 44k s T B (Stainless Steel) ~ £ P # W F i B
& & & At (Plastic)2 p 4 ;84 % mini Clippy (Self-Lock) » #ip]
Weng o~ FREEES PHFFEL MBI R 2 BT R(SS)
G- fAggr B b TR FaBERIe 4 P § RE] B Sentalloy 4%
& & EMNITHZ LH B S(LH)E ) = g Be s o #0p1F ik
KRR RIFRA T4 £ & SU(TMA)E 7 dhdh 46 & 5(SS)7 4

¥ o
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0l

Ty Boral M owe

Compangon of Fine Soeal fon§

§
O ss
| LH
g - O NiTi
" | ThMA

L= &
P

L il
L

Sanisss Sesl Flash: SeltLock

Bl 3-4 Fr BL AL eFE AEE SRS DR A

SEAD Fo G B D AR R bk R

2

1.7 LH % % ~ Sentalloy 4445 & £ 5 % 4x4p & £ 57 > H

BHAEEEA Y I RXF L P PYEL BLH £ RER

%> P 43" F(mini Clippy) -

=

=7 thin £ B

2GR MG PR F Ak B A FAREES 4 2T i
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XEBP YRS BREEERER> P S EREDT B> p
& ' % ¢ E(mini Clippy) -

Wk % L E S B (B 3-5)% R 1 p 454 E mini Clippy
(Self-Lock) & & P fEf I Rl & » TRl hd * FRE 4 ¥
PR ABHTE A A E BB BSS)E EP LS B
& & A (Plastic) 222 LH % i+ #1(LH) ~ Sentalloy 44 4% & £ 5 (NiTi)
A 4540 & & M(TMA)Z fESH R e & PFo 5] 19 chde % 42 B fe 4 40
.

mj‘t\‘,
i
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g Comganson of Fnebosal fon & D 5!#“}!” st“|
. O Plastie
B SebLock
g4
g
s i
: - T
-
g . -
z 4
53 LH Wi ThiA

%3 5 I}‘%J—ﬁ'ﬁ I LL _ﬁ*x PE-,%}_ :%—.:‘.J-ﬁ‘ @#&FE’ 3 m‘a,gé&(ﬁ%}ji

Bl BHETERIZ B LR

1\\

AN CE A SR
2

FE Y 12 g AE G Rie &t R iRl BSR4
4% % I+ % (Stainless Steel)? 7 4hidp F 1 H(SS)Z 2 & #Tip|1F 2. B~ #F
Bl L AR e (B 367 FF REGEAT) 0 TG R REL
PPt RO el s 0 p B A R TR I (Fp<0.05;*F p<0.01;*** p<0.001)
kv AR eip X B olgF AR B P *p<0.05 277 HFA
2 p<00l A7 ¢ REFLE *p0.001 275 BRAEFL

2o
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Bl R R R F P AR RBRT RS WAL
R o FIIE 360 d BFw e ER(TMA)E = FH1E e
& o ARIIE B B ERIE 4 AR A 4k 6 1 B (Stainless Steel):
FARA BT R(SS)2 b B G B REF LR (FF p<0.001) 5 4t
LH % MLH)EEP 5 r BEH £ BEHPlastic)2. 2 & 11 2

Sentalloy 43 4% & £ 5 (NiTi)¥& 7 454k 55 & = (Stainless Steel) ~ 3% p? 7 %

"

[
=
<

it = o] F ek <

&

PP

I % & # & BN Plastic)d 42 &

FOREERIE 4 Ap T 3 4k 55 ¢ B (Stainless Steel)¥? 7 44k 5 - 51 (SS)
2 egs B8 AR F LR p<0.001) -

EgYRBEAR T p<00l KRG 2l 7 S

I AH(SS)E M G B L o &R (Plastic) ¢ 7 44k 4 #(SS)

¥ p 48 ;% & % mini Clippy (Self-Lock)? 2 LH % i+ 0 (LH)2? % 44k

% i+ % (Stainless Steel)z. & & -
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Frictional Force(g)
50
L

Yy

Stainless Steel

Comparnison of Frictional force

Plastic

'p<0.05; "'p<0.01;""'p<0.001 (comparedto SS/SS)

EER

= w
B4

momO
£
E

¥*
¥
b

Self-Lock

B 3-6 12 7 434k %6 ¢ % (Stainless Steel)£2 7 484k 55 & 2 (SS)2 2 & #7

RIE

EE

PR FELE AL Z A% B

2 Bk B EERIEA S

Wi s 12 %p<0.05

LR

22

SNTES

B2 Bk B EERIE )

H) o R R
#% p<0.01 ; *¥** p<0.001 K 1877 27 £ & w L

LS ST EFE ) A8

data 72 = % R #ics 7 Two-way ANOVA & (7 4 47 » W gt B~ 5
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TRET

T% 2 FH R F RS AT LG S YL
B ook 384T 0 BhHLE HLME LI vz x YL
Jit b enkp 4 B (P<0.001)> » #5732 = 38 F|F H30 & B AR 4
TR EEARE.
% 3-8 % Two-way ANOVA #4v: EhEr B-FL A2 L3
e = 35 % Pl st b B F £ B (P<0.001)
Source DF Type lll Mean F Value Pr>F
ss Square
Bracket_type 2 52195.079 26097.54 76.09 <.0001
Archwire_type 3 11800243 39334.143 114.68 <.0001
Bracket_*_Archwire 6 9118.5588 1519.7598 4.43 0.0005
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A4 rREA G HEPRE RS ZE AT

v>\_

Ay 1A R E% (Knoop Hardness Test) kB & Bfxfe 4 B

o+

Bm AT I AL G H R RBMHKE) - 2§ 4BH0 R I

T

7 44k A 1 $(SS) ~ 454p & & 5 (TMA) - Sentalloy 4% 45 £ £ % (SENT)
2 IHHr R(LH) - # e 2 7 B4 > 8315 28 BiAdk- %
BOA R Rl E R d & 3-9 977 o 429 B & F AL 7 a1 M(SS)
AR ehk m A B B B+ (405.449.9 kg/mm?) ; Sentalloy 4%4% & & 4%

(SENT)#7ip] {8 e o A B & $ ] (195.4434.2 kg/mm?) -

13- AFTE Y 2w D ST dhh B SU(SS) -~ hid L &
#(TMA) ~ Sentalloy 4% 4% & £ 5 (SENT)% LH % & & (LH)):0% & &

BHK R E 2% (THEHEE L » B >~ kg/mm?)

SS TMA SENT LH
specimen1 392 240 176 258
specimen?2 414 269 178 278
specimen3 396 267 252 190
specimen4 412 392 237 155
specimend 407 384 166 234
specimen6 418 256 176 234
specimen’ 399 279 183 157
3914 40543 299.00 19543 21514
HiEE 9897 61.720 34175  278.75
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B4 a(F 32100 3-11) o p B E 13 0.05 0 (R & g 4 wmenTis
BBV HEEFLR > AT 50 A(SS » TMA ~ SENT ~ LH)

T B 2 2PE o

£3-10 e gt dRPES SRR E

b 3T B
R )

T3 #e 95% 12 RE M
B FHEH REEL HER TR ER EAME SRR

55 7 405.43 9897 3.741 396.28 414.58 392 418
T™MA 7 299.00 61.720 23328 241 .92 356.08 246 392
SENT 7 195.43 34175 12917 163.82 227.04 166 252
LH 7 21514 48.526 18.341 170.26 260.02 155 278
4@ Fuo 28 278.75 93.631 17.695 24244 315.00 155 418

Z 3-11 v 7@Hr R4 e dRPESE*2 ANOVA £

(% ¥ 1+ % 0.000 <o =0.05)

ANOVA

%

o

FHhfe BEE FHFFI FaE BAEMN

AL 192120.964 3 64040.321 34.476  .000
SN 44580.256 24 1857.512
Hads 236701.250 27

FFiE- 12 TukeyHSD test kg 2 iz e 2 eng B> 25 &

THEIEFLR VL REFA0R 3212 H7 -
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1.SS2 TMA~SENT~LH & T2 R 3 P AL S

2TMA & SENT~LH T3 & + 5 P AL 3

3LH £ SENT e T3 R +ix3 £ 8 > "~ &7 LH T 58 &

22 SENT 4p & o

# 3-12 12 Tukey HSD test k& = 4 fafr i o H R P E B 5

2EIFgE
(@ e
Tukey HSD
95% (R
- £ (T Frsr 8 (- LR g3 TR it
= Tia 106 429 1037 ool 42 6B 16936
EENT 210000 23037 oo 145 45 27355
LH 190268 23037 ono 12673 25354
THa = -106 429 1037 ool -169.36 42 Bb
SENT 103,571 23037 ol 4002 16712
LH B3 557 23037 filig} 2031 14741
SENT ey 210000 1037 o0n 27355 -148 43
THa -103.571 23037 ol -167.12 =002
LH -19714 23037 k27 327 43 b4
LH E8 -190 26 23037 oo 253.b4 -l26.7%
THa B3 B57 23037 o7 -14741 2031
SENT 19714 23037 b7 43 bt B327

. FE 13 2KHE AT A S A -

MR EEE VL IERE T (R 3-)F & w AB T RTIOH B X
)L R khAR DT SU(SS) > 454p & £ M(TMA) > LH % ®(LH) =

Sentalloy 4% 45 & £ U (SENT) o
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7 AE SRR L

500.0000 405,430

400.0000 299000

3000000 215.140

191

200.0000
s Tha SENT

100.0000

0.0000

Bl 3-7 1 AT 08 &£ ERI(E R 460 SUBHT S G A

A& L33 HK: kg/mm?)
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AFT R A R R B KR ELRB R 4 RIE T B RE D T A

=1

gy

=
N
|
[
S
s}
&
=
=4
)}yb
[
E
2F
vy
L
=H
4o

R o B P RIELS
eEE AR R T 4 484% 5 ¢ B (Stainless Steel)it 7 g4 PER
S igehe AT AR 0 RBFHE KL G Q] PELR -

-~ £ BB PR %

240 152 & AP REACELBLR] S % 4o 3-8 frA o w fEHD AT F
Rl A o A F A AP T A 484 5B 1 A (Stainless steel wire) & IR
REBRER B e TR -71'3—‘%]2 VR R R R~ A

mﬁiﬁ,«}_ VR E)-F ,g\, mHdx LH% o2 Eﬁ‘ﬁiﬁuﬁ”%/ﬁﬁ»% o

Stainless steel wire | Sentalloy wire LH wire TMA wire

Bl 3-8 Bire 4 RliET & M4 G A2 £ 40 B ACBEL(40X)

- #2100 B 2 200 B ELR] > % Ao 3-9 4TF 1 A sk R
& (Stainless steel wire)% 454 & £ R(TMA wire) & ¥ L i 2L 4c 1 j2 p*

1 (Rdp W e P RE) > @ LH 40 82 Sentalloy 4545 & £ 4
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Bl 7 LRI R L4c 1 (A e 7 5 & o

Stainless steel wire Sentalloy wire LH wire TMA wire

Stainless steel wire | Sentalloy wire LH wire TMA wire

B 3-9 Argere 4 pliEpah B R4 o A L2 ZApRACEE( B

100X > ™ [B] - 200X)

-~ Fh R RS (SEM)BELR] % &

A w2100 B 22 1000 & 20 H-5F 53 47 e 38 7 5 B st (TF-SEM)
BB BRI 4 PR B R S e I R A G ) AL IRIER T BRIP4

F 4o Bl 3-10 #7715 BRSPS K Ao B] 3-11 A7 o

d B 3-10 ¥ 40> 1000 BT 7 LREET v L Rk 5 2 T

=
PRHAIFOEIR D AEMHBHIRNE - FREE s TEFLEFHLIR T
it ; Sentalloy 4545 & 242 LHBI A% T B2t o 34 45
L ERPEM- BT ELG L LAEF F 5 %] 3 RP 2 REW I

oo
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Stainless steel wire | Sentalloy wire LH wire TMA wire

Stainless steel wire | Sentalloy wire

B 3-10 Begere 4 RlRa B Ao L2 FHhi's BB

(1 @ < 100X > ™ @ - 1000X)

Stainless steel wire | Sentalloy wire LH wire TMA wire

Stainless steel wire | Sentalloy wire LH wire

B 3-11 Bfxpe 4 PRAGHE AL e AL 2ZFhH AT > HiksR

(1 B : 100X > = @] : 1000X)

Vo iR EER 0 (BB) 3-10)27 2R (S (B 3-11) e Rendk @ 3 & 0 3

1000 & 7 iRl SIRIE 15 7 7 2 HLE AR T 0H (] 3-12)0 &
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w3 P A Sentalloy 4345 & £451% LH %

-ar

CER E- Tk E AR
it &4 % F P& abrasion % o ,T*{'* BIFRF S R EF R
+R (B8] 3-13) 5 ™ 454p & _é;%ésﬁ{(TMA)",ﬁct 7 5 abrasion % o BT
adhesion L % & # » 4 ﬁk{"f TR D el e 2R 2 b s Rl
&kt Rdg ad F 2 RET AR R P RS A Ao Bt

I B EARI g A 2 (] 3-14) -

Stainless steel wire

# A B ER &
— BILFEAEAE
Stainless steel wire 1000X 7 2] 3R,
Al 14 & A% %
|

Bl 3-12 A fpe 4 pligwn 15 7 4hdh BT R4 5 A L2 1000X H 4

PR RACEE(Y BRI TR R
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Sentalloy wire LH wire

HEMTERGER

Bl 3-13 A 4 jpliR 14 Sentalloy 4445 & 25 % LH 4% 5 4

3 &

94
-ar

2. 1000X #F 47 7% 7 =+ B e (L B ¢ RIS 0 T B RIS

TMA wire

B X AT %‘L

pEE N ’ b s
B & 7L -—'f]fj }r?m
77 B 88 %«

’J\

Bl 3-14 Bre 4 plEm (5 454p & £ S(TMA)Z & 3] i 2 1000X

Pl SRS BB W ORI 0 TR REE)
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3-6 B AMA Gk BRRIESEEE ST

2 3 1135 SE-1200 (Kasaka Laboratory , Ltd. Japan)2. % & #e
Bipl 2 % dp| B BiIe 4 PR 2 ATNBIMPE G AT Y P
wRT e B (Ra )5 FFchddice - 23 4BFE R 2351 7 4
4% % 1t A (SS) ~ 454p & £ #(TMA) -~ Sentalloy 44 4% & £ % (SENT) %
LH %3 5(LH) - # fa4e 7 5 B4 8354 20 BHAdk 4

fe B Pl £ 2% d & 3-13 977 o 4 B % @ LH %1 A (LH)# iR

@i d e B Bt (Ra: 0.72440.117 ) 5 # 46dk 46 & 5(SS) iR
@i F 4 B Ehc] (Ra: 0.051£0.023 u m) °

£3-13 MG E T 2w BT R(F ik RD M(SS) s dkdn L &
5(TMA) -~ Sentalloy 44 4 & 4 5 (SENT)2 LH 41 s (LH))h4 & 4=

ERESS%Raz THoE+EE L » = ym)

SS TMA SENT LH
specimenl 0.091 0.206 0.628 0.624
specimen?2 0.048 0.21 0.685 0.584
specimen3 0.044 0.21 0.512 0.741
specimen4 0.04 0.208 0.62 0.818
specimen’ 0.031 0.194 0.691 0.852
34 0.05080  0.20560  0.62720  0.72380

B E 0.023339 0.006693 0.071998 0.117376
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B4 E R T oS d - % R #iA 15 One-way ANOVA

Bt AR Ar(R 3-140 3-15) s p B R 3Y 0050 At 4 wenT s

3524 95% (EHER

HH O B% PuB BRE B2 BME BAMK
TR ER
& 5o 20 0.402 0.296 0.066 0.204 0.540 0.031 0.852
SS 5 0.051 0.023 0.010 0.022 0.0580 0.031 0.091
TMA s 0.206 0.007 0.003 0.197 0.214 0.194 0.210
SENT s 0.627 0.072 0.032 0.538 0.717 0.512 0.091
1LH 5 0.724 0.117 0.052 0.578 0.870 0.584 0.852
% 3-15 v AFr ML e RPIEER2Z ANOVA 4
(B %% 0.000 <0 =0.05)
ANOVA
- Fr Fo ABdE PRk F o BEE M
A Fa 1.581 3 0.527 107.819 0.000*
- (0.005
2114 0.078 16
4 Fo 1.659 19

E 0K £ 0D AREL&YFHERREE
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FFiE- 12 TukeyHSD test kg 2 iz e 2t B> Z 5% &

FETIFLR o LRG0k 3-16 w57

1.SS ¥ TMA~SENT~LH - T3 i + 5 P A A £ |

2TMA 2 SENT~LH & T3540 & + § P A £ B

3SENT & LH eT3fe & t x5 28 » 7 &5 SENT 0T 5

R LHApE -

# 3-16 12 Tukey HSD test k& T 4 faFr M m e R P B 5%

SE
Eac T
Tukey HSD
95% {5 M@ &
@ ## MHHA  FHERE T BER BEH
TR LR
S8 TMA 01548 (%) 0.0442 0.0141 -0.2813 -0.0283
SENT 0.5764 (%) 0.0442 0.0000 -0.7029 -0.4490
ILH -0.6730 (%) 0.0442 0.0000 -0.7995 -0.5465
TMA S8 0.1548 (%) 0.0442 0.0141 0.0283 0.2813
SENT 04216 (%) 0.0442 0.0000 -0.5481 -0.2951
ILH -0.5182 (%) 0.0442 0.0000 -0.6447 -0.3917
SENT S8 0.5764 (%) 0.0442 0.0000 0.4499 0.7029
TMA 04216 (%) 0.0442 0.0000 0.2951 0.5481
ILH -0.0966 0.0442 0.1697 -0.2231 0.0299
ILH S8 0.6730 (%) 0.0442 0.0000 0.5465 0.7995
TMA 0.5182 (%) 0.0442 0.0000 0.3917 0.6447
SENT 0.0966 0.0442 0.1697 -0.0290 0.2231

EIFAEOSAKBELTHTFHERRERE -
B B % K R T (R 3-15)7 v 4 AR ML 04 R 4

% LH %1 ®(LH) = Sentalloy 4445 & £ 5 (SENT) >4k4p & &3
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(TMA) > *# &4k <% 1 5(SS)

02,8000 5

D600

04000 1

02000 1

0,000

Bl 3-15 & ST iode A £ i BIGH Ak © HL SUELE

#o B g R

DELTL

07238

02056

Q0508

89 © TMA  SENT LH

e g T i5iE Ral ym)
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EHD R ERT R T SRR B NP IR S g

BOTRAE S PR AL o B4 hiy o 6 7 & il BB AR TR

hodede 1 fREHS T Fip e 4R o R BB o { 4
AL o frE A BEREARES A ROTFE LY AR
o BERF R ORGG B & T - AR o - 4 PRI,
11-13] > F pFi%Ep-iz P - B %)% B Wb I R H3H([5] -

A0 ORPIRGE EE OBERIES LR SFR LGN

B E FRE S RA RIS I AE RIS FSEF TSR

Pt g7 & BIRAE d AT B ER2

7 R &R AT RLER[S] A T S - BEESOTIERBRY 0 &

Dt

WF ek B L S AR ¢ FEeER e B TS R PR 1 B T e

FREFFNES GACEE F o~ E M2 TR T £ o
» & 2R 0F 225 (in vitro study)ficdt ! o enE F kR B
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Rm oo XA b i a0 fe & 4 RLRIR #8 (static straight-line
traction) K F 3 *- i S 84| T H L FHFH T N2 F OB A 5 v A
Boi b PR SN g 3 N B R T L AT B

FApzE > 2] Bl AT ER AF LB ICEEET o gt

R KR T BERIL A FRRE o

4-1-1 i SRR E B~ F R4 D

AT RRORIE & G AFRE ST BN GD

W

ikl
2R BT AOERT OV RARR ¢ 3 AR T A T R4 4P
EEMAENT BIRFEAMY P FREEES L EAF GBI RO
Bk FEERIE4 5] Sentalloy 4345 & £ 8% LTHH T Rk~ #

BRI A203 F 2 e d AP T ST B A K S e o

~

7&1

kAR (il ¢ e r BAEN SR g AR
W o R 4k S AR BERIE Y B AL AR L
REB) FEATFIRLHFE RBP4 4 R Sentalloy 4%

8 ERF APITHER o
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4-12 0 BAEGHE S R P

AT A E 2 T FEOEIRT R R R 3 R RN
TR FRP A NHT B mini Clippy 2] EF gk = 3 B4 &)
VI bdk £ pGE BE P LG HERBAR S HABHIR
& pF(LH % R ~ Sentalloy 444 & £ % 454p & £ ) > 7RI 17 b

b 5

i

PR MFALR

d AP Y gk Bar Rk b §E* LHAT R - Sentalloy 4% 4%

EEMRNENEER AP E- FBITZREF T HFEFPRLPeRk

:

o T LT i 2 BRDE BA RSP R B T L B
5%@%;%5"&:’1’1@#}1&@%1\;& F&E%i}t—ﬂo PR 7 l{?%ﬁﬁﬂi%
TRELFEB TR RIS REFH B HE B H ek

FHrE L EEEd LR

P>
N2

frismy
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4-2 i WA d LIRS 23t

AP TRBFERDLE BT FL > F LT BT gL
RPFET LG BT UFSHD RE G LT A 4
FOATREIS o AT R A G W TRIE s 45 I H R R
BlEHERDE G AR L EPRMES Fp 7 5 B jae ik
HrARDE G YL ENF LR RPTBRPESI RDL G e
BALR 5 T HFHGLREFE T2 FAEES LRGOPE PR

dSl R EE R SHBRRL P AR H TG ME T P RS
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4-2-1 i MEm A R 2%
HEFBRAPIFHEBBRETRE LYY 2 f 5 > sk
20 R R A AL R A e i 4 o B R A B A

7 Rk RH R TR A R i deT

L FEd fded (er A AT R AARAIE Y 2
PR 4e R RS s al BN 2 H B R o

A

24 L L R R E DL F AR bl
H R
34020 (31) A2 ISP 2 20RA & > b4 X0 s o 4
}:"Z‘ﬁﬁ_ Fé%’Ei °
AH AR L PG L BARAL R 0 bl DA% S
S N B AN 2 d P 2 VA R R [ blde
R E o
AT OE RGN RAE R FERY e AR FE %A
RAHEL B ETA S LG Ak R g %
Ad 2 FGm R R HREASG N E ARE SRS BT

2 el A R DRI XD LRI R R L
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- A R R EERET A A A (1) AR H B #E%(Micro
Vickers) » (2)#% * A & #% (Knoop Hardness Test) o d »" | & & 3
SAri ez jaE s lkg 1T o — E 3g ] 500g 2 B H k5 0 Tt
g SR AEH Mol BB R R BT L MME T T RERE D

A ] o

H ¥ o2 XA R PR (Knoop Hardness Test)E_d¢ Knoop *t 1939 #
Ao A N2 b e & I e R R RIE o RIRPE EY
ER T AABRABRLREL L - FFRAT Y B AFEEIER
BERH FREBAFE Lo RFF T AL RR FEELARFL ]
PRREF > i REHE - 5 500 SUpF 10 fy 2 25 SUPF 20 45 5 LpF
30 fjeod 3 AR ERARDEMER - 7 & 130 F - & & 172°30°
(Bl 4-1) FIBRARRZHLAEA IR HEAFERNER L 28
HimE R W2 LA L W=T701> - gt i v cnf L ¥4

ML z2ZE -HEAHREEHK 2 238F 8 2 : HK=P/A=P/CL?

F9 P AmAREKY iz g (E 5 kg)

ASRBRRAZ £5 fF(H =5 mm?) >

L ﬂ%é‘j‘&ﬁ—»?\)ﬁ(ﬁ l__,:- mm)

C %3S BRAE ¥ #(C=0.07028)
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J.-".-;:; III\:;:"-:-'_-T._'. "-:f o .;-"-"-\'.:_r""'l - ..-':'f.-._..
’.r B ":_,;Ir" = -:R-'c-h \
Fl4-1 3 SATRGER TR LBR E2 LR
lll::"’-l:j.,.- I{ﬁ' "b:?‘:r.; .';:I !I..- I"'-T\'E__rl .J_: "|: i II:
N (5] I J
d ~F2 1, ‘T,f'lf %v,rr]ﬂ%i fsﬂi iﬂ?’ﬁ"\ /E%’ BB (HK)j«: i‘ra 7 4hdk AT R
\ l:t-_-il : .v‘"" ‘ 3 ‘,'f = S 1|

» LH ’%J_ %§£@H) 7 Sentalloy 44
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B>t 4o A Rk LR BoA AR RIS BB Mehd
BT FI A AR B BE L UGB F ARG 0T
PR aE REP EEES PIFEDEHI BLe B L R (B
4-2) > (e A W A E 2 F E2F % B AL LR
Moa ZFRE BT FORERE Ar P XU FT BY Ak a
F1F > FRRP DR Slo) A AL Bt v B E Rk hAc(tie wings)
FERIN(E 4-3) 0 FE AL PRSI L DT EFEA o F A AT

T RE G A A AT T IR A fh o

B AT 140X

E 515 140X T 5 1%200X

To

Bl 4-2 Briere 4 I3 (1) &R (T )HDE B4 5 M2 FWE G
BE A4 B
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Horizontal
Slot

Bl 4-3 % Eipis 7 L F

3 ]}L,%g‘gg‘u?_ljg 44—,,,4 %k’ﬂ'f"? _,E_l_}m!‘;;m{ r(ﬁj\ﬁ/?
Brpele 4 plEa SpRE L cndp i A A g A K o H P PRER gl A

THUE LS A MG R S F RS PR S0 e 5

L& REFHT ML G 4] R

ERME T - BF BN B R s @ - R ol R
SR FTENTETERME - d NH IR TEP SR BERT A
KT AR FENEEHE s EAHNE - £
S RIE(R 4-4)AHCE Rl e > SESEAFL 0 N F
GEREP TR R kNP EAR L T A O AR AR
Fh o RBY B R EAG ARy kkR REBSEFE T BB
P AL B LR O o P IRREELE T R AP R R AR

2k ARG P RAOBED S o FRT AR FRFUVHAUF 0§

99



EREE R UIE ¥ S UIRLE

ke
ﬁgﬁt
N

B
4-5) > 4TI BB BTRE DI NpE Y g B MR o A

SRR SN N FELELE FURRHE LS D
e s __T%‘« °
B R =
N
he 5
] LEN
B f \l
\
BRAR~ L s nan
BHi#— g1 i \
/
140 B 45 - \\ ""ﬁ-(&ﬁfﬂi"—)
."‘.’ "‘\
1t \\\
[
f.'r \\\
J',t 4
-’!." \\‘,.
5 h W
£ )/ W R#TE
=] Iy W
1'_,{1!' "1‘ W
i.‘.‘ 3
/ A
L\
.-‘:'f ni
Y X e W
ﬂ‘:" iy o i \'{}
”ﬁ’ Lk 'll:!
¥
{
! ELE D) \
] wmewn LA \
/ H AR
1/ \

BB T A 2] 9 M 1R (R 418 2)

B 4-4 % 4p B fch iR 1
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AW K B E BR
|

B 4-53 757 45 XAF HE

ARTE Y L E AP RRBRRITIOR M0 B 40 R PR LT SR
AL R G Ay AR (R 3-8) 0 £ R A7 s HE R
(Stainless steel wire)*T R IR B F WM R > 5 & 7 7 &4EF DL R eh
A b TR HE Z BB MORRERP FRE L AT PR
PESHEIR O o Fihd g e @ B F X L LH R RATE
RNR R B o

LU S AR TS B 0 100 B AR B F 200 R

B (R 4-6)0 %7 2T L40 BT EMPRR LB 2 A &
4 %% 1+ # (Stainless steel wire)% 454p & & S(TMA wire):® 7 BLR| 3|
bl Ay A(Rl4-6° F ¢ REEATF HedPanki) a LH
A2 Sentalloy 4445 & £ AP F BB D41 e an o i3

R

BRI 8 SRR PR EEREEN A Y §
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Stainless steel wire | Sentalloy wire LH wire TMA wire

Stainless steel wire | Sentalloy wire LH wire TMA wire

Bl 4-6 B#fe 4 RlzFwn BHE A A G A R 2 & 4p B AT
(+ @ - 100X > ™ @ - 200X)

HE A AP ACB BB NE R F T B M e AT AT
B Tifenapte Lt B = Fend g A AR &P BB
PIRAZR o SRR F 5 RFT L R D ARG
Rendo s A fE[35,36]0d 3 F AT FEMAEKE N EE KPP
X BE T R R ARFT ] TR AU R BT e s o d SR BRI 4T 4 5N

& + B Hicsi(Scanning Electron Microscope, SEM)# 48 7 ik 2 ity

SEM il R I T I HAL RS > B (5L d - BIE
Rehfrd B A REFRES LB

TeftA 2 drA sl R PO AR T R EFKR S L e AL ho =X
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% <+ (Secondary Electron) » # ##& = g 1{ ] 7/ (Secondary Electron Image,

SEI) @ iy L% o

-

A it T SEM e iR 2w > FAZ R Ry Fr BB
B2 B3R A2 2% g0 (Rdand BARPA - B
w3t Bpzre 4 > F - A FERATAE A D (wear) B AR
[5] © Erd=(wear)e 357 4 © 7% (abrasion)¥ ;5Zk(adhesion) ; @ wear
A RE T MR R M A AT Mk g P A5k (surface roughness)
R eod AFTHFIrRL e FAHE ZHKPRIZ $5% 2 o HFr
R m AR S U AR B 0 4x4p & A2 > LH A
2 Sentalloy 4445 & MBI 2 3 X AHFLE -4 AL LR
FHIGHHE FE e AT REFTEBIES PIFED S SEM B
iR

121000 # £ SEM #TELE-T| BRI 4 RIGET {5 5 T A4 B
4-7 #1757 ) PIRR#IEE T 7 G T A YR A=

L G AR
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Stainless steel wire | Sentalloy wire LH wire TMA wire

Stainless steel wire | Sentalloy wire

Dt

Bl 4-7 %0 R4 5 3102 1000X F & T 5 AR
(L B Rz TR R

MR RS L BR L d N E T AR
A E G SRR BT B F T AREI] A 2 B 7 e L R

d o AL € F B F IR (Ao B 3-12 27 ) o

#2@m > % Sentalloy 4845 £ £ 5% LH %5 507 % &hdp BT Bip
FEepE s d AieS BB SO R ARG ST B AT 9
gL Mend m M @A)k (surface roughness)» o Bl % 7 SEM LR
Bk ik ko ek & e 0 T fudis Rjekkg e me
B 2 BT B B AT AR AL FEFFr DL G
€ MILP A abrasion(F[R)R % 0 A 4 B ¥ R FE DR P 2R (ArF

3-13 #5577 ) o
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A4 L £ R(TMA)E % dhdn hr B4R T fpdopd o d >0 4540 4 &
SR B A bhdk BT BRI Bt (7 44k © 405.449.9 kg/mm? ; TMA:
283.5£50.5 kg/mm?) » BEZR A 2 WA R AFEF F o IE2 408 £
B AR T F o e H4v4n & £ ek om AP A) 5k (surface roughness)

FEL AR S XA - 2 F

\z“
nn’(

Z R & e fl kR (d PR e
SEM BR[| F) o F]pL § ity 3 3F S WKL F 4R & £ R E R

HERTFHFOTGHHL T LIMEMAL FEEF FL R4 G i
A

)

5 #% 5 113k abrasion(#]7%2 )R % > B 25 5 adhesion(iEEE)IR % £

3;

2SR AET ALBFRDE IR REER A S RA G B
Vi ERGETARER G PR A Ao IV E R B G ERER

% A& 4 (4oB 3-14 #7577 ) o

105



4-2-3 FE WA G ofe K231

AFTET A RERRNTEFAREFLIRNL LK - &5 2 &
Pl E_B A A R R N kR B (R 4-8) 0 & H @ 2 st s
I B EHEY RPN OGP R EMEES G 5o
1952 & > p 21 ERRIS)B LB 4424 5 R p| B L8 #
47 B ER RN (2 45 IS0 Rt ASME(S B8 H 1 4267 §)
R - BS(ER)RKEF) B AfBDTER T RGBT o AT
% chdk e B R S JIS-1994 » “r#Ede%#ci RasRa v & ¢

M-I R o

d AT R i D Rt o B 1 LH % R(LH) £
5 42 & % - Sentalloy 445 & £ M(SENT) 2 » # LH Al F £ 8

106



540 & ER(TMA) £ e R P RG] » 7 3 4w B0 3(SS) £ o 4

)";ﬁ,\,J °

MY 2ZRIE S FEIT T kB A(SS 1 0.05140.023 ym) 14 £ 4%
40 & & H(TMA : 0.206+0.005 ¢ m)£2 1998 # Bourauel et al.[25]:7] & T
e 4k T A(SS 1 0.06 £ m)1L E 454 & £ S(TMA @ 0.21 ym)is %
AT FIRBEAMTAGERAPIZECNOTER BRFY TR

LH % & 5222 Sentalloy 4445 & £ Wi mfe B & IR o

RN e N ERE R T R - T VR S R

PR L me RS 5 LH 5 5= Sentalloy 4445 & £ 5 > 454p

AW > A MBI N RA kA EREE S X L s M

V

Sentalloy 4%4% & &%= LH & 5> 7 44hFr 5 o d bl %@

I~

G 4KAR L AT BN nBERIES e Ad e R A AT 404k
EMT o F P AT AP BEEES BB RAGRREZ TG 4
BiLcnisn o £ 0 BRE 2 R [5,25] 0 A HHANAD £ £ MG PG 4
W% enAgeie 4 & R Kusy etal.[37]% 1% #Fp i © 3 Bics L% T
BAA L ERAF BAHD BAEN Y BB € A2 “cold welding”
0 S AR S £ £ NN R A B RAEN LG L
SN ARAR E MU A Y R B § R A EIEAL] A e

oo MR A D RFDBEES om0 RGBS > R R

107



) =

e cehd B R A - LEETRRA TR L RS GEF B
“Stick-slip” R %+ P 1 L P4 L AN G AR R VAL £ AT

o AT e G EF hBERIE S SR F]

F-3 g 51 R h 3R T 0 Lo Rp BRI
e R ERaB)EEF RFEREI MNP TN LG R
BIEPET AR TIe R e D e R B E 0 A B R BT ResD] o
% 8 8000 3 2EY rAEHSIE R 300 B F LT RE U AE Y RE
(4cB@) 4-13 #777) > 2 Ep|H It it o d B 4-9 BRF R 0 7
hidw & A S(SS) e B W RBhedk ¢ e BB T BT R T Ra B
%(SS :0.051£0.023 ym) > F 2 fEH T A7 e B Bh| AR d AL
F ¥ TR R LH %1 5(LH) & Sentalloy 4% 45 & £ % (SENT)
3 5 £p|T) 04 5 f & Ra 8.8 % 4piF(LH:0.724£0.117 zm 5 SENT :

0.627+0.072 ym) » & ® fje R & SN@A; 5 AP Nk R o

108



Profilometric scan of SS

height (arri
=)
3] ]

op4 0.06 008

0.4
g 0.2
L=
& I“
Eﬁ a7 0.0 Q.04 006 HIES N .1 a.14 O1h e fal il .04
-0.4
scan distance (mmm)
Profilometric scan of Sent
}- P
5 el
— P 4 i £ - Pl
. " i T I T AJST —
S Q ¥ Y I+ i [ S ™%, SRR T
=4 . I ¥ Y T 3 ;71 1 ]
% : L. T PR N % - ¥
"l 3 = —
'E :3-1.4 R & 0% .1 .1 INE IR S [T o2
H +'a: I
scan distance (mrm)
Profilometric scan of LH
0.6
04 L VNP e o 3
2 YV R =
R 0 S (S B DO Y4 SO
Eh _0_22._.'8 ,“vjf n-]um‘ 0.11% fﬂ-lg 3z { 399 { Eala ¥l 29,
0.4 v
Rils)
scan distance (nmmn)
Profilometric scan of TMA
0.4

0.16 018 0.24 0.026

Trve A0
I }1 o,llz ’Tfiﬁ | | o,lz \;{2_2‘“,

scan distance (mim)

Bl 4-9fr o Ry B4 P T 744 & &5 Sentalloy 4%

@ LHHE AR 4540 & £

a0
[Gig

109




Wi LH % ¢ 51(LH) # Sentalloy 4% 4% & £ % (SENT) = fé44 4%
L AR g4 £ & R(TMA)FZ () 4-10 #777) » 454p & & B R
Fom 4 B @V 484K S £ ) (TMA : 0.206£0.005 £ m) » fe fsfe B o 4
IEIRAPT LRI F S F AL A (4B 4-10 ¢ =4 FIBH
M) AR A A L AMEEAT RE T g T
R R g H Y BME LY Al A AR E MBS T &

EERT

*\;\\

A

34

Gl BERAFEPRE 20 € BTSSR E N ET
(adhesion) > F]yt i F4xdp & S A L S HLE BAEN Y F R
P % F R TR I T ET AR G M B 0 IR G R e
F I R MBELPIET FEAT T Y 4540 & £ A SEM ¢ A
I ek Ak I % (adhesion) ° ~ ,T}-L{b'“r 7 P “cold welding” 7z J& ( ]
4-11) > AR Y AP F 5 L4k s B ERPELERE
SEM BLBIFF#T R ReiF 5 % % — ~ F % L & X cnw fgt JfF fp e
& o FpLLH %0 5 (LH) 2 Sentalloy 4.4t & 4 %(SENT) > 827 4 &
FeREV AP LERLTF I A REY MATE Rt A KEicE L 4P
s o Gy M Z AR gt T ek 4-10 ¢ 5 4
BIET) > o d2 RSB EIR] 0 TP S P AR S & MUTERE A

R R EREARE L o R BERIE A hA AP Ik ® R F) o

110



haight (um

Profilometric scan of Sent

P Fd i .7 o ”
' e, [ “ f 3“3“. F:WE PP
G ¥ B eyt 4 |
- | L7 3 ! & L] k73 1 _ ]
. [¥ =) kW i T ¥
. T ﬁ"‘(‘f_'—l '
0 5 el Fy T
“Hel LTI T LA N L L 1. IO ) IS ]I 1

scan distance ()

Profilometric scan of LH

0.6
" S e ——
£ oz :
= 0 LA a f )l { M N
fﬂ v i 1og 7
e 0228 g : i j - ; ; 6
04 —
0.6
scan distance (mm)
Profilometric scan of THhLA
0.4
o
0
% 004 008 0.0 1 0.12 3 0.1s 018 0.2 2 0.24 0.P6
-0.2 \ﬂ/ o K&
0.4

scan distance {rmm)

Bl 4-10 = A4 mfe & o REI(H F FI7 :Sentalloy 4345 & £ 50 >

LH 1 &> 540 & £

111



)X AT FLFE &
X BIEREIL T
JFIBA B 8 ) o
RTREFE
4 ( sEBpcold
welding 3 /&)

Bl 4-11 Beere 4 pldw (54540 & £ R(TMA) % w 4] f& 2 1000X # 45

R HACELR(L B G ORIFET TR RIFE)

d Pt A G e B AR AELRY O fER o d 3 A G e R R T B
R4 ehE SRR SRR R - 2 5 Mol £ iR R RGP
Wi Gh VB D - S 5 R4S g R AT R B B b ¢ s
BoAR > A ERNLBES G PPGL AWML G R

PEE E SR

112



A3F 542 A ke 2 42

AR A R (in vitro) #F f& P HCF] e & kLR R % (static
straight-line traction) > & F/§ ¥ ¥ 0% PR E ™ » KFH 7 &7
WIS BE BT M2 AR s s Tl ikt v e F
PTRB e T I SRR R R P B2 F P B g et e

R

Cm’

N

TR R RER A - PR PR Ry GRS A R B
BT BE FI AP o SRR S L g &2

Fd AL RN KRR G IR g S R A 1 ek
NE P en A ek kREE T R BRI AL  F T iR B

R4 sriyiFehd & 5o L TR - Renddh o Baker et al.[38]:

F BT A Lk ey Bk

\

TR e T P BT KD B

HIR B

*?1

e 4

- \\\

;s m Kusy et al.[22]917% 4 #gekig v f i iR
AET BEGRDLAPFER D U AR FE G SR R
EorEik i g @ BEGEO RO RE R 5 AT S

o RELAE EREEFE G rERG Aak BT R DR GEE

St
(8}
S
5
[=
AR
=
)
[
N
qL

ER N R UL TEC R

R
=
¥
b
=

L &£ MBEFE o F|P Kusy et al. 3 0 A #grdip % F B



% RRRE YR EAT A § LY - BRERIR - 0 he
TARREFTETRARB LG BT RN SRR > A5 LH

A% Sentalloy 4545 & £ BB TR R S > & 35~37 R € B AR

Foho AT EH- A B R BT BF %K

RN HD M D AR R (7 AUEE T ki TR

il
o

=
TN
W
i

TRERRY B MAFT BEAPERGRE TR L R DR AT A
4 ehidted (binding) R % F A § AL g { x HRP e TR
KEARH eI b F eI R E R R R BURIEE Y A BRI

e (R

114



A

= 2L 2N by 2 X
I3 FwmEER

AFFIRMEHP w2 2 BFT BE e FHE AP LY
8 ¢k (in vitro)# i 3] 4P

g 20 R AESIEET o RRPIE VR

BTG BRGNS AARH SR E AR SR

P AT fBAE AR L SUE T A G LA T T R ML

B BRI A RE T G ARM A

e

jLMT/F'7 ;J-at,y}g

W EmAcT

%
"
\-H>
W

1. 4540 & £ M2 = 54

\_H

Bl L AT RIEARM Y TR

’)‘%‘6@%& v B BB 7@{;&;%}_ fﬁf%;glﬁgﬁ—,ﬁk,r‘%g;@%;%iz;
% 5B 5 Sentalloy £445 & £ 2 LH 4R MRl /1305 52 1
2. PA N 2 B%T B mini Clippy & 2 B R & pF o #7p] {7 e

1%@ PE’J vb{ %fﬁ,\ %%%$%%ng£3ﬁﬂg

&AM 2 LH 1 5 - Sentalloy 44 4% & & 5% 4%/

|
=k

fe b R e X B AR A 2

2

£ Cx
FHIREEPF - FPYRET Bnh A FREES €L 24825
HoE
3. A%

TUEARAHR AR AEE AP

115



i G H O % BT 1 Rend G ode B (roughness)fr B Ekfe 4 e

R AR BN R S AR P 0 A JEd A
2 0 fRD] 0 RIFTHI P DB S LR A R 2B

v hE B B A BT B R A 46

I

#

iR e HB[IMM LIRS F ARKR DL

4. BHITE K P AP E it N AR e NARSEM AL &
Hr RLHBER) 7 >0 W EE R Feni ® SR Flaf B
AR E 2 Y 2 2RV I AT L g S A LH L &
WA AR B LA BT R(F AR S JREER)

¥RUF 02T Sentalloy &4 4% & £ 8 -

lﬁ AR j\ﬁﬂx L “Lac |—}3 zJ-’/‘ 5 ﬁ:"}g‘jﬁi&gﬁﬁf’j: .

rUP

1. #p 3 & katae ¥ PP 225 (in vivo study) &+ & §k F %k i e

BB T BB AM DT LR ERD K R ETRE ISR ER R

2. AR BRI BE AP BRI LR BEFHL AP DT R
L 26 LiF~ Rl %0 A LR A 6 12 b i A
A s PSS MEEIE ALY G J 57 e D AT

FHL AP ek R HF LA DL K jE R

116



SRR BT HI RS et S T AOTTRE S LTeR F

PR g 2 A LSRR T F O S e BT i e R

117



\\\?{Ir

42 e

1. Kao CT, Ding SJ, Wang CK, He H, Chou MY, Huang
TH. Comparison of frictional resistance after immersion of
metal brackets and orthodontic wires in a fluoride-containing
prophylactic agent. Am J Orthod Dentofacial Orthop
2006,130:568 561-569.

2. Rossouw PE. Friction: an overview. Seminars in
Orthodontics 2003,9:218.

3. Hotta K, Mogi M, Miura F, Nakabayashi N. Effect of
4-MET on bond strength and penetration of monomers into
enamel. Dental Material 1992,8:173-175.

4.  Barlow M. Factors influencing efficiency of sliding
mechanics to close extraction space: a systematic review.
Orthodontics and Craniofacial Research 2008,11:65.

5.  Wichelhaus A, Geserick M, Hibst R, Sander FG. The
effect of surface treatment and clinical use on friction in NiTi
orthodontic wires. Dent Mater 2005,21:938-945.

6. Haskova JE, Palmer G, Jones SP. An ex vivo laboratory
study to determine the static frictional resistance of a variable
ligation orthodontic bracket system. J Orthod 2008,35:112-118;
discussion 110.

7.  Drescher D, Bourauel C, Schumacher HA. Frictional
forces between bracket and arch wire. Am J Orthod Dentofacial
Orthop 1989,96:397-404.

8. Katz A, Redlich M, Rapoport L, Wagner HD, Tenne R.
Self-lubricating coatings containing fullerene-like WS2
nanoparticles for orthodontic wires and other possible medical
applications. Tribology Letters 2006,21:135-139.

9.  Redlich M, Mayer Y, Harari D, Lewinstein 1. In vitro
study of frictional forces during sliding mechanics of
"reduced-friction”" brackets. Am J Orthod Dentofacial Orthop

118



2003,124:69-73.

10. Liaw YC, Su YY, Lai YL, Lee SY. Stiffness and
frictional resistance of a superelastic nickel-titanium
orthodontic wire with low-stress hysteresis. Am J Orthod
Dentofacial Orthop 2007,131:578 ¢512-578.

11. Braun S, Bluestein M, Moore BK, Benson G. Friction
in  perspective. Am J Orthod Dentofacial Orthop
1999,115:619-627.

12. Hain M, Dhopatkar A, Rock P. The effect of ligation
method on friction in sliding mechanics. Am J Orthod
Dentofacial Orthop 2003,123:416-422.

13. Kusy RP.  Influence of force systems on
archwire-bracket combinations. Am J Orthod Dentofacial
Orthop 2005,127:333-342.

14. Verstrynge A, Van Humbeeck J, Willems G. In-vitro
evaluation of the material characteristics of stainless steel and
beta-titanium orthodontic wires. Am J Orthod Dentofacial
Orthop 2006,130:460-470.

15, 725 e ABE ¢ £MPFHFAHES 20 R AL
W] oA LA E;2000.

16. Andreasen GF, Bigelow H, Andrews JG. 55 Nitinol wire:
force developed as a function of "'elastic memory"'. Aust Dent J
1979,24:146-149.

17. Mendes K, Rossouw PE. Friction: validation of
manufacturer's claim. Seminars in Orthodontics 2003,9:236-250.

18. Krishnan V, Kumar KJ. Mechanical properties and
surface characteristics of three archwire alloys. Angle Orthod
2004,74:825-831.

19. Cha JY, Kim KS, Hwang CJ. Friction of conventional
and silica-insert ceramic brackets in various bracket-wire
combinations. Angle Orthod 2007,77:100-107.

119



20. Garner LD, Allai WW, Moore BK. A comparison of
frictional forces during simulated canine retraction of a
continuous edgewise arch wire. Am J Orthod Dentofacial Orthop
1986,90:199-203.

21. Cacciafesta V, Sfondrini MF, Ricciardi A, Scribante A,
Klersy C, Auricchio F. Evaluation of friction of stainless steel
and esthetic self-ligating brackets in various bracket-archwire
combinations. Am J  Orthod Dentofacial ~ Orthop
2003,124:395-402.

22. Kusy RP, Whitley JQ, Prewitt MJ. Comparison of the
frictional coefficients for selected archwire-bracket slot
combinations in the dry and wet states. Angle Orthod
1991,61:293-302.

23. Smitha DV, Rossouw PE, Watsona P. Quantified
simulation of canine retraction: evaluation of frictional
resistance. Seminars in Orthodontics 2003,9:262-280.

24. Kusy RP, Whitley JQ, Mayhew MJ, Buckthal JE.
Surface roughness of orthodontic archwires via laser
spectroscopy. Angle Orthod 1988,58:33-45.

25. Bourauel C, Fries T, Drescher D, Plietsch R. Surface
roughness of orthodontic wires via atomic force microscopy,
laser specular reflectance, and profilometry. Eur J Orthod
1998,20:79-92.

26. Iramanecerat K, Hisano M, Soma K. Dynamic analysis
for clarifying occlusal force transmission during orthodontic
archwire application: difference between ISW and stainless
steel wire. J Med Dent Sci 2004,51:59-65.

27. Vaughan JL, Duncanson MG, Jr., Nanda RS, Currier GF.
Relative kinetic frictional forces between sintered stainless steel
brackets and orthodontic wires. Am J Orthod Dentofacial Orthop
1995,107:20-27.

28. Taylor NG, Ison K. Frictional resistance between
orthodontic brackets and archwires in the buccal segments.
Angle Orthod 1996,66:215-222.

120



29. Shivapuja PK, Berger J. A comparative study of
conventional ligation and self-ligation bracket systems. Am J
Orthod Dentofacial Orthop 1994,106:472-480.

30. Kapur R, Sinha PK, Nanda RS. Frictional resistance of
the Damon SL bracket. J Clin Orthod 1998,32:485-489.

31. Thomas S, Sherriff M, Birnie D. A comparative in
vitro study of the frictional characteristics of two types of
self-ligating brackets and two types of pre-adjusted edgewise
brackets tied with elastomeric ligatures. Eur J Orthod
1998,20:589-596.

32. Edwards GD, Davies EH, Jones SP. The ex vivo effect
of ligation technique on the static frictional resistance of
stainless steel brackets and archwires. Br J Orthod
1995,22:145-153.

33. Kusy RP, Whitley JQ. Influence of fluid media on the
frictional coefficients in orthodontic sliding. Seminars in
Orthodontics 2003,9:281-289.

34. Iwasaki LR, Beatty MW, Randall CJ, Nickel JC.
Clinical ligation forces and intraoral friction during sliding on
a stainless steel archwire. Am J Orthod Dentofacial Orthop
2003,123:408-415.

35. Neumann P, Bourauel C, Jager A. Corrosion and
permanent fracture resistance of coated and conventional
orthodontic wires. J Mater Sci Mater Med 2002,13:141-147.

36. Eliades T, Eliades G, Athanasiou AE, Bradley TG
Surface characterization of retrieved NiTi orthodontic
archwires. Eur J Orthod 2000,22:317-326.

37. Kusy RP, Whitley JQ. Effects of surface roughness on
the coefficients of friction in model orthodontic systems. J
Biomech 1990,23:913-925.

38. Baker KL, Nieberg LG, Weimer AD, Hanna M.
Frictional changes in force values caused by saliva substitution.
Am J Orthod Dentofacial Orthop 1987,91:316-320.

121



AR 65 & 12 7 29 p

P RREALT R R 1S E (83.9-89.6)

o ];,\:]%5;2551 L %5 BT TRk 7 %% g & (96.7-98.7)

DR KRR T AT £7(89.7-90.2)

PP RFESFRGFHE B PRFF (95.5-98.7)

122



