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Fig. 1. Body under frictional resistance,
"N; Normal force, F Force, fs; fric-
tional force, W; weight, V; velosity

A (f) v FUE FRAS (0 Sl &
&y (N)ol| Aulaldb e 42l vfdA+
e EAY AR 2 374 93] g4
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npAE 2A A7 $5E A o)A
o] FH&3d=  AXvHAH (static frictional
force : fs) 3 At FFol Al2& FAlo 2§
e el 5w (kinetic frictional
force ! fk) 2.2 A& 4 lov] HAohd
He TEhEE 2ot o adgy,
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I. Zero angulation(Fig. 2, A)
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-A, Zero angulation

B. Non-zero, Non-binding
angulation
f = frictional force component
N= normal force component

C. Binding angulation

Fig. 2. Contact forces, exerted by the archwire on the bracket, decomposed into perpendicu-
lar (normal) and pqr'allel (frictional) components with respect to the bracket surface.

B A L3 webd BT o] At

n.‘e{_:‘
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2. Non—zero, non-—binding angulation (Fig.

2,B)

Brackete] & -9Alez AAEger}
bracket®} A Al %ol bindinge] §1-& =i, 4
A ™ L bracket slot?] ZAE =& Y42 =

g H-9ella] HAbslo] A},
3. High binding angulation(Fig. 2, C)

Bracket®] 7JAb7} ti S AI#HA A bracketsh
A A 7kel  clearancest glolAl®  bracket
slote] oh7tAl %o wAEold mAYAel o
HA#e] 7hsf Al et

A 24 P& vAE 84+ 244
9] stiffnesso| ek, stiffnesst RAA AkA|
Z1dAdel B4 (xbde] e o H7A, A
3 'AE) % ol bracketﬂ-% Al
sl xE F3g e,

IV. 2i7iz=zi0| of&Eel 37| ojxle ¥

HMeo| 7ol W oiEze 27|

El

1) Low angulation(Fig. 2,A & B)
Bindingol ¢l &olA =tAHe] z27]q

dFE wAE
roughnesso]®w Hwlo] AHAU4LE
7_‘;‘{11;}3.8,13,14,17,15)(Fig. 3 & 4).
ul2}A] nitinole] =}A# o] A Z T beta
-titanium, cobalt-chromium®] <¢]»] stain-

less steel4l A1) wlddL 713 i,

Fo4iEe ;YA T
m}3AA] glo)

2) High binding angulation(Fig. 2,C)

Brackets#} mAAze #HAxs Ztbsd
bracket®} sAA7S Y AlHo] FrbsojA|n
et Fae] AL Arroke Hale] n)
AAge] F2 kg wAA sed YAadye
@AY stiffnessell wl#|dtch(Table 1). &
bindingo] 2  A4-3eA nitinoldAMEc} stain
-less steeldA}e] w=}AE o) Tﬂ 2A Ve
f»]-”’(Flg 5).

WYMo ciool Hel U FHo| e o
&3o| 37|

1) Low angulation

¥ A (round wire) 2.t} 7}+Al (rectangular w-
ire) 2] wbd#o] o] A, Ao T mAAY
FE v gE FbEo] Aciesen,

Z, Bracket? A7 ZEs FL o)
)3 o —:’—7]°ﬂ ARH o2 Jg “]"]t 2
A% AEFHAL =)o),
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Fig. 3. Metallurgical micrographs of the stain-

less steel, Elgiloy and beta-titanium
wires (x 400).
S; stainless steel E; Elgiloy T;TMA

Friction, No Angulation

1000 Stainless Steel*
9 - Nitinol-
800H
700*
600'
500
400-
300
200-
100
,020 019 x .025 021 x .025
Wire Size (inches)
Fig. 4. Without angulation, there is about

I00gm of friction when there com-
monly used wire sizes slide in edgewise
brackets.

Table 1L Material stiffness number (MS) of ortho-
d ntica ysand braided steel wires

Material stiffness number (Ms)

AUoys

Stainless steel (ss) 1.00
TMA 0.42
Nitinol 0.26
Elgiloy blue 1.19
Elgiloy blue (heat-Tx) 1.22
Braids

Twist-flex 0.18 0.20
Force-9 0.14-0.16
D-rect 0.04-0.08
Respond 0.07 - 0.08
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Force vs. Angulation
.019 x .025 Wire

2) High binding angulation
Bracketst mAAlze] 227t Z714 wf o}
AH Y arlo] 4gFe FE FoLE AAY

1000+ Stainless Steel stiffnesso|™]  stiffnesst= UAlelvh  ZAlg)
900~ Nitino! o e e occlsogingival dimension®] 3%u) 32 44)
800 of wl#igtet, oteba 0.016X0.022 inche] z
Al (2nd order Cs: 597.57)%.c} 0.020 inche)
700+ AA(Cs ; 625.00) |4 wladHo] ] =Zchime
600+ (Table 2,3).
500~
400~
300-J Table 2, Cross-sectional stiffness numbers (Cs) of
200 round wires
1004 Cross section (Inches) Cs
0 1 L 1
0 5 10 15 0.004 1.00
X 0.010 39.06
Angulation (degrees) 0.014 150.06
Fig. 5. The amount of friction produced as 0.0186 266.00
a wire slides through a bracket in- 0.018 410.08
creased as a function of the angulation 0.020 625.00
of the wire across the bracket. Niti- 0.022. 915.06
nol was inherently slicker surface than 0.030 3164.06
S-8 and is less affected by the angula- 0.036 6661.00
tion change.
Table 3. Cross-sectional stiffness numbers {Cs) of reqtangular and square wires
Shape Cross section (Inches) . 1~ I
st order 2nd ordar
Rectangular 0.010 x 0.020 530.52 132.63
Rectangular 0.016 x 0.022 1129.79 597.57
Ractangular 0.018 x 0.028 1865.10 966.87
Rectangular 0.021 x 0.025 2175.95 1636.35
Rectangular 0.0215 x 0.028 3129.83 1845.37
Shape Crass section {Inches) Cs
Square 0.016 x 0,016 434,60
Square 0.018 x 0.018 806.14
Square 0.021 x 0.021 1289.69
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3. Bracket
Standard edgewise bracket bracket
6°A
plastic bracket metal bracket
plastic bracket
metal bracket 32 adhesion
A Fig. 6). polar liquid
, Baker
bracket
V.
bracket
222324 2526)
Fig. 6. Metallurgical micrographs of the plastic
and metal brackets (x400)
P; plastic bracket M; metal bracket 1
4, stainless  steel
elastomeric module binding angulation
25 2.

low angulation

binding angulation
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— ABSTRACT -

'FRICTIONAL FORCES IN THE FIXED ORTHODONTIC
APPLIANCE DURING TOOTH MOVEMENT

Myeong-Sook Cho, D.D.S., Jong-Chul Kim, D.D.S., M.S.D., Ph. D.

| Dept. of Orthodontics, College of Dentistry, Chonnam National University

Tooth movement would be impeded by frictional force arised between archwire and tube,

bracket or elastics in the fixed orthodontic appliances, which could be changed variably by such

several factors as the contact area, normal (perpendicular) force and the condition of contact

surface.

There were many literatures about frictional force in the orthodontic region, but different

results were obtained from little controlled research so that was very difficult in clinical applica-

tion. Therefore we have reviewed comprehensively previous literatures about frictional force

and thus several results were obtained as follows:

1.

For use species of the orthodontic wire, frictional force was influenced mainly by surface
roughness of wire in the absence of binding, while that was influenced mainly by normal
force in high binding angulation.

For the cross-section and diameter of the wire, the contact area influenced main]y'on fric-
tional force in the absence of binding, while wire stiffness influenced mainly on frictional
force in high binding angulation. '

The greater the bracket width, the greater frictional force, and frictional force of the plastic
bracket was larger than that of the metal bracket.

For ligation type, frictional force of the stainless steel ligation was larger than that of the
elgstic ligation, and frictional force was directly proportional to ligation force,

Variable frictional force were occured from the saliva combined with such another factors
as normal force and mode of surface oxide et al.
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