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Calif., USA
+ 018 green Elgiloy] dAg+ 224
2] ol 2] 7 5}te] 425T furnacedl 4]
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Fig. 1. A tensillon machine used in this study

Table L. Distribution of sample by wire material and condition

Condition Co-Cr Co-Cr.H. TMA S-S Total
Dry 0 15 15 15 15 60
’ 5 15 15 15 15 60
Saliva 0 20 20 20 20 80
5 20 20 20 20 80
Total 70 70 70 70 280
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2w 13mm***' X el indelible pencil marking
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o APE 474 wAA, 009} 509 F
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Fig. 2. Test sample used in this study :
(a)inner view of the sample

(b)outer view of the sample
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4% 20709 A", F 280709 A
}-4-8}o3 A3 3tAct(Table 1),
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Fig. 3. Scanning electron micrographs of bracket
slot : (a)before experiment
(b)after experiment
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Table N. Frictional forces under various conditions(Mean / S.D. in grams)

Condition CoCr | CoCrH. | TMA S
Dry 0 160.2 / 126 176.3 / 18.2 167.3 / 233 139.1 / 183
5 169.1 / 14.7 1917 / 269 173.1 / 20.8 1664 / 14.6
Saliva 0 1310 / 16.1 170.7 / 18.7 1841 / 251 152.6 / 143
5 150.8 / 18.3 166.7 / 28.2 2154 / 277 1428/ 243
Table llIl. Comparison of frictional forces for various wires at different conditions
Wire materials -+ Rank order
Frictional forces
Condition “low” “high”
Dry 0 S-S Co-Cr T™MA Co-Cr.H.
5 S-S Co-Cr TMA Co-Cr.H.
Saliva 0 Co-Cr S-S Co-Cr.H. TMA
5 S-S Co-Cr Co-Cr.H. TMA

* Wire materials are ranked in order of increasing frictional forces(left to right). Those wire materials

that are statistically the same are underlined together.

240 497
220 grams 20 4 . 244 grems
1881 JW
i AN
200 .1 77 NN
180 -} 1%6.9 101 1.3 ~ S\S ,///// 1.1 l:ll;l \ 1654
oo 17 z 18 | 7 Y \\: //' \\‘ 7] s
o g / 8.4 O\ s // . \\ /// o
140 - 1310 / // 771 N 5/// N / N
20 VIS g SN N SN 2 N % AN
/// / \ o’ N s \\ 7 NN iy J o\
A 7 \ s g
N N N
80 1/, /g 7 v
/s / //
504/ N\
i 7
40 N ; NN 7
\ ./ N\ 9 \\\\\ / N
20 4 N 7 AN / NN ' 77
° c-c C~C.H TMA s8-8 «C=C Cc~C.H TMA s8-8

Fig. 4. Mean frictional force values for wire mate
rials obtained under zero degree angulation
( s dry condition, ; saliva
condition, C-C; Co-Cr wire, TMA ; beta
titanium wire, C-C.H. ; heat treated Co-Cr
wire, S-S stainless steel wire)

Fig. 5. Mean frictional force values for wire mate-
rials obtained uhder 5 degree angulation
( idry condition, NXY 3 saliva
condition, C-C 5 Co-Cr wire, C-C.H. 5 heat
treated Co-Cr wire, TMA ; beta titanium
wire, S-S stainless steel wire)
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Table V. Comparison of frictional forces between non-angular and angular conditions for each wire

material
C P value®
Condition Co-Cr | coCrh TMA | s-S
Dry 0.142 0.114 V 0.587 0,000 (0<5)
Saliva 0.002*  (0<5) 0.624 0.019" (0<® 0.169
Total 0.002" (0<{5) 0.542 0.066 0.166

* Those P values less than 0.05 indicates a statistically significant difference between the zero degree

and 5 degree angulation(0 ; zero degree angulation. 55 5 degree angulation).

Table V. Comparison of frictional forces between dry and saliva conditions for each wire material

N p value”
Condition CoCr | cocrn. | TMA ] 53
0 0.000" (d>s) 0.433 0.151 0.035" (d<s)
5 0.006" (d>s) 0.024" (d>s) 0.002* (d<s) 0002 (d>s)
Total 0.000* (d>s) 0.019" (d>s) 0.002* (d<ls) 0.204

% Those P value less than 0.05 indicates a statistically significant difference between the dry and saliva

conditions(d  dry condition, s saliva condition).

Azu e, Azx4ET, gdn e,
AT 47hA] 271N A A 3 o
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Table VI. Multiple regression analysis of frictional forces

0.373 R squared 0.294
Standard regression coefficient
Angulation
Independent variable Zero degree 5 degree
Condition
Dry ~ 0.000 0.000
Saliva ’ —0.037 0200
Wire
Co-Cr 0.000 0.000
Co-Cr.H. 0.564 0.278
T™MA 0.533 0.437
S-S 0.083 —0.082
Table VIl. Multiple regression analysis of frictional forces
0.353 R squared 0.454
Standard regression coefficient
Condition
Independent variable Dry Saliva
Angulation
0 1 0.000 0.000
5 0.338 0.111
Wire
Co-Cr 0,000 0.000
Co-Cr.H. 0.374 0410
TMA 0.103 0.697
S-S —0.218 0.091
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Fig.7. Scanning electron micrographs of heat- Fig.9. Scanning electron micrographs. of stainless

treated cobalt-chromium wire. steel wire.
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—ABSTRACT—

AN EXPERIMENTAL STUDY ON FRICTIONAL FORCES OF VARIOUS
ORTHODONTIC WIRES UNDER ARTIFICIAL SALIVA

Hyeon-Shik Hwang, D.D.S., Young-Chel Park,
D.D.S.,M.S.D., Ph.D.

‘Dept. of Orthodontics, College of Dentistry, Yonsei University

Translational movement along an arch wire requires sufficient force to overcome frictional forces between
bracket and arch wire. The orthodontist must appreciate the importance of friction in this process, and
study out the influencing factors on the level of friction.

The purpose of this study was to evaluate the effect of artificial saliva on frictional resistances generated
between the bracket and arch wire. Independent variables of this study were arch wire material, angulation
and environment. Static frictional forces of cobalt-chromium, heat-treated cobalt-chromium, beta-titanium,
stainless steel wires were measured under non-angulated dry, angulated dry, non-angulated saliva, angulated
saliva conditions. :

The results were as follows :

1. Stainless steel wires showed lower friction values in non-angulated dry condition, and heat-treated cobalt-
chromium wires showed higher friction values in angulated dry condition. Higher friction values were
showed in order of cobalt-chromium. stainless steel, heat-treated cobalt-chromium and beta-titanium
wires in non-angulated saliva condition. and were showed in order of stainless steel, cobalt-chromium,
heat-treated cobalt-chromium, beta-titanium wires in angulated saliva condition.

2. Angulation increased friction for stainless steel wires under dry condition.

3. Artificial saliva decreased friction for cobalt-chromium wires and increased friction for stainless steel
wires under non-angulated condition.

4. Artificial saliva decreased friction for all wires except beta-titanium wires under angulated condition.

5. Regardless of angulation or environment, heat-treated cobalt-chromium and beta-titanium
wires showed higher friction values, and stainless steel wires showed lower friction values.
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