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Fig 1. A, Atomic force microscopy used in this study (Nanostation II™ Surface Imaging Systems, Herzogenrath,
Germany); B, Basic principle of atomic force microscopy (Beam deflection type).
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Fig 3. A, Grinding the brackets using high-speed hand-piece with chamfer bur white solid
line indicate direction of grinding; B, Sliding test.
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Fig 4. A, 3D topographic image of stainless steel bracket surface before sliding test (left). 2-dimensional line profile
of scanned image (right); B, 3D topographic image of stainless steel bracket surface after sliding test by stainless
steel wire (left). 2-dimensional line profile of scanned image (right); C, 3D topographic image of stainless steel bracket
surface after sliding test by TMA wire (left). 2-dimensional line profile of scanned image (right).
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Fig 5. A, 3D topographic image of ceramic bracket surface before sliding test (left). 2-dimensional line profile of scan-
ned image (right); B, 3D topographic image of ceramic bracket surface after sliding test by stainless steel wire (left).
2-dimensional line profile of scanned image (right); C, 3D topographic image of ceramic bracket surface after sliding
test by TMA wire (left). 2-dimensional line profile of scanned image (right).
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(Fig 5)H.c} 23 g1 UrEME} (Table 1). Z~H]
el 2=g Heplo] 2/l 2" oy
TMA B4& vpaAzl & Bl 31 2x9] f
d e Wsle #EER] LAt} (Figs 4, 6 and
Table 2).

Algts] el ~H Qg A 2" 8BS nhEA|
21 Foll= EHEE] Wyt glAIRE TMA §HA
= A7l Tl Beplle] W 2=7) fhAast
AT} (Figs 5, 6 and Table 2).

zH g~ 28 8 TMA BdET &
#FHS ] 9J2™ (Figs 7, 8 and Table 1), 0}z
e F¥ 2=Vt STk o2t S7F 3
Qg ~¢g Hepzl#ko] wia $HTh Ay
Bepllae] v $of o FElskAl JElTh (Figs

83t
=
o
L

Table 1. Surface roughness (nm) of the brackets and
wires before sliding test

Surface
roughness Significance
(mean * SD)
SS bracket 75.27 £ 580 "
Ceramic bracket  373.00 + 45.20
SS wire 16.27 = 2.90
TMA wire 197.06 + 22.00 *

SD, Standard deviation; p < 0.05.

Table 2. Surface roughness (nm) of the brackets be-
fore and after sliding test

After sliding (mean = SD)
TMA wire

1050" 8170 + 12.90°
37300 + 45.20" 351.99 + 41.60* 28768 + 23.10°

Before
(mean = SD)

SS wire

SS bracket 75.27 + 580" 86.30

Ceramic
bracket

The different letters were significantly different at the
level of p < 0.05. Three measurements of SS bracket

and ceramic bracket were analyzed separately using
ANOVA.

7, 9 and Table 3).

TMA B4 ~EQle]x ~€ Hepzte] vzt
Fole ¥ 2xo Wy} gllent Aee Ha
Azke] vhE Fole T 2%l 27150 (Figs
7, 9 and Table 3).
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52 B4 V)& o8 7K Ad S Fyske &

m{

400

—_ 1 Before sliding test !
E 3501 [ After sliding test
- with SS wire
® 3001 W After sliding test
c with TMA wire
5, 250 1
=}
2 200 A
8 150
£
@ 100 -

Al

0 T

SS bracket Ceramic bracket

Fig 6. Surface roughness change of the brackets before
and after sliding test (*significantly different as p < 0.05
between groups).
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CHxlw&X| 402 3%, 2010

H 99.1 nm
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L. 7.46 um
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H 349nm

Fig 7. A, 3D topographic image of stainless steel wire surface before sliding test (left). 2-dimensional line profile of
scanned image (right); B, 3D topographic image of stainless steel wire surface after sliding test on stainless steel
bracket (left). 2-dimensional line profile of scanned image (right); C, 3D topographic image of stainless steel wire sur-
face after sliding test on ceramic bracket (left). 2-dimensional line profile of scanned image (right).
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Fig 8. A, 3D topographic image of TMA wire surface before sliding test (left). 2-dimensional line profile of scanned
image (right); B, 3D topographic image of TMA wire surface after sliding test on stainless steel bracket (left). 2-dimen-
sional line profile of scanned image (right); C, 3D topographic image of TMA wire surface after sliding test on ceramic
bracket (left). 2-dimensional line profile of scanned image (right).

~ 45073 Before sliding test
E 400 1@ After sliding test
% 350 with SS bracket
8 Hl After sliding test
< 300 - with ceramic bracket
<
g 250
o 200 4
[&]
2 150 A
3 *
9 100 .
ol
0 T 1
SS wire TMA wire

Fig 9. Surface roughness change of the wires before
and after sliding test (*significantly different as p <
0.05 between groups).

W 2o folu|dt MalE Ho|x] ¢kt a3y
ZH oy~ 28 Ao v &3 So 220}
Z7telon, 1 e ~AH<ClE A A8 HaA

Table 3. Surface roughness (nm) of the wires before
and after sliding test

After sliding (mean = SD)

Before

(mean * SD) SS bracket Ceramic

bracket

SS wire 1627 + 290" 4186 + 650° 7450 + 10.0°
TMA wire 197.06 = 220" 20501 + 24.40" 41570 + 41.1°

The different letters were significantly different at the
level of p < 0.05. Three measurements of SS wire and
TMA wire were analyzed separately using ANOVA.

Elwth o|g A Add el xpolvt Y= o]l fE A
A A 7 ARE 22 5+ ok 3AA, Je 5
o] AgeAe] & £%(5 mm/min)®} o]H A3
Aol &3 £%(23 mm/min)7} THE7] W&o nhz
ol EdExlE el Atk A, AHE-sE 2H
el g Aol A7|Je 57 AL 0018-
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ORIGINAL ARTICLE

Changes in surface roughness of bracket and wire after
experimental sliding - preliminary study using

an atomic force microscopy

Tae-Hee Lee, DMD," Ki-Ho Park, DMD, MSD, PhD,’ Ji-Yun Jeon, DMD, MSD, PhD,®
Su-Jung Kim, DMD, MSD, PhD," Hun-Kuk Park, MD, MS, PhD,’
Young-Guk Park, DMD, MSD, PhD'

Objective: The surface roughness of orthodontic materials is an essential factor that determines the coefficient
of friction and the effectiveness of tooth movement. The aim of this study is to evaluate the surface roughness
change of the brackets and wires after experimental sliding quantitatively. Methods: Before and after experimental
sliding tests, the surface roughness of stainless steel brackets, ceramic brackets, stainless steel wires, and be-
ta-titanium (TMA) wires were investigated and compared using atomic force microscopy (AFM). Results: After
sliding tests, changes in the surface of the wire were greater than changes in the bracket slot surface. The sur-
face roughness of the stainless steel bracket was not significantly increased after sliding test, whereas the rough-
ness of ceramic brackets was decreased. Both the surface roughness of stainless steel and TMA wires were
increased after sliding test. More changes were observed on the ceramic bracket than the stainless steel bracket.
Conclusions: AFM is a valuable research tool when analyzing the surface roughness of the brackets and wires
quantitatively. (Korean J Orthod 2010;40(3):156-166)
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