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Table 1. Orthodontic materials used in this study

& 2=, BMo| T o0l LiE oje

Material Specification Manufacturer
Orthodontic bracket = Micro-arch Tomy, Futaba-gun, Fukushima-ken, Japan
PerpectClear Hubit, Uiwang-si, Gyeonggi-do, Korea
Clippy-C Tomy, Futaba-gun, Fukushima-ken, Japan
Damon3 SDS Ormco, Glendora, Calif, USA

0.014” coated Ni-Ti round (A)
0.016" coated Ni-Ti round (B)
0.016” Ni-Ti round (C)

Orthodontic wire

Hubit, Uiwang-si, Gyeonggi-do, Korea
Hubit, Uiwang-si, Gyeonggi-do, Korea
Tomy, Futaba-gun, Fukushima-ken, Japan

0.016" x 0.022" coated Ni-Ti rectangular (D) Hubit, Uiwang-si, Gyeonggi—-do, Korea

Female 0.016” x 0.022" Ni-Ti rectangular (E)

Tomy, Futaba-gun, Fukushima-ken, Japan

Fig 1. Materials used in the study. A, Tested brackets (from the left side): Micro-arch, Perpect Clear2, Clippy-C,

Damon3; B, tested wires.

stom, ZAAAE Alastik elastic module (3M
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Fig 1).
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Fig 2. Friction-testing apparatus. A, Jig and mounting apparatus; B, friction-testing apparatus used in test.
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Fig 3. An example of representative graph of load cell
output.
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Table 2. Comparison of static frictional value among the bracket (grams)
. Bracket Mean *+ SD
Archwire F-value
degree (°) Micro-arch Perpect Clear2 Clippy-C Damon3

0.014" coated 0 8093 + 11.34° 96.08 + 11.97° 035 + 0.14° 0.30 = 0.11° 309.53"
Ni-Ti (A) 3 101.10 + 14407 12826 + 14.76" 6.47 + 1.56° 500 + 1.22° 304.29
6 14195 + 1250 16111 + 1767 24.36 + 2.86° 1799 + 297° 377.86°
9 17865 + 16,76 20291 + 1866° 39.25 + 561° 3228 + 524° 377.38"
0.016” coated 0 97.25 + 1274° 12630 + 12.08" 1.67 + 0.35° 1.10 + 0.29¢ 436.13"
Ni-Ti (B) 3 12935 + 1266° 16638 + 1545 12.35 + 3.12° 10.40 + 2.34° 49769
6 172.03 + 1883* 21025 + 1573" 3970 + 4.15° 3247 + 317° 420.35"
9 28210 + 22.09° 34344 £ 2717° 12190 + 1044° 10931 + 848" 309.51°
0.016” Ni-Ti (C) 0 10374 + 1311 13320 + 1375 1.80 + 0.14° 121 + 0.11° 417.09°
3 11884 + 1625" 15230 + 1553" 1012 £ 2.1&° 890 + 1.46° 342.66°
6 15266 + 1715 17591 + 1378 26.85 + 2.70° 1941 + 4.96° 418.08"
0.016" = 0.022" 9 193.04 + 2059° 21275 + 2857 4022 + 6.81° 3374 + 586° 224.08°
coated 0 13196 + 1522" 14741 + 1465 599 + 1.37° 221 £ 0.99° 43955
Ni-Ti (D) 3 156.11 + 2066°  191.04 + 1344 4420 + 3.69° 3297 + 464 31366
6 25799 + 19.06° 31666 + 1986° 9445 + 7.95° 6718 = 6.29° 554.62°
0.016” x 0.022" 9 369.10 + 29.18" 47930 + 2095° 24224 + 1684° 18275 + 14.73" 249,69
Ni-Ti (E) 0 132.09 + 11.94* 15241 + 14.32° 6.33 + 1.61° 281 + 1.05° 582.05"
3 15060 + 1278 18171 + 1579" 16.06 + 1.68° 1314 + 1.95° 596.55
6 19415 + 17.33" 23275 + 18.12" 4568 + 658 3732 + 517° 463.16"
9 24750 £ 2420° 27586 = 2681 77.80 + 813 5657 + 659 290.05"

SD, Standard deviation. Entries with the same superscripted letter were not significantly different at p < 0.05. p <

0.001 (Duncan multiple range test).

Clear2& 0.016” inch coated Ni-Ti €3 Sz}
0.016” inch Ni-Ti 98 34 Afo], 18]l 0.016" x
0.022" inch coated Ni-Ti 2% <712} 0.016” x 0.022"
inch Ni-Ti 2t& &4 Atololl ] =] vpze o] o
3l Zlo]7} QIAT} (Table 4).
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A wpEE S BAY (p < 0.001) (Table 4).
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3 Hop A wpREo] folstA =Udth ¢ <
0.001) (Table 4).
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Table 3. Comparison of kinetic frictional value among the bracket (grams)

: Bracket Mean + SD

Archwire F-value

degree (°) Micro-arch Perpect Clear?2 Clippy-C Damon3
0.014" coated 0 7028 + 1007 8699 + 1576 0.17 + 0.11° 0.14 + 0.04° 192.12°
Ni-Ti (A) 3 8560 + 11.38" 11521 + 16.10° 547 + 156° 400 + 1.28° 260.48"
6 11956 + 1117" 14393 + 1593° 2114 + 2.09° 1698 + 2.56° 355.94"
9 14638 + 1598" 17799 + 1971" 3099 + 4.72° 2728 + 5.15° 280.39"
0.016" coated 0 86.30 + 14.17° 11680 + 14.45° 130 + 0.16° 084 + 021 274.96"
Ni-Ti (B) 3 10804 + 1612" 14847 + 13.14° 975 + 3.22° 839 + 2.19° 357.88"
6 151.24 + 1522" 19501 + 1801  29.85 + 3.95° 2404 + 263 411.70°
9 256.18 + 21.34° 30634 + 2611° 10584 + 10.33° 9729 + 765 276.03"
0.016” Ni-Ti (C) 0 9386 + 14.40° 12125 + 13.82" 141 + 0.35° 105 + 007 312.71°
3 10457 + 1642* 13440 + 1542° 824 + 2.09° 700 + 162° 268.76"
6 13271 + 1732 15180 + 1516°  23.85 + 3.13° 1804 + 2.60° 291.16"
0.016" x 0.022" 9 166.73 + 23.09" 18876 + 1642° 3159 + 7.70° 2774 + 546° 17917
coated 0 121.97 + 1440" 13845 + 1461° 467 + 1.15° 1.83 + 0.82° 41755
Ni-Ti (D) 3 14686 + 20.46°  181.88 + 1566°  39.20 + 3.69° 2797 + 413 273.13°
6 21521 + 1977° 31543 + 2261°  87.82 + 818 62.24 + 543° 44412
0.016” x 0.022" 9 32717 + 3034 45825 + 3499° 22603 + 1692° 17776 + 15.44° 184.45°
Ni-Ti (E) 0 12281 + 1098" 14150 + 14.35° 503  161° 234 + 091° 539.53"
3 14017 + 1427 17728 + 1362° 1305 + 1.79° 1116 + 1.88° 598.11°
6 17192 + 1769* 21381 + 1810° 3871 + 521° 3145 + 538 394.93"
9 21311 + 2227° 926123 + 21.98° 7261 + 853 5157 + 579° 314.77°

SD, Standard deviation. Entries with the same superscripted letter were not significantly different at p < 0.05. p <

0.001 (Duncan multiple range test).

inch coated Ni-Ti 9% A9 0.016” x 0.022"
inch Ni-Ti 2% S ET A wpdo] =34t} p
< 0.001) (Table 4).
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A &F shREe A whae)
BT} (Table 5).

< 0.05)= HE9T} (Tables 6 and 7).



Vol. 41, No. 6, 2011. Korean J Orthod Hepl 35, 2, Mo FE O£ wE njaH

Table 4. F-value and Duncan grouping of static & kinetic frictional value among the archwire

Static Kinetic
Bracket Degree (°) F-value  Duncan grouping Bracket  Degree(®°) F-value Duncan grouping
Micro—arch 0 24068 E,D > C,B > A Micro-arch 0 2538 ED>CB>A
3 168° D, E > B, C > A 3 2068 D, E > B, C > A
6 57688 D>E>B>CA 6 4138° D>E>B>C A
9 8924 D>B>E>CA 9 7924 D >B >E >C, A
Perpect 0 2199° E, D, > C,B > A Perpect 0 178 E D >C B > A
Clear2 3 2186° D,E > B, C > A  C(Clear2 3 214" D,E > B, C > A
6 10194 D>E>B>CA 6 11493 D >E > B > C, A
9 1467 D>B>E>CA 9 14835 D >B >E > C A
Clippy-C 0 6489° E,D > C B > A ClippyC 0 4719° E,D > C B > A
3 2625" D>E>BC>A 3 21717 D >E > B, C > A
6 23137 D>E>B>CA 6 24292 D >E >B > C, A
9 52874 D>B>E>CA 9 47289 D >B >E > C, A
Damon3 0 1782° E,D > C,B > A Damon3 0 19166 E,D>CB> A
3 13944 D>E>B,C> A 3 12077 D >E > B, C > A
6 144000 D>E>B>CA 6 17645 D > E > B > C, A
9 41450° D>B>E>CA 9 41652 D >B >E > C, A

A, 0.014” inch coated Ni-Ti round wire; B, 0.016” inch coated Ni-Ti round wire; C, 0.016” inch Ni-Ti round wire;
D, 0.016” x 0.022" inch coated Ni-Ti rectangular wire; E, 0.016” x 0.022" inch Ni-Ti rectangular wire. 'p < 0.001.

E Hol| foJgt JaFe nAA Fee B
2 ATe Aa 3 ApE# BePle ARESRSl e
2 AN wE 58 222 elastic modules U mpEE o] zpol2 Hrbate) 9loja] Hell ZA
/\}%59\} L AZE L Bepllat 54 AelolA o] Afolof| o3t PIF 1T F glAUT
g og 283, elastlc module©] stainless
steel ZZAZ o] &3 WA KT &2} 7% 9 Hepl 20| w2 opa& H|w (Tables 2 and 3)
3 o317} 2 uray }o:] po sxgelon g
gk o)t o381 7] wl&o| 2t} Elastic module< 2% Ay B Perpect Clear2vto] 2 & W
Efdlo] EA1e 7§ Aol WsHA He=d & 4 8 349 Bepl-s A AxddA foJskAl
A2 Aol A o] FoI A 7] wEel 2at= A =2 A, &5 vhEEE BT (p < 0.001). o]=
DA st AA 4 W AElE Adstet oA oA AFolA 55 Bzl Alete] Bzl A
SHAIE 7HA 3 Al o =& upEEo] Yeidthes Bk 2 A
AR AHEE Y] 7] Bl BE —T7°9 o}.2%* Tanne $2'%} Bednar 5°'2 A2t HalA
torque 2t 0°9] angulations 7FA| 3L U Bl yio] slehd ggmel B A7 wEol At
o 7L zpo|7t it SHE Bl F42 4 Hapllo] 54 HepPlhit v & v S |
Clippy-C7} 3.33 mm= 7} %131, Damon37} 2.78 olttx &+
mm= 7P Zkom Perpect Clear2= 3.18 mm, A7VAZ Beplto] frolsh 7Pé} we B,
Micro-arch= 2.87 mm$Th Choi $2& F2(240 5 S HQl AL Krishnan 5,"* Cacciafesta
mm), Z3H3.00 mm), W-@4.25 mm) F24& 7k F TrAE 2 ARt (p < 0001). 25 A
< "7 0.016” x 0.022” inch stainless steel 41 zZF iAol e nlEE S Hol: o] FE 43
Atolo] mize &7 A@oA Bepl o] npzt o] 7eliAA] = Bzl AAQ] Yzl B
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Table 5. F-value and Duncan grouping of static & kinetic frictional value among the bracket-archwire angle

Static Kinetic

Bracket Archwire F-value Duncan grouping Bracket Archwire F-value Duncan grouping
Micro-arch (A) 7831" 9 >6 >3 >0  Micro-arch (A) 6116 9 >6>3>0
(B) 178717 9 >6 >3 >0 (B) 1588 9 >6>3>0

© 43617 9 >6>30 © 2594 9 >6>30
(D) 20039° 9 >6 >3 >0 (D) 13976 9 > 6 >3 >0
E) 7079 9 >6>3>0 E) 4448 9 >6>3>0
Perpect Clear? (A) 6548° 9 >6 >3 >0 Perpect Clear?2 (A) 4232 9 >6>3>0
B 2014 9>6>3>0 (B) 15952° 9 >6 >3 >0

(©) 2616 9 >6 > 3,0 (©) 2023 9 >6> 30
D) 42056 9>6>3>0 D) 30392 9>6>3>0
(E) 63717 9 >6 >3 >0 (E) 69.80° 9 >6 >3 >0
Clippy-C (A) 23711 9 >6 >3 >0 Clippy—-C (A) 220677 9 >6>3>0
B) 69607 9>6>3>0 (B) 54666 9 >6>3>0
© 16156° 9 > 6 >3 >0 © 8369° 9>6>3>0
(D) 94669° 9 > 6 >3 >0 (D) 82202 9>6>3>0
E)  28%67 9>6>3>0 (E) 28047 9>6 >3 >0
Damon3 (A) 17465 9 > 6 >3 >0  Damon3 (A) 14194 9 >6 >3 >0
(B) 88281" 9>6>3>0 (B) 88791" 9 >6>3 >0
© 10382° 9 >6>3>0 © 11461 9 >6 >3 >0
(D) 72178 9> 6 >3 >0 (D) 67493 9 >6 >3 >0
(E) 249757 9> 6 >3 >0 (E) 23143° 9 >6 >3 >0

A, 0.014” inch coated Ni-Ti round wire; B, 0.016” inch coated Ni-Ti round wire; C, 0.016” inch Ni-Ti round wire;
D, 0.016” x 0.022" inch coated Ni-Ti rectangular wire; E, 0.016” x 0.022” inch Ni-Ti rectangular wire. p < 0.001.
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sS40 [ o0 TIE OFI | (Table 4)
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Table 6. Comparison of static frictional force according to combinations of bracket, archwire and angulation

Source df Sum of squares Mean square F-value
Bracket 3 3,646,897.2 1,215,632.4 6,739.942"
Wire 4 682,666.9 170,666.7 946.243°
Angulation 3 1,448,156.4 482,718.8 2,676.382°
Bracket * wire 12 71,194.6 5932.9 32.894"
Bracket * angulation 9 120,422.8 13,380.3 74.186"
Wire * angulation 12 4769145 39,742.9 220.350"
Bracket * wire 36 33,502.5 930.6 5.160"

* Angulation

Total 639 6,580,757.8

Three-way ANOVA was done. 'p < 0.05.

Table 7. Comparison of kinetic frictional force according to combinations of bracket, archwire and angulation

Source df Sum of squares Mean square F-value
Bracket 3 3,047,388.0 1,015,796.0 5,555.096"
Wire 4 662,095.2 165,523.9 905.202"
Angulation 3 1,160,076.1 386,692.0 2,114.707°
Bracket * wire 12 89,945.6 7,495.5 40.991"
Bracket * angulation 9 94,807.0 10,534.1 57.608"
Wire * angulation 12 445,406.5 37,117.2 202.983"
Bracket * wire 36 39,320.0 1,092.2 5973"

* Angulation

Total 639 5,641,439.0

Three-way ANOVA was done. 'p < 0.05.
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ORIGINAL ARTICLE

The comparison of the frictional force by the type
and angle of orthodontic bracket and the coated

or non-coated feature of archwire

Tae-Ho Jang, DDS, MSD," Sang-Cheol Kim, DDS, MSD, PhD"
Jin-Hyoung Cho, DDS, MSD, PhD,’ Jong-Moon Chae, DDS, MSD, PhD,’
Na-Young Chang, DDS, MSD,* Kyung Hwa Kang, DDS, MSD, PhD*

Objective: The purpose of this study was to evaluate the difference in frictional resistance among metal, ceramic,
self-ligation brackets and coated or non-coated Ni-Ti archwires at various bracket-archwire angulations during the
sliding movement of an orthodontic archwire, using an orthodontic sliding simulation device. Methods: Four types
of bracket (Micro-arch Perpect Clear2 Clippy-C and Damon3 and 5 types of orthodontic archwire (0.014", 0.016",
and 0.016" x 0.022" inch coated Ni-Ti, and 0.016" and 0.016" x 0.022" inch Ni-Ti) were used. Further, the brack-
et-archwire angles were set at 4 different angulations: 0°, 3°, 6°, and 9°. Results: The frictions from all the ex-
perimental groups were found to be significantly increased in order of self-ligation brackets, Micro-arch and
Perpect Clear2 (p < 0.001). The presence of a coat had no effect on the friction of the same sized archwires
at 0° and 3° bracket-archwire angles (p < 0.001). Coated archwires had significantly higher frictions than the
same sized non-coated archwires at 6° and 9° bracket-archwire angles (p < 0.001). The frictions increased sig-
nificantly as the bracket-archwire angles were increased (p < 0.001). Conclusions: The use of self-ligation brack-
ets will be beneficial in clinical situations where a low frictional force is required. Further, in cases where crowding
is not severe, the use of coated archwires should not cause problems. However, more additional explanation is
required considering the fact that the damage of coated archwire and exposure of the metal portion in case of
binding and notching and the effects of saliva were not taken into account. (Korean J Orthod 2011;
41(6):399-410)

Key words: Friction, Coated Ni-Ti archwire, Orthodontic bracket
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