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Table 12-1. The Variables That Have Been Considered in Major Studies on Friction in Orthodontic Sliding Systems

Author/year

Ligation

Saliva

Slot
Size

Bracket
Width

Wire
Material

Bracket
Material

Wire
Size/
Shape

Surface
Rough

Applied
Load

Angulation

Interbrack.
Width

Sliding |
Velocity

Buck et al. 196343

Andreasen and Quevedo 19703

Echols 1975%

Creekmore 1976%7

XX | X |X

Greenberg and Kusy 197948

Feeney et al. 19794

Riley et al. 197932

Frank and Nikolai 198024

Peterson et al. 198227

Stannard et al. 19862°

Garner et al. 198625

X | X | X |X

Baker et al. 198745

Kusy and Whitley 1988

Kusy et al. 19883

Drescher et al. 198933

Kusy and Whitley 19895

Tidy 19893

Angolkar et al. 199023

X |X | X |X |X

Berger 19903?

Kapila et al. 1990%

22 XX |X

Kusy and Whitley 199052

Kusy and Whitley 199035

Pratten et al. 199028

b P P

Bednar et al. 199153

Ireland et al. 199154

KX XXX XX X

Kusy 199155

Kusy et al. 199156

Prososki et al. 199157

Tanne et al. 199158

x

Omana et al. 199259

x

Keith et al. 19940

x

Ogata 19914

Saunders and Kusy 19946

Shivapuja and Berger 19944°

Tanne et al. 199462

Tselepis et al. 199463

X X X | X

Vaughan et al. 19954
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Table 12-2 . Comparison of Mean Frictional Forces Produced by Conventional Stainless Steel (Ormco Corp.),

Sintered Stainless Steel (Mini-Taurus, Rocky Mountain Orthodontics; Miniature Twin, Unitek Corp.), and Ceramic
Brackets (Gem, Ormco Corp.) for the 0.018 Inch Bracket Slot

Wire Size Wire Frictional Force
(inch) Alloy Kapila et al. Vaughan et al. Angolkar et al.
Stainless Steel | Sintered Mini-Taurus | Sintered Miniature Twin Ceramic
Meang (SD) Mean g (SD) Meang (SD) Meang (SD)
0.016 SS 88.8 (33.8) 814 (25.0) 60.3 (25.9) 123.0 (32.7)
Co-Cr 66.4 (27.4) 54.8 (24.0) 458 (25.7) 88.4 (12.0)
B-Ti 176.9 (34.0) 87.5 (24.6) 110.6 (42.8) 2179 (21:2)
Ni-Ti 159.0 (19.4) 82.5 (21.5) 74.3 (38.8) 221.9 (29.8)
0.016 x 0.016 Co-Cr 991 (14.5) 63.1 (23.7) 79.0 (26.8) 163.1 (22.7)
Ni-Ti 109.2 (23.7) 90.5 (28.0) 156.6 (51.6) 237.7 (29.4)
0.016 x 0.022 SS 163.0 (35.7) 76.7 (26.0) 74.2 (25.7) 150.0 (20.4)
Co-Cr 141.4 (27.6) 102 .4 (42.2) 83.0 (27.4) 159.3 (21.3)
B-Ti 2349 (68.0) 138.1 (36.1) 116.6 (52.6) 2409 (35.9)
Ni-Ti 192.1 (42.3) 84.7 (29.2) 82.3 (46.5) 228.8 (23.8)
0.017 x0.017 SS 163.4 (34.1) 104.8 (20.8) 50.9 (26.4) 148.0 (20.2)
B-Ti 179.3 (38.3) 141.2 (56.0) 11424 (29.0) 2179 (38.4)
0.017 x 0.025 SS 175.4 (38.3) 110.4 (29.4) 82.1 (35.0) 250.3 (50.6)
Co-Cr 165.1 (24.8) 123.8 (33.1) 93.0 (40.0) 267.0 (17.5)
B-Ti 2745 (49.7) 133.5 (41.6) 144.9 (41.0) 4051 (101.1)
Ni-Ti 226.2 (41.3) 55.9 G151} 57.9 (27.7) 182.1 (19.2)
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Table 12-3. Comparison of Mean Frictional Forces Produced by Conventional Stainless Steel (Ormco Corp.),

Sintered Stainless Steel (Mini-Taurus, Rocky Mountain Orthodontics: Miniature Twin, Unitek Corp.), and Ceramic
Brackets (Gem, Ormco Corp.) for the 0.022 Inch Bracket Slot

Wire Size Wire Frictional Force

(inch) Alloy Kapila et al. Vaughan et al. Angolkar et al.
Stainless Steel | Sintered Mini-Taurus | Sintered Miniature Twin Ceramic
Meang (SD) Meang (SD) Meang (SD) Meang (SD)
0.016 SS 100.6  (20.1) 544 (17.6) 58.5 (33.5) 119.0 (34.4)
Co-Cr 938 (26.8) 36.0 (27.9) 38.0 (19.6) 136.1 (40.8)
B-Ti 17.7 (21.0) 78.7 (29.8) 80.4 (25.1) 169.6 (31.5)
Ni-Ti 126.8 (16.7) 61.6 (26.5) 234 (17.0) 160.2 (23.4)
0.016 x 0.016 Co-Cr 1205 (19.4) 58.3 (24.6) 104.3  (38.5) 163.9 (58.2)
Ni-Ti 1007 (13.7) 96.0 (26.5) 40.8 {12.7) 207.0 (27.7)
0.016 x 0.022 SS 129.8 (20.6) 94.2 (39.3) 515 (18.2) 202.6 (303)
Co-Cr 146.8 (15.8) 75.7 (23.2) 68.2 (26.0) 212.4 (64.4)
B-Ti 165.8 (19.2) 108.8 (31.4) 114.0 (44.6) 308.4 (58.0)
Ni-Ti 153.2 (17.8) 68.7 (26.0) 743 (25.0) 226.4  (25.8)
0.017 x 0.017 SS 99.2 (19.2) 49.2 (7.5) 541 (37.6) 170:3 (25.3)
B-Ti 1365 (34.9) 75.5 (28.5) 95.1 (32.8) 251.0 (49.8)
0.017 x 0.025 SS 115.4  (18.7) 68.8 (28.5) 63.6 (18.1) 2376 (55.5)
Co-Cr 1763  (23.5) 79.6  (34.7) 571 (39.0) 2319 (42.3)
B-Ti 215.3 (24.2) 1124 (55.6) 168.3 (44.3) 364.1 (58.3)
Ni-Ti 1277 (31.7) 855 (27.8) 1023 (43.1) 282.4  (40.0)
0.018 SS 84.9 (13.9) 64.4  (36.0) 30.1 (9.4) 135.6  (33.0)
Co-Cr 101.3 (27.0) 554  (20.5) 44 (17.0) 159.0 (39.6)
B-Ti 1129 (19.8) 1335 (38.6) 139.0 (28.8) 2069 (22.5)
Ni-Ti 162% (29.5) W SPer=i(33:5) 1324 (26.7) 204.9 (27.9)
0.018 x 0.025 SS 150.1 (35.0) 60.1 (20.2) 645 (37.5) 240.5 (51.7)
Co-Cr 1945 (36.4) 504 (16.8) 458 (219 220.3 (40.5)
Ni-Ti 1388  (27.1) 68.1 (27.5) 66.3 (38.3) 2273  (63.7)
0.019 x 0.025 SS 193.3 (28.9) 61.6 (28.1) P (21:2) 265.2 (40.9)
Co-Cr 1922 (21.1) 81.1 (36.0) 62.0 (36.8) 2535 (88.8)
B-Ti 154.8 (33.2) 98.9 (58.9) 954 ~(51.1) 3994 (69.7)
Ni-Ti 155.7  (18.0) 59.2  (20.2) 117.1 (35.3) 283.1 (93.7)
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Table 12-4. Comparison of Me
One Polycrystalline Ceramic (
Elan; IM-1, GAC Image; SI-1,

PC-1, RMO Signature),
American Silcon) for the 0.018 Inch Slot Size

an Frictional Forces Generated by One Metal (55-1, Unitek Miniature Twin),
and Four Plastic Brackets (SP-1, Ormco Spirit; EL-1, GAC

Bracket Wire
Stainless Steel Alloy B-Titanium Alloy Nickel-Titanium Alloy
0.016 inch 0.016 x 0.022 inch 0.016 inch 0.016 % 0.022 inch 0.016 inch 0.016 x 0.022 inch
SNK Mean SD |SNK Mean SD |SNK Mean SD SNK Mean SD [SNK Mean SD |SNK Mean SD
A. Elastomeric Ligation
S5-1 B 7417 1761 B 9517 284 |A 15221 4777 | € 13643 3353| B 13785 2675| A 151 279
PC-1 A 7578 1332 A 1009 319|B 11234 1959 | B 14919 2851| D 89.96 13.49| B 1434 235
SP-1 F 4987 1018| E 7385 15 |C 10798 1652 | D 129.44 “16.46| B 138.62 4157| C 1315 17.7
EL-1 C 6553 1417| D 8306 149 |BC 11093 2037 | E 9886 1528/ A 151.09 29.09| E 1141 1
IM-1 E 5514 1043| B 9786 309|E 8225 2581 F 8236 1734| C 13254 2691| F 109.6 144
S1-1 D 5863 1084| C 8764 185|D 90.02 2134 | A 163.59 66.45| C 13218 4552| D 1272 156
B. Steel Ligation
§5-1 A 908 4238| B 1046 462(D 10044 6408 E 8452 3747| B 13647 8863| B 1758 142
PC-1 B 7803 3365| C 9728 703|8B 185851211 | C 13937 8029| B 1411 1072 | E 8769 345
SP-1 D 513 158|D 5917 31.3|A 19921 5876 | A 222.31 1085 | A 20782 73.11| A 1866 76.8
EL-1 D 4881 1908| D 59.5 266|C 13814 501 B 17156 77.42| D 8882 5804| C 129.7 43
IM-1 D 4881 221 | D 5887 242|C 13303 3387 | D 10672 506 | C 10404 422 | D 1095 262
SI-1 C 6023 2538 A 1368 71 | E 903 1973|C 14242 4696 C 10817 3522| E 93.68 61,7J
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Table 12-5. Comparison of M
One Monocrystalline Ceramic (MC-2, A-Company
and Three Plastic Brackets (SP-2, Ormco Spirit; IM-2, GAC Imag

ean Frictional Forces Generated by One Metal (55-2, Unitek Miniature Twin),
Starfire), One Polycrystalline Ceramic (PC-2, RMO Signature),
e: SI-2, American Silcon) for the 0.022 Inch Slot Size

Wire

[Bracket L

Stainless Steel Alloy

\

p-Titanium Alloy

Nickel-Titanium Alloy

. .:cu.msand- [ 0017 x0.025 inch | 0.019%0.025inch | 0018inch Iumrxo.uzsnnch' 0,019 x 0.025 inch 0018 inch 0,017 x 0.025 inch | 0,019 0,025 inch
' SNK Mean SD SNK Mean D [sNK Mean sD |SNK Mean SO |SNK Mean 5D [NK Mean  SD |SNKMean  SD [SNK Mean D [SNK Mean sD
] A. Elastomeric Ligation

rs-z s o8 15D 86 178D 9775 185 C 10212 23 | D 1021 22| C 1182 12|F 10129 194[A 14891 235 B 1721 52
veal® 9224 162 |8  t6s[a 3 2 |8 1057 16 [BTuT 24 | B w23 22 C 14450 224 | AB 14701 389|C 1666 235
lrc2 | & mas 248 |a 1436 st3]8 141 28] A w702 01| A 1474 319\ A 1601 275|D 13048 354|B 14426 n3|A 200 27
o2 | D esor 14 |E 785 walF st 12| D 6 14gE =79 58| C 182 26 (A 15843 364|C 12133 187)C 1661 263
i e maaa e e e [ T S | v AW [E e e T mR e 10845 174|E 10298 134|E 1443 208
ls2 |c 77 w7]c o1m 2ts[c mo1 w3]D w5 14 [C 1272 3:2|C 183 1098 1806 283|D 178 218|0 1614 304
[ B. Steel Ligation

2 | c az01 182 |F 335 204|F 3875 35| C 1942 61| C 1245 B26(C wd2 ss8|C 12275 3|8 13167 B54(D 1362 123
wea| A 7113 41 |A 198 947|C 121 615\ A 18758 103 | B 1416 177 | D 9639 702|0 12012 55| A 16642 93 |BC 1482 91
el 55 seaae 5 c 1022: Weo A aEy 2mE| 8 16755 100 | A B4 125 | A 204 A3 (A0S 49 | A 16666 120 | A 2018 129
5p-2 C 4214 975| 0 7447 397 | E 4453 224| D 9408 437 C 1231 609| B 1598 442 | B 9108 551 |C 11404 585 B 1575 52
maz | A 7088 2626 5172 267(0 43 4| E 727 46| B 1465 10 | D 1006 WD 10769 52| A 15743 452|E 1145 41.5‘
92 | A 70 24le te2 223|8 123 41 | C M6 T6| A 1653 56| C 1379 025 | c 10526 3598 13746 359|CD 1419 332‘
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Table 12-6. Major Studies Investigating the Effect of Wire Alloy on Friction in Orthodontic Sliding Systems.

The Alloys Have Been Ranked from 1 through 4, 1 Being Least Friction and 4 Being Most Friction

Author/Year Wire Alloy
Stainless Steel Cobalt-Chromium Nickel-Titanium B-Titanium
Frank and Nikolai 19802 1 if nonbinding 3 2 if nonbinding None
2 if binding 1 if binding
Peterson et al. 198227 Equal if nonbinding None Equal if nonbinding None
2 if binding 1 if binding
Stannard et al. 1986%° 2 4 3 1
Garrner et al. 19867 1 None 2 3
Kusy et al. 198834 1 2 Titanal 4 3
Yellow = blue Elgiloy Nitinol 5

Kusy and Whitley 19895 1 3 2 Z
Tidy 198930 1 None 2 3
Drescher et al. 19893 1 2 3 4
Kapila et al. 1990% 1 2 3 4
Kusy and Whitley 199052 1 2 3 4
Pratten et al. 199028 1 None 2 None
Angolkar et al. 199023 1 2 3 4
Kusy et al. 199156 1 2 3 4
Ireland et al. 199154 1 None 2 None
Omana et al. 1992%° Equal None Equal None
Vaughan et al. 1995 2 1 3 4
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Table 12-7. Effect of Second-Order Deflections on Friction. Mean and Standard Deviation Values for Friction
for Three Cast Stainless Steel Brackets (A-018, American Friction Free; G-018, GAC Shoulder; O-018, Ormco
Mini Diamond) and Three Sintered Stainless Steel Brackets (R-S-018, RMO Mini-Taurus; RS-5-018, RMO Mini-
Taurus Synergy; U-5-018, Unitek Mini Twin) for the 0.018 Inch Slot Size Are Provided for Six Deflections
Between 0 and 1.0 mm.

0.018 x 0.025 Inch Brackets
Means and Standard Deviations (g)

Wire Cast Edgewise Sintered Edgewise

Shape A-018 G-018 0-018 R-5-018 RS-5-018 U-5-018
Deflection | and Size Mean SD | Mean SD | Mean SD| Mean SD | Mean SD | Mean SD

0.016 2.6 5.0 675 - 29.2| 3975 301 389.2* 36.6 1.2 3.2 530.0 58.9

0.00 mm 16 % 22 1425 446 2710 205| 7070 253| 6365 849 00 00| 6895 1017
17 x 25 1885 337 6225 1845 9280 495| 6105 759 68.7 581 7465 490

0.016 1516 26.0 2370 414 4320 24.2| 469.6* 57.1 553~"18.0 5920 576
0.25 mm 16 x22 5595 29.8 7540 31.9| 9250 499| 9650 554 395 206 | 8350 103.8
17 %25 7665 450 | 12385 117612370 102.1| 7625 835| 2150 1087 | 11745 703

0.016 3614 400 4805 502 | 6485 357| 6782 746 2228 367 | 7530 693
0.50 mm 16x22 | 12200 603 (15835 73.1|1495 918|15785 1153 | 6370 689 1,193.0 127.0
17 %25 15305 384 (23235 98118210 142715865 1749 | 9203 2042 | 1,881.0 1304

0.016 558.6 56.5 7675 553 | 8540 360| 8746 951 | 407.0 53.2 9340 690
0.75 mm 16x22 | 19765 740 (24300 77020010 107522230 1560 |1,497.0 1866 1,6240 154.0
17 %25 24510 2933 | 44415 660 (23860 137.0 (24860 283.7 |1,7445 3286 | 25120 161.8

0.016 7896 835 | 1,153.0 955 (10740 64110776 1047 | 598 604 1,115.0 749
1.00 mm 16x22 | 34635 947 | 32720 571(25835 115827100 1476 (22835 2139 | 20880 1747
17x25 | 66850 4221 | 67740 54.2(35345 233834155 462.0 |2,431.0 4776 3,3545 2153

“Indicates that there was not a significant difference (p <0.05) between the means of this specific bracket-wire combination across 0.00
and 0.25 mm of second-order deflection. All other interactions were significant at p<0.05.
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Table 12-8 . Effect of Second-Order Deflections on Friction. Mean and Standard Deviation Values for Friction for Three Cast
Stainless Steel Brackets (A-018, American Friction Free; G-018, GAC Shoulder; O-018, Ormco Mini Diamond), Three Sintered
Stainless Steel Brackets (R-5-018, RMO Mini-Taurus; RS-5-018, RMO Mini-Taurus Synergy; U-5-018, Unitek Mini Twin), and One
Combination Bracket with a Modified Edgewise Slot (TP-022) TP Tip-Edge) for the 0.022 Inch Slot Size Are Provided for Six
Deflections Between O and 1.0 mm.

0.022 x 0.028 Inch Brackets
Means and Standard Deviations (g)

Wire Cast Edgewise Sintered Edgewise Combination

Shape A-022 G-022 0-022 R-5-022 RS-5-022 U-5-022 TP-022
Deflection | and Size Mean SD | Mean SD | Mean SD | Mean SD | Mean SD | Mean SD Mean sD

0.016 89.0* 8.1 950 139| 481.0 442 | 4635 535 0.0 00| 3845 299 | 2925 192

16x22 1745 132 1880 164 | 7325 256 | 6800 513 00 00| 6465 875 | 5745 290
0.00 mm 17 %25 1925 123 2050 158 7475 256 | 6450 304 00 00| 7055 205 | 7320 589

0.018 1065 =91 132.0 - 258 5490 513 | 3615 424 0.0* 00| 4365 162 | 3620 373
18 %25 2460 282 2330 136 8210 300 7000 766 0.0 00| 8030 491 6125 245
19 x 26 25751 372 2460 160 (10600 803 | 8485 406 00 00| 9085 950 | 7375 351

0.016 0% ST 1175 174 5290 469 | 4870 587 00* 00| 4300 316 3265 265
16x 22 195.0 131 2825 101 | 8420 353 7340 489 65 4.1 7145 576 6070 180
0.25 mm 1725 2130 75 4415 276| 8680 31.7| 7330 406 110 57| 8080 392 7615 494

0.018 1175 92 1775 285| 6050 496 | 4085 406 15 34| 4985 178 4420 698
18 %25 2665 282 5150 10.0 |[1,131.0 944 | 8520 1227 120 59| 8950 695 8145 249
19 % 26 356.0 536 5925 25.0/1,8300 361 [1,0440 556 305 182 | 9935 973 7995 289

0.016 113.5 6.7 2475 142| 6650 523 | 5500 648 290 124 | 3845 278 3830 254
16x 22 291.0 235 6530 22013550 453 | 9050 440| 1515 24810615 994 | 6570 236
0.50 mm 17 %25 4090 110 |1,0175 558 [14680 45010320 682| 2545 289 |1063.0 752 8065 212

0.018 185.0 91 4030 239 8305 644 5965 237 975 82 6205 33.0| 4805 547
18x25 5800 564 | 12215 321 (16160 1213 [16215 2721 2340 21111365 80.4 | 1,0095 734
19 %26 997.0 1838 |1,3805 73.2|2,4995 54.4|1,889.0 1360| 3730 627 | 14320 1042 10550 59.1

0.016 2365 142 3985 183 | 8245 580| 7135 7941 | 1105 237 | 7340 365 4500 348
16x22 7860 860 |1,1900 480 (19340 741 {13360 875| 4590 41.6| 12800 783 8575 298
0.75 mm 17 %25 10675 540 | 19290 607 (19905 89216090 983| 7555 323 | 15460 160.2 9620 431

0.018 4750 163 7105 294 [1,0815 872 | 8730 589| 3135 538 | 7870 353 5270 458
18 %25 13830 505 |22245 759 (27410 1826 (25324 4689 | 8660 51218155 1909 | 1,2760 773
19 % 26 16005 1175 | 30615 649 34685 617 [2,680.0 224012175 1469 22470 1713 [ 15140 1383

0.016 4420 103 5005 189 | 9755 679 | 869.0 852 2415 243 858.0 409 4715 312
16%x22 | 15340 1179 |1,7280 69325245 695 |1854.0 120910270 116.7°'|1973:5° . 72/5 11,0315 50
1.00 mm 17 x 25 18315 948 |26290 74827975 1857 |2,2295 128414860 109.5 | 2,295.0 196.8 | 1,1040 645

0.018 65 236 9725 362 (12990 891 (10915 380| 6325 74510605 365 5840 482
18 %25 20650 829 |43770 590 [3,6685 1255 (32495 679716585 1753 | 2,587.0 2626 | 14340 694
19 %26 26940 1926 | 54885 503 |59075 561 |34080 263721715 2593 31075 1939 [ 19815 534

*Indicates that there was not a significant difference (p <0.05) between the means of this specific bracket-wire combination across 0.00 and 0.25 mm of sec-
ond-order deflection. All other interactions were significant at p < 0.05.
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