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CERAMIC BRACKET /METAL REINFORCED CERAMIC BRACKET
SUCHON POOLTHONG : A COMPARATIVE STUDY OF STATIC FRICTION BETWEEN
STAINLESS STEEL WIRE AND THREE TYPES OF BRACKET. THESIS ADVISOR : PROF.

WATANA MATHURASAIL, 90 pp. ISBN 974-333-653-2

The purposes of this study were to compare the static friction offered by stainless steel brackets,
ceramic brackets and metal reinforced ceramic brackets, all with 0.018 x 0.025 inch slot, used in combination
with 0.016 inch, 0.018 inch, 0.016 x 0.016 inch and 0.016 x 0.022 inch stainless steel wires. The knowledge
from this study would be beneficial for selection of an appropriate bracket-wire combination with the most

efficiency.

Three types of bracket and four sizes of stainless steel wire were randomly sampling so that eighty
brackets and sixty wire specimens of each type had been selected and divided into 12 groups (20 specimen
each). The bracket and wire specimens were mounted on the mounting jigs connected to the crosshead and
fixed head of Lloyd Universal Testing Machine, respectively. The wire was ligated into the bracket vertically
with elastomeric ligature. The bracket was aclivated at the rate of 1 mm. per minute in the dry state until it
started to move along the wire. The static frictional force was recorded on the x-y recorder that reflected the
force necessary to initiate the bracket movement. Mean for the frictional forces generated by each bracket-wire
subsample was determined. Two way analysis of variance and Scheffe test were used to determine the

combination effects of brackel type and wire size.

The result indicated that there was significant difference (p<0.05) of the static frictional forces
between three types of bracket and each wire size. In general, stainless steel brackets produced the iowest
frictional force at the .05 level of significance. Although ceramic brackets produced higher frictional forces
than metal reinforced ceramic brackets, but they were not statistically significant. In 0.016 x 0.022 inch arch
wire, the static (rictional forces were similar regardless of the bracket type. The influence of wire sizes on the

frictional force could be found only in the stainless steel brackets. These seemed to be increased with wire

sizes.
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A. Zero Angulation B. Non-zero, Non-binding

Angulation
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(Occlusal View)
f = frictional force component

N = normal force component
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TN 1 GlﬁNLLﬁ'ﬂQﬂ?ﬁﬁﬂ“ﬁJ”lﬂﬁjﬁ]ﬂU@N‘] MAvIToInUANUTEANIL 1AsI5 S Sliding mechanics (Nanda i8¢ Ghosh, 1997)

Author/year Ligation | Saliva | Slot | Bracket | Wire Bracket | Wire | Surface | Applied | Angulation | Interbrack. | Sliding
Size | Width | Material | Material | Size/ | Rough | Load Width Velocity
Shape

i

Buck et al. 196343 X X
Andreasen and Quevedo 1970% X X
Echols 197546 X
Creekmore 197647
Greenberg and Kusy 197948 X
Feeney et al. 19794 s
Riley et al. 197932 X X
Frank and Nikolai 198024 X X
Peterson et al. 198277 X
Stannard et al. 1986%° X X
Garner et al. 198625
Baker et al. 198745 X X
Kusy and Whitley 1988% X
Kusy et al. 198834
Drescher et al. 198933 X
Kusy and Whitley 19895
Tidy 198930 X %
Angolkar et al. 199023 X
Berger 1990% %
Kapila et al. 199026 X X
Kusy and Whitley 199052 X
Kusy and Whitley 199035
Pratten et al. 199028 X
Bednar et al. 199153 X
Ireland et al. 199154 X X X
Kusy 199155
Kusy et al. 199156 X X X ' X : X
Prososki et al. 199157 X X
Tanne et al. 199158 X X X
Omana et al. 19925 X X X X X
Keith et al. 1994% X
Ogata 199141 X X X ) X X
Saunders and Kusy 19948! X X
Shivapuja and Berger 199440 X X X
Tanne et al, 199462
Tselepis et al. 199463 X X
Vaughan et al. 19954 X X X
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rWire 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 88.8 (33.8) 81.4 (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) 217.9 (21.2)
Ni-Ti 159.0 (19.4) 82.5 (21.5) 74.3 (38.8) 2219 (29.8)
0.016 x 0.016 Co-Cr 99.1 (14.5) 63.1 (23.7) 79.0 (26.8) 163.1 (22.7)
Ni-Ti 109.2 (23.7) 30.5 (28.0) 156.6 (51.6) 237.7 (29.4)
0.016 x 0.022 SS 153.0 (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) 240.9 (35.9)
Ni-Ti 192.1 (42.3) 84.7 (29.2) 82.3 (46.5) 228.8 (23.8)
0.017 x 0.017 SS 163.4 (34.1) 104.8 (20.8) 50.9 (26.4) 148.0 (20.2)
B-Ti 179,3 (38.3) 12 (56.0) 117.1 (29.0) 217.9 (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 274.5 (49.7) 1335 (41.6) 144.9 (41.0) 405.1  (101.1))
Ni-Ti 2252 (41.3) 55D {16.1} 575 (27.7) 182.1 (19.2)

From Kapila S, Angolkar PV, Duncanson MG Jr, Nanda RS. Evaluation of friction between edgewise stainless steel brackets and orthodontic
wires of four alloys. Am } Orthod Dentofac Orthop 98:117-126, 1990. Vaughan JL, Duncanson MG Jr, Nanda RS, Currier GF. Relative
kinetic frictional forcés between sintered stainless steel brackets and orthodontic wires. Am J Orthod Dentofac Orthop 107:20-27, 1995.
Angolkar PV, Kapila S, Duncanson MG Jr, Nanda RS. Evaluation of friction between ceramic brackets and orthodontic wires of four alloys.
Am J Orthed Dentofac Orthop 98:493-506, 1990.
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HUTNNG YUIRTDY 0.022 HUT 3 YU N mJ5mfmmamﬁw”l?auuwwammu LI NN

[~ Y VRN a o o a
maﬂﬂm‘liﬁumwuﬂmumaiid HOSUUIANAIIIN  (Angolkar LazAe, 1990; Kapilla 1oz

AMY, 1990 ; Vaughan LDzAMUE, 1995)

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) 54 .4 (17.6) 585 (33.5) 119.0 (34.4)
Co-Cr 93.8 (26.8) 36.0 (27.9) 38.0 (19.6) 136.1 (40.8)
B-Tq 117.7 (21.0) 78.7 (29.8) 80.4 25.1) 169.6 (31.5)
Ni-Ti 126.8 (16.7) 61.6 (26.5) 73.1 (17.0) 160.2 (23.4)
0.016 x 0.016 Co-Cr 120.5 (19.4) 58.3 (24.6) 104.3 (38.5) 163.9 (58.2)
Ni-TV 100.7 (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) 51.% (18.2) 202.6 (30.3)
Co-Cr 146.8 (15.8) 787 (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 1533 (17.8) 68.7 (26.0) 743 (25.0) 226.4 (25.8)
0.017 x0.017 SS 732 (19.2) 49.2 (7.5) 54.1 (37.6) 170.3 (25.3)
B-Ti 136.5 (34.9) 755 (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) 237.6 (55.5)
Co-Cr 176.3 (23.5) 79.6 (34.7) 574 (39.0) 231.9 (42.3)
B-Ti 2152 (24.2) 1121 {55.6) 168.3 (44.3) 364.1 (58.3)
Ni-Ti LEIE L il 85.5 (27.8) 102.3 (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) 55.4 (20.5) 441 (17.0) 159.0 (39.6)
B-Ti 2.9 (19.8) 1335 (38.6) 139.0 (28.8) 206.9 (22.5)
Ni-Ti 162.1 (29.5) 113.7 (33.5) 321 (26.7) 204.9 (27.9)
0.018 x 0.025 SS 150.1 (35.0) 60.1 (20.2) 64.5 (37.5) 2405 (51.7)
Co-Cr 194.5 (36.4) 50.4 (16.8) 458 (21.9) 220.3 (40.5)
Ni-Ti 138.8 7.1 68.1 (27.5) 66.3 (38.3) 227.3 (63.7)
0.019 x 0.025 SS 193.3 (28.9) 61.6 (28.1) 71.1 (21.2) 265.2 (40.9)
Co-Cr 192.2 (21.1) 81.1 (36.0) 62.0 (36.8) 253.5 (88.8)
B-Ti 154.8 (33.7) 98.9 (58.9) 95.4 51.1) 399.4 (69.7)
Ni-Ti 155.7 (18.0) 59.2 (20.2) 1171 (35.3) 283.1 (93.7)

)

From Kapila S, Angolkar PV, Duncanson MG Jr, Nanda RS.

Evaluation of friction between edgewise stainless steel brackets and orthodontic
wires of four alloys. Am J Orthod Dentofac Orthop 98:117-126, 1990. Vaughan JL, Duncanson MG Jr, Nanda RS, Currier GF. Relative
kinetic frictional forces between sintered stainless steel brackets and orthodontic wires. Am ) Orthod Dentofac Orthop 107:20-27, 1995.
Angolkar PV, Kapila S, Duncanson MG Jr, Nanda RS. Evaluation of friction between ceramic brackets and orthodontic wires of four alloys.
Am J Orthod Dentofac Orthop 98:499-506, 1990.
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(SS-1, Unitek Miniature Twin) , UUSAIAREESINN SUA IWAAT AN aaU (PC-1, RMO Signature)

HAZLUTINAWAIAGAN 4 ¥UA (SP-1, Ormceo Spirit; EL-1, GAC Elan; IM-1, GAC Image; SI-I,

1 ¥ E
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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 x 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
5S-1 7447 1761 B 9517 2841 A 15221 47771 C 13643 3353) B 13785 26.75] A 151 279
PC-1 A 7578 13321 A 1009 319(B 11234 1959 | B 149.19 2851 D 89.96 13.49| B 1434 235
SP-1 f 4987 1018 E 7385 15 |C 10798 1652 | D 129.44 1646 B 138.62 4157| C 1315 177
EL-1 C 6553 1417 D 83.06 149 |BC 11093 2037 | E 9886 1528 A 151.09 2909 E 1141 11
IM-1 E 5514 1043| B 9786 309 |E 8225 2581 | F 8236 1734 C 13254 2691 F 109.6 144
Si-1 D 5863 1084 C 8764 185|D 90.02 2134 | A 16359 6645 C 13218 4552| D 127.2 156
B. Steel Ligation
SS-1 A 908 4238] B 1046 462 (D 10044 6408 | E 8452 3747 B 13647 8863| B 1758 142
PC-1 B 78.03 3365| C 9728 7038 185.85 121.1 C 139.37 80.29| B 1411 107.2 E  87.69 345
SP-1 D 513 15.82| D 59.17 313 |A 19921 5876 | A 222311085 | A 20782 73.11| A 1866 768
EL-1 D 4881 19.08| D 59.15 266 |C 138.14 50.1 B 17156 77.42| D 8882 58.04| C 129.7 43
1M-1 D 4881 221 D 5887 242 |C 13303 3387 D 10672 506 | C 104.04 422 | D 1095 262
Si-1 C 6023 2538 A 1368 71 E 903 19.73 | C 14242 4696| C 10817 3522| E 93.68 61.7
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M3190 5 MSWSouRsUAUR D oUS UFUAMILYDT LUTAINAMANNAT 13 eril3 (SS-2, Unitek Miniature twin) . MUSANAE@SI3N e T3 luaSaviaau
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Stainless Steel Alloy B-Titanium Alloy 5 Nickel-Titanium Alloy

0.018 inch 0.017 x 0.025 inch | 0.019 x 0.025 inch 0.018 Inch 0.017 x 0.025 inch | 0.019 x 0.025 Inch 0.018 inch 0.017 x 0.025 inch | 0.019 x 0.025 inch
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§5-2 B 908 115 |D 8367 178| D 9775 185| C 10212 23 D 102.1 1921 C 1182 142 | F 10129 194 | A 14891 235|8 1721 23.2
MC-2 | B 9224 162 |8 101 16.8 1213 30 B 109.7 16 B 130.7 24 B 1475 322 | C 14459 224 | AB 14711 389 | C 1666 235
PC-2 A 1148 248 | A 1436 519 (B 1141 228 A 14702 301 | A 1474 319 A 1601 275 | D 13044 . 354 | B 14426 213 | A 200 29.7
SP-2 D 6607 14 E 7837 122 F 8351 112] D 9068 148] E 8579 158| C 1182 26 A 15843 364 | C 12133 187 C 1661 263
IM-2 E 5238 162 |E 7849 243 | E 9381 247 E 711 14 E 8299 199| D 9994 141 |E 10845 171 | E 10298 134 | E 1443 20.8
Si-2 c 7877 157 | C 9182 218 C 1101 2723| D 925 14 C 1272 33:21] € 1183 109 | B 14806 283 |0 1178 218 | D 1614 304
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SS-2 C 4201 182 |F 3135 204|F 3875 315| C 13942 601| C 1245 826 C 144.2 858 | C 12775 381 | B 13167 854 | D 1362 123

MC-2 | A 7113 41 A 1398 94.7 | C 121 61.5| A 187.58 103 B 1416 117 D 9639 702 |D 12912 655 | A 16642 93 BC 1492 91
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IM-2 A 7088 262 |E 5172 267 | D 6043 294| E 777 41.6| B 1465 110 D 100.6 752 | D 10769 452 | A 15713 452 E 1145 415
SI-2 A 7303 254 |B 1082 2238 1323 41 C 14446 776| A 1653 856| C 1379 925 |C 10526 359 |B 13746 359 |CD 1419 382
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1NANYA (Nanda 11ag Ghosh, 1997)

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 1if binding
Peterson et al. 198277 Equal if nonbinding None Equal if nonbinding None
2 if binding 1 if binding
Stannard et al. 198622 2 4 3 1
Garrner et al. 19862 1 None 2 3
Kusy et al. 198834 1 2 Titanal 4 3
Yellow = blue Elgiloy Nitinol 5

Kusy and Whitley 19895 1 =) 2 4
Tidy 198930 1 None 2 3
Drescher et al. 198933 1 2 3 4
Kapila et al. 199026 1 2 3 4
Kusy and Whitley 199052 1 2 3 4
Pratten et al. 199028 1 None 2 None.
Angoikar 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. 199259 Equal None Equal None
Vaughan et al. 1995%2 2 1 3 4
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3.2 vUIAUeda3a (Wire Size)

M IANYIIAYBIAIATIAILREITRF UM LT LY s A F vAN L (Angolkar
HagAe, 1990 ; Frank 102 Nikolal, 1980; Garner UaEAUE, 1986; Kapila dasafe, 1990 ;
Peterson agAME, 1982 ; Andreasen U0¢ Quevedo, 1970; Pratten UAZAME, 1990; Riley,
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) An undesirable side
effect of incisor extrusion resulting
from canine tipping during sliding
retraction on a flexible archwire.
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AN 7

a d' s - ! o 4o 4
AN IUARINAMISINANSUAIMHDIB05 05N 2 FousuTeamuiaiu

TaonaaIn Inay LAz adeUTULINGIFINYBILTATIAMIY ANAIAMTITIUUUYDIAIN

:/‘ 1 p=y =3 a =N T =
Faus 0 By, 09 1 vy, lunysnnamannd 13atiy ¥tianaeuuy 3 %19 (A-018, American

Friction Free;

G-018, GAC Shoulder;

0-018, Ormco Mimi Diamond) g LUIANG

mannd1 13ty stiagumesse 3 ¥ia (R-S-018, RMO Mini-Taurus; RS-S-018, RMO Mini-

Taurus Synergy; U-S-018, Unitek Mini Twin) ¥iaMualutUsnnaiiauiasos 0.018x0.025

17 (Ogata LazAMY, 1996)

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-S-018 U-5-018
Deflection | and Size Mean SD Mean SD Mean SD | Mean SD | Mean SD | Mean SD
. 0.016 2.6 5.0 675 292 3975 3041 389.2* 36.6 1.2 3.2 5300 589
0.00 mm 16 x 22 1425 446 2710 205 7070 253 6365 849 0.0 0.0 689.5 1017
17 %25 1885 337 6225 1845 9280 495 6105 759 68.7 58.1 7465 49.0
0.016 151.6 26.0 237.0 414 432.0 24.2 469.6* 57.1 553 19.0 592.0 576
0.25 mm 16 x 22 5595 29.8 7540 319 925.0 499 965.0 554 395 206 835.0 103.8
17 %25 7665 450 | 1,2385 117.6 (1,237.0 102.1 7625 835 215.0 108.7 | 1,17745 703
0.016 361.4  40.0 4805 50.2 6485 357 6782 746 2228 367 7530 693
0.50 mm 16 %22 12200 603 | 15835 73.1[1,4905 91.8|15785 1153 637.0 689 | 1,193.0 127.0
17 %25 15305 384 |23235 981 (1821.0 142.7| 15865 1749 9203 2042 | 1.881.0 1304
0.016 558.6 565 7675 553 8540 36.0 8746 951 407.0 53.2 9340 69.0
0.75 mm 16x 22 19765 74.0 | 2,430.0 77020010 1075 2223.0 156.0 |[1,497.0 186.6 | 1,624.0 154.0
17 x 25 2,451.0 2933 14,4415 6602380 137.0|2,486.0 283.7 |1,7445 3286 | 2,512.0 1618
0.016 789.6 835 1,530 955110740 64.1|1,077.6 1047 596.8 60.4 | 1,115.0 749
1.00 mm 16x22 34635 947 | 32720 57.112583.5 115827100 147.6 (2,283.5 2139 | 2,088.0 174.7
17 %25 6,685.0 4221 | 6,774.0 542 (3,5345 233.8|3,4155 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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M3T 8 AT IERIHANSRAMsEamiineefinnin 2 deusudoavTufiRamy
Trouaaarunio uaydaubsauuesnuremsuivany Anaanmsidsuuesadn
Fud 0w 891w lunusanamdnnd ety silavasuuy 3 e (A-022, American
Friction Free ; G-022, GAC Shoulder; 0-022, Ormco Mini Diamond) Hay Uy Inne
wiannd 1datiy sfiadumesse 3 #iia (R-8-022, RMO Mini-Taurus; RS-5-022, RMO Mini-
Taurus Synergy; U-S-022, Unitek Mini Twin) U482 Combination Bracket with a Modified
Edgewise Slot (TP-022) TP Tip- Edge ﬁywms,ﬂuumﬂmmﬁﬁwm'5'@@1 0.022x0.028 ‘5’3

(Ogata LA AMUL, 1996)

0.022 x 0.028 Inch Brackets
Means and Standard Deviations (g)
Wire Cast Edgewise Sintered Fdgewise 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 4810 442 4635 - 535 0.0* 0.0 3845 299 2925 192
16 %22 1745 132 1880 164 7325 25.6 680.0 513 0.0 0.0 6465 875 5745 290
0.00 mm 17 %25 1925 923 2050 158 7475 256 645.0 304 0.0 0.0 7055 205 7320 589
0.018 106.5 9.1 1320 2538 5490 513 3615 424 0.0* 0.0 4365 162 3620 373
18x25 2460 282 233.0 136 8210 300 7000 76.6 0.0 0.0 803.0 49.1 6125 245
19 %26 2575 372 2460 160 [1,060.0 803 8485 406 0.0 0.0 2085 950 7375 354
0.016 91.0° 7.7 1175 174 529.0 469 4870 58.7 0.0* 00 4300 316 3265 265
16 % 22 1950 131 2825 101 8420 353 7340 489 6.5 4.1 7145 576 607.0 18.0
0.25 mm 17 %25 213.0 75 4415 276 868.0 317 733.0 40.6 11.0 5.7 808.0 39.2 7615 494
0.018 1175 9.2 /7.5, 2885 605.0 496 4085 406 15° 34 4985 178 4420 698
18x25 2665 282 515.0 100 [1,131.0 944 852.0 1227 12.0 5.9 895.0 695 8145 249
19 x 26 3560 586 5925 25018300 361 [1,0440 556 305 182 9935 973 7935 299
0.016 1135 6.7 2475 142 6650 523 550.0 64.8 29.0 124 3845 278 383.0 254
16 x 22 291.0 235 6530 22013550 453 905.0 440 1515 24.8|1,0615 994 657.0 23.6
0.50 mm 17 %25 4090 110 [1.0175 558 (14680 450 (10320 682 2545 289 (10630 752 806.5 212
0.018 185.0 9.1 403.0 _‘23.9 8305 644 5965 237 975 8.2 6205 33.0 480.5 54.7
18x12S 589.0 56.4 | 1,221.5- 32.1 (11,6160 1213 |1,621.5 2721 2340 21111365 804 ) 1,0095 734
19 x26 997.0 183.8 | 13805 732 (24995 544 (1,889.0 136.0 373.0 627 | 14320 1042 |1,0650 591
0.016 2365 14.2 3985 183 8245 580 7135 794 1105 237 7340 365 450.0 348
16 x 22 7860 860 [1,19500 48.0(1934.0 74313360 875 459.0 41612800 783 8575 298
0.75 mm 17 x25 10675 54.0 | 19290 607 (19505 89216090 983 7555 32315460 1602 | 9620 431
0.018 4750 163 7105 294 (1,0815 87.2 873.0 589 3135 538 787.0 353 527.0 458
18 x2S 13830 505 |22245 759(2,741.0 182.6 (25324 4589 866.0 51.2 | 1.8155 1909 | 12760 773
19 %26 1,6005 1175 | 3,051.5 649 |34685 61.7 |2,680.0 224012175 1469 | 2,247.0 1713 1,514.0 1383
0.016 4420 103 5905 189 9755 679 869.0 852 2415 243 858.0 409 4715 312
16 x 22 15340 117.9 | 1,7280 693 (25245 695 (18540 1209 |1,022.0 116.7 | 1,9735 725 (10315 50
1.00 mm 17 x2S 18315 948 26290 74827975 1857 (22295, 1284 |1,4860 1095 | 22950 1968 | 1,104.0 645
0.018 7765 236 9725 36212990 891 (10915 380 6325 745 | 1,0605 365 584.0 482
18x25 20650 829 | 43770 '59.0|3,6685 1255 |3,249.5 679.7 | 1,6585 1753 | 2,587.0 262.6 | 1,434.0 694
19x26 26940 192.6 | 54885 50359075 561 |3,4080 263721715 2593 | 3,1075 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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52 BUININATUADINALIIVINDIINARAIA (Bracket Designs Limiting the Force

of Ligation)
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(two-way ANOVA) N3zauiadify 0.05

Tests of Between-Subjects Effects

Source Sum of df Mean F Sig.
Squares Square
BRACKET 21743.995 2 10871.997 40.784 .000*
WIRE 3642.237 ‘3 1214.079 4.554 .004*
BRACKET*WIRE 5557.506 6 926.251 3.475 .003*
Error 60779.603 228 266.577
Corrected Total 91723.340 239
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Multiple Comparisons

Dependent Variable: Static friction (0.016")

Scheffe
Mean
Difference

() Types of bracket (J) Types of bracket (I-J) Std. Error Sig.
Stainless steel bracket “Ceramic bracket -36.2235* 5257 .000

Metal rginforced ceramic 257135 5257 000

bracket g ' ’
Ceramic bracket Stainless steel bracket 36.2235* 5.257 .000

g"rzt:}:;mfomed e 10.5100 5.257 145
Metal reinforced ceramic Stainless steel bracket 25.7135* 5.257 .000
bracket Ceramic bracket -10.5100 5.257 145

" The mean difference is significant at the .05 level.

Homogeneous Subsets

Static friction (0.016")

Scheffe®

Subset for alpha = .05
Types of bracket N 1 2
Stainless steel brackel 20 46.9905
Metal reinforced ceramic bracket 20 72.7040
Ceramic bracket 20 83.2140
Sig. 1.000 .145

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 20.000.
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Multiple Comparisons

Dependent Variable: Static friction (0.018 ")

Scheffe
Mean
Difference

(I) Types of bracket (J) Types of bracket (1-J) Std. Error Sig.
Stainless steel bracket Ceramic bracket -19.84/5% 5.760 005

Metal reinforced ceramic ‘

e -11.5805 5.760 142
Ceramic bracket Stainless steel bracket 19.8475* 5.760 .005

Metal reinforced ceramic

. Himedist. 8.2670 5.760 .364

Metal reinforced ceramic Stainless steel bracket 11.5805 5.760 142
bracket Ceramic bracket -8.2670 5760 .364

“. The mean difference is significant at the .05 level.

Homogeneous Subsets

Static friction (0.018 ")

Scheffe®

Subset for alpha = .05
Types of bracket N 1 2
Stainless sieel bracket 20 6/7./035

Metal reinforced ceramic bracket 20 792840 29 2840

Ceramic bracket 20 87.5510
Sig. 142 .364

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 20.000.
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Multiple Comparisons

Dependent Variable: Static friction (0.016 x 0.016 )

Scheffe
Mean
Difference

() Types of bracket (J) Types of bracket (1-J) Std. Error Sig.
Stainless steel bracket Ceramic bracket -24.8980™ 3.951 .000

Metal reinforced ceramic N

Biatiket -24.7455 3.951 .000
Ceramic bracket Stainless steel bracket 24.8980* 3.951 .000

Metal reinforced ceramic

fradetecdf 1525 3.951 999
Metal reinforced ceramic Stainless steel bracket 24.7455* 3.951 .000
bracket Ceramic bracket -.1525 3.951 999

". The mean difference is significant at the .05 level.

Homogeneous Subsets

Static friction (0.016 x 0.016 ")

Scheffe?

Subset for alpha = .05
Types of bracket N 1 2
Stainless steel bracket 20 57.8565
Metal reinforced ceramic bracket 20 82.6020
Ceramic bracket 20 82.7545
Sig. 1.000 .999

Means for groups in homogeneous subsets are displayed.
d. Uses Harmonic Mean Sample Size = 20.000.
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Multiple Comparisons

Dependent Variable: Static friction (0.016 x 0.022 ")

Scheffe
Mean
Difference
{I) Types of bracket (J) Types of bracket (I-J) Std. Error Sig.
Stainless steel bracket Ceramic bracket -10.0505 - 5.496 197
Metal reinforced ceramic
biSeket -1.0710 5.496 .981
Ceramic bracket Stainless steel bracket 10.0505 5.496 197
g/leta| reinforced ceramic 8.9795 5496 271
racket
Metal reinforced ceramic Stainless steel bracket 1.0710 5.496 981
bracket Ceramic bracket -8.9795 5.496 271
Homogeneous Subsets
Static friction (0.016 x 0.022 ")
Scheffe®
Subset
for alpha
= .05
Types of bracket N 1
Stainless steel bracket 20 67.4995
i ic bracket
Metal reinforced ceramic 20 68.5705
Ceramic bracket 20 77.5500
Sig. 197

Means for groups in homogeneous subsets are displayed.
4. Uses Harmonic Mean Sample Size = 20.000.
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Multiple Comparisons

Dependent Variable: Static friction (Stainless steel bracket)

Scheffe
Mean
Difference
(I Wire size (inches) (J) Wire size (inches) (I-J) Std. Error Sig.
0.076 " 0.018™ -20.7130% 4./94 .001
0.016 x 0.016 " -10.8660 4.794 72
0.016 x 0.022 " -20.5090* 4.794 .001
0.018" 0.016 " 20.7130* 4794 .001
0.016 x0.016 " 9.8470 4794 .248
0.016 x 0.022 " .2040 4794 1.000
0.016 x0.016 " 0.016" 10.8660 4794 A72
0.018 " -9.8470 4.794 .248
0.016 x 0.022 " -9.6430 4794 .265
0.016 x0.022" 0.016 ™" 20.5090* 4794 .001
0.018 " -.2040 4794 1.000
0.016 x0.016" 9.6430 4.794 265

“. The mean difference is significant at the .05 level.

Homogeneous Subsets

Static friction (Stainless steel bracket)

Scheffe®

Subset for alpha = .05
Wire size (inches) N 1 2
0.076 " 20 46.9905
0.016 x0.016 " 20 57.8565 57.8565
0.016 x 0.022 " 20 67.4995
0.018 " 20 67.7035
Sig. 72 .248

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 20.000.
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Multiple Comparisons

Dependent Variable: Static friction (Ceramic bracket)

Scheffe
Mean
Difference

(I) Wire size (inches) (J) Wire size (inches) (I-J) Std. Error Sig.

0.076™ 0.018" -4.3370 9.317 .881
0.016 x0.016 " 4595 5.317 1.000
0.016 x 0.022 " 5.6640 5.317 .769

0.018" 0.016 " 4.3370 5.317 .881
0.016 x 0.016 " 4.7965 5.317 .846
0.016 x 0.022 " 10.0010 5.317 323

0.016 x0.016 " 0.016 " -.4595 5.317 1.000
0.018" -4.7965 5.317 .846
0.016 x 0.022 " 5.2045 5.317 .811

0.016 x 0.022 " 0.016" -5.6640 5.317 .769
0.018" -10.0010 5.317 .323
0.016 x 0.016 " -5.2045 5.317 .811

Based on observed means.

Homogeneous Subsets
Static friction (Ceramic bracket)
Scheffe 2°
Subset

Wire size (inches) N 1

0016 x0.022" 20 77.5500

0.016 x 0.016 " 20 82.7545

0.016™" 20 83.2140

0.018" 20 87.5510

Sig. 323 |

Means for groups in homogeneous subsets are displayed.
Based on Type Ili Sum of Squares
The error term is Mean Square(Error) = 282.743.

a. Uses Harmonic Mean Sample Size = 20.000.
b. Alpha = .05.
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Multiple Comparisons

Dependent Variable: Static friction (Metal reinforced ceramic bracket)

Scheffe
Mean
Difference
(I) Wire size (inches) (J) Wire size (inches) (I-J) Std. Error Sig.
0.0T6 " 0.078™ -6.5800 2.359 .682
0.016 x0.016 " -9.8980 5.359 .339
0.016 x 0.022 " 41335 5.359 .897
0.018™ . 0.016 " 6.5800 5.359 .682
0.016 x0.016 " -3.3180 5.359 .943
0.016 x 0.022 " 10.7135 5.359 270
0.016 x0.016 " 0.016" 9.8980 5.359 © 339
0.018" 3.3180 5.359 .943
0.016 x 0.022 " 14.0315 5.359 .086
0.016 x0.022 " 0.016 ™" -4.1335 5.359 .897
0.018" -10.7135 5.359 270
0.016 x0.016 " -14.0315 5.359 .086

Homogeneous Subsets

Static friction (Metal reinforced ceramic bracket)

Scheffe * .
Subset
for alpha
=.05
Wire size (inches) N 1
0.016 x 0.022" 20 68.5705
0.016" 20 72.7040
0.018" 20 79.2840
0.016 x 0.016 " 20 82.6020
Sig. .086

Means for groups in homogeneous subsets are displayed.
a. Uses Hamonic Mean Sample Size = 20.000.
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