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Abstract: Problem statement: To evaluate the frictional forces generated by fidigferent
orthodontic brackets when used in combination wathinless steel and NiTi archwires in dry
conditions at physiological temperatufegpproach: Five different types of maxillary canine brackets
(Damon 3 MX, Step, Quick, Sprint, Mini Mono) withséot size 0.022 inch were coupled with 0.016"
and 0.019"x0.025" stainless steel and with 0.01&1 8.018"x0.025” NiTi archwires. Step, Sprint and
Mini Mono were used both with traditional ligaturasd with Slide ligatures. A total of 320 archwires
and brackets were used; ten tests were carriedoowgach group of bracket-wire combination at
physiological temperature and in dry state. Frizdloforces were measured by Instron Universal
Testing Machine. The statistical significance lewals established at P<0.0Besults: Damon 3
MX and Step brackets with Slide ligatures produstatistically lower friction than Quick and
conventional brackets with elastomeric ligatureéctiwnal force increased proportionally to the wire
size; NiTi archwires presented higher frictionabkistance than stainless steel archwires. Slide
ligatures showed lower fictional values in companiith elastic ligaturesConclusion: Stainless
steel brackets with new Slide ligature show frintibforces similar to self-ligating brackets with
passive clip.

Key words: Self-ligating brackets, slide ligatures, elastomdigatures, brackets, frictional resistance,
friction, force, bracket-wire combinations, testaahine, instron, orthodontic, appliance,
dentistry

INTRODUCTION always stronger than the kinetic friction, whichegs
In orthodontic practice, during closure of Pody in motion (Chimentet al., 2008). Because tooth
extraction spaces, tooth movement with sliding is anovement along an archwire is not continuous but
very common procedure (Cacciafesaal., 2003). occurs in a series of very short steps, statididnicis
Whenever sliding occurs, friction should be considered to have more importance because it rieeds
encountered. Friction is defined as *“the forcebe overcome each time the tooth moves a little
tangential to common boundary of two bodies in(Cacciafestat al., 2003).
contact that resist the motion of one relative he t Resistance to Sliding (RS) of an archwire-bracket
other. The amqunt of friction is proportional toeth couple is the combined effect of 3 components: Xas
force with which the two surfaces are pressedcion (FR), elastic Binding (BI) and physical tdbing
together and dependent on the nature of the surfac?NO) (Articolo et al., 2000). FR depends on ligation
in contact (Articoloet al., 2000). The application of N e .
force and bracket-archwire material (Thorstensod an

force has to overcome the friction to allow tooth o
movement. The dissipation of the orthodontic forceKUSy’ 2003). When the archwire just contacts bates

as resistance to sliding may vary between 12 an@f the.slot wall as the bracket is_angulated r@atd)the
60% or it may lead a stop in orthodontic movementarchwire, the BI component begins to contributeRi$e
(Chimentiet al., 2008). The angle ) at which the archwire first contacts the
Friction may be divided into static friction, whids edges of the slot walls is called the critical emhtangle
the force required to initiate tooth movement amd i for binding (Kusy and Whitley, 2001) At greater wes
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of 0, the bracket may physically deform the archwire, MATERIALSAND METHODS
thus adding NO component to the components of RS
(Articolo et al., 2000). Five different types of preadjusted maxillary ceni

Many studies have evaluated the factors that taffedorackets were tested: conventional stainless $&iep,
frictional forces released during sliding mechanics Leone S.p.a. Firenze, ltaly; Mini Mono, Forestadent
bracket and wire materials, bracket width, slotesiz Pforzheim, Germany; Sprint, Forestadent, Pforzheim,
wire section, wire size, second order angulatiod anGermany) and stainless steel self-ligating bradkaasnon
torque at the wire bracket interface, surface dioms 3 MX, Ormco, Glendora, Ca; Quick, Forestadent,
of the archwires and the bracket slots, type ancefof ~ Pforzheim, Germany). Two types of archwire alloyesrav
ligation, interbracket distance, saliva and infloerof  tested: stainless steel (Forestadent, Pforzheimm&wg)
oral functions (Cacciafestet al., 2003; Hainet al., and NiTi (Titanol-Martensitic, Forestadent and Rfaim,
2003; Henao and Kusy, 2004; Thorstenson and Kusy@ermany).

2003; Wichelhaust al., 2005). All the brackets were 0022” slot and were tested

Friction is determined mostly by the nature ofwith 3 wire section: 0016”, 0.018"x0.025" and
ligation (Griffiths et al., 2005). Self-ligating brackets 0.019"x0.025". Conventional stainless steel bragket
were introduced in early 1930s in form of Russelwere used either with traditional ligatures in miedu
attachment, which was intended to reduce ligatior{Forestadent, Pforzheim, Germany) or with Slide
times and to improve operator efficiency (Berger,ligatures (Leone S.p.a. Firenze, Italy). A total350
2000; Northrupet al., 2007; Sfondriniet al., 2011). samples were studied (Tablel, 2); after each sample
From patient’s perspective self-ligating brackets a bracket, wire and ligature were changed to elinginat
generally smoother, more comfortable and easier téhe effect of wear. A Universal Testing Machine
clean due to absence of wire ligatures (Bergerlnstron 4444 (Instron Industrial Products, GroveyCi
2000). Besides these, another benefit of selfdigat Pennsylvania, USA) was used to measure and record
brackets has been their low frictional resistancehe frictional forces released. Each bracket was
(Henao and Kusy, 2004). Two types of self-ligatingPonded with a laser weld to a stainless steel sareiv
brackets have been developed; those that have then it was positioned in the testing apparatushEa
spring clip which presses against the archwire andvire was ligated to the bracket using elastomeric
those self-ligating mechanism that do not presdigatures, or closing the clip of self-ligating bkets.
against the arch wire. The speed of the machine was being 2.5 mm/min for a

In self-ligating brackets the movable spring clip total of 2 min per experiment. All the samples were
converted the slot into a tube (Sfondratial., 2010); Performed in dry conditions at physiological
several previous studies demonstrated a significarfeMperature. The system of acquisition measured the
decrease in friction for self-ligating bracketspgmred ~ force values (Newtons) needed to move the bracket
to conventional stainless steel brackets. Such #&long the wire and the values were recorded by a

reduction in friction can help shorten chairtimedan COMPuter. The static friction was calculated at the
treatment (Henao and Kusy, 2004). initial peak of movement. The dynamic friction was

Newly introduced Slide low friction ligatures calculated as average of 10 acquisitions made at a

have been developed to transform common stainleséistance of 5 seconds each, after the peak (Castéaf
steel brackets in a sort of self-ligating brackettere € al., 2003). Statistical analysis was performed with
the fourth wall of the slot is the poliuretane sgé Stata 7 software (Stata, College Station,Tex); a
of the ligature. Kruskal-Wallis test was used to study the effect of

The purpose of this in vitro study was to evaluatePracket type, wire alloy, section and ligature on
the frictional forces generated by 3 types bracketdriction. A Mann-Whitney U test was used for thespo
(conventional stainless steel, interactive selgédigg, hoc test and the Bonferroni adjustment was applied.
passive self-ligating) in combination with 2 difeet ~ Then, a generalized linear regression model wéesdfit
alloys (stainless steel and NiTi archwires) of 3to check the combined effect of the 4 variables
different section (0.016”, 0.018"x0.025" and (bracket, alloy, section and ligature) and their
0.0197x0.025") in combination with conventional interactions. The level of significance was set for
and Slide ligatures. P<0.05.
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Table 1: Static Friction values (N) of the differgmoups tested

Bracket-wire combination Ligature n Mean SD Min Mdn  Max
Damon NiTi 016 Self Ligating 10 0.720 0.177 0.413 708 1.044
Damon NiTi 018x025 Self Ligating 10 0.987 0.304 e 0.976 1.485
Damon Steel 016 Self Ligating 10 0.536 0.131 0.384 0.505 0.781
Damon Steel 019%x025 Self Ligating 10 1.098 0.243  90D. 0.965 1.587
Step NiTi 016 Conventional elastomeric 10 1.162 48.2 0.811 1.094 1.640
Step NiTi 018x025 Conventional elastomeric 10 1.496 0.240 1.122 1.438 1.903
Step Steel 016 Conventional elastomeric 10 1.194 1660. 0.958 1.184 1.442
Step Steel 019%025 Conventional elastomeric 10 91.36 0.201 1.036 1.379 1.664
Step + Slide NiTi 016 Experimental elastomeric 10 .58a 0.104 0.446 0.608 0.762
Step + Slide NiTi 018x025 Experimental elastomeric 10 0.867 0.131 0.620 0.875 1.090
Step + Slide Steel 016 Experimental elastomeric 10 0.461 0.114 0.258 0.442 0.623
Step + Slide Steel 019x025 Experimental elastomeric 10 0.747 0.194 0.478 0.772 0.985
Quick NiTi 016 Self Ligating 10 1.156 0.218 0.749 195 1511
Quick NiTi 018x025 Self Ligating 10 1.582 0.273 ao1 1.615 1.885
Quick Steel 016 Self Ligating 10 0.850 0.150 0.593 0.862 1.066
Quick Steel 019x025 Self Ligating 10 2.190 0.572  136. 2.338 2.892
Mini Mono NiTi 016 Conventional elastomeric 10 1926 0.195 0.891 1.270 1.498
Mini Mono NiTi 018x025 Conventional elastomeric 10 1.447 0.232 1.063 1.464 1.815
Mini Mono Steel 016 Conventional elastomeric 10 55.2 0.189 0.956 1.225 1.570
Mini Mono Steel 019x025 Conventional elastomeric 10 1.179 0.235 0.851 1.173 1.525
Mini Mono + Slide NiTi 016 Experimental elastomeric 10 0.683 0.173 0.510 0.620 1.095
Mini Mono + Slide NiTi 018x025 Experimental elasterit 10 0.926 0.207 0.572 0.979 1.173
Mini Mono + Slide Steel 016 Experimental elastoroeri 10 0.411 0.103 0.306 0.396 0.666
Mini Mono + Slide Steel 019x025 Experimental elastoic 10 0.695 0.148 0.440 0.682 0.966
Sprint NiTi 016 Conventional elastomeric 10 1.287 .308 0.873 1.200 1.807
Sprint NiTi 018x025 Conventional elastomeric 10 5B0 0.139 0.784 1.054 1.329
Sprint Steel 016 Conventional elastomeric 10 0.970 0.152 0.746 0.968 1.195
Sprint Steel 019x025 Conventional elastomeric 10 054. 0.134 0.881 1.031 1.340
Sprint + Slide NiTi 016 Experimental elastomeric 10 0.610 0.134 0.427 0.575 0.861
Sprint + Slide NiTi 018x025 Experimental elastoroeri 10 0.584 0.174 0.274 0.605 0.856
Sprint + Slide Steel 016 Experimental elastomeric 01 0.403 0.093 0.236 0.405 0.572
Sprint + Slide Steel 019x025 Experimental elastamer 10 0.557 0.122 0.320 0.570 0.682
Table 2: Cinetic Friction values (N) of the diffategroups tested
Bracket-wire combination Ligature n Mean SD Min Mdn  Max
Damon NiTi 016 Self Ligating 10 0.842 0.234 0.370 .8 1.166
Damon NiTi 018x025 Self Ligating 10 1.039 0.321 656 1.011 1611
Damon Steel 016 Self Ligating 10 0.486 0.109 0.328 0.480 0.670
Damon Steel 019%x025 Self Ligating 10 1.138 0.212 814. 1.095 1.466
Step NiTi 016 Conventional elastomeric 10 1.292 60.2 0.937 1.295 1.861
Step NiTi 018x025 Conventional elastomeric 10 1.682 0.277 1.256 1.656 2.010
Step Steel 016 Conventional elastomeric 10 1.300 1790. 1.033 1.313 1.640
Step Steel 019x025 Conventional elastomeric 10 81.42 0.222 1.047 1.379 1.806
Step + Slide NiTi 016 Experimental elastomeric 10 .76Q 0.161 0.546 0.761 0.997
Step + Slide NiTi 018x025 Experimental elastomeric 10 0.880 0.120 0.689 0.896 1.073
Step + Slide Steel 016 Experimental elastomeric 10 0.509 0.092 0.317 0.486 0.618
Step + Slide Steel 019%025 Experimental elastomeric 10 0.833 0.230 0.540 0.837 1.194
Quick NiTi 016 Self Ligating 10 1.372 0.250 1.033 325 1.745
Quick NiTi 018x025 Self Ligating 10 1.809 0.300 181 1.876 2.103
Quick Steel 016 Self Ligating 10 0.821 0.141 0.532 0.856 1.023
Quick Steel 019x025 Self Ligating 10 2.087 0.407  379. 2.071 2.845
Mini Mono NiTi 016 Conventional elastomeric 10 1748 0.269 1.033 1.508 1.947
Mini Mono NiTi 018x025 Conventional elastomeric 10 1.700 0.247 1.206 1.720 2.153
Mini Mono Steel 016 Conventional elastomeric 10 69.3 0.149 1.200 1.315 1.648
Mini Mono Steel 019x025 Conventional elastomeric 10 1.324 0.242 0.951 1.329 1.686
Mini Mono + Slide NiTi 016 Experimental elastomeric 10 0.925 0.137 0.721 0.933 1.139
Mini Mono + Slide NiTi 018x025 Experimental elasterit 10 1.112 0.310 0.718 1.215 1.535
Mini Mono + Slide Steel 016 Experimental elastoroeri 10 0.419 0.113 0.290 0.417 0.688
Mini Mono + Slide Steel 019x025 Experimental elastoic 10 0.784 0.142 0.518 0.804 0.998
Sprint NiTi 016 Conventional elastomeric 10 1.463 282 0.980 1.412 2.059
Sprint NiTi 018x025 Conventional elastomeric 10 212 0.194 0.901 1.233 1.652
Sprint Steel 016 Conventional elastomeric 10 1.070 0.175 0.740 1.114 1.268
Sprint Steel 019x025 Conventional elastomeric 10 261. 0.177 1.049 1.228 1.626
Sprint + Slide NiTi 016 Experimental elastomeric 10 0.801 0.194 0.609 0.726 1.097
Sprint + Slide NiTi 018x025 Experimental elastoroeri 10 0.735 0.217 0.360 0.727 1.075
Sprint + Slide Steel 016 Experimental elastomeric 0 1 0.428 0.105 0.245 0.443 0.541
Sprint + Slide Steel 019x025 Experimental elastaecner 10 0.639 0.105 0.421 0.675 0.751
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RESULTS Effect of wire alloy: A significant alloy effect was
detected (P = 0.0001) by the Kruskal-Wallis testtlé
t4). Post hoc pairwise comparisons showed that NiTi
wires produced significant (P < 0.05) higher staiticl

Effect of bracket material: As reported in Table 3, kinetic friction than stainless steel wires wheredis
the Kruskal-Wallis test showed a significant bracke With Sprint brackets with traditional ligatures awith
effect (P = 0.0001). Post hoc pairwise comparisondlini Mono, Sprint and Step with Slide ligatures. No
showed that Damon 3 MX brackets producedsignificant differences were found between NiTi and
significant lower friction than conventional bratke stainless steel wires if used in combination wiglf-s
with elastomeric conventional ligatures and self-ligating brackets.

ligating Quick for static and kinetic friction. No . o _
statistical differences were found between Damon Fffect of wire size: Friction increased proportionally
Mx and stainless steel brackets with Slide ligatiore ~ With wire section for all the groups tested (Table
static and kinetic friction and among conventionalThe Kruskal-Wallis test showed a significant wire
brackets with either Slide or traditional ligatures section effect (P = 0.0001). Post hoc pairwise
comparisons showed significantly lower friction
between 0.016” and 0.018” x 0.025" and between

Four variables are studied in this study: Bracke
type, wire alloy and section, ligature.

Table 3: Scheffé post hoc test for the effect atket
Static friction Kinetic friction

Scheffé post hoc - P value . P value 0.016” and 0.019x0.025" for self-ligating bracket®
Bamongtep Siid <%%01%16 <%%07%19 statistical difference  were  found between
amon tep+ iae . . ” ” ” ” H
Damon/Mini Mono <0.0001 <0.0001 0.018"><0.025 and 0.019 %0.025". With Ste”p bracket:s
Damon/Mini Mono + Slide 0.0282 0.3457 0.016” produced lower friction than 0.018” x 0.025
Damon/Quick <0.0001 <0.0001 poth in static (P = 0.012) and in kinetic (P = @O
Bgmgﬂgg{:ﬂ§+5,ide Z%%%Ooll <%%%0218 There was high significance (P<0.0001) between
Step/Step + Slide <0.0001 <0.0001 0.016” and 0.018"x0.025” and between 0.016” and
Step/Mini M 0.8738 0.3812

tep/Mini Mono . . ” » : . A
Step/Mini Mono + Slide <0.0001. <0.0001. 0..019 x0.025 When wires were .used in combination
Step/Quick 0.8211 0.4529 Wwith Step and Slide ligatures. Using Sprint brasket
giggggmh Slide <%0000%11 <0d000c;1011 significant frictional difference was observed betw
Step + Slide/Mini Mono <0.0001 <0.0001 0-%1%”‘0-_02(5; anodo%g)lg'xQ-025"0:nb8tatl0 (POTMCE%M
2tep+§:ige%ini II;/Iono+Slide 833&12 ggggf and Kinetic =0. riction and between 0.

tep + Slide/Quic <0. <0. ” noo; : — H :
Step + Slide/Sprint <0.0001 <0.0001 0-019 ><02025 in  static (I_D —.0.0_42). Using Sprint
Step + Slide/Sprint + Slide 0.0090 0.0799 brackets in combinations with Slide ligatures,istaglly
Mi”i MO”O/MW kM°”°+S"de <§§$f51 <§gg§é significant  differences were between 0.016” and
Mini Mon/Sering 0.0001 00504 0.019"x0.025” wires in static (P = 0.009) and kicet
mm@ MOno/SpSr:_r(ljt 7QSIi_dE <8'888% <8'888% (P<0.0001)and between 0.018"x0.025" and
In1 Mono + Slide/Quic <0. <0. ” ” : H : H —_ [
Mini Mono + Slide/Sprint <0.0001 <0.0001 0-0197x0.025" wires in kinetic (P = 0.033). Usingril
Mini Mono + Slide/Sprint + Slide 0.0084 0.0114 Mono with Slide ligatures we saw significant difeces
Quick/Sprint 0.0094 0.0289 (P = (0.021) between 0.016” and 0.018"x0.025" wires
S;‘r',"n"{gg?,ﬂiig'l',ﬂ‘; 2828881 28;8881 static and between 0.016” and 0.019"x0.025" wires

(P<0.0001) both in static and in kinetic.
Table 4: Mann-Whitney test for the effect of witkog

Mann-whitney NiTi/ Table 5: Mann-Whitney test for the effect of wiiees
test P<0.05 Friction stainless steel  Mann-whitney 0.016”/0.018 0.0167/0.019 0.018"x(602
Damon Static 06263 testP<0.05 Friction "x0.025 "x0.025" "/0.019"XAR5"
Kinetic 0.2428 Damon Static 0.0072 <0.0001 <0.0001
Quick Static 0.7251 Kinetic 0.0168 0.0009 0.0009
Kinetic 0.3577 Quick Static 0.0003 <0.0001 0.0699
Step Static 0.739 Kinetic 0.0003 <0.0001 0.3372
" Step Static 0.0120 0.1230 0.7530
Mini Kinetic 0.938 Kinetic 0.0090 0.5010 0.2790
ini mono Static 0.872 - ;
Kinetic 0.233 Mini mono S_tatl(_: 0.2130 1.0000 0.2070
Spint Static 0006 A Kinetic 0.2190 1.0000 0.2580
pin tatiC - Spint Static 0.1170 0.5340 0.0450
. Kinetic 0.001 Kinetc  0.0960 0.0420 0.0060
Step + Slide Static 0.015  gtep + Slide Staic  <0.0001 <0.0001 1.0000
o ) Kinetic <0.0001 Kinetc  0.2070 0.2070 0.1470
Mini Mono + Slide Static 0.001 Mini Mono + Slide Static 0.0210 <0.0001 1.0000
Kinetic <0.0001 Kinetic 0.2670 <0.0001 0.4530
Sprint + Slide Static <0.0001  Sprint + Slide Static 1.0000 0.0090 0.1230
Kinetic <0.0001 Kinetic 1.0000 <0.0001 0.0330
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Table 6: Mann-Whitney test for the effect of ligatu frictional resistance than conventional stainlet=els
’;}"aggg’\’h't”eyte“ Frict Sideftradiionl brackets (Berger, 2000; Cacciafesth al., 2003).
= riction deltraditional  passive  self-ligating Damon 3 MX produced
step ot <0.0001  gtatistically less frictional force than interaetiself
Kinetic <0.0001 Statistically less frictional force than interaetiself-
Mini mono Static <0.0001 ligating Quick did; this is in agreement with other
_ Kinetic <0.0001  authors in literature (Henao and Kusy, 2004). An
Spint Static <0.0001  eyplanation for the reduced friction values is that
Kinetic <0.0001

passive self-ligating cap does no press againsivitee

. N . and, when the cover is locked, the slot is condeirtéo
Effect of ligature: A significant ligature effect was , pe (Cacciafest al., 2003).

shown (P = 0'00,01,) by the KrgskaI-WaIIis test (-Bib,l Each bracket was tested in combination with three
6). Post hoc pairwise comparisons showed that Sl|d(§eCtions wires  (0.016" 0.018"x0.025"  and

Ilgatures_produced &gnnjcapt lower fr|ct|on§1I 6as 0.0197x0.025"). The higher was the wire size, the
than traditional elastomeric ligatures both fottistand ; - S )
higher was the friction produced. This is in agngei

kinetic (P<0.0001) with some previous researches (Cacciafetssh., 2003;
In the present investigation passive self-ligating

; brackets produced lower friction force than intérec
Dental materials, that range from polymers to S o )
metals, shoud have maximurr(%J biocompgtigility andself-l_|gat|ng brackets. This finding is n a.greemwlith
’ previous studies that compared the frictional proge

show minimal side_ effects (Atai and_ Atai, 2007)'of active and passive self-ligating brackets (Hatial.,
Moreover orthodontic tooth movement is affectedaby 5003: Thorstenson and Kusy, 200B)teractive self-

combination of biological and mechanical factorkeT ligating brackets in combination with small wires

magnitude of force during orthodontic treatmentl wil developed low frictional forces; in combination kit

result in optimal tissue response and rapid toothigher wires interactive self-ligating showed highe

movement. Therefore orthodontic movement should beriction values.

impressed with low forces (Berger, 2000), thus  statistically significant differences were found

ensuring treatment efficiency in respect of biotogi petween passive self-ligating brackets Damon 3 MX

principles (Thorstenson and Kusy, 2003), oral floragng interactive self-ligating Quick. This resultregs

(Zlf)islhy etd all.ly 2_008) arch _forms (Mohamm;t ?)lét’u with previous studies which compared the frictional
) and a owing correct jaw movements_( \uodtua properties of self-ligating brackets (Haéh al., 2003;

al., 2010). Friction at the bracket archwire inteefac h d

might prevent the attainment of optimal force lsviel T orstepspn an Kusy 2003)'.

the supporting tissues. Therefore, an understanding b tStausgclz_zllyr s?nn‘lcantd ?lffé—:-.:gncels IW(ta.ret. found

forces required to overcome friction is importamtisat etween Slide ligatures and traditional elastia luygs.

this study we used round traditional non luktecha

the appropriate magnitude of force can be used t . oo
produce  optimal  biological tooth movement igatures in modules. Elastomeric ligature preshes

(Tabakman, 2005). To understand and explain thdvire into the slot and increases the frictionalcés
nature of friction between arch wire and bracket,"€€d to begin the motion. New Slide ligatures have
several variables such as bracket material, wireriga, ~ d€Sign that allowed transforming the slot into aetu
and alloy and type of ligature should be studied. where the wire slides easily; for this reason Slide
Static friction has more importance than kineticligatures showed significantly lower friction than
friction in tooth movement: when a tooth slidesrajo traditional elastomeric ligature, in agreement vather
an archwire, the tooth movement that occurs isriezse Authors (Gandingt al., 2008).
of short jumps as archwire and biological resistanc ~ This study also demonstrated that NiTi archwire
strive to upright the root through the alveolar &owith ~ generated higher friction than SS archwire fobedicket-
the static frictional resistance needing to be owere  wire combinations. In literature previous studiésvsed
each time the tooth moves a little (Harradine, 3003  that stainless steel archwires showed higher, losver
The present study showed that self-ligating bracke equal frictional forces when compared with NiTi
generated significantly lower frictional resistartbean  archwires (Articolo et al., 2000; Hainet al., 2003;
conventional stainless steel brackets with coneeali Cacciafestat al., 2003; Chimenitgt al., 2008; Wichelhaus
ligatures. These findings agree with previous paperet al., 2005). This variability of the results is proatue
that reported that self-ligating brackets produlmeder  to the different materials tested in the studies.
5
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CONCLUSION Harradine, N.W.T., 2003. Self-ligating brackets: &k#n
are we now? J. Orthod., 30: 262-27BOI:
The result of the present study demonstrates that 10.1093/ortho/30.3.262
passive self-ligating brackets and conventionatkets Henao, S.P. and R.P. Kusy, 2004. Frictional evialusiof
with Slide ligatures generated significantly lovetatic dental typodont models using four self-ligating
and kinetic frictional forces than both interactiself- designs and a conventional design. Angle Orthéd., 7
ligating and conventional brackets with traditional  75-85.
ligatures. NiTi archwires had higher frictional ées  Kusy, R.P. and J.Q. Whitley, 2001. Frictional resises
than stainless steel archwires: all brackets showed ©f metal-ined ceramic brackets versus conventional
higher static and kinetic frictional forces as thire stainless steel brackets and development of 3-D
size increased. friction maps. Angle Orthod. 71: 364-74.
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