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Assessment of surface friction of self-ligating brackets 
under conditions of angulated traction

original article

Objective: The aim of this study was to assess resistance to sliding of stainless steel passive self-ligating brackets 
with 0° and 2.5° angulations and to compare them to active self-ligating brackets at zero angulation. The hypothesis 
to be tested was that passive self-ligating brackets produce lower frictional forces than active self-ligating brackets. 

Methods: Twenty five 0.022 x 0.028-in slot maxillary canine brackets were divided into 5 groups of 5 brackets: 
Damon SL II (Ormco, CA, USA) self-ligating bracket and Gemini (3M/Unitek, CA, USA) conventional bracket with 
angulation of 0 and 2.5° and a group of Speed 2 (American Orthodontics, WI, USA) active clip self-ligating system 
with zero angulation. Twenty five segments of stainless steel 0.020-in archwire (TP Orthodontics, IN, USA) were 
tested and each bracket/wire interface was evaluated at 4 successive points during sliding. Overall, 100 frictional 
values were analyzed by parametric analysis of variance and Bonferroni tests. 

Results and Conclusion: Frictional tests were performed with an Emic DL 10000 testing machine (Emic, Brazil) 
with a load cell of one kilogram. Passive self-ligating brackets produced lower frictional forces than active self-
ligating brackets (p < 0.01). Under angulation, brackets with a slide mechanism produced higher friction than the 
same brackets under zero angulation (p < 0.01). Nevertheless, the slide system under angulation produced smaller 
friction values than conventional brackets tied with elastomeric ligatures in 0° tests.
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Avaliação da fricção superficial apresentada por braquetes 
autoligáveis em condições de tracionamento sob angulação

artigo inédito

Objetivo: avaliar a fricção apresentada por braquetes autoligáveis de aço inoxidável com sistema passivo de tampa 
deslizante sob angulação de 0 grau e 2,5 graus, e comparar o comportamento desse grupo sob angulação nula com o 
de um grupo de braquetes autoligáveis com sistema ativo de tampa resiliente.

Métodos: foram utilizados 25 braquetes de caninos superiores, divididos em 5 grupos — braquetes autoligáveis 
passivos Damon SL II sob angulação de 0 grau e de 2,5 graus; braquetes convencionais Gemini amarrados com li-
gaduras elásticas sob as mesmas angulações; e um grupo formado pelo sistema ativo Time 2, sob angulação nula. 
A hipótese a ser testada é se artefatos autoligáveis com sistema de tampa passiva são mais efetivos no controle 
da fricção do que dispositivos contendo coberturas ativas. O tracionamento foi realizado segundo emprego de 25 
segmentos de fio de aço inoxidável 0,020” na máquina de ensaios EMIC DL 10000 com célula de carga de 2,0kg. 
Cada conjunto braquete/fio foi responsável pela geração de quatro corpos de prova, totalizando-se 100 leituras. 
As comparações entre médias dos valores foram realizadas através da Análise de Variância (one-way ANOVA) 
com correções pelo coeficiente de Bonferroni.

Resultados e Conclusão: as médias de fricção encontradas confirmaram a hipótese em teste, de que o sistema 
de braquetes Damon SL II é mais eficiente no controle do atrito do que o sistema de tampa ativa sob angulação de 
0  grau (p<0,01). Quando submetidos a angulações de 2,5 graus, a fricção aumentou significativamente (p<0,01), 
porém mantendo-se ainda muito inferior aos patamares evidenciados no grupo de braquetes convencionais amar-
rados com ligaduras elásticas.

Palavras-chave: Braquetes. Fricção. Aço inoxidável.
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INTRODUCTION
Maintaining low levels of friction constitutes a 

concurrent objective when producing orthodontic 
movement. Frictional forces are dependent on vari-
ables such as alloy type, size, shape of the orthodon-
tic brackets6,16,20 and shape of archwire2,6,16,20 in ad-
dition to characteristics inherent in the interaction 
between appliances, such as ligation2,21 and the an-
gulation established between these appliances.3,7-9

Self-ligating (SL) brackets are designed to en-
gage the orthodontic archwire in the bracket slot 
in a unique manner10,19,21 (Fig 1). Such engagement 
can be classified as active or passive.16,58 SL brackets 
are considered active2 when they feature a resilient 
cover capable of exerting constant pressure on the 
orthodontic archwires.6,10,21 Contact between arch-
wire and the resilient cover is established only when 
the archwire has a cross section greater than 0.017-
in. Smaller archwires remain fully retained inside 
the bracket slot without receiving any pressure. In 
these situations, the self-ligation method can be 
classified as passive.10,19 Berger et al described the 
action produced by the system on tooth alignment 
and leveling in terms of greater control of rotations 
and torques.2 A passive system can also be comprised 

with a cover mechanism which is capable of hold-
ing the archwire passively, regardless of wire cross 
section. In this model, the bracket slot resembles 
an orthodontic tube when the cover mechanism is 
closed.10,21 Some authors17,20 believe that this passive 
model is more efficient in controlling friction than 
the active mechanism, be the appliance passive or 
active. The hypothesis to be tested is whether or not 
self-ligating appliances with a slide mechanism are 
more effective in controlling frictional forces than 
appliances with resilient cover mechanisms.

 The aim of this study was to assess the frictional 
forces produced by stainless steel SL brackets with 
a passive mechanism under zero and 2.5° of angu-
lation and to compare the behavior of this group, 
without angulation, to active self-ligating brackets.

MATERIAL AND METHODS
This study used 25 canine brackets divided into 

five distinct groups (Tab 1). The groups comprised 
Damon SL II, a passive self-ligating system(Ormco, 
CA, USA) under 0° and 2.5° angulation, Gemini con-
ventional brackets (3M/Unitek, CA, USA) tied con-
ventionally with gray elastomeric ligatures (TP Or-
thodontics, IN, USA) under the same angulations, 

Groups Brackets Ligation system Number of brackets Pre-angulations Pre-torques Test angulations

1 Damon SL II Passive 5 +6° 0° 0°

2 Time 2 Active 5 +9° -2° 0°

3 Damon SL II Passive 5 +6° 0° 2,5°

4 Gemini Elastomeric ligature 5 +8° 0° 0°

5 Gemini Elastomeric ligature 5 +8° 0° 2,5°

Table 1 - Description of groups, ligation system, quantities, pre-angulations and pre-torques in the prescriptions, and angulations used in the bracket 
traction tests.

Figure 1 - A) Front view of self-ligating brackets fitted with a self-ligation system consisting of a resilient front cover in open (AI) and closed (FI) position, 
similar to Time 2 brackets. B) Front view (II) of self-ligating brackets fitted with an anterior slide mechanism in an open (IIA) and closed (FII) position, 
similar to what is found in Damon SL II brackets.

AI
FI FIIIIA
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and a group consisting of Time 2 active self-ligation 
system(American Orthodontics, WI, USA) under 
zero angulation (Fig 2). Traction tests used twenty-
five 8 cm segments of round 0.020-in stainless steel 
orthodontic wire (TP Orthodontics, IN, USA). Each 
bracket/wire set generated four specimens. Analy-
sis of the friction produced by pulling the steel 
wires inside the bracket slots was assessed based on 
four consecutive readings. There were twenty spec-
imens in each group, totaling 120 different readings.

The friction of the bracket/wire was measured 
in an Emic DL 10000 testing machine (Emic, Bra-
zil) with a load cell of two kilograms (kg). In order to 

offset the different angulations built into the pread-
justed brackets, metal cylinders were specially devel-
oped with compensatory angulations to ensure that 
all archwires were positioned parallel to the bracket 
slots (Fig  2). These stainless steel cylinders were 
connected to the testing machine while the applianc-
es were bonded with the aid of Super Bonder instant 
adhesive (Loccite, Brazil). The bracket bases were 
filled with Transbond XT light-cure adhesive (3M/
Unitek, CA, USA) in order to standardize the bonding 
area (Fig 3). In the groups where angulations were 
included, the cylinder was rotated 2.5° in the base 
part connected to the testing machine (Fig 4).

Self-ligating brackets Test angulations Means (gF) Standard deviations Specimens (n)

Damon SL II 0° 1.171a 0.6461 20

Time 2 0° 3.219b 0.5239 20

Damon SL II 2.5° 18.53c 3.507 20

Table 2 - Self-ligating brackets, test angulations, surface friction means in gram-force (gF), standard deviations and number of specimens subjected to 
round 0.020-in stainless steel wire traction.

Conventional Gemini brackets under 0° angulation: Mean (gF) = 114.4. 
Conventional Gemini brackets under 2.5° angulation: Mean (gF) = 183.5.
ANOVA: Different letters imply different means by the Bonferroni multiple comparisons test (p < 0.01).

Figure 2 - A) Front view of a Time 2 bracket bonded to a metal cylinder with -9° offset angulation to ensure that the wires are pulled without tip or torque. 
Total absence of angulation (tip) can be confirmed by aligning the existing vertical markings VI and VII with the metal cylinder and with a copper colored 
part (P) seen in the background. (II) Side view of the same appliance described above. Note the number printed on the cylinder denoting a -9° offset 
angulation (tip). B) Side view of the same appliance described above. Note the number printed on the cylinder denoting a -9° offset angulation (tip).
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The archwires used in the Gemini groups 
were tied with elastomeric ligatures, which were 
changed at every test (Fig 4).

The orthodontic wires were pulled at a speed of 
5 mm/min covering a distance of 3.5 mm (Fig 2). 
Maximum force (gF) values were recorded using 
Tesc software, version 3.04 (Emic, Brazil).

Mean values were compared by analysis of 
variance (one way ANOVA) and corrected with 
the Bonferroni coefficient. All analyzes were per-
formed with Graphpad Prism software version 4.0 
(Graphpad Software, CA, USA).

RESULTS
Distribution of force (gF) values are depicted in 

a box-plot chart. (Fig 5). Distribution was not nor-
mal according to the Shapiro-Wilk test (p < 0.05).

The data is summarized (Table 2) by means and 
standard deviations. Friction was evaluated and 
compared in grams-force (gF) under traction with 
a round 0.020-in stainless steel wire. The findings 
suggest lower friction means for the self-ligating 
groups compared with conventional brackets tied 
with elastomeric ligatures. A more effective fric-
tional control was achieved in the passive self-
ligating system when these brackets were tested 
with no angulation. Under a 2.5° angulation, the 
frictional force increased in the self-ligating and 
conventional groups (p < 0.01).

ANOVA revealed associations between friction-
al forces and self-ligating systems. The p value (p < 
0.01) found using the Bonferroni multiple compar-
isons test indicated differences between groups 
(Table 2).

DISCUSSION
Surface friction generated by sliding an orth-

odontic archwire inside a bracket slot opposes the 
tendency of tooth movement intended when deliv-
ering orthodontic forces. A greater friction effect 
can be observed in sliding mechanics widely used 
in first premolar extraction cases, where distal-
ization of canine teeth is recommended. With the 
purpose of ensuring a correct simulation of clini-
cal conditions, canine brackets were employed. 
The same brackets were also used in studies con-
ducted by Berger et al3 and Braun et al.4

Figure 3 - Gemini bracket bases filled with resin for subsequent bond-
ing to the surface of metal cylinders. Note how the bases were levelled 
(filled) with Transbond XT light cure adhesive.

Figure 4 - Stainless steel wires being pulled at an angle of 2.5° while en-
gaged in the slots of Gemini brackets with the aid of gray elastomeric 
ligatures. 

Figure 5 - Distribution of friction values in gram-force (gF) by self-ligating 
brackets at zero and 2.5° angulation.

Damon II 0O

gF

Time 0O Damon II 2,5O
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Five brackets were tested in each group, with 
readings being performed at four different points, 
consecutively to pulling 0.020-in round wires, total-
ing 20 specimens. This method was applied in order 
to simulate clinical conditions of sliding mechanics, 
repeatedly over a distance determined by the treat-
ment goals. The results showed reduced standard 
deviations, which would render redundant repeti-
tions with the same appliances. Voudoris et al21 used 
only eight brackets in each group, totaling twenty-
four specimens for each bracket type.21 Although 
some authors argue that the surface of brackets 
and/or wires11-13 are susceptible to wear, such wear 
is perhaps more significant in appliances featuring 
a higher coefficient of friction such as polycarbon-
ate or polycrystalline matrix.

Bracket design and size — as well as bracket an-
gulations and torques8,14,15 — have a direct relation 
on friction.7,8,9,14,15,20 Each manufacturer designs a 
unique individual self-ligation method. In order to 
standardize the different prescriptions metal cyl-
inders were fabricated with surfaces that were in-
dividually beveled to ensure bondings with no an-
gulations or torques. Authors have used different 
methods to standardize pre-existing bracket angu-
lations and torques.4,5,21 Studies conducted by Sims 
et al17 also employed metal parts to ensure a parallel 
positioning of bracket slots relative to orthodontic 
archwires when bonding the brackets.

Upon selection of canine brackets for use in this 
experiment it was found that the bases of these 
brackets were too concave, which might raise a 
bonding issue. It was necessary to fill the bases 
with light-cure resin, thereby ensuring each base 
was levelled to facilitate bonding. Voudoris et al 
used in their study the same resin filling method 
and found no variation in friction values as a result 
of this approach.21

Given that tooth sliding is made up of a series 
of numerous small inclination movements,6 self-
ligating brackets featuring an anterior passive 
sliding mechanism were subjected to an angula-
tion of 2.5° upon being pulled. Although studies 
conducted by Read-Ward et al16 employed up to 10° 
angulations, angulations above 2.5° produced — in 
a previous pilot study — force magnitudes which 
are not viable in clinical practice. Active resilient 

self-ligating brackets were not angulated due to 
the inaccuracy likely to be generated during fric-
tion. A lack of standardization would occur in the 
interaction between the flexible bracket cover 
and the orthodontic wire being tipped, leading to 
changes in friction at each test. Some authors ar-
gue that friction is affected by the features of the 
surfaces being pulled.4,6

One important factor influencing friction magni-
tude is the ligation method used to engage the orth-
odontic wire in the bracket slot.7,18 Currently, the 
standard ligation system for conventional brackets 
involves the use of elastomeric ligatures. Metal liga-
tures produce variable forces according to the tech-
nique used by each profissional.11,21 However, it has 
been reported that elastomeric ligatures lose some 
of their elastic capacity when held stretched, which 
alters any surface friction being generated.17 In or-
der to limit the number of variables, elastomeric 
ligatures were changed at every mechanical test.

The results of this study suggest that self-ligat-
ing brackets exhibited lower friction values than 
conventional brackets tied with elastomeric liga-
tures, as reported in the literature.2,3,4,14,18,21 The aim 
of this study was to assess the behavior of brackets 
with different self-ligation systems tipped at many 
different angulations. The mean values found for 
the conventional Gemini system served only as ref-
erence and were therefore not treated statistically. 
In comparing the self-ligating groups statistically 
when the brackets were pulled with no angulation, 
the group with brackets equipped with an anterior 
passive slide mechanism showed greater friction 
control compared to the active resilient system. 
This finding is supported by other authors19 and 
could be related to a better filling of the bracket 
slot observed in resilient system, as well as to the 
pressure exerted by the active cover on the orth-
odontic wire.

In pulling conventional brackets and self-ligat-
ing brackets with a slide mechanism at an angle 
of 2.5° there was a significant increase in friction 
compared to the same appliances at 0° angulation. 
This behavior suggests that there is a direct rela-
tionship between angulated traction and surface 
friction, a relationship that has been observed in 
other investigations.1,14,18
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This study conducted laboratory tests simulating 
clinical practice as closely as possible. However, tests 
are limited and often fail to faithfully reproduce the 
friction generated during clinical procedures. Surface 
friction values may be different from the forces deliv-
ered by intraoral orthodontic systems. Moreover, pas-
sive and active self-ligating appliances may differ in 
terms of clinical significance. The values found in the 
study should be used only as a yardstick to compare 
the effects of different types of self-ligating brackets 
and not to accurately quantify in vivo surface friction.

CONCLUSIONS

After assessing passive self-ligating brackets, it 
was observed that when used at 2.5° of angulation 
they were less effective in controlling friction than 
when used under no angulation.

When comparing the self-ligating systems at 
zero angulation, the hypothesis being tested was 
confirmed since passive self-ligating brackets 
proved to be more effective in controlling friction 
compared to the active system.
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