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Article Type ABSTRACT

Research Paper Background and Objective: Friction between the archwire and bracket is the main problem during
tooth movement. Self-ligating bracket systems have become common in recent years. The aim of this
study was to investigate and compare the effect of active and passive esthetic self-ligating brackets
on static frictional force with different orthodontic archwires under wet conditions.

Methods: This in vitro study included 180 ceramic self-ligating brackets, 90 passive brackets
(Damon Clear), and 90 active brackets (Empower Clear), which were tested for frictional resistance
using three different types of 0.018-inch archwires, namely copper NiTi archwires and two esthetic
archwires (Epoxy- and rhodium-coated NiTi archwires). According to the types of brackets and
archwires, six groups of ten were defined. An experimental model with three non-leveled brackets in
wet condition using artificial saliva was adopted. The friction test was conducted by Instron Tinius
Olsen testing device. The test was performed at a room temperature ranging from 24-25°C.

Findings: Empower clear with Cu NiTi archwire showed the highest mean value of static frictional
force with the mean value of (327.85+53.43) and Damon clear with epoxy coated NiTi archwire

Received: showed the lowest mean value (58.06+10.87). There were significant differences in the static
Jul 274 2023 frictional forces generated in both bracket systems when coupled with the Epoxy wires (p=0.000)
Revised: and when coupled with the CuNiTi and Rhodium archwires (p=0.001).

Sep 27 2023 Conclusion: The result of this study showed that the Damon Clear brackets produce lower frictional
Accepted: forces than Empower Clear brackets and Epoxy-coated NiTi archwires can produce lower static

frictional force compared to Rhodium-coated NiTi and CuNiTi archwires.
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Introduction

Straight wire appliances succeed when the archwire slides through the brackets and tubes during leveling
and alignment, closure of extraction space, and retraction of canine (1). However, the main problem is the
friction produced by these movements (2). Static friction and kinetic friction are the two types of friction.
Static friction is the force required to move a tooth, and it is always more than kinetic friction since it keeps
a body moving (3).

The need for esthetic orthodontic devices has significantly grown in recent years. Therefore, researchers
work hard to create orthodontic devices that are both aesthetically pleasing and have acceptable clinical
performance (4, 6). Using aesthetic archwires with esthetic brackets typically results in excellent esthetics
in labial appliances (7). Ceramic brackets have higher frictional resistance than the metal ones (8, 9). Various
self-ligating bracket systems (SLB) have been developed to reduce unwanted frictional forces between
archwires and bracket slots. SLB reduces static friction and eliminates the use of ligature wires or
elastomeric module contacts, reducing static frictional forces (10, 11). These brackets have active or passive
ligation mechanisms for full bracket engagement. As there is less friction between the archwire and the
bracket, teeth could move faster (12). The passive self-ligating brackets, like Damon brackets, have a rigid,
moveable part to enclose the archwire with one of two bracket gate designs: a rigid slide gate or a gate with
an integral labial "C" clip (13). The active self-ligating brackets have an elastic portion that holds the
archwire in place. This flexible segment presses the archwire into the slot and can store and then release
energy through elastic deformation (14).

Interactive self-ligation techniques (pactive) have both passive and active characteristics; the Pactive
brackets produced significantly higher friction, which can be attributed to their flexible clip as opposed
to the sliding clip design of Damon brackets, while the clip of the Pactive system acts passively with the
smaller round archwire, and with larger rectangular wire, the clip deflected labially, resulting in higher
friction (15).

Esthetic archwires are composite or metallic archwires covered in polymers such as Epoxy, Teflon,
Rhodium, and silver polymer (16). Epoxy-coated archwires provide the least surface roughness for patients’
esthetics during fixed appliance therapy (17). Rhodium enhances aesthetics when used as a coating material
for standard orthodontic arch wires because of its silvery-white glossy look and friction-reducing properties
(18), and shows non-significant color change after immersion in Biofresh mouthwash (19). Cu improves
alloy shape memory and reduces NiTi archwire limitations. Cu in a NiTi archwire increases unloading stress
and decreases loading stress, improving tooth movement during orthodontic therapy (20).

Thus, this article aims to assess static frictional force in esthetic self-ligating brackets with different
orthodontic wires under wet conditions during the leveling and aligning stage.

Methods

This in vitro experimental study was approved in the ethics Committee of the College of Dentistry,
University of Baghdad with the code No. 800423. The sample size was calculated at n=10 in each subgroup,
by statistical package G power (3.1.9.4), assuming a=0.05, B=0.2, and a power of 0.8, at a confidence level
95%. Two types of ceramic self-ligating brackets of upper right premolar with a slot size 0.022 were used.
Those included 90 Damon clear brackets with standard torque prescription (Ormco, Orange, CA, USA) and
90 active Empower clear brackets with MBT prescription (American Orthodontics, Sheboygan, Wisconsin,
USA), using three different archwire types in 0.018 inch. The friction test was conducted using the straight
ends of the archwires as follows: CuNiTi archwires (Ormco Corporation, Orange, CA, USA), Epoxy coated
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NiTi archwires (Tooth Tone® arches, Ortho Technology, USA), and Rhodium-coated NiTi archwires
(Orthometric, Brazil) (20 pieces of each type were used). Three brackets from each system were fixed on a
plastic block cut by a CNC laser machine using a cyanoacrylate adhesive (Soma Kimya Co., Turkey). Each
block had three squares; the middle one was (1) mm higher than the other squares; the inter bracket distance,
measured from the center of brackets, was (11 mm) to simulate an unaligned portion of the dental arch. To
avoid torque and tipping (factors affecting friction force), a straight stainless-steel wire jig of 0.021x0.025"
inch was utilized (as shown in Figure 1) to position the brackets on the plastic blocks (21).

Figure 1. A: a plastic block with three squares, B: align the two peripheral brackets with a 0.021x0.025
inch stainless steel jig, C: aligning the central bracket with a jig of 0.021x0.025 inch stainless steel

Samples were then divided into 6 groups:

Group 1: Damon Clear bracket-CuNiti wires, Group 2: Damon Clear bracket-Rhodium coated NiTi wires,
Group 3: Damon Clear bracket-Epoxy coated NiTi wires, Group 4: Empower Clear bracket--CuNiti wires,
Group 5: Empower Clear bracket-Rhodium coated NiTi wires and Group 6: Empower Clear bracket-Epoxy
coated NiTi wires.

The static frictional force of the samples was assessed using the computerized Instron H50KT Tinius
Olsen testing machine; the load cell of the machine was 10 Newton (N), which was used to measure static
frictional force in wet condition using artificial saliva prepared by a modified Carter’s solution with a PH
value 6.750.15 (22).

A model is held by a machine's lower part (the fixed part), while the upper part (the load cell) is clamped
to the free end of the wire (23). After data entry, each wire was pulled vertically at a distance of 5 mm with
an average rate of 5 mm per minute until a 5 mm length of wire was completely pulled through the bracket
(24). Meanwhile, artificial saliva was dripped over the bracket/wire combination during the friction test
using a plastic syringe. For standardization, only 3 mL/min of artificial saliva was dripped during each test
(Figure 2) (25).

: ; |
Figure 2. A friction test using the Instron machine, with artificial saliva dripping from a plastic
syringe during the test
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Frictional forces were displayed on the computer screen of the testing machine (QMat 4.53 T series
software, England), whereas a maximum force represented static friction. The following equation converts
newtons to grams for all forces generated in newtons:

Friction in gram (g.)= [friction in (N) + 9.8] x 1000

Finally, the data were analyzed using one-way ANOVA, Tukey's post hoc and independent T-test, using

SSPS, and p<0.05 was considered significant.

Results

Descriptive statistics of static frictional force, measured in grams (g), of each subgroup are shown in
Table 1. Empower clear with Cu NiTi archwire showed the highest mean static frictional force
(327.85+53.43) and Damon clear with epoxy coated NiTi archwire showed the lowest mean value
(58.06+10.87). The results showed a highly significant difference between the wires coupled with Empower
Clear and Damon clear brackets (p=0.000). In order to verify the difference between wires, post-hoc Tukey's
test was used. There was no significant difference between CuNiTi archwire and rhodium coated NiTi
archwire in both types of brackets; Damon clear (p=0.942) and Empower clear (p=0.259). A highly
significant.difference was between the epoxy-coated NiTi archwire and CuNiTi archwires and between
epoxy-coated NiTi archwire and rhodium coated NiTi archwire in both types of brackets (p=0.000).
Independent t-test was used for the comparison between Damon clear and Empower clear brackets (Table
2). The test showed a statistically highly significant difference between the mean values of the static
frictional forces of the two bracket types when coupled with the Epoxy wires (p=0.000) and when coupled
with the CuNiTi and Rhodium archwires (p=0.001).

Table 1. Descriptive statistic and ANOVA test to compare the wires coupled with Damon Clear and
Empower Clear brackets
Bracket Wire No Mean+SD SE F p-value

Epoxy 10 58.06+10.87 3.44

Damon Clear CuNiTi 10 241.10+39.61 1253 123.689  0.000
Rhodium 10 236.73+30.96 9.79
Epoxy 10 175.81+18.98 6.00

Empower Clear ~ CuNiTi 10 327.85+53.43 16.90 40.776 0.000
Rhodium 10 299.08+39.81 12.59

Table 2. The independent samples t-test for comparison between two brackets
Mean

Wires Brackets Mean Difference T p-value SD
Epoxy E[r?wa;)n;\?vr:; Le@;r 157859861 -117.756 - -17.029 0.000 ig:g;
ot 0 e o 2
Rhodium E%ervr;f::elz;r ey G236 3909 0001 oo
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Discussion

The results of the present study showed that the Epoxy archwire has lower friction than other wires, with
a highly significant difference compared to Rhodium-coated NiTi and CuNiTi archwires. This could be
attributed to a good adhesion and a wide range of physical properties, including chemical resistance and
dimensional stability, which may contribute to the lowest friction with Epoxy resin. This agrees with a study
by Al-Ghroosh et al. (26). On the other hand, after decreasing the total dimension of the Epoxy archwire,
the Epoxy coating applied a thin layer to the archwire. The dimension of the wire and the thickness of the
coating had a direct effect on the frictional forces (27).

This study demonstrated no significant difference between Rhodium-coated NiTi and CuNiTi wire. This
finding agreed with the findings reported by Acev et al. (28) who stated that rhodium coating makes the
alloy harder and possesses greater surface roughness, contributing to increased frictional resistance. It was
suggested that the frictional behavior of archwires was positively correlated with their surface roughness;
that is, greater surface roughness will generate higher frictional force (29, 30).

The elasticity of the CuNiTi archwire has a rougher and more irregular surface due to the pressure created
by the clip of the self-ligating brackets, which may increase the wire's surface area in contact with the inside
of the slot. Following this, the frictional force would increase, and these results agreed with previous studies
(31, 32).

In the comparison between the two bracket types, the present study showed a statistically significant
difference in the generation of friction between the brackets. The active bracket produced significantly
higher friction, which can be attributed to its flexible clip, which is deflected labially and produces an active
seating force on the archwire, yielding more resistance to sliding when compared to the passive bracket,
which produced no active seating force. This finding is consistent with the findings of Zreagat and Hassan
(33). Some studies revealed no significant difference between passive and active self-ligating brackets in
certain circumstances. In one study, this was observed when a tipping force was applied to the system (34).
In other studies, there were no changes between the active and passive brackets when a moment was applied
(35, 36); the moment increased from 2000 to 4000 mg. The difference between the two types of ligation
disappeared, which can be attributed to the rigidity of the passive ligation which increases the friction under
deflection time (35). Another reason is the slot dimension, which has a wider slot mesiodistally and
may increase the surface area where the bracket and archwire are in contact, hence increasing friction; this
conclusion was confirmed by Pacheco et al. (37). The influence of bracket width on frictional force
generation between the archwire and the bracket slot is still being debated in orthodontics, with some
researchers, such as Pacheco et al. (37) and Yang et al. (38), supporting this study finding that bracket width
is directly proportional to frictional force generation. Other researchers, such as Tidy (39) and El-Bialy et
al. (40), found that friction with wider orthodontic brackets is lower than with narrower brackets due to
reduced tipping with the wider brackets, which results in less resistance to sliding and binding of the
archwire.

According to the results of this study, it was concluded that the Damon Clear bracket can produce
significantly lower static frictional force than the Empower Clear bracket. Epoxy-coated NiTi archwires can
produce less significant static frictional force than Rhodium-coated NiTi and CuNiTi archwires. There is
no.statistical.difference between the Rhodium-coated NiTi archwire and CuNiTi. The best bracket/archwire
combination that produces the least friction during the leveling and alignment stage comprises the Damon
Clear bracket and epoxy-coated NiTi archwire.

Conflicts of Interest: There is no conflict of interest.

Journal of Babol University of Medical Sciences, 2024; 26: e47


http://dx.doi.org/10.22088/jbums.26.1.47

[ DOI: 10.22088/jbums.26.1.47 |

6 Frictional Resistance of Two Types of Esthetic Self-Ligating Brackets/ H. A. Kamil, et al

Acknowledgment
We would like to thank Dr. Asem Abbass, Lecturer at the College of Dentistry, Anbar University.

Journal of Babol University of Medical Sciences, 2024; 26: e47


http://dx.doi.org/10.22088/jbums.26.1.47

[ DOI: 10.22088/jbums.26.1.47 |

Frictional Resistance of Two Types of Esthetic Self-Ligating Brackets/ H. A. Kamil, et al 7

References

1.Yousif AA, Abdel Karim UM. Assessment of friction resistance of four orthodontic arch wires using three ligation
methods in dry and wet conditions. Egypt Orthod J. 2016;50:85-102.

2.Mascarelo AC, Godoi AP, Furletti V, Custddio W, Valdrighi HC. Evaluation of friction in metal, ceramic and self-
ligating brackets submitted to sliding mechanics. Revista de Odontologia da UNESP. 2018;47(4):244-8.

3.Burstone CJ, Choy K. The Biomechanical Foundation of Clinical Orthodontics, 1% ed. Quintessence Pub Co; 2015.
4.Ryu SH, Lim BS, Kwak EJ, Lee GJ, Choi S, Park KH. Surface ultrastructure and mechanical properties of three
different white-coated NiTi archwires. Scanning. 2015;37(6):414-21.

5.Chng CK, Foong K, Gandedkar NH, Chan YH, Chew CL. A new esthetic fiber-reinforced polymer composite resin
archwire: a comparative atomic force microscope (AFM) and field-emission scanning electron microscope (FESEM)
study. Prog Orthod. 2014;15(1):39.

6.Rongo R, Valletta R, Bucci R, Rivieccio V, Galeotti A, Michelotti A, et al. In vitro biocompatibility of nickel-
titanium esthetic orthodontic archwires. Angle Orthod. 2016;86(5):789-95.

7.Muguruma T, lijima M, Yuasa T, Kawaguchi K, Mizoguchi I. Characterization of the coatings covering esthetic
orthodontic archwires and their influence on the bending and frictional properties. Angle Orthod. 2017;87(4):610-7.
8.Nishio C, da Motta AF, Elias CN, Mucha JN. In vitro evaluation of frictional forces between archwires and ceramic
brackets. Am J Orthod Dentofacial Orthop. 2004;125(1):56-64.

9.Fidalgo TK, Pithon MM, Maciel JV, Bolognese AM. Friction between different wire bracket combinations in
artificial saliva--an in vitro evaluation. J Appl Oral Sci. 2011;19(1):57-62.

10.Almakhzomi KA, Ghaib NH. Evaluation of frictional forces generated by different brackets and orthodontic wires.
J Bagh Coll Dent. 2013;25(Special Issue 1):126-31.

11.Emam YM, Morcos S, Nadim MA, El Kady AA. Frictional resistance of active and passive aesthetic self-ligating
brackets with different orthodontic wire sizes. Egypt Orthod J. 2017;52:45-54.

12.Singh RA, Ahuja S, Gupta S, Bhambri E, Singh P, Sharma R. Self-Ligating Brackets: A Review. Int Healthcare
Res J. 2017;1(1):7-12.

13.Khatri J, Sawant S, Naidu N, Vispute S, Patankar K. An update on orthodontic brackets-A review. Int J Orthod
Rehabil. 2020;11(3):136.

14.Yang X, He Y, Chen T, Zhao M, Yan Y, Wang H, et al. Differences between active and passive self-ligating
brackets for orthodontic treatment : Systematic review and meta-analysis based on randomized clinical trials. J Orofac
Orthop. 2017;78(2):121-8.

15.Kanbar HA, Obiad DH, Ibrahim Al. Evaluation of Friction and Surface Characteristics of Two Types of Self-
Ligating Bracket Gate An In Vitro Study. Dent Hypotheses. 2022;13(2):27-35.

16.Totino M, Riccio A, Di Leo M, Arcuri L, Cerroni L, Pasquantonio G, et al. Aesthetic orthodontic archwires: The
state of art. Oral Implantol. 2014;7(4):115-22.

17.Muayad NS, Ghaib NH. The Effect of Artificial Saliva on The Surface Roughness of Different Esthetic Archwires
(An in Vitro Study). J Bagh Coll Dent. 2017;29(3):105-11.

18.Kati¢ V, Mandi¢ V, Jezek D, Barsi¢ G, Spalj S. Influence of various fluoride agents on working properties and
surface characteristics of uncoated, rhodium coated and nitrified nickel-titanium orthodontic wires. Acta Odontol
Scand. 2015;73(4):241-9.

19.Al-Joubori SK, Al-Mashhadany SM, Albo Hassan AF. Color Stability of Rhodium-Coated Archwire after
Immersion in Mouthwashes. Int J Dent. 2023;2023:7259012.

Journal of Babol University of Medical Sciences, 2024; 26: e47


http://dx.doi.org/10.22088/jbums.26.1.47

[ DOI: 10.22088/jbums.26.1.47 |

8 Frictional Resistance of Two Types of Esthetic Self-Ligating Brackets/ H. A. Kamil, et al

20.Ferc¢ec J, Kos M, Brun¢ko M, Anzel 1, Gli$i¢ B, Markovi¢ E, et al. Comparison of NiTi orthodontic archwires and
a determination of the characteristic properties. Mater Technol. 2014;48(1):99-104.

21.Lo Giudice A, Nucera R, Matarese G, Portelli M, Cervino G, Lo Giudice G, et al. Analysis of resistance to sliding
expressed during first order correction with conventional and self-ligating brackets: an in-vitro study. Int J Clin Exp
Med. 2016;9(8):15575-81.

22.Duff6 GS, Castillo EQ. Development of an Artificial Saliva Solution for Studying the Corrosion Behavior of Dental
Alloys. Corrosion. 2004;60(6):594-602.

23.Alexander L, Kommi PB, Arani N, Hanumanth S, Vijay Kumar V, Sabapathy RS. Evaluation of kinetic friction
between regular and colored titanium molybdenum alloy archwires. Indian J Dent Res. 2018;29(2):212-6.
24.AlSubaie M, Talic N. Comparison of the static frictional resistance and surface topography of ceramic orthodontic
brackets: an in vitro study. Aust Orthod J. 2017;33(1):24-34.

25.0baid DH, Al-Dabagh DJ, Jasim ES. Assessment of Friction among Nickel Free Orthodontic Brackets and
Archwires Combinations in Wet Condition (An In-vitro Comparative Study). J Res Med Dent Sci. 2020;8(7):387-93.
26.Al-Ghroosh DH, Basim A, Nahidh M, Ghazi A. Assessment of Static Friction Generated from Different Aesthetic
Archwires (In-Vitro Study). J Pharm Sci Res. 2018;10(12):3310-2.

27.Abbas AA, Alhuwaizi AF. The Effect of Wire Dimension, Type and Thickness of Coating Layer on Friction of
Coated Stainless-Steel Arch Wires. Int J Med Res Health Sci. 2018;7(3):115-21.

28.Acev DP, Katic V, Turco G, Contardo L, Spalj S. The coating of a niti alloy has a greater impact on the mechanical
properties than the acidity of saliva. Mater Technol. 2018;52(4):469-73.

29.Elayyan F, Silikas N, Bearn D. Ex vivo surface and mechanical properties of coated orthodontic archwires. Eur J
Orthod. 2008;30(6):661-7.

30.Chng CK, Foong K, Gandedkar N, Chan YH, Chew CL. A study of a novel aesthetic archwire on its frictional
properties and its applications to orthodontics. APOS Trends Orthod. 2014;4(1):16-20.

31.Gravina MA, Canavarro C, Elias CN, das Gracas Afonso Miranda Chaves M, Brunharo IH, Quintdo CC.
Mechanical properties of NiTi and CuNiTi wires used in orthodontic treatment. Part 2: Microscopic surface appraisal
and metallurgical characteristics. Dental Press J Orthod. 2014;19(1):69-76.

32.Aydin B, Senisik NE, Koskan O. Evaluation of the alignment efficiency of nickel-titanium and copper-nickel-
titanium archwires in patients undergoing orthodontic treatment over a 12-week period: A single-center, randomized
controlled clinical trial. Korean J Orthod. 2018;48(3):153-62.

33.Zreagat M, Hassan R. Self-Ligating Brackets: An Overview. In: Naretto S, editor. Principles in Contemporary
Orthodontics. IntechOpen; 2011. p.18.

34.Brauchli LM, Senn C, Wichelhaus A. Active and passive self-ligation-a myth?. Angle Orthod. 2011;81(2):312-8.
35.Pliska BT, Fuchs RW, Beyer JP, Larson BE. Effect of applied moment on resistance to sliding among esthetic self-
ligating brackets. Angle Orthod. 2014;84(1):134-9.

36.Pliska BT, Beyer JP, Larson BE. A comparison of resistance to sliding of self-ligating brackets under an increasing
applied moment. Angle Orthod. 2011;81(5):794-9.

37.Pacheco MR, Jansen WC, Oliveira DD. The role of friction in orthodontics. Dental Press J Orthod. 2012;17(2):170-
7.

38.Yang L, Yin G, Liao X, Yin X, Ye N. A novel customized ceramic bracket for esthetic orthodontics: in vitro study.
Prog Orthod. 2019;20(1):39.

39.Tidy DC, Orth D. Frictional forces in fixed appliances. Am J Orthod Dentofacial Orthop. 1989;96(3):249-54.

Journal of Babol University of Medical Sciences, 2024; 26: e47


http://dx.doi.org/10.22088/jbums.26.1.47

[ DOI: 10.22088/jbums.26.1.47 |

Frictional Resistance of Two Types of Esthetic Self-Ligating Brackets/ H. A. Kamil, et al 9

40.El-Bialy T, Alobeid A, Dirk C, Jager A, Keilig L, Bourauel C. Comparison of force loss due to friction of different
wire sizes and materials in conventional and new self-ligating orthodontic brackets during simulated canine retraction.
J Orofac Orthop. 2019;80(2):68-78.

Journal of Babol University of Medical Sciences, 2024; 26: e47


http://dx.doi.org/10.22088/jbums.26.1.47
http://www.tcpdf.org

