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ABSTRACT

The friction generated by various bracket-archwire combinations previously has been studied using in vitro testing models
that included only one or three brackets. This study was performed using a specially designed apparatus that included 10
aligned brackets to compare the frictional resistance generated by conventional stainless steel brackets, self-ligating Damon
SL Il brackets and Time Plus brackets coupled with stainless steel, nickel-titanium and beta-titanium archwires. All brackets
had a 0.022-inch slot, and five different sizes of orthodontic wire alloys used. Each bracket-archwire combination was tested
10 times, and each test was performed with a new bracket-wire sample. Time Plus self-ligating brackets generated
significantly lower friction than both the Damon SL II self-ligating brackets and Victory brackets. However, the analysis of the
various bracket-archwire combinations showed that Damon SL Il brackets generated significantly lower friction than the other
brackets when tested with round wires and significantly higher friction than Time Plus when tested with rectangular
archwires. Beta-titanium archwires generated higher frictional resistances than the other archwires. All brackets showed
higher frictional forces as the wire size increased. These findings suggest that the use of an in vitro testing model that
includes 10 brackets can give additional interesting information about the frictional force of the various bracket-archwires
combinations to the clinician and the research worker.
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Friction is the resistance to motion when an object moves tangential against another.22 In orthodontics, many studies have used
experimental testing models that included only one or three brackets to evaluate the factors that influence frictional resistance between the
brackets and the archwire.2=8 These studies showed that the more important factors involved in the determination of the frictional level were
bracket and wire materials, surface conditions of archwires and bracket slot, wire section, torque at the wire-bracket interface, type and
force of ligation, use of self-ligating brackets, interbracket distance, saliva, and influence of oral functions.2=8 Consequently, because these
factors could influence friction, they are critically important when considering the clinical application of sliding mechanics. Such a reduction
in friction can help shorten overall treatment time, especially in extraction patients where tooth translation is achieved by sliding

mechanics.2



However, low friction also may be desired during the orthodontic phase of alignment, when all the teeth move at the same time and the
wire slides through 10 brackets and two tubes. However, to date, no studies have evaluated the total friction produced by various bracket-
archwires combinations in a testing model that includes 10 brackets simulating the alignment phase.

Self-ligating brackets, introduced in the mid-1930s,.=2 are ligature-less bracket systems that have a mechanical device built into the
bracket to close off the edgewise slot.2 They are generally smoother for the patients because of the absence of wire ligaturel2 and also do
not require as much chair time.1X Several studies have demonstrated a significant decrease in friction with self-ligating brackets, as
compared with conventional bracket designs.22=1~

The purpose of this study was to compare the frictional forces generated by three types of brackets (conventional stainless steel
brackets and two types of stainless steel self-ligating brackets), using an especially custom-designed apparatus that included 10 brackets.
In this investigation, we compared self-ligating brackets and conventional brackets because the study of the mechanical properties of self-

ligating brackets is increasingly of interest. As Schumacher et al stated, friction is determined mostly by the nature of the ligation.
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Mechanical tests

The testing model (manufactured by Myrmex Laboratory, Foggia, Italy) was composed of a metal bar, approximately 10 cm long, 3.5 cm
wide, and one cm thick. On one of the larger surfaces of this metal bar, 10 brackets (to represent the upper right to the upper left second
bicuspid) were bonded by the same technician, Ugo Comparelli. All 10 brackets were mounted in alignment with the others using a
cyanoacrylate adhesive (Loctite 416, Loctite Corp, Rocky Hill, Conn). The model was made 30 times, using each of the three types of
brackets, Damon SL Il (SDS, Ormco, Glendora, Calif), Victory (Victory Series, 3M Unitek, Monrovia, Calif), and Time Plus (American
Orthodontics, Sheboygan, Wis) 10 times (Figure 1 @=). Each model was inspected for general appropriateness by the senior author (Dr
D'Attillo) before it was selected for frictional evaluations.

Conventional brackets were ligated with elastic modules (Ligature Ringlet, RMO, Denver, Colo). One minute was allotted for ligation of
elastic modules, followed by a three-minute waiting period to allow a reproducible amount of stress relaxation to occur.

Three types of archwires, nickel-titanium (NiTi, SDS, Ormco), stainless steel (SS) and beta-titanium (TMA) of three different sizes of
cross sections (0.016, 0.017 x 0.025, and 0.019 x 0.025 inch) were selected as representative of the wires used in various stages of
orthodontic treatment. All wires were tested with the self-ligating and conventional brackets. For every testing procedure, a new archwire
was used.

The drawing force (P) value was evaluated 10 times for each archwire for. A total of 300 testing procedures were performed in this
investigation. The tests were run in the dry state at an ambient temperature of 34°C.

For frictional evaluations, a mechanical testing machine (Model Lloyd 30K, Lloyd Instruments Ltd, Segensworth, UK) with a 10-lb
tension load cell, set on a range of 1 Ib, and calibrated from 0 to 1000 g was used (Figure 1 ©=). The archwires were gripped by crimping
brass fittings onto the distal ends. It allowed sliding of the wire along the 10 brackets and recording of the frictional forces. A randomized
sequence for each type of archwire was performed.

The archwires were moved through all 10 brackets with a crosshead speed of 0.5 mm/min. Once archwire movement began, each run
was approximately five minutes (two mm). Load values (P) were calculated in centinewtons (cN). After each test, the testing machine was
stopped, the bracket-and-wire assembly removed, and a new assembly placed. This was done for 10 nonrepeated evaluations for each
bracket-wire combination. The load cell registered the force levels needed to move the wire along the 10 aligned brackets, and the levels
were transmitted to a computer.

Statistical analysis

Descriptive statistics, including the mean, standard deviation, minimum and maximum values were calculated for each bracket-archwire
combination. For statistical analyses, a Kruskal-Wallis test was used to study the effects of all the various bracket-archwire combinations.
For the post hoc test, a Mann-Whitney U-test was used, and the Bonferroni adjustment was applied.

To understand better the main effects of bracket type, wire alloy, and cross-sectional size on the frictional resistance, the same tests
were used among the three types of brackets using the various archwire sizes and various archwire alloys. According to this aim, three
other statistical analyses were performed. Not significant values were defined as P > .05.
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The descriptive statistics of frictional force (P) for each bracket-archwire combination are shown in Figure 2 @=. The descriptive statistics
that considered the main effects of bracket, archwire section, and archwire alloy are shown in Table 1 C=.

The Kruskal-Wallis test showed a significant bracket effect (P < .001) (Table 2 ©=). Post hoc pairwise comparisons showed that the
Time Plus brackets produced significantly lower frictional forces than the conventional stainless steel and Damon SL Il brackets (P < .05)
(Table 1 @=). However, the differences between the two types of self-ligating brackets included: (1) when Damon SL Il was coupled with
0.014 inch NiTi, 0.016 inch NiTi, and 0.018 inch SS, a significantly lower frictional force was recorded as compared with Time Plus
brackets and the Victory brackets; (2) when Damon SL Il was coupled with 0.016 x 0.022 inch NiTi, 0.016 x 0.022 inch SS, 0.017 x 0.025
inch NiTi, 0.017 x 0.025 inch SS, and 0.017 x 0.025 inch TMA, as compared with the Time Plus bracket with a statistically significant
difference for 0.016 x 0.022 inch NiTi, 0.016 x 0.022 inch SS, 0.017 x 0.025 inch NiTi, and 0.017 x 0.025 TMA higher frictional forces were
recorded (Figure 2 ©=).

The Kruskal-Wallis test showed a significant alloy effect (P < .001) (Table 2 ©=). Post hoc pairwise comparisons showed that TMA
wires produced significantly higher frictional force with all bracket types than did SS and NiTi (Table 1 ©@=). No significant differences were
found between NiTi and SS archwires in frictional force (Table 1 ©&=). The frictional force observed by using Victory brackets and 0.017 x
0.025 inch TMA was the higher frictional force found in the present investigation (mean, 5979 + 650 cN; range, 5100-6100 cN) and
significantly higher than that for the Time Plus bracket and Damon SL Il brackets (Figure 2 ©@=). Between the two self-ligating brackets,
Damon SL Il generated a significant higher frictional force than Time Plus, when tested with 0.017 x 0.025 inch TMA (Figure 2 ©=).

A significant wire section effect (P < .001) was shown by Kruskal-Wallis test. Post hoc pairwise comparisons revealed that rectangular
archwire produced significantly higher frictional forces with all bracket types than did the round archwire (P < .05). No statistically
significant differences were found among the three different rectangular archwire (Table 2 ©=).
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The proper force magnitude during orthodontic treatment will result in optimal tissue response and rapid tooth movement.2 During
mechanotherapy involving movement of the wire along the brackets, friction at the bracket-archwire interface might prevent attaining optimal
force levels in the supporting tissues.2 Therefore, an understanding of the forces required to overcome friction is important so that the
appropriate magnitude of force can be used to produce optimal biologic tooth movement.2 To elucidate the nature of friction between wire
and bracket, several variables such as bracket material, wire alloy, and wire section should be studied.2

The results presented in this study showed that Time Plus brackets produced significantly lower frictional resistance than conventional
stainless steel and Damon SL |l self-ligating brackets. Our findings agree with those of previous studies that found that stainless steel self-

ligating brackets generated lower frictional resistance than did conventional stainless steel brackets.2:10.13.14.16-18

However, in this study, we also observed a significant difference in frictional levels between Time Plus brackets and Damon SL I
brackets (Table 1 @=). This difference could be explained by the difference in structural design of each bracket body, in addition to the

material composition of the bracket slot and cap.X However, it must be noted that Damon SL Il brackets showed significantly lower
frictional force than Time Plus brackets when tested with 0.014 inch NiTi, 0.016 inch NiTi, and 0.018 inch SS. On the other hand, when
they were tested with 0.016 x 0.022 inch NiTi, 0.016 x 0.022 inch SS, 0.017 x 0.025 inch NiTi, and 0.017 x 0.025 inch TMA, they
generated a significantly higher frictional force.

This study also showed that the wire alloy has a significant influence on friction. The TMA generated higher friction than both SS and
NiTi for all bracket-archwire combinations. These findings confirm those reported in previous studies.212=26 The adherence of the archwire
material to the material of the slot during the experimental procedure could be a possible explanation.2:2Z However, no significant
differences were found between NiTi archwire and SS archwire. This agrees with the findings of Loftus et al*2 and Cacciafesta et al.2

However, previous studies, which compared the frictional force generated by SS and NiTi, found higher frictional forces with SS.22 This
variability is probably associated to differences in experimental settings, different number of brackets, or different angulation between

bracket and wire, which in many studies is not zero.28 Therefore, a direct comparison of the various published studies on this topic is
complex.

Each of the two alloys showed higher frictional force values as the wire size increased (Table 2 ©=). Similar findings have been reported
in many studies.

This study was carried out under ideal conditions, in a passive frictional configuration, equivalent to that shown in previous reports.t
Frictional investigations in an active configuration (with different bracket angulations) are still in progress. It will be useful in the future to
compare those findings with those achieved in the passive state.
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The findings of this investigation agree with those of other investigations, which used testing models with one or three brackets,
suggesting that the two types of in vitro testing models are equally valid.

Time Plus self-ligating brackets (that have a spring clip that presses against the archwire) generated significantly lower friction than both
Damon SL Il self-ligating brackets. In these latter two brackets, the self-ligating clip does not press against the wire.

Conventional stainless steel brackets showed no significant differences between themselves.

The Damon SL Il brackets generated significantly lower friction when coupled with round wires and significantly higher friction when
coupled with rectangular archwires when compared with the other two types of brackets.

Beta-titanium archwires had higher frictional resistance than did stainless steel and nickel-titanium archwires. No significant differences
were found between stainless steel and nickel-titanium archwires.

All brackets showed higher frictional forces as the wire size increased.

REFERENCES Return to TOC

1. Besancon RM. The Encyclopedia of Physics. 3rd ed. New York, NY: Van Nostrand Reinhold Company; 1985.

2. Cacciafesta V, Sfondrini MF, Ricciardi A, Scribante A, Klersy C, Auricchio F. Evaluation of friction of stainless steel and esthetic self-
ligating brackets in various racket-archwire combinations. Am J Orthod Dentofacial Orthop. 2003; 124:395-402. [PubMed Citation]

3. Andreasen GF, Quevedo FR. Evaluation of frictional forces in the 0.022 x 0.028 edgewise racket in vitro. J Biomech. 1970; 3:151-160.
[PubMed Citation]

4. Kapila S, Angolkar PV, Duncanson MG, Nanda RS. Evaluation of friction between edgewise stainless steel brackets and orthodontic
wires of four alloys. Am J Orthod Dentofacial Orthop. 1990; 98:117-126. [PubMed Citation]

5. Rose CM, Zernik JH. Reduced resistance to sliding in ceramic brackets. J Clin Orthod. 1996; 30:78-84. [PubMed Citation]

6. Braun S, Bluestein M, Moore BK, Benson G. Friction in perspective. Am J Orthod Dentofacial Orthop. 1999; 115:619-627. [PubMed
Citation

7. Schumacher HA, Bourauel C, Drescher D. The effect of the ligature on the friction between bracket and arch. Fortschr Kieferorthop.
1990; 51:106-116. [PubMed Citation]

8. Stolzenberg J. The Russell attachment and its improved advantages. Int J Orthod Dent Child. 1935; 21:837-840.
9. Stolzenberg J. The efficiency of the Russell attachment. Am J Orthod Oral Surg. 1946; 32:572-582.

10. Shivapuja PK, Berger JL. A comparative study of conventional ligation and self-ligating racket system. Am J Orthod Dentofacial Orthop.
1994; 106:472-480. [PubMed Citation]

11. Maijer R, Smith DC. Time savings with self-ligating brackets. J Clin Orthod. 1990; 24:29-31. [PubMed Citation]

12. Berger JL. The influence of the SPEED bracket's self-ligating design on force levels in tooth movement: a comparative in vitro study.
Am J Orthod Dentofacial Orthop. 1990; 97:219-228. [PubMed Citation]

13. Sims APT, Waters NE, Birnie DJ, Pethybridge RJ. A comparison of the forces required to produce tooth movement in vitro using two
self-ligating brackets and pre-adjusted bracket employing two types of ligation. Eur J Orthod. 1993; 15:377-385. [PubMed Citation]

14. Sims APT, Waters NE, Birnie DJ. A comparison of the forces required to produce tooth movement ex vivo through 3 types of pre-
adjusted brackets when subjected to determined tip or torque values. Br J Orthod. 1994; 21:367-373. [PubMed Citation]

15. Read-Ward GE, Jones SP, Davies EH. A comparison of self-ligating and conventional orthodontic bracket systems. Br J Orthod. 1997,
24:309-371. [PubMed Citation]

16. Thomas S, Sheriff M, Birnie D. A comparative in vitro study of the frictional characteristics of two types of self-ligating brackets and two
types of pre-adjusted edgewise brackets tied with elastomeric ligatures. Eur J Orthod. 1998; 20:589-596. [PubMed Citation]

17. Thorstenson GA, Kusy RP. Resistance to sliding of self-ligating brackets versus conventional stainless twin brackets with second-order
angulation in the dry and wet (saliva) states. Am J Orthod Dentofacial Orthop. 2001; 120:361-370. [PubMed Citation]




18. Pizzoni L, Ravnholt G, Melsen B. Frictional forces related to self-ligating brackets. Eur J Orthod. 1998; 20:283-291. [PubMed Citation]

19. Loftus BP, Artun J, Nicholls JI, Alonzo TA, Stoner JA. Evaluation of friction during sliding tooth movement in various bracket-archwire
combinations. Am J Orthod Dentofacial Orthop. 1999; 116:336—345. [PubMed Citation]

20. Angolkar PV, Kapila S, Duncanson MG Jr, Nanda RS. Evaluation of friction between ceramic brackets and orthodontic wires of four
alloys. Am J Orthod Dentofacial Orthop. 1990; 98:499-506. [PubMed Citation]

21. Pratten DH, Popli K, Germane N, Gunsolley JC. Frictional resistance of ceramic and stainless steel orthodontic brackets. Am J Orthod
Dentofacial Orthop. 1990; 98:398-403. [PubMed Citation]

22. Keith O, Jones SP, Davies EH. The influence of bracket material, ligation force and wear on frictional resistance of orthodontic
brackets. Br J Orthod. 1993; 20:109-115. [PubMed Citation]

23. Bazakidou E, Nanda RS, Duncanson MG, Sinha P. Evaluation of frictional resistance in esthetic brackets. Am J Orthod Dentofacial
Orthop. 1997; 112:138-144. [PubMed Citation]

24. Dickson J, Jones S. Frictional characteristics of a modified ceramic bracket. J Clin Orthod. 1996; 30:516-518. [PubMed Citation]

25. Ireland AJ, Sheriff M, McDonald F. Effect of bracket and wire composition on frictional forces. Eur J Orthod. 1991; 13:322—-328.
[PubMed Citation]

26. Downing A, McCabe J, Gordon P. A study of frictional forces between orthodontic brackets and archwires. Br J Orthod. 1994; 21:349—
357. [PubMed Citation]

27. Kusy RP, Whitley JQ. Coefficients of friction for arch wires in stainless steel and polycrystalline alumina bracket slots: the dry state.
Am J Orthod Dentofacial Orthop. 1990; 98:300-312. [PubMed Citation]

28. Ogata RH, Nanda RS, Duncanson MG Jr, Sinha PK, Currier GF. Frictional resistance in stainless steel bracket-wire combinations with
effects of vertical deflections. Am J Orthod Dentofacial Orthop. 1996; 109:535-590. [PubMed Citation]

29. Drescher D, Bourauel C, Schumacher HA. Frictional forces between bracket and arch wire. Am J Orthod Dentofacial Orthop. 1989;
96:397-404. [PubMed Citation]

30. Damon DH. The Damon low-friction bracket: a biologically compatible straight-wire system. J Clin Orthod. 1998; 32:670-680. [PubMed
Citation

31. Frank CA, Nikolai RJ. A comparative study of frictional resistances between orthodontic bracket and arch wire. Am J Orthod. 1980;
78:593-609. [PubMed Citation]

32. Bednar JR, Gruendeman GW, Sandrik JL. A comparative study of frictional forces between orthodontic brackets and arch wires. Am J
Orthod Dentofacial Orthop. 1991; 100:513-522. [PubMed Citation]

TABLES Return to TOC

TABLE 1. List of Self-ligating Brackets, Conventional Bracket, and Archwires



Archwire® Nominal
Dimension (mil) and Alloy

0.014" NiTi-A=

0.016" NiTi-A

0.018" Stainless Steel*

0.016 % 0.022" NiTi-As

0.016 x 0.022" Stainless Steel®
0.017 x 0.025" NiTi-As

0.017 x 0.025" Stainless Steel®
0.017 x 0.025" TMA®

0.019 x 0.025" NiTi-A=

0.019 x 0.025" Stainless Steel*

a Bracket slot had nominal slot dimension of 22 mil.

® Investigators obtained archwires directly from the manufacturers.
¢ Nickel-titanium in the austenitic phase.

4 RMO, Denver, Colo.

* Dentaurum, Pfarzheim, Germany.

Self-ligating and
Conventional Brackets®

Damon SL I, SDS Ormco
Time, American Orthodontics
Victory, 3M Unitek

TABLE 2. Descriptive Statistics (cN) with Significant Differences Evaluated Basing on Bracket Type, Wire Alloy and Wire Section

Variables Mean sSD Minimum Maximum

Bracket

Victory 2120.19* +850 900 6100

Time 1483.4 +600 80 3800

Damon SL I 1777 +550 0 3700
Wire alloy

NiTi-A 1220.126 +580 0 3250

SS 1983.75 +450 350 3700

TMA 3899.6* +890 2100 6100
Wire size

0.014" 493.3 +250 0 1600

0.0186" 553.96 +340 15 1350

0.018" 786.3 +320 350 1200

0.016" % 0.022" 1750* +650 850 1950

0.017" % 0.025" 2699.88* +720 1300 6100

0.019" x 0.025" 2251* +560 900 3700
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FIGURE 1. Testing model and mechanical testing machine
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Click on thumbnail for full-sized image.

FIGURE 2. Means and standard deviations of P values for the various brackets-archwire combinations. The sign * indicates a significant
higher P value of Victory brackets, compared with both Time and Damon SL Il brackets; the sign § indicates a significant higher P value of
Time brackets compared with Damon SL |l brackets; the sign # indicates a significant higher P value of Damon SL Il brackets compared
with Time brackets
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