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Effects of bracket design on critical contact angle

Xiaomo Liua; Peng Dingb; Jiuxiang Linc

ABSTRACT
Objective: To explore how the position of the bracket slots relative to the archwire influences the
friction between them, and how bracket design affects the critical contact angle (hc).
Materials and Methods: Two kinds of stainless steel archwires (0.016 and 0.019 3 0.025-inch)
were tested against four kinds of brackets (Transmission Straight Archwire bracket, Domestic MBT
bracket, Tip-Edge Plus bracket, and BioQuick self-ligation bracket) in the dry state. Resistance to
sliding (RS) was measured as an increase in contact angle (h). The value of hc was calculated by
two linear regression lines.
Results: Friction remained stable when h , hc, then increased linearly when h . hc. The hc values
of the Tip-Edge Plus bracket and Transmission Straight Archwire bracket were significantly larger
than those for the Domestic MBT bracket and BioQuick self-ligation bracket.
Conclusions: The relationship between the archwire and bracket slot significantly affects the
resistance to sliding. The ‘‘edge-off’’ structure of the Tip-Edge Plus bracket and Transmission
Straight Archwire bracket could help to increase the hc value, and to expand the passive
configuration range. (Angle Orthod. 2013;83:877–884.)
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INTRODUCTION

In clinical orthodontics, friction (or resistance to
sliding [RS]) between the brackets and archwire is
important. Decreasing friction can reduce patient pain
and lower the potential risks of root/alveolar bone
resorption and anchorage loss.1–3 Excluding biologic
factors, there are three aspects affecting friction in
orthodontic sliding mechanics: the bracket, the arch-
wire, and the ligation. Many research experiments
have been conducted over the last few years to
demonstrate the effects of ligation methods in reducing
RS between brackets and archwire.4–6

Clinical trials have shown that teeth can experience
a ‘‘tip-upright-tip-upright’’ sequence of movement during
orthodontic treatment.1 The relative position of the
bracket and archwire changes continuously, with the
contact angle (h) between the archwire and bracket slot
changing depending on whether teeth are tipping or
uprighting. Kusy and Whitley7–11 demonstrated that when
h was in a certain range, the archwire and bracket were
in a passive configuration, and the RS was imparted by
classical friction (FR). However, if h increased to a
boundary value with teeth tipping, the archwire and
bracket were in an active configuration, and RS was in
both classical friction (FR) and elastic binding (BI).4,7–11

The boundary value at which the passive configuration of
the archwire and bracket becomes the active configura-
tion is termed the critical contact angle (hc), which is the
angle at which the archwire touches the bracket slot
when the tooth tips (Figure 1).

The relative position of the bracket slot and archwire
can influence the friction. In the case of a fixed bracket-
archwire combination, when the critical contact angle (hc)
increases, the passive configuration range is expanded
resulting in an increase of the classical friction range.8,9

Previous studies have focused on the ligation
method effects on orthodontic friction. This research
was to measure h to explore how the relative position
of the bracket slot and archwire influence the friction,
and how bracket design affects hc.
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MATERIALS AND METHODS

Brackets, Archwires, and Ligatures

Four kinds of brackets in the upper-left arch were
selected (Figure 2): the Transmission Straight Archwire
bracket (Shinye, Hangzhou, China), Domestic MBT
bracket (Shinye, Hangzhou, China), Tip-Edge Plus bracket
(TP Orthodontics, La Porte, Ind), and BioQuick self-ligation

bracket (Forestadent, Pforzheim, Germany), all of which
have a 0.022 3 0.028-inch slot size. All brackets were
engaged by elastomeric rings (TP Orthodontics, La-
Porte, Ind) except for the self-ligation bracket. Two types
of stainless steel (SS) archwires were selected: 0.016
and 0.019 3 0.025-inch (Plasdent, Pomona, Calif).

The canine brackets of the Transmission Straight
Archwire appliance have a unique ‘‘step’’ structure,12

which provides two ligation mechanisms: full and
oblique (Figure 3). The effect of oblique ligation, similar
to self-ligation brackets, is to reduce ligation force.

Resistance to Sliding

The RS was tested by the self-designed friction-
testing apparatus (Figure 4), which included three
parts: bracket control apparatus, archwire control

Figure 1. The bracket and archwire structure.

Figure 2. Four kinds of canine brackets. Figure (A). Transmission Straight Archwire bracket. Figure (B). Domestic MBT bracket. Figure (C). Tip-

Edge Plus bracket. Figure (D). BioQuick self-ligation bracket.
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apparatus, and a data acquisition and processing
system. Part I is the archwire control apparatus where
the tensile force transducer is located Figure 4A. The
measure range for the force transducer was 0 to 2 kg,
and the precision was 0.05. It is attached to the
archwire by the wire jig Figure 4B. The wire jig can
adjust the angle and the position of the archwire to
match the position of the brackets. The motion device
Figure 4C is connected below the force transducer that
can pull the archwire moving. Part II is the bracket
control apparatus. Each bracket has a fixed jig
Figure 4D, which can adjust the bracket’s angle, and
position through the rotation table Figure 4E and the
displacement table Figure 4F. Part III is the data
acquisition and processing system. There are five
bracket control apparatuses in Part II, and each is
independently fixed on the base plate. Therefore, this
apparatus can test multiple brackets simultaneously. In
addition, a CCD camera Figure 4G can help to
observe the relative position of the bracket and the
archwire.

In this study, the canine bracket was selected as the
test object, and an incisor bracket was added to
simulate the clinical role of adjacent teeth. It tried to
simulate the first premolar extraction case during the
space-closing stage. The incisor bracket is on one side
of the canine bracket, and the first premolar on the other
side was extracted. During the space-closing stage, the
canine bracket experiences a ‘‘tip-upright-tip-upright’’
sequence of movements.1 Similarly, the canine bracket
was tested at different tip angles with the archwire in this
study. The interbracket distance was 12 mm.

Figure 3. Two ligation mechanisms for Transmission Straight

Archwire canine brackets.

Figure 4. The friction-testing apparatus.
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Before the experiment, the center of the bracket and
the archwire were aligned to ensure no separation
occurred by touching alone, and to ensure that the
archwire and bracket had a 0u torque and tip angle
between them (with the help of a CCD camera and
0.022 3 0.028-inch SS). A fresh elastomeric ligature
was used for each test, and it was placed 5 minutes
before testing. The brackets and archwires were
cleaned in 95% alcohol and air-dried.

During the experiment, the archwire was in a
straight-line uniform motion (at a velocity of 83 mm/s)
that lasted 60 seconds, maintaining 0u torque with the
bracket. The drawing force was measured at each tip
angle (h). The Domestic MBT and the BioQuick self-
ligation brackets were measured at angles of 0u, 0.5u,
1u, 1.5u, 2u, 2.5u, 3u, 4u, 5u, 6u, 7u, and 8u. Tip-Edge
Plus and Transmission Straight Archwire brackets
were measured at angles of 0u, 1u, 2u, 3u, 4u, 5u, 6u,
7u, 8u, 9u, 10u, 11u, 12u, 13u, 14u, 15u, 16u, 17u, 18u,
19u, 20u, 21u, 22u, and 23u. A new bracket and a new
archwire were changed for each bracket/archwire
combination at one particular angle, and all the
brackets and archwires were selected randomly from
the material depot. The experiments were run in a dry
environment at a temperature of 23uC.

Data Analyses

The actual dimensions of the brackets were mea-
sured by stereomicroscope (Olympus SZX12, Olym-
pus, Tokyo, Japan). All tested specimens were
selected randomly (n 5 10). The theoretical hc value
of the Domestic MBT bracket and the BioQuick bracket
was calculated using the equation of Kusy and
Whitley8: hc 5 57.32 [12(size)/(slot)]/(width)/(slot).
Because the Transmission Straight Archwire bracket
and the Tip-Edge Plus bracket have the ‘‘edge-off’’
structure, whose theoretical hc value cannot be simply
calculated by the above equation, their hc calculation
formulas were derived respectively on the basis of

Kusy’s equation with the specific attention on the
‘‘edge-off’’ structure.

For the Transmission Straight Archwire bracket,
based on the actual measurements of the size of the
bracket and geometrical relations, its theoretical hc
value can be calculated by the equation shown below.
For the detailed definitions of segments in the
equation, please refer to Figure 5.

h~ cos{1 (AB2{DE2)

AB|BE{ DE2({AB2zBE2zDE2)½ �0:5

z cos{1 DE2zEF 2{DF 2

2|DE|EF
(bw5)

For the Tip-Edge Plus bracket, its theoretical hc
value can be calculated by the equation shown below.
For the detailed definitions of segments in the
equation, please refer to Figure 6.

h~ cos{1 (AB2{DE2)

AB|BE{ DE2({AB2zBE2zDE2)½ �0:5

{ cos{1 DE

DF
z cos{1 DF 2zFG2{DG2

2|DF|FG

Each bracket/archwire combination at one particular
angle was tested three times, and the measurement
was recorded as a voltage per spent time (seconds) by
a computer. The data acquisition rate was 500 times
per minute. Only the data between the 10th and 60th
seconds, which were considered as the kinetic friction,
were selected, and the voltage values were converted
to the corresponding RS force values. The RS values

Figure 5. The diagram of Transmission Straight Archwire bracket.

Figure 6. The diagram of Tip-Edge Plus bracket.
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were plotted against h. Two linear regression lines of the
passive and active configuration ranges were calculated;
the intersection of the lines represented the experimental
hc of each combination. The experimental hc values
were plotted against the corresponding theoretical hc,
and the regression line was determined. The line was
compared with another line, which presumed theoretical
hc is equivalent to experimental hc.

RESULTS

The theoretical hc values, which were calculated by
the actual dimensions of the tested brackets, are
shown in Tables 1 and 2.

The RS values of different bracket/archwire combi-
nations at each angle and the calculated experimental
hc are shown in Tables 3 and 4. The friction generated
between the BioQuick self-ligation bracket and the 0.016-
inch SS archwire was the least of all the combinations. By
contrast, the friction between the BioQuick self-ligation
bracket and the 0.019 3 0.025-inch SS combination was
the greatest. The regression lines of h against RS
showed a highly significant association (P , .001,
Figure 7). The value of RS remained stable up to hc
and rose linearly after hc. The hc values of the Tip-Edge
Plus bracket and the Transmission Straight Archwire
bracket were significantly larger than the other two

brackets. In addition, in the same brackets, combinations
including the 0.016-inch SS archwire had larger hc values
than those using the 0.019 3 0.025-inch SS archwire.

As shown in Figure 8, the linear regression of the
experimental hc vs theoretical hc is significant (r 5

0.996, n 5 8, P , .0001).

DISCUSSION

Friction (resistance to sliding) between brackets and
archwires is of great importance to the success of
orthodontic treatment. It is known that three mechanical
factors influence RS: the bracket, the archwire, and the
ligation.13,14 However, the relative position of the bracket
and archwire change continuously during orthodontic
tooth movement. The contact angle (h) between the
archwire and bracket slot increases or decreases,
depending on whether the teeth are tipping or upright-
ing. A specific value of h, termed the critical contact
angle (hc), was first proposed by Kusy and Whitley7 in
1997. This represents the boundary between the
passive and active configurations of the archwire and
bracket, the relationship that affects the components of
RS. This theoretical deduction has been tested exper-
imentally,4 and the results of this study were consistent
with these previous investigations (Figure 7). RS
remained stable with little change in the passive

Table 2. Tested Dimensions of Transmission Straight Archwire and Tip-Edge Plus Brackets and the Calculated Theoretical hc

Bracket/Archwire

Combinations

FG, mm

Mean 6 SD

DG, mm

Mean 6 SD

DF, mm

Mean 6 SD

DE, mm

Mean 6 SD

BE, mm

Mean 6 SD

EF, mm

Mean 6 SD

AB, mm

Mean 6 SD

Theoretical

hc, degrees

Mean 6 SD

Transmission (n 5

10) /0.016-inch

SS (n 5 10) NA NA 1.568 6 0.083 3.074 6 0.055 1.142 6 0.041 1.534 6 0.067 0.398 6 0.011 20.937 6 1.610

Transmission (n 5

10) /0.019 3

0.025-inch SS

(n 5 10) NA NA 1.568 6 0.083 3.074 6 0.055 1.142 6 0.041 1.534 6 0.067 0.479 6 0.013 19.596 6 1.615

Tip-Edge Plus

(n 5 10) /0.016-

inch SS (n 5 10) 0.661 6 0.039 1.044 6 0.038 1.659 6 0.039 1.648 6 0.039 1.140 6 0.020 NA 0.398 6 0.011 32.984 6 1.981

Tip-Edge Plus

(n 5 10) /0.019 3

0.025-inch SS

(n 5 10) 0.661 6 0.039 1.044 6 0.038 1.659 6 0.039 1.648 6 0.039 1.140 6 0.020 NA 0.479 6 0.013 30.755 6 1.964

NA 5 Not applicable.

For transmission straight archwire bracket its segments shown in the headline of the table refer to Figure 5. For tip-edge plus bracket its

segments refer to Figure 6.

Table 1. Tested Dimensions of Domestic MBT and BioQuick Brackets and the Calculated Theoretical hc

Bracket/Archwire Combinations

Slot, mm

Mean 6 SD

Width, mm

Mean 6 SD

Size, mm

Mean 6 SD

Theoretical hc,

degrees Mean 6 SD

Domestic MBT (n 5 10) /0.016-inch SS (n 5 10) 0.589 6 0.017 3.324 6 0.034 0.398 6 0.011 3.307 6 0.315

Domestic MBT (n 5 10) /0.019 3 0.025-inch SS (n 5 10) 0.589 6 0.017 3.324 6 0.034 0.479 6 0.013 1.910 6 0.313

BioQuick (n 5 10) /0.016-inch SS (n 5 10) 0.622 6 0.020 2.903 6 0.025 0.398 6 0.011 4.414 6 0.371

BioQuick (n 5 10) /0.019 3 0.025-inch SS (n 5 10) 0.622 6 0.020 2.903 6 0.025 0.479 6 0.013 2.815 6 0.375
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configuration when h , hc, but rose linearly into the
active configuration when h . hc.

The theoretical value of hc can be calculated by
analyzing the relative relationship between the bracket
and archwire. Kusy and Whitley8 deduced by geometry
in 1999 that the equation describing the theoretical hc
was 57.32 [12(size)/(slot)]/(width)/(slot) (Figure 1).
This equation states that, when the archwire (size) is
kept constant, an increase in bracket width (width)
and/or a decrease in the dimensions of the bracket slot
(slot) leads to a reduced value of hc. Laboratory

experiments generated almost identical values of hc to
those predicted by the theoretical deduction.9 There-
fore, with the archwire being fixed, the slot design is
the primary factor influencing hc. The brackets
investigated in previous studies had conventional
edgewise slots. For nominal archwire sizes and
nominal bracket slot sizes, the limits of hc were
calculated and ranged from 0u–4.5u.9

This study found that the hc values of the Tip-Edge
Plus and Transmission Straight Archwire brackets
were significantly larger than the Domestic MBT and

Table 3. RS Values of Domestic MBT and BioQuick Brackets and the Corresponding Experimental hc

Bracket/Archwire

Combination

Domestic MBT/ 0.016-inch

SS Mean 6 SD

Domestic MBT/ 0.019 3

0.025-inch SS Mean 6 SD

BioQuick/ 0.016-inch SS

Mean 6 SD

BioQuick/ 0.019 3 0.025-

inch SS Mean 6 SD

Ligation Full Full Self Self

RS value at 0u angle, N 0.901 6 0.016 1.295 6 0.034 0.011 6 0.007 2.599 6 0.097

RS value at 0.5u angle, N 0.902 6 0.010 1.128 6 0.012 0.015 6 0.009 2.687 6 0.076

RS value at 1u angle, N 0.914 6 0.009 1.403 6 0.013 0.021 6 0.010 2.830 6 0.043

RS value at 1.5u angle, N 0.941 6 0.013 1.229 6 0.025 0.015 6 0.009 3.219 6 0.138

RS value at 2u angle, N 0.933 6 0.013 1.923 6 0.046 0.023 6 0.008 3.314 6 0.109

RS value at 2.5u angle, N 0.922 6 0.011 1.942 6 0.037 0.021 6 0.019 3.349 6 0.052

RS value at 3u angle, N 0.892 6 0.018 2.788 6 0.064 0.022 6 0.009 3.385 6 0.026

RS value at 4u angle, N 0.943 6 0.010 3.392 6 0.067 0.021 6 0.006 3.708 6 0.096

RS value at 5u angle, N 1.047 6 0.013 4.331 6 0.088 0.137 6 0.021 4.539 6 0.179

RS value at 6u angle, N 1.307 6 0.015 5.652 6 0.126 0.369 6 0.017 6.200 6 0.192

RS value at 7u angle, N 2.026 6 0.026 6.136 6 0.135 0.659 6 0.018 7.449 6 0.203

RS value at 8u angle, N 2.863 6 0.038 7.408 6 0.271 1.082 6 0.036 8.641 6 0.518

Experimental hc, degrees 4.516 1.539 4.785 3.962

Table 4. S Values of Transmission Straight Archwire and Tip-Edge Plus Brackets and the Corresponding Experimental hc

Bracket/Archwire

Combination

Transmission/

0.016-inch SS

Mean 6 SD

Transmission/

0.016-inch SS

Mean 6 SD

Transmission/ 0.019

3 0.025-inch SS

Mean 6 SD

Transmission/

0.019 3 0.025-inch

SS Mean 6 SD

Tip-Edge Plus/

0.016-inch SS

Mean 6 SD

Tip-Edge Plus /

0.019 3 0.025-inch

SS Mean 6 SD

Ligation Full Oblique Full Oblique Full Full

RS value at 0u angle, N 1.080 6 0.009 0.038 6 0.008 2.299 6 0.027 0.619 6 0.014 0.789 6 0.015 1.648 6 0.033

RS value at 1u angle, N 1.143 6 0.012 0.035 6 0.011 2.342 6 0.023 0.680 6 0.019 0.773 6 0.015 1.690 6 0.026

RS value at 2u angle, N 1.085 6 0.009 0.030 6 0.004 2.323 6 0.033 0.571 6 0.012 0.793 6 0.009 1.751 6 0.050

RS value at 3u angle, N 1.129 6 0.022 0.032 6 0.007 2.292 6 0.071 0.594 6 0.032 0.814 6 0.021 1.630 6 0.031

RS value at 4u angle, N 1.096 6 0.023 0.030 6 0.007 2.193 6 0.051 0.566 6 0.011 0.786 6 0.031 1.671 6 0.032

RS value at 5u angle, N 1.103 6 0.014 0.031 6 0.005 2.329 6 0.029 0.598 6 0.018 0.834 6 0.029 1.667 6 0.042

RS value at 6u angle, N 1.107 6 0.018 0.037 6 0.005 2.122 6 0.028 0.613 6 0.011 0.810 6 0.028 1.648 6 0.045

RS value at 7u angle, N 1.125 6 0.023 0.031 6 0.005 2.049 6 0.031 0.635 6 0.033 0.848 6 0.020 1.705 6 0.043

RS value at 8u angle, N 1.110 6 0.013 0.031 6 0.007 2.263 6 0.047 0.697 6 0.038 0.810 6 0.021 1.650 6 0.060

RS value at 9u angle, N 1.156 6 0.018 0.035 6 0.006 2.072 6 0.043 0.619 6 0.021 0.799 6 0.023 1.666 6 0.058

RS value at 10u angle, N 1.113 6 0.015 0.032 6 0.006 2.051 6 0.028 0.562 6 0.022 0.832 6 0.018 1.608 6 0.035

RS value at 11u angle, N 1.170 6 0.069 0.034 6 0.004 2.173 6 0.026 0.582 6 0.008 0.825 6 0.022 1.683 6 0.028

RS value at 12u angle, N 1.134 6 0.014 0.034 6 0.006 2.042 6 0.051 0.569 6 0.038 0.794 6 0.024 1.684 6 0.037

RS value at 13u angle, N 1.102 6 0.023 0.035 6 0.006 2.020 6 0.022 0.619 6 0.042 0.858 6 0.017 1.719 6 0.026

RS value at 14u angle, N 1.077 6 0.014 0.036 6 0.011 1.960 6 0.024 0.698 6 0.031 0.825 6 0.028 1.720 6 0.067

RS value at 15u angle, N 1.094 6 0.014 0.036 6 0.007 2.076 6 0.034 0.510 6 0.011 0.859 6 0.029 1.664 6 0.036

RS value at 16u angle, N 1.102 6 0.012 0.032 6 0.011 2.042 6 0.038 0.551 6 0.020 0.832 6 0.033 1.654 6 0.063

RS value at 17u angle, N 1.123 6 0.009 0.035 6 0.012 2.050 6 0.024 0.565 6 0.016 0.835 6 0.018 1.659 6 0.016

RS value at 18u angle, N 1.129 6 0.007 0.035 6 0.005 2.075 6 0.045 0.696 6 0.023 0.799 6 0.018 1.700 6 0.065

RS value at 19u angle, N 1.140 6 0.020 0.036 6 0.005 2.026 6 0.030 0.727 6 0.023 0.824 6 0.029 1.728 6 0.055

RS value at 20u angle, N 1.115 6 0.010 0.038 6 0.008 2.000 6 0.017 0.922 6 0.017 0.835 6 0.017 1.833 6 0.032

RS value at 21u angle, N 1.213 6 0.017 0.103 6 0.008 2.529 6 0.054 1.395 6 0.034 0.835 6 0.037 1.706 6 0.049

RS value at 22u angle, N 1.389 6 0.015 0.559 6 0.011 2.842 6 0.042 2.205 6 0.041 0.792 6 0.030 1.793 6 0.082

RS value at 23u angle, N 1.612 6 0.020 1.110 6 0.020 3.579 6 0.090 3.317 6 0.064 0.848 6 0.044 1.782 6 0.022

Experimental hc, degrees 20.583 20.899 21.361 19.830 NA NA
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BioQuick self-ligation brackets. The difference in these
values was more than 15u. As seen in Figure 2, the
Tip-Edge Plus and Transmission Straight Archwire
brackets have a common ‘‘edge-off’’ structure, which

helps to expand significantly the passive configuration
range of the bracket-archwire system. The calculated
hc equations of this kind of bracket were derived in this
study on the deduction of Kusy and Whitley.8 This
characteristic is closely linked to teeth tipping in clinical
treatment, which occurs until the bracket and archwire
achieve an active state. When the bracket and
archwire achieve an active configuration, teeth grad-
ually stop tipping and begin to upright instead.
Therefore, the range of the Tip-Edge Plus and
Transmission Straight Archwire brackets increased
the likelihood that clinical treatments using these will
achieve tooth tipping rather than uprighting. Within this
range, the resistance to sliding included only classical
friction with no elastic binding,8,9 and the bracket and
archwire remained in a low-friction state. In clinical
practice, orthodontists intend to use the Tip-Edge
technique to close the extraction space when Tip-Edge
Plus and Transmission Straight Archwire brackets are
used; accordingly, they intend to use sliding mechanics
when the Domestic MBT and BioQuick self-ligation
brackets are used.

Figure 8. The linear regression line of theoretical and experimental

hc values within each bracket-archwire combination and the 45u
ideal line.

Figure 7. Regression lines of h against RS.
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Because the width of the Tip-Edge Plus bracket was
smaller than that of the Transmission Straight Archwire
bracket, the hc of the former was larger with the same
size archwire, in agreement with Kusy’s experiments,10

which state that a large bracket width produces a small
hc, and vice versa. The Transmission Straight Arch-
wire bracket had a special ‘‘step’’ structure (Figure 3)
which enables two ligation methods. With oblique
ligation, the perpendicular force imparted to the
bracket by the ligature wire or elastomeric ring is
reduced, causing the RS between the bracket and
archwire to decrease. This ligation design is similar to
the self-ligation bracket, but is not available in Tip-
Edge Plus brackets.

As shown in Figure 7, we can see that during the
passive configuration, only the RS value of the 0.019 3

0.025-inch SS archwire and BioQuick bracket was not
stable. It is because the BioQuick bracket is a kind of
active self-ligation bracket. When h , hc, the 0.016-inch
SS archwire is in passive configuration with it, but the
0.019 3 0.025-inch SS archwire is in active configura-
tion. The rectangular wire pushed the spring clip
deformed, and the force may change with the changing
of the relationship between the bracket and the wire.

In addition, although some differences exist between
the theoretical and experimental values of hc, they have
an approximately equivalent (1:1) relationship (Fig-
ure 8), consistent with previous experimental stud-
ies.4,9,11,15 Allowing for errors introduced by the stability
of the laboratory apparatus and experimenter operating
error, there were two reasons why these differences
occur. First, the assumptions of the theoretical value
derivation and the environment used for determining the
experimental value were different. Kusy8 applied geo-
metric theory to deduce the equation for calculating
theoretical hc in a two-dimensional plane (Figure 1).
The bracket slot and archwire were assumed to be
straight and with no deformation. However, when the
archwire contacts the bracket slot with increasing h, the
archwire deforms due to its flexibility, which may lead to
a slight estimation error of the theoretical value, as was
observed in our experiments. Second, errors in the
precision of the manufacturing processes of the bracket
slots and archwires could affect the experimental values
of hc. Indeed, Kusy and Whitley9 found that 15% of
bracket slots and 30% of archwires were different from
their factory standards. The tested results in this study
(Tables 1 and 2) also prove this point.

CONCLUSIONS

N The relationship between the archwire and the
bracket slot significantly affects the resistance to
sliding.

N The design of the bracket slots also significantly
affects the hc. The ‘‘edge-off’’ structure of the Tip-Edge

Plus bracket and Transmission Straight Archwire
bracket helps to expand the passive configuration
range.

N The Transmission Straight Archwire bracket produc-
es lower friction when obliquely ligated, similar to a
self-ligation bracket.
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