Understanding and Applying
Wire-Bracket Angles
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The subject of wire-bracket angles is the basis
for the application of force systems in ortho-
dontics, For many years, orthodonlists have had to
hend archwires to create their force systems of
choice, This was time-consuming, so the profes-
sion welcomed the introduction of prescription
brackets, which eliminated the need for such bend-
ing. In essence, archwire shape has been exchanged
for bracket design. At the time of this writing, there
were more than 1,100 different prescription brack-
ets on the marked,

If the ultimate in bracket design were
achieved, including features such as built-in tip and
torque, there would be no need for so many differ-
ent designs, Regardless of the designer or manu-
facturer, however, static equilibrinm will always
require balanced lorce systems, I the orthodontist
is interested primarily in applying torque al a given
lime, the entire system must be balanced and, even
more important, recognized, When a particular
type of bracket design is disappointing, the search
goes on for others that are more likely to meet the
desired objectives.

Additional factors must be considered. For a
bracket to meet the objectives for which it has been
designed, the slot sizes and cross-sectional dimen-
sions of the archwire must be absolutely accurate,
but this is difficult te achieve in manufacturing. In
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spite of these weaknesses, prescription brackets do
have a place in orthodontics—at least toward the
end of treatment, when major tooth movements are
no longer required.

Repardless of whether a prescription brackel
or g standard bracket with a so-called neutral slotl
is used, force systems will be formed as a resolt of
the wire-bracket angles created when the archwire
is inserted into the bracket slots, In everyday prac-
tice, these wire-bracket angles can easily be formed
intracrally with a Tweed loop plier, The preferred
angle to be formed in the archwire in any given
plane of space—Tfrontal, sagittal, or occlusal—is
45% This angle is easy to read and can be used
effectively with round wire without causing the
wire 1o twist and turn within the slots.

Round wire is the best choice for almost all
tooth movements discussed here, in spite of the
bad name it has achieved over the years because
of its inability to produce torgue within the slot,
The biomechanics involved recognize the need for
torque, but given that a moment is the product of
force and distance, it is not necessary 1o produce
torgue within the slot. 1L i olten assumed that iF s
wire cannol produce a moment by twisting, it is
incapable of producing torque. This 1s not true.
Round wire can casily create moments at the
brackets becavse of the angles formed in the sagil-
tal plane of space (Fig. 1). Certain moments mey
appear to be in the wrong direction, but they are
correct becanse they result from archwire resil-
ience. Wilth o square or reclangular wire, the
moment is also a product of force and distance,
although it 1s not usually visualized in this manner
because the wire is first inserted into the molar
tubes, as a matter of convenience (Fig. 2). Once
inserted, the wire must be twisted o engage the
anterior brackets.

Round wires may be incapable of producing
larque within anterior bracket slots, but they can
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Fig. 2 Lingual root torque produced by twisting
rectangular wire for insertion into anterior bracket
slots.

create lingual root worgue in the anlerior segment.
Intrusive forces acting through the incisor brackets
may produce moments when exerted labially and
perpendicular to the center of resistance in Lthe
incisor segment. The moments should actuully be
described as labial crown moments, becanse inci-
sors will flare unless they are provented from
doing so, at which time the moments will produce
lingual root movement. Before any of this can take
place, it is essential to know the posterior moments,
If the posterior moments in a partial appliance are
areater than the anteriar moment, the incisors will
respond with lingnal movement.

Wire-Bracket Relationships

The three most important wire-bracket rela
tionships are the center bend, the of f-center bend,

Fig. 3 A. Center bend. Note wire-bracket angles
compared to straight wire and angulated brack-
ets. B. Resilience of activated wire. C. Two off-
center bends used to produce same force as
center bend.

JCOOCTOBER 2008




T =

Fig. 4 Center bends used for root paralleling in
extraction treatment,

and the parallel (step) bend. A fourth. the cantile-
ver bend, has limited clinical application. Using a
Tweed loop plier. 45° bends can be placed at dif-
ferent locations chosen by the orthodontist. Each
location will produce different wire-bracket angles
and a different force system. Unlike treatment with
prescription brackets. a choice must be made as 1o
which of three force svstems will best solve the
problem at hand. Obviously, the greater the inter-
bracket distance. the more choices available for
pliacing these bends,

The Center Bend

Whether the slots are prescription or neutral,
the wire-bracket relationship determines the force
system. The original malocelusion automatically
creates wire-bracket angles hecause of malposi-
tioned teeth,

Figure 3A shows the center bend. which iy
placed equidistant from the adjacent brackets. The
wire-bracket angles seen with a center bend are
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Fig. 5 Center bends used for root divergence in
case with midline diastema.

the same as those seen when the wire is straight
and the brackets are angulated. {Each angle is
discussed here in relation to the brackets adjacent
to the bend in guestion.) In this case, the force
system consists of equal and opposite moments,
The resilience of the activated wire is ane of the
major factors that can lead to a visual misinterpre-
tation of force systems (Fig. 3B). Two ofl-center
bends can be used to produce the same force sys-
temt as a center bend (Fig. 3C).

Figure 4 shows the paralleling of roats fol-
lowing space closure in extraction treatment
involving all four first premolars. The application
is simple, but the response is significant.

Figure 5 shows a diastema between central
incisors with converging roots. A center hend
provides the equal and opposite moments required
for root divergence and future stability following
space closure. Crown movement always precedes
root movement, until the spaces are closed,

Figure 6 shows the simultaneous diversence
of all incisor roots with two sectional wires. A
continuous wire cannot deliver four pure mements
without creating vertical forces, but because a
center bend 1s equivalent o two off-center bends
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(Fig. 3C). a wire with a center bend between the
two central incisors and a rectangular bypass see-
ment with 45° bends at the lateral incisor brackets
gach provides the necessary moments for all four
teeth and creates root divergence without the
development of vertical forces. This bypass seg-
ment is one of the few instances where 4 rectan-

Fig. 6 Simultaneocus divergence of all incisor
raots with two sectional wires.

Fig. 7 Two off-center bends used to parallel roots

at extraction site.

gular wire is preferred.

Figure 7 shows the use of two of f-center bends
to produce paralleling moments at an extraction
site. In this case, a military family did not know
whether it would remain in town for a fow weeks or
several months. Therefore, the decision was made
toextract teeth and permit eruption of the maxillary
camines while retracting the mandibular canines.
Because the mandibular second deciduous molars
wera still in place, the canines were retracted with
off-center bends placed just mesial to the first
molar tubes. (The bracket or tube closest o the
bend represents the location of the larger moment,
making the molars the anchor units during canine
retraction.) The canine roots then required upright-
ing. however, so another off-center bend was
added, allowing the roots to be paralleled before
the eruption of the second premolars. Much can
be accomplished while a patient’s family is waiting
for a job transfer or a military assignment.

The Cantilever Bend

Whereas the center bend is placed equidis-
tant from two adjacent brackets, the cantilever
bend is located one-third of the way between the
two brackets; resulting in a long section and a shori
section. Again with level brackets, this bend posi-
tion produces the same wire-bracket angles as
when the wire is straight and the brackets are
angulated (Fig. 8A). It is clear that determining the
total force system by visually interpreting the

Fig. 8 A. Cantilever bend placed one-third of distance between brackets, resulting in long section and short
section. B. Resilience of wire results in no angle at right bracket.
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brackets is much more difficult. The stratght wire
with angulated brackets may be thought (o contain
moments al both brackets because of the angles
lormed when reading an archwire before activa-
tion. When the wire is activated by being inserted
into the bracket slots, however, the resilience of the
wire results in no angle at one of the brackets {Fig.
8B). This is true whether the slot size is 018" of
022" and regardless of interbracket distance.

The rules for the long section vs. the short
section still apply: the long section points in the
direction of the force produced, while the short
section points in the direction opposite the force
produced. The bracket located closer to the bend
contains the larger moment. and the bracket farther
from the bend contains the smaller mMoment, or no
moment. Thus, the rule itself remains valid. but
the information given is now more exact, as it
identifies the smaller moment as zero.

Minor tooth movements can alter the force
system. Figure 9 shows an anterior segment with
a continuous overlay archwire. This can be applied
in various ways to provide a pure force acting
through the center of resistance, if desired. Figure
10 illustrates the most common ly used cantilever
approach for canine intrusion. The archwire is
pliced under the incisal wings of the canine brack-
ets and within the slots of the incisor brackets
during overhite correction,

Although the cantilever hend has limited
clinical application, it is one of the possible wire-
brackel angles. When prescription brackets are
used, this system may be encountered without
being recognized, since the wire resilience is not
visualized when reading wire-bracket relation-
ships, The locations of the bends when the slots
are level provide the most reliable determination
of the force systems.

The Off-Center Bend

Although the cantilever bend is technically
an oft-center bend, it has been described sepa-
rately because of its limited use. Figure 11 shows
it force system quite different from those discussed
so far. Although the smaller moment might appear
1o be in the wrong direction, Figure 118 again
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Fig. 9 Cantilever bend used in anterior segment
with continuous overlay arch.

Fig. 10 Cantilever intrusion of canine, with arch-
wire placed under canine bracket wings.

Fig. 11 A. Off-center bend. B. Resilience of acti-
vated wire responsible for counterclockwise
moment.
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shows that archwire resilience is responsible for
the counterclockwise moment, as the wire crosses
the bracket at a completely different angle when
activated than when simply visualized before acti-
vation (Fig. 114). Forces and moments are pre-
dicted by the rules regarding long section vs. short
scetion, although the smaller moment is more
aceurately described when the force systems are
determined by the locations of the bends. Instead
of referring to the moment simply as the smaller
moment, the specific direction—clockwise, coun-
terclockwise, or neutral—is indicated.

The clinical example shown in Figure 12
Hlustrates the use of an off-center tipback bend at
the molar. As stated earlier, round wire cannot
produce torque within incisor bracket slots. Al
though the moments shown previously were in the
same direction when occurring in the sa gittal plane
of space, the anterior moment shown here is in the
opposite direction because it is formed by an intru-
sive force acting labial to the center of resistance
in the anterior segment, rather than by torque pro-
duced within the incisor bracket slots. The toe-in
bend shown in Figure 13 is another form of off-
center bend that produces the foree and moment
on the molar predicted by the short section in
Figure 12. Changing planes of space does not affect
the force system on the molar in either situation.

Figure 14 reveals an uncomplicated apprivach
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Fig. 15 A. Cenler bend used to rotate second molar, which now requires buccal movement. B. Center bend
converted to off-center bend by remaving first molar ligature, creating buccal force.

ta rotating molars and correcting crossbites simul-
tancously. The secret lies in avoiding engagement
of the archwire into the second premolar brackets,
as seen in the upper arch. IF all brackets were
engaged, the eff-center toe-in bends would become
center bends and would therelfore nol provide buc-
cal forces. Here, the toe-in bend. representing the
short section, results in a force acting in the oppo-
site direction. It is not uncommon 1o find molars
that have drifted mesially belore rotating and moy-
ing into lingual crosshile. This is an easy and
effective method {or simultaneous correction with-
out the need for wrehwine removal,

[n Figure 13A. the second molar has heen
rotated with a center bend. I now requires buccal
moverment, but there is no buccal force present. By
simply removing the ligature on the first molar,
the center bend is converted o an of -center bend,
which introduces a buecal force in addition Lo the
rotational moment at the medar (Fig. 158), This is
certainly a less time-consuming approach than
removing the archwire to place a bend. In fact,
Lthese simplified procedures can make arthedontics
more fun and less stressful,
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Fig. 16 Off-center bend placed for canine retrac-
tion becomes center bend after space closure,

The final clinical example of the off-center
hend is shown in Figure 16, Locating the bend just
mesial to the premolar bracket creates an anchor
sicde to the extraction site, since the tooth closest
to the bend has the larger moment. Onee the space
15 closed, the moments become equal and opposite
because the bend becomes centered. This change
in the Torce system takes place without removing
the archwire alter the beginning of space closure.

In all these clinical examples, brackets were
not added or removed 1o create a particular force
system. For example, brackets may or may not be
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Fig. 17 Parallel (step) band.

present on the premolars. The various wire-brack-
et angles may be introduced at any time without
bracket changes to create the force system of
cholee.

The Parallel (Step) Bend

The final wire-bracket relationship to be in-
troduced is the parallel relationship, also referred
tov as the step bend. Aganin. the wire-bracket angles
are equal whether they invelve activating bends
and level slots or a straight wire and angulaed
slats (Fig. 17). Compared to the off-center bend.
the step bend is nothing more than an additional
bend placed at the adjacent bracket in the opposite
direction, ereating two parallel short sections. OF
all the wire-bracket angles discussed, this rela-
tonship invalves the greatest forees, since both
of the moments are equal in magnitude and acting
in the same direction. Therefore, the balancing
[orces must be greater to create a balancing mo-
ment. which must be equal and opposite to the
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net moment.

Because of the higher force magnitudes, the
step relationship 15 most useful in the oeclusal
plane of space when positioning molars that have
been displaced. as in crossbites. It may also be
desirable in the rreatment of older individuals,
whose physiological response is usually not as
helpful as in younger patients. The step bend can
be applied in the sagittal plane of space when
vertical forces do not pose a threal o the vertical
dimension of the patient, as in brachycephalic
individuals,

Figure 18 shows two examples of the step
hend, with and without canine brackets, Technically
speaking, the [irst example shows a genuine step
relationship; the sccond shows bends applied in
the same manner, but because a true step relation-
ship does not exisl, smaller forces are produced.

The higher force magnitudes from a step
relationship can be effcctive in restoring central-
aroove relationships between the first and second
molars and thus increasing the posterior transverse
dimension (Fig. 19), On the other hand, the step
bend can have distinct disadvantages in the sugil-
tal plane of space when vertical problems are
present. This 1s particularly true with full apph-
ances; in many cases. the step bend will create the
need for posterior high-pull headgear to be
employed to evercome extrusive movermnents. If
higher force magnitudes are not desirable, the off-
center bend should be used.

The step hend creates force magnitudes as
much as four times greater than those produced by
a cantilever bend acting at the same interbracket
distance with the same degree of activation. II'a
step bend is sectioned 1nto two halves, cach half
constitutes a cantilever. In a cantilever bend, the
load-dellection ratio is inversely proportional Lo
the cube of the wire length. IT the length is dou-
bled. the force becomes one-cighth per unit of
deflection. Therefore. if the length is reduced by
half, the force will increase eightfold, assuming
that the vertical deflection of the archwire remains
constant. This helps explain why force levels are
so high with step bends.

Of course. the archwire activation may
involve different bends. Inthe step-down arch, an
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Fig. 19 Step bend used to increaze pasterior trans-
verse dimension.
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Fig. 20 In step-down arch, increased archwire
length does not increase vertical deflection,

One Unit of
Deflection

—
Two Units of
Deflection

e

Fig. 21 A. Increased vertical deflection from use
of tipback bend. B. Load-deflection ratio Is one-
fourth of original value. C. Hall-length cantilever
requires four times as much force far activation
as cantilever twice as long with only one unit of
vertical deflection.
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increase in archwire length does not result in an
increase in vertical deflection (Fig. 200, As the
length of the wire doubles, it requires only ane.
eighth the force per unit of deflection. With the
tipback bend. however, as the wire length doubles,
vertical deflection also doubles. IT the foree is
reduced to one-cighth per unit of deflection and
there are now two units of deflection, then the new
force is two times one-eighth, or one-fourth, of the
ariginal force (Fig. 213, A hali-length cantilever
will require Tour times as much foree for activation
as the same cantilever with twice the length and
only one unit of vertical deflection (Fig, 21C).

Discussion

The cantilever bend has created confusion
among many orthodontisis because no moment is
present at a bracket where one would appear 1o be,
based on visual inspection of that bracket. 11 read
ing an archwire before it is inserted into the
bracket slol indicates the presence of an angle, il
15 easy 1o assume thal a moment must be present
at that bracket. To further clarily the matter beyond
the previous discussion ol resilience, an additional
explanation will be offerad.

I the discussion of the various wire-bracket
angles, the extremes involved the cenler bend, with
equal and opposite moments, and the step bend,
with equal moments in the same direction. The
step bend also had balancing Torces present, while
none were required for the center bend, In Figure
22ZAL the brackets on the right involve opposite
angular relationships. Figure 228 shows that as the
Bend moves from the centered position 1o the Tinal
step position, the new angle rotates counterclack-
wise. In Figure 220, the bracket slot has moved
[rom its eriginal angular position to its [inal angu-
lar position, which 15 opposite the original. A wire
cannot rolate from one angle 1o an opposite ungle
withoul passing through zero, At the zero point,
shown in Figure 22D, only a pure foree is present
al the bracket: the archwire forms no angle with
the slot,

Archwire resilience is responsible for the
sero-angular relationship whenever a bend is
placed at the ane-third pesition between two brack:
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Fig.22 A. Center bend and step bend, Brackets on right involve opposite angular relationships. B. Cantilever
bend. As bend moves left, wire-bracket angle on right rotates counterclockwise. C. Bracket slot moves from
ariginal angular position to final angular position, opposite original. D. Zero point, with archwire forming no

angle with bracket slot.

ets, This zero angle must exist somewhere between
the two extremes of g clockwise moment in the
center bend and a counterclockwise moment in the
step bend (Fig. 22A),

Conclusion

Various wire-bracket relationships are pos-
sible in a loop-lree wire, allowing the orthodontist
to determine a lorce system by the location of an
activation bend, Several of these angular relation-
ships are extremely wseful, particularly during
treatment with partial appliances,

With the cantilever bend, the archwire may
be placed under the wings of the brackets rather
than in the slots, but this system has limited prac-
tical application. The center bend is especially
uselul for paralleling roots alter space closure and
for root divergence after diastema correction, The
ofl-center bend is extremely effective in tooth
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retraction and protraction, as well as for huceal and
lingual movements, rotational corrections, and
vertical movements, The parallel or step bend
produces the greatest lorce of all the wire-bracket
relationships and is particularly useful in the
veclusal plane of space. It can be disadvantageons
m patients with vertical problems when vsed in
the sagittal plane of space. This bend is espe-
cially eflective for increasing the posierior trans-
verse dimension and is the bend of choice for the
older patient,
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