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Understanding and Applying
Wire/Bracket Angles
5

This subject will be the basis for the force systatiscussed in
the remaining chapters. For many years orthodsntiave had
to bend archwires to provide force systems of ahoi€his was
time consuming, so the profession welcomed the@dhiction of
prescription brackets to replace the need for dqagiding. In
essencearchwire shapehas been traded faaracket design.At
the time of this publication there were more thEven hundred
prescription brackets on the market. Think abtut |

If the ultimate in bracket design, including fe&sirsuch as
built-in tip and torque were achieved, then themul be no
need for so many different designs. Many problems a
associated with such brackets because regardi¢iss désigner,
manufacturer, or company, static equilibrium willways
require balanced force systems. |If the orthodbrgismterested
primarily in torque at a given time, the entire teyis must be
balancedand even more importantlyecognized. However,
when disappointed in a particular type of brackesigh, the
search goes on for others that are more likelydetrthe desired
objectives. Obviously, the search continues.

Consider other factors as well. In order for acked to fulfill
the objectives for which it has been advertisedt sizes and
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cross-sectional dimensions of the archwire mustlbsolutely
accurate, but they are not. In spite of these wesdes, they do
have a place in orthodontics — at least toward ¢hd of
treatment when major tooth movements are no loreygrired.

Regardless of whether prescription bracketis used - or a
standard bracket with the so-calledutral slot - the force
systems will be formed as a result of the wire/kedcangles
created when the archwire is inserted into the Kataslots.
These wire/bracket angles can easily be formedie\eeryday
practice with alweed Loopliers and done so intraorally. The
preferable angle formed within the archwire in @men plane
of space — frontal, sagittal, or occlusal — is\dive degrees.
This is an angle that is easy to read and can &a& eectively
with round wire without causing the wire twist and turn
within the slots. Interestingly enough, round wivél be the
wire of choice for almost all of the tooth movensdiscussed,
in spite of the bad name given to it over the ydmsause of its
inability to produce torque within the slot. Thenechanics
involved recognizes the need for torque, but kegpm mind
that moments are a product of Force X Distances inhot
necessary to produce torqwéehin the slot When analyzing the
bracket torque produced by square or rectangules, wt will
also be seen that the moment produced is a praduedrce X
Distance. Because archwires are placed into males first, as
a matter of convenience, the orthodontist expeeasitice need to
twist the wire for anterior bracket engagement.

It is assumed that if a wire cannot produce a madnisn
twisting, it is incapable of producing torque. ThEsot true.
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Figure 5-1 Figure 5-2

Looking at Figure 5-1, it can be seen that bendg Haeen
positioned in three different locations. Roundemrsed in the
sagittal plane of space easily creates moments at the lsacke
because of the angles formed. Keep in mind thataice
moments may appear to be shown in the wrong dmectut
these moments are correct, as they have occurred tau
archwire resiliency which was discussed earliegreat detail.

While Figure 5-2 illustrates lingual root torqueoguced with
rectangular wire, it can be seen that the momemicisally a
product of Force X Distance, although it is not alku
visualized in this manner because of first insgrtime wire into
the molar tubes. Once inserted into the molargubee wire
must bewistedto attain bracket engagement with the anteriors.

Round wires are incapable of producing torgu#hin anterior
bracket slots because of theaund cross-sectional naturelt
will later be shown that lingual root torque candoeated in the
anterior segment with round wire. Keep in mindt timbrusive
forces acting through the incisor brackets may pcednoments
when acting labially and at a perpendicular distatacthe center
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of resistance in the incisor segment. The momédrasld really
be described as labial crown moments because rsongb flare
unless prevented from doing so, at which time tloenent will
then produce lingual root movement. Before anythid can
take place, it is absolutely essential to know puesterior
moments. If the posterior moments in a partialliappe are
greater in magnitude than the anterior momentjrtbisors will
actually respond with lingual movement. But thinigt the time
for such discussion. Wire/Bracket relationshipsedcdo be
discussed thoroughly prior to introducing the vasicclinical
subjects on tooth movement.

WIRE/BRACKET RELATIONSHIPS:

Figure 5-3 provides the names of

WIRE/BRACKET the three  most important
‘ RELATIONSHIPS wire/bracket relationships to be
. S discussed. There is a fourth one -
enter Bend ZA\ ) ) . ..
Off -Center Bend a cantilever - in which a limited
* Parallel (Step) discussion will take place because
it has already been presented and

has limited clinical application.

Figure 5-3
Figure 5-4 simply indicates th:
with a Tweed Looppliers, forty-
five degree bendsay be placed a
different locations specificall
chosen by the orthodontist. Ea )
|Ocat|on W|” produce Completel Different locations of bends produce

significantly different force systems.

different force systems.
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The locations of the bends — and therefore theefeystems —
will be determined in the vast majority of caseschposing one
of the locations shown in Figure 5-5.
Each location chosen will
produce completely different
wire/bracket angles. Unlike the
prescription bracket, a choice is
being made as to which of three
RV SRl force systems will best solve the
WU NINE DRl Problem at hand. It is obvious
GEROICESVS CINRI RS that the greater the interbracket
i distance, the greater will be the
Figure 5-5 choices in locating these bends.

NEUTRAL SLOT vs. ,%/X\E
PRESCRIPTION SLOT 172
Q CENTER BEND D

IN EACH CASE, IT IS THE H
! WIRE/BRACKET RELATIONSHIP THAT : WIRE-BEND vs.

DETERMINES THE FORCE SYSTEM. STRAIGHT WIRE

Figure 5-6 Figure 5-7
THE CENTER BEND
Figure 5-6 states that whether the slots are pealidby
prescription brackets or are simply neutral slots the
wire/bracket angles produced will determine thecéosystem.
The original malocclusion will automatically creat@e/bracket
angles because of malpositioned teeth and a methibde
provided later - during clinical treatment - tausltrate resolving
or minimizing the side-effects.Figure 5-7 shows the first of
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three wire/bracket angles to be discussed. Thes®referred to
as thecenter bend for obvious reasons — the bend is placed
equi-distant from the adjacent bracke®sll of the angles
discussed will be related to the brackets adjatetite bend in
guestion. Note in this case that the force syspgoduced
consists of equal and opposite moments. Thistierabvious

to most clinicians, but other systems are not asasyobvious.

1/2

O CENTER BERD 0 . Two Off-Center Bendsnay be
:  used to produce the same

force system as &Lenter Bend,f

Figure 5-8 Figute9
Continuing with the center bend, Figure 5-8 illagts the
resilience that takes place while activating theewiResilience
is one of the major factors that can often leadatweisual
misinterpretationof force systems. The illustration in Figure 5-9
shows that two off-center
bends are equal to aenter
bend Figure 5-10 involves the
paralleling of roots following
space closure in four first
bicuspid extraction treatment.
The application is simple, but
significant in response.

Figure 5-10
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A diastema is shown in
Figure 5-11 withconverging

roots on the central incisors.
Bend for :

‘oot A center bend provides the
A eEa ey €qual and opposite moments
' required for rootdivergency
SIENENER and future stability following
closure of the space. Crown
movement always proceeds

Figure 5-11 root movement until spaces
are closed. Further movement then becomes rooément.

Center

The next illustration, Figure 5-12, shows thatiadisors roots
can be diverged at the same

time with two sectional

wires. A continuous wire is
by 4 not able to deliver four pure

Dlverglngall rootSSImuItaneoust moments without creating
Ml vertical forces, but because a

center bendis equivalent to

¢ Two Off-Center Bends =

O e - O two off-center bendss seen
&l in Figure 5-9, a wire with a
Figure 5-12 center bendbetween the two

central incisors and a rectangular by-pass segmviéhtforty-
five degree bends at the lateral incisor braclesteh provide the
necessary moments for all four teeth and creatediwergency
without vertical forces being developed. Using thy-pass wire
is one of the very few times a rectangular wirprisferred.

Figure 5-13 is another example of using two offteefends to
produce paralleling moments in an extraction sitethis case, a
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military family did not have knowledge as to whathbey
would remain at Luke Air Force base for a few weekdor
several months. Therefo
the decision was made

eruption of maxillary

cuspids while retracting

lower cuspids. Becaus |

the mandibular secon T
deciduous molars were st 27 Paralleling
in place, the cuspids we Roots '
retracted with off-center
bends placed just mesial to Figure 5-13

the first molar tubes. Remember what was saidegarlThe
bracket or tube located closest to the bend reptesthe
location of the larger moment, thus making the mwlthe
anchor units during cuspid retraction. Howevee, ¢hspid roots
then required uprighting so another off-center berad added
as shown in Figure 5-13. This provides the opputyuto
parallel roots prior to the eruption of the secormmispidsMuch
can be accomplished during the so-caleaiting period that
might take place while a patient’'s family is wagfifor a job
assignment or a military transfer.

Next, the cantilever bend will be discussed. ka ¢enter bend,
it was seen that the bend was placed exactly incemer
between two adjacent brackets. Now the bend willoated at
the one-third position between the two adjacenthets. This
results in dong sectiorand ashort sectiorwith the long section
occupying two-thirds of the interbracket distancel @ahe short
section covering the remaining one-third.
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%/X\%
1/3
fOOFF-CENTER BEND e
(CANTILEVER) - U3

OFF-CENTER BEND;
f (CANTILEVER) =Y.
WIRE-BEND vs.

STRAIGHT WIRE

Figure 5-14 Figurels
THE CANTILEVER

In Figure 5-14 it can again be seen that level ketscwith a
bend placed in the one-third position produce dxdbe same
wire/bracket angles as seen when the wire is $iraagd the
brackets are angulated. It now becomes easy totlsse
determining the total force system by visually mpteting the
latter becomes much more difficult. To many orthwiists, the
straight wire with angulated brackets may be thougltontain
moments at both brackets because of the anglesstbminen
reading an archwire prior to activation. Lookirtg-sgure 5-15,
it is seen that when the wire is activated by itisgrit into the
bracket slots, resilience occurs and results inangle at the
bracket on the right. This is true whether the sipe is .018 or
.022 and regardless of whether the interbrackéamite is small
or large. The rules regardingng sectionvs short sectionstill
exist as the long section points in the directidnthe force
produced while the short section points oppositdifaction to
the force produced. The bracket located closeghéobend
contains the largest moment and the bracket furtinesh the
bend contains the smaller moment -nar momentSo the rule
itself remains valid but the information given n@amore exact,
as it describes the smaller moment as bearg
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Figures 5-16 thru 5-18 illustrate
various approaches to the
practical application of the
cantilever in a clinical practice.
Placing the bend in the one-

A third position as previously
RUCICIESESICHAIUNEENE discussed is accurate, but small

s oMl amounts of tooth movement
Figure 5-16 can alter the force system.

Cantilever intrusionof cuspids is _ _
NI NCRUEuR e Eeel N Figure 5-16, a continuous

archwire into bracket slots. archwire overlays an anterior
segment. This can be applied in
various ways to provide a pure
force acting through the center
of resistance, if so desired.

Finally, Figures 5-17 and 5-18
illustrate the most commonly
- used cantilever approach for
Sl cuspid intrusion. The archwire
Is placed under the incisal
wings of the cuspid brackets
and within the slots of the
incisor brackets during overbite
correction.

i %

dy =S 2
brgg=" |

These are cantllevers

Figure 5-18

This concludes the discussion regarding the camtildend.
Although the cantilever is not required for clidiegplication, it
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Is discussed as one of the several wire/brackeleangWhen
prescription brackets are being used, this systay vaery well
be encountered with no recognition, assilience is not
visualized when reading wire/bracket relationshipscation of
the bends when slots are level provides the molshble
determination of the force systems.

Although technically the cantilever just discusssdan off-
center bend, because of the decision to minimgeuse, the
following wire/bracket angles will be referred ts aff-center
bends. Otherwiseantilever bendwill be the term used.

éNS
fOOFF-CENTER BEND O‘
%:_

| E—

WIRE-BEND vs.
STRAIGHT WIRE

Figure 5-19 Figrib-20
THE OFF-CENTER BEND
It will not be necessary to repeat all that wasl sagarding the
previous illustrations as the concept remains #mesfor each.
Figure 5-19 provides a force system quite differdran any
discussed thus far. For most orthodontists, thallemmoment
would appear to be in the wrong direction, but lagkat Figure
5-20, it can be seen again that archwire resilieacgsponsible
for the counterclockwise moment, as the wire crestee
bracket at a completely different angle whactivated than
when simply visualizing or reading the archwire prior to




Understanding armpling Wire/Bracket Angles 5 65

activation as shown in Figure 5-19. The momengeapin the
same direction. Forces and moments are predictgiilee rules
regarding long section vs short section although smaller
moment is more accurately described when the feystems
are determined by location of the bends. Instda@ferring to
the moment as the smaller moment, the specificctime —
clockwise, counterclockwise, or zero — is indidate

Off-Center Bend
<« (Toe-In Bend)

<

Note anterior moment

Figure 5-21 FigureZ2

The clinical example shown in Figure 5-21 illustsithe use of
a tip-back bend at the molar, which is an off-ceftend. As
said earlier, round wire cannot produce torque iwitincisor
bracket slots. Although the moments shown previousdre in
the same direction when occurring in the sagitiah@ of space,
the anterior moment shown in this figure is oppositdirection
because it is formed by an intrusive force actiaigidl to the
center of resistance in the anterior segment, rdtiaa because
of torque produced within the incisor bracket slots

The toe-in bend irFigure 5-22 is another form of off-center
bend and produces the force and moment on the padrcted
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by the short section in Figure 5-2Changing planes of space
does not affect the force system on the molarthreeffigure.

Figure 5-23 Figute24

Figures 5-23 and 5-24 reveal a noncomplicated ambhrdo
rotating molars and correcting crossbites simulbast. The
secret lies in avoiding engagement of the archwmte the
second bicuspid brackets as seen in the upper at€hall
brackets were engaged, thee-in (off-cente} bends would
become center bends and would therefore not provigeal
forces. Remember that the toe-in bend represémtsshort
section and results in a force acting in the ogpafirection.

It is not uncommon to find
molars that have drifted
mesially and then rotating and

% el moving into lingual crossbite.
S I IGMIGS Bl This is an easy and effective

utiized to rotate 1 i converted toOff- |

second molar.  : Center Bendby method for simultaneous

Second molanow : removing first

requires buccal  : molar tie. Buccal correction without the need to

movement : force is created.

Figure 5-25

remove an archwire.
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Looking at the left side of Figure 5-25, the secondlar has
been rotated with &enter bend However, it requires some
buccal movement, but there is no buccal force mteseBy
simply removing the tie on the first molar, thenter bends
converted to awnff-center benadwhich introduces a buccal force
In addition to the molar rotational moment showhis is
certainly a less time-consuming approach than wobél
required if removing the archwire to place a berithese are
simplified procedures that make orthodontics maua, fless
stressful, and probably lead to greater longewvitthbn practice
and life as well.
The final clinical example of
the off-center bend is shown
iIn Figure 5-26. Locating the
bend just mesial to the
bicuspid bracket creates an
anchor side to the extraction
site, as the tooth closest to the
bend has the largest moment.
Once the space is closed, the
Figure 5-26 moments become equal and
opposite because the bend becomestered This change in
the force system takes place without removing tltbwaire at
anytime from the very beginning of space closure.

Note Off-Center Bendduring
cuspid retraction. (It will become
a Center Bendupon space closuie

Throughout the discussion on wire/bracket anglesyill be
noted that brackets are not added or removed &ptinpose of
creating a particular force system. For exampiachkets may or
may not be present on cuspids. The various wmekat angles
may be introduced at any time and do not requirdingdor
removing backets to attain the force system ofahoi
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THE PARALLEL (STEP) BEND

fO PARALLEL (STEP) O‘
BEND Q PARALLEL (STEP)

O BEND O‘
WIRE-BEND VS.

STRAIGHT WIRE

Figure 5-27 Figure 5-28

The final wire/bracket relationship to be introddce the

parallel relationship - also referred to as gtep In Figure 5-27
the same two situations are repeated as showe iprévious. It
IS obvious again that the wire/bracket angles guekewhether
the wire contains activating bends and level slotanvolves a
straight wire with angulated slots. Thatep bend when

compared to the off-center bend shown previougynathing

more than an additional bend placed at the adjdu@tket and
reversed in direction, thus creating two parallebrs sections.
Of all the wire/bracket angles discussed, this ti@iahip

involves the highest force magnitudes. The reasownery

obvious. Since both moments are equal in magnit@ndieact in
the same direction, the net moment is the highdsany

demonstrated thus far. Therefore the balancingef®omust be
greater in order to create a balancing moment, mend which

must be equal and opposite to the net moment jsistissed.

The step relationship, because of the higher fonegnitudes,
will find its greatest usefulness in the occluskne of space
when positioning molars that have been displaceth @s in
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crossbites. The higher force magnitudes may bealds in the
treatment of older individuals where response isallg not as
great as that seen with younger patients. Thelsad can also
be applied in the sagittal plane of space whenoatrtorces do
not pose a threat to the vertical dimension of gaient.
Brachycephalic individuals provide good examples.

cuspids are

bracketed atrue (Rigidity
parallel VS
i wire/bracket i _(Resilience
: relationship exists. | <=

Figure 5-29 Figru5-30 / Figure 5-31

Figure 5-29 shows two examples of the step bemdthe left
picture the cuspid brackets are present while dbserthe
picture to the right. Technically speaking, thestfipicture is a
genuine step relationship while in the second, beard applied
in the same manner, but with cuspids not bondesla fesult of
cuspid brackets not being present, a true stepiaeship does
not exist and the forces produced will l#ssin magnitude.
However, this is a practical approach as will bensiater in the
discussion on molar control.

The higher force magnitudes in Figure 5-30 and $e31lt from
a step relationship and are very effective in m@sto central
groove relationships between first and second moland
increasing the posterior transverse dimension ler patient.
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The step bends only used when higher force magnitudes are
desired. Otherwise, tlu#f-center bendis the bend of choice.
Because of the high forces that
can be created with the step
4 bend, it must be recognized
d that it can have distinct
4 disadvantages in the sagittal
4 plane of space when there are
4 vertical dimension problems
d present. This is particularly
d true with full appliances and in
Figure 5-32 many cases the use of the step
bends as seen in Figure 5-32 has led to the neepoBierior
high-pull headgear in order to overcome extrusive@ments.

The step bend creates force magnitudes that are fgoir times
greater than those produced by a cantilever acinipe same
interbracket distance with the same degree of abn. In
closing this chapter, a further discussion ofdte bendand the
cantileverwill be presented in order to better understandheac

. What happens if wesection : | | ANSWER: We recognize that
' the parallel bend? : the parallel bend is actually a :
: combination of two half-length :

5 cantilevers. :

Figure 5-33 Figure 5-34
In Figure 5-33, it is decided to section a stepdbério two
halves. In Figure 5-34, the two halves constitatetilevers.
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Figure 5-35 explains the

Lo DHDIE = EC THON ReTIE load/deflection rate for

FWS cantilever beams and

GG LS IIWEE A useful in helping to ex-

IS

iproportional to the cube of the wire Iength§ plain Why force levels are

: If the length is doubled the force becomes

: 1/8 per unit of deflection. Therefore, if we: : _
R R e RS s -N i Stated.Keep in mind the

sincrease8X. (Assuming vertical deflectlon_ archwire activation may

of the archwire remains constant)

Figure 5-35
Figure 5-36 illustrates the ste e
down arch. An increase ifHEEeLBln/SSR=eay[el\N V)=,

archwire length does not res(§
in an increase in the verticg Step'dOW” CLL L

deflection. The load/deflectio RN R RN I
rate is 1/8 the force per unit offECEEEEEEEICERIIEHRIE
deflection. If the Iength is ' force per unit of deflection.

doubled, it will take 1/ as [HNEG_0_ o e
much force for the same wir€
deflection. Figure 5-36

In Figure 5-37, a tip-back berg
is shown. When the wire leng§
is doubled with this type of wirg
activation, vertical deflectio :
will also double. If the force iR EURIE NI N RMEEUE

reduced to ]jg per unit of E : length doubles there are two units of
: deflection requiring twice the force. :

deflection and there are nNOEEEECNIEEECRINTES TN,
two units of deflection, then 2 X
1/8" = 1/4" of the original force. Figure 5-37

as high as previously

involve different bends as
seen in the figures below.
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Since the tip-back bend (off-center bend) wdlthe activation
of choice throughout this book, Figure 5-37 will the one that
will be most important to understand and remember.

One
~ Unit of
~ Deflection

-~
Two Units of "\
Deflection

Figure 5-38 Figure 5-39 igtire 5-40

Figure 5-38 shows the increasing vertical deflectath the use
of the tip-back bend. Because the vertical dabactioubles
when the wire length is doubled, the load/deflectiate shown
in Figure 5-39 is 1/ the original. Figure 5-40 reveals that a
half-length cantilever will require four times asioh force for
activation than will the same cantilever with twitiee length
and only one unit of vertical deflection.

Finally, this subject will close with comments redjag the

cantilever. It seems that the cantilever has eteanuch
confusion with many orthodontists regarding thet fdm@at no

moment is present at a bracket where one wouldaappebe
based orvisual inspectiorof that bracket. Becauseading an
archwire prior to insertion into the bracket slot indicatde

presence of an angle, it is easy to assume thanaem must be
present at that bracket. Although an attempt &@ady been
made to clarify the issue, the questions do nahdeedisappear.
In order to further clarify the matter beyond theplanations
already given regarding resilience, an additioxalanation will

be offered which should eliminate any doubts.
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Understandin
the Cantlleve(‘

m

As the bend moves to the left, the
wire/bracket angle on the rightontinues
to reduce in acounterclockwisalirection.

Understandin
the Cantileve

Understandin
the Cantileve

In order to go from clockwise
to counterclockwise the
transition must encounterero.

In order to go from clockwise
to counterclockwise the
transition must encounterero.

Figure 5-43 Figure 544

When the various wire/bracket angles were discyssed

extremes involved the center bend with equal andosite

moments and the step bend with equal moments irsanee

direction. The latter also had balancing forcessent while

none were required in the center bend. Lookingigitire 5-41,

note that the brackets shown on the right involyposite

angular relationships. In Figure 5-42, it is seleat s the bend
IS moved from the centered position to the finajpsposition,

the new angles formed have all rotatedinterclockwise

In Figures 5-43 and 5-44, the bracket slot haseddvom its
original angular position to its final angular gasn, which is
now opposite the original. It should now be evidtat a wire
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cannot rotate from one angle to an opposite angtaout
passing through a zero angle. The zero pointagvshn Figure
5-45 and represents a point at which only a pureefes present
at the bracketNote the archwire forming no angle with the slot.

the Cantileve |

Understandin’-
—_—

1/3

In order to go from clockwise
to counterclockwise the
transition must encounteeero.

Figure 5-45 Figubke46

Figure 5-46 is shown once again to illustrate thethwire
resiliency is responsible for the zero angular tr@teship
whenever a bend is placed at the one-third posiigiween two
brackets. These statements apply ldop-free wires. For
clarification purposes, resiliency causes a zegieam the one-
third position and this zero angleust exissomewhere between
the two extremes of a clockwise moment in the aemé@d and
a counterclockwise moment in the step as seergur&is-41.

Nothing in life happens without a reason and ortmtids is part
of our lives. Understanding the causes - andusttthe effects -
affords the opportunity to add innovative treatmprdcedures
to an everyday orthodontic practice.

You just might decide to add years to your pracaicd life!
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THE SHORT STORY

There are several wire/bracket relationships they make place
in a loop-free wire which offer the orthodontist@pportunity to

choose specific force systems by simply choosiraicular

location for placing an activational bend. Thré¢hese angular
relationships are extremely useful in orthodontieatment,

particularly at a stage where partial appliancesrause.

Although a cantilever system may be created by gugp
locating a bend, there are more practical waysréate such
force systems in an orthodontic practice. Thewanas may be
placed beneath the wings of the brackets ratheriththe slots.

Center bends may be very useful for parallelinggdollowing
space closure and diverging roots in diastemagieisas being
beneficial in several other areas of treatment.e ©f-center
bends are extremely effective for retracting andtrpacting
teeth, for buccal and lingual movements, rotatiaw@lections,
vertical movements, and several other movementsgés

The step bend produces the highest force magnubidgay of

the wire/bracket relationships and has its pamicukefulness in
the occlusal plane of space. Because it produmpas enoments
in the same direction, the balancing forces arédrighan the
other relationships and can therefore be a threavettical

dimension problems when used in the sagittal ptdrspace. It
IS extremely effective for increasing posterior ngaerse
dimensions and is the relationship of choice feralder patient.
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