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FORCES AND RELATIVE
MAGNITUDES
A

This is an interesting subject for a professior #pends its time
with forces and moments on a regular basis. Singly
enough, it will be shown that several methods demining
force systems today are simply incorrect. Forces aften
measured that are not only inaccuratemagnitude,but also
incorrect in thedirection in which they act. To make matters
even worse, sometimes the forces measured disaplegether
when the archwire is inserted. Any error in therrect
determination of force magnitude is automaticatiyearor in the
magnitude of any moments produced,Fasce X Distance =
Moment. No wonder orthodontists wonder why certain
movements seem to go nicely at times while at dihe®s such
responses seems to diminish or even become nometxidt has
earlier been mentioned that force systems may wargsponse
because of differences in force magnitudes. It Wastrated in
Chapter | that molars might erupt for one patidntt not for
another because of force magnitudes overcoming -nair
overcoming - the forces of occlusion. Keeping imanthat
nothing in this world happens without a causes important to
recognize that when such effects do occur, theesausay be
either unknown or misunderstood.

It is the purpose of this discussion to help previdn
understanding of the factors contributing to thabpem.
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One of the factors requiring discussion is the itardr, as this
is often the method used in measuring force madeguor a
patient, thinking that such force magnitudes wilse

First of all, a good example of a
cantilever is the diving board
shown in Figure 4-1. A cantilever
Is considered to be a simple beam
in the engineering world and is
characterized by a pure force at
— one end and a single moment at

Figure 4-1 the point of attachment.The forces
of course are equal and opposite at each end.

e
Bl

This is acantilevermeasurement.

Figure 4-2 Figure 4-3

A very common method of measuring forces is to take
instrument such as the Richmond gauge and measure a
archwire for intrusive forces as shown in Figure2 dnd 4-3.
This presents a problem as the cantilever onlytgxisor to
inserting the wire into the brackets. Followingertion into the
brackets the measurement taken is no longer vadidnoments
are introduced because of archwire resilience.s only one

of many different factors responsible for faultyaserements.
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In Figure 4-4, it is obvious that
the archwire crosses the
incisor brackets at an angle,
thus creating the presence of
moments at these brackets. A
cantilever is characterized by
only a pure force. Moments

The force magnitude is no longer cannot be present’ as they will

that which was measured.
alter the force measured..
Figure 4-4

If a true cantilever effect i
desired, there are other wa
of accomplishing such &
objective. Figures 4-5 a
4-6 show a practical approac
for the use of a cantileve
Although the archwire IgE*® » B
inserted into the four incisgj T e A
brackets, the cuspid slot |k —
not engaged and the wire is Figure 4-5
placed under the bracke g
wing as shown. Whe
wire/bracket  angles
discussed later, a cantilevy
system will be introduced b
locating a bend at a patrticul
position between the brackets. Figure 4-6
Other illustrations can be seen in Figures 4-7 #w@ which
show the opportunity to provide cantilevers in gas situations.

As a result,this is not a cantilever.

Cantilever intrusionof cuspids is
more effective than engaging
archwire into bracket slots.
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vl Cuspid

intrusion
required

Cantilever — (Incisors excluded) Cantilever — (Incisors bracketed) Intruding six teeth - Cantilevered Cuspids

Figure 4-7 Figure 4-8 Figure 4-9

In Figure 4-7, when only cuspid intrusion is reedir a
continuous archwire can be placed under the cubpatket
wings as shown here and in the previous illustnatioNote that
the incisors have not been bonded at this pointFigure 4-8,
the incisors have been bonded, but the archwireiqusly

shown is stepped gingivally to the four incisor®rder to avoid
movement of the anterior teeth while avoiding theaduction
of a moment at each of the cuspid brackets. FinalFigure 4-
9, the archwire has been placed under the cuspigsnand into
the incisor brackets which are now level. It canseen that
there are a number of ways in which to provide atilsver

force when desired. With cantilevers, pure foreceay be
applied to the intended teeth without the preseficeoments.

It will be seen throughout the various chapterst tfine vast
majority of orthodontic treatment is being achieweith partial
appliances. By the time the various aspects ombahanics
have been fully discussed, it will be seen thatiglaappliances
offer many distinct advantages over full appliancésis is not
to say that full appliances (Figure 4-10) cannoubkzed near
the end of treatment, but rather to point out thahy effective
tooth movements can be achieved in the earlierestagf
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treatment which would not be achieved if a full kgopce were
introduced at thenitiation of orthodontic treatment.

Avoiding Full Appliances aking advantage of partial appliances$

Figure 4-10 Figurell
Why are partial appliances (Figure 4-11) then, inotommon
use? There are several reasons. First of al}, lude has been
understood in orthodontics regarding the forceesyistthat can
be developed with partial appliances. Interbrackstances are
significantly increased and resilience increased essult. This
resiliency may introduce moments that can be exhlem
favorable for anchorage, protraction, and otheblams as well.

There are those orthodontists who prefelirect bonding and
would like to place all brackets simultaneouslyheatthan go
through a procedure that only allows placing a &\a time.

The orthodontic companies are in the business dinge
brackets. There are over 1100 prescription bracket the
market and more are being developed. Many difteygres of
brackets are being developed and sold, not only thoy
companies, but by orthodontists who are lecturiog the
companies. A number of orthodontists are also a@sigand
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promoting their own brackets. How appealing wop#httial
appliances be to those in the businessediing brackets?

Bends will be discussed later that offer the chdoceextremely
effective force systems with larger interbrackedtainces while
shorter interbracket distances limit the use ariecg¥eness of
these bends. Such bends can be easily platedrally with a
Tweed-Looppliers and take only seconds. The reward lies in
knowledge— not effort — as well as reduced stress, increased
efficiency, and greater practice enjoyment fordhdodontist.

.A ) \ JILEEUCIEREE Figure 4-12 offers an interesting

: or square wire. :

=) N ERaesEal Insight to _the subje_ct dforces
‘O ’ ot remaoinlth(t'—:hsame. qnd Rellatlve MagnitudesBoth
' ‘l el illustrations show forces that are
changes. alike when each illustration is
“turned around’ In Figure 4-
13, an intrusive force is shown
on the incisor segment above,
Figure 4-12 and aneruptive force on the
same segment below. The larger
moment on the molar above
becomes the smaller moment on
: the molar below, while the
SBUSICEVIER smaller moment on the incisor
pueaaECEIE] above becomes the larger

ICATHICEN \oment on the incisor below.

Lingual Root Torque is simply &
Tip-back Bend‘turned around.”

Does all of this seem to be
Figure 4-13 confusing? Simply realize that
these two illustrations can represent a singleiglaappliance
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containing several different activations. In swxlcase, only
equal and opposite moments might occur. Figurd 4eleals
the net result of combining the force systems sedhe upper
and lower portions of Figure 4-13.

The significance present in this
illustration is that when the tip-
back bend in an arch is combined
with anterior lingual root torque
in the same arch, the vertical
forces will disappear whenever
each of the activations produces
equal and opposite moments.

Only Equal and Opposite Moments Occur

Figure 4-14

In other words, a distal crown moment will takegalaon the
molars while an equal and opposite moment will oegith the
incisors. Because the moments will be equal angosite,
there will be no couple necessary for equilibriunhherefore,
when inserting such wire into the molar tubes, #merior
portion of the wire would lie in the muco-labialdocreating the
illusion of incisor intrusion. In actuality, when the wiie
engaged into the incisor bracket slots, the reasylingual root
moment will eliminate the forces. The orthodontrstin wait
forever for overbite correction but there can beend the forces
required are not present. This emphasizes the riampme of
what was taught in Chapter 3, which dealt with ithportance
of understandingtatic equilibriumin orthodontics.

Making matters even more difficult, if lingual rotbrque is
increasedthere will then be a net moment on the system hwvhic
requires a couple for equilibrium. Thus, an engotiorce will
actually exist on the incisor segment althoughilk still appear
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to the orthodontist that there is an intrusive éonghen first
placing the wire into the molar tubes. This eligocreated as a
result of inserting the archwire into the molardalfirst, as a
matter of convenience, and then observing the lying in the
muco-labial fold. The latter may easily lead athodontist to
conclude there is an anterior intrusive force wilaetually an
eruptive force takes place upon archwire activatio8o, it
should not be too difficult at this point to recagm what
happens when the net force system involves unagoatents
or equal and opposite moments. With the latt@relhwill be no
need for a balancing couple. However, if the masere
unequal, the resulting net moment will require aipde for
equilibrium. The result with these outcomes maybencrease
iIn overbite, creation of an open bite, significaatlusal plane
changes, as well as other effects that may be dermsi
desirable or undesirable. If the orthodontist hasfull
understanding of these possibilities, appropriateoa may be
taken beforehand to prevent undesirable occurrences

While on the subject of forces &y ————————— 5
relative magnitudes, now is a go§ : =

time to refer to Figure 4-15, as tif§ )': ;%?_i;d:%fseof:ﬁeeé
- s i s,the
net forceon a tooth during the esfeiing forees

application of forces to teeth i§ create a net force :
orthodontic treatment is alwayg dfeEs
zera An intrusive force on aif :
incisor tooth will be Opposed T —
the forces in the periodontium and Figure 4-15

its surroundings. Component forces may be discda& the
total of all forces acting on a toothZsra If a person says he
weighs 200 Ibs, that is simply the downward compbreeated
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by gravity. There is always an equal and opposifgosing
force so that thenet force will be zero. Again, it is only
necessary to recognize that one of the requirenfentstatic
equilibrium is that the sum of the forces in a givelane of
space must equal zero.

In Figure 4-16, it will be seen that
IUSCIEERBEUIE mMoments may differ in magnitude
5&12?%"&2%?53&1 when vertical and horizontal

) Therefore, the forces are produced. This will be
/ EIUEUCISER o critical element during the later

must be unequal.

discussion of molar control, as it
O ONGELRITLUEURE il be seen thavertical forces
Horizontal forces create larger moment . .
can well be the contributing cause

Figure 4-16 of horizontal displacement of the
molar crowns due to the moments produced. Becaedial
forces usually act buccal to the center of rescsanthe
perpendicular distance between the vertical fora tae center
of resistance results in a moment. Eruptive forggisresult in
lingual crown moments while intrusive forces witeate buccal
crown moments. When either of these displacemeatsirs,
horizontal forces can be introduced through theamtlbes. It
can be seen that horizontal forces acting throngholar tubes
will produce larger moments than those producethbyvertical
forces, because the perpendicular distance to #regerc of
resistance is larger than the previous.

This will be discussed thoroughly unddolar Control, but for
now only theconcepts presented.
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THE SHORT STORY

Forces are frequently measured in orthodontics, tivanefor
patient treatment or for in-vitro studies. Whemlsdiorces are
measured prior to archwire insertion into the bedc&lots, a
cantilever is involved in such measuring. A cantilever is
simple beam containing a pure force at one end.weer,
archwires have resiliency which increases with rimtecket
distance. Therefore, when the wire is fully enghghe
resiliency creates wire/bracket angles that did edast at the
time the measurement was taken. The resultinge$oare not
the same as those which may have been carefullgurea

Partial Appliancesoffer many advantages ovieull Appliances

particularly in the initial stages of treatment.nelincrease in
interbracket distance not only increases resiliemorh can be
very effective in producing desirable moments focleorage
and retraction, but it enables the orthodontidbtate bends in
such a manner that entirely different force systanasy be
produced. Small interbracket distances limit gpportunity.

Finally, vertical forces acting through molar tub@sy cause
tooth displacements, but these may be readily ctade by
horizontal forces which create larger moments thihase
causing the displacement. Although the forcesoithn Iplanes of
space are equal because the interbracket distanedbe same,
the cross-section of the wire is the same, andattwation of
the archwire is the same, the moments will diffemagnitude.
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