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STATIC EQUILIBRIUM
AND ITS IMPORTANCE
3

Everyone has had the experience in
life of being in balance or out-of-
balance. Whether balance has been
lost due to excessive drinking or
playing on a teeter-totter while young,
the experience of imbalance at one
time or another is certainly universal
Figure 3-1 in nature.

The following few illustrations will
demonstrate balance and imbalance.
No one will question theutcome of
two individuals seated on the teeter-
totter as shown in Figure 3-1. If two
individuals are of equal weight and
equal distance from the fulcrum in

Figure 3-2 Figure 3- 1, they will be in complete
balance - a state known a&sgaticequilibrium.

No one will question this because of personal agpee. When
we experience an event, we accept it as a fadtis dan lead to
an interest in learning the cause/effect relatigpssimvolved and
provide later solutions in orthodontic biomechanics
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In Figure 3-2, if the same two
individuals are of unequal weight and
sitting at the same distance from the
fulcrum, balance will only take place
following displacement at which time
static equilibrium will again be
established. No one is going to

Figure 3-3 guestion this outcome because it has
undoubtedly been experienced in childhood.

In Figure 3-3, it is shown that the imbalance theturred in
Figure 3-2 can be restored to a state of balanaheaftwo
individuals simply shift their weight so that tlaeger individual
IS closerto the fulcrum than the smaller individual. €afurse,
the opposite is also true. The smaller individgan relocate
a greaterdistance from the fulcrum. No one will questiohaw
has been demonstrated in these three illustrafisradl are based
on personal experience. The wonderful thing ahmrsonal
experience is that the outcome cannot be questidnstegad, the
cause can be determined with an analysis.

The requirements for static equilibrium take placerthodontic
treatment just as they do with the teeter-totiecause there are
no exceptions to static equilibrium when archwiege fully
engaged, the orthodontist has the opportunity terdene what
forces and moments are present regardless of asyalvi
perceptions that may be very misleading and totalbprrect.
Many intelligent orthodontists have come to incotre
conclusions regarding the force systems proposedgecific
methods of treatment. A thorough understandingstatic
equilibrium will change many such conclusions.
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Let’s begin by seeing why static equilibrium isasished in the
examples of the teeter-totter. It is importantrécognize that
there are three requirements for static equilibrium

REQUIREMENTS FOR
EQUILIBRIUM

ﬂweperfsctplmtogrephisbano;buance.

3 1. Sum of theVertical Forcesequals zero.
o, TN e

- _
2. Sum of theHorizontal Forcesequals zerg@.
G =] 3. Sum of theMoments around a Common
Point equals zero.

Figure 3-4 Figure 3-5

Figure 3-4 beautifully illustrates static equililom whose three
requirements are stated in Figure 3-5. The fiesfuirement
states that theum of the vertical forces must equal zefbhe
second requirement states that slwen of the horizontal forces
must also equal zeroFinally, the third requirement states the
sum of the moments measured around a common posttatso
equal zero. None of these requirements may be absent in any
case regarding static equilibrium.

Figure 3-6 Figure 3-7
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With prescription brackets so widely in use todfyces and
moments are produced that must always meet these th
requirements. How many orthodontists actualhogeize the
total force systemsgroduced with various wire/bracket angles
as shown in Figures 3-6 and 3-Bince the design of
prescription brackets is to replace the need tal l@@ohwires in
such a manner as to produce the desshdpe for tooth
movement, the forces and moments produced withbse that
meet the requirements for static equilibrium. thev words, a
specific force system must meet these requirements.
Orthodontists often do not recognize ttotal force systems
required for equilibrium and concentrate insteadhamse forces
and moments desired for the particular type ofitanbvement
in question. In the Class Il division 2 malocchrsi forces for
overbite correction or moments for torque méag the
prime considerations without recognizing thatabalng forces
will occur that can create as much undesirablearesp as the
tooth movement which has been intended.

Figure 3-8 Figure 3-9 Figure 3-10

The wire/bracket angles shown in Figures 3-8 tha03will be

discussed in great deal when the subjectVWife/Bracket
Relationshipss discussed. Looking closely at these illustraio
it will be noted that the wire/bracket angles afentical in both
upper and lower portions of each figure. In th@arpportion,
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the bracket slots are level with bends placed & dhchwire,
whereas in the lower part of each illustration, dnehwires have
no bends, but instead the brackets are angula&dath angles
may be purposely introduced into the appliance @y e
produced by the malocclusion. In either case,raef®ystem
will be produced in order to meet the complete megoients for
static equilibrium. If there is any difficulty irdentifying the
total force system in each of the above, then theaognized
aspect of the force system may be the cause ofsuab&e
responses that lead to the use of
preventive measures such as lingual or
transpalatal arches. Figure 3-11 tends to
create controversy with thosasually
oriented in determining force systems,
as it appears the smaller moment should
Figure 3-11 be clockwise. Such is simply not the case.
Contrary, however, to theisual assumptignresilience causes
just the opposite. Although resilience has alrealgen
introduced as one of the factors that sometimestesedifficulty
in recognizing the correct force systemyiae/bracket analysis
will now be done to prove what the total force sys$ must be
in order to comply with the three requirements fiatic
equilibrium. Remember again there are no excegption

EQUILIBRIUM
A Wire/Bracket | REQUIREMENTS HAVE BEEN :
Analysis FULFILLED

= Sum of the vertical forces equals zero.
= Sum of the horizontal forces equals zero

“If you don’t believe it, you N Z = Sum of the moments measured around a

, . 2 common point equals zero.
won’t achieve it.
ACTIVATIONAL FORCES

Figure 3-12 Figure 3-13 Figure 314
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In Figure 3-12, it is true thatf‘you don’t believe it you won't
achieve i’ This analysis should eliminate any doubts rdgay
the forces and moments present. Only Figures 3d8al0 will
be analyzed as they represent the extremes imtilesacreated.

Beginning with Figure 3-13, forces necessary toageghe wire
into each slot are shown. These are referred tactagational
forces. It is obvious that two activational fore@fl be required

at each bracket for insertion into each slot. As$ point it will

be assumedhat such forces are all equal in magnitude. This i
only an assumptionand remains to be proven as all three
equilibrium requirements must be met and must lowver. |If
the assumedorces are all equal, then their sum equals zedo a
the first requirement for equilibrium has beenifldfl. There
are no horizontal forces, so therefore the seceqdirement has
also been fulfilled. Finally, the sum of the morteemust equal
zero when measured around a common point. Anyt gaim be
utilized, but for the sake of convenience a poiarkad X will
represent the point to be used. If each forceows multiplied
by the perpendicular distance to this point, itl Wi seen that
their sum is equal to zero. Forces A& D poeEl equal
and opposite moments and the same is true witte$oB & C.
Therefore, the three requirements have been adfils shown
in Figure 3-14.

The next step is to complete the activational fagstem. In
Figure 3-15, the force system is determined by ntakihe
already proven equal and opposite forces at eaabkér and
recognizing that these couples result in pure nmisne
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The center bendr two off-center
bends- each producing the same

Activational Force System De-Activational Force Syste wire/bracket angles — result in the
same force systems.

Figure 3-15 Figure 3-16 Figure 3-17

The deactivational force system in Figure 3-16 impsy a
reversal of the activational force system. Finalty Figure 3-
17, it is shown that a bend in the center is eyatik same as
two off-center bendswhenever the angles are equal and
opposite. This is a significant relationship whweitl be utilized

in effective clinical treatment at a later point.

EQUILIBRIUM :
REQUIREMENTS ARE NOT
FULFILLED :

m Sum of the vertical forces equals zero.
= Sum of the horizontal forces equals zero.

: mSum of the moments measured around a :
:  common pointdoes noequal zero. H

: : THIS ACTIVATIONAL FORCE
ACTIVATIONAL FORCES SYSTEM IS INCORRECT

Figure 3-18 Figure 3-19 Figure 3-20

Figure 3-10, shown earlier, will now be analyzeldooking at
Figure 3-18, anassumptionhas again been made that the
activational forces are equal and opposite. Thuss,first two
requirements for equilibrium again are met. Whemmsing the
moments around a common point as was done betaranibe
seen in Figure 3-19 that the third requirementr@seen met,
as Figure 3-20 shows a net clockwise moment. Towexeour
original assumption of equal and opposite forcesnoa be
correct. This force system is completely unbatanc as a
couple is required on the system in ordergmvide a
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balancing moment in the opposite direction of leé moment
shown. When the first system was analyzed andg¢heer bend
found to produce equal and opposite moments, ongenb
balanced the other and therefore no forces weraregl] In this
case it can be seen that the net system consistsclafckwise
moment. It will be seen with a continued analytsiat such
balancing forces will be proven to exist. In FiguB-21, it will
now be assumedthe forces acting at each bracket are unequal.
We are seeking proof that equilibrium requirememesmet.

: EQUILIBRIUM :
{ REQUIREMENTS HAVE
: BEEN FULFILLED

® Sum of the vertical forces equals zero.

= Sum of the horizontal forces equals zerp

= Sum of the moments measured around:3
common point equals zero. :

Figure 3-21 Figure 3-22 Figure 3-23

Although the forces are unequal, when all the feroa the
system are added, the total forces in the verptae of space
again equal zero, so the first requirement islfatfi Likewise,
the second requirement is again fulfilled becalszet are no
horizontal forces present. The third requirememow met as
each force, multiplied by the distance to
the common point X, when added now
equals zero as shown in Figure 3-22.
Therefore, the correct activational force
system in Figure 3-23 has been proven
el and now is reversed as shown in Figure
3-24 to show the deactivational force

Figure 3-24 system. The deactivational force system
IS of interest to the orthodontist as it represémish movement.
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Now that a wire/bracket analysis has been demdestréo

prove force systems that meet the three remants of
equilibrium, a discussion can take place regardhe force
acting at each bracket whenever a net momergresent on
the system. Such forces are equal and oppogite@rstitute a
couple. Why must such forces be present? Rememhiaer
equal and opposite forces - known asoaple- produce a pure
moment. Therefore, the presence of a couple in fange

system producing net moments at the brackets singsiylts in
a balancing moment. The balancing moment is oppasi

direction to the net moment produced at the bracket

In the following clinical
examples, the couple that is
required in order to produce
balancing moments will be
shown. In Figure 3-25,
there are counterclockwise
LUER LIERCIOR{CI(ZSN moments shown for  the
ISRl [ [N ELISM correction of an apical base
discrepancy which result in
Figure 3-25 a worsening of the midline.
Because this wouldesult in an unbalanced system. a couple is
automatically introduced as it provides a pure muama the
opposite direction which is equal and oppositethe moments
placed by the orthodontist. The canted occlusalg@worsens.

If looking only atthe individual force acting at each of the
Incisor brackets, it can be seen that the two BmEsult in a
clockwise moment. No measuring is involved as bdakancing
moment is equal and opposite to net moments imiealy
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placed at the brackets by the orthodontist. Houum is
something to be respected, as the failure to rezegthe
complete force system can result in unexpectedezprences
that may result in an increase in treatment timetlie patient -
not to mention frustration for the orthodontist.

Not only will further balancing forces be demonsth but it
will also be shown that different types of toothvaement may
actually require the same force systems — not reiffie force
systems as one might expect.

In Figure 3-26, two tooth-moving systems are illatd. A
partial appliance is shown with a tip-back bend alihion
activation will produce an intrusive force for olage correction
while  another  partial
appliance is shown with a
wire containing twist for

: Eg. Rectangular:
: or square wire. :

remain the same.
Only the
nomenclature
changes.

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

Figure 3-26

lingual root torque when
activated.

Although the objectives
differ, it can be seen that
one system is simply the
reverse of the other. When
one or the other is simply

“turned around” the force systems are identical. In other
words, lingual root torque is simply a tip-back Oeturned
around If at all confusing, remember the early rule regagd
long and short sections which indicate the direcobthe forces
present, while stating that the bracket or tubseagoto the bend
contains the largest moment. This is an effectvemory
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system until the subject of mechanics is discugseanore
depth. However, understanding is more importasu tinemory.

Occlusal planes may be altered by couples presdrdlance net
moments while occlusal planes already in balandé wqual
and opposite moments require no balancing fofoagples.
Altered occlusal planes can be desirable or unalglgir This is
a choice that can be made by the orthodontist.nggmmay be
made to alter the amount of anterior teeth to lmavehor made
for a number of other reasons including the refetiap to the
condylar path for those concerned with posterigcldision of
teeth in protrusive movements.

R\ U\

WYY U

e

Distal Crown Torque Lingual Root Torque

Equal & Opposite Moments

Figure 3-27 Figure 3-28 Figure 3-29

Figures 3-27 & 3-28 demonstrate a need for a balgraouple.
Figure 3-29 shows balancing moments present andftre no
need for a couple. Couples are created onlpédmoments.

As this chapter comes to a close, another lookairé 3-1 and
Figure 3-3 shown at the introduction to the subjeftstatic
equilibrium might now make more sense as to whyarzd
exists when individual weights are equal or unequialvas first
acknowledged that experience provided acceptancethef
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outcome. Now theauseof the outcome can be understood and
applied in clinical orthodontics as well.

As can be seen, the illustration
to the left in Figure 3-30
shows two individuals with
equal weights seated at equal
distances from the fulcrum.
When analyzing the force
system, it can be determined
that the forces and moments

: that are shown meet the three
Figure 3-30 requirements for equilibrium.
So, itis not only known fromxperiencehat such balance
occurs, but now it can be understaady such balance takes
place. It is thaunderstandingwvhich is important as it leads to
application in other areas — in this case, recagnf important
force systems in clinical orthodontics.
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THE SHORT STORY

Static equilibrium is an often misunderstand subjec the
clinician. Such equilibrium has always been pdrour lives.
Examples experienced in childhood, such as twoviddals of
equal or unequal weight on a teeter-totter seatedarious
positions, demonstrates that the results are nguestion, but
only the causeas it relates to the equilibrium requirements.
These same requirements apply to orthodontic treattrmuring
wire/bracket engagement. The orthodontist is iistek in what
forces and moments are produced as a result ofbnaicket
engagement. In static equilibrium, three requimrgisienust be
met in order to engage archwires into the bracksas.s These
initial forces of insertion are referred to astivational forces
and always meet the three requirements of equihbriFirst, the
sum of the vertical forces must equal zero. Segotite sum of
the horizontal forces must equal zero. Finalle sum of the
moments measured around a common point must alsal eq
zero. When only two out of three of these requests are met,
static equilibrium does not exist. When recogrgzthat the
force system meetll three requirements, the system is then in
equilibrium. Once the three requirements are lfatfi the net
activational system is determined and then reversed to
determine thaleactivationalsystem which is of concern to the
orthodontist as this is the tooth-moving aspecthef system. It

IS not uncommon for the orthodontist to arrive atarrect
deactivational force systems and therefore experience
unexpected tooth movements which often lead touse of
transpalatal or lingual arches.
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