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Once comprehensive diagnosis and treatment planning
have set the stage for initiating treatment procedures,

appliance design and systems have to be developed to

achieve treatment goals. Correct application of the prin-
ciples of biomechanics assists in the selection of efficient
and expedient appliance systems.

Over the last three decades, there has been an explo-
sion in the development of technology related to or-
thodontics. New materials and designs for brackets,
bonding, and wires have combined to create a nearly
infinite number of possibilities in orthodontic appliance
design. As these new materials are brought together in

Preface

the configuration of orthodontic appliances, it is neces-
sary to understand and apply the principles of biome-
chanics for a successful and efficient treatment outcome.
Lack of proper understanding may not only set up in-
efficient force systems but also cause collateral dam-
age to the tissues. The path to successful treatment is
through good knowledge of biomechanics.

This book is written with the purpose of introducing
a student of orthodontics to the evolving technology,
material properties, and mechanical principles involved
in designing orthodontic appliances.






Physical Principles 7

Movement of teeth in orthodontic treatment requires
application of forces and periodontal tissue response to
these forces. Force mechanics are governed by physi-
cal principles, such as the laws of Newton and Hooke.
This chapter presents the basic definitions, concepts,
and applicable mechanical principles of tooth move-
ment, laying the groundwork for subsequent chapters.

Newton's Laws

Isaac Newton's (1642-1727) three laws of motion, which
analyze the relations between the effective forces on ob-
jects and their movements, are all applicable to clinical
orthodontics.

70
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The law of inertia

The law of inertia analyzes the static balance of objects.
Every body in a state of rest or uniform motion in a
straight line will continue in the same state unless it is
compelled to change by the forces applied to it.

The law of acceleration

The law of acceleration states that the change in motion
is proportional to the motive force that is applied. Ac-
celeration occurs in the direction of the straight line in
which the force is applied: a= F/m, where a= acceler-
ation, F=force, and m = mass.

The law of action and reaction

The reaction of two objects toward each other is always
equal and in an opposite direction. Therefore, to every
action there is always an equal and opposite reaction.
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Fig 11 Force is a vector. The force applied to the incisor is signified

by the length of the arrow, and the point of application is on the crown.

Its line of action is horizontal, and its direction is from anterior to pos-
terior.

1w 4110,

b

Fig 1.2 The resultant (R) of forces (x and y) on the same line of action and direction is R = x + y (a) and the same line of action but in different

directionsis R = x + (—y) (b).

Fig 13 (a) The resultant (R) of the x and y vectors that have the same point of origin is the diagonal of the parallelogram with these vectors used
as the sides. (b) R can also be obtained by drawing a vector parallel to vector y and extending from the tip of vector x, then drawing a line joining

its tip to the origin of vector x.

| Vectors

When any two points in space are joined, a line of action
is created between these points. When there is move-
ment from one of these points toward the other, a direc-
tion is defined. The magnitude of this force is called a
vector, it is shown by the length of an arrow, and its

point of application is shown with a point. For example,
in Fig 1-1, the line of action of the force vector, which is
applied by the labial arch of a removable appliance on
the labial surface of the crown of the incisor, is hori-
zontal. The direction is backward (ie, from anterior to
posterior), and its amount is signified by the length of
the arrow.




Vectors

Fig 14 To find the sum of multiple vectors having the same point of
origin, first draw the resultant (R1) of vectors x and y, thus defining
the resultant (R2) of the z and R1 vectors (ie, x+y = R1; z+ R1 =
R2).

Addition of vectors

Vectors are defined in a coordinate system. The use of
two coordinate axes can be sufficient for vectors on the
same plane.

In Fig 1-2a, the resultant (R) of the vectors of different
forces (x and y), which are on the same line of action
and in the same direction, equals the algebraic sum of
these two vectors (X+ y). The resultant of two vectors on
the same line of action but in opposite directions can
be calculated as (X + [—A) (Fig 1-2b).

The resultant of two vectors that have a common
point of origin is the diagonal of a parallelogram whose
sides are the two vectors (Fig 1-3a). The resultant of the
same vectors can also be obtained by joining the tip of
a vector parallel to vector y drawn from the tip of vec-
tor x to the point of origin of vector x (Fig 1-3b).

Sum of multiple vectors

The sum of multiple vectors is calculated in the same
system as the calculation of two vectors. Therefore, the
third vector is added to the resultant of the first two vec-
tors, and so on (Fig 1-4).

Subtraction of two vectors

To define the difference between two vectors, a new
vector (—y) is drawn in the opposite direction from the
tip of vector x and parallel to vector y, and the point of
origin of vector x is joined to the tip of vector —y (Fig

Fig 15 The difference between x and y vectors having the same
point of origin can be obtained by drawing a vector (—y) starting from
the tip of vector x that runs parallel to the y vector but in the opposite
direction; then the tip of vector —y is joined to the point of origin of
vectors x and y.

Fig 1.6 The separation of a resultant vector into components on an
x-and y-axis coordinate system.

1-5). Thus, the resultant (R) is from the point of origin
of vectors x and y toward the tip of vector —y.

Separating a vector into components

To separate a resultant vector (R) into components, two
parallel lines are drawn from the point of origin of that
vector toward the components that are searched. By
drawing parallels from the R vector's tip toward these
lines, a parallelogram is obtained. The sum of the two
components obtained by this method is exactly equal
to vector R.

The separation of a resultant vector into components
is generally (at the elementary level) realized on X and
y reference axes for ease of presentation and trigono-
metric calculations (Fig 1-6). In fact, for complicated cal-
culations, vectors can be separated into unnumbered
directions. Therefore, the x-axis is generally accepted
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as the horizontal axis, and the y-axis is accepted as the
vertical axis. Thus, the component x of vector R can be de-
fined as horizontal and the component y as vertical.

I Force

Force is the effect that causes an object in space to change
its place or its shape. In orthodontics, the force is mea-
sured in grams, ounces, or Newtons. Force is a vector
having the characteristics of line of action, direction,
magnitude, and point of application. In the application
of orthodontic forces, some factors such as distribution
and duration are also important. During tipping of a
tooth, force is concentrated at the alveolar crest on one
side and at the apex on the other (Fig 1-7a). During trans-
lation, however, the force is evenly distributed onto the
bone and root surfaces (Fig 1-7b).

Forces according to their duration

Constancy of force

Clinically, optimal force is the amount of force resulting
in the fastest tooth movement without damage to the

periodontal tissues or discomfort to the patient. To

achieve an optimum biologic response in the peri-
odontal tissues, light, continuous force is important.'

Figure 1-8 compares the amount of loss of force occur-
ring over time on the force levels of two coil springs of
high and low load/deflection rates.'

Fig 1.7 Distribution of force on the bone and root surfaces in tipping
(a) and translatory (b) movements. During tipping, the possibility of in-
direct bone resorption is high because the forces are concentrated in
small areas. Therefore, the forces must be kept as low as possible.

Continuous forces A continuous force can be obtained
by using wires with low load/deflection rate and high
working range. In the leveling phase, where there is con-
siderable variation in level between teeth, it is advanta-
geous to use these wires to control anchorage and main-
tain longer intervals between appointments. Continuous
force depreciates slowly, but it never diminishes to zero
within two activation periods (clinically, this period is
usually 1 month); thus, constant and controlled tooth
movement results' (Fig 1-9a). For example, the force ap-
plied by nickel titanium (NiTi) open coil springs is a
continuous force.

Interrupted forces Interrupted forces are reduced to

zero shortly after they have been applied. If the initial

force is relatively light, the tooth will move a small

amount by direct resorption and then will remain in

that position until the appliance is reactivated. After the

application of interrupted forces, the surrounding tis-
sues undergo a repair process until the second activa-
tion takes place' (Fig 1-9b). The best example of an ac-
tive element that applies interrupted force is the rapid

expansion screw.

Intermittent forces During intermittent force application,
the force is reduced to zero when the patient removes
the appliance' (Fig 1-9¢). When it is placed back into
the mouth, it continues from its previous level, reducing
slowly. Intermittent forces are applied by extraoral ap-
pliances.'
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Fig 1-8 The loss of force, with time, in springs with high (a) and low (b) load/deflection rates. In the same period (4 weeks), the loss of force
in the spring with a high load/deflection rate was approximately 225 g, compared to only 75 g in the spring with a low load/deflection rate. (

Reprinted from Gjessing? with permission.)

Continuous force

Interrupted force

................ 3 I
29 1
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a
Fig 1-9 The effects of continuous (a), interrupted (b), and intermit-
Intermittent force

tent (c) forces on the periodontal tissues. (Reprinted from Proffit® with
permission.)

| Center of Resistance

The point where the line of action of the resultant force
vector intersects the long axis of the tooth, causing

1| wIm~ [sm IS

Time

translation of the tooth, is defined as the center of resis-
tance. Theoretically, the center of resistance of a tooth is
located on its root, but the location has been extensively
investigated. Studies show that the center of resistance
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of single-rooted teeth is on the long axis of the root,
approximately 24% to 35% of the distance from the
alveolar crest.*i°

The center of resistance is sometimes confused with
the center of mass. The center of mass is a balance point
of a free object in space under the effect of gravity. A
tooth, however, is a restrained object within the peri-
odontal and bony structures surrounded by muscle
forces. Therefore, the center of resistance must be con-
sidered a balance point of restrained objects.

The center of resistance is unique for every tooth; the
location of this point depends on the number of roots,
the level of the alveolar bone crest, and the length and
morphology of the roots. Therefore, the center of resis-
tance sometimes changes with root resorption or loss of
alveolar support because of periodontal disease (Fig 1-10).
For example, in the case of loss of alveolar support, this
point moves apically."

El Center of Rotation

The center of rotation is the point around which the tooth

rotates. The location of this point is dependent on the

force system applied to the tooth, that is, the moment-
to-force (M/F) ratio. When a couple of force is applied

on the tooth, this point is superimposed on the center of
resistance (ie, the tooth rotates around its center of re-
sistance). In translation it becomes infinite, meaning there
is no rotation. This subject is explained in greater detail
in the M/F ratio section later in the chapter.

Fig 1.10 The center of resistance moves apically in response to a
loss of alveolar bone or periodontal attachment.

I Moment

Moment is the tendency for a force to produce rotation

or tipping of a tooth. It is determined by multiplying

the magnitude of the force (F) by the perpendicular

distance (d) from the center of resistance to the line of
action of this force: M= F X d (Fig 1-11). In orthodon-
tic practice, it is usually measured in gram-millimeters, or
g-mm, which means grams X millimeters. Forces pass-
ing through the center of resistance do not produce a

moment, because the distance to the center of resistance
is zero. Hence, the tooth does not rotate; it translates (
Fig 1-12). Because the moment depends on the magni-
tude of the force and the perpendicular distance to the

center of resistance, it is possible to obtain the same ro-
tational effect by doubling the distance and reducing
the magnitude of the force by half, or vice versa. Even

when the force is not excessive but the distance from

the center of resistance to the line of action is signifi-
cant, the periodontal tissues may be adversely affected

because of the large moment.

I Couple

A couple is a system having two parallel forces of equal
magnitude acting in opposite directions. Every point
of a body to which a couple is applied is under a rotational
effect in the same direction and magnitude. No matter
where the couple is applied, the object rotates about its
center of resistance—that is, the center of resistance and




Fig 1-11 The line of action of any force (F) not passing through the

center of resistance creates a moment (M), which is a rotational or

tipping effect on the tooth. According to the formula M = F x d, a mo-
ment is proportional to the magnitude of force and the distance (d)

perpendicular from its line of action to the center of resistance.

Transmissibility of a Force Along Its Line of Action

Fig 1-12 A force having a line of action passing through the center
of resistance (CRes) causes translation of the tooth. During this move-
ment, the center of resistance moves along the line of action of the
force.

b

Fig 1-13 A couple causes an object to rotate around its center of resistance regardless of the point of application, thereby superimposing the
center of resistance (CRes) and the center of rotation (a). Two examples of fixed appliances in which the couple is applied are torque in the
third order (b) and antitip in the second order (c). In calculating the moment (M) of a couple, it is sufficient to multiply the magnitude of one of the
forces (F) by the perpendicular distance (d) between the lines of action of these forces.

the center of rotation superimpose (Fig 1-13). For ex-
ample, a torque (third-order couple) applied to an in-
cisor bracket causes tipping of the tooth about its center
of resistance. This phenomenon is explained in detail

in the equivalent force systems section later in the chap-
ter. The calculation of the moment of a couple can be

performed by multiplying the magnitude of one of the

forces by the perpendicular distance between the lines

of action.

[ Transmissibility of a Force Along Its
Line of Action

Forces can be transmitted along their line of action with-
out any change in their physical sense. Provided that the
line of action is the same, any force acting on a tooth
would be equally effective if it were applied by pushing
distally with an open coil or pulling distally with a chain
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Fig 1-14 On a scale in a state of static equilibrium, the moments around all the points must be c= € 10 X 1,500 15 000
in balance. The algebraic total of the moments on the 0, A, B, and C points on the bar that tend ( 5 = 5, g-mm

to rotate the system clockwise and counterclockwise must equal zero.

elastic. The principle of transmissibility states that the
external effect of a force acting on a tooth is independent
of where the force is applied along its line of action."

Static Equilibrium and the Analysis
of Free Objects

The rules of static equilibrium are applied similarly for

every object or mechanical system and for every part
of that object or system. Therefore, to make it easier to
understand the forces applied on a mechanical system,
it is sufficient to analyze only a part of the system as a
free object. For instance, to define all the forces applied
on a dental arch, it may be sufficient to analyze the re-
lations between only 2 teeth instead of analyzing all 14
teeth. Of course, the forces applied in this system of 2
teeth must be in balance. Briefly, the analysis of a free
object is the study of an isolated part of a system or an
object in a state of static equilibrium, enabling us to get
an idea about the whole system.

Statics deals with the state of an object in equilibrium
under the influence of forces. The main law of statics is
Newton's first law, which implies that if a body is at a
state of rest or in stable motion in a certain direction,
the resultant of the forces acting on this body is zero. In
other words, static equilibrium implies that at any point
within a body, the algebraic sum of all the effective

forces on the body in space should be zero (IFX = 0;
/,Fy = 0; 1FZ= 0). For the body to be in balance in the
sense of rotation, the algebraic sum of all the moments
effective on it must also be zero (ZMx = 0; /My = 0;
1Mz = 0). The sum of the moments acting on a body
around any point of a body in static equilibrium state is
zero. An example is shown numerically in Fig 1-14. Or-
thodontically, understanding this law is very important
because it is fundamental to every clinical application.

The book in Fig 1-15 is in a state of rest. The factor
that enables this book to remain still is the fact that a
force (A), the weight of the book, has an equal and op-
posite force (N), the table, working against it. Because
the system is statically balanced, there is balance be-
tween the forces acting on it. For an object to be in a
state of static equilibrium, the foremost condition is that
there must be no motion in the system.

Tooth Movement
Tipping

Controlled and uncontrolled tipping
Tipping, in practice, is the easiest type of tooth move-

ment. When a single force is applied to a bracket on a
round wire, the tooth tips about its center of rotation,
located in the middle of the root, close to its center of




Fig 1-15 The book on the table is in a state of rest. For the book to
remain statically balanced, a force (N) of the same magnitude as the
weight of the book (A) but in the opposite direction must act on the book.

d=10 mm M1 > M2
M1 =1,500 g-mm M1 =1,500 g-mm
F=150¢g M2 = 900 g-mm
M/F = 0:1 M/F = 6:1

Tooth Movement

M1 < M2

M1 =1,500 g-mm

M2 = 2,100 g-mm
d M/F = 14:1

M1 = M2

M1 = 1,500 g-mm
M2 = 1,500 g-mm
M/F =10:1

Fig 1-16 A change in the M/F ratio applied to the tooth will cause its center of rotation to change its position. In the uncontrolled tipping move-
ment (M/F ratio = 0:1), the center of rotation (CRot) is located very close to the center of resistance (CRes) (a), whereas in controlled tipping (M/F
ratio = 6:1), it is located near the apex (b). In translation (M/F ratio = 10:1), the center of rotation is infinite (ie, there is no rotation) (c). In root move-
ment (M/F ratio = 14:1), this point is located near the crown (d). d, distance; F, force.

resistance. This single force causes movements of the
crown and apex in opposite directions. This movement,
caused by the moment of force (M1), is called wucon-
trolled tippine (Fig 1-16a), and it is usually clinically un-
desirable. In this movement, the M/F ratio can vary
from approximately 0:1 to 1:5 (see the M/F ratio sec-
tion later in the chapter).

If a light, counterclockwise moment (M2; torque) is
added to the system with a rectangular wire while the
single distal force is still being applied, the tooth tips dis-
tally in what is called cntrolled tipping, which is clini-
cally desirable. In this movement, the center of rotation
moves apically, and the tooth tips around a circle of a
greater radius. In controlled tipping, the M/F ratio is
from approximately 6:1 to 9:1 (Fig 1-16b).

When the counterclockwise moment (M2; torque) is
increased to equal the moment of force (M1), the mo-
ments neutralize each other, and there is no rotation in
the system. In this case, the center of rotation no longer
exists (it is infinite) and the tooth undergoes translation,
or bodily movement (Fig 1-16c). In translation, the M/F
ratio is approximately 10:1 to 12:1. Clinically, transla-
tion is a desirable movement, but it is hard to achieve
and maintain. If the counterclockwise moment (M2;
torque) is increased even more to an M/F ratio of ap-
proximately 14:1, then the moment becomes greater
than M, and the tooth undergoes root movement. In
root movement, the center of rotation is located at the
crown (Fig 1-16d).
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Fig 1-17 (a) Because translating an incisor by applying a force that passes directly through the center of resistance is not practical, this move-
ment can be achieved by setting up an equivalent force system on the crown that gives the same result. (b) When a force (F) of 150 g is applied
to the crown, a clockwise moment (M1) of 1,500 g-mm occurs. (c) If this moment is balanced with an equal and opposite moment (M2), only a net
force of 150 g remains in the system. (d) Even though it is applied to the crown, this force causes translation as if it were being applied to the cen-

ter of resistance. d, distance.

Translation (bodily movement)

Theoretically, translation of a body is the movement of
any straight line on that body, without changing the
angle with respect to a fixed reference frame (see Fig
1-12). During translation, all the points on the body
move the same distance, and they therefore have the
same velocity.

Rotation

Rotation of a body is the movement of any straight line
on that body by a change in the angle with respect to a
fixed reference frame. If the body rotates about its center

of resistance, it is called pure rotation.

I Equivalent Force Systems

As stated earlier, it is possible to slide forces along their
lines of action without changing their physical sense.
However, it is impossible to slide them parallel to their
lines of action, because by changing the location of the

line of action of a force, the distance to the center of re-
sistance also changes. Therefore, the type of tooth move-
ment changes (see Figs 1-11 and 1-12). The equivalent

force system principle, illustrated in Fig 1-17, states that
the same type of translatory movement obtained by the

force (F) passing through the center of resistance can be

achieved by application of force at the bracket on the

crown. Forces passing through the center of resistance

cause translation. Clinically, it is not always practical to

apply forces through the center of resistance of a tooth (
System 1) because of anatomical and biomechanical

limitations. Therefore, this force system must be re-
placed with another system (System 2) that is applied to
the crown. Forces applied to the crown usually do not
pass through the center of resistance. They cause rota-
tion (or tipping) of the tooth because of the clockwise

moment (M1). To obtain translation, this moment must
be balanced by an equal and opposite moment (M2) (ie,

MI= M2 = 1,500 g-mm) In the example, M2 can be

obtained with palatal root torque applied to the incisor
bracket (Fig 1-17¢). As a result, the moments neutralize
each other, and the single force of 150 g remains on the
system that translates the tooth.

10



Momentto.Force Ratio

Fig 1.18 The type of tooth movement in the sagittal direction in Fig 1-17 is also valid in the transverse direc-
tion. The only difference is that a couple (antirotation) is applied in the first order. d, distance; F, force.

| Moment-to-Force Ratio

Understanding the M/F ratio concept is vital to the clin-
ician in controlling tooth movements (see Fig 1-16).%
Clinically, the M/F ratio determines the types of move-
ment or the location of the center of rotation."-"
According to the formula, M/F= F X d/F= the M/F
ratio equals the distance (d). As the distance between
the center of resistance and the line of action increases,
the M/F ratio also increases. If we take the example in
Fig 1-16a, a distal force of 150 g is applied to the incisor
bracket. Because the force does not pass through the
center of resistance (d = 10 mm), and an opposite mo-
ment (M2) is not applied to the bracket, the M/F ratio
of this system is 0:1 (there is no moment of couple). The
tooth tips distally about the center of rotation, located
on the root, close to the center of resistance. This is un-
controlled tipping in which the crown moves distally
and the apex mesially; this is the easiest type of tooth
movement to achieve from a clinical standpoint. In re-
movable appliances, springs or screws cause uncon-
trolled tipping because there is only a single force act-
ing on the tooth, and there is no attachment on the tooth
for an opposite moment (see Fig 1-11). Likewise, a sim-
ilar type of movement is observed in the Begg technique
in which the teeth move on round wires.

If a counterclockwise moment (M2) of 900 g-mm is
applied on the bracket with palatal root torque, the M/F
ratio becomes 6:1 (see Fig 1-16b). In this case, the cen-
ter of rotation moves apically, so the tooth moves as a

pendulum around its apex (or a point close to it).
This is a case of controlled tipping.

If the M2 moment is increased to 1,500 g-mm, then
the M/F ratio becomes 10:1. The moments balance each
other, and only 150 g of single force remains on the sys-
tem, causing the tooth to translate. In this case, the cen-
ter of rotation of the tooth is infinite (see Fig 1-16¢). If
the magnitude of the M2 moment is increased even
more, up to 2,100 g-mm, the M/F ratio becomes 14:1.
In this case, the center of rotation moves to the crown.
This is root movement (see Fig 1-16d).

Everything explained above is also valid in the trans-
verse plane. A canine moving distally with a segmented
arch acting on the bracket at a point away from the cen-
ter of resistance rotates distolingually. This rotation can
be controlled with an antirotation bend. In this plane,
the M/F ratio is also equal to the distance between the
center of resistance and the line of action of the force (
Fig 1-18).

In the second order, as a result of distal force, the ca-
nine tips distally. This moment is balanced with an an-
titip bend (counterclockwise moment). The magnitude
of this moment depends on the amount of the bend and
the width of the bracket. Note that for the same amount
of couple, forces applied on the wings of a narrow bracket
are higher compared with the wide bracket in the sec-
ond order. This is basically because of the difference in
distance between parallel forces of the couple. The
greater the distance, the less the force and vice versa.
Because the distance on the narrow bracket is less than

11
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M = 1,500 g-mm
d=0.63 mm
[ F3=2,381g

Fig 1.19 For the same moment (M), the force applied to the wings of the brackets decreases as the width increases. Because the distance (d)
on the wide bracket is larger (3.4 mm) (a) than that of the narrow bracket (2 mm) (b), the force is low. In torque (c), the magnitude of force on the

bracket wings is high because the distance (0.63 mm) is very small.

that of the wide bracket, the magnitude of forces is
higher. For example, assuming the width of the brackets
(d) is 3.4 mm, the amount of force applied on the bracket
wings can be calculated (Figs 1-19a and 1-19b) as

M= Fxd

1,500 = Fx3.4
F=1,500/3.4 =441¢g

If a narrow bracket (2 mm) is used, the amount of

force effective on the bracket wing is 750 g. During ap-

plication of a third-order couple (torque), because the
interbracket distance is very small, the magnitude of
force on the bracket wings is that much more (Fig 1-19¢).
This is one of the main reasons ceramic bracket wings
break when torqued.

M /F ratios of teeth with loss of alveolar support

The center of resistance of a tooth depends on the
length, number, and morphology of the roots and the
level of alveolar bone support. In root resorption, the
root shortens, causing the center of resistance to move
occlusally, but with loss of alveolar bone support, the
center of resistance moves apically (Fig 1-20; see also

Fig 1-10). This is particularly important in the treatment
of adult patients, who often have periodontal problems.
As the distance (d) between bracket and center of resis-
tance increases, the M/F ratio also increases. To
obtain a higher M/F ratio, two options can be
considered:

* Place the bracket gingivally. If this is done, the bracket
base may no longer adapt well to the tooth surface.!®
Furthermore, it will be more difficult to insert a straight
wire for leveling. An adaptive step-up bend may be
needed on the archwire, but this might affect the pre-
cision of alignment.

¢ Increase the moment, decrease the force, or a combi-

nation of botE® Clinically, the moment applied to the
bracket is predictable only if a segmented archwire is
used. The moment generated by an antitip or torque
bend cannot be measured accurately. It is therefore
difficult to accurately adjust the M/F ratio by changing
the moment. Adjusting the amount of force according
to the type of movement obtained seems to be more
practical.

Braun et al® have stated that the M/F ratio depends
basically on the location of the center of resistance, and
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Moment-to-Force Ratio

Fig 1-20 In the case of alveolar bone loss (a), the center of resistance (CRes) moves apically, thus the distance (d) increases (b). For translation,
the M/F ratio should also be increased. Clinically, it is better to reduce the force (F) to control tooth movement. This is particularly important in adults
who may have alveolar bone loss owing to periodontal disease. In the case of root resorption (c), the center of resistance moves occlusally. (Reprinted

with permission from Braun et al.’®)

can be4pplied

Loss of alveolar support Moment multiplying factor to Force multiplying factor to
for offset increase (mm) compensate for offset increase compensate

0

1.06 0.94

2 1.13 0.89

3 1.19 0.84

4 1.25 0.80

5 1.32 0.76

*Reprinted with permission from Braun et al.®

forces to be used in cases with loss of alveolar bone sup-
port (Table 1-1).

Clinically, determining the position of the center of
resistance and the exact value of the M/F ratio to be
applied and keeping it stable throughout the movement
is fairly difficult. Tanne et al' have stated that because of
a very small change in the M/F ratio and the exponen-
tial relationship between the center of rotation of the
tooth and this ratio, the center of rotation can change
drastically. The amount of force is key to controlling the
M/F ratio (ie, tooth movement). If undesired tipping
occurs as a result of an overactivated loop, one should

let the wire work until root movement has been ac-
complished.

Effect of loop configuration on M/F ratio

The objective of a loop is to decrease the load/deflection
rate of the wire (ie, increase the elasticity); thus, to apply
force in a wider range within physiologic limits. Because
of spring characteristics, loops are commonly used in
space closure with differential mechanics. During space
closure, it is important to obtain controlled tooth move-
ment in both anterior and posterior segments. Uncon-
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Fig 1-21 The M/F ratios of a 6-mm-high vertical loop with a 20-degree gable

Fig 1-22 The activation (a) and neutral (b) positions of a

bend. During deactivation of the loop, the M/F ratio shows a relatively stable T-loop.
curve throughout a distance of 0.9 mm, then increases dramatically up to 19:1

at the last 0.1 mm. (Reprinted with permission from Burstone.9

trolled tipping is usually undesirable because side ef-
fects such as anchorage loss and root resorption may
occur in uprighting. For example, with the Begg appli-
ance, extraction spaces are usually closed in a relatively
short time by uncontrolled tipping of the anterior teeth,
using a combination of round wires and Class II elas-
tics. Uprighting excessively tipped incisors, however,
takes longer and requires a high level of anchorage sup-
port. ¢
The configuration of the loop has a significant effect
on the M/F ratio. Studies have shown that the M/F
ratio generated by a vertical loop is approximately 2:1.7
Increasing the length of the loop can increase the M/F
ratio to 4:1,8 but increasing the height of the loop is not
practical because it may cause irritation and discomfort.
Figure 1-21 shows the changes in the M/F ratio of a
vertical loop 6 mm high and having 20 degrees of anti-
tip. Note that the M/F ratio generated by a 1-mm acti-
vation is less than 3:1, which produces uncontrolled tip-

ping. The M/F ratio increases as the loop deactivates.

When it has deactivated to 0.1 mm, the M/F ratio ap-
proaches 7:1, which approximates controlled tipping.
The M/F ratio increases to approximately 20:1 when

the deactivation goes from 0.1 to O mm.

It is evident that 0.1 mm of activation is clinically sig-
nificant. A minor error in activation could change the
location of the center of rotation dramatically. In clini-
cal terms, with a 1.0-mm activation, the tooth under-
goes uncontrolled tipping during the first 0.7 mm of de-
activation (M/F ratio, 5:1). The center of rotation shifts
to a point between the center of resistance and the apex.
Thereafter, the tooth sustains controlled tipping from
0.3 to 0.12 mm. The M/F ratio becomes 7:1 and the
center of rotation moves to a point between the apex
and infinity. As the loop deactivates from 0.12 mm to
0.03 mm, the M/F ratio becomes 10:1, the center of ro-
tation disappears (goes to infinity), and the tooth trans-
lates. At the final deactivation between 0.03 and 0 mm,

14
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Fig 1 -23 M/F ratios achieved by 7-mm activation of a
T-loop on a 0.016 X 0.022—inch TMA wire. The M/F ratio
generated by the T-loop activated 1 mm is approximately 7
times more (21.6:1) than that of a vertical loop (3:1). At full
activation (7 mm), a T-loop generates an M/F ratio of 7.6:1,
which produces controlled tipping. (Based on data from
Manhartsberger et al.'s)

5 F5 T
9.7:1
11.21

12.3:1
15.5:1

17.5:1

21.6:11

27.3:11 —

0 1 2 3 4 5 6 7

Activation (mm)

the M/F ratio rises to 20:1, and the center of rotation
moves occlusally to a point close to the crown. In this
case, the tooth undergoes root movement!'

The amount of force produced by vertical loops per
unit of activation can be relatively high. For example,
the force produced by a Bull loop of 0.018 x 0.025-inch
stainless steel (SS) wire delivers approximately 500 g.”
Such a large force produces uncontrolled tipping, and it
may cause root resorption. If we need only 100 g of
force, then the activation of the loop would be only 0.2
mm, which is clinically impractical. After activation, the
legs of a vertical loop close rapidly, which initially pro-
duces uncontrolled tipping. If one lets the wire work,
the tooth uprights slowly with root movement. The du-
ration of uprighting depends on the amount of tipping
and the M/F ratio. The more the tooth tips, the longer
the uprighting will take.

Clinically, a good space-closing loop should generate
an M/F ratio high enough to produce controlled tip
ping at maximum activation. The M/F ratio increases
progressively as the loop deactivates and produces root
movement. As mentioned earlier, increasing the length
or adding a helix to the vertical loop decreases its
load/deflection rate but has little effect on the M/F
ratio.'® Putting more wire at the top of the loop to in

crease the M/F ratio is recommendedP® There are two
reasons for incorporating more wire in a loop:

* To increase the M/F ratio (if placed gingivally)
* To decrease the load/deflection rate

A T-loop made from 13-titanium ((3-titanium alloy, or
P-Tj; also titanium-molybdenum alloy, or TMA) wire is
capable of generating a higher M/F ratio at a larger ac-
tivation than a vertical loop. To do so, a T-loop should
be "preactivated" before bracket engagement (Fig 1-22).
The preactivation (gable) bend can sometimes reach
180 degrees from the horizontal, according to the an-
chorage needs of the case. A 0.017 X 0.025-inch TMA
T-loop preactivated 180 degrees and activated 7 mm
horizontally delivers approximately 350 g.° A 0.016 X 0.
022-inch TMA T-loop with the same activation
generates 243 g,'® while a 0.017 X 0.025-inch and an O.
018-inch TMA composite T-loop deliver 333 g." To
obtain 150 g for canine distalization, a T-loop on a 0.016
X 0.022-inch archwire requires only 4 mm of activation.

Figure 1-23 shows an M/F ratio generated by a T-loop
on a 0.016 X 0.022-inch TMA wire.'® An M/F ratio at
7 mm activation is 7.6:1, which produces controlled tip-

ping. The average force per unit of activation (1 mm)
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of the T-loop is 34.5 g, which is relatively low. An error
of 1 mm in activation of the loop applies 34.5 g more
force to the periodontal tissues.

The M/F ratio increases as the loop deactivates.
When it has deactivated to 2.7 mm, the M/F ratio
approaches 12:1, which approximates root
movement. The M/F ratio increases to approximately
27:1 when the deactivation goes from 2.7 to 0.5 mm.

Conclusion

The laws of mechanics governing forces and motion in
the context of orthodontics concern material properties
(eg, the stress, strain, stiffness, springiness, and elastic limit
of wires). Concepts such as moments and couples, center
of resistance and center of rotation, and the moment-to-
force ratio are likewise essential to understand in order
to control tooth movements. This basic knowledge of
the physical principles behind orthodontics allows the
practitioner to design appliances and plan treatment
that will provide optimal results.
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The treatment of malocclusion of teeth requires fabri-
cation of orthodontic appliances to activate force sys-
tems. Various elements constitute an appliance. Start-
ing with brackets, banded or bonded to the teeth, the
actual forces are applied from the archwires, coil
springs, and elastic modules. There are many variables
involved in the structural and material properties of
each component. It is important to understand these
variables for construction of an efficient and tissue-
friendly appliance.

The energy sources used for orthodontic tooth move-
ment are forces originating from the elasticity of wires
and elastics. A light continuous force is required for op-
timum orthodontic tooth movement. When the force
level is maintained throughout treatment, there is a
smooth progression of tooth movement resulting from
direct bone resorption,’ and undesirable side effects,
such as loss of anchorage or damage to the periodontal
tissues, are avoided. As the tooth moves, the magnitude
of force is gradually reduced owing to the structural
characteristics of wires and elastics. In orthodontic prac-
tice, it is desirable to maintain a force at optimum level
throughout tooth movement. To achieve this goal, the
use of superelastic wires is preferred because they re

Applicaf
Orthodontic

main active for a long time and deliver forces at a phys-
iologic level.

Because wires and elastics are the main sources of
force application in orthodontics, it is important to
know their physical properties.

Physical Properties of Materials
“ Used in Orthodontics

Materials are composed of molecules and atoms. The
distance between the grains (particles) and the connec-
tive force between them defines the hardness of the ma-
terials. When force is applied to a material, the distance
between the atoms changes, depending on the nature
of the force, which is called 9ress. The material becomes
strained by the movement of the force—the stress—until
it changes in size and becomes deformed.

When the stress on the material is a pulling force, the
distance between the atoms increases and the material
expands. This process is called tendon. When the stress
is a pushing force, the distance between the atoms is re-
duced and the size of the material decreases. This pro-
cess is called compresson.
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2 I Application of Orthodontic Force

a

Fig 21 The forms of stress applied on a material: tension (a); com-
pression (b); shear (c).

When a pair of equal and opposite forces, called a
couple, are applied to the material from different planes,
a third kind of deformation occurs.? This process is
called shear. Tension, compression, and shear are the
forms of stress that can be applied to a material (Fig 2-1).

Rubber stretches with the application of a pulling
force, whereas a steel rod will not be noticeably de-
formed by the same amount of force. For the same
amount of stress, the strain on materials varies from one
to the other. Deformation of the steel rod cannot be
seen with the naked eye, for instance, but there may be
a change of size that can be measured microscopically.

Elastic behavior of materials

A material under stress absorbs energy from the force
and returns it when the stress is removed. Materials that
can return the absorbed energy completely, regaining
their original size when the stress is removed, are called
eadic materials. Materials unable to return to their orig-
inal size are called plagic materials. Coil springs are elas-
tic, for example, whereas dead soft ligature wires are
plastic. Between these extremes, viscoelastic materials
can show elastic and plastic behaviors at the same time.
Examples of these materials are human skin, muscles,
veins, nerves, and fibers.

The concept of elasticity has a significant bearing on
orthodontics because the elasticity of materials is the
most important source of force used in appliance sys-
tems. An orthodontic appliance consists of active and
passve units. The foremost elements that constitute the

active units are sources of force such as wires, coil
springs, and elastics. Activation of an orthodontic ap-
pliance or its active elements can be estimated by mea-
suring the magnitude of the force with a dynamometer
or simply by observing the deformation of the active el-
ements.

When a piece of wire is bent up to a certain point and
let go, it returns to its original position. But if the force
is increased excessively, and the wire is bent beyond a
certain point, it cannot return to its original position.
This results in plastic deformation of the wire. Figure
22 shows the strain of a wire onto which stress is ap-
plied. As the stress (force) is increased, the deflection of
the wire increases proportionally; this constitutes the
linear portion of the curve. This linear portion rises to
the elastic limit of the wire, meaning that the wire will
return to its original position upon removal of the stress.

The principle that applies to this section of the
curve is called the Hook law, which states that "the
strain is proportional to the stress applied on the
material up to the elastic limit." The slope of the linear
portion of the curve, identified as the Sress'drain rate,
gives the modulus of elasticity, also known as the Young
modulus. This value (represented by the letter E in Fig 2-
2) expresses the stiffness, or load/deflection rate (
springiness), of the material Stifiness and springiness
are reciprocal properties; that is, stiffness is proportional
and springiness is inversely proportional to the
modulus of elasticity." When the elastic limit is
exceeded, the wire cannot return to its original shape
upon removal of the stress because plastic deformation
has occurred. When additional stress is applied,
permanent deformation of the wire increases and it
reaches the ultimate strength limit. Beyond this point, the
molecular structure of the wire breaks down and it
snaps at the failure point.

Elastic, or polymeric, materials with amorphous struc-
ture, such as rubber, show a different stress-strain curve
than do metals, such as the wire in the previous exam-
ple, which have crystal structure (Fig 2-3).> When stress
is first applied to an elastic, there is a linear change as
there is with metal, but this linear distance is much
shorter than that of metal. In elastics, the elastic limit of
the material is reached sooner than in metals, so per-
manent deformation occurs more readily. As with met-
als, when the ultimate strength limit of an elastic is ex-
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Ultimate strength limit .
Failure

C
Clinical load

Limit of elasticity A

Formability

U Springback
Permanent

deformation B Strain

Fig 2-2 Stress-strain graph of a wire under stress. According to the
Hook law, stress and strain are proportional up to the elastic limit The
limit of elasticity at point A will permit the wire to return to its original
position at point O. The wire on which force is loaded up to this point
and let go will return to its original position. The angle of the slope
gives the modulus of elasticity (ie, the Young modulus, E) of the wire.
When the elastic limit is exceeded, permanent deformation of the wire
occurs. When the ultimate strength limit is reached, the molecular
structure of the wire is broken down and the wire fails. The area be-
tween the points 0, A, and B gives the modulus of resilience; the area
between the points A, B, D, and C gives the formability; and the total
area under the slope from the starting point to the failure point gives
the modulus of toughness. (Redrawn from Proffit' with permission.)

The B slope shown in Fig 2-3 belongs to a ceramic
material that does not have any elasticity, and it
shows a straight line until the failure point. Materials with
these properties are said to be brittle

In a stress-strain diagram (see Fig 2-2), the area under
the slope up to the elastic limit gives the modulus of
resilience of the material. Resilience is the amount of
energy the material saves from mechanical work, from
the passive starting point up to the elastic limit. In the
same diagram, the area between points A, B, D, and C
indicates the formability of the wire, and the total area

Fig 2-3 Strain-stress graph of elastic (A) and ceramic (B) materials. (
Reprinted from Nikolai® with permission.)

under the slope from the starting point up to the failure
point shows its modulus of toughness. Toughness is the
total energy that can be stored from the mechanical
work by the material, from the passive starting point up
to the failure point.’

Wire performance

There are three properties that define the performance
of a wire: stiffness, strength, and working range.

Stiffness (load/deflection rate)
Stiffness is the resistance of a wire to tension or bending,.
Wires with low stiffness have high elasticity, and their
slope is close to horizontal. They can be bent easily, and
they return to their original position when the stress is
removed. Superelastic nickel titanium (NiTi) alloys are
the best examples of these wires.

Wires with high stiffness show a steeper slope; high
force is required to bend them. Stainless steel (SS) and
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Fig 2-4 (a) The wire with half the size of the other shows 16 times
more elasticity under the same force. (b) The longer wire (twice the
length of the other) deflects 8 times more under the same force.

heat-treated chrome-cobalt alloys such as Elgiloy (Rocky
Mountain Orthodontics) are examples of stiff wires.
Generally, wires of low stiffness (high elasticity) are pre-
ferred at the first stage of treatment, and wires of high
stiffness (low elasticity) are used at the final stage.

Stiffness or load /deflection rates of wires are affected
by three factors: size, length, and material. To change the
stiffness of a wire, one, two, or all three of these factors
must be addressed.

S7ze In round wires, the force applied by the wire is di-
rectly proportional to the fourth power of the change in
wire size. For example, when the wire size is doubled,
the force applied increases 16 times. If the wire size is
reduced to half its original size, the force is reduced 16
times.'

If forces of the same magnitude are applied to two
wires of which one is twice the size of the other, the thin-
ner wire deflects 16 times more than the thicker one (Fig
2-4a). This illustrates the impact that size has on the stiff-
ness of wire. In rectangular wires, however, the force
applied by the wire is directly proportional to the width
(ie, the "edgewise" dimension) of the wire in making

first-order bends and to the cube of its thickness (ie, the
vertical dimension) in making second-order bends. This
means that a wire of twice the width will deliver twice
the force. A wire of twice the thickness will deliver eight
times the force.

Length A force applied by a wire is indirectly propor-
tional to the cube of the wire's length. This means that
if the length of the wire is doubled, the force is reduced
one-eighth; if the length of the wire is halved, the de-
livered force will be eight times as much. If equal forces
are applied on wires of which one is twice the length of
the other, the longer wire will deflect eight times that of
the shorter wire (Fig 2-4b).” The purpose of the loops is
to increase the wire distance between two brackets, thus
increasing the elasticity to apply long-range, physiologic
forces.

The interbracket distance is an important factor af-
fecting the elasticity of the wire. Because the distance
between narrow brackets is larger than the distance be-
tween wide brackets, the elasticity of the wire is higher
where narrow brackets are used (Fig 2-5). This directly
affects the amount of force delivered to the bracket by
the wire. In narrow (single) brackets, the play between
the bracket slot and the wire is larger than in wider (
twin) brackets, and thus the force delivered by the wire
is less (Fig 2-6 and Table 2-1).

This is particularly important during the initial phase
of treatment, when the differences between bracket lev-
els are considerable. At the start of the leveling phase,
it is important to apply gentle forces to get cellular re-
action in the periodontal tissues with tipping. Large in-
terbracket distances and large second-order contact an-
gles (the angles between the wire and the slot) make it
possible to get faster leveling and alignment. To extrude
a high canine, for example, the wire can be ligated at a
single point to increase elasticity and working range and
to avoid excessive moments on adjacent teeth (Fig 2-7).

Material The third factor that defines stiffness in a
wire is the material from which it is made. Metal al-
loys have been used for several years in orthodontics.
The most common wire alloys currently used are SS,
cobalt-chrome-nickel (eg, NiTi, and (3titanium (
titanium-molybdenum alloy [TMA]). The stiffness of
SS and heat-treated chrome-cobalt is very similar. The
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Fig 2-5 Interbracket distance 's an important factor affecting the Fig 2-6 The play of the wire in a narrow single bracket slot (a) is
stiffness of the wire. The elasticity of the wire is higher with single brack- more than that in the wide twin bracket (b). The same size of wire
ets (a) because the distance between them is greater than the distance would deliver less force (F) to the single bracket than the twin bracket
between the wide twin brackets (b). Therefore, the force applied to nar- (F1).

row brackets is less than the force applied to wide brackets.

Wire size (inch) Bracket width 0.018-inch slot (degrees) 0.022-inch slot (degrees)
0,016 Single narrow 1.15 3.43
Medium twin 0.44 1.32
Wide twin 0.32 0.95
0.017 Single narrow 0.57 2.86
Medium twin 0.22 1.10
Wide twin 0.16 0.80
0.018 Single narrow 0 2.29
Medium twin 0 0.88
Wide twin 0 0.64
0.019 Single narrow 1.72
Medium twin 0.66
Wide twin 0.48

*Reprinted from Kapila et al' with permission.
In all combinations, the contact angles of the wire with the narrow brackets are larger than those with the wide brackets.

stiffness number of SS is always accepted as 1. NiTi and Strength

(3 Ti wires have low stiffness compared with SS wires. Strength, the second property that defines the perfor-
Table 2-2 lists wires of different sizes and materials with mance of a wire, is the maximum force that the wire ma-
equal bending stiffness.? terial can sustain. In a stress-strain diagram, the highest
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Fig 2-7 Interbracket distance has a sub-
stantial effect on wire stiffness. In leveling, if
the difference between brackets is signifi-
cant, the wire can be attached to the bracket
at a single point to increase the length, thus
increasing the elasticity and working range as
well.

Table 2-2 equal bending stiffnes according their sizes*
Bending
NiTi pTi (TMA) Ss Relative springinesst
0.016 0.0175 (3 X .008) 6.6
0.019 0.016 0.012 33
0.018 0.014 1.9
0.017 X 0.025* 0.0167 1.0
0.021 x 0.025 0.018 0.70
0.019 x 0.025 0.37
0,019 X 0.026 0.12

*Reprinted from Kusy® with permission.
'Scale of relative springiness, with 0.016-inch SS and 0.017 x 0.025—inch NiTi used as standard. The higher the numbers, the

lower the springiness.
The 0.017 x 0.025—inch (rectangular) NiTi and 0.016-inch (round) SS wires have the same stiffness. This shows, clinically, that

0.017 X 0.025—inch NiTi can be used instead of 0.016-inch SS.'

Strength Stiffness Range
SS 1.0 1.0 1.0
TMA 0.6 0.3 1.8
NiTi 0.6 0.2 3.9

*Reprinted from Kusy® with permission.
'The stiffness of TMA is one-third that of SS, while the stiffness of NiTi is only one-fifth that of SS. On the other

hand, the strength of NiTi and TMA is approximately half that of SS wires.'
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Fig 2-8 Comparison of the bending moment/elastic properties of 0.
016-inch SS, austenitic Chinese NiTi, and Nitinol (martensitic
wires. Note that Chinese NiTi is twice as elastic as the Nitinol wire,
and the springback property is also much higher. On the other hand,
SS bent up the same amount (80 degrees) as the titanium alloy but
can spring back only up to 64 degrees. (Reprinted from Burstone et
al'® with permission.)

magnitude of force applied to the wire on the y-axis
shows the strength of that wire. Strength also defines
the force-storing capacity of a wire.

Working range
Working range is the maximum elasticity of a wire ma-
terial before permanent deformation occurs. On the
stress-strain diagram, the distance between the projec-
tion of the elastic limit and the springback point after
0.1% permanent deformation of the wire on the x-axis
shows the working range of that wire. The wires with
high working range are those that can work for long pe-
riods with a single activation. Superelastic NiTi and
TMA wires are good examples of wires with a high
working range. Stiff wires such as SS and Elgiloy, how-
ever, have a relatively low working range. Table 2-3 com-
pares the working range, stiffness, and bending strength
of 0.016- and 0.018-inch SS, TMA, and NiTi wires.'

Apart from stiffness, strength, and working range, two
more properties important in orthodontic practice are
springback and formability.

Fig 2-9 Result of activation of 0.016-inch austenitic Chinese NiTi

wires, first up to 80 degrees and then to 40 degrees. The moment ap-
plied by the wire during deactivation is 383 g-mm. When the same

wire is reactivated (removed from the bracket and then replaced), the

force it produces at 40 degrees of activation is nearly doubled. (
Reprinted from Burstone et all® with permission.)

Springback

When a wire is bent and set free within its elastic de-
formation limits, it returns to its original point. How-
ever, if that limit is exceeded, the wire cannot return to
the original point. For the same amount of activation,
the possibility of permanent deformation of SS and
chrome-cobalt wires is higher than that of NiTi and
TMA wires.

Springback is one of the most important criteria for
defining the clinical performance of wires. The force de-
livered by the wire to the point of deactivation is criti-
cal from a clinical point of view. Figure 2-8 compares
the elasticity and springback curves of SS, Nitinol (3M
Unitek), and Chinese NiTi wires. For the same amount
of activation (80 degrees), SS has the lowest springback
value, whereas Chinese NiTi has the highest. The char-
acteristic that makes Chinese NiTi wire unique is that
after it is activated to be engaged in the bracket, then
relaxed and reactivated, it delivers nearly twice as much
force as before (Fig 2-9).
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2 1 Application of Orthodontic Force

Fig 2-10 A cantilever beam consists of a wire of a certain length Fig 2-11 The three-point bending test recommended by Miura et al." (
attached firmly to a block at one end. L, interbracket distance; F, force. Reprinted from Miura et al" with permission.)

Fig 2-12 The beam type, used in the three-point bending test, wherein both ends of the wire are free (a); one end is free (b); and both ends are
attached (c). Clinically, all types of beams are applicable, but the one with both ends attached seems to simulate most situations. L, interbracket dis-
tance; h, distance from the midpoint to the bracket; F, force. (Reprinted from Kusy and Greenberg'® with permission.)

Formability force on a piece of wire of known size and length, at-
Formability is the area between the failure point of the tached firmly at one end to a block. In this test, when a
wire and the permanent deformation limit on the stress- force is applied to the wire from a certain point, a bend-
strain diagram (see Fig 2-2). This characteristic shows ing moment of F X L is generated (Fig 2-10). The wire
the amount of permanent deformation a material can resists bending in proportion to its stiffness, which is in-
sustain before it breaks.' versely proportional to the bending moment. This type

of beam is an example of a cantilever-type, uprighting
Testing the physical properties of materials spring, but it cannot represent a multibracket system.

The three-point bending test (Fig 2-11) is a better simu-
lation of the wire-bracket relationship in a multibracket
appliance."

There are various testing methods used for determin-
ing the physical properties of wires. The simplest one is
the cantilever beam test, which consists of applying
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Fig 2-13 Formulas for the moments of inertia related to the cross-
section of wires. (@) I = 80'%/64. (b) I = s*1 2. (c) = bh¥/12. (
Reprinted from Kusy and Greenberg'3with permission.)

In this test, three combinations are possible from a
clinical point of view:

* The state of free movement of the wire within two
brackets (Fig 2-12a)
* The state of free movement of the wire in one bracket
and attachment to the other bracket (Fig 2-12b)
* The state of the wire attached to a bracket at each end (
Fig 2-12¢)

The formulas vary according to the type of beam, but
this general formula® is applicable to all three types:

8 = L3XF/NXEXxI

where 8 is the amount of deflection, L the interbracket
distance, Fthe force causing the beam to deflect, Nthe
stiffness of the beam, E the modulus of elasticity of the
beam material, and | the moment of inertia of the beam
material.

The value of N depends on the types of supports. In
beams where both ends are free, N is 48 (see Fig 2-12a).
In beams having both ends attached, this value is 192 (
see Fig 2-12c¢).

Physical Properties of Materials Used in Orthodontics

na

A

The moment of inertia (I), as illustrated in Fig 2-13, is
a physical parameter dependent on both the shape and
size of the beam.!®'* Therefore, it is easy to determine
the moment of inertia of a beam of a certain shape and
size. In multistrand wires, the moment of inertia of each
strand must be calculated separately.'® This is an im-
portant, variable factor when defining the elasticity of
the beam. Increasing this value decreases the elasticity
of the beam. In Fig 2-13, the round wire has the lowest
moment of inertia, whereas the rectangular wire has the
highest. Therefore, for the same beam type (the beam
with both ends free, for example), the elasticity of the round
wire will be higher compared with that of the rectangu-
lar wire.

Each type of beam has different values of stiffness,
strength, and working range. These properties also de-
pend on the length of the beam; thus, the interattach-
ment distances affect the functions of all the beam types
the same way. According to the formulas previously
mentioned, the elasticity of the wire between brackets is
directly proportional to the cube of the length of the wire
between the two attachments (see the earlier section on
factors affecting the stiffness of wires). The working
range of the wire is directly proportional to the square
of its length but inversely proportional to its strength.

25



2 Application of Orthodontic Force

The short and long edges of a rectangular wire have
different moments of inertia. The moment of inertia of
the first order is higher than that of the second order
(ie, the bending stiffness of the first order is higher than
that of the second order). Clinically, the problems in the
first order (such as rotation, crossbite, scissors bite) must

be corrected with flexible round wires before rectangu-

lar wires are inserted. The transverse dimension of the
dental arch can then be maintained with rectangular
wire.

Fatigue

Fatigue is the weakening (reduction of elasticity) of ma-
terials under repeated stress. The weakening effect of
fatigue starts where the stress is concentrated. These are
the points where the size of the object shows immediate

changes such as fissures, crushes, notches, cracks, and

welds of two materials. The points where the wire is

crushed with pliers during bending and the areas of
sharp bends are the most common points where fatigue

failure occurs. Clinically, failure of wires with long inter-
bracket distances (such as 2 X 4 archwires) is a common
complication. No matter what the stiffness of the wire,

the reason for failure is repeated occlusal contacts or

chewing cycles. Failure usually occurs at sharp bends

or the points of contact between the wire and the edges

of the bracket slot. The way to avoid this is to bend the

wire with round-tipped pliers or heat-treat the wire to

homogenize its molecular structure. Chewing forces

contribute to archwire failure, even within normal in-
terbracket distance. This phenomenon can be explained
by the deep notches at the points where NiTi wires con-
tact the edges of the bracket slot.

Corrosion

From the time of manufacturing, the metallic materials
used in orthodontic appliances are under the influence
of physical and chemical agents related to their struc-
tural properties and environmental conditions. Corro-
sion is the change in mechanical properties and the
metal's loss of weight under the effects of various chem-
ical agents.

The oral environment, with its ions, carbohydrates,
lipids, proteins, amino acids, and nonionic elements, is
a suitable medium for the surface and deep abrasion of
orthodontic attachments. Chlorine ions and the sulfu-

ric compounds in the presence of microorganisms can
corrode even SS appliances."" Food and beverages are
effective in shifting the salivary pH toward acid or al-
kaline. Long-term accumulation of food around or-
thodontic appliances catalyzes the corrosion. Metals (
restorations, wires, bands, and brackets) and molecular
solids (elastics, cement, adhesive, and acrylics) are also
affected by the oral environment®

Matasa®® and Maijer and Smith" have studied the cor-
rosive effects of the oral environment on orthodontic
appliances. They found that these effects can manifest
themselves in any of the following corrosion defects: uni-
form, pitting, crevicular (crevice), intergranular, micro-
biologic, and electrochemical.

Uniform The metal surfaces of orthodontic appliances
are uniformly exposed to corrosion. The loss of weight
and mechanical characteristics are in proportion to the
degree of exposure. Uniform corrosion is rarely seen on
orthodontic attachments themselves, as these materials
do not frequently come in contact with corrosive agents."

Pitting Pitting corrosion is the most common type seen
on orthodontic attachments. The mechanical charac-
teristics and appearance of the materials are affected
more than its weight. This type of corrosion is noticed
mostly on materials that have welded or soldered joints
and are not well polished. Parts that are not suitably
manufactured or materials containing substances that
compromise their purity are more prone to becoming
corroded. Matasa" found that the chloride from salt
ions is particularly responsible for this kind of corrosion.

Crevicular Crevicular corrosion is another common
defect found on orthodontic attachments. It occurs es-
pecially in the presence of chlorides when the attach-
ments are in contact with materials such as adhesives,
acrylic, and elastics."" SS is considered to be especially
sensitive to this kind of corrosion."”

Intergranular The appearance of the metal and its
weight do not change during intergranular corrosion,
but there is a loss of its mechanical characteristics, and
failure may even occur. This insidious attack starts from
inside and can reach the grains of the metal." When
SS is heated to a temperature of 400°C to 900°C, there
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will be a loss of chromium carbide at the granular bor-
ders, which renders the metal sensitive to this type of
corrosion. 8

Microbiologic The surfaces not in contact with air, such
as the bracket base, may be affected by microbiologic

corrosion.® Various microorganisms such as Desulfovib-
rio desulfuricans and Desulfotomaculum oxidants such as

Thiobadllus ferroxidans and Beggiatoa; and Thicthrix, Aer-
obacter, and Flavobacterium; produce sticky and humid

matter, which affects the iron in SS. There are also iron-
consuming microorganisms such as Johaeratilus, Hypho-
mi crobium, and Galliondlla.”

Electrochemical Saliva serves as a good medium for
electrolytic reaction between metals. There is constant
friction between the wire and the bracket slot, and this
causes fretting corrosion on the metal surfaces in con-
tact and possible appliance breakage. As a result of cor-
rosion, heavy metals such as nickel, cobalt, and chromium
deteriorate in the oral environment. This is particularly
important for patients with sensitivity to nickel. To over-
come the predisposition of metal alloys to corrode, ti-
tanium brackets and wires have been introduced.'®

Force Elements Used in Orthodontic
Appliances

To obtain quick and optimal tissue reaction, ideal force

application is essential. For example, the force advised

for successful canine distalization in sliding mechanics
is approximately 150 to 200 g.2°? For this purpose, a

variety of active elements such as coil springs, elastics,

and loops can be used. An ideal force element in an or-
thodontic appliance should possess the following char-
acteristics:

* Be able to deliver a constant and continuous force at
optimum level

* Be hygienic and comfortable for the patient

* Be applied easily with minimum chair time

* Not be dependent on patient cooperation
* Be cost effective?!

Force Elements Used in Orthodontic Appliances

Wires

Stainless steel wires
SS wires are materials with high strength, high stiffness,
low working range, and low springback properties.»3*2* High
formability and low manufacturing costs have made
them the most commonly used alloy for years.
Because of their high stiffness, they are not suitable for
the leveling stage. Their load/deflection rates must be
reduced for them to be used in this period of treatment.
To achieve this, either the length of the wire must be in-
creased or its diameter reduced. However, reducing the
load /deflection rate makes control of tooth movement
more difficult.

The classic method of increasing wire length is to add
loops. Because the force applied by the wire is inversely
proportional to the cube of its length, the amount of
force in looped wires decreases considerably. On the
other hand, as their working range increases, the wires
stay active for a long time.

Reducing the size of the wire is another method of de-
creasing the load/deflection rate, but this is limited to
the sizes of wires on the market. Although reducing the
size may increase the elasticity of the wire, it also in-
creases the play between the bracket slot and the wire,
which, in turn, results in loss of control over the tooth.
For optimum force and movement control, the differ-
ence between the wire and the bracket slot size must be
at least 0.002 inches.'

Multistrand wires Multistrand wires are manufactured
by winding several thin SS wires onto one another.

Their elasticity is relatively high, as their length in-
creases with winding. The three- or five-strand round

and eight- or nine-strand rectangular wires have been
commonly used in clinical practice (Fig 2-14).

Loops

Loops have been used in fixed orthodontic treatment
for many years. SS and chrome-cobalt are commonly

used materials because they have a high range of bend-
ing stiffness. The main purpose of adding loops is to in-
crease the elasticity of the wire by increasing its length.

With the introduction of recently developed wires hav-
ing high elasticity, strength, and wide working-range
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2 1 Application of Orthodontic Force

properties (eg, NiTi and TMA), loops are no longer
used as much.

Loops can have various shapes according to their pur-
pose. They can be categorized as vertical, horizontal,
combined, and special-shaped loops. It has been shown
that the moment-to-force (M/F) ratio of a loop increases
when more wire is added gingivally.>>* Loops are ef-
fective auxiliaries to open and close spaces and to cor-
rect inclinations and rotations if they are bent correctly
and used properly. However, they can have certain dis-
advantages, too. First, because of increased elasticity,
movement control might be more difficult. As soon as
their "mission" is accomplished, they should be replaced
with straight wire. Second, loop arches may cause hy-
giene problems and soft tissue irritation. Round wires
should be especially avoided because they can easily
roll within the bracket slot and irritate the gingiva. Irri-
tation seldom occurs with rectangular wires. Even if it
does happen, the wire can be bent outward with a fin-
ger while holding both sides of the loop with torque pli-
ers to prevent bracket debonding.

Chrome-cobalt alloy wires

The physical characteristics of chrome-cobalt wires are
very similar to those of SS." Known on the market as
Elgiloy, these wires consist of 40% cobalt, 20% chro-
mium, 15% nickel, 7% molybdenum, and 15% to 20%
iron. Elgiloy has different stiffness categories defined by
four colors (ranked from the softest to the hardest): blue,
yellow, green, and red. Soft (1.19) Elgiloy wire can be in-
creased up to 1.22 with heat treatment.? Elgiloy wire is
usually used in the Ricketts bioprogressive technique.

Fig 2-14 Types of multistrand wires.

Nickel titanium wires

The properties of NiTi wires were discovered by Buehler
in 1968, but their introduction to orthodontics and their
development were realized later by Andreasen and
Morrow.”? The name of the first commercially available
product, Nitino4 is derived from nickel titanium and
Naval Ordnance Laboratory, where it was discovered
during US space research.

Titanium alloy wires are matketed under the names
Srart wires, shape memory wWires, superdagicwires, and oth-
ers, but while some of them have these properties, most
of them do not. It is necessary to understand the prop-

erties of these wires to make a proper selection and use
them correctly.

Metallurgic properties NiTi wires are employed in ei-
ther of two different crystal structures known as nmarten-
Ste and austenite?” depending on the temperature con-
ditions in which they are used and the mechanical
stresses acting on them. Austenite is seen in the higher
temperatures and martensite in lower temperatures.'”’
Austenite is a highly resistant, cagelike structure; marten-
site is actually a type of austenite that shows elastic shap-
ing under heat and mechanical stress. The temperature
at which austenite changes to martensite is called the
trangdtion temperature, and it is related mainly to the com-
position of the alloy. This process of conversion is called
martengtic trandfornation, and it is reversible and can be
repeated as much as needed.

Three main characteristics of NiTi wires make them
different from SS and chrome-cobalt:
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Fig 2-15 Comparison of superelastic Japanese NiTi (Sentalloy)
wires with other wire alloys. Note that this wire applies more stable
force compared with other wires. This is clinically important because
constant and continuous force is desired to obtain optimal tooth move-

ment. Co-Cr-Ni, cobalt-chrome-nickel. (Reprinted from Miura et al"
with permission.)

* High elasticity
* Shape memory
* Resistance to permanent deformation"

NiTi wires are twice as elastic as SS wires, and their
modulus of elasticity is 26% that of SS.* With these
properties, NiTi alloys are ideal for leveling. However,
as permanent deformation is directly related to time,
some deformation can be expected while they are in
the mouth." Even though Nitinol has an extremely
high springback property, because it is produced by a
cool-hardening process, it does not have the superelas-
ticity and shape memory of some of the other NiTi
wires." Shape memory is the shape-remembering pro-
cess that allows the alloy to easily return to its original
shape after being heated above a certain transition tem-
p erature .2

Quperdlagticity The term supereladticity, used for some
NiTi wires, means that a wire can maintain a certain
level of stress until a specific deformation point is reached
and can keep that constancy on deactivation.? In other
words, superelasticity is the force constancy that a wire
can deliver, independent of the level of activation.*-

Miura et al" have shown that superelastic Japanese
NiTi wire, marketed as Sentalloy (GAC), applies a fairly

Force Elements Used in Orthodontic Appliances
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stable force (Fig 2-15). This force application has the de-
sired physiologic properties for tooth movement and
patient comfort.® Another superelastic wire, Chinese
NiTi, shows 1.6 times more elasticity than Nitinol (see
Fig 2-8)." During activation of a superelastic wire, when
the stress reaches a certain level without a change of
temperature, the wire converts from austenite to a
martensitic structure and returns to austenite when the
stress decreases to a certain level during deactivation.
A typical stress-strain diagram of superelastic wires is
shown in Fig 2-16. When the wire is activated and the
amount of force increases, the alloy transforms from the
austenitic to the martensitic phase. When the force is
removed, the wire follows a different path below that
of activation, and returns to the austenitic structure. The
difference between these curves is called hyderess This
defines the difference between the force given for acti-
vation and the force applied by the wire during deacti-
vation. This also shows the level of force a wire delivers
to the tooth. Clinically, low hysteresis is desired. Light
forces should be used, especially on incisors and pre-
molars.'®" However, Segner and Ibe® showed exper-
imentally that very few of the archwires tested deliver a
clinically desired force level. Therefore, at the begin-
ning of treatment, NiTi wires should be tied loosely to
the brackets to avoid excessive force. This is important
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2 Application of Orthodontic Force

Strain

Fig 216 When a superelastic wire is activated, the material is trans-
formed from the austenitic phase to the martensitic phase, and it fol-
lows a different path during deactivation. The difference between

these two curves, called hysteresis, shows the clinical effectiveness
of that wire.

especially on the mandibular incisors with thin roots,
where the interbracket distance is short."

Superelastic wires remain in the austenitic structure
at body temperature, changing to the martensitic phase
when a mechanical stress is applied.”" Copper Ni-Ti (
Ormco) wires that become active at mouth tempera-
ture are also superelastic with shape memory. They are
manufactured according to four transition oral temper-
atures (ie, 15°C, 27°C, 35°C, and 40°C). The difference
between mouth temperature and the transition temper-
ature determines the amount of force the wire will de-
liver. As this difference increases, the force delivered by
the wire also increases. For example, in an oral envi-
ronment of 36°C, the force delivered by a 15°C wire
will be much higher than that of a wire of 40°C. These
forces, that is, the transition temperature to be selected,
will be determined according to the pain threshold of
the patient and the desired duration of force (ie, con-
tinuous versus interrupted). For instance, the manufac-
turer recommends using 40°C wire for leveling an im-
pacted canine. These wires, because of their high
springback properties and low hysteresis, deliver very
light forces, thus producing continuous tooth move-
ment's (Fig 2-17).

Another characteristic making NiTi wires different is
that they are not bendable, solderable, or weldable, like

30 40 o0 b0O 70 80U YL 1ULUOL

Deflection angle (mm)

Fig 217 Hysteresis of thermally activated wires (Copper Ni-Ti) is low,
and their springback is high. (Reprinted from Sachdeva® with per-
mission.)

SS. Because of their high elasticity, loops are not prac-
tical on these wires. In daily practice, however, some

small bends such as step-up, step-down, and stop bends
can be made when necessary. Sharp or repetitive bends
should be avoided to prevent breakage. Currently,

some companies put midline stops on NiTi wires to pre-
vent them from sliding through the slots and poking the
cheek. If a cinchback is needed, it can be done by an-
nealing the end of the wire with a clinical torch before

placing it in the brackets.

Clinical performance From a clinical perspective, the
effectiveness of superelastic wires can be a controver-
sial topic. In a comparative study of patient discomfort
over a 2-week period, no statistically significant differ-
ence was found between 0.014-inch superelastic Japanese
NiTi wires and 0.0155-inch multistrand SS wires.>* Jones
et a1% measured the velocity of crowding correction with
a reflex metrograph between 0.014-inch Sentalloy and O.
0155-inch multistrand wires and found no statistically
significant differences between the two materials. Sim-
ilarly, in a comparative study between 0.016-inch su-
perelastic Titanol (Forestadent) and conventional Niti-
nol, no significant difference in the velocity of tooth
movement was found at the end of a 35-day period.36
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p-Titanium molybdenum alloy wire
I3-Ti (TMA) wires were introduced into the world of

orthodontics in 1979 by Burstone and Goldberg.¥ Their
elastic properties are between those of SS and NiTi.
Despite their high elasticity, TMA wires are formable,
solderable, and weldable—unlike NiTi alloys. Their
modulus of elasticity is nearly twice that of Nitinol and
one-third that of SS.'*¥ They have a broad working
range as well as high biocompatibility.®

TMA wires have higher frictional values and surface
roughness than SS and NiTi alloys. That is why they
are commonly used in segmented arch mechanics
rather than sliding mechanics. However, studies have
shown that with ion implantation, the surface hardness
of the material can be increased and surface roughness
reduced to reach a frictional value comparable with SS
wires. Because TMA wires with processed surfaces have
twice the springback of SS, they can be used as straight
leveling or finishing archwires.®

Wire selection in the clinic
In clinical orthodontics, selection of an archwire re-
quires consideration of not only its physical properties
but also factors such as the severity of malocclusion, de-
sired type of tooth movement, and treatment methods.
Some of the properties expected from various wires
used in orthodontic appliances are as follows:

* Must be sufficiently elastic; should not deform easily

e Must be formable and strong
» Should not be affected by oral fluids, acids, and other

chemicals
¢ Should not corrode, rust, discolor, or oxidize

¢ Must be esthetic
* Should not be affected by heat or cold

¢ Must be inexpensive

Comparison of wire alloys

Kusy® and Kusy and Dilley” have studied the bending
and torsional properties of SS, NiTi, (3-Ti, and multi-
strand wires, with interesting results (Tables 2-4 to 2-6).
Some of the results of these studies are as follows:

* The stiffness ratios of 0.012-inch SS to 0.018-inch NiTi
and those of 0.014-inch SS to 0.018 x 0.018—inch NiTi
are the same (0.8) (see Table 2-4). According to these

Force Elements Used in Orthodontic Appliances

values, from a stiffness point of view, a 0.018 X 0.
018—inch NiTi can be used instead of a 0.012-inch
SS wire. This result is important in two respects. The
first is that the bending stiffness of the wire is related
not only to its size but also to its material. The
second is that rectangular NiTi wires, having a
stiffness similar to round SS wires, can be used for
the same purpose, such as leveling.

* The stiffness of rectangular wires was evaluated sep-
arately in the first and second order. According to
Table 24, 0.016-inch SS is equivalent to 0.017 X 0.025—
inch NiTi, and 0.018-inch SS is equivalent to 0.021 X
0.025—inch NiTi. Stiffness in the first order is higher
than stiffness in the second order in all combinations (
see the earlier section on moment of inertia). Second-
order stiffness of 0.017 X 0.025 and 0.021 X 0.025—NiTi
wires (the second order is possible only for rectangu-
lar wires) is 0.5 and 0.6, respectively. Because the stiff-
ness of SS wires is accepted as 1, relative stiffness of
NiTi wires is nearly half that of SS wires. Because their
working range is 3.7 and 3.3 times that of SS wires, it
is possible to achieve long-term tooth movement in
the second order with NiTi wires.

» Table 2-5 shows the torsional properties of NiTi and
TMA wires of the equivalent size to 0.019 X 0.026—inch
SS wires. Although the strength ratios of NiTi and SS
wires are very close to each other (ie, 0.8 and 0.9 for O.
019 X 0.025—inch NiTi and 0.021 x 0.025—inch
NiTi, respectively), their working ranges are 5.4 and
5.3 times greater, respectively. The reason it is diffi-
cult to get torque with NiTi wires, even though they
have strength values similar to SS wires, needs to be
considered. Kusy* stated that NiTi wires could not
easily deliver torque because of their low stiffness,
high elasticity, and low formability.

In a study in which 0.0175-inch, multistrand (3 X O.
008—inch) SS wires and 0.018-inch solid SS wires were
compared, few similarities, apart from their sizes, were
found." The solid SS has 11 times more stiffness and
4.6 times more strength than the multistrand wire (see
Table 2-6).

The frictional values of multistrand wires are lower
than those of many other wire alloys. The reason for
this is the wavy surface topography and high flexibil-
ity of these wires, which prevents them from getting
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a nd,NiTi wires*
sSs NiTi Strength Stiffness Range
0.0175 inch (3 X 0.008) 0.016 inch (1.7) (0.9) (1.9)
0.012 inch 0.018 inch 2.2 0.8 2.6
0.014 inch 0.018 X 0.018 inch 23 0.8 3.0
0.016 inch 0.017 X 0.025 inch 2.8" 1.1" 2.5
1.9* 0.5* 3.7*
0.018 inch 0.021 X 0.025 inch 2.5 0.9" 2.8
2.1* 0.6* 3.3*
*Reprinted from Kusy*° with permission. '
Edgewise.
*Flatwise.
Comparison' of elastic prope
Elastic property ratios
Wire type Strength Stiffness Range
0.019 X 0.025-inch NiTi 0.8 0.1 54
0.021 X 0.025-inch NiTi 0.9 0.2 5.3
0.019 X 0.025-inch TMA 0.6 0.3 2.0

*Reprinted from Kusym with permission.

jammed between the ligature and the bracket slot.*
Multistrand wires are the wire of choice for leveling be-
cause of the reasons stated above and the fact that they
are less expensive than NiTi wires. However, they are
deformed easily by chewing forces, especially on long
interbracket intervals.

Optimal tooth movement can be achieved easily with
light and continuous force. Burstone?* described four
progressive levels of force during deactivation of the
wire while moving an ectopic tooth into the arch. The
force magnitude might initially be excessive, and then
diminish as the tooth moves. It comes down to the op-
timal level, then to suboptimal and subthreshold levels,
respectively (Fig 2-18). At the excessive force level,
some indirect resorption of the surrounding bone may
be observed. Activation of the wire decreases as the
tooth moves, so the force comes down to the optimal
level when optimal tooth movement is observed. With
further movement of the tooth, activation is reduced

even more, then tooth movement stops with complete
deactivation. In practice, the orthodontist must try to
keep the force at the optimal and suboptimal levels.
This is why he or she must select the wire best suited for
the desired tooth movement and magnitude of force.
Clinically, stiffness, or load/deflection rate, is one of
the most important criteria in wire selection. The stiff-
ness of a fixed appliance is basically defined by two fac-
tors. The first is related to the design of the appliance
and the second to the wire. In other words, the stiffness
of the appliance equals its inherent stiffness (depending
on the appliance design) times the stiffness of the wire.
The stiffness due to appliance design is directly related
to factors such as the presence of loops or interbracket
distance. Adding loops or increasing the interbracket
distance (ie, using narrow brackets) reduces the stiffness
of the appliance. The stiffness of the wire, however, is
related to its configuration, size, length, and material.24
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Table 2-6  aornpanson of elastic properties of solid SS wires and 0:0175=inch,

three-strand (3 x 0.008-inch) SS wires*

Bending
Solid SS Strength Stiffness Range
0.010 inch 0.78 1.0 0.76
0.012 inch 1.4 2.2 0.63
0.014 inch 22 4.0 0.54
0.016 inch 3.2 6.8 0.47
0.018 inch 4.6 11.0 0.42
0.020 inch 6.3 17.0 0.38
0.016 x 0.016 inch 5.5 12.0 0.47
0.017 X 0.017 inch 6.5 15.0 0.44
0.016 X 0.022 inch 10.0' 30.0' 0,34
7.5* 16.0* 0.47*
0.018 x 0.022 inch 12.0* 34.0' 0.34'
9.5% 23.0* 0.42*
0.017 X 0.025 inch 14.0' 47.0' 0.30'
9.6* 22.0* 0.44*
0.018 X 0.025 inch 15.0' 50.0' 0.30'
11.0* 26.0* 0.42*
0.019 X 0.025 inch 17.0’ 59.0' 0.29'
13.0* 31.0* 0.40*
0.021 x 0.025 inch 17.0' 58.0' 0.30'
15.0* 41.0* 0.36*
*Reprinted from Kusy and Diller with permission.
'Edgewise.
*Flatwise.

Fig 218 As an archwire ligated to a tooth out of
the arch is deactivated, it applies four progressive
force levels to the tooth. The excessive force mag-
nitude when the wire is first attached will come
down to the optimal and then to the suboptimal
level as the tooth moves. When the tooth comes
into the arch, the force would have fallen to the

subthreshold level, (Reprinted from Burstone?*
with permission.)

Optimal
Suboptimal
Subthreshold
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2 Application of Orthodontic Force

Wire shape, size, and stiffness

Variable size orthodontics In orthodontic practice, the
main criterion used to determine force levels has for

many years been the size and shape of the SS wires. To

maintain optimal force throughout treatment, ortho-
dontists would use several wires of different shapes and

sizes. This is called variablesze orthodontics?* From time
to time, the orthodontist modified the appliance design
by adding loops to increase the elasticity of the wire.

The force delivered by a wire is proportional to the

fourth power of its size. This means that even a minor
alteration in wire size can seriously affect the magnitude
of the force delivered.

The complexity of wire-size formulas makes it difficult
to determine suitable wire stiffness and wire selection.
To illustrate the various options available, Tables 2-7
and 2-8 list the comparative stiffness of wires of differ-
ent sizes and shapes.

According to these tables, the cross-section stiffness (
CS) number of a 0.004-inch (0.102 mm) wire is accepted
as 1, and all other wires are evaluated in relation to that.
For example, the stiffness number of a wire with a 0.014-
inch diameter is 150.06. This means that for the same
amount of activation, a 0.014-inch wire will deliver
150.06 times more force than a 0.004-inch wire of the
same material (see Table 2-7). Table 2-8 shows the CS
numbers in the first and second order of rectangular
wires. The orthodontist can confidently select the most
suitable wire based on the information provided in
these tables. It should be noted that the CS value in-
creases as the wire size increases. This practice has been
applied by orthodontists for years, and variable size or-
thodontics has subsequently evolved into a more prac-
tical and concrete methodology.

Variable modulus orthodontics The material

properties of wires are defined with the modulus of
elasticity (ie, the Young modulus). In wires of the same
modulus of elasticity such as SS wires, size was the
main criterion used to change the stiffness. However,
with advancements in wire material technology

providing different material properties and moduli of
elasticity, it is now possible to have low wire stiffness

and high working range in the same size wires, such as
SS. This is called variable modulus orthodontics?#

Every wire has a CS and a material stiffness (MS). Mul-
tiplication of these two values gives the wire stiffness (
WS) of that wire. The MS represents the stiffness value
of the material. SS being the most commonly used ma-
terial, its MS is designated as 1. Tables 2-9 and 2-10 show
the WS numbers for solid wires of different sizes and
materials and for multistrand wires, respectively.

For example, the stiffness of a 0.016-inch SS wire is
256, and the stiffness of an NiTi wire of the same size is
66.56, which is approximately one-fourth of 256. In
practice, this signifies that a 0.016-inch NiTi wire is four
times more elastic than an SS wire of the same size, or
that for the same amount of activation, the NiTi applies
one-fourth the force applied by the SS (see Table 2-9).

In variable modulus orthodontics, it is possible to
change the stiffness values of the wires by changing the
wire material without changing the size. For example,
while the stiffness of a 0.016-inch SS and that of a 0.018
X 0.025—inch NiTi wire is nearly the same in the second
order (256 and 251.38, respectively) (see Table 2-10), the
stiffness of a 0.019 x 0.025—inch multistrand wire in the
second order (78.40) (see Table 2-10) is less than that of
a 0.012-inch solid SS wire (81.00) of the same size (see
Table 2-9).

In practice, with two wires of the same stiffness, the
larger wire is preferred to the smaller because it has
more control over tooth movement. Because the heav-
ier wires fill the bracket slot, there is less play in the slot
compared with the thin wires. Therefore, the primary
aim of the leveling phase is to start using thick wires as
soon as possible to achieve more movement control.
The same concept applies to loop arches.

The application of variable modulus orthodontics
gives the clinician the opportunity to use wires of dif-
ferent materials with large working ranges that fill the
bracket slot, providing movement control of the teeth
right from the beginning. Therefore, the use of gradu-
ally increasing sizes such as 0.012 inch, 0.014 inch, 0.016
inch, and 0.018 inch is avoided. When the time comes
to use conventional 0.016-inch SS wire, it will be possi-
ble to use 0.018 X 0.025—inch NiTi wire instead because
the amount of force delivered by these two wires in the
second order is the same.

Undoubtedly, a 0.018 X 0.025—inch wire has more
movement control than a 0.016-inch round wire. Fur-
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Table 2-7

Cross-section stiffness numbers of round wires*

Size (inches/mm) Cs
0.004 /0.102 1.00
0.010/0.254 39.06
0.014 / 0.356 150.06
0.01 6/0.406 256.00
0.018/0.457 410.06
0.020/0.508 625.00
0.022 /0.559 916.06
0.030/0.762 3.164.06
0.036/0.914 6.561.00

CS, cross-section stiffness.
*Reprinted from Burstone?* with permission.

Sizeestiffness numbers of rectangular and square wires*

Shape and size ( Cs
inches/mm)
First order Second order
Rectangular
0.010 X 0.020 / 0.254 x 0.508 530.52 132.63
0.016 x 0.022 / 0.406 x 0.559 1129.79 597.57
0:0215 X 6.028 / 0..546 :o.%11 217595 1:22?
3129.83 ’
Square
0.016 x 0.016 / 0.406 X 0.406 434.60
0.018 x 0.018 / 0.457 x 0.457 696.14
0.021 X 0.021/0.533 X 0.533 1289.69

CS, cross-section stiffness.
*Reprinted from Burstone?* with permission.

thermore, the 0.018 X 0.025-inch NiTi wire has greater
working range and strength than the 0.016-inch SS wire.

This is especially true in cases where there is a serious
level difference between the brackets and in crowding

This certainly has many advantages from a mechanical
point of view, but the authors believe that when starting
treatment our aim should be to stimulate tissue reaction
around the teeth by applying gentle forces. Even
though the rectangular wires mentioned above deliver
low forces, they may generate uncontrolled and unde-
sired moments right at the beginning of treatment and
cause undesired side effects such as anchorage loss be-
cause of the so-called rowboat effect (see chapter 3).

cases where there are inclination problems. In such
cases, therefore, it is better to start treatment with round
wires (such as 0.014-inch NiTi or 0.0155-inch twist-flex)
that can easily roll in the bracket slot and move the
teeth toward the arch with light tipping movements.
At the beginning of leveling, as the differences in level
between the teeth are eliminated, the wire slides through
the bracket slots and causes friction. Angulations between
bracket and wire, in particular, may cause binding that
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Table 2-9 Stiffness numbers of various solid wires with different cross-sections*
Wire type Cross-section (inches/mm) Order MSt Cs WS (MS x CS)
SS 0.009/0.229 NA 1.00 25.63 25.63
SS 0.012/0.305 NA 1.00 81.00 81.00
SS 0.014/0.356 NA 1.00 150.06 105.06
SS 0.016 / 0.406 NA 1.00 256.00 256.00
SS 0.018/0A57 NA 1.00 410.06 410.06
SS 0.020/0.508 NA 1.00 625.00 625.00
TMA 0.016 / 0.406 NA 0.42 256.00 107.52
NiTi 0.016 / 0.406 NA 0.26 256.00 66.56
TMA 0.018 / 0.457 NA 0.42 410.06 172.23
NiTi 0.018 / 0.457 NA 0.42 410.06 106.62
TMA 0.016 X 0.020 / 0.406 X 0.508 First 0.42 848.83 356.51
Second 0.42 543.15 228.16
TMA 0.016 X 0.022 / 0.406 X 0.556 First 0.42 1129.79 474.51
Second 0.42 597.57 250.98
SS 0.016 X 0.025/ 0.457 x 0.635 First 1.00 1865.10 1865.10
Second 1.00 966.87 966.87
TMA 0.018 X 0.025/ 0.457 X 0.635 First 0.42 1865.10 783.34
Second 0.42 966.87 406.08
NiTi 0.018 x 0.025/ 0.457 x 0.635 First 0.26 1865.10 484.93
Second 0.26 966.87 251.38
EB 0.018 X 0.025/ 0.457 x 0.635 First 1.19 1865.10 2219.47
Second 1.19 966.87 1150.57
EB-HT 0.018 X 0.025/ 0.457 X 0.635 First 1.22 1865.10 2275.42
Second 1.22 966.87 1179.58
SS 0.021 X 0.025/0.533 X 0.635 First 1.00 2175.95 2175.95
SS 0.021 X 0.025/0.533 X 0.635 Second 1.00 1535.31 1535.31

NA, not applicable; EB, Elgiloy Blue; HT, heat treated.
*Reprinted from Burstone?# with permission.

The material stiffness of SS is arbitrarily set at 1.0 because it is the most commonly used wire material. Material stiffness (MS) X cross-sectional stiffness (CS)
values give the wire stiffness (WS) number. For the same appliance, a given activation of 0.016-inch NiTi wire delivers approximately 0.26 times as much force

as 0.016-inch SS.

tends to stop or delay tooth movement and cause an-
chorage loss. The play between 0.014- and 0.016-inch
round wires and bracket slots is usually great enough
to avoid binding. On the other hand, the amount of fric-
tion will certainly be higher if rectangular wires are used
at this stage of treatment, especially NiTi and TMA
wires that cause high friction because of their surface
roughness. This is another important reason the use of
rectangular wires should be deferred until the later

stages of leveling. After obtaining acceptable leveling
with round elastic wires, 0.016 X 0.022-inch or 0.019
X 0.025-inch superelastic NiTi wires can be applied for
patient comfort.

Conclusion

SS and chrome-cobalt alloys have similar physical prop-
erties. They are still popular because of high strength,
stiffness, formability properties, and low cost. They are
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Table 2-10 Stiffness numbers of various multistrand wires with different materials and cross-sections*
Wire types Crosssection (inches/mm) Order MS CS WS (MS x CS)
D-rect 0.016 x 0.022 / 0.406 x 0.559 First 0.036 1129.79 40.67
Second 0.050 597.57 29.88
D-rect 0.018 x 0.025/ 0.457 X 0.635 First 0.048 1865.10 89.52
Second 0.078 966.87 75.41
D-rect 0.019 X 0.025/0.483 x 0.635 First 0.056 1968.71 110.25
Second 0.069 1137.13 78.46
D-rect 0.021 X 0.025/0.533 X 0.635 First 0.060 2175.35 130.56
Second 0.065 1535.35 99.80
Respond 0.0175/ 0.4445 NA 0.069 366.36 25.28
Respond 0.0195/0.4953 NA 0.082 564.80 46.31
Respond 0.0215/ 0.5461 NA 0.068 834.69 56.76
Force-9 0.019 X 0.025/ 0.483 X 0.635 First 0.162 1968.71 318.93
Second 0.135 1137.13 153.51
Hi-T Twist Flex 0.015/0.381 NA 0.175 197.75 34.61
Hi-T Twist Flex 0.0175/ 0.4445 NA 0.168 366.36 61.56
Hi-T Twist Flex 0.0195/0.4953 NA 0.153 564.80 86.41
Hi-T Twist Flex 0.0215/ 0.5461 NA 0.204 834.69 170.28

NA, not applicable.
*Reprinted from Burstone2* with permission.

tAll wires in this table are multistrand stainless steel. D-Rect (Ormco); Respond (Ormco); Force-9 (Ormco); Hi-T Twist Flex (3M Unitek).

excellent wires for some mechanics such as space clo-
sure, maintaining arch form, correction of axial incli-
nations, and torque control. Multistrand SS wires are
preferred for leveling because of their high elasticity,
wide working range, low frictional properties, and par-
ticularly low cost compared with NiTi wires. The dis-
advantage of those wires is that they are easily affected
by chewing forces and can be deformed in moderate to
severe crowding cases.

SS and chrome-cobalt alloys are not suitable for lev-
eling. Putting a loop in a round wire is not a practical
way to reduce stiffness because the wire can roll within
the slot and irritate the gingival tissues. Straight, flexible
wires work more effectively in leveling. However, loop

bends still keep their importance, particularly in space
closure.

NiTi wires, with their low stiffiness and high elasticity,
springback, strength, and working range, are excellent
for leveling. These wires may also be used in the ad-
vanced phases of treatment for the correction of level
differences between the teeth, such as those caused by
accidental bracket failures. The fact that bending and
soldering are not possible on NiTi wires limits their clin-
ical use.

TMA wires, with stiffness properties ranging between
those of SS and NiTi, are essential for frictionless, seg-
mented arch mechanics owing to their high formability
and wide working range.
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2 I Application of Orthodontic Force

Fig 2-19 Examples of consistent and inconsistent mechanics. A cantilever between the first premolar and the archwire mesial to the molar tends
to tip the molar buccally while rotating and tipping the premolar palatally into its place (a). Changing the direction of the cantilever on the same

premolar alters the mechanics. The premolar rotates but tips buccally as a reaction to palatally directed force in the canine area (b).

Fig 2-20 Examples of consistent (a) and inconsistent (b) mechanics.

Cantilevers

Cantilevers are useful tools for correcting occlusal plane
inclination as well as individual tooth malpositions, not
only in segmented arch mechanics but also as an auxil-
iary to straight-wire mechanics. Although several ex-
amples of cantilevers are given in this book, the me-
chanics need to be well understood to obtain optimum
results.

The cantilever is nothing but a finger spring, such as
that used in removable appliances, attached at one end

to the acrylic (or engaged in the molar tube). The other
end of the spring is free or attached at only one point.
When activated, it applies a moment to the bracket on
one end and a pure force to the other end. The me-
chanics of a cantilever are simple but effective. Two
points need to be considered in applying cantilevers:

¢ The mechanics of the cantilever must be consistent
with the direction of the desired tooth movement.

¢ The amount of force must be optimum to control an-
chorage.
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Fig 2-21 (a to i) Using cantilever mechanics to bring an impacted premolar toward the dental arch.

Figures 2-19 and 2-20 show examples of consistent
and inconsistent mechanics. For cantilever mechanics
to be consistent, the direction of the moment's balanc-
ing forces must move the teeth into proper positions on
the dental arch. If necessary, anchorage should be re-
inforced to avoid adverse effects due to moment.

The advantage of cantilever mechanics is that they
are predictable because the moments and forces are
measurable. Cantilevers provide auxiliary mechanical
aids to straight-wire mechanics for correcting severe ro

tations, moving ectopic teeth toward the arch, upright-
ing molars, and so on (Figs 2-21 and 2-22).

Coil springs

Because of their high elasticity, coil springs—especially
those made from superelastic NiTi alloy—apply fairly
constant and optimal force. Coil springs are made to in-
crease the elasticity of wires by increasing their length.
Open coils are activated by compression. They are used
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Figs 2-22a and 2-22b Cantilever mechanic used to bring a high canine to the arch. Note that the tip of the cantilever wire (0.016
x 0.022—inch) is connected to the canine bracket with only a single point.

to open spaces for correction of crowding, molar and
premolar distalization/protraction, and space mainte-
nance. Closed coil springs are activated by extension,
and they are used mainly for space closure mechanics
such as canine distalization and incisor retraction in
sliding mechanics. Five factors affect the amount of
force delivered by coil springs: alloy, lumen size, wire
size, pitch angle of the coils, and length of the spring.*

Alloy

At present, coil springs are manufactured out of three
alloys: SS, chrome-cobalt (Elgiloy), and NiTi. Studies
to determine which material is the most suitable and
which delivers a more constant force were done mostly
in experimental environments simulating intraoral con-
ditions.

Han and Quick* obtained the stress-strain graphs of
NiTi and SS coil springs by stretching them up to three
times their original length in synthetic saliva for peri-
ods of 2, 4, and 6 weeks. They found that the SS springs
showed deformation after 2 weeks because of the envi-
ronment and that they did not show any further defor

mation afterward. Conversely, the NiTi springs showed
no alterations in their physical properties. When the SS
and chrome-cobalt coil springs were compared, the lat-
ter were found to be stiffer than SS.*

In a comparative study of SS, chrome-cobalt, and
Japanese NiTi springs, Miura et al* determined that the
SS and chrome-cobalt closed coil springs showed a lin-
ear relationship and that the Japanese NiTi springs had
a stable force value because of their superelastic prop-
erties. These wires did not show any permanent defor-
mation, even when stretched up to five times their orig-
inal size. In comparing open coil springs, they found
that the forces applied by the SS and Elgiloy springs
again showed a linear relationship, and that permanent
deformation occurred when these wires were overcom-
pressed. On the other hand, Japanese NiTi (again)
had a constant force level without deformation.

Angolkar et al*® compared the force degradation over
time of SS, chrome-cobalt, and NiTi springs. They all
showed force degradation, with the most significant loss
of force taking place in the first 24 hours (Fig 2-23). The
loss in the SS springs was 17.3% in the first 24 hours,
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Fig 2-23 (a and b) Comparison of the force degradation over time of SS, chrome-cobalt (Cr-Co), and NiTi springs. (Modified from Angolkar et

a146 with permission.)

and that of the chrome-cobalt springs was 10%. The
force degradation after 28 days for the three types of
NiTi used in the study were: Ortho Organizers, 8.6%;
Masel, 14.6%; and GAC, 17%. While the force degra-
dation of the first two alloys is lower than the SS and
Cr-Co springs, the force loss of the third NiTi alloy,
contradicting the claims of Miura et al,*> was higher
than that of the other NiTi alloys and the same as that
of the SS springs. This result, obtained by analysis of
these superelastic NiTi alloys, cannot be fully explained
by the researchers. We conclude that in comparing SS,
Elgiloy, and NiTi springs, the NiTi have the lowest
force degradation.

Lumen size

An increase in lumen size increases the length of the
wire incorporated in it. This decreases the load/deflec-
tion rate.

Wire size
An increase in the size of the wire will add to the load/
deflection rate, with a resulting decrease in elasticity.*®

Pitch angle
Pitch angle is the angle between a perpendicular to the

long axis of the spring and the inclinations of the wind-
ings. The winding number/length unit ratio decreases
as this angle increases. Therefore, as the wire length de-
creases, the elasticity of the spring also decreases.*?46

Length of spring
An increase in the spring's length will decrease the
load /deflection rate and increase its elasticity.*?

Elastics

Elastic materials—some of the most frequently used ac-
tive elements in orthodontic appliances—have been
used increasingly for such movements as space closure
in sliding mechanics, diastema closure, and rotation cor-
rection. Natural rubber and synthetic polymers are the
two main elastic materials used in orthodontic practice.
Natural rubber is a well-known material used for years
in industry. In orthodontics, intramaxillary and inter-
maxillary elastics are usually made of natural latex.
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Snthetic polymers, now frequently used in orthodontic
treatment as elastomeric chains, latex threads, and elas-
tomeric modules, were developed from petrochemicals
in the 1920s.%” Synthetic elastics are amorphous poly-
mers made of polyurethane." Polymer chains slide over
each other or they unfold when stretched by force. Slid-
ing of the chains is a viscose movement; it is slow and
irreversible. Unfolding of the chains by stretching is an
elastic behavior, which is rapid and reversible. In or-
thodontic elastics, irreversible viscose behavior is ob-
served toward the end of the application."

In practice, the disadvantage of elastic materials is
force degradation, which occurs over time. This pro-
cess, called relaxation, is the loss or total elimination of
the applied force when under constant stretching. Even
if the amount of activation does not extend the elastic
limits of the material, some loss of force due to relax-
ation is expected over time (Fig 2-24).3

Synthetic polymers are not ideal elastic materials be-

cause their mechanical properties are dependent on the
usage time and the temperature."" They are only
slightly affected when in contact with water for a short
time, but after longer periods, they absorb water be-
cause of the hydrogen connections between their
macromolecules and absorbed liquids,*** which fill the
spaces in the matrix. The discoloration of elastics in the
oral environment is due to these liquids being taken into
their structure.*” Synthetic polymers are sensitive to
ozone and ultraviolet rays, and their resistance and elas-

Fig 2-24 Force relaxation graph of an elastic material.

ticity decrease under these influences. Manufacturers

are trying to reduce this by adding antioxidants and
antiozone elements and extend the shelf life of elas-
tomers."

Elastomeric chains
Studies of elastomeric chains show that at the end of
the first 24 hours, these materials lose 50% to 70% of
their original force. As a result of progressive force
degradation, by the end of 3 weeks only 30% to 40%
of the initial force remains.®® Andreasen and Bishara®
have stated that the greatest force degradation occurs
during the first hour. Hershey and Reynoldsm studied
elastomeric chains of three different manufacturers and
found no significant differences in force degradation,
but significant differences were found in all their initial
force levels. Researchers state that the correct clinical
application is to determine the elastic's force with a dy-
namometer. The size of the elastomeric links (ie, short,
medium, or wide) may also affect the chain's proper-
ties. The initial force application of wide elastomeric
chains is light, but their force degradation is high.*"8

In a comparative study of gray and clear elastomeric
chains, Williams and von Fraunhofer® have shown that
the initial force of clear chains is higher and their force
degradation is lower than gray elastomeric chains. It
was also observed that fluoride-releasing elastomeric
chains showed more force degradation than standard
elastics.
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Some researchers?” recommend that elastomeric chains
be stretched before application to prevent immediate force
degradation and to apply force close to a constant level.

Hershey and Reynolds® state that the effect of heat
increases the force degradation of elastomeric chains.
In two studies on cold disinfection and sterilization of
elastomeric chains, the materials were left in the solu-
tions for periods of 30 minutes, 10 hours, and 1 week
without affecting their characteristics.

Intraoral latex elastics

Latex is a natural material. In orthodontic practice, intra-
maxillary and intermaxillary elastics are made mostly of
latex, marketed in various sizes and thicknesses ac-
cording to the needs of a particular case. The most com-
monly used elastic sizes are Vs-inch, 3/16-inch, !/4-inch, 5/he-
inch, and 3/4-inch. The amount of force listed on product

packages indicates the amount of force in these elastics

when they are stretched up to three times their lumen

size. The force delivered by elastics of the same lumen

size can vary depending on the manufacturer. For ex-
ample, the 3/16-inch medium elastics produced by Amer-
ican Orthodontics deliver 4.5 oz, while Ormco's deliver

3.5 oz.

Andreasen and Bishara® have stated that the highest
force degradation of latex elastics (approximately 40%)
occurs on the first day. Bales et al,> analyzing whether
the amount of force stated by the manufacturers can be
obtained from the latex elastics when they are stretched
up to three times their lumen sizes, observed that the
elastics deliver higher force than expected. According to
the study, a more suitable force level is obtained when
they are stretched up to twice their lumen sizes and that
latex elastics do not show significant differences in wet
or dry environments.>® The effects of the amount and
duration of stretching in both wet and dry environments
on force levels were tested for !/4-inch medium elastics
from four companies: GAC, Ormco, Dentaurum, and
American Orthodontics.>* Elastics were stretched up to
three, four, and five times their lumen sizes and were
placed in artificial saliva at 37°C for periods of O, 1,
and 24 hours, and 7 days. A group of identical elastics
was placed in a dry environment at room temperature
for the same periods as the first group. At the end of the
predetermined time, they were tested with a universal
testing machine, with the following findings:

Force Elements Used in Orthodontic Appliances

* Environmental conditions have a significant effect on
elastics' force degradation. The elastics placed in arti-
ficial saliva at 37°C showed more force degradation
than the ones placed in a dry environment. The force
degradation differences of the Ormco and American
Orthodontics elastics placed in a dry environment (
Fig 2-25) for 1 hour, 24 hours, and 7 days were sta-
tistically significant. In the wet environment (Fig 2-26),
the force degradation differences between the Ormco,
Dentaurum, and American Orthodontics elastics from
the O, 1-hour, 24-hour, and 7-day periods and the dif-
ferences of the GAC elastics from 0, 24-hour, and 7-
day periods were found to be significant.

* Force delivered by elastics increases as the stretching
increases. However, the amount of stretching had no
effect on the force relaxation of the elastics. For ex-
ample, the force degradation of an elastic stretched up
to three times its lumen size can be more than that of
an elastic stretched up to five times its lumen size.'

* Length of time is an important factor in force degra-
dation. In a wet environment, the force degradation
differences of all the elastics at the beginning, 24 hours,
and 7 days were found to be statistically significant.

* On the basis of percentage values when evaluated
under equal conditions, the force degradation of the
elastics of the two companies with low initial force was
less than those of the two companies having high ini-
tial force.

Types of intraoral dadics Intraoral elastics are used ba-

sically as intramaxillary and intermaxillary. Intramax-
illary elastics are applied as elastomeric chain or elastic
thread between two attachments on the same arch.
Chain elastics are the most popular force elements in
canine distalization and incisor retraction in sliding me-
chanics. As the elastic force is applied to the buccal of
the molars (not passing through the center of resis-
tance), it may cause mesiopalatal rotation and some ex-
pansion (Fig 2-27).

Intermaxillary elastics are categorized according to
the purposes for which they are used, such as Class 1I,
Class III, vertical, triangular, anterior box, and cross-
bite. They are also categorized by their lumen sizes,
such as 1/84inch, 3/16-inch, !/44inch, or 5/16-inch, and by the
amount of force they deliver, such as light, medium,
heavy, and superheavy.
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Fig 225 Changes as percentages of the elastics stretched up to three, four, and five times their lumen sizes and placed in a dry environment.
Dent, Dentaurum; AO, American Orthodontics. (Reprinted from Dincer et aim with permission.)
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Fig 2.27 The molars rotate mesiopalatally from the effect of the
force applied from the buccal. A toe-in bend in the wire will prevent
this adverse effect.

The best method of selecting the optimal elastic is to
measure, with a dynamometer, the force that the elastic
delivers between attachments. As explained above,
some force degradation in time is expected from relax-
ation of the material. Sometimes this takes place in the
short time the patient opens and closes his or her
mouth a couple of times. This is why some companies
add an additional half-ounce of force to compensate for
the initial force degradation and state in their catalogs
that this value is soon lost.

Class II and Class Ill elastics The most commonly
used elastics in daily practice are Class II and Class III.
Class II elastics are applied between a mandibular
molar hook and the maxillary canine or lateral incisor
area. These elastics can be used for several purposes
such as canine distalization, mandibular molar protrac-
tion, maxillary incisor retraction, and maxillary molar
distalization. Some authors recommend distalizing ca-
nines on a round, 0.016-inch SS wire starting with a !/4-
inch light elastic, continuing with a !/4-inch heavy elas-
tic as the tooth moves on a 0.016 X 0.016-inch wire,
and finish with a 3/16-inch heavy elastic.®® Molar pro-
traction should be done on rectangular wires such as 0.
016 x 0.022-inch or 0.017 x 0.025-inch SS, as these
wires are stiff enough (assuming a 0.018-inch bracket
slot) to resist mesial tipping of the molars.

Force Elements Used in Orthodontic Appliances

Fig 228 The mandibular molars and maxillary anterior teeth extrude
from the effect of the vertical components of the Class Il elastic force,
causing clockwise rotation of the occlusal plane. This results in a deep
bite and clockwise rotation of the mandible. (Reprinted from Langlade5®
with permission.)

Because Class 1I elastic force is applied diagonally be-
tween mandibular posterior and maxillary anterior
teeth, it has both a vertical and a horizontal component (
Fig 2-28). The vertical component tends to extrude the
maxillary canines and incisors and the mandibular pos-
terior teeth. Excessive use of heavy Class II elastics may
cause the occlusal plane to rotate clockwise, moving the
mandibular molars upward and the maxillary incisors
downward, resulting clinically in a deep bite and clock-
wise rotation of the mandible.

Practically, the magnitude of the vertical component
increases as the mouth opens. Figure 2-29 shows the in-
crease in a Class II elastic's vertical component for a
25-mm mouth opening. The force values delivered by
various Class II elastics on the maxillary and mandibu-
lar arches for different mouth openings are shown in
Table 2-11.% In high-angle cases, molar extrusion due
to excessive use of heavy elastics may cause clockwise
rotation of the mandible, increase mandibular facial
height, and worsen the soft tissue profile (Fig 2-30). To
reduce this adverse effect, it is necessary to either re-
duce the vertical component or increase the horizontal
component of the elastic force by engaging the elastic
between the mandibular second molar and the hook
either between the maxillary canine and lateral incisor (
Fig 2-31) or on the lateral incisor. The point of appli-
cation of the Class II elastic on the molar tube strongly
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Fig 2-29 (a) In a closed mouth, the angle between the Class Il elastics and the occlusal plane is approximately 20 degrees. The vertical compo-
nent of force increases and the horizontal component decreases as the mouth is opened. (b) In a mouth opening of 25 mm, the angle between the
elastic and the mandibular occlusal plane reaches 52 degrees. (Reprinted from Langlade®® with permission.)

Table 2-11 Force values eated by Class II elastits- on the maxillary andiiMdibular dental arches
hen the mouth is closed and opened 10 mm and 25 mm*

Elastic Opening (mm) Distal force (g) Mesial force (g) Occlusal force (g) Extrusive force (g)
1/4-inch light in CO 78.0 78.0 28.4 28.4

10 110.2 103,2 61.1 72.3

25 124 .4 96.8 99.0 126.1
1/4-inch heavy in CO 94.0 94.0 32.2 342

10 140.0 131.0 77.6 91.8

25 148.7 115.7 118.3 150.7

CO, centric occlusion.
*Reprinted from Langlade>® with permission.

affects molar movement (Fig 2-32). If the elastic is con-
nected to the end of the archwire distal to the tube, the
distance between the line of action of the force and the
center of resistance increases, thus increasing the tip-
ping moment. To avoid this, Class II elastics must be
engaged on the molar tube's mesial hook.

Excessive wear of Class II elastics may result in ex-
trusion, lingual tipping, and mesiolingual rotation of the
molar (Fig 2-33). To prevent this, a toe-in bend can be

placed in a rectangular SS wire and the elastic force re-
duced. The stiff rectangular wire will maintain the trans-
verse dimension of the arch by eliminating the lingual
tipping tendency of the molar.

Another undesirable adverse effect is protrusion of
the mandibular incisors (Fig 2-34). Avoiding this is par-
ticularly important when mandibular incisor inclina-
tions are critical and the frontal bone is thin. Further
protrusion of the incisors may cause recession of the
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Fig 2-30 Excessive use of Class |l elastics can result in extrusion of
the mandibular molars, thus opening the bite. This is especially harm-
ful in high-angle patients. As a result of molar extrusion, the mandible
rotates clockwise, the chin moves downward and backward, and the
profile becomes more convex.

Fig 2-32 The point where the Class Il elastic is engaged on the

mandibular molar tube determines the type of tooth movement. To re-
duce tipping of the molar, the elastic must be engaged at the hook at
the mesial of the tube (A). If the elastic is engaged at the back of the

tube (B), the moment arm (d = distance) extends and the tipping ef-
fect increases.

labial gingiva. To prevent incisor protrusion, labial root
torque can be placed in the rectangular SS wire" and
wearing time and force level reduced.

In Class II or Class III patients in the transitional den-
tition, 2 X 4 mechanics can be used to obtain proper
overjet and overbite. In the late transitional dentition,
the use of Class II or Class III elastics after exfoliation
of the second primary molar may cause the permanent

Force Elements Used in Orthodontic Appliances

Fig 2-31 To reduce the extrusive effect of Class Il elastics, it is nec-
essary to reduce the vertical component of force. The best way to
achieve this is to place the elastic between the mandibular second
molar and the distal aspect of the maxillary lateral incisor.

first molars to tip forward and block the eruption path

of the second premolars. If intermaxillary elastics are

necessary, this space needs to be maintained. A step

bend contacting the mesial aspect of the molar tube and
the distal of the first premolar bracket can easily keep

this space open until eruption of the second premolar (
Fig 2-35a). Instead of step bends, an open coil spring

can be placed between two brackets (Fig 2-35b).
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Fig 2-33 (a) The line of action of the elastic force applied to the
mandibular molar passes buccally to the center of resistance. (b) This
results in mesiolingual rotation and lingual tipping as well as extrusion.

Fig 2-34 In the sagittal plane, the horizontal component of the
Class Il elastic force may cause protrusion of the mandibular incisors.
The best way to avoid or minimize this (usually undesired) adverse
effect is to use elastics for the minimum amount of time and place labial
root torque in a rectangular SS wire.

Fig 2-35 Use of Class Il elastics in the late transitional dentition after the primary second molars have exfoliated may cause the permanent
molars to tip forward and reduce the space available for the erupting mandibular second premolars. To maintain this space, step bends (a) or open

coil wires (b) can be placed between the two teeth.

Springs versus elastics

Springs and elastics are the most commonly used active
elements in space closure. In this section, the continu-
ity of force and force degradation of these materials due
to time, tension, and environment are compared.

The force characteristics of springs and elastics have
been the subjects of several studies. Samuels et al¥ have
analyzed the space-closing effectiveness of NiTi springs
and elastomeric modules. These materials remained on
the teeth for weeks without being changed. At the end

of a 4-week period, researchers observed that the NiTi
springs delivered a much more constant force that is
better tolerated by the biologic tissues compared with
the use of elastics. Sonis et a1® clinically studied 150-g
Sentalloy springs and 3/is-inch intraoral elastics that
apply 180 g of force. They pointed out that in space
closure, springs realize the tooth movements twice as
fast as elastics, and they claim that this difference is
due to the springs delivering more constant force than
the elastics and that they do not require patient coop-
eration.

48



Attachments Used in Orthodontic Appliances: Brackets

When they compared force degradation over time,
they found that the SS materials showed the highest
force degradation, with a 21.4% loss at the end of the
28-day period. The force degradation of NiTi wires
from three different companies was 8.6% (Ortho Orga-
nizers), 14.6% (Masel), and 17% (GAC).* Meanwhile,
the force degradation of the elastics after 1 month was
only 50% to 60%.5%° According to these results, the
elastics showed much higher force degradation than the
springs. This loss of force makes it impossible to main-
tain the optimum amount of force throughout the whole
movement. This supports the idea that elastics deliver
interrupted force.

When kept in the mouth for a long time, elastic ma-
terials such as elastomeric chains and elastic ligatures
become deformed, change color, and lose their force as
they absorb liquids from the oral environment. In terms
of oral hygiene, coil springs are not necessarily better
than elastic materials because they trap food between
the coils, whereas elastics, when changed regularly, do
not have a negative impact on overall oral hygiene.

Elastic ligatures versus wire ligatures

Because of the flexibility of elastic ligatures, the bracket-
wire relationship is relatively loose, which may be suit-
able at the beginning of leveling when one desires to

stimulate tooth movement with light forces. As treat-
ment progresses, however, especially in the final phase,

it is usually preferred to use stiff rectangular wires se-
curely held in the bracket slots to transfer all the force

to the teeth. At that point, therefore, elastic ties should
be replaced with SS wire ligatures. Despite the disad-
vantages of elastic materials compared with wire ties,

elastics are presently preferred by most orthodontists

because of their color options.

| Attachments Used in Orthodontic
Appliances: Brackets

Brackets are the most important elements of orthodon-
tic appliances. They are classified according to their
size: large, mini, and ultramini. Base structure may be
straight or curved; width may be narrow, medium, or
wide, or they may be single or twin, according to the

technique used. The material may be SS, ceramic, plas-
tic, composite, or titanium The manufacturing techniques
may be milled or machined, cast or sintered (metal in-
jection molding). Instead of well-known features such
as sizes or base structures, bracket materials and manu-
facturing techniques are described here.

Bracket materials

The structural characteristics of brackets are paramount
for clinical efficiency. The bracket material must be hy-
gienic, nontoxic, and resistant to corrosion. In
addition, it must resist the forces applied to it by the
wire or the occlusal forces, and it must be economical.
Bracket materials should:

* Be esthetic

¢ Not absorb water

* Not be discolored by oral liquids

¢ Have minimal bracket-wire friction

SS brackets
Most brackets currently used are made of austenitic SS

containing 18% chrome and 8% nickel. The standards
are set by the American Iron and Steel Institute, with
codes such as 303, 304, or 316, depending on the man-
ufacturing companies. The most frequently used steel
contents in bracket manufacturing are listed in Table
2-12.15

SS brackets have most of the basic characteristics ex-
pected from a bracket. Its resistance to all kinds of cor-
rosion, hygienic properties, and reasonable price have
made SS the world's most commonly used bracket ma-
terial for many years. However, SS brackets have two
important disadvantages: they are not esthetic, and they
may release nickel into the oral environment. Various
alternative materials have recently been developed to
eliminate the esthetic problems, including ceramic, plas-
tic, and composite materials.

It has been shown in various in vitro studies that
SS releases nickel and chrome intraorally. 81 61 Th,
amount of nickel released per day in the mouth of or-
thodontic patients is 40 pg, and the amount of chrome
is 36 pg.%> However, Bishara et al® found that even
though nickel is released into the oral environment, the
amount reaching the blood is very low. Nickel is known
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Table 2-12 Types and composition of steels used ih bracket anufacturing*

Designation Composition (%)t
AlSI UNS DIN C Mn Si Cr Ni P S Other
303 S-30300 14305 0.15 2.0 1.0 17-19 8-10 0.20 0.02 0.6 Mo
304 S-30400 - 0.08 2.0 1.0 18-20 8-10.5 0.04 0.03
304 L S-30403 14306 0.03 2.0 1.0 18-20 8-12 0.04 0.03
316 S-31600 14401 0.08 20 1.0 16-18 10-14 0.04 0.03 2-3 Mo
316 L S-31603 14404 0.03 2.0 1.0 16-18 10-14 0.04 0.03 2-3 Mo
317 S-31700 14438 0.08 2.0 1.0 18-20 11-15 0.04 0.03 3-4 Mo
630/17-4 PH S-17400 14542 0.07 1.0 1.0 15.5-17 3-5 0.04 0.03 4 Cu, 3 Nb
631/17-4 PH S-17700 - 0.09 1.0 1.0 16-18 6.5-7.5 0.04 0.04 0.8-1.5 Al
ASTM-A 669 S-31803 0.0 1.0 05 22 515 0.02 0.02 3 Mo

*Reprinted from Matasal® with permission.

AISI, American Iron and Steel Institute; UNS, unified numbering system; DIN, Deutsches Institut ftir Normung.

tBalance is iron.

to cause various allergic reactions such as dermatitis and
asthma,®1:63 so an alternative material must be used in
sensitive patients. Manufacturers warn orthodontists
and patients about this characteristic of SS material by
including written notices on their packages.

Ceramic brackets
Ceramic is a biocompatible bracket material. It is also an

ideal material because of its hardness and its esthetic,
hygienic, and tissue-friendly characteristics. Ceramic
brackets on the market have one of three structural
characteristics: monocrystalline alumina, polycrystalline
alumina, or zirconium. Alumina is harder than SS, but
the failure stiffness of SS is 20 to 50 times more than
that of ceramic." Mono crystalline alumina brackets (eg,
Radiance, American Orthodontics) are more resistant
with smoother slot surfaces compared with other ce-
ramic brackets.®> On the other hand, polycrystalline alu-
mina brackets (eg, Transcend, 3M Unitek) have rough
surfaces, and their wings can be broken under uncon-
trolled torque stress.%%68 Zirconium brackets are four
times stronger than polycrystalline alumina."

The fact that ceramic brackets are bulkier and more
expensive than SS brackets and are breakable with high
couples limits their use. In addition, ceramic material
causes high friction during sliding mechanics. There-
fore, some manufacturers produce brackets with SS

inserted slots (eg, Clarity, 3M Unitek) to reduce friction

between bracket and wire.

Akgriincltizé” studied the torque resistance of 280 poly-
crystalline (Fascination, Dentaurum; 20/40, American
Orthodontics; Eclipse, Masel) and monocrystalline
alumina (Starfire), standard, preadjusted edgewise (Roth)
central and lateral brackets with either 0.018-inch or 0.
022-inch slots against couples (palatal root torques)
with full-size SS wires. Breakage was studied under a
scanning electron microscope, and specific gravity was
evaluated. Additionally, the resistance of monocrystalline
alumina brackets to torque was analyzed with finite el-
ement analysis. The results are summarized as follows:

» The resistance of monocrystalline brackets was signif-
icantly higher than that of polycrystalline. It was noted
that neither of the analyzed bracket types broke, even
under 90-degree torque, while the SS wires were no-
ticeably deformed.

» The breakage occurred on the gingival wings. This
was supported by the finite element analysis, in which
the highest stresses were observed at the corner of the
slot where it meets the gingival wing.

» The stress on the brackets with rounded slot corners (
Dentaurum) was less than that of the brackets from
the other manufacturers.
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* Even though the grains of the Dentaurum brackets
were larger than those of the American Orthodontics
and Masel brackets, their resistance was also higher
because their specific gravity was higher than that of
the other brackets.

*The resistance of the monocrystalline alumina (
Starfire) brackets with high specific gravity was higher
than that of the polycrystalline brackets having low
specific gravity and porosities in their structure.

* The resistance of a bracket wing against torque was
proportional to the thickness of the material between
the slot and the section where the ligature passes.
Brackets thicker in that area were more resistant.

* Analysis of resistance in the 0.018-inch and 0.022-inch
brackets found them not significantly different in either
the experimental study or the finite element analysis.

Plastic brackets

Plastic brackets are manufactured from hard polycar-
bonate material. This material has been reinforced with
fibers to increase its hardness. These brackets are also
esthetic and more economical than ceramic brackets,
but they usually discolor in the oral environment and
become dull yellow or gray as they absorb mouth lig-
uids. Another disadvantage of plastic brackets is that
they cause higher friction in sliding mechanics, although
this problem has been alleviated by the manufacturer
with the insertion of metal slots into the plastic body.

Conclusion

The fabrication of an orthodontic appliance must con-
sider its parts and their material properties, composi-
tion, and behavior in the oral environment. For exam-
ple, the frictional resistance in sliding mechanics may
be less in sintered SS brackets than in cast or milled SS
brackets,” and ceramic and polycarbonate brackets
offer greater resistance than SS brackets.®”° Archwires
are also available in a variety of materials, shapes, and
sizes. Nitinol and temperature-sensitive wires with a
long working range have increased the time interval re-
quired between appointments; multistrand SS wires are
less expensive and have also increased the working
range.” Finally, the structure and material properties of
coil springs and elastics impact their rate of force degra-

dation over time. Therefore, it is highly important to
make careful decisions, based on the specific require-
ments of a case, regarding the components used to
apply force in orthodontic treatment.
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Analysis of Two-Tooth 11

This chapter details the force systems created by straight
and bent wires placed in the brackets of two-tooth seg-
ments. In a crowding case, to align teeth positioned at
different angles and levels, an elastic, straight archwire
in the brackets is engaged. The teeth move in response
to the wire's elasticity. This creates a force system formed
by one wire and multiple brackets. Over time, this force
system will reach static equilibrium. The first condition
needed for this to occur is for the sum of the vectors of
all the forces and moments on the system to be zero.
However, to decipher all the forces and moments in a
complete dental arch is extremely complex because of
the differing anchorage values of multiple teeth, each
having brackets and tubes of different widths and being
located at various angulations and levels to each other.
Therefore, for simplicity, this chapter considers two-
tooth mechanics, as suggested by Burstone and Koenig.'

Statically Determinate Force
Systems

If the distance between two attachments is known
and if the force applied by the wire on the bracket can
be measured with a dynamometer, the final positions
of the teeth can be predetermined. In other words,
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Mechanics -,

moment-and-force system can be controlled in order
to guide the tooth movement. This is called a Satically
determinate force sysem

For example, Fig 3-la shows a canine and a premolar

with equal anchorage values. A round, flexible straight

wire is placed in the premolar bracket and attached to

the canine bracket. If the interbracket distance is 7 mm,

and the force needed to activate the wire up to the ca-
nine level is 100 g, a counterclockwise moment of 700

g-mm should be applied to the premolar bracket. Be-
cause the anchorages are equal, the center of resistance
of this force system is at the halfway point. For the sys-
tem to reach static balance, the algebraic sum of all the

moments and forces acting on the system must equal

zero. The counterclockwise moment on the premolar

must be balanced by the clockwise moment created by
the equal and opposite vertical forces acting on both

teeth. Therefore, when the wire is engaged in the ca-
nine bracket, a counterclockwise moment of 700 g-mm
on the premolar and balancing vertical forces of 100 g
on both sides occur. When the wire is totally deacti-
vated and the teeth reach a statically balanced position,

the premolar tips mesially and intrudes while the ca-
nine extrudes. However, the canine cannot reach the

occlusal plane (Fig 3-1b).
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3 | Analysis of Two-Tooth Mechanics

Fig 3-1 Two teeth, a premolar and a high
canine with equal anchorage values. (a)

When a section of wire is placed in the
premolar bracket slot and is activated by
ligating to the canine, a force system

consisting of two teeth and a wire is created.
This force system reaches static equilibrium by
intrusion (ie, an upward balancing force) and
a slight counterclockwise tipping of the

premolar as well as extrusion (ie, downward
balancing force) of the canine. (b) Note that
the canine cannot reach the occlusal plane
because there is some intrusion of the
premolar and the anchorage values are the
same for both teeth.

If the premolar in the previous example is replaced
with a molar having a higher anchorage value than the
canine (Fig 3-2a), then the force system will be different.
In this case, a 700 g-mm counterclockwise moment oc-
curs on the molar. This moment is balanced by a 125-g
upward force on the molar and a 75-g downward force
on the canine. This changes the force system in two ways.
First, according to lever principles, as the center of re-
sistance of the system is closer to the molar, the magni-
tude of the balancing force on the molar is higher than
that of the canine. Second, from a clinical point of view,
because the molar's anchorage is much higher than the

Fig 3-2 Two teeth with different anchorage
values. (a) If a segmented wire is placed in
the molar tube first, then deflected up to the
canine and tied at a single point as shown in
Fig 3-1, then a counterclockwise moment oc-
curs on the molar. This moment reaches
static equilibrium by the vertical balancing
forces tending to rotate the system clock-
wise. These balancing forces are intrusive on
the molar and extrusive on the canine. (b)
Note that the canine reaches the occlusal
plane because of the heavier molar anchor-
age. The molar resists tipping because the
anchorage is large enough to resist any
movement.

canine's, it does not move. On the other hand, although
the magnitude of force is low, extrusion of the canine to
the occlusal plane occurs easily (Fig 3-2b).

The relationship between crowded teeth is often com-
plex, which makes it difficult to predetermine tooth
movement. Axial inclinations and bracket positions of
crowded teeth vary greatly. The previous examples were
concerned only with the anteroposterior relationships
of two teeth on the same plane, and they did not involve
the rotations or angulations of related brackets. When a
wire is engaged in two brackets, it affects the teeth in three
planes of space (ie, sagittal, transverse, and vertical).
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Fig 3-3 When a wire is placed in the brackets of two teeth that have
the same anchorage values and are on the same plane, these teeth
will not move because the wire does not apply any force on the teeth.

Burstone geometry classes

As the following examples illustrate, different ratios be-
tween bracket angulations affect tooth movements. Bur-
stone and Koenig' named six geometry classes that can

occur between two teeth (for simplification, only the de-
activation force systems are shown here). As a starting

point, Fig 3-3 shows a 0.016-inch straight wire in two

brackets of the same width on the same plane with an

interbracket distance of 7 mm. Assuming that the an-
chorages of the teeth are equal and the wire is not ac-
tive, no movement occurs. In Fig 3-4, each of the six

geometry classes proposed by Burstone and Koenig'

is illustrated as the angulation of the left bracket is

changed while the right one is kept stationary. Figure

3-5 shows the shape a straight wire takes when it is

placed in the bracket slots for each of the geometry

classes.

Class / geometry

In Class I geometry, the ratio between bracket angula-
tions is 0A/OB = 1. Therefore, the angulations of the
brackets are equal and their direction is the same. Since
the wire-bracket angulations are equal, clockwise mo-
ments of 1,860 g-mm occur on each bracket. Because
the moments are equal, the ratio between the moments
is MAIMB = 1. To reach a statically balanced position,
the sum of all the moments and forces acting on the sys-
tem must be zero. In this system, clockwise moments (
1,860 g-mm) are acting on both brackets; thus, the

Statically Determinate Force Systems

sum of the clockwise moments is 3,720 g-mm. For the
system to be statically balanced, net forces of 531.4 g
occur in an upward direction on the right and in a
downward direction on the left. According to the L X F
formula, the system becomes balanced with a counter-
clockwise moment of 7 X 531.4 = 3,719.8 g-mm. From
the clinical point of view, when such a force system
reaches a statically balanced position, both teeth make
clockwise rotations, the right one extruding and the left
one intruding.

Class II geometry

In Class II geometry, the ratio between bracket angu-
lations is OA/OB= 0.5, and the ratio between moments
is MAIMB = 0.8. Since the angulation of the bracket on
the right does not change, the amount and direction of
the moment acting on this bracket remain the same (e, 1,
860 g-mm in the clockwise direction). Because the
wire-bracket angulation on the left bracket is lower than
the other, the direction of the moment remains the same,
but its magnitude is reduced to 1,488 g-mm. The sum of
the moments in the clockwise direction affecting the sys-
tem is 3,348 g-mm. To balance this, the amount of bal-
ancing force for each bracket must be F = 3,348/7 =
478.2 (although researchers' found a force of 477.4 g to
be effective). Because the anchorage values of the teeth
are assumed to be equal, the magnitude of the balanc-
ing forces on both sides is also equal. This system is bal-
anced with clockwise rotations on both sides; the right
tooth extrudes and the left one intrudes.
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31 Analysis of Two-Tooth Mechanics

Class | cClass Il
Class i class v
398
39
I I 186
class v Class Vi

Fig 3.4 Geometry classes according to Burstone and Koenig.' The proportional relationships between the positions of the left (A) and right (B)
brackets are shown in the top rows, the ratios between left and right moments are shown in the center rows, and the direction and magnitude of
the moments and forces (deactivation) that occur on the left and right brackets are shown in the bottom rows. Note that in Class IV geometry, the
wire creates a moment of 1,860 g-mm as it enters the right bracket at an angle, whereas it enters the left bracket passively at no angle. (Reprinted
from Burstone and Koenig' with permission.)
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Statically Determinate Force Systems

vV \Y

VI

Fig 35 The shape of the wire after being placed in the brackets in the six classes of bracket angulation as
explained in Fig 3-4. Note that in Class | and Class Il geometry, the wire passes over the interbracket plane, while in the
other relationships, it remains below this plane. In Class VI geometry, the proportional relationship between the
brackets is —1.0. As the brackets are placed at equal and opposite angles, the shape of the wire becomes
symmetric; therefore, the moments on both sides are equal and opposite.

Class Ill geometry
In Class III geometry, the ratio between bracket angu-

lations is 6A/6B = 0, and the ratio between moments is

MA/MB = 0.5. The same results as the previous exam-
ples will be achieved because the moment on the right

bracket is in a clockwise direction with a magnitude of 1,
860 g-mm; the moment on the left bracket is in the

same direction, but the wire-bracket angulation is less (
930 g-mm). The total clockwise moment in the system (2,
790 g-mm) is balanced with a net force of 398 g that

rotates the system counterclockwise. When the system

reaches a statically balanced position, both teeth rotate
in the clockwise direction and the right tooth extrudes

while the left one intrudes.

Class IV geometry

In Class IV geometry, the ratio between bracket angu-
lations is 0A/OB= —0.5, and the ratio between moments
is MA/IMB = 0. Note that there is no moment acting on
the left bracket. This means that the wire enters the left
bracket slot without any angulation. In this case,

there is only a clockwise moment of 1,860 g-mm in the
system. When the system reaches a statically balanced
position, the right tooth rotates in the clockwise

direction and extrudes with 265.7 g, while the left tooth
remains straight and intrudes with the same amount of

Loman

Class V geometry
In Class V geometry, the ratio between bracket angula-

tions is 0A/OB = —0.75, and the ratio between moments
is MAIMB = —0.4. In this relationship, there is a clock-
wise moment of 1,860 g-mm on the right and a coun-
terclockwise moment of 740 g-mm on the left. For the
system to be statically balanced, a counterclockwise

moment of 1,860 — 740 = 1,120 g-mm is needed. There-
fore, an upward force of 1,120/7 = 160 g on the right
and a downward force of the same magnitude on the
left occurs. As the system becomes balanced, the tooth
on the right rotates clockwise and extrudes while the
one on the left rotates counterclockwise and intrudes.

Class VI geometry
In Class VI geometry, the ratio between bracket angu-

lations is 6A/9B = —1, and the ratio between
moments is MAIMB= —1. Note that the angulations of
both brackets are equal, but their directions are
opposite. Because the bracket angulations are equal, the
entrance angulations of the wire in the brackets are
also equal. In this case, equal and opposite moments
occur on both sides, and the system is statically
balanced. Therefore, there are no balancing forces in

i1
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3 | Analysis of Two-Tooth Mechanics

Summary

Teeth can be classified as independent units, each with

its own center of resistance. When a tooth moves, the

other teeth will also move to some extent. All the teeth

in a dental arch ligated to an archwire move with the

elasticity of the wire by taking support from each other (
called reciprocal anchorage). When the archwire reaches

a statically balanced position, the occlusal plane will

have a certain inclination related to the reference plane

(ie, the cranial base). The inclination of the occlusal

plane is dependent mainly on the positions of the teeth,

the general form of the dental arch, and the axial incli-
nations of the brackets. Occasionally, this may result in
an undesired deep bite or open bite.

| Mechanics of V-Bend Arches

During orthodontic treatment, various bends are made
in the wire to achieve the desired tooth movements.
Tipback, gable, and sweep bends of the second order
are V-shaped bends (V-bends). These bends are often
used in fixed orthodontic mechanics; understanding
their force systems and using them conscientiously en-
ables treatment to be carried out more efficiently.
When a V-bend is made in a wire halfway between
two teeth with equal anchorage (eg, premolar and ca-
nine) and placed in the premolar bracket, the mesial
end of the wire will lie gingival to the canine bracket (
Fig 3-6a). In this case, the wire is passive (no force sys-
tem); therefore, no movement is expected. When the
mesial end of the wire is inserted into the canine bracket
slot, a force system consisting of two teeth and an arch-
wire is created (Fig 3-6b). Because the anchorages are
equal, the center of resistance of the system is located at
the midpoint of the centers of resistance of the teeth.
This V-bend archwire delivers a clockwise moment
to the premolar bracket and a counterclockwise mo-
ment to the canine bracket. The sum of all forces acting
on the force system and the sum of all the moments
around a point must equal zero (see the previous section
on statically determinate force systems). With the effect
of equal and opposite moments, the teeth will tip
around their centers of resistance in a way that their
crowns will move away from each other (Fig 3-6c¢).

When the wire becomes totally passive as the force on
the brackets drops to zero, the system will be statically
balanced. If the crowns are ligated to each other, the
roots will move toward each other around the center of
rotations located on the crowns. When the wire be-
comes passive, the axial inclinations of the teeth will
also be corrected (Fig 3-6d). This modification, used in
the edgewise technique, is called a gable bend.'

If the V-bend is moved from the midpoint to one-
third of the way from the premolar bracket to the ca-
nine bracket (Fig 3-7a), while a clockwise moment oc-
curs on the premolar, no moment (couple) occurs on
the canine because the wire is passive in the slot. The
mesial tip of the wire applies just a single upward force
on the canine bracket. The system reaches static equi-
librium by extrusion of the premolar and intrusion of
the canine. If the V-bend is moved closer to the pre-
molar bracket, the wire-bracket angulation there be-
comes higher than that at the canine (Fig 3-7b). There-
fore, a larger moment occurs on the premolar than on
the canine. Note that the directions of the moments are
the same, but because the V-bend is moved toward the
premolar, the wire direction entering the canine bracket
changes as the wire passes over the interbracket refer-
ence line. Static equilibrium is reached here with clock-
wise rotations on both sides and intrusion of the canine
and extrusion of the premolar. Note that the magnitudes
of the balancing forces are higher than the ones in the
previous examples, because there are two moments
with the same direction in the system.>”

The next example involves two teeth, a molar and a
canine, with different anchorage values. The V-bend in
Fig 3-8a is in the middle, so the wire applies equal and
opposite moments to both sides. In Fig 3-8b, however,
the V-bend is at the one-third mark. This results in a
clockwise moment and extrusive force on the molar
and an intrusive force on the canine. Because the cen-
ter of resistance of this system is close to the molar, the
magnitude of the extrusive force is higher than the in-
trusive force on the canine. In Fig 3-8c, the V-bend is
closer to the molar tube, which results in a higher mo-
ment on the molar. The direction of the moments is the
same because the wire passes over the interbracket ref-
erence line; therefore, the balancing forces (extrusion
on the molar, intrusion on the incisor) are higher than
in the previous examples. Clinically, extrusion occurs
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Mechanics of V-Bend Arches

Fig 36 (a and b) When a V-bend is made halfway between the brackets of two teeth with the same anchorages, the wire enters in the
brackets at the same angle after being activated. Therefore, the moments will be equal and opposite on both sides. (c) A V-bend placed at the
halfway point of two teeth whose crowns have tipped toward each other helps upright the roots while the crowns separate from one another. (d)
If the crowns are tied together rigidly, the roots become upright while the crowns remain stationary. This is referred to as gable bend mechanics
and is used in the edgewise technique.

Fig 37 (a) The force system changes if the V-bend moves to one-third the interbracket distance because it alters the wire-bracket angle. In this
configuration, the wire applies a clockwise moment to the premolar bracket as it enters the canine bracket passively. This creates a downward bal-
ancing force on the premolar and an upward balancing force on the canine. (b) A new force system occurs when the V-bend moves closer to the
premolar bracket. The wire-bracket angle on the premolar (ie, the moment) is higher than that on the canine. In this configuration, the wire passes
over the interbracket reference plane; thus, the direction of the moment on the premolar is the same as that on the canine.

61



3 | Analysis of Two-Tooth Mechanics

Fig 3-9 When a utility (V-bend) arch having equal tipback and labial
root torque angles is placed in the brackets, the extrusive effect on
the molars will be higher than the intrusive effect on the incisors be-
cause the center of resistance is close to the molars. (x and y repre-
sent torque and tipback angles, respectively.)

Fig 3-8 (a to c) If V-bend arch mechanics similar to those in Figs
3-6 and 3-7 are applied between two teeth of different anchorage
values, a different force system occurs. The difference here is the
magnitudes of the balancing vertical forces. As the center of resis-
tance of the system is closer to the molar (higher anchorage), the
magnitude of the balancing force on this tooth will be higher than that
on the canine.

Fig 3-10 If the V-bend is placed close to the canine, the force sys-
tem created is balanced with intrusion on the molar and extrusion on
the canine. Clinically, however, extrusion of the canine occurs much
more readily than intrusion of the molar.
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Stepped-Arch Mechanics

Fig 311 (a) When a stepped arch is placed in the brackets of two teeth with equal anchorage values, equal and same-directional moments
occur on both sides. (b) If the anchorages are different, the balancing forces will be of different magnitudes because the center of resistance of the

force system is closer to the higher anchorage (molar) side.

easily and causes the bite to open. A utility (2 X 4) arch-
wire with labial root torque on the incisors and tipback
on the molars is a good example of this system (Fig 3-
9). In this situation, counterclockwise moments occur
on both sides. As the center of resistance of the system
is closer to the molar, the magnitude of the balancing
forces is higher (in some instances, it may be practical
to show the center of resistance of a 2 X 4 archwire at
the midpoint of anterior and posterior teeth).

If the V-bend is moved closer to the canine bracket (
Fig 3-10), the moment on the canine becomes higher
than that on the molar. This results in intrusion of the
molar and extrusion of the canine. Clinically, intrusion
of the molar is difficult because of its high anchorage;
therefore, the net effect would be extrusion of the ca-
nine only.

Stepped-Arch Mechanics

Artistic, step-up, step-down, and anchorage bends in
Tweed mechanics are examples of step bends. In these
mechanics, the moments on both sides are equal and
same-directional (ie, MI/M2 = 1; Fig 3-11). In stepped
arches, changing the location of a step bend between
brackets does not affect the force system. Thus, the lo-
cation of the step bend does not affect the ratio between

the moments. Likewise, if the height of the step changes,

a linear relationship occurs between the moments; ie,

the height of the step bend does not affect the ratio be-
tween moments.

In stepped-arch mechanics, the interbracket distance is
proportional to the M/F ratio; as this distance increases,
the M/F ratio also increases. Stepped-arch mechanics
between two teeth with equal anchorage is the equiva-
lent of the mechanics in Class I geometry (see Figs 3-4
and 3-5). In practice, increasing interbracket distance is
possible only by using narrow brackets. When the inter-
bracket distance is constant, as the height of the step
increases, moments on both sides also increase. High
moments mean that the balancing forces will also be
that much higher.3>

Artistic bends

Artistic bends are a combination of V-bends and step
bends applied to the incisor region in the edgewise tech-
nique with the purpose of correcting the second-order
axial inclinations of incisors. As the crowns are tipped
toward each other with reciprocal anchorage, the roots
diverge from one another. Figure 3-12 shows a V-bend
between the central incisors. To obtain equal and op-
posite moments, the V-bend must be located equidis-
tant from each tooth.®
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3 | Analysis of Two-Tooth Mechanics

Fig 3-12 Artistic bends are examples of stepped-arch mechanics.

| tt)

b

Fig 3-13 A straight arch (a), stepped arch (b), and looped arch (c) between two brackets will give the same mechanical results. In all three rela-
tionships, equal and same-directional moments are obtained on both brackets.

Fig 3-14 Tweed anchorage reinforcement bends are good exam-

ples of stepped-arch mechanics.

Fig 3-15 Molar offset and toe-in in the first order are also types of
stepped-arch mechanics.
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Straight-Wire Mechanics

Fig 316 (a) The V-bend arch located at the center of the interbracket distance is placed in both brackets with an angle x. (b) A straight archwire
is placed in brackets that are positioned with the same angle x. From a biomechanical point of view, there is no difference between these two ap-
plications. The results obtained are absolutely the same, except that in the first example the wire is placed with a bend, and in the second it is
placed straight. This shows the difference between the standard edgewise and straight-wire systems.

Step-up and step-down

Step-up and step-down bends are usually used to cor-
rect the differences in level between two groups of teeth
or to compensate for bracket-positioning errors. Fig
3-13a shows the force system obtained by a straight
wire. When a straight wire is placed in the bracket slots,
equal and same-directional moments are obtained on
both brackets, creating equal and opposite balancing
forces. The same mechanical results are obtained with
stepped (Fig 3-13b) and looped (Fig 3-13c) arches.

Tweed anchorage bends

In Tweed mechanics, anchorage bends are used to tip
mandibular molar crowns distally to reinforce anchor-
age against Class II elastic forces. With the help of step
bends mesial and distal to the mandibular first molars,
equal and same-directional moments are obtained on
all the teeth (Fig 3-14). This force system reaches static
equilibrium when the mandibular second molars have
extruded and the premolars have intruded, which may
cause bite opening. This is especially important in pa-
tients with a vertical facial-growth pattern.'

Molar offset and toe-in are examples of step bends in
the transverse direction. Figure 3-15 shows the force sys-
tem that occurs when an arch with a molar offset and
toe-in is placed in the attachments: same-directional
moments on the molar and second premolar. The bal-
ancing forces tend to move the molar buccally and the
second premolar palatally.

[ Straight-Wire Mechanics

In the first mechanism explained previously, a pre-
formed continuous wire is inserted into the preangu-
lated bracket slots. In the second (V-bends and stepped-
arch mechanics), an archwire is placed in the bracket

slots located on the same plane.’ In both mechanisms,

the moments acting on the brackets are proportional to

the wire-bracket angulations and are equal for a certain

wire-bracket angulation. In other words, if an interaction

between the wire and bracket is desired, it does not mat-
ter whether the bracket is angulated to the wire plane or
the wire is placed in angulated brackets. If the wire-
bracket angulation is the same, the moments applied to

both brackets will also be the same (Fig 3-16).

This idea puts forward the main difference between
straight-wire and standard edgewise techniques. In the
latter, the wire must be bent and actively placed in a
nonangulated slot to obtain a moment such as tipback,
antirotation, toe-in, antitip, torque, or gable bend. In the
straight-wire system, however, the archwire creates an
immediate moment on the teeth from the time it is en-
gaged in the preangulated bracket slots. Clinically, the
differences between these two configurations have cer-
tain mechanical implications.

For example, if the treatment goal is to distalize a ca-
nine using a segmented arch in the standard edgewise
technique (Fig 3-17a), an antitip bend (13 degrees in the
example) must be placed in the wire to achieve the de-
sired controlled tipping. Assuming that the antitip bend
applies a counterclockwise moment of 1,050 g-mm
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3 | Analysis of Two-Tooth Mechanics

Fig 317 (a) In standard edgewise mechanics, an antitip bend (second-order bend of 13 degrees) must be placed to move the canine with a con-
trolled tipping movement (b) In straight-wire mechanics, second-order angulation already exists in the bracket, so the moment (M2) starts to work

as soon as the straight wire is placed in the bracket

Fig 318 Undesired open bite due to engagement of a flexible straight wire in the bracket of a high canine. Initial interdigitation of the posterior
segment between premolars (a to c) has been lost after only 1 month of treatment (d to 0. Note that the open bite occurred mainly because of pro-
trusion of the maxillary incisors and intrusion of the premolars. If the first premolars had been extracted, the adjacent teeth would have been ex-

pected to tip toward the extraction sites.

(M/F ratio, 7:1), a distal force of 150 g must be applied
by activating the reverse closing loop. To increase this
M/F ratio, either the degree of the antitip bend can be in-
creased or the magnitude of the force can be decreased.
On the other hand, when a straight wire is placed in
a straight-wire bracket having a 13-degree angulation, the

same 1,050-g-mm positive moment occurs (Fig 3-17b).
To distalize this tooth with controlled tipping, making
an extra bend is not necessary because the antitip an-
gulation is already built into the bracket. With this mo-
ment, the crown tends to move mesially and the root
distally. To reach the M/F ratio of 7:1, applying a distal
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Fig 319 Elastic archwire inserted into a high canine bracket de-

forms the general arch form and sometimes causes canting of the
occlusal plane.

force of 150 g to the bracket will be sufficient. In this
example, friction between the wire and bracket has not
been taken into consideration.

Straight-wire mechanics depend on bracket inclina-
tions, tooth positions, and general form of the dental
arch. It is usually difficult to predetermine what will
be the final cant of the occlusal plane when a straight
wire is passed through all the brackets. In other words,
straight-wire mechanics are statically indeterminate.
Figure 3-18 shows an example of an adverse effect that
can occur with a straight wire placed in the bracket of a
high canine. Owing to the position of the canine, an an-
terior open bite has occurred by the incisors' flaring and
intrusion. Elastic archwires placed on high canines
(Fig 3-19) or ectopic teeth tend to deform the general
arch form and may cause canting of the occlusal plane.
Figure 3-20 shows three examples of mechanics used
to avoid the adverse effects of excessive wire deflection.

Laceback

The main difference between the two mechanisms ex-
plained above is that in an edgewise system, the M/F ra-
tio is controlled with wire bends, whereas in a straight-
wire system, it is predetermined by the angulation
built into the bracket. Therefore, to reduce the adverse
effects of straight wire—bracket angulations, especially

Straight Wire Mechanics

at the beginning of leveling, canines and molars must be

attached to each other firmly with a laceback ligature tie (
Figs 3-21 and 3-22). In this way, protrusion of the ca-
nine crown can be prevented as the root moves distally

around the center of rotation located on the crown. This

movement continues until the wire is completely deac-
tivated. If further distal movement of the canine is de-
sired, the laceback can be activated slightly. This causes

the tooth to return from root movement back to con-
trolled tipping.

If the laceback is activated excessively, the canine
crown tips farther distally at a rate allowed by the bend-
ing stiffness of the wire. During this process, as the an-
gulation between bracket and wire increases, the fric-
tion between these materials also increases. This results
in binding, which stops tooth movement. To resolve the
binding, one must wait until the tooth is totally up-
righted so the wire is deactivated. The length of this
period depends on the stiffness of the wire and biologic
factors such as the length of the root and the age and
density of the alveolar bone. Clinically, binding is a se-
rious adverse mechanical effect that can cause loss of
anchorage and wasted time. For more on binding, see
chapter 4.

If the canines are inclined vertically or are distally po-
sitioned, a straight wire passing through the angulated
canine bracket slot falls below the incisor brackets.
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3 | Analysis of Two-Tooth Mechanics

Fig 3-20 Four examples of mechanics used to
extrude a canine. (a) An open coil spring be-
tween the lateral incisor and premolar on 0.016-
inch stainless steel wire maintains the space
while preventing the adjacent teeth from tipping.
(b) A cantilever with a V-bend can be used to
move the canine down. The cantilever should be
attached to the canine with a ligature at only one
point to avoid unwanted moment (c) Reciprocal
anchorage to level maxillary and mandibular ca-
nines with an up-and-down elastic. (d)An auxil-
iary 0.014 or 0.016 NiTi wire can be used along
with a rectangular SS main archwire to bring the
high canine down.

Fig 3-21 Laceback prevents the crown from tipping and helps cor-
rect the inclination of an upright canine.

When the wire is engaged in the incisor brackets, three
possible effects can be observed.

First is the rowboat effect, which is caused by a coun-
terclockwise moment on the canine that strains the an-
chorage.w This moment tends to push the crown for-
ward, resulting in incisor protrusion, which can be
prevented only by means of a laceback.

In Class II, division 1 extraction cases, the rowboat
effect is an undesirable side effect because of the round
tripping or jiggling effect,’*> which may occur during
retraction of anterior teeth and result in root resorption.
Laceback can prevent the canine crown from tipping
forward. In Class II, division 2 nonextraction cases, in-
cisor protrusion may be desirable; therefore, use of a
straight wire will help induce anterior protrusion as well
as quick alignment.

68



Conclusion

Fig 3.22 (a) To avoid extrusion, if a straight wire passing through a vertically positioned canine bracket passes below the incisors, one should not
place the wire in the incisor brackets. (b and c) In this case, instead of using nickel titanium (NiTi) wires, thin stainless steel wires with step-up bends
bypassing the incisor brackets may be used. This is a desirable approach for treating anterior open bites needing correction by incisor extrusion.

Fig 3.23 (a) The bowing effect may cause bite deepening because of the canine position. (b) If a bendable wire is used, a step-up can be bent
to bypass the incisors gingivally. If the stepped arch is engaged in the anterior brackets, it will cause the canine crown to tip distally because of the

clockwise moment.

The second effect is deepening of the bite (bowing ef-
fect; Fig 3-23a). Deepening of the bite during treatment
is usually not a desired effect unless it is indicated in an
anterior open bite that needs to be corrected by maxil-
lary incisor extrusion. To diagnose or predetermine this
effect, place the archwire in the canine bracket slot be-
fore ligating it. If the anterior part of the wire runs below
the incisor brackets, it should not be tied to the brack-
ets to avoid incisor extrusion. If a bendable wire is used,
a step-up can be bent to bypass the incisors gingivally.
Another method is to place a continuous intrusion arch
along with the straight wire. The extrusive effect of the
straight wire would therefore be compensated for by
the intrusion arch.

If the stepped, bypass archwire is not left passive and
is engaged in the incisors to intrude them or prevent
them from extruding, it will cause the canine crown to

tip more distally owing to the clockwise moment oc-
curring on its bracket (Fig 3-23b).

In the explanations above, the main reasons for the
adverse effects are the positions or axial inclinations of
the teeth or the brackets. If the problem is caused by
the axial inclinations of the canines, it is important to
upright them with a laceback before inserting a continu-
ous wire.

| Conclusion

In the analysis of the relationship between two teeth,
the slot sizes and bracket widths are assumed to be
equal in all the examples given here. Naturally, as the
slot sizes and widths change, the magnitudes of the bal-
ancing forces and the moments also change. In clinical
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3 | Analysis of Two-Tooth Mechanics

application, the density of the alveolar bone in which the
teeth are located; patient's age, occlusal forces, habits,

soft tissues, and parafunctions; number and length of
the roots; and other factors can affect the biomechanics
of tooth movement. These biomechanics depend on

basic physical laws, which must be considered in de-
signing archwire configurations and their placement

into preadjusted brackets. Straight-wire mechanics are

combinations of two-tooth relationships. When an arch-
wire is ligated, it is not possible to accurately predeter-
mine the magnitude of the moments and balancing forces
nor their directions, making them statically indetermi-
nate mechanics. Straight-wire mechanics are also called

shape-driven mechanics because they are directly affected

by the locations of the teeth, their axial inclinations, and
the arch forms.'
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| Frictional Systems

Friction

When two objects in contact are forced to move on
each other, the resistant force that occurs at the contact
surface opposite the direction of movement is friction.
Friction that exists before one of the objects starts to
move is called static frictional force. Static friction is the
amount of force necessary to start movement of an ob-
ject in a static state. Kinetic friction (or dynamic
friction) is the friction that exists during the movement
of the object, and it is the amount of force that the object
must overcome to continue moving. A typical friction
graph is shown in Fig 4-1. Static friction is proportional
to the force; as the force increases, the friction also
increases. When the force comes to a critical point (f
max), the static friction is overridden and the object
starts to move. From this point on, resistance to
movement of the object is called Ainetic fruction.
Theoretically, kinetic friction has lower values than
static friction.

Friction between solid objects can be rolling or sliding,
depending on the type of movement. Because orthodon-
tic tooth movement is a slow process, the wire and

Thvranlrat wAlabinmalhiin Anin Asrlailiide lhadlh Adbndin A A Tl Abia

rictionless
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forms of sliding friction because the application of force
starts a complex biomechanical relationship between
the wire-bracket-ligature-tooth-periodontium system and
the alveolar bone. Before we give this relationship any
detailed consideration, it is necessary to understand fric-
tion.

When a book on a table is in a stable state, it applies
a load or force (A) equal to its weight on the table (Fig
4-2a). The table conducts a force (N) on the book of the
same magnitude and in the opposite direction. Force A
is the result of many force vectors spread over the en-
tire surface of the book; if the book is of a homogenous
structure, these force vectors will spread out equally
on the contact surface, so the resultant vector of these
forces is located in the geometric center of the book.
The same conditions are valid for the resultant force N.

If the book is pushed lightly from left to right (Fig
4-2b), because of the force acting on the book (P), the
magnitude, direction, and point of application of the
force N begin to change, and so does the book's ho-
mogenous distribution. The cause of this is the rough-
ness of the contact surface. Let's assume for a moment
that the contact surface is a frictionless and vacuumed
environment. In this case, after starting movement with
a minor force (P), the book would maintain its velocity

71



4 Frictional and Frictionless Systems

Fig 4-1 A typical friction graph. As the acti-
vating force (P) increases, the frictional force

(f) also increases. The object starts to move as
soon as the static frictional resistance is over-
ridden. Dynamic (kinetic) friction, which is

slightly less than static frictional force, starts

from this point forward.' (Reprinted from Niko-
lai' with permission.)

and direction in accordance with Newton's first law, and
no changes in the magnitude, direction, or point of ap-
plication of the N force would occur. However, in this
example, there is a rough, interlocking contact surface
between the table and the book that could be seen if ex-
amined under a microscope. When the book is pushed
with horizontal force P, it does not start to move im-
mediately because of the resistant force (ie, friction) re-
sulting from the interaction between these two materi-
als. This resistance (frictional force [f]) is equal to and
opposite force P, creating a resultant force (R).

If force P is increased up to the critical point, the fric-
tional force f reaches the maximum level (f max). If
force P exceeds the critical limit, the static frictional
force will be overcome and the book will start to move.
The book is now transferred from a static state to a dy

Fig 4-2 (a) When a book on a table is in a

stable state, it applies a load (A) equal to its

weight on the table. The table also applies

equal and opposite force (N) on the book. (b)
If a light horizontal force (P) is applied to the

book from left to right, the book does not

move immediately because of the static fric-
tional force (f) between the book and the

table. This force, which is tangent to the con-
tact surface between the book and the table

and opposite in direction, creates a resultant
force (R).

namic state, and the frictional force f becomes
dynamic (f dynamic) and decreases.

The values of f max and f dynamic depend on the
magnitude of force A (the weight of the book in the ex-
ample) and the coefficient of friction (p) of the surfaces
in contact (f= p X A). This means that whether the ob-
ject is in a static or dynamic state, the frictional force
depends on the coefficient of friction of the surfaces in
contact and the normal force between objects. In other
words, the frictional resistance between the book and
the table in this example depends on the weight of the
book and the roughness of the surfaces. As the book's
normal force (weight) or the coefficient of friction in-
creases, the friction also increases, and the force neces-
sary to initiate the movement of the book (to
overcome f max) also increases proportionally.
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Fig 4-3 Friction exists during all movements in which the wire is in
contact with the bracket and ligature. During leveling, when a flexible
wire is placed in a high canine bracket, the tooth moves downward
with the elasticity of the wire. As the curved wire is deactivated, it

straightens by sliding through the adjacent brackets, with friction oc-
curring between the wire, bracket, and ligature materials.?

is a direct proportion between force P and force f (ie,
friction).

Theoretically, this equation is independent of the
width of the contact surface. For example, when we
push a box along the floor, the friction is always the
same whether we stand the box vertically or horizon-
tally. Whereas, if we push two boxes placed on top of
one another, the amount of friction will be twice as
much because the weight is double; however, a larger
contact surface increases the possibility of interaction
between the objects. Thus, even though friction in the-
ory is independent of the objects' contact surface, in
practice the size of the contact surface is significant and
must be considered.

The ratio between load A and friction (f) is constant
=f/A). This ratio is called the coefficient of static and
kinetic (dynamic) friction, and it is shown as p.s and pk, re-
spectively. The coefficient of static friction is higher than
that of kinetic friction, and it especially concerns or-
thodontists because a significant portion of the force ap-

plied to the tooth is spent overcoming the static fric-
tional resistance between the wire, ligature, and bracket.

Analysis of the bracket-wire frictional
relationship

Generally, friction is thought to occur only when a tooth
slides along the archwire. Friction occurs, however, in
all situations in which the wire is in contact with the
bracket or ligature and in which there is a tendency for
movement. For example, during leveling, a flexible

Frictional Systems

archwire is placed in the brackets located at different

levels and angulations to each other. The movement of
teeth slides the wire through the bracket slots and tubes,
resulting in friction between all the materials in contact:
brackets, tubes, wire, and ligatures (Fig 4-3). Friction has
an important impact on the efficiency of orthodontic
mechanics because approximately 40% to 50% of the
force used for tooth movement is lost to friction." Fric-
tion, or binding, which prevents the wire from sliding
through the bracket slots, can delay and even halt tooth
movement.

For a better understanding of the bracket-wire rela-
tionship, let's analyze the movements of a canine sliding
along the archwire. Before distalization, a passive rela-
tionship exists between the canine bracket and the arch-
wire (Fig 4-4a). When a constant, distal force is applied
to the bracket, the tooth tips distally and the mesial wing
of the bracket applies a downward force while the dis-
tal wing applies an upward force, creating a couple (
clockwise moment, MI), as shown in Fig 4-4b. The de-
flected wire applies an opposite couple of equal magni-
tude to the wings of the bracket (counterclockwise mo-
ment, M2). The deflection of the wire is proportional to
its stiffness in the load/deflection rate so that, for a given
force, the deflection of stiff wires (such as stainless steel |
SS)) is fairly low. As the angle (amount of tipping) be-
tween the wire and bracket slot increases, the friction
also increases proportionally. When a certain point is
reached, the wire resists and no more deflection occurs;
thus, the tipping stops. The tooth starts to upright with
M2 moment as the normal force is reduced. By over-
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4 1 Frictional and Frictionless Systems

Fig 4-4 Stages of canine distalization with sliding mechanics. From
the effect of force F (a), the tooth tips distally (M “l) and touches the

wire, then starts to upright from the counterclockwise moment (M2)

applied by the wire to the bracket (b). When the static frictional resis-
tance between the wire and bracket is overridden (c), the tooth starts
to move distally by sliding along the wire. Canine distalization is

achieved with multiple tipping-uprighting cycles like this one.

Fig 4.5 In the transverse dimension, distopalatal rotation occurs on
the canine because of the force applied to the tooth. This rotational ef-
fect can be eliminated by the opposite couple of force that the bracket
and ligature apply to the wire. During distalization, several rotational
and counterrotational movements occur, d, perpendicular distance
from the center of resistance to the line of action of the force (F),

Fig 4-6 (a to c) During canine distalization, friction occurs on at least six points between the wire, bracket,

and ligature.

coming the static frictional force, the tooth starts to
move and slides along the straightened wire (Fig 4-4c).

Excessive tooth tipping (high angulation between
archwire and bracket) causes binding, and excessive
distal force may lead to permanent deformation of the
wire. Canine distalization along a wire is realized with
tipping-uprighting cycles.'

In the transverse plane, as the force is applied from
the buccal side of the canine's center of resistance, the

tooth rotates in a distopalatal direction (clockwise rota-
tion; Fig 4-5). This effect is counteracted by an opposite
couple from the ligature (counterclockwise rotation).

During this distalization, several rotational and coun-
terrotational movements occur.

The amount of tipping and rotation is inversely pro-
portional to the stiffness of the wire. The tooth tips more
easily on highly elastic wires; however, uprighting is
much harder. On a stiff wire, the tooth tips slightly and
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uprights quickly. The clearance between the wire and

bracket slot is also important for the amount of tipping.

If the wire is stiff but its diameter is small, the amount
of tipping will be that much more. During leveling, thin-
ner wires cause less friction because they can slide eas-
ily through the bracket slots. However, in sliding me-
chanics such as canine distalization, SS wires (0.016-inch
or 0.016 X 0.022—inch in 0.018-inch brackets) should be

used to keep tipping and friction at an optimum level.

In sliding mechanics, a minimum play of 0.002 inch in

the bracket slot is necessary to minimize tipping and ob-
tain effective sliding.

During canine distalization, friction occurs on at least
six points between the wire, bracket, and ligature (Fig
4-6). Static or kinetic frictional forces can delay or stop
tooth movement. Frictional forces are clinically unpre-
dictable because friction is a multifactorial phenom-
enon. As friction delays tooth movement, the move-
ment site becomes an anchorage site. If the frictional
force is excessive, the posterior teeth start to move be-
cause the amount of force becomes an optimum force
for anchorage teeth.

Factors that affect friction between bracket and wire
Clinically, a number of factors may cause friction (Box
4-1), the amount of which varies depending not only
on the magnitude of the force but also on the type of
materials used and their surface characteristics. The

amount of friction between smooth surfaces is obviously
less than that between rough surfaces. However, several
factors such as material, tightness of ligature, saliva,

bracket width, and wire size can also affect friction. Be-
cause the consequences can directly affect the clinical

outcome, this subject is examined in detail.

Bracket

Properties related to bracket material Among orth-
odontic bracket materials, the greatest friction occurs in
plastic (polycarbonate)®' and ceramic brackets,* and the
lowest occurs in SS brackets. To eliminate the drawbacks
caused by the friction of plastic—and some ceramic—
brackets, manufacturers are inserting a metal slot (eg,
Clarity [3M Unitek) into the ceramic body.2>1517262%
Monocrystalline and polycrystalline alumina are two
common ceramic bracket material structures. Alumina
is known as the third-hardest material? and it has been
observed through x-ray element analysis that hard ce-
ramic brackets "scratch" the surfaces of titanium wires.*
Recently, brackets with smoother slot surfaces have
been manufactured to avoid this disadvantage.? Even
though the surface roughness of monocrystalline alu-
mina is less than that of polycrystalline alumina, their
frictional properties are very similar.?

Bracket width Some studies claim both narrow’'10"!
and wide brackets:*'3!* cause less friction between the
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4 | Frictional and Frictionless Systems

wire and bracket. When a tooth tips, the normal force

applied to the wire by narrow bracket wings is higher

than that of wide brackets (see Fig 1-19); therefore, the

friction between the wire and the bracket is expected to

be higher. The contradictions between these studies

come from differences in the study designs and the ma-
terials used. The fact that the wire has more play in the

bracket slot of a narrow bracket than in a wide bracket—
causing less interaction between the wire and bracket—
must not be overlooked. Clinically, medium or wide

brackets are preferred, particularly in extraction cases

wherein movement control in the transverse plane is

important.

In conventional edgewise brackets, the wire is en-
gaged with a ligature by pressing it toward the base of
the slot. The firmer this tie, the harder it is for the
bracket to slide on the wire, because the normal force is
high, causing more friction. Some brackets have been
designed and manufactured to avoid this drawback.
Friction Free (American Orthodontics) and Synergy (
RMO) brackets have been claimed to reduce the nor-
mal force of ligation and to allow the wire to move
freely in the bracket slot. The frictional resistance values
of the Friction Free brackets were found to be much
lower than those of other brackets.® Nevertheless, these
brackets are not fully effective clinically because they
do not permit the ligated wire to transfer its full poten-
tial to tooth movement.

Bracket manufacturing technique Friction from milled
brackets was found to be higher than that from cast and
sintered brackets.®®3® These results were supported by
scanning electron microscope views of the bracket slots
studied; these pictures showed that sintered brackets
have fairly smooth slot surfaces. The edges of cast bracket
slots are rougher than those of sintered ones. Milled
brackets, however, occasionally have sharp burs on the
edges of their slots that may affect frictional resistance.

Wire

Lubrication by saliva The effect of saliva and its role

as a lubricant for reducing the amount of friction is con-
troversial Andreasen and Quevedou used human saliva
in their study on frictional resistance and found no dif-
ference with or without saliva. They stated that the

role of sdivawasinsignificant. Kusy et a1?° tested the

use of human saliva in their experiments on frictional
resistance. They reported that saliva only decreased fric-
tion with (3titanium and nickel-titanium (NiTi) arch-
wires. The levels registered for SS and chrome-cobalt
wires were higher than those obtained in dry Sate.

Wire material The most commonly used wires, listed
from lowest to highest in terms of their surface rough-
ness, are SS, chrome-cobalt, NiTi, and 13-titanium The-
oretically, wire-bracket friction increases as the surface
roughness of the wire increases. However, this has not
been verified either experimentally or clinically.>!%1316
Clinicians know that a NiTi wire, despite its high sur-
face roughness, can "creep" through the bracket slots
and tubes, causing soft tissue irritation. This is probably
because of its high flexibility and the fact that it moves
easily from the effects of chewing cycles and brushing.
In addition, saliva may also help reduce the friction by
lubricating contact surfaces.

Properties related to wire size and cross-section It
is well documented that for the same bracket and wire
material, frictional forces increase as the wire size in-
creases, and rectangular wires cause higher friction than
round wires do.*"#12 These values are higher for rect-
angular NiTi and (3titanium wires, which have rougher
surfaces than SS and chrome-cobalt wires.

Factors related to interbracket distance As the inter-
bracket distance increases, stiffness of the wire decreases.
For a given force, an elastic wire deflects more than a
stiffer one. The more a wire deflects, the more the tooth
tips; thus, the angle between the wire and the bracket in-
creases, resulting in binding and higher friction. In-
creasing the stiffness of the wire to avoid friction might
be a solution, but, as mentioned previously, thicker,
rectangular wires cause more friction than thinner,
round ones. Sometimes high friction can be avoided
during canine retraction if the ends of a thin wire are
cinched back tightly, stiffening the wire. Clinically, as
the clearance between the bracket slot and wire in-
creases, control over tooth movement decreases. Proffit
37 suggests keeping at least 0.002 inch of play between
wire size and slot size to sufficiently control movement.
This is also true from the friction point of view. Ac-
cording to Drescher et al,® the bracket of a canine slid-
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ing over a 0.016 X 0.022-inch wire contacts it on the
second order (ie, the 0.016-inch side), and both this
wire and a 0.016-inch round wire produce less friction
than thicker wires. Therefore, 0.016-inch and 0.016 X
0.022-inch SS wires (in 0.018-inch slots) seem to be
the best options for controlling both friction and tooth
movement.

Ligature
Effect of ligation Archwires are ligated to brackets by
three different methods:

* Elastic modules
* Wire ligatures
* Self-ligating brackets

The tightness of the ligature and the wire's pressure on
the bracket slot (normal force) directly affect the amount
of friction between these materials. In self-ligating brack-
ets, a springy cap or clips join the wire and bracket. The
normal force applied by the cap on the wire is standard.
Frictional forces obtained with these brackets are ap-
proximately the same as * or slightly lower than those of
elastic or wire ligatures® (Fig 4-7).

Wire ligatures cause less friction than elastic ones.
However, ligation force (normal force) plays an impor-
tant role in friction. If the archwire is tightly ligated,
there will be high normal force, which will increase re-
sistance to sliding. Elastic ligatures may be better than
wire ones because they apply a standard and more con-
trolled force throughout treatment. Practically, because
the frictional coefficient does not change, loosening the
elastic ligatures before placement or allowing them to
relax in the oral environment would not affect the fric-
tional force very much. During sliding mechanics, es-
pecially in canine distalization, where friction is a fore-
most concern, wire ligature is generally preferred over
elastic. In this case, it is better to tie the ligature only
from the distal wing of the bracket and to tie it loose
enough to allow tooth movement. Clinically, it is not
easy to standardize the tightness of ligatures. A practical
method for this is to tighten the wire by placing the tip
of a probe between the ligature and the bracket and
moving the ligature slightly after removing the probe.
By so doing, the ligature is tight enough to control tooth
movement yet loose enough to allow sliding.

Frictional Systems

Fig 4-7 Self-ligating brackets allow the wire to move freely through
the slot More play between wire and slot results in less friction but
also less movement control.

Force

As explained previously, the main reason for friction

during canine distalization is the force applied to the

bracket. Because the line of action of this force does not
pass through the center of resistance, the tooth tips dis-
tally and causes friction between bracket and wire. By
reducing the amount of tipping (reducing the force),

friction can be reduced. It is therefore necessary to

move the line of action of the force closer to the center
of resistance. To do this, the force can be applied to a

power hook rather than at bracket level.? Power hooks

have different lengths. Even though this application can
be helpful to minimize tipping, long hooks are not prac-
tical because they may disturb the gums. They might

also cause hygiene problems, because food easily gets

stuck underneath. In practice, medium-length hooks (or
Kobayashi ligatures) are preferred.

Wire-bracket angle
The wire-bracket angle affects friction significantly: the

higher the angle, the greater the friction. This is partic-
ularly important when working with preadjusted brack-
ets. A flexible wire engaged in excessively tipped brack-
ets may cause high moments and thus high friction or
binding. Binding can be considered a lock preventing
the desired tooth from moving and causing anchorage
teeth to move instead (ie, anchorage loss). Even though
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thin, flexible wires are used at the beginning of level-
ing, some anchorage loss can be expected. Thanks to
new developments in material technology and tech-
niques, today's orthodontists are able to create alterna-
tive mechanisms to carry out the desired tooth move-
ment. For example, frictionless mechanics can be used
as an alternative to frictional systems.

| Frictionless Systems

Because the frictional system is statistically unpredictable
and multifactorial, researchers have been pushed to

look for more predictable force systems. The segmented

arch technique eliminates the disadvantages of the fric-
tional system.

Philosophy of the segmented arch technique

In the segmented arch technique, the dental arch is split
into two segments. The anterior segment consists of the
incisors and canines, and the posterior segment contains
the premolars and molars. The right and left sides of
the posterior segment are connected with a stabilizing
transpalatal arch. Both segments thus become two big "
teeth" with stiff rectangular archwires. In this tech-
nique, all movements are converted into a format of
relationships between two teeth (as explained in chap-
ter 3), thereby simplifying the force system and provid-
ing a predetermined and more controlled mechanism.
Each of these two big teeth has its own center of resis-
tance (Fig 4-8).

Fig 4-8 In the segmented arch technique, an-
terior and posterior teeth are incorporated into
two segments with rectangular wires. These

segments can be considered two big "teeth"

having their own centers of resistance.

A force system is predictable or statically determinate
if the amount of forces and moments is measurable (see
chapter 3). In the segmented arch technique, the mag-
nitude of a force applied to a segment can be measured
with a dynamometer; thus, the moment can be easily
calculated by measuring the distance between two at-
tachments. Presently, precalibrated wires are commonly
used to make results more predictable.38%

In the segmented arch technique, long interbracket
distances make it possible to apply light and long-range
forces. One can enhance this advantage by using bend-
able, flexible wires with high working range and low stiff-
ness, such as titanium-molybdenum alloy (TMA).*"

[ Comparing Frictional and Frictionless
Systems in Clinical Orthodontics

Space closure mechanics can be categorized as frictional
and frictionless systems. In the frictional system, the
teeth move by sliding along the archwire. This can be
likened to the movement of a train on rails. In the fric-
tionless system, however, the teeth are carried with the
arch by means of loops, which is analogous to a train
car being picked up and moved by a crane.

Frictional mechanics are performed on a continuous
archwire, including all teeth from molar to molar.
Thanks to preformed straight wires with very low
load/deflection rates and high springback, such as NiTij,
leveling is no longer a problem. Furthermore, chair
time has become shorter compared with conventional
mechanics that need multiloop archwires. However,
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Fig 4-9 Canine distalization along a flexible
archwire or excessive force may cause extru-
sion of the incisors and deepening of the bite
owing to excessive distal tipping.

straight wires can be affected by tooth positions, bracket

inclinations, and general form of the dental arch, thus
offering statically indeterminate mechanics. Further-
more, it may be difficult to predetermine the final in-
clinations of the occlusal planes. Intermaxillary vertical
elastics or headgear are often needed to keep interoc-
clusal relationships under control throughout treatment.
Despite these disadvantages, straight wires and fric-
tional mechanics are the most commonly used force
systems in daily practice because they are easy to apply
and require less chair time.

In frictionless mechanics, the teeth are moved as
groups or individually with loops. This enables the clin-
ician to avoid friction between brackets and archwires,
which, in space closure, will slow or retard long-range
tooth movement. In addition, controlling the amount
of forces and moments makes it possible to control ad-
verse mechanical effects that may be unavoidable with
straight wires.

Advantages of the frictional system

* Straight wires are easy to apply, thus requiring less
chair time.

* Patient discomfort (hygiene problems, soft tissue irri-
tation) is less common compared with looped wires.

* Leveling can be performed easily with highly flexible
NiTi wires.

¢ The whole dental arch can be controlled with only one
archwire.

Disadvantages of the frictional system

* Friction is a multifactorial phenomenon that makes
mechanics unpredictable. Any interaction between
wire, brackets, and ligatures causes friction; therefore,
anchorage loss is more likely to occur with frictional
mechanics.

* Occlusal plane inclination and interocclusal relation-
ships may need to be controlled by intermaxillary elas-
tics, microimplants, or headgear.

* Canine distalization along flexible archwires or ex-
cessive force application may cause extrusion of in-
cisors, resulting in anterior deep bite (Fig 4-9).

* En masse retraction is difficult without headgear,
which requires considerable patient cooperation.

Advantages of the frictionless system

* Effectively increases moment-to-force ratios by means
of loops. This allows for torque control of anterior teeth
during space closure.

* Lengthens the distance between points of force appli-
cation, thereby reducing the wire's load/deflection rate
and increasing its working range.

* Offers more predictable mechanics in which amounts
of force and moment are measurable.

* Selective mechanics such as incisor intrusion and molar
uprighting are easier to perform.
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Disadvantages of the frictionless system

* Loop bends require significant chair time.

* Loops can be uncomfortable for the patient and may
cause hygiene problems.

* Transverse control of the canines during distalization
is reduced compared with sliding mechanics

Orthodontic treatment requires controlled movement
through force control and patience. Whichever system
is chosen, some unpredictable adverse mechanical ef-
fects during treatment are to be expected. However, the
main goal can be achieved if biomechanical principles
are applied correctly.
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Anchoraco Conho

Anchorage is resistance against undesired tooth move-
ment. In modern orthodontics, anchorage loss can be a
significant complication during treatment. Therefore,
anchorage control is an important issue that needs to be
addressed right from the leveling stage.

Uncontrolled tipping is the easiest tooth movement
to accomplish with orthodontic appliances, whereas
root movement is the most difficult and complicated.
The concept of anchorage preparation has been used
for several years in the Tweed technique to reinforce an-
chorage through anchorage bends before anterior re-
traction. In those cases wherein anchorage bends are
not sufficient, the anchorage teeth must be actively re-
inforced with auxiliaries. This anchorage reinforcement
can be achieved in several ways.

Intraoral Methods
Increasing the number of teeth

The simplest and most practical way of reinforcing an-
chorage is to increase the number of teeth by binding
them together with a figure-eight ligature. The number
of roots and the root surface areas affect the anchorage
capacity of a tooth. Theoretically, a three-rooted tooth
has more anchorage value than a single-rooted tooth'

(Fig 5-1). The type of movement (ie, tipping or root
movement), however, defines the real capacity of the
anchorage of a tooth. Under the effect of root move-
ment, the anchorage value of a single-rooted tooth (ie,
maxillary canine) can overcome that of a maxillary
molar (ie, the rowboat effect; see chapter 3). Clinically,
as far as anchorage is concerned, one should not fully
rely on the number of teeth and roots, but on the force
system acting on them.

The Nance appliance

The Nance appliance is an auxiliary arch used in con-
junction with fixed appliances in moderate anchorage
cases. The Nance appliance has an acrylic button placed
anteriorly at the deepest point of the palate. The two
ends of the arch are either soldered to the palatal as-
pects of the maxillary molar bands or are inserted into
the palatal tubes. The shape and depth of the palate
plays an important role in the retention of the Nance
appliance. If the palate is shallow anteriorly, the acrylic
button may slide on the palatal mucosa, so narrower
and deeper palates are more suitable for this type of
retention. The acrylic button should be prepared wide
enough to cover the anterior part of the palate. A small
button will not provide enough anchorage support and
may puncture the palatal mucosa.
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Fig 5-1 Anchorage values of various teeth.' (Redrawn from Proffit'
with permission.)

Even though the mucosa in contact with the acrylic
button is resistant and covered with a thick keratin
layer, it might not resist high, continuous forces. It has
been shown that chronic inflammation has developed
on the mucosa under the acrylic button due to heat and
lack of hygiene.' The force, therefore, should be opti-
mal, and the Nance appliance should be removed as
soon as it is no longer needed for anchorage.

Uprighting springs

Uprighting springs are used to reinforce the resistance
of the first premolars, which serve as anchorage in

molar distalization with a combination of superelastic

nickel-titanium (NiTi) coil springs and the Nance appli-
ance. When these springs are activated after being placed
in the vertical slots of the premolar brackets, they apply
mesial root torque, creating resistance against mesially

directed forces by the coil springs (Fig 5-2).

Sliding jig

A sliding jig, used in combination with intramaxillary
and intermaxillary elastics, can be accepted as an an-
chorage reinforcement auxiliary. Consisting of a 0.7-mm
wire with a hook, the sliding jig slides along the main
archwire and transmits the Class II elastic force directly

Fig 5-2 Uprighting springs increase the resistance of premolars

against mesially directed forces during molar distalization, and a clock-
wise moment by the uprighting spring creates distal crown movement
of the first premolar.

to the molar. The mechanics of this appliance are ex-
plained in detail in chapter 8.

Cortical bone anchorage

The principle of the cortical bone method is based on

the biologic differences between cortical and trabecu-
lar bone. Teeth move more easily in trabecular bone

than in cortical bone. If the roots of the anchorage teeth
are in cortical bone, their resistance to movement is

increased. Ricketts' has suggested putting active lingual

root torque on mandibular canines to place them in tra-
becular bone before distalization to make movement

smoother.

Active buccal root torque can be placed in molars to
increase their anchorage against mesially directed forces.
A transpalatal arch can be used for this purpose. Both
ends of the arch should be inserted at equal angles into
the molar tubes to obtain equal and opposite moments
and avoid vertical balancing forces (Fig 5-3).

Transpalatal arch

Transpalatal arches reinforce posterior anchorage by in-
corporating maxillary right and left molars (see chapter
8). Root* stated that in a case involving a transpalatal
arch, the anchorage value needed to correct a maloc-
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Fig 5.3 Cortical bone anchorage prevents the molars from moving mesially. A transpalatal arch moves the roots by reciprocal anchorage. (a) Ob-
taining equal and opposite moments is important to avoid vertical balancing forces. (b) Unequal moments may cause an imbalance in the occlusion.

Fig 5.4 The lip bumper reinforces anchorage of the mandibular mo-
lars using mentalis muscle force.

clusion in the mandible decreases by 1 mm in approx-
imately 1 year. Soysal® claims that the transpalatal arch
can be an alternative to headgear even in cases needing
strong anchorage. However, the transpalatal arch can-
not resist anteroposterior forces as effectively as head-
gear, but it can be used in moderate anchorage cases.

Lip bumper

The lip bumper is used to reinforce anchorage of
mandibular molars by taking support from mentalis
muscle activity. In fact, it is a myofunctional appliance
used to eliminate the compressing effect of the mentalis
muscle forces on the mandibular dental arch, especially

in the transitional dentition. Retraction of the mentalis

and buccinator muscles causes an expansion of the

mandibular arch at the premolar and molar area and

protrusion of the incisors by the tongue forces. Expan-
sion of the molars can also be obtained by widening the

arms of the arch. Because the force is applied directly

onto the mandibular molars, it helps reinforce molar

anchorage and even helps upright them (Fig 5-4). As

the anteroposterior and transverse sizes of the mandibu-
lar arch are increased, mild crowding in the incisor area
can be corrected spontaneously.®” Size and stability of
arch form obtained with the lip bumper can be main-
tained with a lingual arch until eruption of the perma-
nent dentition.
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I Extraoral Appliances

Extraoral appliances have been the strongest and most

reliable anchorage reinforcement method for several

years. Approximately 300 to 350 g is sufficient force to

prevent the posterior teeth from moving mesially.® Pa-
tient cooperation is key to the success of headgear

treatment, and headgear timers can be helpful in that

area.’!!

Extraoral appliances can be categorized as those that
apply forces from anterior to posterior in Class II cases
and those that apply forces from posterior to anterior
in Class III cases. This chapter focuses on Class II types
that apply force by means of a facebow, which is used
in most cases.

The objectives of using extraoral appliances are listed
under five headings:

1. Anchorage reinforcement

2. Creating an orthopedic effect on the jaws
3. Providing vertical control of the face

4. Changing the occlusal plane inclination
5. Tooth movement

Anteroposterior force application

In skeletal Class II cases, the main purpose of extraoral
force is to control or redirect forward and downward
growth of the maxilla. Besides its skeletal effects, extra-
oral force also has dental effects such as distalizing max-
illary molars to gain space on the dental arch and rein-
force the anchorage. Extraoral appliances can be used
either on their own or combined with fixed appliances,
usually on the maxillary first molars.?'

Extraoral appliances are classified by different authors
according to their direction of force, length, or angula-
tion of their outer arms. Facebows of various dimen-
sions are manufactured according to dental arch sizes.
These are used with short, medium, or long outer arms,
depending on the needs of each patient. The aim here
is not to prescribe, but rather to state the general mechan-
ical principles of extraoral forces, helping orthodontists
select suitable appliances for their particular patients.

The main criterion in selecting extraoral appliances
is the vertical growth pattern of the face. In low-angle
cases, cervical-pull forces (cervical headgear) should be

used because the direction of pull is backward and
downward. The vertical component of this force vector
pulls the molars down, causing clockwise rotation of the
mandible. This leads to bite opening,® which is desir-
able in low-angle patients. In patients with high condy-
lar growth potential, the effect of cervical headgear can
be compensated for by condylar growth.!

In high-angle cases, a high-pull or vertical-pull ex-
traoral force, which applies an upward pull, must be
used. The pulling direction of these appliances is back-
ward and upward. This force direction provides vertical
control of the posterior segment by preventing eruption
of the molars and sometimes intruding them. In high-
angle cases, this prevents clockwise rotation of the
mandible and even promotes counterclockwise rota-
tion. For this to occur, however, the patient must have
sufficient condylar growth potential.

Analysis in the sagittal plane

Extraoral forces are applied between either the neck or
different parts of the head and the outer arms of the
facebow and transferred to the molars through the inner
arms. The relationship between the line of action of the
force and the center of resistance of the molars deter-
mines the movements of these teeth.

Cervical headgear

The application of cervical headgear on the molar tubes
is shown in Fig 5-5. The direction of force is backward
and downward; therefore, the force has horizontal and

vertical components. If translation of the molars is in-
dicated, the line of action of the force should pass

through the center of resistance of the molars (Fig 5-5a).
If the line of action passes below the center of resis-
tance, the molar undergoes clockwise rotation as well
as translation (Fig 5-5b). This will cause the crown to

move distally while the roots move mesially. If the line
of action of the force passes above the center of resis-
tance (Fig 5-5¢), the molar rotates counterclockwise as

well as translates.

Highpull headgear
High-pull force passing through the center of resistance

causes translation with intrusion (Fig 5-6a), while force
passing below the center of resistance causes clockwise
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Fig 5-5 The direction of force in cervical headgear is backward and downward. (a) If the line of action of the force passes through the center of
resistance of the molar, translation occurs in the direction of the force. (b) If the force passes below the center of resistance of the molar, a clock-
wise moment occurs. (c) If it passes above the center of resistance, a counterclockwise moment occurs. Note that the molar movement is deter-
mined by its relation with the center of resistance rather than the length of the outer arms or their angulations. As seen in Fig 5-5b, the results ob-
tained with the short arm angled upward, the medium-length arm nonangulated, or the long arm angled downward are mechanically the same

because they are on the same line of action.

Fig 5-6 Direction of force in a high-pull headgear is backward and upward. (a) Force passing through the center of resistance causes translation.
(b) Force passing below the center of resistance causes clockwise rotation. (c) Force passing above the center of resistance causes counter-

clockwise rotation.

rotation (Fig 5-6b), and force passing above the center
of resistance causes counterclockwise rotation of the
molars (Fig 5-6c).

Adjustment to the direction of force

Because the center of resistance of the molar is a stable
point, to change the direction of the resultant force of an
extraoral appliance, it is necessary to change either the
point of support (the neck in cervical headgear and the
parietal bone in high-pull headgear) or the length or
angle of the facebow. It is easier to make this change on
the head than on the neck. It is nearly impossible to
change the point of application of cervical headgear,

but on high-pull headgear, the point of support can be
moved slightly upward or downward. For example, in
skeletal open bite cases, if molar intrusion is desired, the
vertical vector should be as high as possible (Fig 5-7),
moving the point of support higher on the head. In this
case, because the vertical component of force is much
higher than the horizontal, the tooth will move upward
rather than backward.

If distal translation of the molars is indicated, the hor-
izontal vector should be increased. To achieve this, the
line of action of the force must pass between the parietal
bone and the neck (the support points of high-pull and
cervical headgears). When applying these types of extra-

oral appliances (called straight pull or combined headgear),
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Fig 5-7 In cases requiring vertical control or molar intrusion, it is nec-
essary to increase the vertical component of force applied by high-
pull headgear. To achieve this, the point of support should be moved
higher on the head.

Fig 5-9 When the molar tips distally, the front of the facebow moves
downward and presses upon the lower lip.

the resultant of the upward and downward force vec-
tors must pass through the center of resistance of the
molar (Fig 5-8).

In practice, translation of molars is a fairly difficult
movement because of the difficulty in determining a
tooth's center of resistance, which is theoretically ac-
cepted to be at the trifurcation of a three-rooted tooth.
Two practical methods can be suggested to determine
this point. The first one is to mark the position of the
molar on the cheek simply by visual determination. The
second is to mark it on the cephalometric film taken by

Fig 5-8 A straight-pull headgear, which is a combination of high-pull
and cervical headgears, can be used when distal translation of the
molar is desired.

Fig 5-10 Excessive distal tipping of the molars can cause extrusion
of the incisors and change the inclination of the occlusal plane.

applying a thin ligature wire between the outer arm and
the point of application (ie, the neck for cervical head-
gear and the occipital bone for high-pull headgear)

while the facebow is in the mouth. Intraoral adjustment
of the facebow can be done by measuring the distance
between the line of action (the ligature wire) and the

center of resistance on the cephalometric film.

Even if the center of resistance can be accurately de-
termined using these methods, the relationship between
the line of action of the force and the center of resis-
tance will change (and so will the force system) shortly
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Fig 5-11 (a) High-pull headgear force (F) applied upward on the buccal aspect of the molars can cause buccal tipping. (b) Cervical headgear force
applied downward on the buccal aspect of the molars can cause palatal tipping and posterior crossbite. d, distance.

after the tooth starts to move. In practice, checking the
movements of the molars on a regular basis is essential
to keep the force and movement under control.
Practically, the line of action of the force can be ad-

justed by bending the outer arms of the facebow up-
ward or downward, depending on the particular needs
of the patient. The vertical aspect of the front of the
facebow indicates the type of movement of the molar.
A downward movement of the facebow against the
lower lip indicates distal crown tipping (Fig 5-9). This
also indicates that the line of action of the force passes
below the center of resistance of the molar. To correct
this, bend the outer arms slightly upward. To check
whether this bend is correct, observe the movement of
the front of the facebow when force is applied. With
correct angulation, the facebow will show a slightly up-
ward deflection after force is applied. If this
deflection is excessive, the angulation is too high. On
the other hand, if the molar is tipped mesially, the
facebow will move upward and touch the upper lip. To
correct this, bend the outer arms downward for the line
of action of the force to pass below the center of
resistance. When force is applied to the bow, it must
deflect slightly downward. Force and movement
control should be addressed regularly to avoid
excessive molar tipping, because it can affect the
inclination of the maxillary occlusal plane (Fig 5-10).

Analysis in the frontal plane

Extraoral forces are applied to the molars through the
extraoral tubes located on the buccal aspects of these
teeth. Because these tubes are attached at a certain dis-
tance from the centers of resistance of the molars, a mo-
ment will occur during vertical movements (ie, extrusion
or intrusion). When high-pull headgear is used, buccal
expansion of the molars due to this moment is a com-
mon side effect. Sometimes this expansion can even
cause a buccal nonocclusion" (Fig 5-11a). During buc-
cal tipping of maxillary molars, the palatal cusps move
down and cause premature contacts with their mandib-
ular antagonists. In high-angle cases, premature contacts
may cause clockwise rotation of the mandible, combined
with an anterior open bite and a convex profile. In such
cases, use of a transpalatal arch to provide buccolingual
control of the molars is recommended. A transpalatal
arch can also help control molar vertical movements by
transferring the vertical pressure applied by the tongue
during swallowing (see chapter 8).

On the other hand, a downward force vector from
cervical headgear causes the molars to extrude and
tip palatally, which may lead to posterior crossbite (Fig
5-11b). To eliminate this adverse effect, the inner arms
of the facebow should be widened slightly before in-
serting into the tubes; it is even more effective to use a
transpalatal arch.
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Fig 5-12 In a symmetric headgear appliance, the magnitudes of the
right (F right) and left (F left) forces are equal. Because the lateral
components of the resultant forces (LI and Lr) are equal, they balance
each other out. Therefore, only the distal forces (P and Q) are effec-
tive on the molars. Dr and DI, right and left resultant distal force vec-
tors; Y, central line of the facebow; a and b, two equal sections of the

intraoral arch; a and f3, angles that occur between Y and F left and F
right.

Analysis in the transverse plane

Widening of the inner bow is also required to prevent
crossbite as the molars move into a wider portion of the
arch. With the high-pull headgear, however, it is not nec-
essary to widen the inner arms because transverse ex-
pansion will occur as a result of the intrusive force. Fig-
ure 5-12 shows a symmetric extraoral appliance that
applies forces with equal magnitudes on the outer arms
of the facebow. In such a facebow, whose outer arms
are assumed to be firmly soldered to the inner bow, the
right and left resultant forces (F right and F left) intersect
at the central line (Y) of the facebow, and the intraoral
arch is separated into two equal sections (a and b). Be-
cause the lengths of the outer arms are equal, the a and
(3 angles that occur between F right and F left and Y
are also the same. The lateral components balance each
other because they are equal and opposite; as a result,

Fig 5-13 If the joint between the inner arch and outer arms of the
facebow is not rigid enough, lateral force components may deflect the
inner arch, causing constriction of the maxillary dental arch and pos-
terior crossbite.

there are no lateral forces on the inner arms of the face-
bow, and only the distally directed Q and P forces ap-
plied to the molars remain in the system.

In a facebow in which the junction of the outer arms
and the inner arch is not rigid, as the outer arms deflect
with the effect of the force, the inner arch contracts and
causes the dental arch to narrow (Fig 5-13). The junc-
tion between the outer arms and inner arch, therefore,
must be rigid enough to avoid this undesired side effect.

Application of extraoral forces to the entire
dental arch

So far, the extraoral forces discussed in this chapter
have been applied only to the maxillary first molars.
Because a fixed appliance consists of multiple brackets,
a picture different from the foregoing is expected.
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Fig 5-14 The center of resistance in the maxilla
is located between the roots of the premolars. The
relationship of this center to the extraoral force de-
termines the type of movement of the whole arch.
If backward and upward movement is indicated, the
line of action of the extraoral force should pass
through the center of resistance (F2). A force pass-
ing above the center of resistance (Fl ) causes the
whole dental arch to rotate counterclockwise. If the
force passes below the center of resistance (F3), it
will cause clockwise rotation.

In a maxillary dental arch incorporated with a stiff
rectangular archwire, the center of resistance is located
between the roots of the first and second premolars (Fig
5-14). Extraoral force is again applied to the maxillary
molars. The relationship of the extraoral force to the
center of resistance of the maxillary "block” determines
the type of movement of the whole dental arch. If the
force passes though the center of resistance of the den-
tal arch (F2), it will translate backward and upward. This
is the desired type of movement for most skeletal Class
II patients with a normal vertical pattern.

If the line of action of the force passes above the cen-
ter of resistance (F1), the dental arch will be under the
influence of a counterclockwise moment, which results
in extrusion of the molars and intrusion of the incisors.
Molar extrusion will cause the bite to open with clock-
wise rotation of the mandible. This approach is indi-
cated in skeletal Class II, low-angle cases with anterior
deep bite. Force passing below the center of resistance
will cause the dental arch to rotate clockwise, resulting
in molar intrusion and incisor extrusion (F3). This is the
preferred approach for high-angle cases with anterior
open bite.

Extraoral Appliances

Application of asymmetric forces

Asymmetric extraoral force is needed in Class II sub-
division cases to distalize the Class II side and obtain a
Class I relationship. There are various types of extra-
oral appliances that apply asymmetric force; only the
most effective and practical types are discussed here.

Extraoral appliances with asymmetric arms

In extraoral appliances in which one arm is longer than
the other (Fig 5-15), the a. and 13 angles, formed by the
equal F left and F right resultant forces with the central
line Y, differ. Because the 13 angle is mathematically
higher than the cc angle, the magnitude of the Q force
acting on the right molar will be higher than that acting
on the left molar. Furthermore, there are differences be-
tween the lateral components Lr and Ll of the F right
and F left resultant forces. Thus, a lateral force vector to
the left will occur on the right molar as a result of this
difference.?’

When it is necessary to apply an asymmetric extrao-
ral force, the outer arm on the side where more force is
needed must be kept longer than the other outer arm.
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Fig 5-15 In asymmetric headgear appliances, one of the outer arms
is longer than the other. The magnitude of the distal force (C) effec-
tive on the molar by the long arm is higher than that applied by the

short arm (P). Because the lateral component (Lr) of the resultant

force applied to the side of the long arm is greater than the lateral

component (LI) of the short arm, there is a strong palatal force in ef-
fect on the longer-arm side, carrying the risk of forcing the molar on

that side into crossbite while it is being moved distally. Y, central line
of the facebow; a and [3, angles that occur between Y and the left and right
resultant forces. (Modified from Oosthuizen et al' 7 with permission.)

Fig 5-16 Bending one of the outer arms laterally has only a small ef-
fect on the asymmetric force vector. Y, central line of the facebow; a
and p, angles that occur between Y and the left and right resultant forces. (
Modified from Oosthuizen et all" with permission.)

Fig 5-17 The force of Class Il elastics from the canine hooks of the
facebow both increases the effect of the extraoral force and elimi-
nates the extrusive effect of conventional Class | | elastics on the max-
illary anterior teeth.
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Fig 5-18 With reverse headgear, because the force is applied to the
hooks (usually located at the level of the lower lip), the magnitude of

the force applied to the chin is higher than that applied to the fore-

head.

Even though it might be helpful to expand the longer

outer arm laterally, this will have minimal effect (Fig

5-16). In asymmetric force application, there is a con-
striction tendency on the molar side that receives the

more distal force. Thus, this molar could shift into cross-
bite with the effect of this lateral force. If one tries to

keep the inner arch wider to avoid this adverse effect,

the other molar may expand into buccal nonocclusion.

In such applications, excessive forces must be avoided

and the use of a transpalatal arch is recommended for

better molar control.""

Canine hooks

Hooks soldered on the facebow at the level of the ca-
nines (called canine hooks) are used to accept Class II
elastics to increase the distalization effect of the extrao-
ral force on the maxillary molar and to help avoid the
extrusive effect of conventional Class II elastics placed
on the maxillary anterior teeth (Fig 5-17).

Reverse headgears
Reverse headgears are also known as protraction head-

gears or orthopedic facemasks. They are principally used
in the following situations:

Extraoral Appliances

» Skeletal Class III cases with maxillary retrusion or
micrognathia
* Minimum anchorage cases

The idea of protruding the maxilla (introduced by
Oppenheim in 1944) was effectively brought to life with
an orthopedic facemask developed by Delaire at the
end of the 1960s. This appliance was then used in dif-
ferent forms by various researchers without any alter-
ation in its fundamental mechanism.""

Delaire's orthopedic facemask, which is at present the
most commonly used reverse headgear, consists of
three main sections (Fig 5-18):

* A section taking support from the forehead

* A section taking support from the tip of the chin
* A prelabial arch to which force is applied

Approximately 800 to 1,500 g of force can be applied
to achieve an orthopedic effect from reverse headgears.
To apply forces of such high magnitude, the maxillary
teeth must be tied together tightly by means of rectan-
gular wire or cast in a maxillary splint.*
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Most patients with maxillary retrusion or microg-
nathia exhibit serious maxillary constriction. In these
cases, it is necessary to expand the maxilla using rapid
maxillary (or palatal) expansion before protraction with
reverse headgear. With rapid maxillary expansion,
point A is expected to come slightly forward.?* The
orthopedic forces of reverse headgear can be applied
on either the hooks of a cast rapid-expansion appliance
or on hooks crimped (or soldered) on a stiff
rectangular archwire.

With reverse headgear, the maxilla moves forward by
rotating counterclockwise around a point located near
the frontomaxillary suture. During this process, the
maxillary dental arch advances on the basal bone in a
manner called drawer movement. "' Even though the
whole dental arch is tied with a stiff rectangular arch-
wire and undergoes an orthopedic effect, it is impossi-
ble to avoid some dental changes. Protraction of the
maxillary incisors is particularly common.

During protrusion of the maxilla, certain changes also
occur in the mandible. Owing to the distal force applied
to the tip of the chin, the mandible rotates clockwise,*?
leading to overbite reduction and a convex soft tissue
profile. This effect is not desired in high-angle cases.
Therefore, in reverse headgear applications, the vertical
facial pattern of the patient must be taken into consid-
eration. In particular, applications in high-angle cases
should be avoided.

When reverse headgear is used in cases with a high-
angle tendency, the point of application and the direc-
tion of the force are even more important. When the
force is applied to the molars, the line of action passes
below the center of resistance of the maxillary dental

Fig 5-19 In reverse headgear applications, if the line
of action of the force passes below the center of re-
sistance of the upper dental arch (a), it causes coun-
terclockwise rotation of the whole arch. This results in
extrusion of the molars and an anterior open bite. To
avoid this adverse effect, the force must be applied to
the power hooks between the canines and lateral in-

cisors so that the line of action passes through the
center of resistance or above it (b).

arch and causes counterclockwise rotation of the whole
arch, resulting in extrusion of the molars and opening of
the bite (ain Fig 5-19). To avoid this, the line of action
of the force should pass through or slightly above the
center of resistance of the maxillary arch by way of
power hooks placed between the canines and lateral in-
cisors and angulated approximately 30 to 45 degrees to

the maxillary occlusal plane (bin Fig 5-19).

As the maxillary anterior teeth move forward in re-
verse headgear application, the mandibular incisors
tend to move lingually with the chin cap pressure.® To
prevent possible mandibular incisor crowding, some
lingual root torque can be applied to these teeth. Con-
versely, labial root torque can be given to the maxillary
incisors if the clinician does not want to increase their
axial inclinations. Fenn?* and Subtelny" have suggested
that this torque increases the thickness of the cortical
layer and the development of point A and also prevents
undesired extrusion of the maxillary incisors.

In minimum anchorage cases, reverse headgear can
be applied to the mandibular premolars or molars. In
these cases, the line of action of the force should be
forward and slightly upward to avoid irritation of the
lower lip.

With headgear application, an accurate treatment plan,
timing, and patient cooperation are all vital to success.
An orthopedic effect can be best achieved before clo-
sure of the maxillary sutures and completion of the
pubertal growth period. Thus, the results achieved after
this period (in young adulthood or adulthood) will be
mostly dental.®® Because tongue position can cause
relapse after reverse headgear application, a functional
tongue raiser, in the form of an acrylic plate, can direct
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the tongue forward and upward and help ensure per-
manent results.>

I Temporary Anchorage Devices

Because anchorage plays such an important role in or-
thodontic mechanics, a reliable source of anchorage for
efficient tooth movement has long been sought. Al-
though headgear has been the most reliable and pow-
erful source of anchorage, this device is dependent on
patient compliance; should that cooperation be lacking,
the success of treatment would be at risk. Temporary
anchorage devices (TADs), also called wzicroimplants, re-
cently introduced to the world of orthodontics, seem to
be reliable intraoral sources of anchorage; thus, they
have become a common treatment tool in many clinics
worldwide. A number of studies suggest that TADs pro-
duce sufficient anchorage against orthodontic forces.®>*
Their stability and clinical efficiency, however, have
been the topics of several additional studies. In this
section, the principles of microimplant application and
their biomechanical considerations are examined.

Rationale for use of microimplants

There are a number of reasons microimplants are being
widely accepted by clinicians, including:

* TADs provide absolute anchorage similar to an anky-
losed tooth; thus, undesirable movement in reaction
to applied force can be avoided.*?

* They do not rely on patient cooperation.

* Because of their small size, they can easily be inserted
anywhere in the mouth where there is adequate bone
support. The insertion requires only a simple surgical
process, which can be performed under clinical con-
ditions.

* They can easily be removed when anchorage is no
longer needed.

* The fact that microimplants can be inserted anywhere
in the mouth offers a variety of mechanical combina-
tions. For example, en masse retraction in a maximum
anchorage case, which is extremely challenging with
conventional mechanics, could be easily performed
using microimplant anchorage mechanics.

Temporary Anchorage Devices

* Unlike dental implants, TADs can have orthodontic
force applied shortly after insertion, which saves time
at the clinic.

* Microimplant anchorage mechanics help correct
several challenging problems, such as open bite, deep
bite, asymmetry, molar uprighting, and scissors bite. It
enables clinicians to focus directly on the main prob-
lem without spending time on leveling and alignment.
For example, in a high-angle case wherein the man-
dibular molars have tipped mesially because of loss of
premolars, molar uprighting needs to be accomplished
by intrusion—a fairly complicated procedure requiring
high anchorage and heavy archwires in the anterior
segment. Leveling before uprighting usually com-
prises a lengthy portion of the overall treatment time.
Using microimplant anchorage mechanics, however,
molar uprighting can be performed independent of
other parts of the dental arch without the need for
anchorage preparation.

Stability of microimplants

One of the most important requirements of microim-
plant use is stability during treatment. Treatment suc-
cess with TADs has been increasing dramatically thanks
to cutting-edge technology and improved materials, de-
sign, and insertion techniques. Among the factors that
affect microimplant stability, thickness and volume of
the cortical bone are the most important. Likewise,
thickness and length of the implant, amount of force
applied, inflammation of peri-implant tissues, and man-
dibular plane angle need to be taken into consideration
during application.**3 The length of time after micro-
implant insertion was not found to be associated with
stability, but several studies suggest that the
application of force can be a factor.*# Sufficient
mechanical interdigitation between cortical bone and the
TAD is an important component that affects stability.
According to Tsunori et a1¢ and Masumoto et al,* patients
with high mandibular plane angles are at higher risk for
instability of microimplants because they have thinner
cortical bone in the mandibular first molar region than
patients with low mandibular plane angles. They suggest
the use of microimplants with a diameter larger than
2.3 mm or miniplates in high-angle cases.
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Biomechanical considerations

The same biomechanical principles apply for microim-

plant anchorage as for conventional mechanics. As
mentioned earlier, the fact that TADs can be inserted

anywhere in the mouth—there is no anatomical or peri-

odontal restriction—simplifies specific mechanics, which

enables orthodontists to perform more efficient treat-

ment in a shorter time compared with conventional
techniques.

In microimplant anchorage mechanics, the relation-
ship between the line of action of the force and the cen-
ter of resistance defines the type of tooth movement.
Forces passing through the center of resistance cause
translation, and those passing off center cause rotation
or tipping (see chapter 1). Therefore, the location of the
implant can be determined according to the desired me-
chanics.

Limitations of microimplant anchorage

Despite its advantages over conventional techniques,

microimplant anchorage has certain limitations that

need to be considered during treatment planning. Ab-
solute anchorage does not resolve all orthodontic prob-
lems. In all cases, what is essential is controlling the

amount and direction of force.

Microimplant application has surgical and orthodon-
tic components. Though it requires only minor surgery,
important anatomical structures such as the sinuses,
palatine neurovascular bundle, mental foramen, and
mandibular and lingual nerves; anatomical variations;
and distance between roots limit the locations for mi-
croimplant insertion. Because roots are conical, the dis-
tance between them increases toward the apex. In ad-
dition, the alveolar crest is not a good location for TAD
insertion. Apically, attached gingiva is a suitable loca-
tion for patient comfort.

Microimplant biomechanics is also limited by anat-
omy. Because the TAD is inserted between the roots,
somewhere close to the center of resistance of the teeth
or dental arch, the direction of force is usually intrusive
rather than extrusive. This is an advantage in many
cases, but it needs to be monitored throughout treat-
ment because it may cause asymmetry, distort the den-
tal arch, or change the cant of the occlusal plane; it is

contraindicated when extrusion is necessary. Nor is

transverse canting of the occlusal plane desirable, as it
is difficult to correct with conventional mechanics.*
The location of the microimplant might limit tooth

movement, as in molar distalization. If the second pre-
molar root contacts the TAD, the latter should be rein-
serted close to the molar roots.

The TAD is usually well tolerated by the patient, but
it may be uncomfortable in the mandibular canine and
incisor area. Likewise, inflammation of the soft tissues
because of irritation is common if the TAD is inserted
beyond the attached gingiva.

Microimplant anchorage makes long-range tooth
movements such as full maxillary arch distalization
possible. However, individual or en masse tooth move-
ments are limited by anatomical and biologic structures.
Any attempt to push the boundaries of the bone can
cause dehiscence or root resorption.
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Correction of Vertical
Discrepancies

Facial esthetics is one of the main reasons patients seek
orthodontic treatment. The allure of having a beautiful

smile and an attractive profile drives many people to-
ward treatments that often require significant individ-
ual sacrifice. Thus, the orthodontic experience should

not merely be tooth alignment but a devoted effort to

give the patient that entire new image he or she so de-
sires. This chapter discusses some of the challenging

vertical discrepancies commonly seen in orthodontic

practice and the most effective methods of correcting

them in an effort to enhance the quality of patients'

lives.

Deep Bite Correction

The correction of a deep bite is essential to obtaining a
harmonious facial profile and a balanced occlusion and

)

must be addressed at the beginning of the leveling phase.
Dental deep bite can be observed on both short- and
long-faced patients, and its correction is necessary to
properly reduce overjet (Fig 6-la), especially in Class II,
division 1 extraction cases. If deep bite correction is not
considered during retraction, the palatal aspects of the
maxillary incisors could interfere with the mandibular
incisors, causing lingual tipping (Fig 6-1b), loss of anchor-
age, and temporomandibular joint (TMJ) dysfunction.

In Class II, division 2 deep bite cases, the maxillary
incisors overlap the mandibular incisors excessively, "
imprisoning" the mandible in the maxilla and forcing
it to stay back. This tight relationship between anterior
teeth limits mandibular function and prevents the jaw
from growing normally. In growing individuals, it is im-
perative to correct maxillary incisor inclinations to
make room (overjet) for the mandible to grow and de-
velop normally.
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6 I Correction of Vertical Discrepancies

Deep bite can be corrected in a number of ways, de-
pending on the individual needs of the patient and the
nature of the problem. Precise diagnosis and careful
treatment planning are extremely important for a
proper outcome. Some criteria such as vertical growth
pattern, inclination of the occlusal planes, incisor-lip re-
lationship, smile line, and vertical proportions of the
face need to be considered before planning treatment.

In general, there are three methods of treating a deep
bite:

* Intrusion of the incisors and extrusion of the posterior
teeth

¢ Selective incisor intrusion
¢ Selective incisor extrusion"

A straight wire engaged in all brackets tends to in-
trude and protrude the incisors and extrude the molars.
Figure 6-2 shows an occlusal view of a Class I, division
2 case with the straight wire causing incisor protrusion
and molar expansion. In the sagittal plane, when the
straight wire is engaged in brackets on incisors located
below the maxillary occlusal plane, the overbite will be
corrected mainly by incisor protrusion and intrusion (
Fig 6-3). The maxillary occlusal plane inclination, how-
ever, may not be fully corrected because the canines
and premolars will erupt as the incisors intrude and

Fig 6-1 Class T, division T deep bite. (aJ The
deep bite should be corrected before or during

maxillary incisor retraction to reduce the over-
jet properly. (b) During retraction, if the deep

bite is not considered, the palatal surfaces of
the maxillary incisors can interfere with the

mandibular incisors, tipping them lingually.

flare. If this had been a deep bite case combined with a
gummy smile, the esthetic goals would not have been
completely met because the smile line would not have
been raised.

If incisor protrusion is indicated to correct Class II,
division 2 malocclusion, then straight wire is the proper
choice. However, some Class II, division 2 deep bite
cases combined with severe crowding require extrac-
tion of maxillary premolars. In this instance, one should
start treatment with canine retraction to make room for
the crowded incisors, using a segmented arch to pre-
vent flaring of the incisors and the problems associated
with it, such as gingival recession and tendency to re-
lapse. When the canines distalize, the incisors tend to
move in the same direction by means of the transseptal
fibers—which collectively form an interdental ligament
that connects all the teeth of the arch—and the crowding
often resolves spontaneously. Then brackets can be
placed on the incisors and their intrusion can be ac-
complished with a continuous intrusion arch. After the
deep bite is corrected, a straight wire can then be en-
gaged to finalize leveling.

If one starts the treatment with a straight wire, the case
will be converted from Class II, division 2 to Class II,
division 1, owing to the incisor protrusion. The incisors
must then be retracted to reduce the overjet. Protrusion
followed by retraction may cause resorption of the in-
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Fig 6-2 In a Class Il, division 2 case, a straight arch engaged in the brackets would cause anterior protrusion (a) and posterior expansion (b).

Fig 6-3 In the sagittal plane, when a straight wire is engaged in
brackets on incisors erupted below the maxillary occlusal plane, over-
bite will be corrected by incisor protrusion. However, the maxillary oc-
clusal plane inclination may not be fully corrected because the ca-
nines and premolars erupt as the incisors intrude and flare. At the
completion of leveling (red), the occlusal plane will be inclined down-
ward anteriorly (a).

cisor roots from "round tripping" (jiggling). Therefore,
straight wire should be avoided in Class II, division 2
cases when extraction is necessary.

During leveling with straight wire, tooth tipping might
create premature contacts between antagonist teeth and
cause the bite to open. In skeletal deep bite (low-angle)
patients, bite opening with molar eruption is usually
desired. In high-angle cases with deep bite, however,
selective mechanics must be applied to control vertical
growth of the face. Premature contacts in the posterior
segment tend to stimulate clockwise rotation, resulting
in an increase of lower facial height and worsening of
the incisor-lip relationship and soft tissue profile. Oc-
clusal forces normally cannot compensate for this bite
opening because high-angle individuals have relatively

weak chewing muscles. In growing patients, counter-
clockwise rotation can be achieved by intruding molars
or controlling vertical movement of the posterior teeth
and applying selective bite-opening mechanics, de-
pending on the growth potential of the condyles.’

In normal- to low-angle patients, deep bite correction
can be attained by any of the methods appropriate to
the specific needs of the patient. In these cases, clock-
wise rotation of the mandible by molar extrusion is usu-
ally helpful in correcting the deep bite, increasing lower
facial height, and improving the soft tissue profile. In
skeletal deep bite (low-angle) patients, however, bite
opening is a challenge. Even after having selective molar
extrusion for a relatively long time, most patients un-
dergo relapse because of their powerful chewing mus-
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des and the nature of the malocclusion. These patients
should be provided a fixed or removable anterior bite
plane as a retainer to allow the molars to erupt.

Esthetics and the incisor-lip relationship

One of the main components of creating the esthetic

smile coveted by patients is the correct alignment of the

teeth, along with the harmony of this alignment with

the lips (Fig 6-4). One thing that beautiful smiles have in

common is that the teeth fill the labial commissures.

The presence of dark corridors on each side of the max-
illary arch during smiling gives the unpleasant effect of
a narrow arch, while the appearance of the second pre-
molar or molars is brighter and more esthetic.

The relationship between the maxillary anterior teeth
and the lower lip is also an important factor affecting
smile esthetics. Showing maxillary incisors during speak-
ing or natural smiling is usually associated with a young
and dynamic appearance. Showing the mandibular
incisors—owing to the soft tissues' tendency to droop as
a result of gravity—and hiding the maxillary incisors is,
in contrast, regarded as older looking. It may therefore
be necessary to intrude the mandibular incisors instead
of the maxillary incisors for a more esthetic smile line in
the long term.

Fig 6-4 Changes in smile lines due to or-
thodontic treatment of a patient with a gummy
smile (a and 0 and a patient with a high smile
line (c and O.

Patients with a convex soft tissue profile associated
with a vertical facial-growth pattern and retruded chin
may also have a protrusive smile, even if maxillary pro-
trusion does not exist. In these patients, lower facial
height is usually increased by clockwise mandibular ro-
tation; the lower lip strains and moves backward during
smiling, giving the impression of maxillary protrusion
(Fig 6-5).

The incisal edges of the maxillary incisors should fol-
low the lower lip curve for an esthetic smile (Fig 6-6). In
many deep bite patients, it may be necessary to open
the bite by mandibular incisor intrusion only and level
the maxillary anteriors so that the laterals are O 5 mm
gingival to the centrals.

Some patients with a deep bite also have a gummy
smile. Treatment plans and final evaluation of these pa-
tients should not be based on radiographs and photos
alone, which show only static relationships between the
lips and incisors, but also on lip function.®’ Exposure of
the maxillary incisors in relaxed lip position is the key
to assessment of the natural smile.” One practical method
that can be used to assess the smile line is to ask the pa-
tient to say the word mamma and then to keep the lips
naturally apart. Peck et alm state that the average max-
illary incisor exposure in rest position is 4 7 mm and
5.3 mm in 15-year-old boys and girls, respectively, corn-
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Fig 6-5 Protrusive smile (a) caused by a retruded chin (b).

Fig 6-6 For an esthetic smile, the incisal
edges of the maxillary incisors should follow
the lower lip curve.

Fig 6-7 Gummy smiles due to (a) muscles raising the lip during smiling, (b) vertical overgrowth of the anterior maxilla, and (c) overeruption of max-

illary incisors below the occlusal plane.

pared to an average of 9.8 mm and 10.5 mm in maxi-
mum smile, respectively. Dong et al" emphasize the ef-
fect of age on the smile line and show that the amount
of incisor exposure, both at rest and during smile, drops
dramatically with age. The average amount of tooth ex-
posure at rest in individuals who are less than 30 years
of age is close to 2 mm; in individuals who are 60 years
or older, the average drops below 0. During a natural
smile, it is normal to see as much as 2 to 2 5 mm of gin-
giva; anything beyond this is considered a gummy smile.
The smile can be affected by many factors, such as the
muscles pulling the lip during smiline (Fig 6-7a). How-
ever, the most common causes of a gummy smile are

* Vertical overgrowth of the anterior maxilla (Fig 6-7b)
* Overeruption of maxillary incisors below the occlusal
plane (Fig 6-7¢)

The first two causes are outside the limits of orth-
odontic treatment and must be evaluated within or-
thognathic and esthetic surgery concepts. Cases related

to the third cause, however, can be treated orthodonti-
cally by selective incisor intrusion.

Certain patients present with gummy smile due to
gingival hyperplasia, which can be confused with an
orthodontic gummy smile. Therefore, differential diag-
nosis is imperative for proper treatment planning.

Selective incisor intrusion

The incisor-lip relationship is the best criterion for cor-
recting a deep bite by selective incisor intrusion. When
the maxillary incisors are positioned 2 to 3 mm below
the upper lip and are below the maxillary occlusal
plane, selective intrusion can be applied.'*? As previ-
ously noted, determination of the incisor-lip relation-
ship should be done when the patient is at rest or speak-
ing. Many adults show their mandibular incisors when
speaking. These types of patients may require selective
mandibular incisor intrusion. Incisor intrusion is also
indicated in adults with severe periodontal bone loss.
Some patients requiring selective incisor intrusion may
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Fig 6-8 (a to d) Four approaches to intruding an incisor and the expected results (red).

a

Fig 6-9 The type of intrusion of an incisor depends on its axial inclination. (a to d) As the axial inclination increases, so does the clockwise mo-

ment required during intrusion.

be high-angle cases, in which clockwise rotation of the
mandible should be avoided. Mandibular incisor intru-
sion is easier in low-angle patients who present with a
thick symphysis.!3 Incisor intrusion is also recommended
for adults with periodontal bone loss."

Clinically, intrusion is a difficult movement to achieve,
and it requires three-dimensional controls. Incisor in-
trusion can be performed in several ways; Fig 6-8 shows
four of these methods. For an incisor with normal incli-
nation, bodily intrusion is not practical because the in

trusive force should be a combination of vertical and
horizontal force vectors, both of which must be kept
under control throughout the movement (Figs 6-8a and
6-8b). Clinically, intrusion combined with some pro-
trusion (Fig 6-8c) or retrusion (Fig 6-8d) would likely
occur. In a typical Class II, division 2 malocclusion with
upright and extruded maxillary incisors, intrusion com-
bined with some protrusion would be beneficial to ob-
tain a better inclination. Intrusion and retrusion is not
a practical movement and not usually necessary because
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the apex of the root moves forward to a less favorable
position.
Intrusion mechanics basically depend on the initial

inclination of the incisor. Given the same amount of in-

trusive force applied to the bracket, the moment arm

increases as the inclination of the tooth increases. Like-

wise, the more the inclination of the incisor increases,

the more the clockwise moment to compensate for it in-

creases (Fig 6-9).

Clinically, continuous intrusion arches using the seg-

mented arch technique of 2 X 4 archwires (2 X 4s) work
relatively well in selective incisor intrusion.

Continuous intrusion arch

A continuous intrusion arch is bent from a 0.018 X

0.025—inch stainless steel (SS) wire with a 2 5-mm helix
or a plain 0.017 X 0.025—inch titanium-molybdenum

alloy (TMA) wire (Fig 6-10). Continuous intrusion arch

mechanics are similar to those of 2 X 4s. A sweep (V)

bend is placed in the wire at the level of the first pre-
molars (or first primary molars). If incisor protrusion is

indicated, the arch is ligated on the central incisor

brackets or at the midline ' For incisor protrusion, the

arch should slide easily through the molar tubes. With

these mechanics, the deep bite will be corrected with

both incisor protrusion and intrusion. '*® This is espe-
cially useful in correcting Class II, division 2 deep bite

cases with mandibular retrusion in growing patients. As

the maxillary incisors protrude, the mandible will have

more room to grow forward to reduce the overjet and

reach a Class I relationship.

If bodily intrusion of the incisors is necessary, the line
of action of the intrusive force should pass through the
center of resistance of the four incisors via ligation of
the intrusion arch to the main archwire at the distal
wings of the lateral incisor brackets. Clinically, pure
bodily intrusion is difficult owing to the complexity of
the movement. A slight change in the relationship of
the line of action of the force with the center of resistance
can change the type of movement. If the force passes
anterior to the center of resistance, the incisors pro-
trude, which can be prevented with a light chain elastic.

Correction of deep bite with segmented arch me-
chanics requires initial leveling and alignment of both
anterior and posterior segments separately, which takes
time. The leveling can be accomplished with a 0.014-

Deep Bite Correction

Fig 6-10 Frontal view of a continuous intrusion arch ligated to the

anterior teeth between the central and lateral incisors. Note the shape
of the arch.

inch nickel titanium (NiTi) wire in combination with a
continuous intrusion arch, making the mechanics more
efficient and shortening chair time. A 0.014-inch NiTi
wire is a very flexible wire that has almost no negative
effect on anchorage teeth, yet it can efficiently correct
incisor crowding. The 0.017 X 0.025—inch TMA or
0.018 X 0.025—inch SS wire can control the occlusal
plane if it is used in combination with a 0.014-inch NiTi
wire (Figs 6-11 and 6-12). The continuous intrusion arch
can be ligated to the lateral incisor brackets to hold
those teeth in place while the NiTi wire intrudes the
central incisors.

If the intrusive force is light, the reactive extrusive
force on the molars is also light and therefore kept in
check by the forces of occlusion. Table 6-1 shows the
optimum intrusive forces for maxillary and mandibular
anterior teeth.' In high-angle cases, molar extrusion
may need to be actively prevented to avoid clockwise
rotation of the mandible. In these cases, high-pull head-
gear with long arms combined with a transpalatal arch
works relatively well (see Figs 5-7 and 6-35).

Microimplant mechanics

Microimplants (temporary anchorage devices [TADS])

provide good anchorage support for selective incisor in-
trusion in both the maxilla and mandible. The micro-
implant is usually placed at the midline between the

central incisor roots. Intrusion force can be applied di-
rectly on the archwire if some protrusion is also indi-
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Fig 6-11 Correction of deep bite can be accomplished with a 0.01 4-inch NiTi wire combined with a continuous intrusion arch. (a to c)
Beginning of treatment. The intrusion arch is tied on the lateral incisors, while NiTi wire is inserted into the central incisor brackets. (d to 0 After 4
weeks, the central incisors have been intruded to the level of the lateral incisors. (g to 0 After 12 weeks of treatment, a 0.016 X 0.022—inch SS
wire is engaged in the brackets.

Fig 6-12 A continuous intrusion arch can be used in combination
with a straight leveling wire. This arch can be ligated to the lateral in-
cisor brackets so that the line of action of the force passes close to
the center of resistance of the incisors. The central incisors intrude
and protrude with the straight wire as the lateral incisors keep their po-
sitions with the effect of the intrusion arch.

cated (Fig 6-13). If protrusion is not desired, the arch- can be inserted between the central and lateral incisors
wire can be cinched back so the teeth can be intruded to obtain more effective intrusion and to correct trans-
more effectively. In severe deep bite cases, two TADs verse asymmetry, if present (Fig 6-14).
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able 6-1 Recommended intrusive forces and headgear for deep correction*|

Teeth to be intruded Force (g) per side Headgear

Maxillary central incisors 1o-2U Occipital-Ant to CR

Maxillary central and lateral incisors 30-40 Occipital-Ant to CR

Maxillary central and lateral incisors 6U Occipital-Ant to CR

and canines

Mandibular central incisors 12.5 Cervical-Ant to CR

Mandibular central and lateral incisors 25 Cervical-Ant to CR

Mandibular central and lateral incisors 50 Occipital-Ant to CR
and canines

Mandibular canines 25 None

*Reprinted from Burstone? with permission.
Ant = anterior; CR = center of resistance.

Fig 6-13 A microimplant, or TAD, can be used to correct anterior deep bite as well as the cant of occlusal planes. (a) The
TAD is inserted between the incisors, and the force is applied to the archwire to obtain selective incisor intrusion. (b) In this

technique, some incisor protrusion is also expected.

Fig 6-14 In patients with severe deep bite, two TADs can be inserted between the lateral incisors and canines (a). TADs can also be used to cor-

rect the transverse cant of the maxillary occlusal plane (b).

107



6 | Correction of Vertical Discrepancies

Selective molar extrusion

In deep bite cases wherein lower facial height is reduced
and the maxillary incisor—lip relationship is good, cor-
rection of the deep bite should be accomplished with
selective molar extrusion. In these cases, bite opening
occurs mainly through clockwise mandibular rotation,
with the chin moving downward and backward to im-
prove the soft tissue profile.

Using an anterior bite plane or bite raiser in combi-
nation with posterior vertical elastics is an efficient way
to extrude molars (Fig 6-15). The anterior bite plane is
a removable appliance used on the maxillary dental
arch in combination with a fixed appliance. Two C-
clasps at the molar area hold the appliance in place. The
anterior bite plane keeps the bite raised, while posterior
elastics are used to extrude the molars. If mandibular
molar extrusion is indicated (Class II cases), these teeth
can be incorporated into a segmented arch, or a light,
straight leveling wire can be engaged in the brackets.
Because the acrylic plate covers the occlusal surfaces of
the maxillary molars, they are not affected by the elas-
tic force.

Because the bite plane is removable, it needs to be re-
moved for meals. However, even in this short period,
the chewing forces, which are relatively high in low-
angle patients, could reintrude the extruded molars and

Fig 6-15 Deep bite correction by seleclive molar exirusion. Man-
dibular molars extrude with the effect of vertical elastic, while the an-
terior bite plane raises the bite and holds the maxillary molars in place.
Because of reciprocal anchorage, the mandibular molars move up as
the mandibular incisors tend to move downward and forward.

reduce the efficiency of the mechanics. Also, whereas
the reaction of the extrusive elastics tends to intrude the
incisors, molar extrusion should be obtained as soon as
possible to avoid excessive incisor intrusion or protru-
sion. Fixed anterior bite raisers should therefore be used
to produce a more effective bite opening Figure 6-16
shows a patient being treated with anterior fixed bite
raisers in combination with posterior zigzag elastics to
extrude the molars. Bite raisers and elastics were placed
right after bracketing in combination with 0.014-inch
NiTi leveling wires. With this method, the bite opened
dramatically within 2 months, with no significant change
in the maxillary smile line.

In treating skeletal Class II patients, cervical headgear
can be used to correct both the molar relationship and
the deep bite. The long and upward-angulated arms of
this type of headgear are effective in opening the bite by
molar distalization and extrusion? (see Fig 5-5a).

Molar extrusion cases have a strong tendency to re-

lapse after treatment because of the relatively high oc-
clusal forces of low-angle patients and stretching of the

supra-alveolar gingival tissue.” Retention of these cases

should be performed with either a removable retainer

and anterior bite plane or maxillary and mandibular

fixed lingual retainers combined with anterior bite rais-
ers to allow the molars to move occlusally.
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Fig 6.16 Deep bite correction with selective mo ar extrusion mechanics. (a to c) Before treatment. (d to i) Bite raisers were bonded to the palata
aspects of the maxillary incisors, and up-and-down elastics, which were worn only at night, were placed to extrude the molars. (j fo 0 A dramatic

change in the bite was achieved in 2 months.

Correction of the curve of Spee

The curve of Spee is an occlusal characteristic of cer-
tain deep bite patients. It is a common understanding
among clinicians that this curve should be flattened to
obtain a more functional occlusion, yet it is debatable
whether the curve should be corrected in all cases.?

Treatment plans are usually made with the belief that
space is needed in proportion to its depth to correct the
curve of Spee, but this is a fallacy. In deep bite cases,
it is important to make a differential diagnosis regarding
whether the curve of Spee is stepped or angulated be-
fore engaging wires to flatten the curve.
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Fig 6-17 (a) In the stepped curve of Spee, the axial inclinations of the teeth are usually parallel. In these cases, steps exist at the first premolar—
canine and canine—lateral incisor contacts, so space is not needed to flatten the curve. Intrusion of the incisors and canines, or extrusion of the mo-
lars only, might eliminate the problem. (b) In an angulated curve of Spee, the mandibular teeth are aligned on a curved arch form, so space is

needed to flatten the arch.

Stepped curve of Spee
In a stepped curve of Spee, the axial inclinations of the

teeth are usually satisfactorily parallel to one another,
but there may be steps between the posterior and ante-
rior teeth that resemble a curve (Fig 6-17a). This can be
observed in some mandibular retrusion cases in which
the mandibular incisors are overerupted from lack of
contact with antagonists. Because this is typically a deep
bite case with a mandibular curve of Spee, one tends to
correct it using straight or reverse-curved wires. In this
case, a differential diagnosis is necessary to make a
proper treatment plan. The correction of the stepped
curve of Spee is achieved with selective incisor intrusion
or molar extrusion, depending on the vertical growth
pattern of the patient. Because the teeth are almost par-
allel to each other, there is no need to expand the arch
either anteroposteriorly or transversely to gain space.
Engagement of a straight wire in the brackets will result
in incisor intrusion and protrusion along with premolar
extrusion. A straight wire will level and align the dental
arch perfectly, but the occlusal plane inclination and in-
cisor-lip relationship may not be completely corrected.

Angulated curve of Spee

In the angulated curve of Spee, space is needed to level
the teeth in as much as they are aligned on a curve (Fig
6-17b). If a flexible straight or reverse-curved wire is en-
gaged in the brackets, the incisors will intrude and flare,

the molars will tip backward, and the premolars will
erupt. In many cases, this helps correct the deep bite by
premolar extrusion and incisor protrusion. If incisor
protrusion or molar tipback is not desired, a differential
diagnosis should be made to avoid any adverse effects.

Use of straight or reverse-curved archwires

Straight or reverse-curved wires are commonly used in
the correction of deep bite with a curve of Spee. Use of
these wires results in incisor protrusion, molar tipback,
and premolar extrusion (Fig 6-18a). Occlusally, the re-
verse-curved archwire should be slightly widened at the
premolar area to compensate for any palatal tipping
during extrusion and to avoid crossbite (Fig 6-18b). This
technique works quickly and efficiently because extru-
sion and tipping are the easiest movements. Molar tip-
back and incisor protrusion provide room for the pre-
molars by increasing the anteroposterior dimensions of
the arch. Figure 6-19 shows an anterior deep bite case in
which a reverse-curved wire is indicated. In cases re-
quiring selective incisor intrusion or selective molar ex-
trusion, however, straight-wire mechanics are not suit-
able. In such cases, differential mechanics should be
used to obtain proper occlusal plane inclination and
better incisor-lip relationship and to avoid clockwise
rotation of the mandible. Furthermore, in many pa-
tients, incisor protrusion should be avoided because of
periodontal or stability concerns.
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Fig 6-18 (a) Application of a reverse-curved wire to the mandibular arch results in incisor protrusion and intrusion, molar tipback and intrusion,
and premolar extrusion. (b) Occlusally, the reverse-curved archwire should be slightly widened at the premolar area to compensate for palatal tip-

ping during extrusion and to avoid crossbite.

Fig 6-19 (a and b) Deep bite case in which a reverse-curved wire is indicated. (c and d) Alignment has
been done with maxillary incisor protrusion and intrusion as well as premolar extrusion.

Differential mechanics

As explained previously, once a straight wire is engaged
in the brackets, all movement takes place simultane-
ously. If incisor protrusion needs to be avoided and
space needs to be gained by distal tipping (ie, to upright)
of the molars, then differential mechanics must be ap-
plied, as shown in Fig 6-20. A segmented leveling arch-
wire can be engaged from canine to canine to avoid pro-

trusion. A cantilever from a 0.017 X 0.025-inch TMA or
0.018 X 0.025-inch SS wire with a 2.5-mm helix is en-
gaged in the molar tube. The mesial end should be placed
on the anterior wire between the lateral incisor and ca-
nine to avoid anterior protrusion. As the molar uprights
and tips distally, room is created for extrusion of the
premolars. At this point, a flexible straight wire can be
placed in the brackets for leveling.
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Fig 6-20 In an angulated curve of Spee case, if incisor protrusion
needs to be avoided, differential mechanics should be applied to pro-
vide room in the dental arch. A cantilever between the molars and an-
terior teeth can be used to upright the molars and gain space without
protruding the incisors.

If extraction is indicated, a straight wire placed in the
brackets will cause the premolar and canine crowns to
move away from each other, enlarging the extraction
space. In addition, the incisors will flare and the molars
will tip back. Retraction of the already protruded in-
cisors may result in so-called round tripping and root
resorption. In this case, differential mechanics can be
applied to save time and avoid adverse effects. First, a
segmented, flexible wire is engaged in the premolar and
canine brackets with a figure-eight ligature to prevent
the crowns from separating and to obtain root move-
ment (Fig 6-21). Once the roots are corrected, the ex-
traction space can be closed with a chain elastic. Room
must be made for the incisors and molars, which tend
to drift toward the extraction site. At this point, a
straight wire is placed, and leveling can be done with-
out incisor protrusion.

Class II, division 2 cases

Correction of Class II, division 2 cases can be accom-
plished in one of two ways, depending on whether the
patient is fully grown.

In growing patients, mandibular growth is usually
prevented by a deep overbite because of the inclination

Fig 6-21 In an angulated curve of Spee case, if extraction is indi-
cated and if incisor protrusion should be avoided, a segmented arch-
wire can be placed initially in the canine and premolar brackets to up-
right roots and close the space. As the space closes, the incisors and
molars will drift naturally toward the extraction space. A straight wire
can then be engaged in the brackets for general leveling and align-
ment.

of the maxillary incisors. It is therefore necessary to cor-
rect the overbite by maxillary incisor intrusion and pro-
trusion and to increase the overjet to allow the mandible
to grow normally. Although mandibular growth is basi-
cally dependent on condylar activity, it can be stimu-
lated by functional appliances such as activators and

fixed bite jumpers.

Burstone" has suggested that correction of the Class

II relationship is associated with maxillary molar dis-
talization, which occurs as a reaction to maxillary in-
cisor protraction and upper lip forces. He also suggested
that in the long term, the mandible would grow nor-
mally, which is expected in all Class II cases. It is a clin-
ical fact that removal of the obstacle in front of the

mandible is helpful in correcting anteroposterior as well
as vertical relationships of the jaws and the lips.

In fully grown individuals, extraction or stripping of
the arch to gain space is a common treatment strategy
unless a surgical option is preferred as a solution for the
deep bite and mandibular retrusion. Differential me-
chanics should be used to avoid possible adverse effects
from the use of straight wire. In extraction cases, canines
should be distalized individually, first with a segmented
archwire to manage the anterior crowding. After canine
distalization, the incisors can be aligned and intruded
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Fig 6.22 (a) If a round, straight wire passes through the molar tubes and incisor brackets located on the same plane in a 2 x 4 system, no move-
ment will be observed since there is no force on the system. (b) When a V-bend is placed in the wire, a force system is created as soon as the
wire is placed in the brackets. The clockwise moment on the molar is balanced with intrusive and extrusive forces, turning the whole system in a coun-

terclockwise direction.

with a continuous intrusion arch, then a straight wire
can be engaged in the brackets to finalize the alignment
and correct incisor inclination.

If a straight, flexible wire is used initially, round trip-
ping of the incisors would be expected owing to the pro-
trusion and retraction movements. In addition, the max-
illary incisor—lip relationship and smile line would not
have been corrected properly because of the improper
inclination of the maxillary occlusal plane (see Fig 6-3).

Transitional dentition cases

Deep bite in the early or late transitional dentition must
be corrected because of the reasons already mentioned.

Several options exist using either removable or fixed

appliances. A maxillary removable appliance with an-
terior bite plane, combined with maxillary push springs,

can correct the bite with both incisor protrusion and

molar extrusion. Fixed options such as 2 X 4 mechan-
ics are also available to extrude and upright the molars,

as well as to intrude the incisors with more precise align-
ment than removable appliances would provide.

2 X 4 arch mechanics

The 2 X4 arch includes two molars and four incisors.
The Ricketts utility arch, Burstone continuous intrusion
arch, and straight wires with sweep or V-bends are ex-

amples of 2 X 4s. Even though there are some differ-
ences in application or shape of the wires, the mechan-
ics are similar.

In 2 X 4 mechanics, because of the long distance be-
tween anterior and posterior segments, the force system
obtained is optimum and long-ranged. If the wire is flex-
ible enough, incisor crowding can be corrected along
with the deep bite.

Figure 6-22a shows an example of a 2 X 4 from 0.016-
inch SS. When this wire passes through the molar tubes
and incisor brackets located in the same plane, no tooth
movement will be observed because there is no deflec-
tion (force) of the wire. In this force system, consisting
of two molars and four incisors, anchorage values of the
anterior and posterior segments are assumed to be equal,
so the center of resistance of the system is in the middle.
When a V-bend is made on this wire close to the molar,
a force system is created (Fig 6-22b). This force system
works according to the principles of V-bend mechanics (
ie, the position of the V-bend between attachments). A
clockwise moment occurs on the molar, and this mo-
ment is balanced with intrusive and extrusive balanc-
ing vertical forces on the incisors and molars, respec-
tively. Because the wire is round and does not have
third-order interaction within the incisor bracket slot, it
can be assumed to act as a cantilever. In other words, it
applies force at a single point. Note that the intrusive
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force in the anterior passes labial to the center of resis-
tance of the incisors and causes a counterclockwise mo-
ment. This is a moment of force and not a couple. If this
force passes through the center of resistance, it causes
bodily intrusion (Fig 6-23a). The amount of this mo-
ment increases as the inclination of the incisor in-
creases (Fig 6-23b). As explained in the section "Me-
chanics of V-Bend Arches" in chapter 3, the location of
the V-bend has considerable effect on the force system
and final positions of the teeth. As the V-bend ap-
proaches the molar, the clockwise moment increases, as
do the balancing intrusive and extrusive forces.

If the same arch is cinched back, a tug-of-war is initi-
ated between the anterior and posterior segments owing
to their opposite moments.? Clinically, molars with
greater moments and anchorage either prevent the in-
cisors from moving forward or pull them backward (Fig
6-23c¢). During this process, the molar crowns tip dis-
tally while the roots move mesially.®

Fig 6-23 The anterior balancing force tends to intrude the incisor.
(a) If this force passes through the center of resistance, it intrudes the
tooth with translation. (b) In an excessively protrusive incisor, the line
of action of the force passes far labial to the center of resistance and
creates a high moment. (c) If the wire is cinched back, a tug-of-war is
initiated between the anterior and posterior segments because they
tend to move in opposite directions. Practically, the molar with the
higher moment and anchorage either prevents the incisor from mov-
ing forward or pulls it backward.

If the round wire is replaced with rectangular wire,
the force system changes because the rectangular wire
interacts with the incisor bracket. The force system is
associated with the balance between the degrees of tip-
back angulation (posterior moment) on the molar and
the torque angulation (anterior moment) on the incisor.

If the clockwise moment on the molar and counter-
clockwise moment on the incisor are assumed to be
equal, the system reaches static equilibrium with pro-
trusion of the incisors and distal tipping of molars, with
no vertical balancing forces (Fig 6-24a). If the wire is
cinched back, the crown movements stop, but because
the moments are still acting on the teeth, the molar roots
move mesially and the incisor roots move palatally.

If the tipback angle (posterior moment) is increased,
the system reaches static equilibrium with vertical bal-
ancing forces, which are intrusive at the incisors and ex-
trusive at the molars (Fig 6-24b). The amount of intru-
sive and extrusive forces depends on the amount of
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Fig 6-24 The force system changes if a rectangular wire is used in-
stead of a round wire. (a) If the tipback angle (y) is equal to the torque

angle (x), equal and opposite moments are obtained on both ends. (
b) If the tipback angle is higher than the torque angle, the system

reaches static equilibrium with intrusive force on the incisor and ex-
trusive force on the molar. (c) If the torque angle is higher than the

tipback angle, the system reaches static equilibrium with extrusive

force on the incisor and intrusive force on the molar, which results in

incisor intrusion and deepening of the bite.

tipback (clockwise moment) on the molar. Clinically,
optimum intrusive force can be obtained only if the
moment on the molar is optimum.

If the torque angle (anterior moment) is increased, the
system reaches static equilibrium with vertical balancing
forces, which are intrusive at the molar and extrusive at
the incisor (Fig 6-24c). Clinically, this maneuver results
in overeruption of the incisors and severe deep bite be-
cause molar intrusion does not occur easily.

Utility arch

The Ricketts utility arch is an example of a 2 X 4 that
can be used for various purposes, both at the beginning
and at later stages of treatment. The advantage of the

utility arch is that it provides effective control over the

incisors' and molars' axial inclinations, sizes of the

dental arch, and vertical relationship between maxil-
lary and mandibular jaws during the transitional den-
tition. 3%

Deep Bite Correction

The utility arch consists of five main sections (Fig 6-25):
the anterior section (A), anterior step (B), buccal bridge
(C), posterior step (D), and posterior section (E). A clas-
sic utility arch is formed from 0.016 X 0.016—inch El-
giloy wire (Rocky Mountain Orthodontics) (in 0.018
slots). The anterior section is formed first, and then the
anterior and posterior steps are bent. Bending the ante-
rior step at more than 90 degrees will later help prevent
the arch from irritating the gums when the incisors in-
trude. The height of the steps must be around 3 to 5
mm, depending on the case.

The buccal bridge should pass 1 mm away from the
attached gingiva. When the utility arch is engaged in
the brackets and tubes, the distal step should contact the
mesial of the molar tube. The utility arch causes tipback
and extrusion of the molars and protrusion and intru-
sion of the incisors (Fig 6-26a). Incisor protrusion can be
prevented by either cinching back or placing lingual
root torque in the mandibular incisors. Labial root
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Fig 6-25 The sections of the (maxillary) utility arch: anterior section (
A), anterior step (B), buccal bridge (C), posterior step (D), and poste-
rior section (E).

Fig 6-26 (a) With the effect of tipback bend, the molars upright and extrude while the incisors protrude and intrude. (b) Labial root torque of 5
to 10 degrees prevents protrusion of the incisors, increasing the intrusive effect.

Fig 6-27 Intraoral activation of the utility arch. (a) Lingual root and labial crown movement on the incisor and distal tipping on the molar. If
cal balancing forces need to be avoided, it is important that the molar tipback angle 43) and anterior V-bend angle (a) are equal. (b) Labial root torque
on the incisors creates same-directional moments, resulting in vertical balancing forces.
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Fig 628 If a 2 x 4 archwire is engaged directly in the incisor brack-
ets, the roots tend to move toward the midline. To avoid this adverse
effect, the tipback bend should be kept as low as possible. (Reprinted
from Burstone' with permission.)

torque of 5 to 10 degrees increases the intrusive effect
on the incisors and the extrusive effect on the molars.
Another reason for this torque is to keep the mandibu-
lar incisors in trabecular bone during intrusion and to

prevent their roots from contacting the lingual cortical

bone'®>? (Fig 6-26b).

The utility arch can also be used to reinforce molar
anchorage by moving the roots into buccal cortical
bone and giving them buccal root torque. As the molars
extrude with the tipback, they tend to tip lingually, but
enlarging the arch buccally can compensate for this ten-
dency. Toe-in bends of 30 to 45 degrees prevent the
mesiolingual rotation of molars stemming from mesially
directed Class II elastics and help achieve a Class I re-
lationship in the posterior segment.'32°

If further activation is required, it can be accom-
plished intraorally with a three jaw or Tweed pliers. If
vertical balancing forces or transverse asymmetry are
not desired, it is important to put an equal amount of ac-
tivation on both sides of the arch (Fig 6-27).

Utility arch versus segmented intrusion arch
mechanics

In the sagittal plane
The utility arch and the segmented intrusion arch pre-

sent similar functional characteristics, even though they
have different shapes. The main difference between

Deep Bite Correction

these two bite-opening methods is the manner in which
the force is transferred to the incisors. The utility arch

(or any 2 X 4 continuous arch with a tipback or curve

of Spee) is engaged in the incisor brackets, which usu-
ally results in protrusion and intrusion of the incisors

and tipback and extrusion of the molars. Preventing in-
cisor protrusion is possible only by cinching back the

archwire or by putting labial root torque on the incisors.

The segmented intrusion arch, however, is not directly

engaged in the brackets (see Figs 6-11 and 6-12). There-
fore, it does not apply a couple on the incisors, but it

does on the molars. To obtain incisor protrusion, the

arch should be ligated to the base arch at the labial as-
pects of the incisors. To avoid protrusion and obtain

bodily intrusion, it is tied at the distal wing of the lat-
eral incisor. The segmented intrusion technique pro-
vides more movement control by adjusting the point of
application of the force.

In the frontal plane
In the frontal plane, when a utility (or a continuous intru-

sion) arch is deflected and engaged in the incisor brack-
ets, it tends to move the roots toward the midline (Fig
6-28). This side effect is more pronounced as the tipback
angle increases and can be avoided only by keeping the
tipback angle low (around 5 degrees). In segmented in-
trusion mechanics, this side effect does not occur be-
cause the wire is not fully engaged in the brackets.
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‘ Treatment of High-Angle Cases and
Correction of Open Bite

Open bite can be either dental, when it is limited to one
or a couple of teeth, or skeletal, when it is rooted in the
maxillary or mandibular basal bones. Dental open bite
can be seen in all facial growth types, including low
angle, because the opening is usually caused by habits
such as thumbsucking, tongue thrusting, infantile swal-
lowing, nail biting, inserting objects between the teeth, or
a more functional activity such as mouth breathing, Skele-
tal open bite, however, is a more complicated and mul-
tifactorial anomaly. Skeletal open bites are usually as-
sociated with a high-angle growth pattern and increased
lower facial height. Habits such as tongue thrusting are
usually secondary in these cases, and they often stem
from the tongue's adaptation to the opening between
maxillary and mandibular incisors. Treatment of open
bite, then, depends on the nature of the malocclusion.

Correction of dental open bite

A habit-breaking appliance can be used to overcome
the behaviors that most commonly cause this maloc-
clusion, but, as previously stated, these habits are often
functional in origin and thus more difficult to control.
Children (usually in the transitional dentition) with res-
piratory airway resistance, for example, tend to hold
their tongues over their mandibular anteriors to create
an airway." Before orthodontic treatment, consultation
with an ear, nose, and throat specialist to clear the nasal
airway is advisable in such a case. For open bites caused
by thumbsucking or other deleterious habits, an inter-
fering appliance such as a tongue crib, in combination
with maxillary and mandibular 2 X 4 mechanics, can be
used to close the bite and perhaps eliminate the behav-
ior that opened it. Lip and tongue exercises that train
the tongue muscle and strengthen the surrounding mus-
culature, used in conjunction with the crib, are also im-
portant to ensure long-term stability.

Correction of skeletal open bite

Besides a vertical growth pattern, factors such as ade-
noid vegetation, polyps, tumors, septum deviation, and

narrow nostrils that block the nasal airway play an im-
portant role in the etiology of skeletal open bite. A pa-
tient with a blocked nasal airway must keep his or her
mouth open while the tongue stands on the mouth floor
with slightly anterior position to keep the air passage
open for breathing." This tongue position prevents the
anterior teeth from erupting, or at least intrudes them
while the posterior teeth erupt freely. Extrusion of the
molars results in clockwise rotation of the mandible and
an increase in lower facial height. This increase be-
comes worse and results in a skeletal open bite if it is
not compensated for by condylar adaptation.

Constriction of the maxillary arch is a common symp-
tom in mouth breathers, which makes this picture more
complicated. In these cases, the low and anterior tongue
position permits the external musculature to constrict
the unsupported maxillary dentoalveolar bone. This, in
turn, may cause posterior crossbite, premature molar
contact, and increased facial height by clockwise mandib-
ular rotation.

Diagnosis and treatment planning of the skeletal open
bite should be made carefully by considering all these
functional factors as well as any habits that might cause
deformation of the bone. Cephalometric evaluation is
also important for proper diagnosis. In a study of 50
patients to determine the relationship between anterior
open bite and the vertical growth pattern, a high corre-
lation was observed between the mandibular plane
angle and the Jarabak ratio (PFH/AFH).? In most of
the patients with dental anterior open bite, the mandib-
ular plane angle, Jarabak ratio, and palatomandibular
plane angle were observed to be above the normal lim-
its, indicating a skeletal open bite. Mandibular plane
angle, Jarabak ratio, and palatomandibular plane angle
values indicated that most patients diagnosed with a
dental open bite actually had a skeletal open bite.

Some patients with skeletal open bite present with
canting of the maxillary occlusal plane, which is usually
associated with a high smile line. Typically, when one of
these patients smiles, a dark area is seen between the
lips. The upper lip usually hides the maxillary incisors,
either partially or completely (Fig 6-29). In this case, the
goal of treatment must be to restore the lip-incisor rela-
tionship by correcting the cant of the maxillary occlusal
plane with selective maxillary incisor extrusion. Unlike
intrusion, incisor extrusion is not difficult to achieve,
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Fig 6-29 The smile line is affected by the
cant of the occlusal plane. This patient's high
smile line (a) needed to be restored with max-
illary incisor extrusion (b).

but it requires careful mechanics providing three-
dimensional control. Incisor extrusion can be performed
in several ways; Fig 6-30 shows four possible methods.

Bodily extrusion of an incisor can be achieved with a

combination of vertical and horizontal vectors that

should be controlled throughout tooth movement (Figs
6-30a and 6-30b). Extrusion with controlled tipping (
Fig 6-30c) can be obtained with a combination of ver-
tical force and palatal root torque. However, palatal root

torque is not clinically feasible for such high incisors.

Extrusion with uncontrolled tipping is shown in Fig
6-30d. A straight wire passing through the incisor brack-
ets and anterior up-and-down elastic force causes ex-
trusion with either controlled or uncontrolled palatal

tipping, depending on the amount of extrusion.

The type of extrusion depends on the inclination of
the incisors. Vertical elastics applied to the palatal but-
ton provide a more favorable force vector, causing bod-
ily extrusion or a combination of extrusion and protru-
sion, depending on the direction of pull (Fig 6-31a). For
a vertical force applied on the bracket, the more the
tooth is protruded, the more it tips in an uncontrolled
manner because of the moment arm between the cen-
ter of resistance and the line of action of the force (Figs
6-31b to 6-31d). Clinically, a flexible straight wire helps
level the maxillary teeth by incisor extrusion, but this is
usually combined with slight palatal tipping that can
cause labial root movement. Additionally, the canines
and premolars may intrude as a reaction to extrusion,
which makes leveling more complicated. Up-and-down
elastics in the premolar-canine area after full mandibu-
lar leveling help stabilize the posterior segment and pro-
vide good anchorage for segmented arch mechanics, al-
though vertical elastics on flexible wires may cause the
mandibular teeth to extrude and change the mandibu-
lar occlusal plane.

The segmented arch approach provides more pre-
dictable and favorable mechanics than straight wires in
the correction of anterior open bite with incisor extru-
sion. The maxillary anterior and posterior segments can
be leveled separately using up to 0.017 X 0.025-inch SS
wires, and a 0.016 X 0.022-inch TMA wire can be en-
gaged as an auxiliary continuous extrusion arch. The
possible counterclockwise rotation of the maxillary pos-
terior segment can be prevented by using up-and-down
elastics on the canines and premolars. Leveling the man-
dibular arch up to a rectangular wire might minimize
or even eliminate the reaction. The TMA extrusion arch
should be tied at the distal wings of the lateral incisors
to obtain more bodily extrusion (Fig 6-32a). A micro-
implant inserted between the maxillary first molar
and second premolar provides indirect anchorage to
extrude the incisors by means of a V-shaped bar (Fig
6-32b). This bar is soldered to crimpable tubes on the
archwire and attached to the microimplant head with
composite resin.

Listed below are the goals of skeletal open bite treat-
ment:

* Encourage the mandible to rotate counterclockwise

¢ Encourage the palatal plane to rotate clockwise

¢ Expand the constricted maxillary dental arch

¢ Parallel the maxillary and mandibular occlusal planes

* Improve the upper lip-incisor relationship and smile
line

¢ Eliminate the soft tissue parafunctions and correct
speech (consult with a speech therapist)

* Reduce lower facial height to facilitate lip closure

* Achieve a normal (or deep) anterior overbite®

119



6 | Correction of Vertical Discrepancies

Fig 6-30 (a to d) Four possible methods of extruding an incisor.

Fig 6-31 (a to d) The type of extrusion of an incisor depends on its axial inclination.

Extraction in the treatment of open bite Posterior bite block

In growing patients, controlling the vertical movements A posterior bite block raising the bite over the freeway
of the posterior teeth is an important part of controlling space will use muscle activity to control vertical move-
the growing skeletal open bite. Eliminating premature ment of the molars, thus helping control lower facial
contacts between the primary molars, or extraction, can height as well as vertical growth? (Fig 6-34).

help control a vertical growth pattern and correct the

skeletal discrepancy. Mesial movement of the posterior Transpalatal arch and high-pull headgear

teeth after extraction promotes counterclockwise rota- combination
tion of the mandible and reduces lower facial height" ( Vertical movement of the molars can also be controlled
Fig 6-33). with the combined use of a transpalatal arch and high-

pull headgear. As explained earlier, high-pull force ap-
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Fig 6-32 Two biomechanically efficient ways to obtain selective incisor extrusion. (a) A 0.017 x 0.025—inch SS segmented arch with 0.016 x 0.
022—inch TMA cantilever, combined with up-and-down elastics on premolars and canines to avoid canting of the maxillary posterior segment from
the counterclockwise moment. The point of application of extrusive force should be at the distal wing of the lateral incisors to obtain bodily move-
ment. (b) A microimplant can be used between the maxillary premolar roots to control canting of the maxillary posterior segment. This indirect an-
chorage is transferred to the archwire with a V-shaped bar that is soldered onto tubes on the wire and affixed to the microimplant head with com-

posite resin.

Fig 6-33 Extraction helps reduce lower facial height and encour-
ages counterclockwise rotation of the mandible. This resembles the
mechanism of a nutcracker. As the molars move mesially, the angle
between the jaws decreases 2°

plied to the buccal aspects of maxillary molars may
cause these teeth to tip buccally, the prevention of
which is vital to avoid premature contacts between the
palatal cusps of the maxillary molars and their antago-
nists, opening the bite. A transpalatal arch can be used
to control molar inclinations as well as to intrude them.
If the arch crosses the palatal vault 2 to 3 mm away

Fig 6-34 A posterior bite block can be used for vertical control of the
posterior segment.

from the mucosa, the tongue will apply vertical force
on it each time the patient swallows (Fig 6-35). This
function, which takes place approximately 2,400 times
per day,* will help the molars intrude effectively with
translation.

Eruption of second molars can affect vertical growth
by causing premature contacts, so it is important to con-
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Fig 6-35 In open bite cases, control of vertical movement of the mo-
lars can be achieved effectively with a high-pull headgear—transpalatal

arch combination. If the transpalatal arch crosses the palate 2 to 3

mm away from the mucosa, the molars will be intruded by vertical

tongue forces during swallowing.

trol their eruption before they reach the occlusal plane.
For this purpose, a 0.016 X 0.022-inch SS segmented
arch can be used as an occlusal stop?® (Fig 6-36).

Arches with reverse curve of Spee
Anterior open bite can be closed with a combination of

a reverse-curved archwire and anterior box elastics®'®? (
Fig 6-37). The archwire tends to extrude the maxillary
and mandibular premolars, opening the bite, while
strong anterior box elastics prevent eruption of the pre-
molars and extrude the anteriors. Because the premo-
lars cannot erupt, the molars intrude and tip back with
reciprocal forces. These mechanics effectively close the
bite in 1 or 2 months, but they are heavily dependent on

Fig 6-36 (a and b) In open bite cases, erupting second molars can
be controlled using a 0.016 x 0.022—inch SS segmented arch that
passes through the auxiliary tube of the first molar.28

Fig 6-37 Using reverse-curved archwires to close an anterior open
bite. The strong anterior box elastics prevent the premolars from erupt-
ing, while the molars intrude and tip back and the incisors extrude.
These mechanics work quite effectively in a very short time, but they
are heavily dependent on patient cooperation. Elastics must be worn
all day, otherwise the bite may open with quick extrusion of the pre-
molars.

patient cooperation. If the patient fails to wear the elas-
tics, the premolars will extrude and cause the bite to

open more. Even though this approach is very effective
in closing the bite, the elastics should not be worn

longer than 2 months because of the possibility of gin-
gival recession and a gummy smile from overeruption
of the incisors.

Molar intrusion with microimplant anchorage

Molar intrusion may be required to control the vertical

discrepancy in skeletal open bite. However, using con-
ventional techniques, this movement is one of the most

challenging procedures in orthodontics-depending on

strong anchorage-but intraoral anchorage is usually not
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Fig 6-38 Molar intrusion using two TADs.

Fig 6-40 Molar protraction in combination with intrusion may result
in counterclockwise rotation of the mandible, thus helping to correct
the skeletal open bite by reducing lower facial height.

enough without extrusion of adjacent teeth. High-pull
headgear with long arms in conjunction with a trans-
palatal arch is usually needed to achieve effective in-
trusion of posterior teeth (see Figs 5-7 and 6-35). Mi-
croimplant anchorage also is a very effective way to
intrude molars.

There are two basic methods to intrude molars with
microimplant anchorage:

* Two TADs can be inserted, both buccally and palatally,
and elastic traction applied to the hooks (Fig 6-38). If
two or more posterior teeth need intrusion, the force
can be applied to the archwire.

* One TAD can be inserted buccally, while a trans-
palatal arch controls buccolingual tipping of the
molar (Fig 6-39). Tongue forces during swallowing will
assist this intrusion (see Fig 635).

Fig 6-39 Molar intrusion with one TAD and a transpalatal arch.

In either method, TADs can be placed between the
maxillary first molar and second premolar roots or be-
tween the first and second molar roots. Molar intrusion
in the mandibular arch is usually more difficult than in
the maxilla. Because microimplant insertion is not rec-
ommended on the lingual of the mandibular dental
arch, a lingual bar can be used to control buccolingual
molar inclination. Molar protraction in conjunction with
intrusion causes the mandible to rotate counterclock-
wise and helps close the bite" (Fig 6-40).

A microimplant on the zygomatic cortical bone but-
tress is also recommended for intruding molars more
effectively.®® Even though it is stronger, zygomatic mi-
croimplant insertion requires flap surgery, which may
cause soft tissue irritation.
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Correction of Transverse 11

This chapter discusses the second of the three major dis-
crepancies (vertical, transverse, and anteroposterior) that
might be encountered in planning treatment for the or-
thodontic patient. Two of the most common transverse
discrepancies are anterior and posterior crossbites. Skele-
tal and dental asymmetries are also important issues to
consider in the overall treatment plan.'

Crossbite Correction

At the first stage of diagnosis and treatment planning,
dental or skeletal crossbites should be considered along
with the orthopedic problem because they can affect
mandibular movements, temporomandibular joint (TMJ)
function, and periodontal health such as gum recession
and loss of bony support owing to traumatic occlusion (
Fig 7-1). Posterior crossbites are mainly the result of

Discrepancies 73

maxillary dental arch constriction, either unilaterally or
bilaterally; thus, expansion of the maxillary arch is nec-
essary to obtain a harmonious transverse relationship
within both dental and skeletal structures. If the skeletal
posterior crossbite is in question, the expansion should
be done with a fixed expander.!

Rapid maxillary expansion

The rapid maxillary expander (RME) has been used for
years to obtain skeletal expansion by opening the mid-
palatal suture to widen the transverse dimensions of the
maxillary arch. The most common and hygienic type
of expander is the hyrax screw. In the transitional den-
tition, only the maxillary first molars are banded, and
the arms of the appliance are extended up to the primary
canines (Fig 7-2).
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7 | Correction of Transverse Discrepancies

Fig 7-1 (a) Traumatic occlusion due to ante-
rior crossbite in the transitional dentition. (b)
The problem was corrected easily using a re-
movable appliance.

Fig 7-2 In the transitional dentition (a), the
arms of the hyrax screw R ME can be extended
up to the canines (b).

In children and adolescents, the screw is turned a
quarter turn once or twice a day; theoretically, an ex-
pansion of 0.25 to 0.5 mm/day can be obtained. In each
quarter turn, approximately 0.9 to 4.5 kg of force is ap-
plied to the teeth.? The expansion force affects all the fa-
cial sutures, especially the midpalatal suture. As expan-
sion progresses, a large median diastema appears,
indicating opening of the suture. This diastema closes
spontaneously with the pull of the transseptal fibers. As
the transverse dimension of the maxillary dental arch
increases, the palatal vault depth decreases, increasing
the volume of the nasopharyngeal airway.!? At the end
of the expansion process, some dental and skeletal re-
lapse is expected as a result of buccal tipping of the
teeth as well as resistance of the surrounding muscula-
ture. Overexpansion is usually necessary until the palatal
cusps of the maxillary teeth contact the lingual aspects of
the buccal cusps of the mandibular molars to compen-
sate for the relapse. The expander should be kept in
place for at least two-thirds of the overall duration of
treatment (ie, approximately 9 to 10 months) for stability.
When the amount of force is over the optimum limit
necessary for tooth movement, skeletal expansion is ob-
served before tooth movement. The most suitable time

for transverse expansion is either the primary or transi

tional dentition.*'> Most authors agree that rapid max-
illary expansion should be performed before the mid-
palatal suture closes. The time of ossification of the
midpalatal suture, however, is controversial.’® Rapid ex-
pansion can also be applied at later ages; however, bone
density in adults limits the stability as well as the range
of transverse expansion.®>+18
During rapid maxillary expansion, the maxillary alve-
olar bones rotate around a point in the nasal cavity near
the frontomaxillary suture, creating a triangle with the
apex oriented superiorly'® (Fig 7-3). In addition, it has
been shown that A-point comes forward as a result of
expansion.?" As the molars and premolars tip buc-
cally, the palatal cusps move downward and make pre-
mature contact with their antagonists, stimulating clock-
wise rotation of the mandible. In high-angle cases, lower
facial height may increase and the soft tissue profile may
worsen. It has been shown that 30% of patients pre-
senting with clockwise rotation after rapid maxillary ex-
pansion return to their original condition; however,
30% remain the same, and 40% continue to open.? Bite
opening due to expansion can be avoided with the use
of an expander combined with a posterior bite block.?3
Correcting buccal tipping of the posterior teeth by plac-
ing buccal torque in the archwire or transpalatal arch
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Crossbite Correction

Fig 7-3 During rapid maxillary expansion, the maxillary alveolar
bones rotate around a point in the nasal cavity near the frontomaxil-
lary suture, creating a triangle with the apex oriented superiorly. (Re-

drawn from Majourau and Nandalg with permission.)

results in extrusion of the buccal cusps rather than in-
trusion of the palatal cusps, so it does not eliminate the
increase in lower facial height. That can be done with
posterior bite blocks, which control facial height by lim-
iting extrusion of the palatal cusps.

Transpalatal arch

Posterior crossbite can also be corrected with a remov-
able transpalatal arch. When the U-loop in the middle

is activated (ie, opened) and the arch is engaged in the

palatal tubes on the molar bands, it applies buccal force

on the molars, causing buccal tipping. Further activa-
tion of the transpalatal arch can be done intraorally with

three jaw pliers (Fig 7-4). After expansion, buccal root

torque should be placed in the arch to correct molar in-
clinations. Note that some extrusion of the palatal cusps

as a result of expansion should be expected.

Quad helix

The quad helix can be made from a 0.036-inch wire.

Four helices give the arch increased flexibility and

working range. The quad helix is activated extraorally

before placement. Its main effect is on the molars; how-
ever, the lateral arms can also be activated to expand

premolars and canines. If further activation is necessary,
it can be performed intraorally by means of three jaw
pliers. Figure 7-5 shows the intraoral activation and ad-
justment of the arch. A V-bend in the anterior bridge

causes the molars to rotate mesiopalatally and tip buc-
cally.' This rotation can be compensated for by subse-
quent bends in the lateral bridges. To avoid balancing
forces and obtain equal and opposite moments, an

equal amount of activation (ie, of bend given on the

wire) should be applied on each side.
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7 | Correction of Transverse Discrepancies

Fig 7-4 (a) Transpalatal arch for transverse expansion of the
molars. (b) When the U-loop is activated, the molars rotate
distobuccally and tip buccally. (c) To eliminate the rotation,
compensating bends can be made intraorally using three-jaw pliers.

The quad helix can be used in the transitional as well
as the permanent dentition. In the early transitional
dentition, sutural opening can be obtained in addition
to dental expansion. In the permanent dentition, the
main effect of the appliance is buccal tipping, though
some corrective buccal root torque can be applied to

Fig 7-5 (a) Quad helix in place. (b) Initial intraoral activation con-
sisting of placing a V-bend (1) in the anterior bridge, which causes the
molars to rotate mesiopalatally and tip buccally. (c) To compensate for
the rotation, adjustment bends are made on the lateral bridges (2).

the molars. Therefore, the initial inclinations of the pos-
terior teeth need to be considered in appliance selec-
tion. If the molars are already tipped buccally, then
rapid maxillary expansion is the treatment of choice to
avoid further tipping and subsequent periodontal con-
sequences such as recession.
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Scissors Bite Correction

Fig 7-6 Crossbite elastics can be used to
correct posterior crossbite. (a) The extrusive
effect of the elastic must be considered when
treating high-angle patients. (b) Microimplant
anchorage can be used to avoid the extrusive
effect of the crossbite elastic.

Elastic archwires

It is well recognized that elastic archwires tend to widen
the dental arch, especially straight, multistrand wires

such as twist-flex wires, which expand the molar-to-
molar dimension and help correct an edge-to-edge bite
or a posterior crossbite. This is a desired effect in nonex-
traction cases; however, in the long term, flexible arch-
wires may not only expand the posterior segment but

also the canine-to-canine dimension. In a patient 7 to 8

years of age, in whom the incisors are erupting, the

mandibular intercanine dimension expands naturally,

then remains stable throughout life. Any attempt to in-
crease this dimension tends to relapse.?*?® Thus it is

important to maintain the original transverse dimension

between canines throughout appliance treatment for

stability concerns.

Crossbite elastics

The crossbite elastic is a convenient way to correct pos-
terior crossbites. The elastic is attached between the
palatal aspect of the maxillary molar and the buccal as-

pect of the mandibular molar. Because this mechanism
works with reciprocal anchorage, the mandibular molar
anchorage should be reinforced with a lingual arch if
constriction of the mandibular posterior segment needs
to be avoided. Fig 7-6a shows how the resultant force
generated by elastics tends to extrude the molars as they
tip.! Posterior crossbites can be effectively corrected by
using microimplant anchorage, which negates the elas-
tics' extrusive effect (Fig 7-6b).

Scissors Bite Correction

Scissors bite, wherein the palatal surface of a maxillary
molar or premolar is in contact with the buccal surface
of a mandibular molar or premolar, can involve one or
several teeth. A careful diagnosis involving the vertical
growth pattern of the patient is imperative for treatment
planning, Usually scissors bite consisting of one tooth can
be corrected easily with straight-wire mechanics using
flexible archwires. Crossbite elastics help boost the ef-
fect of the wire; however, one should remember the ad-
verse effects related to the vertical force component of
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7 Correction of Transverse Discrepancies

Fig 7-7 (a) Crossbite elastics used to correct scissors bite cause molar extrusion. (b) Microim-
plant anchorage helps counteract the extrusive effect of the crossbite elastics while helping to

correct the scissors bite.

these elastics (Fig 7-7). If the second molar is in scissors
bite, a 0.016-inch nickel titanium (NiTi) or titanium-
molybdenum alloy (TMA) cantilever combined with a
full-size stainless steel (SS) archwire works reasonably
well. If the scissors bite involves several teeth, it may be
due to an overexpanded or deformed maxillary arch or
a constricted mandibular arch. The expanded maxillary
buccal segment can be corrected with both an archwire-
cantilever combination and crossbite elastics. Mandibu-
lar arch expansion is usually difficult to accomplish be-
cause of the powerful musculature and high-density

Fig 7-8 A bracket-head screw can be used
in conjunction with a cantilever to apply force
in the desired direction.

bone surrounding the teeth. A 0.032-inch lingual arch
can expand the mandibular molar-to-molar dimension
with tipping and extrusion. In high-angle cases, a pos-
terior bite block or microimplant should be used to con-
trol vertical movement of the molars. Sung et al¥ sug-
gest using a bracket-head screw to apply force in the

proper direction. For either side of the dental arch,

right- or left-handed screws can be used to make sure

that the moment applied to the screw moves it deeper
into the bone (Fig 7-8).
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Correction 10

Anteroposterim %"

The Class I molar relationship is one of the most im-
portant goals for the clinician seeking to achieve a func-
tional and balanced occlusion." A Class II molar rela-
tionship can be corrected by distal movement of the
maxillary molars, mesial movement of the mandibular
molars, or a combination of both.

Molar Distalization

In some nonextraction treatments, molar distalization,
or retraction, is the method of choice to gain space in
the dental arch. The decision to distalize should be
based on a careful examination and treatment plan.
Several criteria should be considered before distally
moving molars:

* Axial inclination of the molars
* Availability of space for the second and third molars
* Rotation of the molars

* Patient's vertical growth pattern

Molar distalization is usually performed to gain 2 to 3
mm of space in the dental arch to obtain a Class I rela-
tionship. Because the distalizing force is usually applied
to the buccal tube away from the center of resistance, it
is easier to retract mesially tipped and mesiolingually

Discrepanci s

rotated molars to where they are supposed to be than it
is to move them bodily. Excessive retraction, however,
may jeopardize the second and third molars—possibly
impacting them.?

Molar distalization can be effectively accomplished in
the transitional dentition before the second molars fully
erupt and when the alveolar bone is relatively active.’
This is the best time to get good bone response to or-
thodontic treatment. If the third molars are missing, the
erupting second molars that are pushed distally by the
first molar can upright naturally and subsequently ac-
commodate with a normal inclination. If the second
molars are fully erupted, they will be tipped distally to
an unstable inclination, causing marginal ridge dis-
crepancies' as well as relapse after retraction is com-
pleted. It is therefore necessary to consider including
the second molars in the appliance and retracting them
before or with the first molars.

Regardless of the distalizing method, the patient's
vertical growth pattern is an important point to con-
sider. During molar distalization, some bite opening
can be expected because of premature contacts. In
normal- to low-angle patients, this is desired as the
mandible rotates and corrects the profile by increasing
lower facial height. In high-angle patients, however,
clockwise rotation may worsen the profile and cause
bite opening. On the other hand, bruxism and clench-
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8 | Correction of Anteroposterior Discrepancies

Fig 8-1 Microimplant anchorage mechanics for molar distalization. (a and h) Before
treatment. (c and d) Molar distalization with chain elastic and sliding jig. (e and Effective molar

distalization after 4 months.

ing, like excessive occlusal forces, may act to reduce—
or even prevent—distalization.®

Molar distalization mechanisms include extraoral ap-
pliances, microimplants (temporary anchorage devices |
TADs]), 2 X 4 arches, Nance appliance and coil spring
combinations, superelastic wires, and sliding jigs.

Extraoral appliances

In normal- to low-angle patients, cervical or combined
headgear can be used to distalize the molars effectively.
These types of headgear need to be worn approxi-
mately 16 hours a day, requiring excellent patient co-

operation. If the goal is to gain space on the arch by in-
dividual molar movement only, 300 to 350 g may be

sufficient. When the force is higher than the optimum

level needed for individual tooth movement, the mo-
lars can be used as a "handle" to obtain an orthopedic
effect on the maxillary bone." Orthopedic as well as

dental changes can be obtained with the use of 400 to
600 g of force for an average of 16 hours per day in the

transitional dentition.'

Extraoral force is applied to the molar by means of a
facebow. In the transitional dentition, as the molars
move back, the primary teeth are also pulled back by
means of the transseptal fibers. When the permanent
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Fig 8.2 (a) Molar distalization with open coil spring and microimplant anchorage. (b) After molar
distalization, the TAD needs to be removed and replaced mesial to the molar roots to retract the

anterior teeth.

teeth come through, they erupt into a Class I relation-
ship. Sometimes the effect of the transseptal fibers
reaches the anterior segment and effects spontaneous
correction of mild incisor crowding.' In normal to se

vere anterior crowding cases, however, extraoral force
combined with 2 X 4 arch mechanics would improve
the result. Molar distalization with extraoral force might
provide enough room to rule out a second-phase com-
prehensive treatment in the permanent dentition.
Theoretically, if the line of action of the extraoral
force passes through the center of resistance of the
molar, it will cause bodily movement. In practice, how-
ever, bodily movement is difficult to achieve because
the headgear is a sort of removable appliance; thus the
line of action of the force may need adjusting every time
it is worn to keep it constant. Usually a few tipping and
uprighting movements are observed during the retrac-
tion process. If the crown is tipped excessively back-
ward, the outer arms need to be adjusted so the force
passes above the center of resistance to correct the
roots. Three-dimensional control of the first and second
molars is imperative to achieve functionally stable oc-
clusion in the posterior segment.

Microimplants

In cases where second molars are fully erupted, molar
distalization is a difficult maneuver requiring strong an-
chorage in the anterior segment. Microimplants provide
the absolute anchorage needed to accomplish effective
distal movement of the maxillary dentition along with
the molars. A TAD is usually placed between the first

Molar Distalization

Fig 8.3 Molars can be distalized by taking
support from the TAD inserted into the mid-
palatal suture.

molar and second premolar roots from which distal

traction can be applied on a sliding jig (Fig 8-1) or a slid-
ing hook attached to an open coil spring pushing the

molar (Fig 8-2a). The direction of the force passes close

to the center of resistance; thus, minor molar tipping

and distopalatal rotation may occur. After distalization

has been completed, if the first TADs interfere with the

second premolar roots, they can be removed and a sec-
ond set of TADs can be placed just mesial to the first

molar roots to make room for retraction of the anterior

teeth (Fig 8-2Db).

Molar retraction can also be accomplished with a
transpalatal arch that takes support from the microim-
plant inserted in the midpalatal area (Fig 8-3). This area
provides excellent cortical bone support for primary
stability. In young patients whose suture is still open,
the microimplant can be placed adjacent to the suture.
The advantage of this area is that it provides abundant
space such that the force can be adjusted according to
the type of movement desired.' In shallow palatal vaults,
the line of action passes through the center of resistance.
Palatal TADs cause more discomfort than the buccal
ones because they interfere with the tongue.

2 X 4 arches

The tipback effect generated by 2 X 4 arches can be
used to gain 1 to 2 mm of space in the arch of the tran-
sitional dentition (see Figs 6-26 and 6-27). This is usually
enough to provide room for erupting permanent teeth;
however, the distal inclination of the molars is not sta-
ble, and they tend to relapse when the second molars
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8 Correction of Anteroposterior Discrepancies

Fig 8-4 Use of superelastic archwires in maxillary molar distaliza-
tion. The amount of activation of this arch is about the length of a
molar tube (approximately 6 mm) (heavy line). As the wire
straightens, it applies a force of approximately 100 g to both sides.
Class Il elastics (100 to 150 g) are used to prevent protrusion of the
maxillary anteriors. (Redrawn with permission from Locatelli et al.®)

erupt. In such cases, the first molar roots must be cor-
rected later with headgear.

Nance appliance and coil springs

Nickel titanium (NiTj) coil springs in combination with
a Nance appliance on the first premolars is a convenient
way to distalize molars. However, because the palate is
not a reliable anchorage site, it may not resist the dis-
tally directed forces; thus, some incisor protrusion can
be expected as a result of molar movement.'
Particularly shallow palatal vaults cannot provide suf-
ficient anchorage support because the Nance acrylic
button tends to slide over the palatal mucosa. Upright-
ing springs combined with vertical slotted brackets and
heavy Class II elastics on the canines can be used to re-
inforce premolar anchorage (see Fig 5-2). Gianelly et al'
do not recommend anchorage reinforcement if the in-
cisor protrusion is less than 2 mm. If it is more than 2
mm, they suggest using 100-g Class II elastics and putting
10 to 15 degrees of labial root torque on the mandibular
incisors to support mandibular anchorage. They also
suggest moving the molars into a Class III relationship
to compensate for subsequent anchorage loss.
After distalization, headgear with long arms should
be used to upright distally tipped molars and prevent

Fig 8-5 Using a sliding jig for maxillary molar distalization. The hor-
izontal component of the Class Il elastic force is transferred to the
molar by means of the jig.

relapse. Retraction of the premolars should be started
immediately with a sliding jig—Class II elastics combi-
nation along with headgear application.

Superelastic wires

Locatelli et al’ suggest using superelastic NiTi archwires
to distalize the molars (Fig 8-4). A 0.018 X 0.025—inch
NiTi archwire deflected between the first premolar and
first molar applies 100 g to each side. Using 100- to
150-g Class II elastics will prevent protrusion of the
anterior teeth. With this method, the molars should
move about 1 mm per month.

Sliding jig

The sliding jig is bent from 0.7-mm stainless steel (SS)
wire. Combined with Class II elastics, the sliding jig is
used to distalize molars in the permanent as well as tran-
sitional dentition (Fig 8-5). As the molars move distally,
the premolars are pulled distally by means of the
transseptal fibers. The horizontal component of the elas-
tic force can be increased if the hook of the jig is placed
mesial to the lateral incisor. The jig is deflected by the
distal force, which tends to widen the anterior segment
of the arch. This widening effect is negligible if contin-
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Molar Distalization

Fig 86 (a and b) Before unilateral molar distalization, (c and d) Nance and NiTi coil spring. (e
and f) Sliding jig, chain, and Class Il elastics combination. (g and h) After treatment.

uous 0.016 X 0.022—inch SS wire is used; the effect can should be used on stiff rectangular archwires. The slid-
be further resolved with subsequent rectangular wires. ing jig can be kept in place after molar distalization to

One should also be careful about the long-term side move the premolars distally one by one, combined with
effects of Class 1II elastics. To avoid extrusion of mandib- buccal and palatal chain elastics (Fig 8-6).

ular molars and the maxillary anterior segment, they
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Molar Protraction

Protraction of molars is easier in the maxilla than in the
mandible owing to the relative abundance of trabecular
bone in the former. The large amount of cortical bone
and the surrounding powerful musculature in the pos-
terior mandible adversely affect anteroposterior molar
movement, which becomes even more difficult with
time as the alveolar bone narrows.

Molar protraction to an edentulous area is especially
difficult in the mandible.' It is also more difficult in
adults than in children. Children and young adults have
fewer periodontal and root resorption problems during
space closure than do older adults.!® These factors must
be considered in treatment planning as well as in me-
chanical application. Because of biologic limitations and
consequent mesial tipping, protraction of mandibular
molars is a complex procedure requiring patience and
careful control.

If the molars are to be moved along a continuous
archwire, a 0.016 X 0.022-inch or 0.017 X 0.025-inch
SS wire (in 0.018-inch slots) is recommended to avoid
mesial tipping and undesired retraction of the anterior
teeth. Lingual root torque in the incisors will reinforce
the anchorage. A NiTi push-coil spring between the first
and second molar is recommended to avoid undesired
anterior movement and to maintain overjet and over-
bite. Anchorage needs to be reinforced by % or !/4-inch,
medium Class II elastics between the mandibular sec-
ond molars and maxillary canines (or lateral incisors).

To reduce the friction between wire and molar tube,
the ends of the wire should be rounded with a diamond
bur and polished with a rubber wheel before insertion (
Fig 8-7)." If frictionless mechanics are preferred, a 0.017

Fig 8-7 Rounding the ends of rectangular SS wires used for en

masse retraction permits the wire to slide easily through the tubes.

Rounding the comers of the wire prevents loss of control from overre-
duction of its cross section.

X 0.025-inch SS wire with a closing loop can be used.
A 5-degree distal tipback and toe-in should be made to
avoid mesial tipping and mesiolingual molar rotation. It
is important to maintain the axial inclination of the
molar by controlling the amount of activation of the
loop. A Bull loop with 1 mm of activation per month in
children and adolescents and the same amount of acti-
vation every 2 months in adults is fail-safe.

The patient's vertical growth pattern also needs to be
considered in treatment planning and mechanical ap-
plication. During protraction, some premature contacts
in the posterior segment or molar extrusion (because of
mesial tipping) may affect the vertical dimensions of the
face. In normal- to low-angle patients, molar extrusion
is helpful to open the bite. In high-angle or skeletal open-
bite patients, however, molar extrusion needs to be
controlled by careful mechanical application. In these
cases, molar intrusion before or during protraction
should be accomplished to avoid bite opening and as-
sociated side effects. This can be effectively done with
a posterior bite block or microimplant anchorage me-
chanics.

Microimplants offer good intraoral anchorage in
molar protraction mechanics. They are usually inserted
between the canine and first premolar roots. The force
is applied directly to the molars' power hooks, so the
line of action passes through the center of resistance of
the teeth. By this means, the molars move mesially by
sliding along the rectangular archwire (preferably 0.018
X 0.025-inch SS wire in an 0.018-inch slot), rounded
and polished posteriorly to ease sliding (Fig 8-8a). In ad-
dition, a light force can be applied lingually to prevent
rotations (Fig 8-8b).
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Uprighting Mesially Tipped Molars

Fig 8-8 Molar protraction using microimplant anchorage. (a) Coil spring force can be applied between the TAD inserted anteriorly and the power
hook on the molar to obtain translation. (b) In addition to buccal force, a light force should be applied on the lingual aspect to prevent molar rota-

tion,

Uprighting Mesially Tipped Molars

If the mesial contact breaks, molars tend to tip mesially.
This is especially true for the mandibular molars, which
are already slightly mesially inclined. Tipped molars
can cause several functional and periodontal problems,
such as temporomandibular joint dysfunction, unde-
sired bite opening, and alveolar bone loss owing to pre-
mature contacts. Molar uprighting is therefore impor-
tant to avoid these adverse effects, to establish a more
balanced occlusion, and to provide suitable relation-
ships with the adjacent teeth for subsequent prosthetic
options.

Molar uprighting mechanics depend on the treatment
goals. If the space mesial to the molar is to be opened
for future prosthetic restoration, uprighting can be ac-
complished with a flexible straight wire passing through
the tube (Fig 8-9a). With the counterclockwise moment
generated by the straight wire, the crown tips backward
and extrudes. A looped archwire or cantilever spring
also has an extrusive effect on the tooth (Figs 8-9b and
8-9c). Bending a step mesial to the molar to compen-
sate for the extrusion will create a clockwise moment
that tends to tip the molar farther mesially (Fig 8-10).

Molar extrusion is usually not desired in high-angle
patients, as it may cause bite opening. In this case, up

righting should be performed in conjunction with in-
trusion. In conventional mechanics, molar uprighting
with intrusion is quite complicated. If the tipping angle
of the molar relative to the occlusal plane is equal to the
anterior angle, the moments are equal; thus, there is no
balancing force on the system (Fig 8-11a). It is important
that the posterior moment be less than the anterior mo-
ment to obtain an intrusive force on the posterior seg-
ment. To do so, the anterior angle (x) should be higher
than the tipping angle of the molar (y) (Fig 8-11b).

If the space mesial to the molar is to be closed, distal
tipping of the crown should be prevented with a lace-
back or cinchback. In this case, the counterclockwise
moment tends to move the roots mesially around the
center of rotation located at the crown (Fig 8-12). Pro-
traction of the molar can be started after uprighting is
completed. A stiff straight wire can then be engaged in
the molar tube and a mesial force applied by means of
a laceback or coil spring. A prefabricated uprighting
spring has been shown to be effective in space closure
and bite control in skeletal open bite cases."

To upright molars with intrusion, various segmented
wires such as 0.016 X 0.022-inch SS with a helix or O.
017 X 0.025-inch titanium-molybdenum alloy (TMA)
can be used. The anterior segment should be incor-
porated with a full-size SS wire to reinforce anterior
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anchorage. To avoid extrusion and clockwise rotation of
the anterior segment and apply optimum intrusive force
on the molar, the difference between moments should be
as low as possible. This adverse effect can be prevented
by light to medium, °/16-inch anterior box elastics. Labial
root torque can also prevent incisor protrusion.

Fig 8.9 If a flexible straight wire is engaged in the mesially tipped
molar (a), the tooth uprights with extrusion. A looped wire (b) or a canti-
lever spring (c) has the same extrusive effect on the molar.

Fig 8-10 When uprighting molars with a looped archwire, some clin-
icians make incorrect steps in the loop to intrude the molar. This bend
causes further mesial tipping because of the downward force passing
mesial to the molar's center of resistance.

In severe skeletal open bite cases, a posterior bite
block may be needed to control molar extrusion dur-
ing uprighting when conventional mechanics are not
sufficient (see Fig 6-34). It is important that the bite
block be used 12 to 16 hours per day or longer to get an
effective response.
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Uprighting Mesially Tipped Molars

Fig 8-11 In high-angle cases, molar extrusion needs to be avoided during uprighting. (a) If the x and y angles are equal, then the anterior and
posterior moments are equal (M1 = M2), thus no balancing forces occur. (b) To obtain intrusive force on the molar, the anterior angle (x) needs to be
increased. The anterior segment should be incorporated with a full-size SS wire to reinforce anterior anchorage. The amount of anterior moment
must be controlled essentially with the angulation of the wire to avoid adverse effects at the anterior segment. If this moment is too high, it could
result in extrusion of the premolars and protrusion of the mandibular incisors. This adverse effect can be controlled be reducing the angle or with

the use of light or medium, 3/6-inch anterior box elastics. In addition, labial root torque may prevent incisor protrusion.

Fig 8-12 If the space mesial to a molar is to be closed, distal crown
movement should be prevented with a laceback or cinchback to obtain
mesial root movement. Protraction of the molar should be done after
uprighting is completed.

Microimplant anchorage mechanics for molar
uprighting

Molar uprighting is a difficult movement that needs
consistent mechanics, strong anchorage preparation,
and patience. To avoid extrusion, leveling and alignment
of the anterior teeth with up to full-size SS wire are
needed before applying the uprighting moment (see Fig
8-11b). Molar uprighting with microimplant anchorage
is easier and independent of anchorage preparation on
the anterior segment to avoid adverse effects such as
premolar intrusion, which saves the clinician time.

Location of the TAD depends on the type of upright-
ing desired. If molar intrusion is indicated, the TAD can
be inserted in the mandibular retromolar area—which
usually offers adequate bone—then connected by an
elastic thread passing occlusally to a mesial button on
the molar (Fig 8-13a). To increase the intrusion effect,
some composite can be bonded occlusally to take ad-
vantage of chewing forces. To upright a second molar
impacted at the distal of the first molar, a bracket-head
implant can be used with cantilever mechanics until a
tube can be bonded (Fig 8-13b).
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8 I Correction of Anteroposterior Discrepancies

Fig 8-13 (a) Mandibular molar uprighting by intrusion using a TAD in the retromolar area (b) An
impacted molar can be uprighted with cantilever mechanics using a bracket-head TAD inserted

in the retromolar area

Fig 8-14 Mandibular molar uprighting to open
space for prosthetic purposes.

Fig 8-15 Mandibular molar uprighting using a microim-
plant to close space.

If extrusion is not an issue, a TAD can be inserted
buccally and mesially to the molar and force applied on
a sliding hook and coil spring by means of a wire liga-
ture. In fact, a straight wire passing through the molar
tube creates a moment for uprighting; a distally directed
force will increase the uprighting effect and help create
enough room for future prosthetics (Fig 8-14).

If the space mesial to the molar is to be closed or-
thodontically, a microimplant should be inserted be-
tween the roots of the premolars or between the roots of
the canine and first premolar. In this procedure, a lace-
back can be tied between the microimplant and the
molar crown to prevent the latter from distalizing as the
tooth uprights with straight wire (Fig 8-15). After the up-
righting is accomplished, a chain elastic or closed coil

Fig 8-16 Microimplant inserted between the first molar
and second premolar roots provides effective anchorage to
prevent the rowboat effect

spring can be applied between the microimplant and
an auxiliary power hook to protract the molar.

In the maxilla, the tuberosity can be used as anchor-
age for molar uprighting with intrusion. This area, how-
ever, may not offer adequate bone for microimplant in-
sertion unless longer and thicker microimplants, such
as those offered by Dentos, are used.

Microimplants are excellent for providing anchorage
support for some individual tooth movements and for
preventing mechanical side effects from excessive in-
clination of the teeth, as in the rowboat effect. The row-
boat effect is the tendency of a crown to move in an un-
desired direction owing to a couple. If a straight wire is
inserted into an upright or distally tipped canine having
angulated brackets, a counterclockwise moment occurs
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Fig 817 Transverse expansion is expected in mesiopalatally rotated
molars when a straight wire is inserted in their tubes.

because of excessive bracket angulation, tending to move
the crown mesially, with possible anchorage loss and
flaring of the incisors.

To prevent the rowboat effect, the canine crown must
be stabilized in place with strong anchorage. In cases
where molar anchorage is critical, a microimplant is an
excellent alternative to extraoral anchorage. The TAD
is placed between the second premolar and first molar
roots, and a laceback is applied directly to the canine
bracket (Fig 8-16).

| Molar Rotation

Rotation of maxillary molars is usually needed to gain
space in the dental arch or to reinforce anchorage for
canine and incisor retraction. The proper position of the
maxillary first molar is key to a functional occlusion.m
Most Class II cases need molar rotation to achieve a
Class I relationship in the posterior segment. Also, cor-
rection of a rotated molar is needed to insert the face-
bow into the molar tube. Rotating the molars provides
approximately 1 to 1.5 mm of space on each side of the
dental arch. A straight wire engaged in mesiopalatally

Conclusion

Fig 818 Molar rotation can be effectively corrected with a trans-
palatal arch. (a) Equal and opposite moments rule out balancing
forces. (b) If the molars are initially rotated unequally, the balancing
forces tend to move one molar mesially and the other distally. If this
is not desired, the anchorage side should be reinforced by incorpo-
rating adjacent teeth. (a represents the amount of rotation of the mo-
lars relative to the sagittal plane.)

rotated molar tubes tends to expand the molars (Fig

8-17). Clinically, this expansion is not significant be-
cause the moment created by the flexible wire is not
high enough to overcome the interdigitation. As arch-
wire stiffness increases, transverse control of the molars
becomes easier.

Molar rotation can also be achieved with a trans-
palatal arch, which can correct severe rotations better
and more easily than a flexible main archwire. Figure
8-18 shows transpalatal arch mechanics in the correc-
tion of molar rotation. Note that equal and opposite
moments create rotations with no balancing force on
the system.

I Conclusion

Molar distalizing procedures are best suited for correc-
tion of a Class II molar relationship in patients with
transitional or early permanent dentition, a low mandib-
ular plane angle, and a minimal or small mandibular arch
length discrepancy. Cervical facebow headgear (often
referred to as Kloehn headgear) used for maxillary molar
distalization had been believed to create unfavorable
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effects such as extrusion and distal tipping of molars, 4. Kloehn SJ. A new approach to the analysis and treatment in

distal rotation of occlusal and mandibular planes, and mixed dentition. AmJ Orthod 1953;39:161-186.

engening of the e love foe heght " How. > 5%, 9 X P 10 Vsl R st o

ever, research'® based on patients treated by Silas 197,203.

Kloehn and John Kloehn showed that none of these 6. Graber TM. Current Orthodontic Concepts and Techniques.

effects occur when the patient is treated according to Philadelphia: Saunders, 1969:919-988.

their protocol. Their system of treatment involves the 7. Tosun Y. Comparative Study of the Effects of Cervical and High
. . Pull Headgears on Dento-Cranio-Facial Structures of Class

use of a long outer bow that is adjusted every 6 to 8 II/1 Cases in the Transitional Dentition [thesis]. Izmir, Turkey:

weeks alternately up or down in relation to the occlusal Aegean Univ, 1989.

plane. This procedure prevents the extrusion of maxil- 8. Gianelly AA, Bendar J, Dietz VS, Koglin J. An approach to

lary molars and controls their axial inclination.

Patient compliance problems with headgear led to the
development of several intraoral intra-arch appliances (
eg, pendulum, Jones jig, and distal jet). These appli-
ances were anchored on premolars and a palatal acrylic
button (similar to the Nance appliance). While the use
of these appliances did distalize and tip the molars,

they also led to approximately equal amounts of an

nonextraction treatment of Class II malocclusions. In: Nanda R
(ed). Biomechanics in Clinical Orthodontics. Philadelphia:
Saunders, 1997:258.

9. Locatelli R, Bendar J, Dietz VS, Gianelly AA. Molar distalization
with superelastic NiTi wire. J Clin Orthod 1992;26:277-279.

10. Stepovich ML. A clinical study on closing edentulous spaces
in the mandible. Angle Orthod 1979;49:227-233.

11. Tosun Y. Biomechanical Principles of Fixed Orthodontic Ap-
pliances. Izmir, Turkey: Aegean University, 1999:224.

chorage loss." In short, they were not as effective and
useful as anticipated. TADs have been most useful in
overcoming these difficulties.

Vertical height control in high-angle and open bite

12. Aras A, Tosun Y. Application of "Memory Titanol Spring"
in the first molar extraction space closure. Turk J Orthod 1999;
12:141-148.

13. Burstone CJ. How to level the occlusal plane in deep bite cases.
Presented at the 4th International Orthodontic Congress, San

Francisco, 12-17 May 1995.

14. Wieslander L. The effect of orthodontic treatment on the con-
current development of the craniofacial complex. AmJ Orthod
1963;49:15-27.

15. Merrifield LL, Cross JJ. Directional forces. AmJ Orthod 1970;
57:435-464.

16. Hubbard G, Nanda RS, Currier GF. A cephalometric evalua-
tion of nonextraction cervical headgear treatment in Class II
malocclusions. Angle Orthod 1994;64:359-370.

17. Ghosh J, Nanda RS. Evaluation of an intraoral maxillary molar
distalization technique. AmJ Orthod Dentofacial Orthop 1996;
110:639-646.

18. Brickman, CD, Sinha PK, Nanda RS. Evaluation of the
Jones jig appliance for distal molar movement. AmJ Orthod
Dentofacial Orthop 2000;118:526-534.

19. Ngantung V, Nanda RS, Bowman SJ. Posttreatment
evaluation of the distal jet appliance. AmJ Orthod Dentofacial
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Evaluation of the vertical holding appliance in treatment of
high-angle patients. AmJ Orthod Dentofacial Orthop 2000;
117:700-705.
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patients receiving orthodontic treatment is imperative

because most orthodontic procedures have an extrusive

effect on the molars. The vertical holding appliance (
VHA)," which was developed at the University of Ok-
lahoma, has been found to be helpful in controlling the

extrusion of maxillary molars. The VHA is a simple

palatal appliance anchored on the first molars support-
ing a 0.5-inch-diameter acrylic button in the middle of
the palate between the molars. When the patient swal-
lows, the tongue pressure on the button restricts the

molar extrusion. Mandibular molar extrusion can also

be controlled by application of a fixed lingual arch.?
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Extraction is a common approach in orthodontic treat-
ment to correct arch-to-tooth size discrepancies and
skeletal problems. A number of factors should be con-
sidered before determining the need for extraction. The
most important factors are:

Severity of crowding
Vertical growth pattern
Midline discrepancies

Incisor-lip relationship
Anchorage

Space closure is one of the most important steps in
treatment after extraction. The strategy of space closure
should be based on a careful diagnosis and treatment
plan made according to the specific needs of the indi-
vidual. No matter the technique used, the extraction
space can be closed in three ways:

* Retraction of anterior teeth (maximum anchorage)

* Protraction of posterior teeth (minimum anchorage)
* A combination of both (moderate anchorage)'*

Space closure with conventional intra-arch mechanics
is a sort of tug-of-war between anterior and posterior
segments. According to Newton's third law, to every ac-
tion there is always an equal and opposite reaction;

Space Closure

therefore, for all distally directed forces (anterior re-
traction), the reaction will be mesially directed (poste-
rior protraction). If maximum anchorage is indicated,

the entire—or at least 75% of the extraction space—
needs to be closed by retraction of anterior teeth.>* In

this case, there are several possible mechanisms to close

these spaces:

* Retraction of anterior teeth without involving the
posterior teeth by means of extraoral support such as
J-hook headgear or microimplant (temporary anchor-
age devices [TADs]) mechanics

* Retraction of anterior teeth without involving the pos-

terior teeth by taking support from the other arch (ie,
Class II elastics)

* Neutralizing the mesial forces acting on the posterior
teeth with full-time headgear wear

* Applying retraction force on the anterior teeth while
headgear is worn

* Using differential mechanics

As far as maximum anchorage is concerned, excel-
lent patient cooperation is usually necessary to obtain
the proper interarch relationship. In the first four op-
tions (unless microimplant anchorage is used in the first
option), the success of treatment is mainly dependent
on patient compliance. Maximum anchorage is quite
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difficult to achieve unless intraoral differential tooth
movement strategies are applied. Naturally, headgear
or other anchorage auxiliaries such as transpalatal arch,
lingual stabilizing arch, and Class II elastic support
might be needed to obtain effective retraction.

In a maximum anchorage case, the timing of extraction
is also important because posterior teeth can easily drift
mesially after extraction. In some Class II, division 1
patients, for instance, it is necessary to wait until level-
ing is completed to extract the appropriate tooth and
start the retraction process.

| Differential Mechanics

Maximum anchorage

To achieve maximum anchorage, the mesial forces on
the posterior teeth must be reduced or neutralized with
differential moments, which use the difference in an-
chorage between the anterior and posterior teeth.
Classically, a tooth tips when a simple force is applied
but resists if a couple is added to the system. As the mo-
ment increases, the moment-to-force (M/F) ratio, and
thus the anchorage of the tooth, increases; therefore, the
force system applied to the tooth defines its anchorage
value based on more than simply the number and total
surface of its roots. Occasionally, depending on the
force system applied, the anchorage of a single-rooted
tooth can be higher than that of a multirooted tooth.®
To obtain maximum anchorage in the posterior segment,
the M/F ratio on the molars should be high enough to
effect root movement. This can be achieved either by
increasing the clockwise moment or reducing the
mesially directed force acting on the molar. An M/F
ratio of approximately 12:1 and higher results in root
movement and a distal crown-tipping tendency of the
posterior teeth, resisting the mesially directed force. Be-
cause the amount of force applied to each segment is
the same, one should adjust the respective amount of
moment on each side to get differential tooth move-
ment. The M/F ratio on the anterior segment should be
as low as 6:1 to obtain controlled tipping. Clinically, be-
cause controlled tipping is quicker and easier than root
movement, anterior retraction can be achieved before
posterior protraction occurs (Fig 9-1). Even though this

mechanism works effectively, on a practical basis, night-
time headgear wear is usually needed to control molar
inclination and neutralize the vertical force vector.

Differential moments are balanced by vertical forces,
which are intrusive on the anterior and extrusive on the
posterior segment. The amount of balancing force de-
pends mainly on the strength of the moments and the
interattachment distance. Large moments result in large
vertical forces, which may be detrimental to the vertical
dimension of the face, particularly in high-angle pa-
tients. As the distance between segments increases, the
amount of vertical force decreases and vice versa.

Moderate anchorage

In moderate anchorage, the extraction space needs to
be closed by an equal amount of retraction of anterior
teeth and protraction of posterior teeth.* When differ-
ential mechanics are used, the moments applied to the
anterior and posterior segments must be equal and op-
posite. To obtain controlled tooth movement, an M/F
ratio of approximately 6:1 to 8:1 should be applied to
each segment. After the extraction space closes, higher
moments are needed to obtain root movement.

Minimum anchorage

If minimum anchorage is indicated, all'—or at least
75% —of the extraction space needs to be closed by pro-
traction of the posterior teeth.?* This is nearly the op-
posite of maximum anchorage mechanics.

When differential mechanics are used to achieve min-
imum anchorage, the distally directed force on the an-
terior teeth must be reduced or neutralized with differ-
ential moments. To obtain maximum anchorage on the
anterior segment, the M/F ratio on the incisors should
be high enough to obtain root movement. This can be
achieved by either increasing the clockwise moment or
reducing the distally directed force acting on the ante-
rior teeth. An M/F ratio of approximately 10:1 to 12:1
results in root movement and forward crown tipping of
the incisors, resulting in resistance against the distal
force. The M/F ratio at the posterior segment should
be as low as 6:1 to obtain controlled tipping. Clinically,
space closure with differential anchorage mechanics is
not convenient. The anchorage of the anterior segment
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Fig 9-1 Example of force system
for space closure with maximum an-
chorage. High M/F ratio on the pos-
terior segment and lower M/F ratio
on the anterior segment results in
root movement of the molars and
premolars and controlled tipping of
the incisors and canines.

General Strategies in Space Closure

Fig 9-2 (a and b) In minimum an-
chorage frictional mechanics, the

posterior teeth should be moved one
by one with intermaxillary elastic sup-
port to avoid undesired retraction of
anterior teeth.

usually needs to be reinforced (eg, with a facemask
worn at night) or the posterior teeth may need to be
protracted one at a time because incisor anchorage is
not strong enough for en masse protraction (Fig 9-2).
As explained in the section "Molar Protraction" in
chapter 8, the convenient way to close extraction spaces
in a minimum anchorage case is to move the premolars
and molars one at a time with push coils while the
anchorage is supported with intermaxillary elastics.

General Strategies in Space Closure

Two basic biomechanical strategies can be used to close
extraction spaces: frictional and frictionless. In either
system, the tooth movements can be two-staged (canine
distalization and incisor retraction) or en masse Canine
distalization is necessary in anterior crowding cases
wherein round tripping (ie, protrusion and retrusion of

incisors) is to be avoided. Thanks to flexible retraction
archwires, use of microimplant anchorage mechanics,
and new concepts in biomechanics, en masse retraction
can be applied in most extraction cases.

Space closure in frictional mechanics

In frictional mechanics, anchorage is a serious concern

because a significant part of the force applied to tooth

movement is lost in the friction between bracket, liga-
ture, and wire. Therefore, particularly in patients in

whom anchorage is critical, use of headgear is more im-
portant than in the frictionless system. Space closure in

frictional mechanics has usually been performed in two

stages to avoid straining the anchorage teeth; however,

this technique is usually more time-consuming than

one-stage (en masse) retraction,' and it places more

strain on anchorage than commonly recommended.
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Fig 9-3 In en masse retraction with frictional mechanics, the arch-
wire slides through the brackets and tubes of the posterior teeth.

Two-stage space closure

Canine distalization

In frictional mechanics, the canines move distally by
sliding on the archwire. As long as the applied force is
continuous and optimum (approximately 200 g),° tooth
movement is achieved by slight tipping and uprighting
cycles (see Fig 4-4). Several factors related to friction such
as amount of force, angle between wire and bracket,
wire size, wire stiffness, wire and bracket materials, and
ligature material and tightness can affect the move-
ment.' Generally, the force needed to overcome friction
is of the same magnitude as the force needed to move
teeth.”® With a given optimum force, a wire with high
elasticity (less stiff) would deflect more than a stiff wire
and would cause more tipping. On the other hand, a
similar effect could be obtained with a stiffer wire-
excessive force combination. Excessive force causes a
deep bite by incisor extrusion, anchorage loss due to
binding, and permanent wire deformation (see Fig 4-9).
Stiff, round wire-wire ligature-light force seems to be
the optimum combination for efficient canine retraction.
Adjusting the tightness of the ligature (see chapter 4) is
also recommended to avoid binding and related side
effects.

Incisor retraction

After canine distalization, the incisors are retracted to
close residual spaces. Incisor retraction in sliding me-
chanics requires stronger anchorage compared with
canine distalization. Incorporating the posterior teeth

(including canines) is generally not enough for strong
anchorage. For moderate anchorage, chain elastics work
relatively well, but for maximum anchorage, headgear
and/or Class II elastic support is usually needed.

En masse retraction

As in other sliding mechanics, en masse retraction in

frictional mechanics requires strong anchorage support.

In this technique, as the anterior teeth move distally, the

archwire slides through the brackets and tubes of the

posterior teeth (Fig 9-3). The interaction between the

wire and tubes may result in high friction-even bind-
ing-causing loss of anchorage. To avoid friction, par-
ticularly that due to third-order interaction, the edges
of rectangular archwires should be rounded with a di-
amond bur and polished with a rubber wheel (see Fig
8-7). For effective sliding, there must be a 0.002-inch

play between wire and bracket slot. It is therefore suit-
able to use 0.016 X 0.022-inch wire in a 0.018-inch slot.

Practically, to avoid friction, the thickest leveling wire

can be kept in the mouth for 1 or 2 months until enough
molar and premolar torque has been attained. If a thin-
ner rectangular wire with rounded edges is engaged in

the brackets, third-order interaction would be elimi-
nated, but this could result in the posterior teeth mov-
ing mesially. In patients in whom anchorage is critical,

retraction can be safely achieved with intramaxillary

elastics along with headgear or intermaxillary elastics

only. Owing to the friction factor, the differential tooth

movement principle cannot be applied to en masse re-
traction in frictional mechanics, but it does work in min-
imum to moderate anchorage cases. Nickel titanium (
NiTi) coil springs between molars and canines provide

optimum force and tooth movement. Class II elastics

support the anchorage in reaching a Class I molar rela-
tionship.

En masse retraction with microimplant mechanics
En masse retraction, which is one of the most challeng-
ing procedures when using conventional techniques,
can be performed more efficiently with microimplant
anchorage mechanics. With traditional techniques, en
masse retraction can be done only against extraoral an-
chorage, which is dependent on patient compliance.

In en masse retraction using microimplant anchorage,
the location of the TAD is determined according to the
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Fig 9-4 Force applied between the
anterior power hook and a TAD in-
serted between the second premo-
lar and first molar roots 8 to 10 mm
from the archwire (medium region,
gray band) (a) causes en masse re-
traction of the anterior teeth with
translation (b). (Reprinted from Sung
et al® with permission.)

Fig 9-5 Force applied between the
anterior power hook and a TAD in-
serted between the second premo-
lar and first molar roots less than 8
mm from the archwire (below gray
band) (a) causes en masse retrac-
tion of the anterior teeth combined
with clockwise rotation, which helps
correct anterior open bite (b). (Re-

printed from Sung et al® with per-
mission.)

Fig 9-6 Force applied between

the anterior power hook and TAD
inserted between the second pre-
molar and first molar roots more than
10 mm from the archwire (above gray
band) (a) causes en masse retrac-
tion of the anterior teeth combined
with clockwise rotation, which helps
correct anterior deep bite (b). (Re-
printed from Sung et al’® with permis-
sion.)

patient's need. Sung et al’ have defined three regions
according to the direction of force: low, medium, and
high. A TAD inserted between the maxillary first molar
and second premolar roots 8 to 10 mm from the arch-
wire would be considered in the medium region. Above
10 mm is high and below 8 mm is low. A coil spring
force applied to a 6-mm-long power hook between the
maxillary lateral incisor and canine passing through the

General Strategies in Space Closure

medium region would likely cause translation of the

anterior teeth (Fig 9-4). A force passing through a TAD

inserted in the low region would cause the maxillary

dentition to rotate clockwise and extrude, which is help-
ful in correcting anterior open bite (Fig 9-5). In contrast,

if the microimplant is in the high region, the anterior

teeth would intrude, which is helpful in correcting a

deep bite (Fig 9-6).
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Space closure in frictionless mechanics

Space closure in frictionless mechanics can be achieved
by either a looped, continuous archwire or the seg-
mented arch technique.

Continuous archwire

The continuous archwire technique is performed with a

closing loop bent on the main archwire. No matter the

technique, the spring characteristics of a closing loop—
a critical part of its design—are largely determined by

three factors: size of the archwire, configuration of the

loop, and distance between points of attachment (inter-
bracket distance). The principal means of increasing the

effectiveness of loops are:

* Incorporating more wire in the loop (eg, adding a helix)
* Using a smaller size wire
* Increasing the interbracket distance
* Changing the configuration of the loop

The M/F ratio of a loop increases as the amount of
wire incorporated gingivally increases.’®! The longer
the interbracket distance, the higher the working range
of a loop. Equivalent properties can be obtained by in-
creasing the amount of wire as the size increases and by
using simpler loops as the wire size decreases. The
proper selection of the combination depends on the
comparative clinical risks and benefits. Placing more
wire in a loop increases its working range and increases
the M/F ratio, but more wire might be uncomfortable
for the patient. On the other hand, simple loops (ie, ver-
tical loops) are comfortable, but the M/F ratio is con-
siderably lower.

The average amount of activation recommended
for a vertical loop such as a Bull, Sandusky, or delta
is about 1 mm per month. A Bull loop in an 0.018 X
0.025—inch stainless steel (SS) wire activated 1 mm can
deliver approximately S00 g.' The legs of the loop close
quickly following activation, which is clinically fail-safe.'
Proffit" suggests that tooth movement be stopped after
a prescribed range of movement to avoid mechanical
side effects, in case the patient fails to present for his or
her scheduled visit.

The M/F ratio produced by a loop can be increased
by appropriate gable bends placed in the legs (Fig 9-7).

These bends generate root-paralleling moments after
the extraction spaces have been closed. The angle of
the bend depends mainly on the size or stiffness of the
wire, that is, 30 to 40 degrees for 0.016 X 0.022—inch
SS, 20 to 30 degrees for 0.017 X 0.025—inch SS, and
above 40 degrees for 0.017 X 0.025—inch titanium-
molybdenum alloy (TMA). The angle of the bend also
depends on the type of retraction and anchorage needs
of the case. If the incisors are to be retracted with root
movement, the gable bend should be increased. The
anterior moment can be increased, if necessary, by plac-
ing palatal root torque in the wire.

A gable bend approximates a V-bend; therefore, its
position between segments affects the mechanics of
tooth movement (see chapter 3). Moving the loop 1 or
2 mm toward one side usually creates a moment differ-
ential.? In a moderate anchorage case, the loop should
be positioned in the middle of the segments to obtain
equal and opposite moments. In a maximum anchorage
case, placing the loop distally produces a higher mo-
ment; however, this is limited by the interbracket dis-
tance at the extraction site. The loop moves backward
as the wire is cinched behind the molar tube; therefore,
in a first premolar extraction case, the loop should be
placed initially more anteriorly to ensure that it will not
interfere with the second premolar bracket. As the loop
moves backward, the posterior moment increases.

When the loop is placed too far anteriorly, combined
with palatal root torque on the incisors, the anterior mo-
ment becomes higher than the posterior. This difference
of moment is balanced with extrusive force on the in-
cisors and intrusive force on the molars. Class II elastics
to reinforce the anchorage may cause extrusion of the
incisors and be detrimental to the treatment result. If
anchorage is critical, headgear with or without a
transpalatal arch is the method of choice to reinforce it.

Segmented arch mechanics

In the segmented arch technique, the anterior and pos-
terior segments are converted into two big "teeth" by

means of rectangular wires and a transpalatal arch.

Therefore, any mechanics used in this technique are

considered a tug-of-war between two teeth, as has been

explained earlier in this chapter. Space closure is per-
formed with a 0.017 X 0.025—inch TMA T-loop wire

inserted into the molar tubes and a crimpable vertical
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Fig 9-7 In space closure with continuous archwire mechanics, a
gable bend should be placed in the mesial and distal legs of the loop
to obtain root movement. Because the archwire is passed through the
brackets, the teeth move around their own centers of rotation (CR).

tube inserted between the lateral incisor and canine
brackets.

The segments move around their respective centers
of rotationl® (Fig 9-8). The amount of activation of the
loop and its position between the two attachments de-
fines the biomechanical design. Nanda and Kuhlberg?
and Burstone ! suggest activating the T-loop 4 to 6 mm,
depending on the specific needs of the patient, to ob-
tain controlled tooth movement. When the T-loop (or
V-bend) is at the midpoint of the two attachments, it cre-
ates equal and opposite moments on each side. When it
moves off center, it generates a higher moment on the
nearer side.?**1® Unlike continuous archwire mechanics,
the long distance between attachments makes it possible
to position the loop (V-bend) posteriorly or anteriorly,
depending on the anchorage needs of the patient.

In maximum anchorage cases, the extraction spaces
are closed mainly with the retraction of the anterior
teeth, with little or no forward movement of the poste-
rior teeth. Application of differential mechanics helps
support posterior anchorage, but usually not enough to
accomplish en masse retraction. Therefore, headgear
and/or Class II elastics are usually needed to reinforce
the anchorage (Fig 9-9).

Segmented arch mechanics offer effective anterior re-
traction in maximum anchorage cases because both the

General Strategies in Space Closure

Fig 9-8 In space closure with the segmented arch technique, the
anterior and posterior segments can be considered two big "teeth,"
which move around their respective centers of rotation (CR). (Redrawn
with permission from Melsen et al.?)

TMA wire and the design of the T-loop help reach high
M/F ratios when needed. In maximum anchorage
cases, differential anchorage is obtained when the pos-
terior moment is higher than the anterior moment. In
differential anchorage, the goal is to obtain root move-
ment of the molars and tipping of the incisors. Root
movement of the posterior segment can be obtained in
two ways: increasing the bend on the posterior leg of
the T-loop (increasing the posterior moment)’ and po-
sitioning the T-loop close to the posterior attachment.

An M/F ratio of approximately 10:1 to 12:1 generates
root movement of the posterior teeth. The effect of the
moment is to tip the molar crowns distally, thus resist-
ing against mesially directed forces, while the anterior
segment is retracted with controlled tipping by an M/F
ratio of approximately 6:1 to 7:1.

Differential moments cause vertical balancing forces,
which are intrusive at the anterior and extrusive at the
posterior segments. Molar extrusion must be controlled
in high-angle patients to avoid mandibular rotation.
High-pull headgear may be needed to control extrusion
and inclination of the molars and correct the cant of the
posterior segment.

In moderate anchorage cases, the extraction spaces
are closed with equal amounts of movement of the an-
terior and posterior segments. If the loop is positioned
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9 | Space Closure

Fig 9-9 Example of en masse space closure with segmented arch mechanics using 0.016 x 0.022—inch TMA T-loops and Class Il elastics.
(a to c) Before treatment. (d to f) Start of retraction with T-loop combined with Class Il elastics. (g to After 3 months of treatment. Note the im-
provement of the canines' inclinations despite retraction force, due to high M/F ratio delivered by T-loops. G to Completion of treatment

following 5 months of retraction mechanics.
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centrally between the segments, equal and opposite mo-
ments occur; therefore, there are no balancing forces

on the system. Nanda and Kuhlberg? suggest activation
of a TMA T-loop up to 6 mm to obtain an M/F ratio of
approximately 6:1 on each side. As the loop deactivates,

the M/F ratio increases up to 27:1, producing three

phases of tooth movement-tipping, translation, and

root movement.*! Proffitt suggests that segmented arch

mechanics are not fail-safe; arch form and the proper
vertical relationship cannot be controlled if the retrac-
tion loop is distorted or activated incorrectly. Nanda

and Kuhlberg® suggest that space closure be monitored

periodically and that the spring be reactivated when the

occlusal planes regain parallelism.

In minimum anchorage cases, space closure is ac-
complished mainly with mesial movement of the pos-
terior segment. Protraction of the molars and premolars
with differential mechanics is fairly difficult to accom-
plish because anterior anchorage is not strong enough
and side effects are usually unavoidable.

To obtain a differential, the anterior moment should
be increased and the loop placed close to the anterior
segment. Differential moments generate vertical bal-
ancing forces, which are extrusive on anteriors and in-
trusive on posteriors. The major side effect is a deep bite
due to incisor extrusion and retrusion. In the maxillary
dentition, the facemask in combination with Class III
elastics increases the mesial force on the molars. In the
mandibular dentition, Class II elastics may be needed
to reinforce anterior anchorage. To minimize side ef-
fects, the T-loop should be activated 1 to 2 mm. In min-
imum anchorage cases, second premolar extraction is
helpful to obtain higher anchorage in the anterior seg-
ment. If both maxillary and mandibular dental arches
need minimum anchorage, a facemask to the maxillary
dentition combined with Class II elastics is needed to
support anterior anchorage and avoid retrusion of the
maxillary and mandibular incisors.
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Glossary

binding During tooth movement along an archwire,
a high couple occurs between bracket and wire, owing
to overtipping of the tooth. Binding is the locking of
these two materials due to friction. As a result of bind-
ing, tooth movement stops. Binding can also occur
during sliding of the wire in en masse movements.

bowing effect Increase of overbite by incisor extru-
sion after a straight wire is placed in incisor brackets
and angulated canine brackets.

breaking point The point at which a wire material
fails.

center of rotation The imaginary point around which
a tooth rotates. The location of this point changes de-
pending on the force system applied to the tooth (ie,
the moment/force ratio).

corrosion Loss of weight of a metal and change of its
mechanical properties under various chemical influ-
ences.

couple A system having two equal and parallel forces
acting in opposite directions. Every point on the ob-
ject to which a couple is applied is under a rotational
influence in the same direction and magnitude. The
object rotates about its center of resistance regardless
of where the couple is applied. For example, torque
applied to a bracket makes the tooth rotate around its
center of resistance and not around the bracket.

differential force (anchorage) principle Taking
advantage of the anchorage differences between two
teeth (or groups of teeth) when moving them toward
or away from each other.

dynamic (kinetic) friction Friction that exists dur-
ing movement of an object; the amount of force the
object must overcome to continue moving.
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elastic deformation The shape defoiniation of a wire
that occurs up to its elastic limit.

elastic material Material that can return all the en-
ergy it absorbs, thus regaining its original dimensions
when the stress is removed.

fatigue Weakening of a material under repeated stress.

force The factor that causes an object to change its
shape or position in space. Force is a vector having a
line of action, direction, magnitude, and point of ap-
plication.

formability The amount of permanent deformation a
wire can sustain before failure.

free object analysis Analysis of an isolated part of a
force system representing the whole system or an ob-
ject in static equilibrium. This analysis helps one see
the entire perspective of the object or system.

frictional force The resistance that occurs at the con-
tact surface in the opposite direction to the movement
when two objects in contact are forced to move along
each other.

Hooke's law According to this law, stress applied to a
material up to its elastic limit is directly proportional
to the strain.

hysteresis The difference between the slope formed
when a superelastic wire is activated and transforms
from the austenitic phase to the martensitic phase and
that formed when the force is removed and the wire
follows a different path below that of activation, re-
turning to the austenitic structure.

laceback A ligature tied between the molar tube and
canine bracket to prevent the canine crown from
moving mesially.

limit of elasticity The point beyond which perma-
nent deformation occurs.



modulus of resilience The area in a stress-strain di-
agram between the starting point, elasticity limit, and
vertical line from the elasticity limit to the x-axis.

modulus of toughness The area in a stress-strain di-
agram under the slope brought down to the x-axis
from the starting point and the failure point.

moment The magnitude of force (F) times perpendic-
ular distance (d) drawn from the center of resistance
to the line of action of the force, shown as M= F X d.

moment/force ratio The ratio of the moment of a
couple effective on the tooth and the force applied to
the crown.

normal force The force perpendicular to the surface
that causes friction between two objects.

permanent deformation The permanent shape de-
formation of a wire due to excessive stress beyond the
elastic limit

pitch angle The angle between a line perpendicular
to the long axis of a spring and the inclination of the
windings of the spring.

plastic material A material that does not return to its
original dimensions when stress is removed.

pure rotation The rotation of an object that occurs
because of a couple.

relaxation The decrease or total reduction of force
over time, occurring under constant stress.

rotation movement Movement of any straight line
on a body by changing its angle relative to a fixed ref-
erence frame.

round tripping Bringing a tooth back to its original
position after moving it. One of the causes of root
resorption.

rowboat effect The tendency of a tooth crown to
move in an undesired direction because of a couple.
In the straight-wire technique, if the canines are too
upright due to the second-order angulation of the ca-
nine bracket, a moment occurs when an archwire is
inserted, tending to move the crown mesially. The
rowboat effect may result in anchorage loss and flar-
ing of the incisors.

Glossary

shape memory The shape "remembering" process
by which an alloy returns to its original shape after
it is heated above a certain transition temperature.

springback The distance on the x-axis of a stress-
strain diagram between 0.1% permanent deformation
and the elastic limit of a wire that has been deflected
and let go.

static The branch of physics concerning the behavior
of objects in balance while under the effect of a force.

static frictional force The amount of force necessary
for an object to start moving.

stiffness The amount of resistance a wire exhibits
against bending and drawing (ie, the amount of force
needed to bend or draw a wire).

strength The total force application capacity of a wire
material.

superelasticity The characteristic of a wire that de-
livers the same amount of force independent of the
amount of activation.

surface hardness The resistance of a material against
localized and continuous pressure. The Brinell and
Rockwell hardness indexes are the most frequently
used surface hardness scales in engineering.

transition temperature The temperature at which
transition of NiTi alloy occurs between its austenitic
and martensitic crystalline structures and vice versa.

translation (bodily) movement The type of move-
ment of abody on any straight line without changing
its angle relative to a fixed reference frame.

ultimate strength limit The ultimate strength a wire
material can resist against an increasing stress.

vector A physical quantity having a point of applica-
tion, magnitude, line of action, and direction.

working range The maximum amount a wire can be
deformed without exceeding its material limit. This is
important in orthodontic practice as it shows the

working distance that a wire can be deformed within
its elastic limit.

Young's modulus The slope of a stress-strain curve
of a wire below its elastic limit.
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Page numbers followed by "f* denote figures;
those followed by "t" denote tables

A

Acceleration, law of, 1
Action and reaction, law of, 1
Alumina, 75
Alveolar support, loss of, 12-13, 13f
Anchorage control
definition of, 83
extraoral appliances for
adjustment to direction of force,
87-89, 88f
anteroposterior force application, 86
asymmetric force application, 91-95
asymmetric arms, 91-93, 92f
canine hooks, 93, 92f

reverse headgear, 93-95, 93f, 94f
categorization of, 86
entire dental arch application of,
90-91, 91f
frontal plane analysis, 89, 89f
objectives of, 86
sagittal plane analysis, 86-87, 87f
cervical headgear, 86, 87f
high-pull headgear, 86-87, 87f
transverse plane analysis, 90, 90f
intraoral methods of

cortical bone anchorage, 84, 85f, 95
increase the number of teeth, 83, 84f
lip bumper, 85, 85f
Nance appliance, 83-84, 136
sliding jig, 84
transpalatal arch, 84-85, 89
uprighting springs, 84, 84f

maximum, 145-146, 147f, 151
microimplants. See Microimplants.
minimum, 145-146, 153
moderate, 145-146, 151, 153
temporary devices for
deep bite correction using, 106, 107f
description of, 95-96
microimplants, See Microimplants,
molar distalization using, 135, 135f
molar intrusion with, for skeletal open

bite correction, 122-123, 123f
transpalatal arch and, 123f
Angulated curve of Spee, 110, 110f, 112f
Anterior crossbite, 126f
Anterior teeth, retraction of, 145. See also
Incisor(s).

Anteroposterior discrepancies, 133-144

Anteroposterior force, 86

Antitip bend, 65

Arch. See specific arch.

Archwire, continuous, 150, 151f. See also
Wire(s).

Artistic bends, 63, 64f

Asymmetric force, 91-95

Austenite, 28

B

Begg appliance, 14
f3-titanium wires
characteristics of, 31
indications for, 37
stiffness of, 20-21, 22t, 36t
torsional properties of, 31, 32t
working range of, 22t
Binding, 74, 77
Bite, 69, 69f. See also Crossbite; Deep bite;
Open bite.
Bowing effect, 69, 69f
Bracket(s)
edgewise, 76
friction and, 75
milled, 76
self-ligating, 77f
types of, 49-51, 50t
width of, 75-76
Bracket angulation
description of, 57, 59f
straight-wire, 65, 67-68
Bracket-head screw, 130, 130f
Bracket-wire angle, 77-78
Bracket-wire friction

analysis of, 73-78
factors that affect, 75b, 75-78
saliva effects on, 76
types of, 71
Brittle, 19
Buccinator muscle, 85
Bull loop, 150
Burstone geometry classes, 57-59, 58f

C

Canine distalization
force amount for, 27, 74
friction during, 73, 74f
in Class I, division 2 deep bite correction,
112
in space closure, 148

incisors after
extrusion of, 79, 79f
retraction of, 148
stages of, 74f
Canine hooks, 92f, 93
Cantilever beam test, 24, 24f
Cantilevers, 38f-40f, 38-39
Canting of maxillary occlusal plane, 118, 119f
Center of mass, 6
Center of resistance
description of, 5-6, 6f-7f
loss of alveolar support effects on, 12, 13f
Center of rotation
description of, 6
moment-to-force ratio effects on, 9f, 11
Ceramic brackets, 50-51
Cervical headgear, 86, 87f, 108, 134, 143
Chain elastics, See Elastomeric chains.
Chinese NiTi, 29
Chloride, 26
Chrome-cobalt coil springs, 40-41, 41 f
Class | geometry, 57, 58f
Class | molar relationship, 133
Class |l elastics, 45-47, 46f-47f, 46t, 92f,
137, 152f, 153
Class Il geometry, 57, 58f
Class Il molar relationship, 133
Class lll elastics, 45, 47

Class lll geometry, 58f, 59
Class IV geometry, 58f, 59
Class V geometry, 58f, 59
Class VI geometry, 58f, 59
Closure of space. See Space closure,
Coefficient of static and kinetic friction, 73
Coil springs
chrome-cobalt, 40-41, 41f
description of, 18, 39-41, 41f
elastics vs, 48-49
molar distalization with, 135f, 135-136
Nance appliance and, 136, 137f
nickel titanium, 40-41, 41f
stainless steel, 40-41, 41f
Combined headgear, 87
Compression, 17
Consistent mechanics, 38f, 39
Continuous archwire technique, for space
closure, 150, 151f
Continuous forces, 4, 5f, 32
Continuous intrusion arch, 105, 105f-106f
Controlled tipping, 8-9, 9f, 66, 146
Corrosion, 26-27
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Cortical bone anchorage, 84, 85f, 95
Couple, 6-7, 7f, 18
Crevicular corrosion, 26
Crossbite
anterior, 126f
elastic archwires for, 129
elastics for, 129f-130f, 129-130
posterior, 89, 89f, 125, 127
quad helix for, 127-128, 128f
rapid maxillary expansion for, 125-127,
126f-127f
transpalatal arch for, 127, 128f
Cross-section stiffness, 34, 35t
Curve of Spee
angulated, 110, 1 10f, 1 12f
deep bite with, 109-110, 110f-111f
reverse, 122, 122f
stepped, 110, 110f

use of straight or reverse-curved archwires,

110,111f

D

Deep bite correction
Class Il, division 2 cases, 99-100,
100f-101f, 112-113
continuous intrusion arch for, 105,
105f-106f
curve of Spee correction, 109-110,
110f-111f
differential mechanics, 111-112, 112f
esthetics, 102f-103f, 102-103

in normal- to low-angle patients, 101-102

in transitional dentition cases
description of, 113
2 x 4 arch, 1 13f-1 15f, 113-115, 1 17f
incisors
lip relationship with, 102-103
protrusion of, 100-101, 101f

selective intrusion of, 103-107, 104f-
107f, 107t, 1 14f microimplants for, 105-
106, 107f

overview of, 99-100, 100f
selective molar extrusion for, 108,
108f-109f

temporary anchorage devices for, 106, 107f
Dental open bite, 118
Differential mechanics, of space closure,

146-147, 151, 153
Distalization. See Canine distalization; Molar
distalization.

Drawer movement, 94

E

Edgewise brackets, 76
Edgewise technique, 65, 66f
Elastic materials, 18

Elastic wires, 67, 67f, 129

Elastics
Class Il, 45-47, 46f-47f, 46t, 92f, 137,
152f, 153
Class lll, 45, 47

coil springs vs, 48-49

crossbite, 129f-130f, 129-130
disadvantages of, 42
elastic behavior of, 18, 19f
elastomeric chains, 42-43
intraoral latex, 43-47, 44f-47f
ligatures, 49
natural rubber, 41
relaxation of, 42, 42f
synthetic polymers, 41-42
testing of, 43, 44f
Elastomeric chains, 42-43
Electrochemical corrosion, 27
Elgiloy, 28, 40
En masse protraction, 147, 147f
En masse retraction, 148f, 148-149
Equivalent force systems, 10, 10f
Extraction
factors that affect, 145
of molars, 112
space closure after. See Space closure.
Extraoral appliances
for anchorage control. See Anchorage
control, extraoral appliances for.
headgear. See Headgear.
molar distalization using, 134-135

F

Facebow, 88-90, 134
Facemask, 153
Fatigue, 26
Force
anteroposterior, 86
as vector, 2f
asymmetric application of, 91-95
bracket-head screw used to apply, 130, 130f
canine distalization, 27, 74
constancy of, 4, 5f
continuous, 4, 5f, 32
definition of, 4
distribution of, 4, 4f
equivalent systems, 10, 10f
friction affected by, 77
in high-pull headgear, 86-87, 87f
intermittent, 4, 5f
interrupted, 4, 5f
orthodontic use of, 17
reverse headgear, 93
space closure with maximum anchorage,
146, 147f
transmissibility along its line of action, 7-8
Force elements
cantilevers, 38f-40f, 38-39
coil springs, 18, 39-41, 41f
elastics. See Elastics.
ideal type of, 27
materials used in
elastic behavior of, 18-19, 19f
elastics. See Elastics.
physical properties of, 17-27
plastic, 18, 19f
testing of, 24-27
wires. See Wire(s).

Index

Formability, 24
Friction
bracket-wire. See Bracket-wire friction.
during canine distalization, 73, 74f
example of, 71-73
force effects on, 77
kinetic, 71
static frictional force, 71
tooth movement affected by, 73
Frictional systems, 71-80, 147-149,
148f-149f
Frictionless systems, 78f, 78-80, 150-153,
151f-152f
Frontomaxillary suture, 126

G

Gable bend, 60, 61f, 150
Gingival hyperplasia, 103
Gram-millimeters, 6

Gummy smile, 102f-103f

H

Headgear
asymmetric, 92f
cervical, 86, 87f, 108, 134, 143
high-pull. See High-pull headgear.
Kloehn, 143
patient compliance with, 144
reverse, 93f-94f, 93-95
symmetric, 90, 90f
High-pull headgear
anchorage control using, 86-87, 87f,
89f, 90
transpalatal arch and, for skeletal open bite
correction, 120-122, 122f
Hooke's law, 18
Hyrax screw, 125-126, 126f
Hysteresis, 29-30, 30f

Incisor(s). See also Mandibular incisors;
Maxillary incisors.
canine distalization effects on, 79, 79f, 148
crown tipping of, 146
extrusion of, 118-120, 120f
lip relationship with, 102-103
protrusion of, 100-101, 101f, 115, 117
retraction of, 148
selective intrusion of, 103-107, 104f-107f,
107t, 1 14f
utility arch effects on, 115, 117
Inconsistent mechanics, 38f, 39
Inertia
law of, 1
moment of, 25, 25f
Interbracket distance
friction and, 76-77
in segmented arch technique, 78
in stepped-arch mechanics, 63
wire affected by, 20, 21f-22f, 32, 76-77
Intergranular corrosion, 26-27
Intermittent forces, 4, 5f

157



Index

Interrupted forces, 4, 5f

Intra-arch appliances, for molar distalization,
144

Intramaxillary elastics, 43, 45f

Intraoral latex elastics, 43-47, 44f-47f

Jarabak ratio, 118
Jiggling effect, 69, 101

K

Kinetic friction, 71, 73
Kloehn headgear, 143

L
Laceback, 67-68, 68f, 142
Latex elastics, 43-47, 44f-47f
Law of acceleration, 1
Law of action and reaction, 1
Law of inertia, 1
Leveling
description of, 35-36
in deep bite correction with segmented
arch mechanics, 105
nickel titanium wires for, 37, 105
with straight wire, 101
Ligatures, 49, 69, 77
Line of action

adjustments to, 89

transmissibility of force along, 7-8
Lip bumper, 85, 85f
Lip-incisor relationship, 102-103, 103f
Load/deflection rates of wire, 19-21, 20f-22f
Loop(s)

deactivation of, 16
description of, 27-28
disadvantages of, 28

moment-to-force ratio affected by configu-

ration of, 13-16, 14f-15f
objective of, 13, 27
space closure uses of, 13-14, 150, 151f
Looped arch, 64f
Loss of alveolar support
center of resistance affected by, 12, 13f
moment-to-force ratios for teeth with,

12-13

M

Mandibular arch expansion, 130
Mandibular incisors. See also Incisor(s).
crowding of, 94
extrusion of, canine distalization as cause
of, 79, 79f
intrusion of, 107t
protrusion of, 46-47, 48f
Martensite, 28
Martensitic transformation, 28
Material stiffness, 34
Maxillary arch constriction, 118
Maxillary expansion, rapid. See Rapid maxillary
expansion.

Maxillary incisors. See also Incisor(s).
overeruption of, 103, 103f
selective intrusion of, 103, 107t

Maxillary molar distalization, 112

Maxillary retrusion, 94

Maximum anchorage, 145-146, 147f, 151
Mentalis muscle, 85
Mesially tipped molars, 139-143, 140f-142f
M/F ratio. See Moment-to-force ratio.
Microbiologic corrosion, 27
Microimplants
anchorage control using, 95-96
en masse retraction with, 148-149
molar distalization using, 134f, 135
molar intrusion with, for skeletal open bite
correction, 122-123, 123f molar
protraction using, 138, 139f molar
uprighting uses of, 141, 142f selective
incisor intrusion use of, 105-106,

107f
zygomatic cortical bone, 123
Milled brackets, 76
Minimum anchorage, 145-146, 153
Moderate anchorage, 145-146, 151, 153
Modulus of elasticity, 18
Molar(s)
buccal tipping of, 89f
cervical headgear application on, 86, 87f
deep bite correction by selective extrusion
of, 108, 108f-109f

distal tipping of, 88f, 116f
eruption control of, using stainless steel
wires, 122f
extraction of, 112
extraoral force application to, 86, 89
extrusion of, 91, 108, 108f-109f, 141f,
151
intrusion of, for skeletal open bite,
122-123, 123f
mesially tipped, 139-143, 140f-142f
moment-to-force ratio on, 146
protraction of, 123, 123f, 138, 139f, 147
rotation of, 143, 143f
selective extrusion of, 108, 108f-109f
tipback of, 110, 111f, 115, 1 16f, 135
tipping of, 88f-89f, 89
translation of, 87-88
transpalatal arch for controlling vertical
movements of
description of, 89
high-pull headgear and, 120-122, 122f
uprighting of, 139-143, 140f-142f
Molar distalization
extraoral appliances for, 134-135
goals of, 133
in transitional dentition, 133-134
intra-arch appliances for, 144
maxillary, 112
microimplants for, 134f, 135
Nance appliance for, 136, 137f
open coil springs for, 135, 135f

sliding jig for, 136-137, 137f
summary of, 143-144
superelastic wires for, 136, 136f
temporary anchorage devices for, 135,
135f
transpalatal arch with microimplant support
for, 135, 135f
2 x 4 arches for, 135-136
vertical growth pattern considerations,
133-134
Molar offset, 64f, 65
Moment, 6, 7f
Moment of inertia, 25f, 25-26
Moment-to-force ratio
center of rotation affected by changes in,
of, 11
description of, 6, 9
formula for, 11
interbracket distance and, 63
loop configuration effects on, 13-16,
14f-15f
loss of alveolar support effects on, 12-13
of loops, 150
on molars, 146
I-loop, 15, 15f
Monocrystalline brackets, 50-51
Multistrand wires, 27, 28f, 31-32

N

Nance appliance, 83-84, 136, 137f
Natural rubber, 41
Newton's laws, 1, 8, 71, 145
Nickel titanium coil springs, 40-41, 41f
Nickel titanium wires
clinical performance of, 30-31
continuous intrusion arch and, 106f
copper, 30
discovery of, 28
hysteresis of, 29-30, 30f
leveling uses of, 37, 105
metallurgic properties of, 28-29
soft tissue irritation caused by, 76
springback of, 23f
stainless steel wires vs, 29
stiffness of, 20-21, 22t, 36t
superelasticity of, 29-30, 30f
torsional properties of, 31, 32t
working range of, 22t

o

Open bite

dental, 118

illustration of, 66f

skeletal. See Skeletal open bite.
Oral environment, 26-27
Orthodontic appliances. See also Extraoral

appliances.

active units of, 18

corrosive forces on, 26-27

elements of, 17

fatigue, 26
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force elements used in. See Force elements.
oral environment effects on, 26-27
passive units of, 18
Orthopedic facemasks, 93. See also Reverse
headgear.

Pitch angle, 41
Pitting corrosion, 26
Plastic brackets, 51
Plastic materials, 18
Posterior bite block, 119, 120f, 130, 140
Posterior crossbite, 89, 89f, 125, 127
Posterior teeth
molars. See Molar(s).
moment-to-force ratio for movement of, 151
protraction of, 146-147
Power hooks, 77, 149f
Protraction
en masse, 147, 147f
of molars, 123, 123f, 138, 139f, 146-147
Protraction headgear. See Reverse headgear.
Protrusive smile, 102, 103f

Q

Q force, 91
Quad helix, 127-128, 128f

R

Rapid maxillary expansion
crossbite treated with, 125-127, 126f-127f
description of, 94
Reciprocal anchorage, 60
Rectangular wire, 31, 35t, 114
Relaxation, 42, 42f
Removable appliances, 11
Retraction of anterior teeth, 145
Reverse curve of Spee, 122, 122f
Reverse headgear, 93f-94f, 93-95
Reverse-curved wire
anterior open bite correction using, 122,
122f
deep bite with curve of Spee correction
using, 110, 111f
Ricketts bioprogressive technique, 28
Rotation
description of, 10
of molars, 143, 143f
Round tripping, 101
Round wire, 28, 35t, 114
Rowboat effect, 35, 68-69, 142-143

S

Saliva, 76
Scissors bite, 129-130, 130f
Segmented arch technique
anterior open bite correction using, 119
deep bite correction with, 105
interbracket distance in, 78, 78f
space closure with, 150-153, 151f-152f
utility arch vs, 117

Selective incisor intrusion, 103-107,
104f-107f, 107t, 114f
Selective molar extrusion, 108, 108f-109f
Shape-driven mechanics, 69
Shear, 18
Single rotation, 10
Skeletal open bite
canting of maxillary occlusal plane
associated with, 118, 119f
diagnosis of, 118
etiology of, 118
treatment of
goals for, 119
incisor extrusion, 118-120, 120f
molar intrusion with microimplant
anchorage, 122-123, 123f
posterior bite block, 119, 120f, 140
transpalatal arch and high-pull headgear
combination, 120-122, 122f
Sliding jig
description of, 84
molar distalization using, 136-137, 137f
Smile
gummy, 102f-103f
protrusive, 102, 103f
Space closure
continuous archwire technique for, 150, 151 f
en masse retraction for, 148f, 148-149,
152f
in frictional mechanics, 147-149, 148f-149f
in frictionless mechanics, 150-153,
151f-152f
loops for, 13-14, 150, 151f
maximum anchorage for, 145-146, 147f,
151
methods of, 145
minimum anchorage for, 145-146, 153
moderate anchorage for, 145-146, 151, 153
segmented arch technique for, 150-153,

151f-152f
two-stage, 148-149, 149f
Springback, 23, 23f
Springiness, 18
Springs. See Coil springs; Uprighting springs.
Stainless steel brackets, 49-50
Stainless steel coil springs, 40-41, 41f
Stainless steel wires
elastic properties of, 32, 33t
force degradation of, 49
microbiologic corrosion of, 27
molar eruption control using, 122f
molar protraction uses of, 138
multistrand, 27, 28f, 37
nickel titanium wires vs, 29
properties of, 27
rounding the ends of, 138, 138f
springback of, 23f
stiffness of, 20-21, 22t, 31, 36t
uprighting of molars using, 139
working range of, 22t
Static equilibrium, 8, 8f

Index

Static frictional force, 71, 73
Statically determinate force systems, 55-59
Step-down bends, 65
Stepped curve of Spee, 110, 110f
Stepped-arch mechanics, 63f-64f, 63-65
Step-up bends, 65, 69
Stiffness, 18
Straight arch, 64f
Straight wire
deep bite correction using, 100
with curve of Spee, 110, 111f
mechanics of, 65-69, 142
Straight-pull headgear, 87, 88f
Strength of wire, 21-23, 22t
Stress, 17, 18f
Stress/strain rate, 18-19, 19f, 29
Subtraction of vectors, 3, 3f
Sum of vectors, 3, 3f
Superelastic wires, for molar distalization,
136, 136f
Superelasticity, 29-30, 30f
Synthetic polymers, 41-42

T
Teeth. See also Canine distalization; Incisor(s);
Molar(s).
anchorage value of, 83, 84f
movement of. See Tooth movement.
Temporary anchorage devices
deep bite correction using, 106, 107f
description of, 95-96
en masse retraction with, 148-149, 149f
microimplants. See Microimplants.
molar distalization using, 135, 135f
molar intrusion with, for skeletal open bite
correction, 122-123, 123f
molar uprighting uses of, 141, 142f
transpalatal arch and, 123f
Tension, 17
Three-point bending test, 24f, 24-25
Tipback angle, 114
Tipback of molars, 110, 111f, 115, 1 16f, 135
Tipping
binding caused by, 74
buccal, of posterior teeth, 126
controlled, 8-9, 9f, 66, 146
force distribution in, 4f
of molars, 88f-89f
uncontrolled, 8-9, 9f, 11, 13-14
wire stiffness and, 74
T-loop, 14f-15f, 15, 151, 152f
Toe-in, 64f, 65
Tooth movement
biomechanics of, factors that affect, 69
controlled, 146
energy sources of, in orthodontics, 17
friction effects on, 73
posterior, 151
rotation, 10, 143, 143f
tipping. See Tipping.
translation, 10, 10f
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Index

Torque, 7
Toughness, 19
Transition temperature, 28, 30
Transitional dentition
crossbite correction in
quad helix for, 128

rapid maxillary expansion for, 125, 126f

deep bite correction in
description of, 113
2 x 4 arch, 1 13f-1 15f, 113-115, 1 17f
molar distalization in, 133-134
Translation
description of, 10, 10f
of molars, 87-88
Transpalatal arch
anchorage control using, 84-85, 89
crossbite treated with, 127, 128f
high-pull headgear and, for skeletal open
bite correction, 120-122, 122f
temporary anchorage device with, 123f
with microimplant support, for molar
distalization, 135, 135f
Transverse discrepancies, 125-130
Tweed anchorage bends, 64f, 65
Tweed technique, 83
2 x 4 arch
deep bite correction using, 113f-115f,
113-115, 117f

molar distalization using, 135-136
Two-tooth mechanics

statically determinate force systems, 55-59
stepped-arch mechanics, 63f-64f, 63-65
straight-wire mechanics, 65-69
V-bend arches, 60-63, 61f-62f

U

Uncontrolled tipping, 8-9, 9f, 11, 13-14
Uniform corrosion, 26
Uprighting of molars, 139-143, 140f-142f
Uprighting springs, 84, 84f
Utility arch
advantages of, 115
buccal bridge, 115, 116f
incisor protrusion and intrusion caused by,
115,117
intraoral activation of, 116f
molar anchorage reinforced with, 117
molar tipback and extrusion caused by, 115
sections of, 115, 116f

segmented intrusion arch vs, 117

V

Variable modulus orthodontics, 34
Variable size orthodontics, 34

V-bend arches, 60-63, 61f-62f, 65f,
113-114, 150

Vectors, 2f-3f, 2-3

Vertical balancing, 153

Vertical discrepancies, 99-123

Vertical growth pattern
molar distalization and, 133-134
molar protraction and, 138

Vertical holding appliance, 144

W
Wire(s)
13-titanium
characteristics of, 31
indications for, 37
stiffness of, 20-21, 22t, 36t
torsional properties of, 31, 32t
working range of, 22t

bracket and, frictional relationship between.

See Bracket-wire friction.
chrome-cobalt alloy, 28
comparisons among, 31-32, 32t-33t
cross-section stiffness of, 34, 35t
elastic, 67, 67f, 129
elastic behavior of, 18-19, 19f, 32t
elasticity of, 18-20, 19f

fatigue of, 26
formability of, 24
high-stiffness, 19-20
interbracket distance effects on, 20,
21f-22f
length of, 20
load/deflection rates of, 19-21, 20f-22f
loops. See Loop(s).
low-stiffness, 20
material stiffness of, 34
moment of inertia, 25f, 25-26
multistrand, 27, 28f, 31-32, 37t
nickel titanium
clinical performance of, 30-31
continuous intrusion arch and, 106f
copper, 30
discovery of, 28
hysteresis of, 29-30, 30f
leveling uses of, 37
metallurgic properties of, 28-29
soft tissue irritation caused by, 76
springback of, 23f
stainless steel wires vs, 29
stiffness of, 20-21, 22t, 36t
superelasticity of, 29-30, 30f
torsional properties of, 31, 32t
working range of, 22t

performance parameters of, 19-24,
20f-23f
rectangular, 31, 35t, 114
reverse-curved, 110, 111f, 122, 122f
round, 28, 35t, 114
second-order contact angles of, 21t
selection of, 31
shape of, 34-36
size of, 20, 34-36
springback of, 23, 23f
stainless steel
elastic properties of, 32, 33t
force degradation of, 49
microbiologic corrosion of, 27
molar eruption control using, 122f
molar protraction uses of, 138
multistrand, 27, 28f, 37
nickel-titanium wires vs, 29
properties of, 27
rounding the ends of, 138, 138f
springback of, 23f
stiffness of, 20-21, 22t, 31, 36t
uprighting of molars using, 139
working range of, 22t
stiffness of, 19-21, 20f-22f, 22t, 31,
34-36, 36t-37t, 74
straight. See Straight wire.
strength of, 21-23, 22t
stress application to, 18, 19f
superelastic, for molar distalization, 136,
136f
surface roughness of, 76
testing of, 24f-25f, 24-27
V-bend, 60
working range of, 22t, 23, 25
Wire ligatures, 49, 77
Wire-bracket angle, 77-78
Working range, 22t, 23, 25

X
x-axis, 3-4

Y

y-axis, 4
Young's modulus, 18

Z

Zygomatic cortical bone microimplants, 123
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