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The Davidian Model also shows that as torque approaches infinity, in relation
to force, the center of rotation approaches the center of resistance (figure 6).
For pure torque the center of rotation is at the center of resistance (figure 7).
Other authors also show the same relationship of how with high relative torque

and pure torque the Crot approach and become the same as the Cres (2,3,8).

The table in figure 8 has been made from data taken from the Davidian Model.
It shows the varying positions of the Crot along the longitudinal axis of the
tooth using 50 grams of force and varying torque combinations between 40
and 80 gram-centimeters. The relationship of torque to force in figure 8 is

similar to graphs shown by other authors (3,8).

Model Application:

Two basic orthodontic forces are currently and commonly used in
orthodontics: linear forces and torquing forces. In addition to these two forces,
a combination of iinear and torquing forces is also used to move teeth. All
forces are applied to the crown of the tooth, generally at the site of the bracket.
When vertical and rotational forces are ignored and horizontal directionality of
forces is considered, we have the following force/torque combinations:

1. Linear Lingual Force

2. Linear Labial Force

3. Torquing Force
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Figure 8: Constant linear force of 50 grams and varying
torque from 40 to 80 gr-cm
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4. Reverse Torquing Force

5. Linear Lingual Force with Torquing Force

6. Linear Labial Force with Torquing Force

7. Linear Lingual Force with Reverse Torquing Force

8. Linear Labial Force with Reverse Torquing Force

Even though the Davidian model does not show results of forces applied
labially to the crown of a central incisor, the same principles that are discussed
here apply to this situation. We will use in this article only the following subset
of the above list of forces:

1. Lingual Linear Force

2. Lingual Torquing Force

3. Linear Lingual Force with Torquing Force

4. Linear Lingual Force with Reverse Torquing Force

A major goal of using the Davidian model is to see what effect forces and
combinations of forces have on the root apex. Understanding the effects of
these forces can help orthodontists in the search for optimum ways to move
teeth without putting excessive pressure on the root apex with the following
possible benefits:

1. Less root resorption;

2. L.ess pain for the patient;

3. Shorter treatment time.



Figure 9 below shows some significant outputs of the model. Results of
various combinations of linear and torque forces are given in Column 7 and
compared with translation, which is given a factor of 1. A tooth with 25 grams
of linear force at the crown takes 29.8 gram-centimeters of torque to make it
translate. The application of different combinations of force and torque

produces a great range of force at the apex. This can be seen in figure 9.

FIGURE 9: Force applications at the bracket and their relationship in
unit multiples of force at the apex of the root.

1 2 3 4 5 6 7
Forces and | Types of Linear Torque in | Resisting | Center of | Proport-
Force Com- | Tooth Force in gram- Force @ | Rotation | ional
binations Movement grams centi- Apex from Units*
meters {grimm2) { Apex

Simple

1 | Linear Moderate 25 0 1.34 8.67 5X
Force Tipping

2 | Simple Moderate 0 298 | 1.60 10.33 6X
Torque Tipping
Linear Moderate

3| _ ¢+ Tipping, 33. 0.48 A1 2
Torque (1) | Crot @ 25 9 22 X

Bracket

Linear

L Translation 25 29.8 | 0.26 Infinity 1X
Torgue (2)
Linear

5 + Tipping, 25 25 0
Torque {3) | Crot @ Apex 0 0 X
Linear

6 * Heavy 25 -29.8 | 2.94 9.67 10X
Reverse Tipping
Torgue

*Proportional units of resisting force compared to translatory
resisting force at the apex.
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In the chart above (Figure 9) the rows are arranged according to forces and
combinations of force. The first row (after the header row) gives data related to
a simple linear force at the crown of the tooth. Row 2 give data related to a
simple torque force applied at the crown of the tooth. Rows 3, 4 and 5 present
data with varying combinations of linear and torque forces. The last row
shows data related to a combination of a linear force combined with a reverse

torque force.

In the following paragraphs, some of the most important outputs of the mode!
are explained. These correspond to the rows of the chart in Figure 9 above.
Linear forces are on a single horizontal plane perpendicular to the long axis of

the tooth in a labial to lingual direction.

Simple Linear Force: When a tooth is tipped with a simple force of 25 grams at

the bracket, there is 1.34 grams per millimeter of resisting force at the apex
(figure10). This is five times as much force at the apex compared to a tooth
that is being translated. The force at the alveolar crest with the same force at
the crown of the tooth is 1.27 grams per square millimeter as shown by the

computer model.’

5 Probably the force at the apex and the force at the alveolar crest are the same. The computer
model probably doesn’t calculate small enough increments to show them equal.
11



Figure 10:

This figure shows that with a simple tipping force the resisting force at the apex and the alveolar
crest are about the same. The force at the apex is 1.34 grams per square miflimeter as shown at
the bottom of the figure. The force at the alveolar crest of 1.27 grams per square millimeter is
not shown. The center of rotation is 8.67 millimeters from the apex near the center of the root.



Simple Torque Force: Torquing a tooth with 29.8 gram-centimeters of torque

and no force at the crown puts 1.6 grams per square millimeter or six times the

force per unit area at the apex as when a tooth is in transiation (figure 11).

Linear and Torque Forces with the Center of Rotation at the Bracket: Using 25

grams of force and 33.9 gram-centimeters of torque causes the tooth to rotate
around a center of rotation at the bracket (figure 12).° This M/F ratio puts 0.48
grams of force per square millimeter at the apex or approximately two times
the force at the apex as there is with translation. Thus using torque forces in
conjunction with linear forces at the crown results in a significant reduction in

resisting force at the apex of the root.

Linear and Torque Forces Resulting in Translation: With 25 grams of force and

29.8 gram-centimeters of torque the tooth will transiate (figure 13). With this
M/F ratio the Crot is at infinity and the resisting force on the apex is 0.26 grams
per square millimeter, which is the same force per square millimeter for the

length of the root.

Linear and Torque Forces with the Center of Rotation at the Apex of the Root:

There is a scenario where the center of rotation is at the apex of the root with
no force at the apex at all (figure 14). Any time the center of rotation is near the

apex the root will be moving less than the rest of the root. At such times the

12



oRot:
70.33 mm

CoRes: 10.33 mm

Figure 11:

Torque with no force allows the crown to move forward and the root back around
a center of rotation that is coincidental to the center of resistance. The force at
the apex is 1.80 grams per square millimeter. The force at the alveolar crest of
1.0 gram per square millimeter is not shown.



Figure 12:

This figure shows the force at the apex of the root to be 0.48 grams per square
millimeter when the center of rotation is at the bracket. The force then
diminishing to 0.119 grams per square millimeter at the alveolar crest is not
shown.



CeBes: 10.33 mm

Figure 13:

Figure 13 shows that when the tooth is in translation with 25 grams of force at
the bracket the resisting force at the apex of the root is 0.26 grams per square
millimeter. The resisting force at the alveolar crest of 0.258 grams per square
millimeter is not shown. This puts the resisting forces effectively the same per
square millimeter for the full length of the root. The center of rotation is
approaching infinity at 2,482 millimeters incisally from the apex of the root.



CoRes:

Figure 14:

Figure 14 shows the center of rotation at the apex of the root where the resisting
force is negligible {(not shown). The forces on the root increase as they move
toward the alveolar crest where it is 0.422 grams per square millimeter.



resisting force at the apex will be less than the force at any other area of the
root. Even though having no force at the apex may be the ideal, in a practical
sense, this scenario cannot be maintained, because there is no way to control

the forces accurately enough to hold the Crot at the apex for any length of time.

Linear and Reverse Torque Forces: The highest force at the apex of the root

comes with a combination of linear and reverse torque forces. Let’s look at
two different scenarios where an incisor is being moved lingually with 25
grams of force and with a translative (29.8 gr-cm} torque on the root. In the
first scenario the root is being torqued lingually and in the second scenario it
is being torqued labially. The root that is being torqued lingually will move in
translation and the root with the labial torque (figure 15) will have its root
moving in the opposite direction of the movement of the crown. The second
scenario, with the labial root torque, will have ten times the force at the apex as
the tooth that is being transiated. Figure 16 shows how the resisting force at

the apex varies with positive and negative torque.

Discussion:

It is not within the scope of this paper to find the threshold of force per unit
area that can cause root resorption. Even so lets look at what the computer
model is telling us. Assume that it takes one gram per square millimeter of

resisting force for resorption to start to occur at the apex of the root. If this

® Tying back the whole arch so that the crown of the incisor cannot move forward also keeps
the center of rotation at the bracket.
13



Figure 15:

This figure shows the force at the apex of the root to be 2.94 grams per square
millimeter when a linear force and a negative torque force are applied at the
bracket. The resisting force of 2.29 grams per square millimeter at the aiveolar
crest is not shown. The center of rotation has moved slightly toward the center
of resistance. Note that the resisting force at the apex has increased about ten
times the force on the apex compared to the force on the apex of a tooth in
translation (see fig. 13).
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hypothetical were really true then one would not want to let the force per unit
area go above the one gram of force mark any longer then absolutely
necessary. It would follow that when a tooth is in translation the force at the
crown of the tooth could be increased up to four times without exceeding the 1

gram per square millimeter threshold of resisting force at the apex.

The upper central and lateral incisors are the teeth that are the most
susceptible to root resorption. Therefore, how these teeth move is of the most
concern to us. Figure 9 shows that simple tipping and torquing give a factors
of 5X and 6X respectively as compared to translation (lines 1 and 2). Lines 3, 4
and 5 show that with the same 25 grams of force and a range of 25 to 33.9
gram-centimeters of torque the Crot moves from the apex of the root through
translation, with the Crot at infinity, and back to the bracket at the incisal end
of the tooth. Any combination of force and torque that keeps the Crot beyond
the area of the tooth reduces the force at the apex by at least 60% when
compared to simple tipping or torquing. When forces work together in concert
to reduce risk in orthodontic treatment we shall call these forces “companion

forces”.

Probably one should never put reverse torque on a tooth while the crown is in
motion because of the high force that this procedure can put on the apex of the
root. If a root needs to be torqued in a reverse direction to the movement of

the rest of the arch, then one should wait until the crown of the tooth is being

14



held in one position and then the root of the tooth can be torqued labially with
only two times the translation force at the apex. It is only when the torque is
going in the opposite direction of the linear force that the apex comes under so

much pressure.

Understanding the force application at the bracket and how it translates into
resisting force at the apex of the tooth allows the orthodontist to both increase
and reduce forces appropriately to maximize the treatment success of the
patient. Knowing how to move teeth optimally without damaging the roots

could greatly enhance the overall treatment of the patient.

Conclusion:

To date the computer model of a tooth is the only way to see enough data of
forces on the root of a tooth to get a picture of what happens when we move
teeth with braces. The Davidian Model shows that there is ten times as much
force on the apex of a tooth that is being torqued labially while the tooth is
being moved lingually as there is on the apex of an adjacent tooth that is being
moved in translation. Knowing this would give one pause as to what this wide
variation in force during treatment does to the apex of the root. Further study
should be given to see if there is a correlation between the force at the apex

and root resorption.

15



With the use of Companion Forces the Crot can be kept out of the area of the
root. This will result in a reduction of resisting force at the apex of the root by
at least 60%, which may significantly reduce incidence of root resorption. If
the forces at the apex can be controlied then it should follow that the treatment
time could be shortened and at the same time there would be less damage to
the roots of the teeth during orthodontic treatment. Understanding how the
root of a tooth responds to forces at the bracket during orthodontic treatment
is very important for understanding many other aspects of orthodontic
treatment. Force application to the teeth is what an orthodontist does and the

better we understand this the better orthodontists we can be.
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