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Terms
 Type of tooth movements
 Force systems
 One couple system
 Two couple system
 Three order of tooth movement
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Force
 A load applied to an object that will tend to move it to a different position in space.
 Force, though rigidly defined in units of Newton (mass × the acceleration of gravity), is usually measured clinically in weight units of grams or ounces. In this context, for all practical purposes, 1.0 N = 100 gm (the actual value is between 97 and 98 gm)
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Center of Resistance of a tooth
 The point where the line of action of the resultant force vector intersects the long axis of the tooth, causing translation of the tooth.
 The location has been extensively investigated. Studies show that the center of resistance of single-rooted teeth is on the long axis of the root,
 Approximately 24% to 35% of the distance from the alveolar crest (two thirds of the distance from the alveolar crest to the apex) Burstone
 Midpoint of the embedded portion of the root (halfway between the root apex and crest of alveolar bone. Proffit
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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
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The center of resistance sometimes changes with root resorption or loss of alveolar support because of periodontal disease. For example, in the case of loss of alveolar support, this point moves apically."
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In pic A with loss of alveolar bone center of resistance moves apicallyIn B with root resorption it moves incisally
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Center of Rotation
 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
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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, measured in gram-millimeters

Page 11
                        


Page 12
                        

Because the moment depends on the magnitude of the force and the perpendicular distance to the center of resistance, it is possible to obtain the same rotational effect by doubling the distance and reducing the magnitude of the force by half, or vice versa
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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. locationof a couple on a tooth is irrelevant to the resulting tooth movement. A couple can never move the center of resistance, and with a couple the center of rotation and the center of resistance will always be coincident.
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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.
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Perhaps the simplest way to determine how a tooth will move is to consider the ratio between the moment created when a force is applied to the crown of a tooth (the moment of the force [MF]), and the counterbalancing moment generated by a couple within the bracket (the moment of the couple [MC]).
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MC/MF = 0Pure tipping (tooth rotates around center of resistance)
 0 < MC/MF < 1Controlled tipping (inclination of tooth changes but the center of rotation is displaced away from the center of resistance, and the root and crown move in the same direction)
 MC/MF = 1Bodily movement (equal movement of crown and root)
 MC/MF > 1Torque (root apex moves further than crown)
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Tipping
 Controlled and uncontrolled tipping
 Tipping, in practice, is the easiest type of tooth movement. 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 resistance.
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This single force causes movements of the crown and apex in opposite directions. This movement, caused by the moment of force (M1), is called uncontrolled tipping, and it is usually clinically undesirable. In this movement, the M/F ratio can vary from approximately 0:1 to 1:5. 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
 movement (M/F ratio = 0:1), the center of rotation (CRot) is located very close to the center of resistance (CRes)
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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 distally in what is called controlled tipping, which is clinically 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
 In controlled tipping (M/F ratio = 6:1), center of rotation is located near the apex
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When the counterclockwise moment (M2; torque) is increased to equal the moment of force (M1), the moments 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
 In translation (M/F ratio = 10:1), the center of rotation is infinite (ie, there is no rotation
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If the counterclockwise moment (M2; torque) is increased even more to an M/F ratio of approximately 14:1, then the moment becomes greater than Ml, and the tooth undergoes root movement. In root movement, the center of rotation is located at the crown In root movement
 (M/F ratio = 14:1), CRot point is located near the crown
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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.
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Force systems can be defined as statically determinate, meaning that the moments and forces can readily be discerned, measured, and evaluated,
 or as indeterminate. Statically indeterminate systems are too complex for precisely calculating all forces and moments involved in the equilibrium. Typically, only the direction of net moments and approximate net force levels can be determined.

Page 25
                        

Determinate systems in orthodontics are those in which a couple is created at one end of an attachment, with only a force (no couple) at the other (i.e., a one-couple system).
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One-couple orthodontic appliances are capable of applying well-defined forces and couples to effect controlled tooth movement during treatment.
 There are two sites of attachment:
 - One in which the appliance is inserted into a bracket or tube where both a couple and force is generated,
 - And one at which the appliance is tied as a point contact where only a force is produced.
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The advantages of one-couple orthodontic appliances
 1. High predictability of tooth movement
 2. A decreased need for appliance reactivation
 3. Ability to localize unwanted side effects.
 The large range of activation of these wires means that tooth movement will proceed even without frequent monitoring and appliance adjustment.
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Examples of this type of system are
 1. Segmented springs,
 2. Anterior intrusion arches.
 3. Anterior extrusion arches.
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In its passive state, the spring (e.g made of 0.016*0.022 TMA) is inserted into the molar auxiliary tube and its anterior end is occlusal to the canine to be extruded.
 (B) Activating the spring by tying it to the canine generates a couple to tip the molar in a crown-mesial/root-distal direction, an intrusiveforce to the molar, and an extrusive force to the canine.
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One of the effects from applying an extrusive force to tile bracket of a high facial canine is that a third-order moment is created by the force on the canine that tends to tip the canine crown lingually and root facially as the canine extrudes, This is because the extrusive force acts facial to the center of resistance of the canine.
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One of the applications of the canine extrusion spring Is to use it to avoid the unwanted side effects from extruding high facial canines in a patient with an anterior open bite tendency (Reduced over bite).
 If a continuous wire were used to aid eruption of the canines in this patient, the intrusive side effect would be expected to result in incisor intrusion and anterior open bite.
 By using a cantilever wire from the molar auxiliary tube to extrude the canine, however, no forces are transmitted to the incisors directly. The tendency for the molars to tip forward and intrude is minimized by joining them together with a transpalatal arch and engaging an arch wire into tile adjacent teeth
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This spring can also be designed to aid in eruption of palatally impacted canine or to move a palatal canine facially
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Similar to moving a palatal canine facially, a spring can be designed to help shift anterior teeth laterally to the left or right when midline corrections are necessary.
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A wire extending from the appropriate molar auxiliary tube is bent to move the midline to the right or left. A small hook bent into the spring allows it to be crimped over an existing arch wire or segment, or it may be tied to the arch wire or individual teeth.
 Passively, the spring is lateral to the incisors in the direction in which incisor movement is desired. As the wire is activated, a second-order couple is developed in the molar to rotate it mesiolingually, it is often desirable to have a transpalatal arch in place to minimize any unwanted molar movements.
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A prerequisite for aligning midlines in any orthodontic patient is symmetric posterior segments to allow for attainment of Class I canine relationships bilaterally.
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midline spring is used to help move the maxillary midline to the patient's right to better coordinate the upper and lower dental attires. (A) Frontal view showing midline discrepancy between the maxillary and inandihularteeth. The midline spring is in place on the patient's right maxillary arch. (B) Lateral view showing the 0.016" x 0,022" TMA midline spring extending from the molar auxiliary tube and hooked over the 0.016" nickel titanium maxillary arch wire mesial to the canine. The spring is activated to the patient's right, producing a couple that will tend to rotate the right molar mesiolingually. (C) After one visit, the maxillary midline has moved noticeably to the patient's right.
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A full arch wire (0.018*0.025ss with a 2.5 helix or 0.019*0.025 TMA without a helix) is inserted into the right and left molar auxiliary tubes and bent so that the anterior portion lies apical to the incisor teeth
 When the wire is activated by pulling the anterior portion incisally and tying it at the level of the incisor brackets, a second- order couple is produced at the molar to tip it crown-distal/root-mesial, intrusive force at incisors and extrusive one at molars
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it is important that the intrusion arch not be inserted directly into any brackets other than the molar.
 A separate, stabilizing arch wire or segment is usually inserted into the brackets of the incisor teeth so they can maintain their positions relative to each other as they intrude.
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Because the extrusive force is acting facial to the molar center of resistance, there is also a tendency for the molar crowns to tip linguallyas a result of the moment .
 This movement can be prevented by placing a transpalatal arch wire to stabilize the molars.
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By applying the intrusive force;
 - Anterior to the center of resistance of the incisor segment A moment can be created tending to torque the incisor in a crown-facial/ root-lingual direction
 - More posteriorly this tendency can be decreased substantially or even eliminated
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Another method for reducing the tendency of the anterior segment to flare during intrusion is to cinch or tie back the arch to prevent the incisor crowns from moving forward.
 By fixing the arch length in this way, both the tendencies for the molar crowns to move distally and for the incisor crowns to move facially are restricted. However, the magnitude of the couple produced at the molars and the magnitude of the mornent created by the force at the incisors are not affected.
 Because the crowns of the molars and incisors cannot move away from each other, these tendencies for rotation are expressed primarily as mesial root movement at the molar and lingual root movement at the incisor
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With cinching
 Without cinching
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The anterior intrusion arch may also be used during space closure to provide the force system necessary to prevent the anterior and posterior teeth from tipping excessively into the extraction site.
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The appliance can be designed merely by inverting the anterior intrusion arch wire and inserting it into the molar auxiliary tubes upside-down.
 Anterior portion of the wire will be incisal to the anterior teeth to be extruded.
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A stabilizing arch wire or segment is usually placed to maintain the relationships of the anterior teeth relative to each other. The extrusion arch is tied over this wire.
 Its effect can be modified by varying the location of attachment .
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Figure 16. Anterior extrusion arch. (B) Activation by tying the intrusion arch to the anterior segment creates a second order couple at the molar to tip it crown-mesial/root-distal, an intrusive force at the molar, and an extrusive force anteriorly. This is exactly opposite to the force sys- tem delivered by the anterior intrusion arch.
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More anterior placement will locate the ex-trusive force anterior to the center of resis-tance of the incisors, thus creating a moment that will tend to upright them .
 By tying the extrusion arch more posteriorly, extrusion of the anterior teeth can be accom-plished with less tendency for uprighting to occur
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In contrast to the intrusive base arch, which has the potential to increase available arch length if left uncinched, the extrusive base arch is likely to reduce arch space availability as tooth movement occurs
 The reason for this is that the couple acting at the molar tends to tip the molar crown forward, whereas the moment crcated by the anterior extrusive force (usually placed anterior to tile incisor center of resistance) tends to torque the anterior teeth lingually.
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The potential to lose available arch length can be reduced by placing a mesial stop in the arch wire at the first moIar. With a mesiaIstop in place, the molar can only tip forward if the whole arch wire moves forward (or if the arch wire bows significantly).
 The stop also minimizes the potential for the incisor crowns to tip lingually because the wire is no longer free to slide back through the molar tube.
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Incisor Molar
 Force ExtrusionLingual crown torque(root facial)
 Force IntrusionCouple Crown mesially
 Rootdistally
 Changing point of attachment
 Anteriorlytorque in a crown-
 lingual/root-facial direction
 Posteriorly Straightextrusion
 Mesial stop at the first molar
 Minimize lingual tipping
 Minimize mesial tipping

Page 52
                        


Page 53
                        

Utility archwire
 Transpalatal arches
 Torquing arches
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Transpalatal Arches
 Generating forces to expand or constrict intermolar width can be easily done by widening or narrowing the palatal arch form of the TPA before insertion
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Generating couples using a TPA can be
 accomplished in one of three activation types:
 -Symmetrical V-bends,
 -Asymmetrical V-bends
 -Step bends.
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the TPA will deliver an expansive force that will be acting in a facial direction at a level occlusal to the centers of resistance (CRes) of the teeth .
 The CRe s will have a tendency to move facially along a direction that is parallel to the line of force acting on the teeth. The teeth will also have a tendency to rotate around their CRe s in a crown-facial/root-linguaIfashion
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Constriction of intermolar distance can be easily accomplished by narrowing the palatal arch form of the TPA, thereby decreasing the distance between the inserts of the TPA. Once activated by inserting the TPA into the molar sheaths, the CRes of the molars will tend to move lingually toward each other, and the teeth will have a tendency to rotate in a crown- lingual/root-facial fashion
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which creates equal and opposite couples at the brackets The associated equilibrium forces at each bracket also are equal and opposite, and therefore cancel each other out.
 A symmetric V-bend is not necessarily halfway between two teeth or two groups of teeth; the important quality is that it generates equivalent couples at both ends
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Affected by both bracket width and bracket alignment.
 If a symmetric V-bend is to be placed between posterior and anterior teeth, the bend must be placed closer to the posterior segment due to the curve of the archwire.
 Equal couples will not generate equivalent tooth movement if the anchorage of one section is much greater.
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1. Bilateral First-Order Activations (MesiofacialRotations)
 2. Bilateral First-Order Activations (Mesiolingual Rotations)
 3. Bilateral Second-Order Activations (Mesiodistal Tipping)
 4. Bilateral Third-Order Activations (Facial Root Torque)
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First-order symmetrical activations of the inserts will result in equal and opposite couples applied to the molars.
 The tendency will be for each molar to rotate around its CRes in a mesiofaciaI direction
 Because arch width is constircted by the TPA, the CRotwill be closer to the sheath and some expansion may be necessary to maintain intermolar width.
 No anteroposterior movement of the CRes will occur .
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Unilateral toe-in bend rotates the molar on the side of the bend, and creates a force to move the other molar distally.
 Although mesial movement of the molar on the side of the bend is limited by contact with the other teeth, mesial movement may occur. Although netsignificant distalmovement of both teeth is unlikely.
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1. MB rotations are frequently required in non- extraction
 treatments to gain arch perimeter.
 2. Useful during extraction treatment to counter the
 mesiolinguaI moments produced by the space closing forces
 acting facial to the CRe s of the teeth.
 3. Patients often also present with upper first molars that are
 rotated M-Li and require M-B rotations before initiating
 headgear therapy to allow easier insertion of the inner bow
 into the headgear tube

Page 67
                        


Page 68
                        

Bilateral M-Li molar rotations are often required in finishing
 cases of upper extractions for camouflage of Class II
 malocclusions.
 The M-L molar rotation takes advantage of the rhomboidal
 shape of the molar crown to decrease arch perimeter. This
 may help to close any remaining posterior spaces that
 resulted from tooth size discrepancies and to seat the molar
 cusps properly for a Class II molar finish
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Equal and opposite couples will be applied to the molars in the sagittaI plane. One molar will have a tendency to rotate clockwise and the other molar will tend to rotate counterclockwise around their respective CRes
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The molar with the crown-distal/root-mesial couple will undergo mesial root movement and the CRes will move mesially because the stiffness of the palatal arch will prevent the crown from moving distally.
 The contralateral molar with the crown-mesial/root-distal couple will undergo distal root movement and the CRes will move distally for similar reasons.
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Activation of a TPA for second-order mechanics. (A) A side view of a TPA with bilateral second-order activations
 (B) A toe-up of the insert at the upper right first molar will produce a crown-distal/root-mesial couple at the molar sheath. (C) A toe-down of the
 insert at the upper left first molar will produce a crown-mesial/root-distalcouple at the molar sheath
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This activation of the TPA is useful in the correction of a
 unilateral Class II dental malocclusion.
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The associated equilibrium forces will cancel out, and the
 tendency will be for the molars to rotate in a crown-
 lingual/root-facial direction and for the molar sheaths to come
 closer together.
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1. When performing arch expansion using a TPA, facial root
 torque activations can be incorporated along with the
 expansive component to simultaneously upright the roots
 as the intermolar width increases .
 2. This third- order torque may help control transverse relapse
 and create better occlusal interdigitation and fewer balancing
 interferences by uprighting the molar roots.
 3. A TPA can also be placed after rapid maxillary expansion
 (RME) to not only retain the transverse molar width, but to
 also upright the molars that may have tipped out facially with
 the RME appliance
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Which creates unequal and opposite couples, and net
 equilibrium forces that would intrude one unit and extrude the
 other.
 The bracket with the larger moment will have a greater
 tendency to rotate than the bracket with the smaller moment,
 and this will indicate the direction of the equilibrium forces.
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As the bend moves closer to one of two equal units, the moment increases on the closer unit and decreases on the distant one, while equilibrium forces increase.
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Between two equal units:
 At 1/3 distance
 less than 1/3
 Between two unequal units
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Between two equal units at 1/3 distance
 Tooth away from the bend only intrusion (force with no moment)
 Tooth next to the bend extrusion (force) and a moment
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Between two equal units less than 1/3
 A moment in the same direction
 is created on both teeth, instead of opposite moments
 Extrusion Intrusion
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Asymmetric V-bend between unequal units
 (molar and incisor, closer to the incisor):
 A-incisorsMoment to rotate the incisors faciolingually, and an extrusiveforce -Molars intrusive force but no moment
 B-If the archwireis cinched behind the molar so that it cannot slide, the effect is lingual root torque and extrusion for the incisors anda mesial force
 on the molars
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which creates two couples in the same direction regardless of its location between the brackets. The location of a V-bend is a critical variable in determining its effect, but the location of a step bend has little or no effect on either the magnitude of the moments or the equilibrium forces.
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A step bend between two teeth produces intrusive force on one tooth, extrusive force on the other, and creates couples in the same direction. In contrast to V-bends
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Continuous rectangular arch wire insertedinto the edgewise brackets on the incisors and the maxillary or mandibular molars
 Stepped in a gingival direction between the incisors and molars to bypass the buccalocclusion
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Wire size 0.016* 0.016 CoCr
 0.016*0.022 TMA
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The utility arch is activated for incisor intrusion by placing tip-back bends mesial to the molar tubes
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At the incisors: MF-moment to tip the
 crowns facially is created by distance of the brackets forward from the center of resistance.
 MC an additional moment in the same direction is created by the couple within the bracket as the inclination of the wire is changed when it is brought to the brackets
 At the molarExtrusion & distal tip
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Placing a torque bend in the utility arch
 creates a moment to bring the crown lingually, controlling the tendency for the teeth to tip facially as they intrude,
 it also increases the magnitude of the intrusive force on the incisor segment and the extrusive force and coupleon the molar

Page 90
                        

Cinching back the utility arch
 creates a force to bring the incisors lingually, and a moment of this force opposes the moment of the intrusion force
 At the molar, a force to bring the molar mesially is created, along with a moment to tip the molar mesially.
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It is designed to place simultaneous, same directional third-order couples on one or more incisors while treating all of these teeth as one big tooth and one big bracket.
 The second bracket in this two-couple system is at the molar
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The V-bend in a torquing arch is placed near the incisor to create the greater moment at the incisors
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A .016" x .022" torquing arch inserted into the molar tubes on a model in an .018" system. The V-bend does not require a helix when using TMA wire which is more comfortable for the patient. The anterior segment of the wire lies gingival to the incisors, but the vertical force at the incisor is extrusive.
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A torquing arch treats the incisor brackets as one large bracket and is inserted additionally only into the molar tube. This represents a two-couple system with the greater moment present at the incisor that will determine the associated vertical equilibrium forces shown at the molar and incisor.
 The moment at the molar can be in the same or opposite direction
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In the case of crown facial/root lingual incisor rotation, the associated equilibrium forces are extrusive at the incisor and intrusive at the molar.
 (Asymmetric V bend between two unequal units)
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The vertical equilibrium forces at the molar and the incisor are decreased if the momentsat the molar tube and the incisor bracket are in opposite directions.
 This would be equivalent to using an intrusion utility arch and a torquing arch simuiltaneously
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When the moments at the molar and the incisor are equal and opposite, the associated equiIibrium force are equal and opposite and function to cancel each other and no vertical forces are present.
 This is a symmetrical V-bend with rotations only present. If the moments are in opposite directions and unequal, the larger moment will prevail and will dictate the direction of the
 associated equilibrium forces.
 A two-couple system with a torquing arch bend at the incisor &an intrusion arch bend at the molar.
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When the moments are in the same direction, the associated equilibrium forces are additive. This is a step bend with increased vertical forces present
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First order bends:- In and Out bends (Bucco-lingual / Labio-lingual) (Rotational movement)
 Second order bends:- Tip bends (Mesio-distal movements)
 Third order bends:- Torque
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Horizontal change relative to the line of occlusion. Also called in -out bends
 The action and reaction of first order bends affect expansion or contraction.
 The interaction of the bends can affect the third-order position of the teeth if expansion forces are used.
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To contour the arch wire in accordance to the buccalsurfaces of teeth, which vary in their labio-lingual thickness and do not conform to an arch.
 The extent of each bend is dictated by the labio-lingual thickness of individual teeth so that a smooth curve of incisors and canines on their lingual surface can be achieved.
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First order bends are
 - Lateral inset.
 - Canine eminence
 - Molar offset
 - Antirotation bend
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First order bends also help in derotation(Molar offset).
 First order bend in between premolar and molar is also known as anti-rotation or toe-inbend.
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An outward bend a few millimeters behind the canine bracket results primarily in expansion of the molar, with little or no rotation (with the unequal segments, this approximates the one-third position between the units of the two-couple system
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An outward bend behind the canine combined with a toe-in bend at the molar results in expansion and mesial-out rotation of the molar.
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Bends in the occluso-gingival direction to maintain the final angulation of teeth. Represent a vertical change.
 In the incisal area, second order bends (artistic bends) provide the ideal angulation to these teeth.
 In posterior region, second order bends maintain the distal tipping of the pre-molars and molars and cause bite opening (pseudo bite opening).
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Second-order bends in the posterior segment of the mandibular archwire also negatively affect the third order position of the mandibular anterior teeth. Therefore, the mandibular anterior teeth generally require lingual crown torque in the archwire because posterior second order tipping bends apply labial crown torque force to the incisors. This fact must be given careful consideration in archwire fabrication and force application.
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In the maxillary arch, second-order bends (an exaggerated curve of Spee) in the posterior segments is generally desirable or complementary to the teeth in the anterior segment. The reaction to the tipping forces intrudes the maxillary incisors and gives a lingual root torque effect to these teeth. This is generally positive or complementary to treatment objectives.
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Second order bend types:
 Tip back bends
 V bends
 Artistic positioning bends
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An upward and downward bend
 They are used for preparing anchorage in posterior segment
 Usually placed between 5,6 & 6,7.
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Used in finishing phase of treatment
 They aid in postioning teeth in the correct inclination, without teeth would be too straight and roots too close to each other giving an unsightly “orthodontic look”.
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Used to obtain axial changes in the bucco-lingual or labio-lingual root & crown axis on one or more teeth, Involves twisting of the wire.
 Basically two types of torque depending on the type of tooth movement:
 – Buccal (Labial) / Palatal (Lingual) root torque.
 – Buccal (Labial) / Palatal (Lingual) crown torque.
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Torque may be:· Passive or active torque. · Continuous or progressive torque.
 Active torque: Torque in an arch wire is said to be active when it is capable of affecting a torque movement of teeth in a segment. Passive torque A passive torque in an arch wire is said to be present when the torque in it does NOT produce torque movement on full engagement of the wire. The purpose of the passive torque is to maintain the already achieved torque.
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Textbooks Contemporary orthodontics 5th edition, William Proffit. Biomechanics and esthetic stratigies in clinical orthodontics, Ravi
 Nanda. Biomechanics IN Orthodontics PRINCIPLES AND PRACTICE, Ram
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