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Biomechanics of Tooth Movement
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1. What is force and what are its units?

a. Force = load applied to an object that will tend to move it to a different position in space. 

b. Force units = Newtons (N) or grams/ounces (informal) 

2. What is a difference between a scalar and vector?
a. Scalar = quantity with a magnitude and no direction (x), algebraic addition (time, temperature, etc) 
b. Vector =  bidirectional force (at least 2 directions) with a magnitude and direction (velocity, acceleration, etc) 
3. How do you add vector and in reverse resolve a vector?
a. Add a vector = after resolution (x and y lengths) add the corresponding lengths together using parallelogram law
b. Resolve a vector = opposite of vector addition, resolved vector will have components in x, y, and z axes
4. Why is vector addition or resolution important in orthodontics?
a. Calculation of size and direction of force needed to achieve desired tooth mvmnt.
5. What the Center of Resistance (Cres.) of a tooth, and where is it located, on 2D and 3D?

a. Center of Resistance = point @ which resistance to movement can be concentrated for mathematical analysis

b. @ midpoint of embedded portion of root (1/2 way between root apex and alv. bone crest) 

c. What changes the location of the center of resistance

i. When an object is not in free space, but partially restrained, the center of resistance will be determined by the nature of external constraints

6. What is a center of rotation and where is it located?

a. Center of rotation = point at which rotation actually occurs when an object is being moved

b. Does the center of rotation vary with the type of tooth movement 

i. Yes, if both a force and a couple are applied to an object, the center of rotation can be controlled and made to have any desired location 

ii. E.g., Tipping vs. Bodily movement

1. in controlled tipping, the center of rotation is displaced away from the center of resistance as the inclination of the tooth changes 

2. in bodily movement there is equal movement of the root and crown, achieved by applying a force and a couple to the crown greater than 1 (c/f) 

7. What is a Moment and when is a moment produced?

a. Movement = a force acting at a distance 

b.  = (force) x (perpendicular distance from the point of force application to the center of resistance)

c. Produced when the line of action of an applied force does not pass through the center of resistance 
8. What is the difference between a moment and a couple? Think of an example in orthodontics where is would be useful to apply a moment or a couple

a. Movement = force not lined up with center or resistance or another force (net force exists)  so that change in tooth location and rotation can occur

b. Couple = 2 forces equal in magnitude and opposite in direction, cancels out the translatory force and pure movement around the center of resistance occurs (tooth spins) 

c. Combination of couple and net force will change the way an object rotates while it is being moved 
9. If you apply a force through the center of resistance, what type of tooth movement do you get?

a. None, or rotation if the force is not balanced
10. Is it clinically feasible to apply an orthodontic force through the center of resistance?
a. No, not biologically safe to apply ortho forces directly through the CR  in the root, however some appliance designs bring forces closer to the CR
11. If you do not apply a force through the Cres. what movements can you anticipate?

a. If not through center of resistance, both translational and rotational movements can be expected
Skeletal Change

Winter 2004

Study Guide for 656

1. What is the biologic basis for the concept of growth modification (GM)?

a. New bone can be induced to form in the palate by separation of the mid-palatal suture, which may be done by placing heavy force across the maxillary dental arch 

b. Pressures resisting the downward and forward movement should decrease the amount of growth 

c. Adding to the forces that pull max. or mandible downward and forward should increase their growth

2. What are we attempting to do in growth modification treatment?

a. Stimulate the formation of bone in order to widen the maxillary arch and correct a transverse maxillary deficiency 

b. Stimulate the condylar process to move downward and forward to correct an undersized mandible 

3. What are the two problems that we try to correct via GM in the maxilla and in the mandible?

a. Maxilla: class II problems
b. Mandible: class III problems
4. What magnitude and duration of force is required to correct growth modification?

a. GM: 500-1000g, 12 hrs/day in evening and night

b. Ortho movement: at least 6 hrs/day 

5. At what age can GM be attempted and at what age should GM not be attempted?
a. GM: as early as possible, before adolescense

b. NO GM: late teens and on make it much more difficult with greater forces required for a smaller effect; no rapid palatal expansion in 5 y/o 

6. Contrast growth modification in the mandible vs. the maxilla?

7. When is palatal expansion indicated?

a. What is the biologic basis of palatal expansion : New bone can be induced to form in the palate by separation of the mid-palatal suture, which may be done by placing heavy force across the maxillary dental arch 
b. What are the differences between slow and rapid expansion (RPE)

i. Slow – rate of 1 mm per week, achieves more physiologic result – teeth fill in spaces as palate expands so that a lg. diastama does not occur

ii. Fast – rate of .5 to 1 mm per day, however tooth mvmnt continues until bone has stabilized and other facial malformations may arise

c. What are the clinical features of the rapid palatal expansion procedure

i. Teeth used as points of attachment 

ii. 2 halves of maxilla separate due to appliance force

d. How much skeletal and dental expansion is seen in a RPE procedure

i. 10 mm 

8. What is Distraction Osteogenesis (DO)?

a. DO is a biologic process of new bone formation between the surfaces of bone segments that are gradually separated by incremental traction.

b. Distraction histiogenesis, adaptive events in the soft tissues, blood vessels, ligaments, cartilage, muscles and nerves, must also occur (this is the functional matrix of Moss)
c. What are the five sequential periods of DO

i. Osteotomy: Division of bone via a surgical cut or fracture

ii. Latency: Time allowed for reparative callus formation.  Hematoma, clot, granulation tissue and vascularization, i.e., soft callus forms

iii. Distraction: Traction forces are applied across  stabilized bone fragments at 0.5-1.5mm/day. Application of force to the soft callus. New tissue forms in a direction parallel to vector of distraction. 

iv. Consolidation: Time between cessation of traction forces and removal of the traction device. Time required for mineralization of the distraction regenerate. Period of few months.

v. Remodeling: Beginning of full functional loading and complete remodeling of the newly formed bone. May take upto a year and the cortical bone and marrow cavity are restored.

d. What histological events are seen in DO

i. The radiolucent zone represents the growth zone or fibrous interzone, it is the center for fibroblast proliferation and fibrous tissue formation.

ii. Collagen fibers are aligned in parallel bundles and the perivascular cells in longitudinal compartments

iii. Osteogenesis starts at the cut ends. Woven bone trabeculae grow into the longitudinal interfibrillar compartments (500 µm/day/side). This resembles intramembraneous ossification. The woven bone trabeculae appear as columns of cones, with mineralization starting at the center of the base (like stalagmites and stalactites). 
iv. Adjacent trabeculae meet to form plates and walls and surround longitudinal vascular canals. Bone is converted to a parallel fibered bone/lamellar bone by the end of 4-6 weeks approximately.

v. Haversian remodeling (BMU) begins about at 4 months in humans, make take more than a year to be completed. The marrow cavity and bone structure is thus restored.

vi. Studies have show temporary cartilage or fibrocartilage formation and final bone deposition via the endochondral pathway. This probably result from unstable fixation, ruptured blood supply possibly due to excessive distraction.
e. Clinical examples of DO in 

i. Mandible (ramus, body, midline): Nagar’s syndrome (see notes) 
ii. Maxilla: cleft patients
iii. Alveolar distraction: cleft or trauma patients 
