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1. What is the biologic basis for the concept of growth modification (GM)?
· Force applied to tooth causes tooth movement, but it also radiates to distant skeletal sites
2. What are we attempting to do in growth modification treatment?
· This force can be harnessed to correct and or influence skeletal malocclusion
3. What are the two problems that we try to correct via GM in the maxilla and in the mandible?
· Maxillary hypoplasia – pull maxilla out/down, Reverse Pull Head Gear “FaceMask” 

· Maxillary prognathism – restrain maxilla, HG
· Mandible:  Cl II – need to advance/enhance/accelerate mandibular growth – functional appliances

· Mandible:  Cl III – need restraining force – “Chin Cup” HG
4. What magnitude and duration of force is required to correct growth modification?
· Magnitude of Force:  Orthopedic (force applied at a joint) vs. Orthodontic forces

·  500 – 1000gm (orthopedic), distributed over large areas, number of teeth (e.g., splint with HG)

· Duration of Force:  12 – 16 hrs a day, not 24 hrs, 6 hrs for tooth movement, unknown if a threshold exists for suture vs. pdl (> 6 hrs). Required for 12 – 16 months.

Compare this with optimum forces required for orthodontic tooth movement. (Table 9-3)
	Type of  Movement
	Force* (gm)

	Tipping (translation + rotation)
	35-60

	Bodily Movement (translation)
	70 -120

	Root Uprighting
	50-100

	Rotation
	35-60

	Extrusion
	35-60

	Intrusion
	10-20



*Values depend in part on the size of the tooth; smaller values 


appropriate for incisors, higher values for multirooted posterior teeth.
5. At what age can GM be attempted and at what age should GM not be attempted?
· Growth modification is attempted during growth periods only (typically 8-13 yrs of age).

6. Contrast growth modification in the mandible vs. the maxilla?
· Maxilla and Midface Protraction

· Use of implants or ankylosed teeth for protraction of maxilla.

· Usually done at age 8-11 yrs

· 6 months

· Probably not able to achieve more than 3 mm of advancement
· Mandible

· Unlike maxilla, mandible not attached to cranium via suture but condyle articulates with glenoid fossa

· Problem with applying restraining force, only gets applied to a localized area, not to all the condylar surface – this approach is much less successful clinically than HG to maxilla
· General belief is that it may be possible to accelerate the growth of the mandible with functional appliances but cannot increase the size of the mandible with such treatment (e.g., of functional appliances are activator or Herbst)

· As some functional appliances are anchorage via the teeth, some (unwanted) dental effects (tooth movement) are seen during their use.
7. When is palatal expansion indicated?
· Palatal expansion is indicated to correct transverse maxillary deficiency, it is a very common procedure

· Typically referred to as RPE (Rapid Palatal Expansion)
· Done in the maxilla in a growing patient along the midpalatal suture line, cannot be done in the mandible (symphysis fuses after birth).

· Interdigitation (not fusion) of the midpalatal suture increases with age (see figure in text) 

· Procedure done prior to ~ age 12 (called a corticotomy)
· If done in the adult is it called “Surgically assisted RPE” 

· Deficiency seen in patients with Cl III malocclusions, Cl II with vertical (long) problems and sometime isolated (no Cl II/ III)
a. What is the biologic basis of palatal expansion?
· Biologic basis is the same as distraction osteogenesis
b. What are the differences between slow and rapid expansion (RPE)?
· Rate of expansion (Jackscrew used)

· Rapid – 1mm/day (same as distraction), not to be used in preschool children, rarely do we treat so early in orthodontics.  Takes 2-3 weeks

· Slow  - 1 mm/week (Take months)
· Expansion followed by period of retention for bone to fill into the expansion site.
c. What are the clinical features of the rapid palatal expansion procedure?
· A space appears in rapid (not in slow) expansion between the max centrals and is normal. Space usually closes up by itself.

· V shaped expansion with more anterior expansion than posterior, in all 3-dimensions
d. How much skeletal and dental expansion is seen in a RPE procedure?
· Initially, expansion is primarily skeletal 80%, dental 20% (see graphs in book p259)

· Final result is 50% skeletal and 50% dental change (after ~ 4months of retention)
8. What is Distraction Osteogenesis (DO)?
· DO is a biologic process of new bone formation between the surfaces of bone segments that are gradually separated by incremental traction.
a. Clinical examples of DO in…
· Mandible (ramus, body, midline)
· Uniaxial or Biaxial or Multiaxial distractors

· Intraoral or extraoral (scarring)
· Mandibular symphysis DO

· Maxilla
· Maxillary DO in a cleft patient

· Alveolar distraction
· Bone grafting

b. What are the five sequential periods of DO (or Distraction Histogenesis)?
· 1) Osteotomy

· 2) Latency

· 3) Distraction

· 4) Consolidation

· 5) Remodeling

1. Osteotomy

· Division of bone via a surgical cut or fracture

2. Latency

· Time allowed for reparative callus formation (~ 7 days)
· Hematoma, clot, granulation tissue, and vascularization (i.e., soft callus forms)
3. 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. 

4. 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.

5. Remodeling

· Beginning of full functional loading and complete remodeling of the newly formed bone. 
· May take up to a year and the cortical bone and marrow cavity are restored.
c. What histological events are seen in DO? (Don’t have to memorize!)
· 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)
· The radiolucent zone represents the growth zone or fibrous interzone, it is the center for fibroblast proliferation and fibrous tissue formation.

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

· 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). 
· 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.

· 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.
· Studies have show temporary cartilage or fibrocartilage formation and final bone deposition via the endochondral pathway. This probably results from unstable fixation, ruptured blood supply possibly due to excessive distraction.
