Biology of Tooth Movement

Study Guide Winter 2004

The primary goal of this lecture is to understand “how” does tooth movement occur. Secondarily, we will discuss orthodontic anchorage

1. The periodontal ligament (PDL) is paramount for orthodontic tooth movement

a. Understand what are the constituents of the PDL (cells, blood vessels etc.)

-The principal cellular elements in PDL are undiff. Mesenchymal cells and their progeny in the form of fibroblasts and osteoblasts.  Other cells include: fibroclast, osteoclast, cementoclasts.

-Although PDL is not highly vascular, it DOES contain blood vessels and cells from vascular sys.  Nerve endings are also found within the PDL.

b. Understand the role of the tissue fluid in the PDL and the effect of the viscoelastic response. i.e., Is the PDL designed to resist loads of short or long duration and why?

-PDL space is filled with fluid, the same fluid found in all other tissues.  The fluid acts as a Shock Absorber.  

-When a tooth is subjected to heavy loads, quick displacement of the tooth within the PDL space is prevented by incompressible tissue fluid.  Instead, the force is transmitted to the alveolar bone, which bends in response.  

-PDL is designed to resist forces of SHORT duration, NOT long.  Prolonged forces will cause remodeling of adjacent bone to occur.  

2. What are the two theories of orthodontic tooth movement. I will discuss a more current view of orthodontic tooth movement in class.
      -The Bioelectric Theory-bony changes controlled by elec. Signals (Piezoelectirc signals and Bioelectic potential at cell membrane level.  

      -Pressure-Tension Theory- 1. Alterations in blood flow. 2. Formation and release of chemical messengers.  3. Activation of cells.  

3. Understand Table 9-2 Page 301, it highlights what happens when a light or heavy force is applied to the tooth.   (Look in book)  -When pressure (Light or Heavy) is applied <1sec, PDL fluid incompressible, alveolar bone bends, piezoelectric signals generated. 

-When Light Force is applied for 2 days, tooth movement begins as osteoclasts and osteoblasts remodel bony socket. 

-When Heavy Force is applied for Hours: cell death in compressed area occurs.  3-5 days: Cell diff in adj narrow spaces, undermining resoprtion begins.  7-14 days: undermining resorption removes lamina dura adj to compressed PDL, tooth movement occurs.

Understand that histological response to a heavy and light force. i.e., undermining vs. frontal resorption (This routinely is a NDB question).

Heavy forces: rapidly dev pain, NECROSIS of cell elements of PDL, and “undermining resorption.”  Hyalinzation: histo appearance as the cells disappear due to compression, an avascular area in PDL that’s devoid of cells and tissue appears like a glassy hyaline tissue.    After a delay of several days, cell. Elem begin to invade the necrotic (hyalinized) area.  Osteoclasts appear within the adj bone marrow spaces and begin to attack on the underside of the bone immediately adj to the necrotic PDL area (Undermining Resportion, since the attack is from the underside of the lamina dura).  
Light forces: cells of PDL survive, relatively painless, “Frontal Resorption.”  (For a tooth to move, osteoclasts must be formed so that they can remove bone from area adj to compressed part of PDL.  Osteoblasts are needed to form new bone on tension side and remodel resorbed areas on the pressure side.  These cells attack the adj lamina dura, removing bone in the process of fontal resorp and tooth movt begins soon after.   
4. What histologic response can you expect to bodily vs. tipping movement, is the force for bodily movement approx. 2X greater than tipping? Also,  think in terms of stress (defined Force/Area) and not force only. (Will address this issue in class).

-Bodily movt (translation): 70-120 gm of force

-Tipping: 35-0 gm (Yep, bodily movt req. 2x as much force than tipping)

Histo changes: when light forces are applied, mesenchymal cells will turn into osteoclasts, from the blood stream in marrow spaces.  
Tipping: (appl. Single force on crown creates rotation around pt. halfway down the root.  Heavy press is felt at root Apex and at Crest of alv. Bone.  But pressure dec to zero at the Center of Resistance.  (2 triangles for loading diagram)

Translation: req that PDL space is loaded uniformly from alv crest to Apex.  (rectangular loading diagram).  

-PDL response not determ by force applied but Force Per Unit Area (STRESS).  Thus, bodily movt more force than tipping but stress is similar. 
-With Frontal resorption, a steady attack on the outer surface of lamina dura results in smooth continuous tooth movt.   With undermining resoprtion, there is a delay until the bone adj to the tooth can be removed.  At that pt, the tooth jumps to a new position and if heavy force is maintained, there will again be a delay until a second round of undermining resorption can occur.  

-Light cont. force prod most efficient tooth movt.  The heavier forces are ok if force levels decline so there is period of repair and regeneration before the next activation.  

-Ortho appliances should NOT be reactivated more freq. than at 2 week intervals.  Undermin resorp req 7 to 14 days.    
5. What are the predisposing factors for root resorption (again a Board question). This is seldom a serious clinical problem, but when it occurs, it deserves your attention.

-Abnormal tooth morphology (conical roots, pointed apices, dilacerations)

-prolonged tx time (excessive, prolonged ortho forces)

-genetic predisposition

6. Does tooth movement result in bone loss, if so how much? Can tooth movement be used to regenerate bone?    (Not sure)
-Activating an appliance too frequently, short circuiting the repair process, can prod damage to the teeth or bone that a longer appt cycle would have prevented or at least minimized.  

7. What are the primary differences in tooth movements attempted in children vs. adults.

-Tooth movt is slower in adults than kids.  (b.c growth helps tooth movt.)

-rate is movt in max > Mand.  B/c Mandible has more dense bone.  

-the rate of molar translation is directly related to the amt. and density of bone that must be resorbed.  B.c. extrusion is assoc with growth, there is relatively less bone to resorb when translating the molars of a child than adult.  Amt. of bone resportion is greater in adult.  

8. What is meant by the term Anchorage? 

a. Define reciprocal and differential anchorage and in what clinical situation will you use these strategies

-Reciprocal tooth movt- The force is applied to teeth and to arch segments are equal, and so is the force distribution in PDL.  Reciprocal movt would req the same total PDL area over which the force was distributed.  (minimum anchorage requirements.)
-Clinical strat: closing of max diastema.  Also, closing of a 1st PM extraction site.

-Differential tooth movt.- differential space closure, Intermediate anchorage requirements.  

b. What are methods to reinforce anchorage? 

-Method done by adding another tooth as anchorage so that ratio of toot surface areas change and more pressure in the PDL would occur on the teeth you want to move, causing more retraction of those teeth and less on that segments that are reinforced.  

-Reinforcing anchorage by adding more resistance units is effective b.c with more teeth in anchorage, the rxn force is distrib over larger PDL area.  This min trauma and pain, and also makes it possible to create anchorage by taking advantage of diff PDL areas in the anchor segments.  
