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Biologic Basis of Tooth Movement


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

1. The periodontal ligament (PDL) is paramount for orthodontic tooth movement. (Soft tissue that attaches tooth to surrounding bone, 0.5mm in width.)
a. Understand what are the constituents of the PDL (cells, blood vessels etc.)?
· Major component is a network of parallel collagenous fibers
· Cellular elements – pluri-potential mesenchymal cells, fibroblasts, osteoblasts, vascular and neural elements (both unmyelinated and for proprioception) 
· Tissue fluids – viscoelastic element, dampening effect
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 is adapted to resist forces of short duration (few seconds) The PDL fibers and tissue fluids act a “shock absorber” system.  But prolonged forces produces a different response - remodeling of adjacent bone
2. What are the two theories of orthodontic tooth movement? I will discuss a more current view of orthodontic tooth movement in class.
a. Bioelectric theory - bony changes controlled by electric signals  (Has not been shown to cause any tooth movement)
· Bending of the alveolar bone causes HA crystals to twist which causes an electric current – the current is only there for milliseconds therefore no tooth movement occurs.
· 1) Piezoelectric signals
· 2) Bioelectric potential at cell membrane level
b. Pressure-Tension theory
· Cells at areas of tension respond in one way, while cells at areas of compression respond in a different way.  This causes a biological signal to cause tooth movement. (?)
· 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. (Board Question)
a. Light Pressure

· 3-5 sec – Blood vessels within PDL partially compressed on pressure side, dilated on tension side; PDL fibers and cells mechanically distorted.
· Minutes – Altered  blood flow, release of prostaglandins (PG-E) and cytokines (IL1) 
· Hours – Metabolic changes occurring:  Voltage gated ion channels, stretch activation
· ~4 hours  - cAMP, cellular differentiation
· ~2 days - Tooth movement beginning as osteoclasts/osteoblasts remodel bony socket  (The osteoclasts are not locally present at teeth , they must be recruited;  so they come from bone marrow or other sites through blood)
b. Heavy Pressure

· 3-5 sec – Blood Vessels within PDL occlused on pressure side
· Minutes – Blood flow cut off to compressed PDL area 
· Hours – Cell Death in compressed area
· 3-5 days – Cell differentiation in adjacent narrow spaces, undermining resorption begins
· 7-14 days – Undermining resorption removes lamina dura adjacent to compresses PDL, tooth movement occurs
4. Understand that histological response to a heavy and light force. i.e., undermining vs. frontal resorption (This routinely is a NDBE question).
a. Heavy forces - rapidly developing pain, necrosis of cellular elements of PDL and “undermining resorption”
b. Light forces - cells of PDL survive, relatively painless “frontal resorption”
c. Orthodontic response to a moderate continuous load

· Initial strain – 2-3 days
· Lag phase – undermining resorption (not ideal to have)  Certain areas of the tooth may undergo undermining resorption due to the tooth not being flat at the “resorption front” (root and alveolar bone spicules may protrude and undergo undermining resorption)
· Progressive tooth movement – frontal resorption
· Optimum orthodontic force should be sustained - minimum of 6 hours before cellular activity is initiated

5. What histologic response can you expect to bodily vs. tipping movement?  Compare the force required for each movement.  Also, think in terms of stress (defined Force/Area) and not force only. (Will address this issue in class).
a. PDL response not determined by force applied but by force per unit area (stress). Thus bodily movement more force than tipping ( but stress similar)

b. The force for bodily movement is approx. 2X greater than the force for tipping movement.
c. Stress (=Force/Area) accounts for the surface area of the object being moved and not just the force required, so it is a better way to think about it. (?)
6. 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.
a. Abnormal root morphology - Teeth with conical roots, pointed apices, dilacerations

b. Prolonged treatment time - Excessive, prolonged orthodontic forces
c. Genetic predisposition

d. In most instances loss of root structure is clinically insignificant
7. Does tooth movement result in bone loss, if so how much? 
a. If periodontium is healthy, minimal bone loss (never treat a pt w/ active Perio Dis.)
b. Usually < 0.5mm during orthodontics

c. Periodontal health (including soft tissues e.g., attached gingiva) major concern for adult patients, must be under care of periodontist and active disease must be under control prior to the start of orthodontic treatment 
Can tooth movement be used to regenerate bone?  YES
8. What are the primary differences in tooth movements attempted in children vs. adults?
a. Tooth movement is slower in adults than in children

b. This is partly because growth (of the alveolus primarily) helps during tooth movement.
c. When there is no growth remaining and if adults have compensated/mutilated malocclusions, rate of tooth movement is slower.

d. Rate of tooth movement in max. > mand. (The mandible has more dense bone.)
9. What is meant by the term Anchorage? 
· Resistance to unwanted tooth movement

· Resistance to reaction forces 

· Efficient orthodontics - maximizing tooth movement and minimizing unwanted “reactionary effects”

Define reciprocal and differential anchorage and in what clinical situation will you use these strategies
· Reciprocal Anchorage – the forces applied to the teeth and to the arch segments are equal, and so is the force distribution on the PDL
· Differential Anchorage – 
What are methods to reinforce anchorage? 
· Screws

· Retromolar implants

BOARD Q:  
Excessive orthodontic force used to move a tooth may

a. cause hyalinization

b. cause undermining resorption

c. crush the periodontal ligament

