Physiology of tooth movement and biomechanics 

Quick review of periodontal structure  
The tooth structure is supported by  periodontal ligament  (PDL )   and bone 
The PDL is composed of :
1-Fibers 
these fibers are composed mainly of collagen which are arranged in different ways as  alveolo-gingival , dentino-gingival., etc  
2- Cells 
fibroblasts which are involved in collagen synthesis .
cementoblasts which are the cementum forming cells .
cemntoclasts which are the cementum resorbing cells . 
osteoblasts which are the bone forming cells .  
osteoclasts which are the bone resorbing cells.
 3- Ground substance 
composed of proteoglycans  and glycoproteins.
  
The alveolar bone has 2 components 
1- lamina dura 
appear in X-ray as  a dense border lines the tooth socket  , it contains many fenestrations as an insertion of PDL fibers .   
2- supporting bone
consisting of compact bone and cancellous bone . 
The bone itself consists of many cell types :  
osteoblasts the cells that form the bone .
osteoclasts the bone resorbing cells .
osteocytes the cells that get entrapped in the  bone .

Types of tooth movement 
1- physiological 
as a result of  :  tooth eruption
                            mesial drift  
2- orthodontic 
that the orthodontist creates 
 

 starting with physiological movements
Tooth eruption 
when we talk about eruption we mean the eruption of deciduous teeth and permanent teeth ( which  involve the resorption of deciduous roots , then eruption of permanent successors ) . 
 Tooth eruption can be divided into 3 phases :   
1- pre –eruptive phase 
from tooth formation ( the movement of the crown  inside the bone-we can't see it - )  until it appear in the oral cavity .  
2- eruptive phase 
from eruption , till the tooth reach the functional occlusion . 
3- post-eruptive phase 
occur later on as a compensation of tooth wear . 


Exfoliation of deciduous tooth
 can happen due to : 
1- loss of the root 
due to resorption as a result of pressure from a permanent successor .
2- loss of bone 
as bone grow to create space for permanent tooth , the deciduous will loss It's support because it will not grow with the bone,  so ending up by losing the deciduous . 
3- force of mastication 
deciduous teeth when it is created, it is created for a baby whose mastication force is low when compared to adult , so the force from adult will be heavy to deciduous to tolerate,  so the tooth will be lost .
SOo 
**If we have a pt with remaining E and  missing 5 can we till the pt that this E will last forever ?? why ??
      - No, because we don’t know exactly how the eruption happen , but we know                  that the tooth loss dose not occur purely  due to permanent successor ..       
**If we have a pt with retaining C and impacted canine which is very difficult to align , and the pt ask if this C will last forever ??
        - our answer will be NO , although it might but we can't guarantee  ..     
     
How eruption happen ? 
There are many theories , but no theory is 100% true . each one has advantages and evidence  to support ,  disadvantages and evidence against it.  so we are looking for the most acceptable one .

1-Genetic theory 
It is said that tooth eruption occurs purely due to genetic . 
- evidence to support :  the pt who has cleidocranial dysplasia will have  impacted teeth , and delayed  of teeth eruption .
  
2- Root growth
as the root elongated and developed due to deposition of dentine and cementum, it will push the tooth up . 
-  evidence against it :  still the rootless teeth erupt . 
3- Alveolar bone growth 
one of the weakest theories, which  said that as the alveolar bone grow , it will push the tooth up with it .
4- PDL 
it said that the fibers- that attached to the tooth obliquely- will generate contractile forces , that will push every things forward and drive the tooth to erupt. 
-evidence against it : in animal experiments the teeth that have distorted PDL they still erupt ..
*** this is dose not mean that PDL is not important for tooth eruption but it is not the only factor for tooth eruption  .  
5- Hydrostatic theory
 the source of hydrostatic force is pulp and blood supply , this will drive the tooth to erupt .
-evidence against it : in animal experiments when they took the pulp out , the tooth still  erupt .
6- Follicular theory 
it  said that  the eruption happen  due chemical mediators that are released from the tooth follicle .
it is the strongest theory out of these theories and it is  considered so, because if we take the follicle out ,the tooth will not erupt . 
- evidence to support : if we have primary tooth with it's  permanent successor and we remove the permanent one  but leave the follicle in it's place , then we put an impression putty ,after period of time this putty will erupt . 

Mesial drift 
the second type of physiological  tooth movement. 
one of the common complain of pts is a sudden crowding of lower ant teeth which is called late lower labial segment crowding so many theories explain this crowding 
1- mesial drift theory 
which Said that forces of mastication has a vertical vector and horizontal vector which is in the mesial direction , so as a result of these forces each tooth will migrate downward and forward ( the molar move forward pushing the PM pushing the canine and result in this crowding ) 
2- wisdom eruption 
3- remodeling 
4-lost of attrition. 



 now we will talk about  types of orthodontic movements 
to be able to understand the orthodontic movements you have to know what we mean by center of resistance and center of rotation  
 center of resistance (center of mass ) : the point in the body if we apply force to it all points on the subject will move in the same direction and with the same speed ,and this will result in whole translation of the body ( bodily movement ) to have this  bodily movement we have to apply couple force . . 
so if we apply the force to this point on the tooth ,  all the tooth ( crown and root ) will move  in the same speed and in the same direction .

How to determine the center of resistance  ??? 
* on free object  it will be in the middle of the object.  
*on the single rooted tooth which is embedded inside the bone it will be half the way from the apex to crest of the bone . 
    - because it is not depend only on the tooth but also on the anatomy of the tooth and  bone  where the tooth is embedded  ..       
* on multi rooted teeth it will be on furcation area . 

- since this point is embedded in the bone we can't apply the force directly to It , so instead we apply the force on the crown ,this will result in rotation.  This rotational movement called moment which is  a physical term used to describe the tendency of tooth to rotate.  
we measure the moment  by multiply the force by the distance 
moment = force * distance 
- force that we apply .  
- distance from center of resistance to point of force application.
*** so 
- to decrease the rotational movement we have to decrease the distance by applying the force gingivaly . 
 -to have bodily movement from single point of attachment we have to go gingivaly as much as we can  ..
- the further we go incisally the more tipping we get .
** pt with periodontitis has bone loss, the center of resistance will move apically  , the distance will increase , the moment will increase  , so the rotation will increase , so we have to be careful , because any force we apply will cause rotation .

center of rotation if we apply force incisally the tooth will rotate around the center of rotation ( differ from center of resistance ). 
which is the point where the tooth will rotate around . 
usually it is in the  middle of the tooth ( middle of the crown ). 
center of rotation is not fixed we can control it , but the center of resistance we can't change it (center of resistance only changed in periodontal disease ) .
1- Tipping movement :
once we apply the force incisally we will have rotation around the center of rotation ' , and this will lead to compression of PDL (apically on the same side of force of application ,and in the alveolar crest on the opposite side of force application )   and according to theories of tooth movement - to be explained later- area of compression will have bone resorption , and bone deposition in other area . 
once we apply force , the force will be concentrated in small area of PDL  , so our force has to be light ( we can't apply heavy force because it is concentrated in small area ) .
so  in tipping movement we need light force 35-60 g .
Bodily movement  2-
if you push the door by your hand in one point the door will rotate ( tipping movement ) but if you push it by your hand and foot the whole door will move as one object ( bodily movement )  .
we can achieve bodily movement in fixed appliances only , by having 2 points of application ( couple force ) using rectangular wire in the bracket ; because we will have 2 points of attachment due to the contact at the angles  . 
In bodily movement we have translation of whole tooth, so area of PDL  will have compression  and other area will have tension  ,then bone resorption in compression area, bone deposition  in tension area  .
compared to tipping movement area of force application is much larger so we have to apply heavier force (100-150g ). 
** to make things more clear 
bracket which is used in fixed appliances has *-
Base which is attached to the crown by composite to have mechanical retention by sticking   
Slot ( which engage the wire )
 Tie wings to keep the wire in the slot by modulus .

we have 2 types of wire -* 
round 
no couple force because there is no attachment with any corner . 
rectangular 
which will prevent tooth  rotation because of couple force ( to be explained in the next lecture ) ..
- we have to choose wire of full size to fit the slot completely . for example if the slot size is 22 we choose 19 wire size  to decrease the pain .
[image: ]
3- Intrusion 
  move the tooth up inside the socket that’s mean the force will be concentrated apically in very small area of PDL  so we need light force ( 10-20 g ) .
the lightest force we apply when we do intrusion . 
if we apply the force incisally it will go through center of resistance and we will have pure intrusion , but practically we don’t attach the bracket incisally rather it is high up on the crown so the point of attachment and center of resistance will not be on one line , so with every intrusion we expect tipping and rotational movement ,  because we are faraway from the center of resistance . 
most of intrusion is accompanied by tipping movement..**
4- Extrusion 
completely the opposite of intrusion . 
2 types :  
1- passive 
 when we use anterior bite plane with removable appliances which will cause separation between the teeth  posteriorly  so they erupt by their own .
2- active
 we do it by ourselves .
in extrusion we don’t have any compression forces,  in stead  it causes  stretching  of all fibers of PDL so we have tensile strength only .  
you might think that since you don’t have any compression force you can apply any force that you need , but you can't because any active extrusion -as with intrusion- will be accompanied by tipping , so we can't increase the force more than 35-60 due to tipping . 
we can eliminate rotation by coupling force using rectangular wire. - 
**for extrusion we do wire bending with step down,  this step  make extrusion for incisors . 
5- Rotation 
any object will rotate around the center axis of the tooth by applying 2 forces, equal in amount but opposite in direction , not in the same line ( they will be on the corner of the object ) 
*if the 2 forces are in the same line they will cancel each other .
rotation in removable appliances  
can we do correct rotation with removable appliances ???
it is very difficult but not impossible .
 we can put Z- spring(1) on the palatal surface and labial bow(2)  on the buccal surface ,so we will have rotation.. 
correction of rotation it is also need 2 forces by having a force in one side and stopper in the opposite direction but this rotation will not be pure rotation it will be followed by some tipping movement forward. for example,  we can have correction of rotation by applying labial bow ( force ) in one side  and the  base plate of the removable appliance will work as a stopper  in the opposite direction .. 
(1)paltal Z-spring : 2 coils over each other and this coils will move the teeth forward  [image: ]so we use this wire on the palatal surface of teeth to procline them.


[image: ](2)labial bow : wire  on labial surface of the teeth, when activated it will retrocline the teeth, so it's work is opposite of Z-spring .

so when we apply z-spring and labial bow in opposite surfaces  we will have pure rotation .
 
rotation in fixed appliances 
achieved by using rectangular wire which cause couple force .
6- Torque 
differential tooth movement, we move different part of the tooth in different direction we  are talking mainly about root movement ( we move the root and keep the crown in it's place  ( compared to tipping in which the crown  and root will move in opposite direction but in the same amount ) .
- center of rotation is on the incisal edge so the movement occur mainly to the root  but the crown remain in it's place relatively ( crown move fraction in relation to the root ). 
it is impossible to do torque movement with  removable appliances , it is only achieved by fixed appliances  by rectangular wire . 
- straight rectangular wire fit the  slot ,but  to achieve torque movement we have to bend the wire ,so the wire will not fit the slot , then  the tooth will move until the angle of wire and slot engage each other again.   
- we can control the center of rotation by the force that we applied , so in torque movement the center of rotation will be on the incisal edge . 
-* so torque need couple force by fixed appliance .

*** we use this type of movement if the pt has class ‖  division 2 and am happy with the over jet of 2 mm but the incisors look very upright so they are aesthetically  unacceptable so we need to incline the teeth without increase the over jet .


Theories 
why when we apply mechanical force it will translated as tooth movement  !!
1- Piezoelectric theory 
this theory depend on the fact that the bone is composed of crystalline structure which is once deformed by applying pressure  ( change it's shape )  it will create electrical current , and when the pressure released the crystalline will go back to it's original shape creating other electrical current in the opposite direction .
so when we stress the bone -deform it- then we release it , this will create electrical currents which will be translated as tooth movement .
what is in favor of this theory** 
 - that once we apply the force we compress the PDL , but the initial movement before bone resorption will be ten times  the width of PDL , so there is something happen other than PDL compression ! which is bending of bone , because the bone is not completely rigid It has some sort of elasticity , so we deform it and create electrical current .
- orthopedic surgeon think that  we maintain our posture from piezoelectric force which is responsible of maintaining the integrity of the bone , according to this the force of mastication will maintain the integrity  of the alveolar bone , so when we don’t have a teeth bone will resorb .
**what is against it that 
-  in orthodontic treatment we apply continuous force , so we deform the bone continuously without release , so we have   one electrical current in one direction all the time, which is differ from what this theory said ( having deformity and release and 2 electrical currents ) .
- depending on this theory  if we put  a vibrator  on the bone which will cause bending and release many times ,this will increase the tooth movement . but when they put a vibrator on the teeth  of monkeys with braces they notice no difference in movement so it is a very weak theory . 

2- pressure tension theory  ( differential  pressure theory )  
tension will stretch the  collagen , which in turn will stretch the bone and this will be translated  as a cellular changes cause  mediators release.. 
cAMP  released on compression side and cause bone resorption. -
 - leukotriene and interferon  released on tension side causing bone deposition. 
**what is against it 
according to anatomy of PDL which is composed mainly of cells ,fibers , ground substance we can consider it as cushion  filled with water ( ma5deh feha may )  so we can't apply different pressure at different area because the pressure will distributed all over equally ,so if we apply force at one side we will deform it but the pressure will be distributed all over equally , if we measure the pressure of water at any place it will be the same . the same go for PDL when we do tipping we change the dimension of PDL but the pressure will be equal in all places because it is an closed object , to test this  theory they inject rats with material that interfere with collagen fibers as major ingredient of PDL then they apply force , and the tooth still move ..so the PDL is not the only factor for tooth movement . 
3- Mechano-chemical theory 
which is the most acceptable theory .
it is a combination of multiple theories they gathered them together depending on that the mechanical forces will be transformed to a chemical messengers inside the body. 
once we apply the force , we deform the PDL , deform the cells, this deformation will activate phospholipase enzymes which are in the cells membrane , these enzymes go for phospholipid and release arachidonic acid which will be metabolized by cyclo-oxygenase enzymes to produce prostaglandin (PG )  which will go for osteoblast and stimulate bone formation.
 (
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** what support this theory 
in animal studies injection of PG fasten and speed the tooth movement. 
 
- remember that NSAID's inhibit PG so interfere with tooth movement. so if the pt under orthodontic treatment feeling pain we prescribe paracetamol for him not ibuprofen although the latter is more effective in treating dental pain  .


histological changes during orthodontic treatment 
when we apply force we displace the tooth in the socket , create pressure on the blood capillaries . if this force is too heavy the capillaries will be completely occluded , but if we apply lighter force the capillaries will be narrowed .
so our force must not exceed the blood pressure of the capillaries but it should be  able  to stimulate changes .
if we apply light forces 
we displace  the tooth in the socket and cause narrowing of blood capillaries then with in few days the osteoclasts will be recruited to area of narrowing by the chemicals they will start bone resorption in the same direction of tooth movement , from lamina dura inward so this resorption is called frontal bone resorption .

but if we apply heavy force blood capillaries will be completely occluded , this will result in sterile necrosis ( since it is not due pathological bacteria ) , and the tooth will touch the bone so there is no way for osteoclasts to come and resorb , but the body is still alerted that there is a tissue necrosis and it has to get rid of it , so the osteoclasts will be recruited from the opposite direction and start bone resorption from inside toward the lamina dura so called undermining resorption . 
**in very very heavy force the osteoclasts will not distinguish between bone and root  so it will continue the undermining resorption involving  the root .
*-there is a root resorption as iatrogenic effect of orthodontic treatment even when we apply light forces (to be explained next lecture ) .
if we apply light forces the tooth will move slowly but if we apply heavy force the tooth will move in 3 phases :  
1- initial phase 
the tooth will move rapidly due to total displacement of the tooth inside of socket and due to deformation of the bone . 
2- lag phase 
the phase of no movement because there is no bone resorption . 
3- post –lag phase 
the tooth will move rapidly again due to undermining resorption which will reach the lamina dura and create a great space for tooth to move . 
in this phase the tooth will move in sudden quick movement so the tooth in the morning will be in cross bite and in the evening the tooth is correctly aligned ..
**detachment of PDL in heavy forces in tension side can occur and lead to bleeding. 


*- we have to be aware that even when we apply light forces the anatomy of PDL is not constant so we will have some area of heavy pressure , undermining resorption   because the forces will be very high in some area of PDL , so we see the pt every 3-4 weeks not every week to give time for PDL and bone to heal from any necrosis that might happen .. 
   
                                                                                                                                                                                                                                                Tawba  Nemer 
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Figure 2 &) Passive SLB: The bucca cip does not touch the arch wire, B) Active SLB: The buccal clip may
press the vire against the nternal surfaces of the siot depending on the wire cross section and diameter.
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