Physiology of tooth movement and biomechanics (2)
Last lecture ,we talked about the response of the tooth that results from heavy or continuous  force. In this lectures we are going to cover 2 parts of the topic:
· The factors affecting the response to the force
· Iatrogenic effects of the force applied 
Factors affecting the response to the orthodontic force :
1- Root surface area :
The root  surface area of the premolar is about  the half compared to the molar , so if when we apply similar force on both teeth , the PM will take double the force taken by the molar . when we want to apply tipping movement on PM , we need a force of  30-60g , and if we want to make the same amount of tipping movement on the molar , the force should be doubled , that is 60-120 g.
2- Force duration and force decay :
· Force duration :
Animal studies showed that the force needs to be maintained for at least 4hr for the tooth to start moving. 
Human studies showed that the force needs to be maintained for about 8hr for the tooth to start moving. 
Looking at slide 6 , we see that the movement starts after 6 hrs . So clinically if the patient was giving a removable appliance and he kept taking it out and in ,  the force will not be continuous  for 6 hrs , and no tooth movement will result.
· Force decay :
 Slide 7 :
Once we tie the wire in to make proclination for the lat incisors and get them into the right position, a force will result , and this force depend on the material , diameter and the deflection of the wire .
Initially when we tie the lat incisor ,there will be an amount of deflection. Once the tooth start moving , the deflection will decrease and thus the force applied will decrease. This decrease in the force applied is called force decay. In ortho , we aim to make force decay to be as little as possible.
Depending on the rate of decay, we classify the orthodontic force into 3 types :
1- Continues : 
Theoretically , continuous means that the force is maintained continues all the way through , but clinically , it means that it doesn’t lose a lot of its force.
Looking at the graph on slide 10 , the dotted line represent the ideal spring . what happen clinically is that there is a slight decay in the force but it never drops to zero , then we do reactivation to maintain the force . 
NOTE :
- reactivation in fixed appliance is done by tying the wire again
-reactivation in removable appliances is done by bending the wire.

We can get this type of force  ( continuous )  from Austenitic and Martensitic Active NiTi wires ( Superelastic wires )
Looking at the graph slide # 12 , we see that the loading ( f-d) and the unloading ( c-e ) have the same magnitude , and in theory , this is supposed to give up a continuous force . Practically e7na bne6la3 barrah man6e2et had l curve a little bit f bseer fe decay – this is how the Dr explained it . I looked it up in net and found this , I hope it would somehow clarify the point :
[image: ]
The loading part (forward curve) of the test, from 0 to 90 degrees deflection, is directly related to the force that a doctor puts on a wire during placement. After the wire is engaged, the force is removed. The energy absorbed by the wire exerts a force on the brackets, which leads to remodeling teeth. The unloading portion of the curve, from 90 to 0 degrees, indicates the magnitude of the force that the wire exerts on the tooth and how constant that force will be. If the wire is entirely resilient, the force returns to 0; i.e., there is no permanent wire deformation. In clinical usage, wires are not usually bent more than 30 degrees. It is clinically meaningful to focus on the unloading portion of the curve between 0 and 30 degrees deflection. According to Dr. Robert Ricketts, constant low forces are considered ideal to move teeth. The NiTi wire is resilient; it is always active. As a result, the wire always provides a small continuous force to move teeth.
For some wires, after the force applied to the wire by the Doctor is removed, the wire is permanently bent and stops working to move teeth. This is the case for Stainless Steel and Beta III Titanium.


2- Interrupted force : 
The force drops to zero between activations, and this most commonly occurs in removable appliances 
3- Intermittent force :
This happen when the patient takes out the removable appliance (the force drop to zero ) and then wear it ( the force return back to the activation point ), 
In fixed appliance , no intermittent force will result bcuz the patient will not take it out , so we don’t pay attention for the patient’s compliance , and this is one of the advantages of the fixed appliances. So the intermittent forces happens in removable appliances and elastics , where the compliance of the pt is important.
NOTE : in orthodontics , we use the upper jaw to move the lower jaw and the vice versa . In case of class 3 occlusal relationship, there is reversed overjet. To correct this overjet we use class 3 elastics strating from upper molars till the lower canines ?. This make a retroclination for the lower incisors , and push the upper incisors forward.


3-force magnitude: 
-Light forces cause frontal resorption .
-while heavy forces cause undermining resorption, so necrosis happens and then a sudden movement occurs after the lag stage .
-Light continuous force is the preferred pattern
-Heavy continuous force is avoided as it causes necrosis of the bone and damaging for the tooth and it will lose its vitality.
- no problem if  interrupted heavy force is applied , cuz there will be undermining resorption and tooth movement, followed by  enough time to allow the healing and repair of the tooth and PDL, so no root resorption , gum recession nor bone necrosis will result.

-As  an answer to a Q :
Healing of the tooth and PDL needs at least 2-3 wks. So generally activation should not be done more frequently than 4 wks . This is not only done in case of heavy force. Even when  light force is applied , we still ask the pt to come every 4 wks , becuz the anatomy of the PDL is not uniform ; there will be area where the pressure is high , resulting in a heavy force and thus undermining resorption and necrosis will occur in these areas.
-To achieve tooth movement, we the force should exceeds the threshold. This threshold depends on the size of the PDL ,i.e. the threshold of the PM is less than that of molars.  When we apply light force and it exceeds the threshold, the rate of tooth movement will increase as the force magnitude ( which is still in the light force zone ) increases, until we reach the peak (the plateau ) that represents the optimum force magnitude  , which is : the force that achieve maximum tooth movement with limited tooth damage.  If the force is increased beyond the optimum force, there will be decrease in the rate of tooth movement as the force magnitude continues to increase. This is bcuz the force becomes heavy now , and it  will result in undermining resorption and necrosis.
 NOTE : the doctor said enno l emte7an r7 ykoon jay mn l graphs so study them well 

4- Age :
Regardless of the magnitude of the applied force, there will always be a tendency for more rapid tooth movement in children than in older pt , bcuz :
-PLD is more cellular 
-physiological tooth movement is greatest when  teeth are erupting.
- the PDL is wider in the younger pts , so greater force can be applied and thus greater displacement is achieved before necrosis occurs
- Growth can be utilized .

Having said all that , still the response to the applied force varies between pts .

5- Force distribution and types of tooth movement :
We have already talked about the centre of resistance . if we apply a force away from the centre of resistance , tipping movement will result. 
There are five types of movements :
1- Tipping
2- Rotation
3- Intrusion
4- Extrusion
5- Bodily movement
6- Torque 

6-Occlusal interferences :
It should be eliminated in order for the tooth movement will occur.
Looking at slide # 31 : when trying to move the lower canine mesially while the cusp tip of the upper canine is in the way , this interference will cause one of the following results :
· The lower canine will not move
· It will undergo rotation ,  retroclination , or attrition 
 
Another obvious example of occlusal interference is the ant cross bite , where this interference will inhibit the proclination of the upper incisors , so I have to eliminate the occlusal interference .
Now, if we have an old pt with missing teeth, we ignore something called necking  or ridge preservation:
When the tooth is lost ,bone resorbtion will happen or what we call (alveolar bone necking )because the bone is maintained by the tooth ,so after extraction bone loss or a space will remain and that’s why implants doesn’t work in old pts with multiple teeth are extracted long time ago.
So what we have to do is ridge preservation ;we do RCT for the root and leave it ,don’t extract it>>> (3la 2sas enno eza el pt bl mosta2bal eza 7ab y3mal implant ma ykoon 3ndo bone resorbtion ).
 We know in the anatomy of bone :We have cortical plate  which is dense and a cancellous bone which is inside it  (the tooth will move within the cancellouse bone) but once necking or resorbtion happened  ;cancellouse bone will disappeared and the two cortical plate will stick together so when we want to make a movement to the tooth;I have to move them to a very dense bone (cortical bone) so this tooth will never move.

An example of a pt with a class III malocclusion (the lower incisors ahead with the upper incisors ) (negative overjet)so we want to bring the lower incisors backward by tipping and slight bodily movement  ,but the pt has a missing 5 on the right side and so there is necking in that space . so to bring the lower incisors backward we decided to extract on both sides so we extract the lower left 5 (coz it has a restoration so it’s a best choice to extract)so extract it and start treatment at the same time.
Couple of months later; the space on the left side is almost  closed but the space on the right side still the same though  the same amount of  force is applied on both sides, but remember that the right space eventually will close but it'll take long time. Now when the space on the left side close and we continue the treatment as it is ;the midline will be shifted to the right so we should use mini screws inside the bone and use this screws to move the 6. That’s how we avoid midline shift.
This is important coz some pts come to clinic and have missing 6 or 5 and they want to close the space purely by orthodontic treatment not by implants then you have to warn him that this treatment will take a long time . 

7-drug effect:
1- NSAID :  as we know these drugs interfere with the production of prostaglandins so these drugs can "theoretically " inhibit tooth movement. any drug that interfere with the production of prostaglandin can  theoretically inhibit tooth movement.
So if the pt has severe pain due to orthodontic treatment ; NSAID is more effective than paracetamol so we give them ibuprofen  or any type of NSAID ,its okay coz we apply it in a very small doses so its not gonna make an effect.
But it can affect tooth movement if we apply it for a long time, so patients with atherosclerosis or arthritis ; they take pain killer or NSAID for a long time so they might straggle  orthodontic treatment .
2-corticosteroides :coz they affect the bone metabolism.
3-bisphosphonate : this is given for pt with osteoporosis ,this inhibits osteoclast cells to stop bone resorption  . so any pt that takes bisphosphonate should stop this medication before starting orthodontic treatment coz this drug will inhibit tooth movement coz tooth movement needs bone remodeling and bone resorption.
4-Tetracycline and phynitoin  antimalarian drugs :all can interfere with prostaglandins so theoretically they can inhibit tooth movement .



Iatrogenic effects :
Now we will talk about iatrogenic effect which are the effects that is induced by the dentist but not due to bad intention . so these are things that could happen to the pt after the orthodontic treatment.
Its 2 types
1-crown damage  due to decalcification: White to brown spots formed on the crown of the tooth due to attack by products of plaque.
Decalcification is a nightmare   for orthodontist .
Decalcification means demineralization so it’s the first stage of caries to happen , (as we know there are 4 things should be found to start demineralization which are : time ,tooth structure, bacteria, substrate or carbohydrates that will be fermintated.   Now why the pt that have ortho treatment specially with fixed appliance is at higher risk to have decalcification?? This is because of food accumulation .  so plaque accumulate specially around the bracket s ( seen by disclosing tablets) that’s why those pts are at higher risk to have carries or decalcification so %50 of our pts at least would have one tooth decalcification at the end of the treatment.
But we have to know that there is no relationship btn decalcification and the length of the treatment it just depends on the how much the pt  cares about brushing his teeth, so some pts could have an ortho treatment for 4 years without any decalcification and some pts could have decalcification just after 6 months of the treatment!!
 
Prevention of decalcification :
· Plaque removal : pt must use
A- interdental tooth brush underneath the wire .
B- orthodontic tooth brush (in this brush there is a space for the brackets so the bristles of the tooth brush are above and below the brackets) .
· Careful diet : less pepsi and  less sugars , and remember this rule that you should tell your pts about : less frequency and the quantity is not important. ; y3ni law aklt bket mlbs mwaza3 3la  6ol el nhar 2swa2  mn ma talk 10 kilo knafeh mra w7deh).
· Fluoride protection : tooth paste with 1500parts  per million for pts older than   10 years  old, and sometimes we supplement that with fluoride mouth wash.


Management: 
If the pa start to have decalcification, what we should do:
A-If the pt is not listening and he has active lesion or active caries  which means that his calcification progress into caries so I can see that I have cavitation  ,, then I have to stop the treatment .
B-But if the pt has decalcification without any active lesion then I just have to warn him but we don't stop the treatment.
C- now if the pt has 3-4 decalcification and some of them are cavitated then we apply fluoride ( to have reminiralization) so we:
1- apply fluoride but slowly not higher dose with mouth wash or with tooth paste so gradual remineralization for those spots of decalcification  and sometime they will disappear .
2- now  for the rest : if they are active caries or decalcification we have to make a cavity and remove caries. If the rest are just discoloration ; then I can bleach the teeth 




2-crown damage due to enamel trauma( second type of iatrogenic effect) :
It happens when there is occlusal interference ,as we talked before  Looking at slide # 31, so
Cusp tip of upper canine would have attrition with the lower bracket . so it will be flat.

3-  Orthodontic induced root  resorption  ( the most common side effect or  iatrogenic effect):
So we have shortening of the root like in the( left )central (slide 44) 
**if we apply the force on the tooth that has closed apex then root resorption will happen.
** but if the apex is opened, then stopping in the growing  of the root so there is no continuing in root development.

Using 2D x-rays  and make study by them: we found that 73% of our pts will have root resorption so its very common.
And the most common teeth to be affected are the upper incisors then the lower incisors,, so during the treatment if you want to know if the pt has root resorption or not you take periapical X- ray for the upper incisors; if they don’t have root resorption then don’t worry about the rest of teeth coz for sure they don’t have resorption.
  the incisors 
So this is very important when your pt did ortho treatment before let say 5years but he doesn’t like his teeth, so he wants to make another ortho treatment; 1st thing you have to do is to take OPG or PA  s for his teeth to know how mush tooth resorption he has before starting the treatment .

Now if pt with bone resorption and gum recession come to your clinic to make ortho, you have to tell him (as precaution) that his teeth will have mobility after the treatment so he must know this.
This mobility will happen because the pt already has bone resorption and with the treatment ;root resorption will happen so the length of root that is covered with bone will be much less so mobility will occur.

** the tooth that is endodontic  treated and is filled with guttabercha ,then its root has no higher risk to have root resorption than the normal tooth, both have the same root resorption risk .

** its very rare to have root resorption more than 4 mm,
 We calcify it as Severe resorption if its more than 4mm OR if its more than 1/3 of the root. And this happen only to 1-5 % .

**definitions for the clacification of root resorbtion :
1- Surface resorption :
 means that only cementum is resorped .
 and this resorption is reversible which means that when this happens we stop the treatment so cementum is reformed again then we restart the treatment .
that’s why every 4 weeks we have to see our pt to look for this resorption if its happened or not to have a repair time ( we stop the treatment to allow formation of cementum)so we have to give enough time for cementum resorption healing  to prevent shortening of the root .

 
2- Deep resorption: resorption of the cementum and dentine but it doesn’t reach the pulp.
This resorption is repaired by cementum formation only, so the root now is not shortened but its anatomy is changed because the repaired cementum is not like the original shape 

3- Cementum dentine pulp resorption(circumferential root resorption) : only here we will have shortened root. And its not reversible. And this is what happen to most of our pts (73%).

** theories of root resorption :
1-The strongest theory: when we have tooth movement >> resorption of bone as well as root resorption ( cementum resorption) will happen so if we didn’t give the pt enough time for healing ; this resorption wont repair ; so shortening of the root all the way through will happen .
But if we give him enough time ; there will be healing.
2- Length of the treatment: if it is increased then we have higher risk to have root resorption .
3- Shape of the root: if we have blunt tip or bend>> higher risk. That’s why we take OPG to look at the anatomy of teeth before starting treatment.
4- Race: Asian pts have lower risk than white and Hispanic .
5- Heavy forces.

** all these 4 points ( length of treatment , shape of the root , race and heavy forces  )  are theories not depending on evident , these 2 points are depending on studies which are:
1- If we make intrusion with torque >> then we have highest risk of resorption.
2- If the pt has inflammatory root resorption due to trauma and he has subluxation and also has high risk of root resorption so try to avoid this pt  coz once you start the treatment he will have root resorption more than any other pt( and this is evidence based).
Answer for a Q: if the pt has this traumatic root resorption ; the solution is to make RCT and every 6 months should take periapical to look for resorption and if we find that resorption is stopped then from this time we should wait one year then we start ortho treatment .

Management:
if I detect root resorption during the orthodontic treatment , I take periapical and do freezing of the treatment for 3 months. Then I take periapical every 3 months to make sure that won't have root resorption more than what it was, and we try to make shortening of the treatment
to prevent more resorption to happen .

** effects of ortho treatment on the periodontal ligament:
They claim that ortho treatment leads to bone resorption and gum recession and the evedance is systematic review ( means that you review all the papers about any subject with excluding any one that has poor quality and just look at the results of good quality studies)so they found through this systematic review that no evidence that ortho treatment do bone resorption and gum recession if the Dr is very careful about the tooth movement ;nothing will happen neither bone resorption or gum recession  ,, but if we have careless tooth movement it can take the tooth outside the bone >> dehiscence >> gum recession.




**Effects of ortho treatment on the pulp :
When we move the tooth >> necrosis >>and inclusion of blood vessel will  happen. So if I apply very very heavy force I will lose the vitality. Even if I apply mild force >> reversible pulpitis >> so pt feels pain>> give pt pain killer either ibuprofen or paracetamol .

By :
Amgaad Shafeeq 
Rawan Mustafa 
Best wishes  
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