Skeletal factors as an etiological factor
 of malocclusion  

We had an introduction about orthodontics , and we talked about the normal development of occlusion because we need to know what is normal to understand what is abnormal, and we talked about classification of malocclusion.
Now we will talk about the etiology of malocclusion .

Etiology: is to search for reasons and causes behind a certain condition . the term is used in medical and philosophical fields.
Why is it important to study etiology ? because if a patient comes to your clinic with malocclusion , and you want to end up with a corrected occlusion , you have to go through a process : examination , diagnosis , treatment plan , and delivering the treatment to your patient.
So if you understand the etiology of what is going to happen , then maybe you can prevent this from happening . in addition to prevention , understanding the etiology provides prediction and help us in the treatment plan. Another benefit is the correct  management , so that the end result is more reliable and more efficient .
So understanding etiology is very important to deliver a successful treatment for you patient.

Malocclusion : 
It is not a pathology . Rather ,it is a developmental condition and  a deviation of the normal  . it is a moderate distortion of a normal development .
It is very rare to identify a single specific cause of malocclusion , for example :
1.  genetic syndromes  , such as : down syndrome , ectodermal dysplasia , cleft palate syndrome 
2. Fracture ( accident ) that ended up with ankylosed condyle in one side, which causes the mandible to grow to this side, resulting in facial asymmetry 

Unfortunately , most of malocclusion don’t have a specific cause . it is a complex interaction of genetic , environmental , multifactorial process .
In a data representing the USA population : 
45% have normal  occlusion and don’t need treatment .
Only 5% , the etiology of specific cause is known 
60%  we don’t know a specific cause , instead , it . it is a complex interaction of genetic , environmental , multifactorial process.

Classifications of the etiology of malocclusion :
1. White and Gadriner’s classification :
It divides the etilogical factors into :
· Skeletal ( related to bone), and dental (related to teeth ) factors 
· Pre-erupted and post erupted factors 


2. Salzmann’s classification:
It identifies three stages of development :
· Genotypic 
· Fetal environment during pregnancy
· Post natal environment ( after birth)

3. Moyer’s classification:
It classifies etiological factors according to the site :
· Craniofacial skeleton
· Dentition 
· Facial musculature 
· Soft tissue , like  tongue , periodontium , lips 
4. Garber’s  classification
It  divides etiological factors into 2 categories:
· General factors : produce more broad effect to the malocclusion. It could be :
skeletal ,i.e. abnormalities or distortion of the skeletal pattern , soft tissues , diprooprtion of the tooth size and the arch length 
· Local factors : localized and very specific , such as hypodontia ( missing teeth) , abnormal shaped  teeth , badly contoured restorations , and  even interproximal caries .
5. Proffit classification
· Specific causes 
· Hereditary influences 
· Environmental influences 
We will talk about etiology in our own classification , as all these classifications are complicated , and we will not be able to cover them all. So whenever you encounter a case op malocclusion,  always think about 4 main categories of etiology :
1. Skeletal 
2. Soft tissues
3. Dental 
4. Other factors 
This would help you think in a systematic way , thus not forgetting any details.
A royal family (Hapsburg royal  family ) were known for their big mandible , inherited over their generations , known as Hapsburg’s jaw. This is never a localized factor , but many factors that work together , although in such a case , the genetic factor is the strongest . Genetic factors affect the skeletal patter ( the underlying bone)  more strongly. On the other hand, the environmental factors affect more the dental soft tissues.

SKLETAL FACTORS :
we all talk about 3D :
1. Anterioposterior 
2. Vertical dimension 
3. Transverse dimension
The way the mandible and  the maxilla are positioned relatively , it will finally relate the teeth together in the final occlusion. So if we know the differential development of the maxilla and the mandible, this will give us a clue about the relationship between the upper and the lower teeth.

1. Anterioposterior  :
· Skeletal pattern : the doctor showed as a lateral cephalogram. What is important in cephalograms is that we can see the soft tissue as well as the bony tissues. We need a reference point to know the anterioposterior position of  the maxilla. The deepest concavity in the anterior surface of the maxilla within the sagittal plane is called soft tissue A point. Exactly the same point on the bony part on the anterior surface of the maxilla is called bony tissue A point .
The deepest concavity of the ant surface of the mandible is called the sagittal plane is called soft tissues B point , and the point corresponding to the bony tissues is the bony tissue B point . These points are used to relate the maxilla and the mandible in the ant-post dimension. The A point in normally ant to the B point by 2-3 mm. But how can we assess this ? Clinically , we do so by palpation . we use the index and middle finger which are not the same length . we put the middle finger at the A point and the index on the B point. If I still have my hand parallel to the horizon , this mean this individual has class 1 occlusal  relationship, by rough estimation. If my hand is not parallel to the horizon , this means that I have either class 2 or class 3. 
In addition to palpation , we can assess the occlusal relationship by analysis of a lateral cephalogram.
NOTE:  this classification gives only the position of the maxilla and the mandible relative to each other , and doesn’t indicate where the discrepancy lies .
So we call it:
Class 1:
 when the A point is 2-3mm ahead of the B point. 
Class 2 :
when the A point is more than 2-3 mm ahead of the B point.
20% of class 2 cases , the problem is with maxillary prognathism , i.e. . maxillary excess or protrusion. 
  60% of the cases have a problem of mandibular retrognathism , i.e. mandibular  deficiency or retrusion .
 30% have vertical problems , but we will focus now on the ant-post dimension. 
What maybe the reasons ? Maybe :
· the mandible is too short in term of length in relation to the maxilla and that’s why it looks retrugnathic. 
·  the mandible is of normal length , but it is positioned more posteriorly by having a cranial base angle * that is obtuse. 
· The maxilla is too long relative to the mandible.
· The maxilla is of normal length , but it is position further forward .
The cranial base angle ( the saddle angle) * : is the angle between the middle cranial base and the posterior cranial base.
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This angle is actually holding the TMJ. If it is more obtuse , it will carry the whole mandible with it backward , the patient will have class 2 skeletal pattern. 
The Dr showed us pictures of some patients :
Patient A have a class 2 relationship because the mandible is behind the maxilla by more than 2-3 mm. now , does everyone with a class 2 skeletal pattern has class 2 relationship? Not necessarily . But if the patient has features of class 2 intraorally, then the etiological factor may be the extraoral  class 2skeletal pattern . remember that we are talking about etiology and we are trying to relate factors to each other.  Now this patient in the picture is presented intraorally with 10mm overjet. On one side , she has class 1 molar and incisor relationship , but on the other side , she has ¾ class 2 buccal segment relationship, and we relate this to the reason we have , which is class 2 skeletal pattern. So if you understand the etiology in this stage while the patient is only 10 yrs , then you can address the problem by enhancing the growth of the mandible , because the problem in this case is a retrognathic mandible. So the treatment starts by enhancing the growth of the mandible  forward, then adjusting the occlusion by fixed appliances , and the patient will end up with class one occlusion  But if you don’t understand the etiology, then you will start to extract and close spaces, you may have relapse , and you will end up with inadequate results in a very long treatment duration  
 
Class 3 :
when the A point is less than 2-3 mm ahead of the B point and it doesn’t have to be behind the B point. So it could be 1, 0 , or minus. 
25% of patients with class 3 skeletal pattern are due to maxillary retrognathism 
20%>>  mandibular prognathism
25% >> A combination of both 
So what may be the reasons?
1. Maybe the mandible is too long in relation to the maxilla.
2. Maybe the mandible is of normal length , but it is positioned further forward, the saddle angle will be acute instead of being obtuse. 
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3. Maybe the maxilla is shorter than the normal length.
4. Maybe the maxilla is of normal length , but positioned more posteriorly in relation to the mandible.
Again the Dr showed is a patient with class 3 skeletal pattern. Again, not every patient with class 3 skeletal pattern should have class 3 incisal relationship . the patient has very minimum overjet and overbite ( edge to edge relationship). The skeletal pattern is part of the etiology of this occlusal relationship. The patient also has crowding , so maybe this is another part of the etiology. We treat such a case by trying to maximize the overbite and the overjet.

So this is the skeletal pattern in the a-p dimension.
Facial convexity:
For facial convexity we have to connect 2 lines first line from the forehead btn eyebrows  to the soft tissue A point, the second line is from A point to B point( pogonion) .(B point is the most anterior point in denture(most ant. Part of chin).
1*if these two lines produce one straight single line that means that the patient is having straight face and that indicates class1 skeletal pattern.
So if your pt is having a straight profile then there are 3 categories     fora straight profile, and this is called facial divergence:
maybe his face profile is straight and perpendicular to the horizon ,or may be is posterior diverting ,or anterior Diverting, but still the pt is having straight profile ,so there is no skeletal discrepancy but this is what gives you a clue about your pt ethnic and racial background  oriantation .
*so the divergence of the face will not give you a clue about facial discrepancy because the face is straight,  but it will give you a clue  about ur pt ethnical and racial background .so there is indian pattern and European pattern and so on.
2*if these two lines meet in a convex curve ,then this an indication of  skeletal class2, as we said in skeletal class2 cases  maybe the maxilla is protrognathic or maybe the mandible is retrognathic ,but we cannot tell by just looking at the convexity of the face the convexity tells you only that there is a problem and this pt has a skeletal 2 pattern.
3*if the pt has a concave profile(by connecting the two lines),this indicates a skeletal class3,but it'll not tell you what is the problem, is it retrognathic maxilla or protrognathic mandible.but it will just tell you thet there is a problem.


1.  ( Vertical ) LOWER FACE HEIGHT 
[image: http://fx.damasgate.com/wp-content/uploads/5-16-2011-5-37-30-AM.jpg]We have to look at linear measurements and angular measurements to assist the vertical dimension of a skeletal pattern.
Linear measurements(lower facial height):
Normally if we divide the face into 3 parts, these 3 thirds should be equal. 
First third is from the hair line to the glabellas(point btn eyebrows ),2nd third is from glabellas to subnasaly (the lower surface of the nose),then from the subnasaly to the Menton(the lower surface of the chin) (not pigonion which is the ant. Part of chin)
Normally these thirds should be equal ,in clinic we focus on the lower facial height and the middle facial height; Roughly  they should be equal although in the radiograph on the lateral cephalogram ;the lower facial height is 55% relative to the middle facial height because its linear measurements but clinically we just see that the lower facial height equals the middle one for pt with normally  proportioned face.the doctor showed us the average(normal) lower facial height pt pic ,and increased lower facial height pt and reduced lower facial height pt.
Angular measurements:
[image: http://www.nature.com/bdj/journal/v200/n1/thumbs/4813122-f6.jpg]you know that the Frankfort plane is the plane  btn the lower border of orbit to the upper surface of tragus. And we know the mandibular plane; so there is what is called the frankfort mandibular plane angle FMPA and we can assist or measure this angle clinically by having tow lines the Frankfort plane all the way back and the same for the mandibular plane by extending lower mandibular boreder all the way back ;so we end up with an angle(FMPA), 
*now if this angle formed just behind the occipital area this is considered normal or average FMPA
 *If these tow lines meat ahead of the occipita just behind the ears or even ahead  ;this is increased FMPA.
  -  so clinically(extra orally) we used FMOA , but on the radiograph we can assist the angular measurement not by FMP coz we substitute the Frankfort plane with maxillary plane so now its called maxillary mandibular plane angle(MMPA) but clinically can we assist the maxillary plane? No .that's why we used the Frankfort plane instead of maxillary plane clinically.
*For this pt we can see that the mandible is almost square shaped so this is a reduced FMPA /MMPA
*This pt as you see has a very steep lower mandibular border ,so this ia an increased FMPA/MMPA
*Another pt has a normal or average inclination of the mandible+- 27  degrees.

    And so what, so what if the skeletal pattern is actually having increase in the lower facial height or increased FMPA, how is that contributing to the developmental malocclusion ? remember we are talking about etiology ,this is a pt how can you describe his vertical proportion ? he has increased lower facial height so he's having long face  and as you see he has dimpling on his chin or an active mentalis muscle ,this indicates that the pt is trying to get his lower lip to meet the upper lip so he has incompetent lips at rest or actually he has an active mentalis muscle coz he aware that he has incompetent lips he always has active mentalis to be competent at rest.
So what does that mean in intraoral view ?it means that the pt is having what we call skeletal ant. Open bite
 
Note: two types of open bite:    1-skeletal open bite      2-dental open bite 
We have to differentiate btn them: **you have to remember that not every pt who has an increased vertical proportions should have anterior open bite, but if pt has anterior open bite with an increased vertical proportions then you know why,y3ni you can relate the etiology  to this feature of the malocclusion.
**The severity of anterior open bite is actually sever when it extends to the buccal segments .it can include premolars and sometimes it includes molars.
-------------------------------------------------------------------------------------------

**So what is the difference btn dental and skeletal open bite? In skeletal  anterior open bite the pt has: 
1-long face 
2-lips are incompetent 
3-gingival hypertrophy due to oral breathing(due to incompetent lips as we said,so he breath from his mouth )
4-divergence of the occlusal planes, you know what is the curve of spee? its the normal curve  of  the lower arch. This pt has diverting of occlusal Plane so its the opposite of curve of spee or reveres of curve of spee.
On the picture: his upper is going all the way up and the lowers go all the way down so he has divergent occlusal planes and the teeth are struggling to compensate for this malocclusion thets why they are upright .
**There is something called the dento-alveolar compensation: it’s the movement of teeth to overcome the underlying malocclusion.
So when we have a skeletal anterior open bite ,the teeth try to compensate but there is a limit for compensation ,they cannot compensate this huge anterior open bite which is a skeletal anterior open bite . 
On the other hand we have dental anterior open bite, the pt here has normal vertical proportions and ant. Open bite ,,so its dental open bite not skeletal coz pt has normal vertical proportion. 
*if the pt is having a reduced vertical proportions , then how is it gonna be expressed intra orally? Its expressed in deep overbite .does that mean that every  pt with reduced vertical proportion should have a deep over bite ? no. but if the pt is having a deep over bite with reduced vertical proportion then we can relate this as etiological factor(but not the only causative factor but as an etiological factor contributing to the developing malocclusion.

***another vertical problem from a skeletal point of view other than the vertical proportion is actually the position of the maxilla within the face; sometimes the maxilla is long, sometimes the maxilla is positioned downward which what we call the maxilla vertical excess so when the pt start to smile then he will have gummy smile.
*Not every pt with gummy smile would have maxillary vertical excess 
On the other hand pt with maxillary vertical deficiency ,they try to smile but there is minimum amount of teeth showing ;after treatment pt will have a nice showing amount of incisors.normally you should have the whole incisors plus 1mm of gingival is showing for males and for females just the upper incisors should be shown .
This pt is just about for showing his incisors after the treatment .

**now we're gunna talk about the third dimension which is the transverse dimension .
Transverse dimension:
To be to assist the transverse dimension ,clinically  remember don’t look at the pt while you are setting on ur chair ,you have to face the pt ,you have to look in a frontal view or from all the way back while the pt raising his neck upward and then you look at the general symmetry of the face.
You have to assist the general symmetry of the face clinically by looking at the eyes ,cheeks ,all features of the face ;and then decide if there is acceptable symmetry coz there is never 100% symmetry but there is always a certain degree of asymmetry but is this an acceptable or is it obvious/problem/disproportioned .
The other way to assist transverse dimension  is by taking radiographs not the lateral cephalogram that we used before but the posterior anterior cephalogram coz this will give you a clue about the transverse asymmetries .and there are specific analysis for this view ,we can look at all areas ,all structures  and relate it to each other .
1-You can take an OPG you can look at the length of the mandible and relation and the mandible length of the condyle and you can assist the symmetry.
2-CBCT scan is the best, coz it'll give you a 3D view of the pt so this is the best and the most accurate.
3-you can take a study models and actually open the study models and look at the upper and lower arch and assist the symmetry of each arch.
4- you can take a face bow records and relate them on an articulator and then study the pts occlusion.

**now if the pt comes to ur clinic saying that I've never had this asymmetry and it is getting worse ,it means that there is a pathological process is going through. so you have to take so you have to take technetium isotope scan using short lived gamma emitting isotop ,This will show you hot spots or spots of active areas. sometimes one condyle and then you can treat this by what we call condylar shading ( shading the head of the condyle of the active spots). so this is only if the pt tells you that this is progressing  or if he's  ur pt and you actually reviewing  him for a year or 6 months and you observed a progressing asymmetry that wasn’t there. So this is an ongoing process .
This pt has asymmetry of face and as you see his chin is positioned to the right and by smiling it is even shown more obviously  so this is a transverse problem.
If you diagnosed a facial asymmetry during clinical examination or the pt is showing mandibular displacement (not deviation)then this is a transverse problem. Or if the pt is showing buccal cross bite or as you are examining the upper and lower arches and they are obviously narrow or obviously wide.  

**Mandibular displacement: the pt goes from the maximum opening to the maximum intercuspation and then finds premature contact so he has to actually displace or force to one of the sides or anteriorly to have a better maximum intercuspation ,like cross bite for example. And it is a transverse problem.
**Mandibular deviation :means that while the mandible goes from max.opening to the max. intercuspation it will deviate at the level of the condyle but at the end it will end with normal max. intercuspation with no problems.

** the normal transverse relationship is when the upper incisors buccal cusps occludes buccally to the buccal cusps of the lower buccal  cusps
Or when the buccal cusps of the upper occluding outside and the buccal cusps of the lower occludes lingually or palatally to the buccal cusp of the lower. (this is the normal transverse relationship of the posterior segment.
*when the buccal cusps of the upper segment is occluding more lingual to the normal position, then we call this lingual cross bite
*if the buccal cusps of the lowers is occluding buccal to the normal position ,then we call this buccal cross bite .


**now how do we know that this problem is from a skeletal origin  or from a dental origin ?what's the etiology of the cross bite.
When we look at the palate and see that it is wide and the teeth are actually leaning inside, so the problem is dental in origin because the buccal the lowers are occluding buccal to the normal position so this is a dental buccal cross bite and the etiology not because of the maxilla coz the maxilla is wide and nice but the problem is in the teeth coz they are leaning inside .

**at the other hand we have a maxilla which is narrow and the teeth are straggling to do a dento-alveolar compensation and straggling to go out to correct the transverse discrepancy ,then here the problem is skeletal in origin coz the maxilla is narrow and the teeth are flaring and straggling but they cannot correct this malocclusion coz we know that there is a limit for the compensation .

So this is how to differentiate btn dental and skeletal cross bite ,usually the skeletal cross bite is more severe and bilateral ,it is generalized it is including more than contour . but the dental is usually localized may be one unilateral or one bilateral. so the severity of the cross bite can play a rule.
So how do you describe the transverse relationship for this pt? unilateral buccal cross bite on the right side including the whole buccal segment with mandibular displacement coz the pt has premature  edge to edge contact  and then the mandible decide to go to one side to achieve max. intercuspation, so this is amandibular displacement going all the way to the right with the right buccal cusps biting unilateral.



Best wishes… 
Done by:
Rawan and Amgad 
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