Growth of the craniofacial region
In the orthodontics field it is important to be able to foresee the growth pattern of an individual and to be able to tell whether that individual is going to have a normal facial growth or not . Numerous studies were conducted concerning this subject . Two famous studies were carried out in north America ( the Michigan study is a well known one ) . More studies were carried out in Canada ( the Toronto study ) , in the UK and in Sweden . 
Despite these thorough studies , no useful and accurate method was established to enable us to predict the future growth of a person . Several means are available but are inaccurate .
In spite of not being so accurate , longitudinal studies are probably the best approach to assess the growth of the craniofacial  region in case the clinician suspects a deviation. In these studies , they observe the growth of the patient from childhood (1-5 years of age ) till he becomes 20 years old , by giving him an examination every couple of years .
The limitations to this kind of study are the population itself  , plus , these studies tend to focus more on the skeletal components giving the soft tissues little consideration .
Another way to assess the growth of a patient is by comparing his measurements to average population measurements . These average measurements are obtained by conducting cross sectional studies , in which the researchers divide the chosen sample into different categories according to their age ( each category could be 2 years apart or 4 years apart , according to each researcher ) . 
Comparing the patient to these average findings is not accurate , as there are wide individual variations , in addition , the average value itself does not give an accurate reflection of the population .
NOTE : the UK  , Sweden and Canada studies were longitudinal , while the US study was cross sectional . 
As each study completed , TEMPLATES were designed in which the average values of the growth of the maxilla and mandible were set per age and per gender . And as the patient has a cephalogram taken for him , he is fit into the appropriate template . But even this method is not considered accurate , due to variations among different populations  . So the longitudinal observation remains the most appropriate , but not the absolutely accurate way of doing it .
Growth pattern : is the configuration and direction of growth , whether it’s vertical , downwards … etc .
Growth modification , functional appliances and surgery are the treatment options we can offer our patients .
Before performing any growth modification , we should know the growth spurt of that individual . Several methods enable us to do so :
1. Weight/height charts , which are considered the most appropriate way . They are similar to the ones used to assess the growth of children . They are set in accordance to specific populations .
2. Development of secondary sex characteristics . This method is not preferable because the patient has already passed his growth spurt by the time these features develop .
3. Observing the skeletal growth of the patient , like hand wrist radiographs , but also not considered accurate and exposes the patient to unnecessary radiation .
 There are some terms that are important to be familiar with :
Bone remodeling  : an important means of changing and increasing the size of bone by deposition of bone from one surface and resorption from another one .
Displacement  : is when a mass or a structure is displaced from its location according to the mechanism of displacement , and consequently , there would be compensatory growth by the adjacent structures to fill in the gap it leaves behind. An example is the long bones . Growth occurs at the epipheseal plate by proliferation leading to increase in length , subsequently there would be bone growth to fill in that gap . Another example is growth at the mandibular condyle, displacing the mandible downward and forward and the other structures will follow by increasing in size . The primary displacement mechanism has many controlling factors .


Growth center and growth site 
A growth center is where we have an independent or genetically determined growth process . It is where there is an intrinsic growth potential , free from the influence of adjacent structures , meaning that if we placed that specific center anywhere else in the body , it would grow as if it is in its original location . The epipheseal plate is a good example . If it was placed for instance in the abdomen , it would grow as if it is in its original location.
While a growth site is simply where growth occurs , and it is influenced by adjacent structures . An example is the long bones .

The craniofacial region is divided into 4 parts :
1. The cranial base 
2. The cranial vault
3. The maxilla 
4. The mandible 

Cranial base 
We’re not much involved in the cranial base as dentists , but as it is related to the maxilla and the mandible , we should understand its growth .
The cranial base consists of : the occipital bone , sphenoid bone and ethmoid bone .
The cartilaginous joint between these bones is called a Synchondrosis . It is not considered a suture . It is similar to the epipheseal plate , but a called a synchondrosis .
The original mechanism of growth is endochondral ossification in the synchondrosis .
There are important growth centers in the cranial base , the most important ones are the spheno-occipital , intersphenoidal and spheno-ethmoidal .
Some of these centers fuse early postnatally , but the spheno-occipital center        ( which is the most important center ) continues to grow until the individual is 13-20 years of age .
The cranial base is related to both the maxilla and the mandible . The ethmoidal bone is related to the maxillary zygomatic bone , and the glenoid fossa of the sphenoid bone is related to the mandibular condyle , so the growth of the cranial base influences both the maxilla and the mandible . The growth of the maxilla influences the mandible as well .
NOTE : most growth centers undergo endochondral ossification .

Cranial vault
- Consists of flat bones .
- Intramembranous ossification .
- Under the influence of its environment and surrounding structures .Peri-osteal activity is very important in the growth of these flat bones .
- The joints between these bones are sutures like the fontanelles . Most of these sutures fuse by the second year of life and some in the early adulthood .
- Bone apposition at the sutures is the primary mechanism of cranial vault growth. In addition to this type of growth, the periosteum lining the flat bones allow for bone deposition on the external surface of the skull and bone resorption on the internal surface, which contours the skull during growth.  
Maxilla 
- Intramembranous ossification ,
- connected by sutures .
- Most of the ossification occurs prenatally , not a lot postnatally .
- The maxilla has several processes : the frontal bone , the zygomatic bone  , the palatine bone , the medial and  the alveolar process that bears the dentition .
Growth in the maxilla occurs in 2 main ways :
1. Surface remodeling : bone deposition on one surface and resorption on another one . This process is important for the frontal bone and for the palatine process of the nasal floor ( bone deposition and resorption will relocate these sites ) .
2. Growth at the sutures : sutures are growth sites , where growth occurs as a result of proliferation and increase in size and space when the maxilla is displaced.
· Displacement __ proliferation and growth at the sutures __ causes the maxilla to grow in forward and downward direction .

Mandible 
Intramembranous ossification 
It consists of the condyle , the glenoid processes , the body , the ramus and the alveolar part . 
Prenatally , it is related to meckel’s cartilage which is very important in determining the growth and the frame of the mandible . While postnatally it has no role .
The mandible supposedly contains no cartilage postnatally ,that’s why the condylar cartilage remains a controversy . 
The condylar cartilage is different from the cartilage of the synchondrosis and the epipheseal plate by being from a different origin . Many studies were conducted to determine whether it is a growth center or a growth site . Although many studies showed it to be a growth center ( relying on the fact that should a problem occur at the condyle such as fractures , the mandible wouldn’t grow normally ) , researchers finally settled on it being a growth site that grows secondarily to other controlling mechanisms as it couldn’t grow normally when it was transplanted to other locations . 
Growth occurs there as a result of periosteal ossification ( bone deposition and resorption) , especially the parts related to muscles such as the ramus and coronoid process. The muscular activity will stimulate growth at these sites .
The second way , is growth at the condyle . As the mandible is displaced downward and forward ,  growth occurs at the condyles as a reaction to that displacement .

Growth rotations 
This concept is new to us .
Bjork conducted a longitudinal study in the 1940s on children from the age of 4 till they were 18 . He carried out periodic cephalograms every year , and in some stages every six months . This method of study is not executed now . It is unethical to expose patients to this amount of radiation for the sole purpose of growth study .
What Bjork did , is that he placed implants in the studied jaws in order to obtain a fixed reference point according to which he can compare subsequent radiographs.
 Although no one else used this method , nor will it ever be used again, it revealed some valuable information. 
It revealed that the general growth pattern of the craniofacial region is downward and forward .However , as the mandible grows , the body rotates either clockwise or counterclockwise ( posterior or anterior ) .The knowledge of these changes is important in determining the etiology of certain malocclusions, and in the mechanics of treatment of certain conditions .
In our practice , our reference point in cephalograms should be a stable point .  Although they are not so fixed , the anterior cranial base and the nasoceliary bone are what we use as reference points .
These growth rotations are due to imbalance in the anterior and posterior growth rates of the lower face . Anterior facial height is influenced by the eruption of teeth and the vertical growth of certain tissues , while the posterior height is affected by the condyles and by the growth of soft tissues as well .
Anterior rotations ( counterclockwise) are more common than posterior rotations .However , posterior rotations are more problematic in terms of treatment and stability.
Features of a patient with anterior growth rotation :
1. Reduced lower face height due to the anteriorly rotated mandible
2. Deep overbite which is very problematic and the effective control of such cases is not an easy task .
3. Facilitate the correction of class 2 cases .
The anterior growth rotation is going to keep increasing with age .
-  Overbite has little effect on mastication . In fact ,occlusal problems rarely have an effect on speech or mastication , unless there were missing teeth or gaps between the teeth which would lead to lisping .
You shouldn’t confuse the mandibular rotations with the relative position of the mandible in relation to the maxilla . Most of the time the mandible is bit posteriorly located in relation to the maxilla , while at the same time , the body could be anteriorly rotated . The anterior rotation might bring the mandible slightly forward though . These growth rotations mainly affect the vertical position of the mandible rather than the anterior – posterior position .

Features of a patient with posterior growth rotation :
1. Increased lower face height.
2. The presenting malocclusion is anterior openbite and some problems with adaptation of soft tissues and compensatory mechanisms and factors .
3. The mandibular plane is steep .

If a 12 year old patients has the features of posterior growth rotation , he shouldn’t be treated immediately , as the posterior rotation continues to increase with age.

Many historical theories were proposed to explain the growth of the craniofacial region .First , scientists proposed that bone is the main controlling factor of growth , then they claimed that sutures are . Then other scientists claimed that bone is derived from cartilage , so bone doesn’t have a significant role . Then they acknowledged the role of the environment .  In conclusion , clinicians tend to rely on one single theory that explains growth, which is not yet found .
Another controversy is found between people who exaggerate the role of the environment in the process and the ones that consider genetics as the main controlling factor . 


Some of the proposed theories include :

1.Bone remodeling theory( brash 1930s )
The research by Brash on bone provided the foundation for the development of the first general theory of craniofacial growth—the remodeling theory 
According to this theory , bone controls itself . It’s the main intrinsic factor that controls its own growth . Bone grows , and other structures follow . There’s no suture or cartilage control .
Growth is specified by deposition at the surfaces ,and he presents the cranial vault as an example , which grows by bone deposition and resorption. Same goes for the growth of the jaws which is characterized by deposition of bone at the posterior surfaces of the maxilla and mandible .
One of the weakest theories .

2 .The sutural theory (Weinmann and Sicher 1940s )
According to this theory , the sutures are the main driving force for growth and the primary growth sites . The sutural connective tissue proliferates and thus provides a mechanism for the expansion of other structures .

It is clear now that sutures are not primary determinants of craniofacial growth. Two lines of evidence lead to this conclusion:
1. Evidence showed that sutures are growth sites rather than centers . Meaning that if an area of a suture between two facial bones is transplanted to another location (to a pouch in the abdomen, for instance), the tissue does not continue to grow .
2. The growth of the cranium is clearly influenced by the development of the CNS , such as hydrocephaly . If growth occurs at the sutures , it won’t be influenced by such developmental problems , which is not true .

3. Nasal septum theory / Cartilageneous theory( Scott 1950s )
This theory emphasizes the role of cartilage .
It proposes that the cartilage in the craniofacial region like the nasal septum ,synchondrosis and condylar cartilage are the primary intrinsic factors that control growth .
Scott did his research on animals , where he removed the nasal septum from these animal . Consequently the growth of the region was affected .Condylar cartilage and synchondrosis are just as important .
The nasal septum grows prenatally , and continues to grow 3-4 years postnatally . And as it grows , it displaces the bone , and sutures will fill in .
The nasal septum theory is considered correct in regard to synchondrosis , but it is incorrect regarding the nasal septum due to two reasons : 
1. The nasal septum has an important role prenatally , but doesn’t have that much of a role postnatally .
2. Research denied the nasal septum being an intrinsic force or being a center for the growth of the maxilla .

4. Functional matrix theory  ( Moss 1960s)
Moss published his theory in the 1960s . He also released a paper containing further detailed explanation in the 1990s .
This theory suggests that all the skeletal structures are under the influence of the surrounding soft tissue , which include the muscular part and the functional part like the cavities which harbor the brain and the eyes .
So according to this theory , the proliferation of soft tissues is the controlling growth factor of the cranium , and denies the role of the bone which grows secondarily to the development of the CNS especially the cranial vault .
He called these factors “ epigenetic factors”, which means that the surrounding environment is the main factor . This rationale is behind the quote “ Bones do not grow , bones are grown “.
This theory is a bit complicated , so it is simplified by breaking it into two parts : 
We have the periosteal matrix and the capsular matrix .
1. The capsular matrix  surrounds the functional spaces like the eyes , brain and the oral cavity .
2. The Periosteal matrix includes the muscular structures that surround bone such as the mandible including the ramus , the coronoid process .. etc.
So growth of these bony structures is under the influence of the brain and eyes . Regarding the oral and nasal cavity , the function of the soft tissue such as breathing and eating , encourages the surrounding bone to grow .
Even the synchondrosis – according to this theory – is under the influence of the surrounding environment (brain ) .
Debate about the functional matrix hypothesis was considerable during the 1960s and 1970s, primarily because it presented an entirely new way to consider craniofacial growth. Second was the very extreme position with respect to the role of the cephalic cartilages in the growth of the craniofacial skeleton.
* After all , just as any other part of the body , growth is the result of the interaction between the surrounding environment and the genetic influence . Some parts have a strong intrensic control , like the epipheseal plate , but still , there is a minor role for the surrounding environment to fulfill . Other parts like the brain and eyeballs form the controlling factors that affect the growth of surrounding structures . So the interaction differs from one area to the other .
If genetics were the only controlling factor , changes occurring to an individual would be inevitable . But since the environment has a role to play , we have a window through which we can intervene .
Many growth modification methods have been used for more than 200 years , and are effective in treating certain conditions such as malocclusions . This emphasizes the active interaction between the environmental factors and one’s own genes .
So that’s the problem with all these theories .


Stem cells 
[bookmark: _GoBack]Stem cell studies are the most recent and complicated studies . The role of stem cells in the growth process is still vague .
Dental pulp , periodental ligament and the developing tooth buds are important sources of stem cells , which could be used to construct different structures and to repair defective tissues . The application of stem cells is still limited . In jordan there are special banks to preserve stem cells for future use .

Soft tissues 
Soft tissues are usually more developed than bone , as they have a functional importance .
 Soft tissues are important as primary etiological factors and are important in reducing the severity of malocclusions . 
* “Dentoalveolar compensation “ is an important term which will be explained later on .
* Soft tissues tend to keep growing beyond the skeletal components . such as the lips .
For 4 year old children , 90% have incompetent lips . For 6 year olds , 40% have incompetent lips . And for children around 12-13 years of age , even less percentage have incompetent lips . 
 * The concept that an individual stops growing at 18 is wrong . The best way to describe it , is that growth declines to adult growth rate , which is much slower, but non the less continuous . And what supports this , is that the individual’s external features keep changing as he grows older , specially the vertical dimension . And as mentioned , the soft tissue component keeps growing beyond the skeletal component .
* Growth rate is the highest at the first two years of age . There is a growth spurt at 6-8 years of age . Then comes the adult growth spurt at 10-12 for females , and at 12-14 for males . At 18 growth shifts to adult growth rates which are slower , but continue with the same pattern ( like growth rotations ) .
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