Mandibular fractures 
mandible is the most common location of the facial fractures  , or  it is  the most common fracture bone in the facial skeleton .  
   
the mandible is unique in different aspects when compared to other bones in the facial skeleton. 

 unique features of the mandible 
1- it's u- shaped .  
2- bilateral articulation to the temporal bone .
3- it is attached to the muscles of mastication and to the suprahyoid muscles .  
4- the only mobile bone in the facial skeleton .  
5- the thickness of the mandible varies between one area and another . 

- all these unique  features  would make the mandible more susceptible to fracture compared to other bones . 

- when the mandible is  subjected to force blow  as a result of assaults or road traffic accident , compression will be created on the same side of blow and tension will be created  on the opposing side ,compression and tension will be also created in different areas of the mandible .for example ,when the blow directed to the body of the mandible  there is compression on the outer side of the condyle and tension on the inner side of the condyle .

so the association between body and condyle fractures  is very common due to direct force to the body and indirect force on the condyle .  

 the researches indicated that the area of tension is the primary site of fracture , the fracture doesn’t occur at the compression  side .   

the most common area of  blow is the right body of the mandible as a normal reflux of human beings so the most common site of fracture is the lower right side .   



Epidemiology
 
epidemiology is very important since it has clinical significance in term of diagnosis and management .    

the most common affected group by  mandibular fractures or even in facial fractures is the young adult males and that was explained by that this group is the most commonly  involved in our daily activities so they involved in assaults and road traffic accident more than females . 

the etiology of mandibular fractures could be  
1- assaults .
2- motor vehicle accident or even road traffic accident . 
3- sport injury . 
4- falling down .       

the cause of fracture in the facial skeleton is  dependent on geography. for example , assaults is the most common cause of fractures in developed countries and this is related to alcohol consumption ,  in our countries the most common cause is road traffic accident .  

the Dr talked about systemic reviews done by him - (statistical analysis of 150 articles published in different area of the world  these articles selected  according to certain criteria so this give you the strongest evidence ) -  for all studies related to facial fractures and compared these fractures between 2 periods of time between  ( 1987-1999) and the second period ( 2000-2007 ).   and he  found that :
 
1- the mandible was the most frequently  fractured facial bone . 

2- in the total period since 1987  the mean age of facial fractures is 24.4 years .  
3- male to female ratio in pts with facial fracture was greater in developing countries than that in developed countries due to more activity of female in developed country.  

4- in the total period road traffic accident related injuries had significantly  decreased in developed countries and increased in developing countries due to application of seat belt registration in UK since 1983   . However,  assaults related facial fractures  had significantly  decreased in developing countries and increased in developed one . 

Classification 
there are different  classifications of mandibular fractures which is very important in term of diagnosis and management .   

** some classification classify fractures according to

1- type of the injury into 
1- simple fracture 
fracture which is  limited to the bone and it is not exceeding the periosteum , there is no communication with the oral cavity so the  risk of infection is very low .  

2- compound  fracture 
fracture which is open to oral cavity or skin,  so the risk of infection is higher than in simple fracture .
  
3- comminuted fracture 
fracture that presented in small pieces . 
 
4- greenstick fracture 
 which is very common  in children, and it is just involve one cortex either buccal or lingual ( no full thickness involvement ), due to high bone elasticity .  

 



** other classification classify the mandibular fractures according to

2- the anatomy which is very easy for communication into   

1- symphyseal fracture . 
 any fracture line that’s  located between the midline and the  distal aspect of the lateral incisor .

2- para- symphyseal fracture  
any fracture  from the distal of the  lateral incisor to the mental  foramen. 

3- body fracture 
any fracture from the mental foramen to the distal aspect  of the lower  7 . 

4- angle fracture 
fracture distal to the distal aspect of the 7 .  

5- ramus  fracture
 fracture in sub - sigmoidal area  until the area joining between the body and the ramus . 

6- condylar fracture 
any fracture above the sigmoid notch . 

7- coronoid fracture 
which is the least common . 

8- dento-alveolar fracture 
just limited to dento-alveolar complex .

the most common location of  fracture according to epidemiology is the body followed by the condyle and the least common fracture was  located on the coronoid .
    

** other classification of fracture which is very important in  treatment and management which is based on 

3- radiographs this classification classify mandibular fracture into 
 vertically favorable or unfavorable  , horizontally favorable or non favorable . 

an OPG was showed  in which there is vertical displacement in the fractured angle of the mandible due to this displacement the fracture is unfavorable,  this un favorability occurs in vertical dimension that’s mean it is a  vertical unfavorable fracture , which can be  seen only when x-ray beam is horizontal . 
so the vertically favorable or unfavorable fracture can be seen on OPG ( vertical fracture seen on horizontal view ) but  horizontal fracture ( favorable OR non-favorable ) can be  seen in anterior posterior view which would indicate the horizontal displacement ( lateral and medial displacement ).   

*** un favorable fracture occur when the line of fracture doesn't resist  the muscle pull or the muscle  action . for example, the displacement in the angle of the mandible usually in medial direction despite the action of masseter and temporalis muscle which is attached to the coronoid process because the medial pterygoid muscle action  is the strongest muscle action  .  

Management
how can we deal with pt sustaining mandibular fracture or any other facial injuries?? 

the most and the first important point  is to  realize that your role start in secondary survey. 
 
primary surveys aims to save the life of the pt  by checking  ABCD ( airway, breathing , circulation and disability )  ,the pt has to be stable and  you shouldn’t  accept any patient who is not stable or the  pt who is not  successfully pass  the primary survey because once you accept the pt  he or she  will be  under your responsibility so our role start  in secondary surveys not in the primary survey. 
  
the first step of the  secondary survey is re-evaluation of primary survey so you have to have a good knowledge about primary survey and management of air way , and you have to check all vital signs ( ABCD ). 

History 
the first step of secondary survey after checking the primary survey  is history  taking and every single information is of clinical significance . 
you have to ask the pt or even any one accompany him about  

1- mechanism of injury  .
which is very important because this indicate the velocity of the force .
2- previous facial fractures.
3- pre-existing TMJ disorders . 
4- prediction of pre-existing occlusion ( pre- injury occlusion )
 which is differentiate maxillofacial surgeons  from other surgeons .  
in some cases  occlusion are re-producible and easy to predict and if the pt is edentulous we can use his denture to predict the occlusion  ,in the other hand in  some cases  occlusion are not reproducible so you can't predict the pre-existing occlusion.  
5- past medical history  
you have to elicit any information related to medical history that may change some steps in treatment plan .for example,  if the pt has epilepsy , seizure , malnutrition or chest problems we can't use  inter-maxillary  fixation .  
6- you have to ask about social history
 the pt might be an alcohol addicted patient so he might have alcohol withdrawal symptoms after 3 days of hospital setting .    

Examination 
the second step in secondary survey  is examination  
1- the first step in any examination is observation  
look to the pt in general to check the presence of any systemic signs or systemic involvement  as a result of fracture such as hypovolemia as a result of detected or un detected bleeding .

look at the pt in general so you can detect any underlying  problem,  if you observe the pt closely , you may find : 
1 - Hematoma , ecchymosis or bruising   at the lower border of the mandible this could be indication  of mandibular fracture .
 
2-Hematoma posterior to the ear or over the mastoid process ( battle sign ) indicate base of  skull fracture which is very dangerous sign . 

3-if you find unilateral peri-orbital bruising this could indicate  orbital trauma or zygomatic fracture only  but if it is bilateral peri-orbital bruising   ( panda eyes ) this will indicate base of skull fracture .
   
4 -bilateral peri-orbital ecchymosis could indicate   frontal sinus fracture ,  lefort ǁ , lefort ǁǀ , or  nasoethmoid fracture .  
 
5- any sign of bleeding from the nose (rhinorrhea) or CSF leakage which indicate base of skull fracture.
  
6- CSF  or blood from the ear (otorrhea )  which also indicate   base of  skull fracture. 

so you have to look at every single aspect  of the face in order to detect  any underlying bony fracture .

 2- after this observation you have to start palpating the bones of the facial skeleton .
 even you think that the trauma is just limited to the mandible  you have to examine all the face, and always start  in systemic way in order not to miss any bone . 
 we start from the supra-orbital rim then go systemically to lateral orbital rim to infra-orbital rim then to zygomatic complex in continuous movements in order to feel any step deformity ( which strongly indicating underlying fracture  ) from the zygomatic arch go to the condyle then to posterior border of the mandible then to the lower border of the mandible  until your fingers meet in the symphysis area.  

during this movement you can detect step deformity or even tenderness   slight tenderness could indicate non-displaced fracture but step deformities indicate displaced fracture . 

3- you have to check the neuro- sensory function  of the lower lip . 
because if the fracture involve the ID canal there will be paresthesia or anesthesia of the lower lip . 
 
4- then you start to examine the oral cavity .  
you have to look for any sign of fracture and the most important  signs of fracture  are : 
     1-  hematoma bruising and laceration of gingiva. 
     2- sub lingual hematoma which is strongly indicating mandibular fracture                and it's called ( coleman's sign ) 
*** coleman's sign :is a bilateral sublingual hematoma which indicate bilateral                                    mandibular fracture
   3-  mal occlusion. 
***galman's fracture :  which is bilateral fracture of the condyle and that                                                   would result in posterior displacement of the ramus                                                  bilaterally and this will result in  malocclusion .  

** bilateral para- symphyseal fracture : very dangerous and can affect the air way as it result in poor control over the tongue which  can obstruct airway so you have to be careful in this type of fracture in term of management of the airway .  

 Radiographs 

you need to confirm your result of  history and examination by radiograph 
- in simple mandibular fracture you just need  mandibular series ( which is peri-apical , OPG  , posterior anterior films , lateral oblique films ) or plane radiograph no need for CT unless you deal with sever  displacement or sever injury  or intra-capsular fracture , so when you can't detect the site of displacement , you can use CT scan ( axial AND coronal) , and you can reformat or even construct  3D constructed film .

- in OPG you can detect the location of the fracture and you can assess the favorability of the fracture .  

- reverse town used when condylar fracture  are suspected. 
 
- lateral oblique indicated  where OPG is not  present ( OPG is not commonly present in hospital setting )  although lateral oblique can't give you  good information about the condyle or symphyseal fracture , it gives you clear information about body and angle fracture  ( it is not clear but it is the one that can be used in place of OPG ). 

- anterior posterior view :very important radiograph in detecting fractures of the  ramus , angle, body of the mandible , but it's of a poor quality in detecting  condylar fracture . 

-  notes : 
*** fracture in the midline or fracture in anterior area that cause anterior posterior displacement ( sliding ) can't be detected in OPG due to overlapping ,it is also can't be detected  in lateral oblique so the best radiograph for detecting anterior fracture is the occlusal films - vertex or oblique -  
( vertex is better ) . 

*** usually in any radiograph when you have body  fracture in one side look for condylar fracture in the other side .  

*** in vertical unfavorable fracture  there will be  step in occlusion . 

- you recorded the history , examination ,radiographs and other types of investigation in order to confirm your diagnosis  , the diagnosis is established in term of  displaced or non-displaced fracture , horizontal or vertical  , favorable or unfavorable ,  classification ( simple , compound , comminuted ) and location . 
so the diagnosis must be complete in order to put your professional  differential diagnosis and the possible treatment plans before examining the patient .  

Before speaking about the management of bone fracture we will talk about bone healing

main aim of treatment of any fracture to long bone , mandible , maxilla and zygoma   is to reduce the fracture segments by bringing  the 2 segments close to each other( reduction )  then fixation is done  ( reduction and  fixation ).
reduction and  fixation
1- closed reduction and  external fixation ( splint ) : bringing the two segment close to each other and put fixation without opening to the fracture site .
2- open reduction and internal fixation : in case of sever displaced fracture  you  need to open the fracture site to reduce the fracture then put screws or plate to fix the segments of  bone .
*   after fracture reduction and fixation you would achieve some sort of bone healing  . 
 the fixation according to American resources is either : 
1- rigid fixation : which means that there is no gap at all between the 2 segments or  the gap is less than 1 mm . 
2- non rigid fixation : the gap between the 2 segments more than 1 mm .
· British resources classify the fixation as   rigid , semi rigid , non rigid fixation

Rigid fixation :
· you have to apply the mini plate directly  between 2 segments without having a gap or gap less than 1 mm between the 2 segments of bone  .
· the significance of having the previous condition is to have no inter fragmental movement  .
· because the fragments are stable and rigid ; osteoblast moves freely  , haversian system forms directly without callus formation .
so we will have contact healing when there is no gap  or gap healing where there is a gap less than 1 mm  .

non rigid or( semi rigid ) fixation :
· this mean that the gap between the 2 segments is more than 1 mm and there is inter-fragmental movement ; clot will be formed then the callus follow at the site of healing then calcification and remodeling  , this healing is called secondary healing .

management of fracture :
how to treat patient with bone fracture ?!!
1- the first and most common treatment is conservative treatment :  in literature means no need of intervention at all , just  give the patient soft diet and  analgesia ( NSAID ). 
Indicated  in patient with non displaced fracture ,  simple fracture which is not exceeding the periosteum , when occlusion  can be achieved by the patient  and in case of slight pain or tenderness .

· As you are simple in the treatment approach as the result will be better .

2- Intervention treatment : closed reduction  and external fixation ( indirect fixation )
by  reducing the fracture without direct exposure of fracture site by opening or doing incision to the skin and mucosa to reach the fracture site , then fix the 2 segments of fracture by fixing the mandible to the maxilla to prevent the mobility of the fracture segments .
· here we don’t enter to fracture line to fix it  then it is non rigid fixation ( so we have inter fragmental movement and the healing is secondary healing )  .
· indication of closed reduction :
a- in special cases , where open reduction of the fracture is contraindicated as in comminuted fracture or in edentulous patient as we don’t prefer to do surgery  as the blood supply depend mainly on the periosteum , so any surgery that may affect the periosteum and may compromise the blood supply it is contraindicated  , so avoid open reduction when there is increase risk of infection . 

b- simple non displaced fracture  or minimally displaced one . 


· external fixation ( the fixation that is not applied directly on the fracture line) so they called indirect fixation  can be achieved by using :
· eyelet wiring : by placing wires on the upper teeth and the lower teeth then join them together .
· Arch bars
· Inter-maxillary fixation screws called IMF screws
· splints
· Closed reduction and external fixation is an easy and simple method and can be done under local anesthesia or sedation  .

3- Plate placement ( ORIF ): open reduction and internal fixation .
you have to open the fracture site and put mini plates for fixation  .



champy's principles :
CHAMPY  study the forces that distributed over the  mandible and found that each area has specific amount of force applied  on it  .



for example ,
· from the anterior of mental foramina of the mandible  until the midline there is torsional forces  ( high forces that can cause displacement of the fracture site ). 
· at the neck of the condyle torsional force is present . 
· at angle  fracture there is  tension force only on the superior border of the mandible .

*  champy's equation is only  applied on medically fit pt ( no underlying systemic disease ) and on simple fracture only .

* champy's principles ( it’s also called osteo-synthesis or fixation principles) :

1- any fracture anterior to mental area must be fixed by 2 mini plates ; one of them is above the fracture line and the other below with more than 5 mm space in between , this will give us rigid fixation . 
2- fracture posterior  to the  mental area until the angle of the mandible you just need one mini plate on the superior border of the mandible called champy's plate ;  because there is no torsional forces only tension that concentrate in the superior border of the mandible .  this will give non rigid fixation(functionally stable fixation ) . 
3- sub-condylar fracture : use 2 mini plates or condylar plates . 
Notes :
· each plate must have 2 screws  on each side of the fracture line ( at least 2 screws ) . for example , symphyseal fracture needs 2 mini plate- because we have torsional forces -  having 5 mm space between them and for each plate you need two screws in the right side and two screws in the left side .

other material used for fixation rather than mini plates are :

1-Lag screw :
· single lag screw gives  non rigid fixation.
· 2 lag screws give rigid fixation.
2-Compression plate ( thick profile plate ) : 
          -which compress the 2 segments adjacent to each other with no space at              all,  present as large and small and result in contact healing. 
· one small compression plate give  non-rigid fixation.
· 2 small compression plates or large compression plate rigid fixation.
3-intra-osseous wiring  : give  non rigid fixation (it was used in the past ) .

load sharing principle
in the cases where champy's principle are applicable , any scheme  of fixation used will share the mandible in receiving the load . so when the patient eat or bite the force will transmit to the plate and to the mandible . so we have simple stable fracture that will heal  optimally .
load bearing principle  :
· it’s applied :
1- when the fracture is comminuted
2- the mandible can’t hold any force as in edentulous mandible
3- Avulsed injury ( segment of mandible is out )
4- when the patient on bis-phosphonate or radiotherapy and in risk of having osteo-radio-necrosis  .
5- uncontrolled diabetic patient and you no optimum wound healing
· in these situation the mandible can’t bear any type of force so you have to use load bearing principle
· these principles give us just rigid fixation and can be achieved only by reconstructed plate ( thick profile plate )with large screws that applied to the  mandibular border by having extra- oral  approach due to the need of good access “ not intra-oral approach “
- the diameter  of the screws  are larger than those in the mini plate 2.3, 2.4, 2.7  and 3 mm . 
· need 3 screws over each fracture segment and must be vertical ( perpendicular to the lower border )  and bi cortical (it has to engage the lingual plate penetrating both cortices of bone  ) not uni-cortical as mini plate .
for re-cap :
· rigid fixation  can be achieved by :
1- reconstruction plate
2- large compression plate
3- 2 small compression plate
4- 2 lag screws
5- 2 mini plates
6- One plate and one lag screw
7- One lag screw and inter-maxillary fixation or arch bar ( consider as single  mini plate )

· Notes :
· Single  mini plate alone called champy's plate and give semi-rigid fixation “ functionally stable” .
· Two mini  plates are applied when the champy's principle are applicable  to give rigid fixation if there is another fracture we can't apply champy's principle .
· In order to put mini plate at the angle of the mandible needs extra-oral approach so open extra-orally and put single reconstruction plate . 
· Closed reduction is not applied on the angle of the mandible .





external pin fixation :

· placement 2 pins through the skin on each segment of fracture and connected with each other by  acrylic framework  to preserve the spatial position of the 2 segments of the fracture.
· Indicated when the closed and open reduction are contraindicated . for example patient with severely displaced comminuted fracture at angle of the mandible :
1- closed reduction doesn’t work in angle fracture because you just stabilize the occlusion but the proximal segment of the fracture which is the ramus is not attached to the occlusion so closed reduction is not applied
2- as the fracture is comminuted then open reduction and internal fixation is contraindication .
· so to closely reduce the fracture and preserve the spatial position of the bone segment we used external pin fixation .


* the reference for this lecture is Peterson's Principles of Oral and Maxillofacial Surgery
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