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MAXILLOFACIAL RECONSTRUCTIVE SURGERY>>
· So our aim in reconstructive surgery is to restore form as well as function , we try to restore animation, speech , Swallowing , Chewing , outline  and shape of the face , we replace  any possible tissues to be lost such as skin , bone , soft tissue , Muscle ,Teeth , and Nerve .

·  Our aim today is to talk about bone ; how to do bone grafting; what are the types of bone grafting; what happens with bone grafts.

· Generally speaking as surgeons or as practitioners who are going to deal with reconstruction of bone, there are certain methods that we use to replace bone; the simplest method is the use of  local manipulation ; which means that we try to borrow  bone from an adjacent  areas in the jaws to try to replace missing part or to use the neighboring areas  by simple surgical methods to replace the bone . extensive grafting by taking bone graft from other areas or recipient sites to replace the missing part. Distraction osteogenesis is the concept that we  use to produce new amount of bone which involves osteotomy  in certain areas and using a certain device in which we activate so the bone become longer which will stimulate osteoblasts to produce bone , it can be used to produce new bone at jaw in some  surgeries or  in certain syndromes and dental implants replacement , last concept is tissue engeneering: it involves technique and technologies  to produce new bone from stem cells or cell mediators or proteins etc , its a new field and its becoming wider and wider to produce  new types of tissues.

Methods of bone reconstruction:
· Local manipulation
· Extensive grafting
· Distraction osteogenesis 
· Tissue engineering

· First of all we need to talk about  most basic important principles of bone grafting what types of bone grafts do we have ? we have:
·  -Non-vascularised bone graft
· Vascularised bone graft
· Non Vascularized bone graft: is the bone graft that we take from one part of the body for example iliac crest and move it to the jows ;we take it  as a chunk we don’t take the  blood supply (we don’t take the artery or vein associated with that bone ) there for its called non vascularized, you are just moving one  part to another part .
· Non-vascularised bone grafting: Non-vital bone grafts harvested without a blood supply, gain this from the recipient bed 


· Vascularized bone graft : it’s a technique that we take the bone graft as well as the adjacent blood supply and sometimes we take it as composite grafts (we take with it the muscles and skin above) and then we connect the artery and vein  blood supply of the bone graft with the blood supply of the area for example if  we take bone and the artery of an area then we try to connect it with the facial artery and vein, so physiology of that bone graft is different ; how is it different ?what happens to the bone graft that it heals because here we have blood supply so there is no necrosis therefore it just heals as if it’s a trauma or fractured bone.

While with the Non Vascularized bone graft usually it’s a different process it goes into necrosis >>>  so Usually when we take a bone graft without blood supply, what happens is that  bone cells usually survive for 5 days after that the central part undergoes necrosis and then it becomes totally replaced by the new
 Then there will be necrosis in the central part and then it becomes totalu replaced by new within an amount of time which is at least  3-4 years, so what happens that there will be a stimulation of the non –differentiated mesenchymal  cells that will produce new osteoplast  and it will replacethe old  bone .
Actually there are differences btn the two regarding behavior , obviously the Vascularized bone graft are much resistant to risk factors . 
(zaman >>  we put bone graft to pt with cancer And he takes radiation then osteonecrosis happens ,so there is  no good blood supply and usually these pts lose their bone >> so the concept of  Vascularized  bone graft which  is resistant as the  normal bone against  radiation or infections,also  it’s a  much better option if it is used in dental implants, sometimes we do  resection of jaw with mucosa with muscles therefore its much more difficult  to try to take skin graft to reconstruct the missing mucosa and muscles using the non- Vascularized bone graft ;so composite grafts are much easier to take bone graft with skin muscle and skin and move it to the jaw and usually the take is much higher.



· Biology: 
Bone cells survive for 5 days 
Central parts of large grafts become necrotic Become revascularised within weeks to months
  Sources of newly formed cells 
· Osteoprogenitor cells
· Undifferentiated mesenchymal cells 
– differentiate into bone producing cells (inductive period) 

· The most common technique we  use practically is the  non-Vascularized bone graft , its much simpler peocess and  most of the indications in oral surgery require mainly non-Vascularized bone grafts ;like trauma , simple cases of dental implants
· But the Vascularized bone grafts are Mainly used for cancer pts or pts with major facial  trauma and some selective cases  that might need those techniques.
In cases of non vascularized bone graft we can get bone for it , we have many sites intra oral and extra oral sites:
Intra orally we can take it from any part : chin external retromiatus coronoid pteregoid process ;actually any site in the jow can be a good donor site to take the bone graft . and its much easier for the pt to have the donor and the recipient site intra orally and the acceptance of the pt  is much higher. 
Extra orally we can take it from :
1- iliac crest :it has cancellous as well as cortical bone and  we can take a large chunks,  we can take the whole shape of the as the mandible.
2-Rips: indication :when we have ankylosis in the condylar joint and we want to do section of the ankylosis ; then the best site to take bone graft from is the ribs becouse ribs comes with its cartilage and it replaces the meniscus  and  even it can stimulate bone growth as it happens naturally in the condyles , usually the most  graft that is used to replace condylar head.  
3-Outer table of calvarium : we take from calvarium only if the pt has a surgery that involves calvarium  and we already  open an access.

· How do we enhance the success of bone graft :
1- Firm fixation is very important ; once we place bone graft we fix it coz if its mobile there is a very poor chance of success. We fix it using SS wires or screws or plates . so it has to be fixed even if we decided to do intermaxillary fixation(IMF) to make sure there is no mobility to allow for a good healing of the bone graft . we mostly use screws or plates for fixation specially in any orthognathic surgery. we rarely use the IMF except if we have multiple smashed comminuted fractures.

2- Intimate contact to recepient site : we cant put any bone graft with space btn it and the bone we don’t expect that space to be filled easily, so there should be a good contact to allow for healing 
3- Minimal contamination : it has to be an aseptic technique and the condition has to be controlled during surgery , as we said the bone graft without its blood supply is not resistant for infections and immunity is very poor therefore these surgeries have to be controlled.
Note: healing time for bone(or for the bone graft ) is 4-8 weeks(young pts needs 4-6 weeks) , so if the case of bone graft is very complicated and we are aiming to put IMF as fixation for the bone then we need IMF for 6 weeks.

Criteria for success 
· Firm fixation
· Intimate contact to recepient site
· Minimal contamination 

· Vascularised grafts : we can take it from:
Radial forearm 
        Iliac crest (DCIA)( so iliac crest can be used in vascularised and non- vascularised bone graft.
        Scapular
        Fibula 

For an example: Mandibular reconstruction : as we know the mandible is a strong bone and usually it has high cortical content therefore we try to get the bone from strong area which is usually the iliac crest which as we said it has a large amount of quantity and quality of bone.

·  Continuity - grafts bicortical– iliac crest 
· Joint replacement – costocondral graft 
· For  Maxillary reconstruction: we can use iliac crest as well as vascularised graft; according to the size and site of the defect.
· Slide 14: this is for an example a case of taking a bone graft from an iliac crest; its usually is not difficult; we take from anterior superior iliac crest near  the attachment of aponeurosis  muscle; it’s a very short quick technique and healing is very easy;we can take large blocks; we can take cancellouse bone in cases of clefts;so it’s a very common technique in our practice called iliac crest bone grafting. In this case we take 2cm of bone in addition we can reach the cancellouse bone. And then we transfer it to the jow and fix it by plates and screws as we said.
Slide 16: we follow the roots of the lower incisors and make the incision just above mentalis muscle.

Note: only 15% of pts require removal of screws and plates , those are titanium they can stay forever unless they get infected or if they cause irritation, but their function is limited to the first 6-8 weeks.


· Alloplastic materials:

· Hydroxylapatite crystals
· Bioactive glasses
· Calcium sulfate
· Beta tricalcium phosphate
· Biphasic calcium phosphate 

What is the difference btn alloplastic and autogenouse bone graft  ?? the natural bone graft is both osteogenic and osteoconductive and   has the highest success rate for healing  and it is the golden choice to choose . but sometimes its not allowed to take bone grafts from other sites so we use alloplastic materials which has less success rate although it has more simple procedure ,, also sometimes we can mix btn both types to .
Tissue engineering concept: after 6 months of putting a cell mediators inside the sinus they notice the formation of a new bone due to stimulation by these mediators . there are many research on this concept because theoretically it’s a good concept that worth to think about it.
What are bone morphogenic proteins (BMP)? They are cell mediators acts like massengers and they stimulate other proteins in the cell to enhance mitosis or production of asteoblasts therefore they accelerate the process of healing, the concept is that if you increase the concentration of BMP theoretically you will have more production of bone around the area. This is the principle . 
Platelet rich plasma (PRP): the same concept they try to produce a concentrated dose of tissue mediators which function as stimulators or enhancers for bone formation. All are the same concept to produce new  bone without the need to take bone graft.

In our department we use Computer-assisted planning and modeling for surgical reconstruction in complicated cases which are difficult to reconstruct by certain methods, for example in this pt( slide32) who had facial asymmetry but actually he doesn’t  have facial asymmetry,, what happened to him is that he had a huge ameloblastoma on the left side and he treated by resection of the ameloblastoma and they put a bone graft and it heald but the bone graft on the left side does not reproduce the same shape of the mandible so the pt now has asymmetry although the mandible is functioning and this is the second problem .. we are not just aiming to replace function ,, we need to replace function as well as shape; now the mandible has 3d shape so you cannot really measure how much exactly how you need the bone shape to be,that’s why we try to include the computer assisted surgery to produce the exact shape of bone on the left side compared to the other side. So we took a CT scan to do a mirror image of the normal side and produce a mirror image of the normal side on the rt side and print a model on 3D printer to produce the exact shape of the mandible then we did waxing of  a titanium on the 3D model to take it and do onlay with the bone graft of the pt. all the gabs here are gonna be filled with the new bone.
Slide36: the white part is the original bone of the pt,, and the titanium is what we get after we did the mirror image of the  normal other side and the gabs we see we put in it the bone graft.

Case 2(slide40): this pt has ameloblastoma on the right side and we removed it so he had a large defect in the mandible; at that time we didn’t have the technology of computer assisted surgery so we used extensive bone graft and after that he had the same problem which is facial asymmetry . so it heald but with asymmetry . then he came back and we did the same using computer assisted surgery. Of course after surgery there will be some skin scarring and lose of subcotaneouse  tissue so there will be some asymmetrical soft tissue.
Case3 (slide 48): this pt has orbital floor fractureand we did for him bone grafting but the problem is that the eye level is lower on the left side that the right side so the best way again to use  is to use the right side (normal) toproduce the mirror image
Case4:this pt had a rabdomyosarcoma  during childhood on the left masseter muscle so he had chemotherapy that arrest the growth on the left side so now he has asymmetry coz as we see the zygoma is underdeveloped than the right side, it’s a much difficult case because he has asymmetry because of atrophy of muscles as well as bones, here we have many options for the zygoma we can do reconstruction or use silicon or bone graft but in this case we used the same technique to try to use the shape of the zygoma. And also we put ….. to support the temporal area.

· 2 virtual steriolethographic models are produced , digital mirroring and fabrication of a corrected model is performed, which is printed out. 

Computer-assisted planning and modeling for surgical reconstruction of facial asymmetries
· The diagnosis and treatment of facial deformities, can pose a significant clinical problem.
· The limitations, accuracy and predictability of treatment options available and the expectations of the patient can further compound this problem. 

· The treatment of facial asymmetry:
It is complex , and involves:
· accurate diagnosis
· planning
· awareness of treatment limitations and an understanding of patient expectations.
· Three methods that are routinely used for correcting bony deformities around the face include:
· osteotomies 
· alloplastic enhancement
· Sculpting

Literature:
· Interest is mainly in nose, zygoma chin regions, using large pore polyethylene (Medpore) and titanium. (Julian M et al 2009) 
· Facial alloplastic augmentation has a low incidence of complications (Hinderer UT 1991, Epker 1994)
Complications: infections and hematoma are the most common
· poor choice of implant
· error in placement/displacement
· haematoma formation 
· infection (most common, from 1 to 34%) 
limitations:
· Soft tissues: we cannot reproduce the same volume and shape of soft tissues.
· Mirroring technique limitations: Natural asymmetry in humans influences the accuracy of preoperative planning procedure (mean difference for  face symmetry : F =0 .76 mm with a maximum modulus of 3.98 mm, and M= 0.65mm with a maximum modulus of 4.18 mm), with no difference in skull and face symmetry. (Marc Metzger et al 2007).
· Surgical challenges: accuracy depends on location, surgical approach, and matter  of reconstruction
· Infections
· Bilateral defects: we use this concept only if the defect part is unilateral to use the other normal side  . but we can’t use this technique in bilateral defects.

So again the use of these technique can enhance the shape and appearance of the face which is the most complex structure in the body that will aid the basic principle of bone grafting to enhance the function as well as the appearance of the jows.

** osteoporosis is not contraindication of bone grafting ,, but anything could affect the healing like diabetes of bone is a contraindication like pt who take radiation therapy so now there are protocols that after bone grafting we should wait 6 weaks at least then do radiation therapy.
** we can take a whole mandible from iliac crest 
**do we need to replace nerves in the area ?? commonly the really important nerve that we need to replace it is the facial nerve because its motor nerve affecting eye movement and the smile. So we replace facial nerve by many techniques like nerve grafting like taking nerve graft from other sites  try to connect it using microsurgery .
Mental and lingual nerve is not a first priority for the pt , he can live with damaged mental or lingual nerve.
**when we put skin inside the mouth .. in the initial stage hair will grow .. but with time it will transfer into mucosa(reepithelialization).
**skin and muscles also can be replaced . we will learn how in the next lectures.
** what is the reconstructive technique that we use classically in dental procedure like implant procedures, what do we call it ??guided tissue regeneration which is reconstructive procedure that is simple technique and the most commonly used we can use autogenouse bone and put a membrane so we replace missing bone around the teeth .
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